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Transition metal-catalyzed carbene transfer reactions into inactive bonds such as electron
deficient olefins, Si-H and C—H bonds, are a new challenge of organic reaction and has
attracted much attention because of the powerful and dynamic molecular transformation from
an initial skeleton to more useful and complicated and functionalized organic compounds.
However, the selective functionalization of inactive bonds frequently encounters difficulties
in controlling the regioselectivity and enantioselectivity. Therefore, region- and
enantioselective carbene transfer reaction into inactive bonds have reminded as a challenging
research target.

In 2010, we developed a series of chiral Ru(Il) phenyloxazoline catalyst (Ru(II)-Pheox)
from Ru(Il) source and chiral oxazoline ligands that can be easily synthesized from
inexpensive and commercially available benzoyl chloride derivatives and amino alcohols in
high yields. Ru(II)-Pheox catalysts were found to effectively promote asymmetric inter- and
intramolecular carbene transfer reactions of diazo compounds with wide variety of olefins to
give cyclopropane derivatives in high yields with high enantioselectivities. Thus, I focus on
the catalytic asymmetric inter- and intramolecular carbene transfer reaction into inactive bond
such as electron deficient olefins, Si-H and C—H bond using Ru(Il)-Pheox as our new
challenge.

In chapter 1, the generation of carbene intermediates and their chemical and physical
properties are summarized based on molecular orbital theory. In chapter 2, the recent
development of the design of Ru(Il)-Pheox catalyst and Ru(Il)-Pheox catalyzed asymmetric
reactions are summarized. Chapter 3 presents the research objective of this thesis.

Chapter 4 describes the ligand exchange reaction of an acetonitrile of Ru(Il)-Pheox with a
pyridine to figure out the detail of catalyst mechanism and examined the reaction by DFT
calculations. The ligand exchange reaction proceeded site selectively from the position of
trans to C—Ru bond. DFT calculations show that the direction of the ligand exchange is
determined based on the energy gap of the ligand elimination instead of the stability of the
metal complex.

Chapter 5 presents first mechanistic study of Ru(Il)-Pheox-catalyzed highly
enantioselective intramolecular cyclopropanation reactions to elucidate the mechanism of the
reaction and of chiral induction. The results of computational chemical analysis indicate that
the desired intramolecular cyclopropanation by Ru(Il)-Pheox proceeds via a stable




metallacyclobutane intermediate and two transition states. The enantioselectivity by
Ru(Il)-Pheox catalyst was affected by the energy gap between the metal-carbene complexes.
These results provide important information about the origin of the observed high
enantioselectivity, which are helpful for the design of new and more efficient Ci-symmetric
catalyst systems having a single chilality.

Chapter 6 presents catalytic asymmetric intramolecular cyclopropanation of diazoesters
having o, B-unsaturated carbonyl group. As the results, excellent enatioselectivities (up to
99% ee) and yields were obtained by using Ru-Pheox catalyst. This enantioselective process
could be successfully applied for the formal synthesis of DCG-IV and Dysibetaine CPa which
are known as important bioactive compounds for neurotransmission. Those useful key
intermediates were obtained in 67% and 54% yields respectively with over 99% ee for both.

Chapter 7 describes the catalytic asymmetric carbne insertion reactions into Si—H bonds by
using Ru(Il)-Pheox catalyst. As the results, I demonstated three different types of
enantioselective Si—H insertion reactions to construct chiral centers at the silicon and/or
neighbouring carbon atoms as a first example of a high enantioselective Si—H insertion
reaction using a Ru catalyst. The Si—H insertion reactions of a-methyl a-diazoesters
proceeded smoothly in the presence of 1 mol% of Ru(Il)-Pheox catalyst resulting with high
yields and excellent enantioselectivities at both the neighbouring carbon and silicon atoms
(up to 99% yield and 99% ee). The Si—H insertion reactions with prochiral silanes also
proceeded to give the chiral organosilicons in high yield but with low enantioselectivity. It
was the first report of the Ru catalyzed Si—H insertion reaction and chiral induction to only
silicon atom via catalytic asymmetric Si—H insertion reaction.

Chapter 8 presents the highly regio- and enantioselective functionalization of inactive
primary C—H bonds such as the N-tert-butyl group of various diazoacetamides by using the
Ru(Il)-Pheox catalyst. The intramolecular catalytic asymmetric amide carbene insertion
reactions of diazoamide proceeded rapidly in the presence of Ru(ll)-Pheox to give the
corresponding y-lactam derivatives in moderate to high yields with high enantioselectivities
(up to 91% ee). This is the first report of the highly regio- and enantioselective
functionalization of the inactive primary C—H bonds of the zert-butyl goup.

Chapter 9 provides the general conclusion for the research outcomes.

Chapter 10 provides the experimental and analytical data for chapter 4 to 8.
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ZDT=DFEESUNTBNTIE, ISR CRAE ST D AR Z O ERE & L CRIH
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(1) EELR = EIE G LR (2) #i2N > 7= ZEIE B LR (3) R s —EHEA LR
Figure 1-1. [EGHRR & OFEERRIR A L~ O faE

7S B 6 BOMIET £ Q1B LA 2 OB 2 H 5 (Table 1), = OFEA



RS- Lan 2 OB T BRI ZK L TWDH, WITTHINIL T, BE—EHED L
CRIRZHIENN_AHEHEND, I D OB E IS L > TR LTS 2
EMMBNTEY, —HENLVLEROEZRE—HEIEN VR, ZHEANZER D%
HIE=FEEI N EFT S (Figure 1-1), —EHEHEI AU, o WuBIZIEEE 7R E2HT
HHEEE Lo TRY, pHLUEIXEIE L 2> TWD, —FH T, ZEEAMOH AL 2 HOR
STEFNENENOEIEIZ 1| HTOA-TREBTH D, RE—FHEI AR E0TEE =5
HANRXDELLOREE & 2000, piluE & o BLEMO =R VX —2EIZ Lo TRED, 7
NFRNTNRD S, —BHNNNATHEBRISIZ K > TT AT B AT D 2 EREN,
— 5T, ZEHHET XA AIMINIERLARAR S & Vo T2 1 v b LT ORI e
FOGORTEMA E LT <, BISSIE (DA p-T 7 v e AHEAERIC K 5 KRBT 5E,
2) AN o =T N v FHEAEIC K DRI, L) oD R 2 H0EF AR
Ez bbb (Figure1-2), ZDO X I =BRBEENEREINDIGE V7 v 7 a /AR &
PR %,

()T o <D KRBTGS Q)T N DRI G
Figure 1-2. AR LT OFEMBFERIC L 227 v 7 a S ALRIE

F£72, BT X-H (C-H, O-H, Si-H, B-H, N-H 72 &) Do fEd & bR IS
L, HARSEBIEEZT, ZOXIBRINARCOBARIGIE, HA OBVRE TS
AT GE LT TEY, CCHEie, CORA, Si-CHia, CBfia, CNiE
B, REEOHREAZRGITBRTE D120, GRILFEMICIEFICERRKETH D,
L LA RIS ER R T & 2 72O HIE N RSB AE N2\, £ 2 TE&ED d-#l
B EOMEAERZRE Lz, Fril, 2B UK a9 5 OGRS ER ShT& 7=,
INZ TEJBITENL A OFRFHI L0 ZERAEEREI A~ BB ST L2 LN TE D, T2 DLE
JB DRI & BT DFRFHT KV & D FOGHE % il L 2D B O SEAREIRYE © 7l HE
LD,



1-2 BB B LN KB

1-2-1 & AR ME

BRI N UGERIL, BRERBIZHNANUBEES LIZEERT, RE<SHSETL LR
IRFBDSRKIENMEZH T 5 Schrock B &, I ERFEDKREF A AT 5 Fischer B D253
Tond, 2 ZoZo0WEE, FOeREORE ANV RE EOBBIEOFERIZ L 5T
BT D, DN UEERIZE T DE0EFEAA/ER X Figure 1-3 ISR ENDH L D12 (A) OAXZ
T oG R L ETHIEME S L TERINLD, (A) O M=C it xaiHEClL, —®H
I N OIFLFEFADEBRSROAT 220 d PuBlZiE< o5 L, HA dPuEE
tyb/v&‘/ﬁ?%ﬁa“é ©O p MUEDOMIC b9V o Wi it 523749 5, Schrock B /L2 D
B, dEFEBRH LT WIE, S0 dUET R AL X —L-UbBEmnEEZ A L TV DT
W, dF %ﬁ)ﬁlvl\/r?ﬂﬁﬂ a7 (B) OfELZIY T < kD, @REITRTIER S
BO X ICEREEEN NS dETEHREBLLTWHEEA b >@ESEL TS, ~ae s
YD &9 7 n MBI TF B ET 250, dUET L — L VLI E BIZ R/ L, I

VIRFASD d BT OGN 72D, FORER, Schrock A1 /LI R U TR FEDSREE M
%H73 5 (Figure 1-4), —J5C, Fischer B /L _XU DAL, d ETDZVMEERLIRAE D&
BECRE L TEBY, (C) OEEOFENRE, TDD, A OIHFLAETRTO

o 1t 5.1% Schrock B A /L2 L0 95V EHERI SN D, ZEZR Fischer B L~ 0%,

5% I OR °NOy 72 E D n i GPEE#HIL A L T D Aﬁ%b\

Schrock # 77 )L~X 2 « Fischer U /LR & 3 BIZ =212 0 6ivd b oo, EEITITZ<
OERIE B) & (C) oFHoMEEMEEZA L TERY, USKHEOEREEIZ L > ThE O
BHIZENT D, 20D, & - IR RO EIEERICIL o ftHFES & ZEAS
OHFE, EWIERIANELWVENZ D,

weak p-bond
9M%E>CQR L M%@Q“R 9MD @\
ZASIN N GA N AN
+ _/R / B +/R
L,M—C ~>  LM=C ~  LM-C
R R R

Figure 1-3.  Schrock B4 77 /L X2~ (B) - Fischer B /L~ (C) DOfEHHE



. CH
5+ Ta 3 R\C/OCH;; Al
/ \\6—/ o+ || Nu
S C oCwllnco
| ¥ oc%| >co
E CO
Ta(V), d°, 18e (Schrock %) W(II), d*, 18e (Fischer %)

Figure 1-4  Schrock ! 77 /L2~ & Fischer % 71 /L~ D

L@ T R EER D RESOS~D IS L, 1960 454X, SRS & 2 ROSBAZE N S hEE - 72,
1972 2, 1973 H1Z1% Kochi 535 X O Salomon 512X > T, CuOTf (Tf=CF;SO,) % fillit & L
THWeRmghER Y 7 a7 a U ALRIE R HE S, Y7 T bEWaE R Rk E Lz
FORMZ BT Cu() 23 B WOARBEE S 2 FF> = E VRS 7z, 3 £72, 1966 4, Nozaki, Noyori
HIZE - T, AHEREZT VA v LEERSBRMENC K2 TR REFRIS] 291D Tl
I, EBEREMEIC LD RE I NRUBEIRILE WD B ORBENE I, FD%R, K
JEDNRY =—a U EIR A R0 DB A RABL OB ITED iz, 4 BIETIE, Cu,
Fe, Rh, Ru, Ir, Co, Pd 72 £k % 7288 & ZAR7RBNL A AF AL & L TR ST g,

TG E T VAR RIEMA & LT AR VR USRI KA ROSIE 3 FRERIC KRR S 4,
RIS (7 a7 a U AUROS, V7 a7 e~ AURS, BERBRRCAIEIS), ARG

(O-H, S-H, N-H, C-H, Si-H & ~OHARIER), AU FEERIES (1,2-fARS, 2,3-7
7~ ha bty ZJEBKIL, PR TAIIBRIERS) 2 ERET 5D (Scheme 1-1), 3

Ny
zm)kR Z = alkyl, aryl, H, OR', NR',
I R = alkyl, aryl, H, COZ, SO,R, CN, NO,
ML,
(-N2)
Yiide o
to C=C (cyclopropanation) Addition ML, Formation [1,2]-insertion (Stevens rearrangement)
to C=C (cyclopropenation <———— Z%R [2,3]-sigmatropic rearrangement
to ArH (aromatic cycloaddition) 5 Dipolar cycloaddition
Insertion\

to O-H, S-H, N-H
to C-H, Si-H

Scheme 1-1. &)@ 7 VU8RI X5 NG



1-2-2  &JB BN UGERIZ LB RBEBRLAT N

AFBRAATIEOGE ORFH 72451 & LT, i RH S 7 a7 a /U ALRISHRZE T b, ©
1966 4, Nozaki 35 X O Noyori 52 K o THID THds SAVTZ AR BUGDB IR 77 L~ Bk %
AWTEAREF 7 a7 a0 AbKIETH 722 Enn, IVRAIARERIEE VI BEFZDO
D EARNTEBR7TEYERECd D L2 D (Scheme 1-2), Cu SR Z il & U 7= 4 5OG Tl
trans/cis=70:30, =F T ABIRMITHOT D 6%ee 72072, LLZOHREEZRIRIZ, ©F
TSR UEERIZ L D ARFRIER R A LB STV, By 7 a7 a XU B3 % 1
U ETHRBMCELL RoNHMEETH Y, FrReAEEEZ RO O ERIEMN & LTA

AR ANMEEIND, DD, BRI NNAERERWEARFT Y 7 a7 a R AR s
DB I L OVEFIEEDE SR~ DISIE, FRx Zefiliiids L OREIC K- THik S 2 3
L oTn, 1975 NG 1982 HIT/T THAF S 472 Aratani 5112 LD ARFHftIc L5 7 =
7 AR, E$1%1%7$#%% CSII TV D RERYYETRHREE (cilastetin) (ZH H
TR ARF AR 2 1Rt L7 (Scheme 1-3),

DL Cu OHPHNWHILTELEAF AR CBEISIZHENT, RhX° Ru NEAIND
X% & RIS Om HHIHIL S HITIER L7z, 1973 HIT Teyssie HIZ L > THAINT-=
D0 L2 2 BIKTH D Rho(OAc) $EKIE, O-HIFEARE, 7 uFa i Afvis, v 7o
TSRS, HEBERACAINEUG 72 ERR 2 I BUSIZ B WD TR WS A R L, 8 %
D Doyle 512 X - THIZE &7z Rho(5S-MEPY) 7 & —3# D 2 £% Rh i, 4> FHB L 0%
TR 7 a7 a s AURIE72 EIN RO BEN S B U T W 2 7R3 2 E B B
IZEH TV D (Scheme 1-4), © F7=, Nishiyama 512 X - CTHIFE &7z C2 % #572 Ru(Il)-Pybox
ikl X, ZER 2 MMDONT =0 Ll ToH 5 (Scheme 1-5), Ru(I)-Pybox (3kk % 22 R 754551
W/&D7ﬂﬂ/%ﬁmkiUT% Al 7= = DA (>3 1N el DA @) <3: 5 [k /= =
IV SENRVA L SE /N L7 ) DY

s
N
|

/T e N\ catalyst COEl Ph  COEt [:::[;;é”‘o
Ph CO,Et — = Ph/v/ + \V/ \‘/N\
72% vyield Ph

trans : cis =70 : 30, 6% ee - -
Cu(ll) catalyst

Scheme 1-2.  Cu(IDfRfEZ X2 R 7 a7 a U ALRE




o)

Aratam cat.
> + Nzyj\ OFt

92% ee

COOEt ’ >A<H/

COONa

cilastatin

Aratani catalyst

R' = C4Hg, CgH17

Scheme 1-3.

Rhy(5S-MEPY)4
(1 mol%)

O

Aratani Bl C X D RF 7 v T a AR & FOIGH

O et

(R = d-menthyl)

CH,Cl,

Rhy(5S-MEPY) 4
(1 mol%)

/A/COOR
Ph

69% yield, trans:cis = 67:33,
cis ee: 48%, trans ee: 86%

Rhy(5S-MEPY),

Nzyj\o =

CH,Cly, 40 °C

Scheme 1-4. Rhy(58-MEPY)IZ L % R& 4y 1 -

Ru(Il) Pybox cat.
CH4Cl,, 50 °C

(7 el S

(R = I-menthyl)

NN)J\O _
/\/\©

CH,Cl,, 50 °C

Scheme 1-5.  Ru(Il)-Pybox filti i & 5 A~

Ru(1l)-Pybox cat.

H ,’Bn
80% vyield, 94% ee

DTN v a s AR

Bn
V CO,R BV Co,R

45% vyield, trans:cis = 93:7,
trans ee = 97%

93% vyield, 86% ee

Ru(ll)-Pybox catalyst

FOTHE TN 7 e a A



1-2-3 BB IN_UBERIZE DAY RAERKKIG

TN RIERA & B SR XD BRI N UBERIE, A Y FOERE X OISk
{EBKISICHTHZ ERTEDL, LL, KISHKRHFTTZ UV —DA Y RBERT D & KIS
UL RBRBEICENL L TV D AFENL 1132 O SRR S Bl L T\ 5720, fillfitic X
DNLAREIAE O 1703 BRAZTRVIRBEE TG ETT T 2550 H Y, AFRINITB W TITEREHC
HEEPVETHS (Scheme 1-6)

+ - ML, - X+ -~ +
ECH ECH ™z — = ECH-X-Z
+ ML
b M ! . "free" ylide
metal associated conformationally

ylide restricted ylide |
ECH=—X ECH —X EC|;H —x

z 7 7

chiral chiral racemic

Scheme 1-6. EBEJEMIIZ L5 U FAERRIS & HUTfi < 58 /08

REWO2A YV RAERKE EF BN E LT, 23]V~ bty l@Bnds, V7
ST T—NEET AT ERWD O TRIRIG TR, Y7 a7 a R AbRs EEe L
AV IR HEITT D, Doyle 51 Rhy(4S-MEOX)s I2L > T, ¥ 7 uar u/\/mﬁmmrpfﬁu
Ui 721 V) R A B ERICHEIT S/ 5 2 LIk Bh L7z (Scheme 1-7), = DOfEE, &8
Bits = > 7 a7 a ARG =89 : 11 OFEIG TRIG L, BIOERB KL 98%ee & @ =)
AR P L,

O Rhy(4S-MEOX), /Cr /(/ >&
COOEt + COOEt +
Ph._~~_OMe + Nz\)J\OEt CH,Cl, COOEt

o 15% vyield, 94% ee  85% yield, 98% ee
1COOMe Rearrangement : Cyclopropanation = 89% : 11%

Rh,(4S-MEOX),

Scheme 1-7.  Rhy(4S-MEOX)s IZ L [23]-3 7'~ ha vy 7 BB



1-2-4 &R NS_UBEKRIC K D o FEE ~DARFFHE ARG

BT N BRI F TR AR LT R T O o A ~OFAIG bR 232 &3 T
&5, PlxiE, X-HEBE~O ANV ARAKIL T, X-C(carbene)-H OF#LHE 23 EHEAIIC
HETE, ERELAMROEMKERE CORMEBRIEOEREEEZ T U & LIigAy ik
PDEIFRF S D (Scheme 1-8), Z#E T, @JEMLLIZ L >TC-H, O-H, N-H, Si-H, B-H
FEE 72 ED AN OISR E ST D

(0] O
R1M\H/R2 + x_y _catalyst R1M><R2

N, X" H

Scheme 1-8. o fiE~DH L~ O A i

1990 4, McKervey 512 & o TR ARF C-H fASUL 30O TG S vz, 2 a-diazo-p-
ketosulfone % 77 /L~ HIEEAR & LT, Rh(IDAREEZ H WD Z & T 90% LA EDEWIER T+
C-H fFARIEPHEIT LT, ZOERETIE, = FAEIREIT 12% ee I E -7, [RFEIC
Hashimoto ©(Z & T phenylalanine ‘4% %4 A7 % Rh(IDfiti A 72531 C-H i ARISD
BRI S 4, = o FAEPRMEIL 76% ee £ Tm L7z (Scheme 1-9 (1)),

o) O 0

1) ZMCOOR Rh(ll) cat.1 COOR  ag. DMSO
H N, CH,Cly, 0°C H 120 °C H
Ph Ph
(R = CiPr,Me)

86% yield, 76% ee

N
O, \©\ o o
NJKH)J\O \i )\ COzMe HN\E
2) _ Rh(hcat2 \ / H

H "CH,Clp 23°C Q Q
O\O O/O OMe Q.o OMe

OMe (R)-(=)-rolipram

o)
Bn ?
Bn N
T eoutio,
0o’ JI;% ||qh
I 1 o]
/th—/th 4
Rh(Il) cat. 1 Rh(1l) cat.2 (Rhy(S-BPTTL),)

Scheme 1-9. Hashimoto 12 X 5 AR% % FW C-H i A&



& 5|2 Hashimoto B 1 1999 4, Rhyo(S-BPTTL)s filli 2 F\ N 7= @ AR A F 2> 7N C-H
AL L7-, Hashimoto HIZ K AARF C-H fEA G, BIREAFR Y= 25 T —FfH
FAl (R)-(-)-rolipram) D EEAFHE DEFES AT S, T2 OFFARSHEEHESL S
ICEHTH D Z &b TrRrEhiz (Scheme 1-9 (2)), 4

AN D C-H FHASISE, GG TORAREKTHD C-H #d 4 EENICERIEET
X LN TR L LT, 0% BIERICHF TR BT H a7z, 2016 4E121%, Davies HIZ L > T,
N D C-H A LD ~FH v OARFERERILDY Nature FEIZH A &7z (Scheme
1-10), 15 Z AU HLAE D ARG IE 72 IR B EAS 2L E 8 L ONLRRINICE R L T2 L\ ) #E
BT TH D, WAL D o fEA DAL, BHEARODEICBNT, “5F
FH OB B EEREN” OFEBUCET TRTEA LV T bEFIEEZI Lo2oH 5D,

CO,R' Rh cat.
H H (1 mol%)
/\K + N2 R

up to 91% yield, 99% ee
30:1r.r., 55:1 d.r.

(R = p-tBu)
Rh,[R-3,4-di(p-tBuCgH,) TPCP],

Scheme 1-10. Rh i\ X 2 ~F W OARFE RIS



% % Ru(Il)-Pheox il D BH¥E & = D) H

2-1 Ru(II)-Pheox it D R

2010 &, AWML T ==/ AW ) VBN T2 HT 5 CrRFEDONLT =7 LGEK,
Ru(1l)-Pheox % BA% L 7=, ! Ru(Il)-Pheox iM%, i\ Sk & SEASRIRME 2 7 X & 5 A4
JEAREEE LT, 2 DO A RO L O ICEkEF S vz (Figure 2-1),

1) Ru(Il)-Pheox DFFE = S s H 048 R D B4 FE O i &

Ru(Il)-Pheox it DIEE DRFENE L LT, @JE-Arsp’ REMEE DEEDR DD, ZD o fERIC
FoT, KREFRZWETH D EBRTICHERFEND OEH#ENREFIERFEBRL, Kk
HOESROBTEENEKRT S, 20D, SRR E DL ORISIZIB W THGEERE T
& B H LB BSOS IO SHED EREB L TWD, 70, HEER E~DOE#I (R)
DI £ 0 BB 2T 5 2 & C, fRx BRI EBLT 5,

2) Ru(Il)-Pheox DRHEH : THEFHHE FTRE 22 AN 22 [H]

Ru(Il)-Pheox fililiix C; xtFritED > TN 70kiETH Y, Ma— D RFHBE 134V Y
VEREICHE SNCEHRLETH D, ZORFREIIAFORS T I/ BRAROICHEET
TN AL S THEINTWD, 201D, tert-7 TN UL EE DT I/
Tha—LEFEEHIT 52 & T, RAEREEZEMLSEDLZENTED,

RI

EfREIZXS
HEe{Tm @)

n IJ
Ru—N—,
@wéﬁgmﬁm

NFEE
ArCsp?-Rufg& Tl
(RUDEBFHEEEMICEE)

Figure 2-1. Ru(II)-Pheox filtit D fl sk &



2-2 Ru(Il)-Pheox fiftffiZ X % 7 Vv~ RBE S

FATHFFEIZ BT, Z1vE ThE 4 72 Ru(Il)-Pheox 3 U — XA A3BE%E ST & 72 (Scheme 2-1) ,
RFFZERITIE, Ph, Bu, Bn 72 E &R L CVREEOE(LIZ X D217, JFEREE Eo
EHILIITEFEEOBELZ G LT, m-MeO X°m-Cl 72 K &fli&E L=, F72, cat. 6 X cat.
7R T LD RGBS & KIEEERECR ) ~—I2T 5 2 LIk o T, Km—T A7 &
2 FHRRICHIE T & 2 /KIEMEAREE-C TR AR 72 BARMREE S L CRIA T 5, 2D OfbiEEE
FIZ LV, Ru(ll)-Pheox (XA HESBAME L U Clx, Bkx 27 VT Ve DT Y 2 A7 VED
fBE AT o 7 1 7 a S ARIZ I TR O ARSI K OVE ORI M A2 R BT 5 2 & 239
LMo TS, FEAFHIENCITE > TRV E DD, N-H FEE~D B /L~ AF A
W2 L THRIERAIE < Z &R EN TV D, AETIE, Ru(ll)-Pheox itz I % SIS D JeAT
Wz Iz >N TR 5,

R PFs cat.1: R=/-Pr,R = H PFe
cat. 22 R=tBu, R'=H
0 cat. 3: R=Bn,R' = H 0
oY, -

RU—N cat.4a: R=Ph,R'=H Ru—N
| Z . — "= !
I g cat. 4b: R = Ph, R' = MeO !
(NCCHs) R cat. 4c: R = Ph, R' = Me,N (NCCHa)
cat. 4d: R=Ph, R'=CI
Ru(ll)-Pheox Ru(ll)-dm-Pheox

cat. 5

PF
HO 6
o
N
Ru—N—
1 s
(NCCHg) "
Ru(ll)-hm-Pheox PS-Ru(ll)-Pheox (x /y /z = 1: 100 :10)
cat. 6 cat. 7

Scheme 2-1. & % @ Ru(Il)-Pheox fili

2-2-1 REDTFRT 7 v 7ru U AbKE

Ru(I)-Pheox il % V7= R F 5 Tl 7 B 7 / ScAUBRIRIC BV T, SRR Ll
BRR & TV AT X DG T T & 72 (Table 2-1, Scheme 2-2), 2

DTV AT NVREARATF L UHFRIRE D FHY 7 v T a SRR T, BR& 72 Ru(ll)-
Pheox 'V — X% Wit L7 (Table 2-1), cat. 1-4a X2, AFERBEOSLIREEE ORE RS
A& U Ci-Pr,t-Bu, Bn,Ph 2 H 9%, ZiL5O O 5 mol%% FVNCTULER, trans/cis th, ee &kt
N2L 2D, b AT AR SO Z R LI O R BB Ph A AT 5 cat. 4a 725
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7z (entry 1-4) , IR TORKITIFEEIO “ &L TH D EFZ 2 T2, entry5 TlE, cat.4a
O 1 mol% I & L MG 21T o 72, Z ORGSR, UL 85%IZm L7, Entry 8-
10 (218, mAZICE RIS EITE G2 AT DAl cat. 4b-4d ZH Wz, LLZD
%6 ClE, m-MeO, m-Me:N, m-Cl & E X 72855 AR DOILERT KONGRSR & 72
FERLIHER S L7203 o T IR O F, Ru(Il)-Pheox il Z X o Thgin 95%ULE, transicis
93/7, 99% ee THMIDy M7 a7 a U ALRIGHEITTT 5 Z E N LT 5 T2,

Table 2-1. ££ % 72 Ru(Il)-Pheox fillfEiZ L HAF L TV 2 AT VDT 7 rn7asx
ARG

o) Ru(ll)-Pheox ”\
N (1 mol%) OFt
+ Nz\)J\
OFEt CH,Cly, 5 h
ee [%]
entry Ru(ll-Pheox T[°C] yield [%] trans/cis trans  cis
10 cat. 1 RT 58 76/24 69 36
2b cat. 2 RT 67 76124 92 74
3P cat. 3 RT 42 80/20 64 29
40 cat. 4a RT 60 90/10 96 88
5 cat. 4a RT 85 90/10 97 89
6 cat. 4a 0 95 93/7 97 89
7 cat. 4a -20 73 94/6 97 92
8 cat. 4b 0 89 93/7 98 0
9 cat. 4c 0 89 92/8 98 92
10 cat. 4d 0 92 92/8 99 86

@To Ru(ll)-Pheox and styrene was slowly added a solution of diazoester in CH,Cl,
over 4h. P Catalyst at 5 mol% was used.

BONLNFIE, Y 7 v T a /N AbEW OIS Z & L7 OGB%E & LT, succinimidyl
diazoacetate & A F L VEHEERIB L O L U8R E DO FRIY 7 v 7 a S AUBUG DRREH
fTHiiz (Scheme2-2,(1)), succinimidyl diazoacetate D A 7 ¥ > A I R BT EAFE T Tl
HIZT I R AT AT D5 Z LR TE, THE T RARMERELZET VT Y
fEEMERROIEELE L THWLNTE 72, 2 succinimidyl diazoacetate =D H D& 7 1/
RS D & T, ol Be g T ORI EHLIL DR 5 72 B A BN FEBL T 5, Ru(Il)-Pheox fit
BEAERNDZ LT, BOMKRIMETENOR Y VoA I REERT A0y m7ass
AEEH DA RIS LTz,

E =L N A— NMAD Y 7 a7 a s AbRIEE, BEIZ 2003 4212 Doyle 512 & - TRl
RO ERE SITWD D, U7 AT LARIRMEIMES, o) U F B e bOSiE

12



B ST iedo 7z, — 5T, Ru(ll)-Pheox il FH W CRISDMET 21T T2 & 25, f
97%IX=, 93:7 dr, 99% ee THMIDIEFHIGIEY 7 a7 a XL AbEWH iz (Scheme 2-2,
). Fi=, EFHOT AT NVIEEE DIBAL IZE > CTT Vv a—/UIZEHT5HZ LT, @zt
VFARIRVEEMERF L2 FE e T 7 Y — A ER] (BUEEA]) CTh D belactosin A DE[H
ARG R Eh LT,

(1) Cyclopropanation using sccinimidyl diazoacetate

0]
)-Pheox cat.4a ﬁ\ ?
(1 mol%) _N
X + N ~/ ©
2\)\ };\> CH,Cly, RT, 1 min R o

up to 98% yield, >99:1 dr, 99% ee

R2
0 Ru(ll)-Pheox cat.4a
0 |
RA\% + Np LN LLmorh R1% L
(0} CH,Cl,, =10 °C,
o)

10 min

up to 92% yield, 99:1 rr,
99:1 dr, 97% ee

(2) Cyclopropanation of vinyl carbamates

Ru(ll)-Pheox cat.4a 0
R\ /\ o 0, \l
N X 4 NZVJ\OR" (1 mol%) R. J\OR"
R CH,Cly, RT, 5 h N v
R|
up to 97% yield, 93:7 dr, 99% ee
i o DIBAL o i
: Iy (5 equiv.) O\_J(/\ :
. o~ O COH H .
 Boc< v OEt Boc. v OH —™ = N_ v '
| l}l/v toluene, ’}l/v — 7 HyN \)J\N/\v \[l q - :
E Boc -78°C,4h Boc : H o} : !
1 91:1dr, 96% ee 60% yield (trans), 96% ee belactosin A '

R 0 Ru(ll)-Pheox cat.4a ?L
N Nz\)J\ORI (1 mol%) R SR
o) CH,Cly, RT, 12 h v

up to 87% yield, 99:1 dr, 98% ee

(4) PS-Ru(ll)-Pheox catalyzed cyclopropanation

o 0 PS-Ru(ll)-Pheox cat.7 <|i

X + N 6 mol% R

R ZQJ\OEt ( 0) “NoEt
CH,Cl,, 0°C > RT, RV
7h

up to 99% vyield, 99:1 dr, 98% ee
Scheme 2-2.  Ru(I)-Pheox itz & 25 RF5 01> 7 a7 a AL
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Ru(I)-Pheox filfifi%, B THEEDIKRNT V7 Th D a,pf-REF A VR = ALEM~DARFE
1Y 7 a7 a N AERISIZ IS FTEE TH D (Scheme 2-2, (3)) . ap-REaFI= A7 /L, 7
Fo, T RRERRLRETFARRT VT VHEDT 7 a7 a U AURIS Z BET LIS, W
THLEWYT AT LARRMER L O o F RN R Lz, GO etmty s
n 7 a0 AL AL PTPIB, teprPNA <2 U-106305 &\ o 7= AEFRIEVEWE O G P AT H
D, ZAULHITHTH GG & Rk LT,

RV~ = & - TESf S 7= filigt, PS-Ru(I)-Pheox 1V WA 7 /L a[GE/R EARMREE CTH 5
BrHGEBLIOBFRIEDEE L0004 L7 0 VEA~DOARF Y7 a7 uss
AERIGIZH LT % PS-Ru(Il)-Pheox il i L @ vl IS 2R Uiz, F72, @O08E, ~x
UG, WL WO ATy TR o CRISH OB A VRS LEFH LI 24, 10 BILLER
FRISHEAT> THZONE, SREREPHER SN D 2 & AR LT,

222 RESHSTFHT 7 v FusAbKE

H—FNTOBRLKIS THOARF TR 7 v 7 u s AURISIZ OV T, Ru(ll)-Pheox
(cat. 4a, cat.6) |2 X > CTENETRISDHEITT HZ LB LN/ > TS (Scheme 2-3),
L GPE O Kb EHLE (Electron Donating Group, EDG) # /9 2 3/E & cat.l Z WG4,
FOSIE 1 ITRT L, IRBIXO=F o FARIRMEL $1299% & W9 RAFRFERNE G
72o 3FE 72, Ru® mAZIZ-CH0H 4 A3 2 KEMEAEE, Ru(ll)-Am-Pheox cat. 6 % 72 i
IZBWT, K/m—T VEAWERF COMGEIT o1z, RISIEER, 1~3 KETHR T LARMO
T a T a N OREERUEE WS EIER - T T ARIRACAG DT, ¢ AREIIOKAR, OB
AT =T VIS 5720, ERWOBBENHETH Y, S OITMBEo ) 31 7
IVWAERETH D Z DR E T,

Ru(ll)-Pheox cat.4a H 0
EDG\/\/O\H/QN2 (1 mol%) EDG
o CH,Cl,, 0°C, 1 min n 0
H

up to 99% yield, 99% ee

Ru(ll)-hm-Pheox cat.6 H (0]
EDG. _~_ X \[]/QN (5 mol%) EDG
2
o) H,O/ether, RT, 1~3 h H\\\
H

up to 99% yield, 98% ee

Scheme 2-3.  Ru(Il)-Pheox il iz X 5 R0 TN 7 a7 m ALK
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2-2-3 N-H #f ALt

77 JROfE T H 5 Ru(ll)-dm-Pheox (cat.2) Z H 7= N-H G ~D B /L~ OFF A

T, Yrun A oh, |RTHISES 2B TR T L, A 98%IETHARM S 6
U7z (Scheme2-4), 5 Z DEFETIXE 72T & I KOEE A2 W= ARF DA B2 W KGR TO/MR
SR, o FEBE DI N OFFASSIZIB DT Ru(l)-Pheox fil & v ik i 4 R 51
T5HZENRINT,

1
B )-dm-Pheox cat. 2 ||?1 O

Ny Ng\ (05mo|% 2/N\)J\N
I@ CH,Cly, RT, 5min R |©

up to 98% vyield

Scheme 2-4. Ru(Il)-Pheox fif#iiz & % N-H i ARG
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o WITEEM

Bx e BRAL S OMERR - (LR X, Z OIS & AHRET 2 BREROR AR R &
LCHBLT 5, AMAANTIE, FRCHPERETO B8 XD o fEiG ~DOALE K OSNLIRERE
BRI ARG DR EZ BEIEMT 2 FBRE LCIEFICHENITHY, BMEITE
FEH O E T AR PRIG VW E D B 456 LB B C D RS 5L O B RE HE b /e KITHiisD CTEHELT
HD, ZDXIRERFTOBIRICI, FEEOEWERE I N SEAZTEETRA L UTH
W AINRCBENICR AR TH Y, Fkx RfE6 & EHEN OSBRI E R T 2
ZENHERRICZe D, L, BEARRRT NI VR o fEE~D AN UBEIRINE, D
FOSTE=FNF—DRE SBIZNEEA Y, PRRIERE L LTRSS h T 5,

Z TR TR, IANCBEGOEERIEAE LT, LGz 3rF—D0Em<IE
ML SN TWRWFES ~OALE F L ONLARRIRE R R L RS OBIZIC B s L CTM A 2%
L 72 Ru(Il)-Pheox filiftiz k%, BT ARERA LT 4 VEH~DARF TN 7 v 7 a ALK
JSE DEBNEME S A~DISH, Si-H fEAB LN 1 & C-H #EH ~DORF IR AfAK
JIEDBAFE B L OB FRREE WA FHEERE - ROCEEOMTICOWTHEET 52 L
ZHINET D,
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e U RS %2 V72 Ru(Il)-Pheox il Ru J&32 551

28 OB L PR

4-1 HE

AR RAE L, xRl (VAU R) LEBEBEREL OMAEDLEICL > THEIN
. ARG RABEOMESE 2 Rl U, BBl & OSBRSS T 5 72 0121E, ROSR T
TOMBES T OFE 2 BT 50BN D D, MBS OFITICBWTEZ LKk bEERTT
HIE, BISRHP O NFH IR TH B8R D VR E Bk UEEREEZITH) 2L TH D,

1996 4, VL 5 IE[RuCly(Pybox)-(CoHs)] & dimetthyl diazomalonate % F V72 RS IZH W T,
FOSH AT o D Ru-A VR UGERO HBEIZALY) L7z (Scheme 4-1), ' Biffdh X MM E AT
IZE 2T, AR UIENL 7 O FrmiE I xr L CAATO M SIS LLENT H 2 &R S
iz, £iz, BEEL7ZER N UEREZ AT Lo, 110CTHREELTIZEZ AT 7 r 7 R R
VERDZERK LTZ, Ko T, Ru=C fEGEZATIHEBE I N UERIT, NI T ey
BRSO FRULTEH 5 & sl STz,

h |
| CO,Me P
O\n/(Nj\(\ N2:<CO y 0] l ’EICI '\}\/O
| e N- ~l
N.._ 1 CLN—/ - , R -
ol R “pr  CI(CHy);CI,60°C,24h | iPT ¢ ]l I-Pr
cli MeO,C~ “CO,Me
H,C—=CH
2 ? Metal-carbene complex
92% yield

=
CO,Me
110 °C ; CO;Me

11% yield
36% ee

Scheme 4-1. [RuCly(Pybox)-(CoHa) 8K 2 F U /= Ru=C F5 & 2 A1 2 &8 1 L~ 5RO fRhr

— T, ARAEMEICIT 2MEELRKE ST D FIEDOOLHL LT, BN FEHLUS
(Ligand Exchange Reaction) 738 %, ZiUE, @EH 0 IZENLRES %2 LTV DB T2 22 #1 3
LHEOETHY, IHNRAZED M=C fiE1E ERNRFEGZ T 5 b D TR, BT D
RPN XY, BEEDOSAREEN BT 5 2 LI K o DIsHEO %L, F7=, fikllizo
b D DOEIRMEPAGE G VE & Vo T RFE DB G SR Z SN D, ZD XK D REREEEOBNLT
BEHSOSICEA LT, A4 0D $#Ez2 AW LWVBRE AR SN TW D, @RSEER~DBULT
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ERSOEENL, b T 2 ALOBNL T {zkfbfiob FOGIEFEZ BAE T BN T DB F X
k7 22N 5% (Trans Effect) & FEIENL 5,

Bz 1%, [PHCI(PEG L EEAICIB N T, ~Na A oS3 LT WHE 2L, 7o' =7
fFEFC CIHEI NH; & Al ez g (4-1),

[PtHCI(PEt;)2] + BF; 2 [Pt(NH3)H(PEt3),] + CI- (X 4-1)

[PtBrH(PEG: ) J#51A 1, Vo 4 B2 A L TR, X #MEEMTIC X > T Pt-Br OfE & 134t
ARG PFRLD EOP0EWV256A LleoT D (Figure4-1), Z4UE, ~es v (Br-) DK
JED LT SICKHE L, SBAHA TR T U ADMBIHEETSE R REAMTO T2 %
ROHETH D,

Et;P

Trans Effect

Et;P
2.56 A

Figure 4-1. [PtBrH(PEG L |85 RIZ I 1T D K T > Ah R %8

F 72, AR L DENL T AHSED N T v ABEORBX, rans-Y 7 B A (KA
7 4 ) B4 (1D RN D cis BER~DBPE 72 ZLIZB N T HBIEET 5 Z & R TE 5, Figure
4212 L9, £, CIENLTOOE D PRy ICEW S, FRIK (B) 2525, &5
ZZOFRE (B) I CIBNEMT DS, ZOLE=2H5PR;DI L, ClLY b7 2uhE
DREUY PR3 D b T ANLTALET D PR3 BN BIRAYICEHL S D Z LI k> T cis B
DEERBART D,

(of Cl

| + PR3 |
R3P_F|’t_PR3 R3P Pt PR3

Cl - PR; rF el *\§;§L§
trans-complex (A) +CI- Trans EffecEr
Pt(I), 8, 16e Pt(Il), d8, 18e Cl

R3P_Pt_PR3

T PR % (B)
—Pt— — 8
RsP-Ft=Cl C+PRy_ RyP- Pt 3 4 Cl t(1l), d8, 16e

PRs - PR, PR3
cis-complex (©)
Pt(ll), d8, 16e PH(Il), dB, 18e
Figure 4-2. trans- 7 mu B A (RA7 4 ) Ha (D) 28T D b7 o ARNROZE
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Ru #6T 2 FHBR I VAR U8R E W56, Ru=C fE a6 T 58BNV UK E
e U CRBUGDNEEAT T % & PARESN D, UAF5EE THI%E S 47z Ru(l)-Pheox il ¢, Ru=C
WAEERTDERI N UERE SRR E L TOARCBEIRIGOEITL TS £ B X
Bd, EOFBMNE NN BT LENL L TWD 00, 7o, iz LTl k
972 & T Ru=C FEADER SN TV D ONEMITT 5 2 & T, RISHECSLARBERE W o
TOOEERERNMG LN LSS, Lo L, Ru(ll)-Pheox il XimtENnm <, &BE7Y
S BER D BB IR I LV, 2 C, Ru(Il)-Pheox filliEZ D b DIZOW T, HfERD
ERRDEEL <, X BRICKDEERIT NI N TWehotz, £IT, BTSN K -
T Ru B OEML T % — 53 T 12 FE S O @ OB T IS BT 5 2 & C, X BRI K DA EREAT
NTERVNNEE X, BN EREEIL, 2RI EROREETARE L ORISR
fRNTICE 2 mA e 52 5 & PEND,

IR TIX, BN ARG E DFT #HHIC & 2 EBRINTER L OHEGROFEEZ VW
Ru(I)-Pheox filtf: > Ru J& © D4y F-ZHE ORI OWTHIE T2, 7B AREICE T 5 MIGHE
fif#T1E, CONFLEX BRA S tho0 il shfdit:, BHEHANEI 7R 1HW - Fee LR 0%
BRI & OILFITE L L TIT o7, EARTEITIT DGO X SEEMITIL, SN
BT BREE - A TR BREBARSC L ICHIE L CunieiZuniz,
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4-2  BOAL T AHA G & F VO T2 (pyridine) (acetonitrile)sRu(I1)-Pheox  ${4

DE K & A AT

2 i 428 T 5 Ru(ll)-Pheox 1%, Ru &Y 6 FIICHLEA T 5, Figure4-3 IZ/REND X
2N, AXH YV UBNLFIZEY 2 DOHENEFEINTEY, 20O XTIZL D (A)-
DYDFHENZ 4 >DOT7 & h=F U LBENFEE ZHEE L TV D, /L~ L Ru(ll)-Pheox 73X
IS L7236, 20 4 FRIOWT NI Ru=C fEAEDIMRE, | FZTLEERT L EHE %
bihvs,

T R= MUY BIROENEEE T DRI TS 1| YEZTHFET 256, &OMHEL
RFTWTER=RIV I HTORNERIND, DFV, BN FRBEINICE - T, Kb
BiE Lo WELAL T ONLE RS L O b S L3 0) Ru OLED TR S5 & TRL
776

(D) Phenyl Group at
Chiral Carbon

Figure 4-3. Ru(I)-Pheox filifi o> Ru J& BN+ DHR DL

Z 2T, v T K 5 Ru(ll)-Pheox il D Bz 1 AR DO FEt 217 - 72 (Scheme 4-2) .
U an AL NGERIAR S E 72 Ru(ll)-Pheox fIEEIC 1| BEOL Y DU Z2EML, =EH
TS5 R Lz & 2 ARIGITECICHEST Lo, 'THNMR IZ K AREEREICL Y, 4051 H
ST F=RMIAD I 15 FRERICHKBEL, B P AZER I NI Z LR ST,

PFg PFg
Pyridine (1.0 equiv.)

3 3
RUTN~/ CH,Cly, RT, 5min | (NCHaC:mRU=R~/
(CH,CN),  Ph by 2

1 2

Scheme 4-2. ©°U 2212 & % Ru(Il)-Pheox fifltfi oD BT - A Ha i
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T, £ B 7= (pyridine)(acetonitrile)sRu(IT)-Pheox D BAfE i %2 X #iC L » TR L=, <
DOfEH,  C—Ru-N(pyridine) & 1 EAR _EICISA)DHEICE Y PUNENALLTWD Z LS
MZ 72 - 7= (Figure 4-4) , F 7= Ru-N(pyridine) D #E & Bl XM Ru-N FEAITHER02A B,

‘ Bond length:

(A) Ru—N1(Py): 2.2076 A
Ru-N2: 2.0078 A
Ru-N3: 2.0134 A
O (D) Ru-N4: 2.0217 A

Figure 4-4. (pyridine)(acetonitrile)sRu(Il)-Pheox ¢ X #A& & fiEtT
(Supported by Dr. Ikuhide Fujisawa)
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43 DFT 3L 57+ b= b U VIS EOE U O U RATEE 0

5

Pt

BRERICE Y, vV P&z Ru(ll)-Pheox il D BN A HAR L, (A)D T ENTAL
ERNICHETT 5 2 ERR SNz, ZOMEND, RuJEDOGTEHENZ OV T OO
AL CTz,

R 1: BN T RSOGO BRI T B R R B IR FE T 5,
Ru(I)-Pheox IZB W TA)DALE~DE Y ¥ VBN B LETH D720, (A)~DEUL 122
DT 5,

R 20 ERfL T RSOGO BRI TR E R R B IR FE T %,
Ru(I)-Pheox (2B W TA)DALED T & b= b U AR B BEE LT W20, (A)~DEMNL T A
BHBHETT D,

%:Tﬁt:h%@ﬁﬁﬁomf@ﬁ#ét@,mw%%%%thmu%mx%ﬁ@m
N T AR D S HEREI B D B 21T o 7=, =R/ F—FFRIZIL Gaussianl6 3 & H 7=z
IET%%%mwtoﬁﬁﬁﬁﬁ,muaimmﬂmﬁ-%@@@E%_i@MG@S%%w,
EBIECIE B3LYPC 2 L=, F72, PCM L7 2 AW QAR 2 L) ATz,

FT, Wi 1 ORFOTZD(A)-(D)D 4 AFTICENZNE Y O U MBEUNL L7256 O A E
IZ2WTC, DFT FHEIC L » TS RE(LF R 21TV, =¥ —% ik L7z (Figure 4-5),
T DRER, I b TE 72 (pyridine)(acetonitrile)sRu(IT)-Pheox &5 (AR ARBE i FAID) DA & 225 &
VO UMENL LTEETH D Z e RS, £, Hx RS L =R — g
OFEFITFH T, 10-1 1ITRT, 8 X EERT & F CA)DME 16 B Y U3 EfL L7 gk
R DT FL X — 1%, RLEMBEITH A 2,15 keal/mol &<, FERRFERLE —H LRV, D7z
W, BUALFAZHES S DL EEIRMEN B P Z E IR AT 5 & S G (DIFFERI ST,

a: 2.15 kcal/mol b: 1.22 kcal/mol ¢: 0.27 kcal/mol d: Most stable structure

Figure 4-5. (pyridine)(acetonitrile)sRu(I)-Pheox &4 D = R /L% — D L
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= ZTIRICS, R 2 ZREET 5 72, Ru(ll)-Pheox /b0 7 = h U L ORiEED > 2
o b—3 3 &{T-72, ¥ (acetonitrile)sRu(Il)-Pheox DA E kL 21T\, Ru L ORE AR
BEZTRA L7z, ZOEE, Ru-N1 OFEBEAMORESITHAK 02 A RWZ ERH LN -
7oo WIZ, RuEVICENLLTZ 4 37O T =M LZNZNIZONT, Ru-N FESDORES
FREEA 0.1 A 3" DR 5] & SEIX T Scan FHHE A1T o 72 (Figure 4-6), FHHEODFER, (A)DFHm
NHOT & b=k U ALOJEE (Ru-N1 A O Scan #H5H) 12BWT, LM RLF—DIK
THRWO BN, ZhE, X BHEEMRITIC X 2GR L 835, £D7=%, Ru(ll)-Pheox
R IEE~ DB 7R BN IBN T, (A)DALED T h =~ U LR HHEEL03T 029, (A)
~OFMLA AW EITT D (BN A ASHA S O B R 3l B R 22 BRI IR TE T %) &
WO 2 RS,

Bond length:

(A) Ru-N1: 2.2306 A
Ru-N2: 2.0608 A
Ru-N3: 2.0509 A

(D) Ru-N4:2.0470 A

(a) (acetonitrile)sRu(Il)-Pheox D i G L O Ru-N & O A BHE

20.0
—(A) Ru-N1

—(B) Ru-N2
(C) Ru-N3

iE5 — (D) Ru-N4

10.0

Relative E (kcal/mol)

50

0.0

20 25 30
Ru-N distance (A)

(b) Ru-N & OfE S BBED Scan FHE OFER  (with CHoCl, as the solvent by PCM)
Figure 4-6. (acetonitrile)sRu(I)-Pheox @ Ru-N & Ot & BRBED Scan 5 DG R
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4-4  Ru(Il)-Pheox I 33T D BUAL 73 KX O L~ DENL T T D5

b

YL EDFEERFER DS, Ru(ll)-Pheox fRMEDENLFASHESIESIE, (A)DFFANZIUN T E EEIR
HNCHEAITT B Z EDRH LN o T, F2, HERBENOLA)DOMEDO T h= ) AR KD
R Lo W2 ERRIB SN TWN D, ZOMERIMEIIGBRSERD F 7 U 2 RIZL Db D
EEZLND,

Ru(Il)-Pheox it~ DEL - A OB 7 WSS IR O BEFm 22 EVEIIKTE L, (A)D
FINALEBIRICHETT 5 B2 oD, BEHL, WAL DREO%E S IHE R
M ZEEPEICHE, BB AR AR DAL D 72 8 DB T D BBl & 711 OFRLRYFHIN,
kT2 ABNRIZ X - TA)DHEITT 5 (Figure 4-7), = D1, BRI EVETHE - T2 85K
WIEDEE NN D, IARCBEIIGOIETT 5 & TS5,

Fo, TNHOFEENG, Ru @ p MOEHILOZNEIX, Ru(ll)-Pheox |2 & 5 /X BH)
B D SOGHYEIC E B BT 2 aTREME N B W 2 EARIB S5 (Figure 4-8), BZ 5 < Ru
D p M OBEHILDOETEE ORI, C-Ru—I AR & —ERITE R HH5EIC L > T, Ru-b
AR UFEG DETEE L KITT, T OREER, Ru-T VUSRI O NNH/JEGE, i
e Z D AN CBENRORISER EAR T 72 £, RISTEOHIEA FIiEIC e 5 L HIFF S 5,

Figure 4-7. 7 > AZhERIZ L 5 Ru(Il)-Pheox S&AR~ DAL E SRR IS
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Figure 4-8. Ru(Il)-Pheox filo> p (D EHAKL R 12 K 2% Ru-B /X AES O 74 B OHIE
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) =/\
4-5 e ﬁﬁﬁ

AREE T, Ru(l)-Pheox il D&M 4 B JEL D43 T DN OWTH LM T 5728, BT
TG & X BRHTIC X 2 AL 2fENT &, DFT IS L 5B b A0 217 - 7=,
FEBROFER, (AICBWTEIRIZE ) P ORNEAEZ 5 Z E BRI MR o7, £72, DFT
FHRIC K o T 21T 272 & 25, C-Ru fEH & EHEICIESA)DMEDOT ' =k U LR
BHBE LT < 2o TR Y, EERVEENEIZR] > TANINLE R IRAGIZENL T3S B ER)S
HITT D2 LIRS, TOMBRIMEX ST U ABROEELEZ OND,

INBDRRIND, R=IANUFEEDOIMR S (A) BicbET LS <, £72 Rud pfif
DEHILN F > THNARUBENIE O SOGTED L 0 W3R MICHIETE 5 Z L3R S,
T E TOMBEREEIL Ru O m (O BHIENEZ EmEhd% s LTWER, 5%IZRudp
NEA~DOEHILDOFINT X 5 8B T HEOBEE T 5,

FSURABE
BEfRER” > RuDRSUREIZAILARL A
Q®RU=CIEENEFZEZRE [Ty 72
¢ BiEMERE > RIOBFEEDOHEDN
Ru=CH&ICEEMNIZEE

Ru-sp?Ci4&
(RUOEBEFEZEIEMIZES)

P EREE T RELE
TEZM
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WHE  DFT g5 % H 72 Ru(Il)-Pheox il X A ARFE > 7 v 7 a X

BRSO FOGSEERE 3 IO o E bl o g

5-1 &

AR EAEE, @OARBES MmO NI & W o ol 2 OERE A FRBLSE 5 720,
B 2RI T A L TR ST\ D, fiiaED M L2 B3 729, AN 5OG %
HFCEDEHIIBEREEZ T Fa— L L TWDNEMD Z ERRETH D, KGR
BRI E B2 b0, RIGHERO R JOMERE TH D, ZOFE
TIE, EBLFPICOCHEES LORFFEEL BRI 52 TE 5, LL, EBS
JEFRBE SIS O I ITH AR O HBEDS R Al B2 SUS 3 2 <AFAET 5. 2D X 9 G HI2ig,
LB 2T N EE R FIE L 0 D, T, 20 Ya—XORMEELE & T LAY 7
b O RS, FEBRALT: & BERRLF O BRI T OWFZENTEFR ITIT DO D L HI27R o7z,
BRERAME O T, BELFHEE AW OSERERRT O 728 ED b T D, H
PUE TI%, DFT % % H 72 Ru(ll)-Pheox I K 54K 01N 7 a7 a /U ALKISED X
ISR IS KL OVRF R OMRATIC W TG T 5,

N e A VT 4 VHEORIGC L DY 7 a7 a /U BRIERKISIZE LT, ZHETIZH
Bk 7RISR T B SOSHE OIBIT M TN CTE 72, ' v 7 a7 a ARSI, B
[CHNRURBDIE —EHEIEA L 3 BREELZ T IRK L, @RIV URFLET 4
BREEZIEK L-RICy 7 a7 a R UBRMERT DO 2 A REIN TS (Scheme
5-1), 2005 4F, Cornejo %%, pybox-Ru itz Nz = F AR T 7 v Fa X
AEEE D SEHREREATIC W C, EHEMR ZBREMRAHEGE SN Z L 2RELTWD, 2
DRI D = F > F AR, 7 AT U A (trans/cis) 1RIEIL, fillfirh o4 v 7a ek
CRIGHE THHATF LU EDNKREEICL > THIEI S TWD Z LR ENTZ, 2 —J,
2011 4F|Z Rosenberg F DML TIX, w0 M2 HN 7z 7 v 7w AR O BOSHEE
FEHTICIUNT, 4 BERIERZ &1 “BRPEOEBIREBZ M 2 ORI RSz, £z, £
D cis BIRWISES A T = A LD, cis KRS & trans IR ERR D ZE NV ENOEBIRED = 3 )L F —
ZMDMPITE D T &M Sz, 2 2015 i Xue HIZ X > T, Rho(S-PTTL)s & W
Sl 7 v 7 a s AV BROS O BOGHERERRAT 23S S 7z, 8 513 2 ORIz DOV T,
FEEHTTHLIATLOT = VI O EHILE & O n-n HAIEH I L ONLIRREE 23,
N T v AR RS ZEE L T D LB L TWD, 47, DFTiHEEHWZAEF Y7 v
7" s AU D SR FRNTIZ OV T, 2009 £4E2 Xu HIZ L > THESN TV D, 5
%, Ru(salen)filiitlc K2 RF 7 a7 a /i ALROGE, cis E£721% trans LD J1 v~ K
DERNVF—ZE T Lo TERYOSAREIRER AL SN TWAH Z EE LM LT, 3

27



three-membered ring
o

[Ru] 0 [Ru]

=

o) 0]

[Ru]:»)K 0] f :O
o
[Ru]
four-membered ring

Scheme 5-1. ¥ 7 a7 /XA D 2 FEIED A T3 = X A

DR ITEEALTAIY, BUSHEME OFER A AR & 2\ M AR o B AL OB X &3l 5 7
DICHRARFEOOLESTH Y, MBHED S 5251 L4 B L BRMZEICEE 2 EH
RHRE X D,

Ru(I)-Pheox $£KI1%, 23 FMB L OO TFNY 7 o 7o U ALRIGICK LT, IR T T
e TR NEARHIE & O ARBETE M A R L A 2 EOR LT, CraBMEDIEFE I T s
HE1E % F5> Ru(ll)-Pheox 73, 728 @\ G IE & STARHIE A R8T & 2 O 2B G
T & %, Ru(ll)-Pheox filti o S8t ORI I B 72 2 Fr BRI DO BAFE IZEEAN 0, TEPEDR W
BB ~D D NARUARARG T8 E 4RI VR B IR E F O Tk 2 72 SOG~O BB S ¢ &
%o & ZTARFETIEL, Ru(ll)-Pheox fiiiZ X 553 FAY 7 1 7 a S UAUBUSIZDWT, (DG
W, QREHEHE, O 2 SofAE B E LstRL2RMITICE Y A TS, 72071
WEIS TOFEFEROIEH E LT, RES MY 7 a7 a U AURIE O RF i L o fidT
HIiTo 7,

RBEIEIC BT D RUSHEREfITIX, CONFLEX #R St silt, EAEH iR
K A5 - MBE TR OB R CEREEEE & ORI L L TTolz, ETARTICEIT 5 ik
b D X BAEIEARAT I, EREETR T BB - A TR FREBANE HIZiEL Tniee
W,
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5-2 RtREIGIA

EREBMELL T MM E RIS SEDL Z LI L VBRI N USEANERT S, &R
fikif & T A E S S, BRI A LRI NS EER A AT D ROSHEREIZ DWW T
1%, 2003 42D Straub B.F. 52 X 2 HE AT U & LTV D0 ORI e SOSHEE DS BEIC #E
INTWD, ¢ KFETIE, BRINNEERERE TIRENL DRICHEEL S ET H 2L &
L, & IS UEHRARE S OISO W T L 7=,

FTIEAREFLDFNT 7 a7 a X AVROS DT 21T > T, SHRET AL E LTENT 5720,
T YT 'T— MAOHF TR H v 7 V7 Allyl 2-Diazoacetate % 4@ ILITEIZ K > THAK L7z,
Ru(Il)-Pheox fiftfi 1mol%fF/E T, FEIRHP CRILEZMFTLIZZ & A, BO T 7 n 7 a/ i AbK
JSIEENRICHETT L, | 2RICIE 7 a7 a X AEE D 66% IR, 90% ee THF B 4172 (Scheme
5-2), ZOFERMNG, WHEOSNERRELIZBED T, MBS IS XD S RFIEAEC TV D 2
CITALMNTHD, £ZT, ZOTVT LA Ru(ll)-Pheox flEIZEML L 7= &)@ L~
PEIAEIE 22 FH N CROUGHERERRAT 2 BR A L 72,

0
0 Ru(ll)-Pheox (1 mol%) H
A N )J\¢N2 - 0
O CHJCl,, 1 min

H
66% yield, 90% ee

Scheme 5-2. FEET /L& L CTHU 7 Allyl 2-Diazoacetate DA77 TN 7 1 7 a2 ALK

5-2-1 oD SRR £ T L O RE S

BIEIZBWT, Ru ~OENL T RESE, B ChHD 7 F= b UL OE0n 72 Bk
EREYZEEHAELCWD, WIETHDL Y 7 an 2 X NI EN T EZBEORIS R FICE
WTC, 2O RuJAVIZ 4 3THFETHTE =N ABRED X D 7258 2R3 O EBRE
WIS o 70, F£70, BHEEBD S BT, £ Ru i Y OFUL 7 OMRILE E O TR ST T
NERERETIVENGH D, £ 2T, 'HNMR &AW FEBRE2{T- 72,

£, 7 b= b U AR 4EANL L7 Ru(ll)-Pheox iDL 2 CDCls (2 <+, 'HNMR
Z e L7z (Figure 5-1, (a)) o NMR JIEZ DY FNF 2 —T 27 mm A4 % 0.1 mL i
T LRV IBE T 1 BEE V2%, % 'THNMR %8 L7= (Figure 5-1, (b)), Figure 5-1 (c)iZ,
@&EOGDTEF=MINLVOE—T DHEAERT, Y7 au XX EEORINZE T, W6
MENL T THDLITER=FIVOE—I B LTWD Z &R az, KIZ, 7k =
N U LDS 4 A7 L 72 Ru(I)-Pheox il D il & CDLCl, F1IZ R < "HNMR A & L (Figure
5-2,(a)), b2 1 RfRICEDOY 7% BIE LT (Figure 5-2,(b), ZILHDE—27 DLk
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2% Figure 5-2 (2”7, ZOHHES, 7TE =M LOE—Z T LNTE LT,

o Pre 12He

40
=

[¢]

He He
+ <
Ru—N2<Hb
j ~He

(NCCH)¢ Pre

5.40

5Hq[

CH,CI
in CD,CI

10
1

N

T

i

—

T

©

0.97
o

-

0.97
T
1.03

—

0.98
N—
1.04
R\

1.0:

(-
L
=

0
I

‘ A A L_J (.

T T T T T T
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0

abundance

| AL
(a) Ru(II)-Pheox (6 mg) in CDCl; (0.6 mL).
Hd
e e PFe

k——  CH,Cl, o

v Hd ‘ Hb
f
5H¢ Ru—NiﬁﬂHb

(NCCHa) Pre

5.38

CH,CI
in CD,CI
12He

4H b
i T”
|

il |

AN Ud"\ Jl[ I U\UUS;

9.0 8.0 7.0 6.0 5.0 4.0 3.0

e /

1.00

9 0‘.1 0‘.2 0‘.3 0‘.4 0.5 0.‘6 0.‘7 0‘.8 0‘.9 1‘.() l‘.l l‘.Z l.‘3 1.‘4 1.‘5 1‘.6 1‘.7 l‘.R l‘.‘) 2‘.0 Z.‘] Z.‘Z Z‘J Z‘.A 2‘.5 2‘.6 2.‘7 2.‘8 Z.‘Q 3‘.()3.‘1

abundance

X : parts per Million : Proton

(b) Ru(II)-Pheox (6 mg) with CH>Cl, (0.01 mL) in CDCl; (0.6 mL), keep 1 hour.

30



— inCDsCl
— with CH,Cl, in CD;Cl, keep 1| hour

6.06

3.26

T T T
21 20 19

T T T
24 23 22

26 2s
(c) Comparing peaks of CH3;CN between (a) and (b).
Figure 5-1. "H NMR spectra of CH3CN in Ru(Il)-Pheox complex in CDCl;.
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3 e
K e PFg
) Z Hd O _we
: oH? AL
. (NCCHy),® Phe
R CH,Cl,
~ in CD,Cl,
. 12He
2] 2H®b ‘
Ex 4Hd
1H2
& 3 #f L (2 (3 [ g
:;o 4___/\_) JLJL L,JL J't A “’L___JL__A‘
i 50 7o ) P o 0 2% :
VAAS
X : parts per Million : Proton oo
(a) Ru(Il)-Pheox (6 mg) in CD»Cl; (0.6 mL).
X He
E o He PFg
ES He | O
Rt,lfN2<Hb
< ! ~Ha
S (NCCH3),® Phe
& CH,Cl,
in CD,Cl,
12He
2Hb
[l 1Ha
3 [ [z g
3 Vv
i ) P o 0 2% :

X : parts per Million : Proton

(b)Ru(II)-Pheox (6 mg) in CD,Cl, (0.6 mL), keep 1 hour.
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— in Cchlz
— in CD,Cl,, keep 1 hour

T T T T T T T T
26 25 24 23 22 21 2.0 19

(c) Comparing peaks of CH3CN between (a) and (b).
Figure 5-2. '"H NMR spectra of Ru(I)-Pheox complex in CD>Cl,.
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INHDONMR EBROFERND, vr/ma A2 U FAETFTTIERUEYOT7E =K U L O
MORDUTIZL L TWD Z R aic, BZOLLMEEHHEN RS 22D, B35 Tngd
(Figure 5-3), EEEO/MERTIIY 7/ ma A X U EEEE L THOW TS 720, KiBREIo Y
yuana AL R CHERNL T O 72 b= RV VTERICHBEL Y7 a2 ¥ ZE S b o
TWHEEZOLND, TITHEDET MIBWTYH, PCMIZ Ty 7 ru 2 ¥ U EREEE L
THEL, RuEgbVO7E =RV LVOBRNLITIEE LW & & LT,

>—’ jf;fsgt 1;> S %K?S,;&}q

Crystal of Ru(ll)-Pheox (X ray) Ru(ll)-Pheox in solvent (in reaction)

Figure 5-3. &A@+ T Ru Ji 1830 ~O RN BB

5-2-2 EEGIE L RS

R D HFEREE 2 K4 % 728, Gaussian09 (2 X 5 B FALFEHFE AT 72, T &2 TOFHIC
BB OEA WA L, PLBEEIE M06-2X, JEERI%UE Ru Ji 112 Lanl2DZ, ZhLISMT 6-
31G(d) & Tz, 8 F 7z, BSOS REE T D O = 3 L ¥ —FHHIZ1E, PCM IEIC L 0 R
BhEZELD ATz,

(1) FEOBEALIT M OERTR

SR OBRNL T ENE, (A)~D)D 4 ONE X b, TNENO ST NG MNENL L7256 O
ETFNVEER L, MiEREL L TR ¥ —& i L7z (Figure 5-4), Z OBRBECOREET
M, S L7=ET 0 (Model 1) & HV e,
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1< S

Il?u —N
/QT) z
e 0 ()
Model 1

Figure 5-4. Ru(I)-Pheox fik i DB 7 1] & A b L3R =T L

(2) R TEMIE DRI

BRER LR U TA2HWESBINLSUESEET L (Model2) %AV, EFASF0
Hifa % LFomn L, £TOMAROMAEbEOMER RO (Figure5-5), 155 7-H
EERELL, =RAX—ZHET 5D L CRREREE RO, 5 RERED b
R LCRTALERAAT, © 7 87 a 8o 2T 5 SIS HAE A ARNT LT, 7575
FEMRAA O 7= %D, major/minor % AVZ AL D NARELE % A KT 5 MOSHEIBIZ OV TORGETE2 1T - 72,

Model 2
Figure 5-5. &R ER & F U aHWitERET v
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5-3  Ru(Il)-Pheox fiifitiz X 543 TN 7 v 7 a S U ABKOS O RO HEE

fiE At

5-3-1 Ru ~O B )L OB ST A Ot

A LT3R T L & WL, D Ru ~D A )V OENL T 8 DRt % 1T - 7=, Figure
53 \REND 4 ODOENLIT TN EINAD TR DENLIC DN T, HIEET L 2 RESE Uik
LRI X > T= V¥ —% kil L7z, Figure 5-6, Table 5-1, 5-2 \ZFDaFEFEREZRT,

Sid
Figure 5-6. S LE T /WAZ L 2D BV~ OB I 0 O st

Sle

Slc

S1f

Table 5-1. Relative Energies and Dihedral Angles of the Metal-carbene Complexes S1a—S1f.

Conformer Relative energy Dihedral angle (°)
(keal/mol) C(Ph)-C(Ph)-Ru=C C(Ph)-Ru=C-C(=0) Ru=C-C=0
Sla 0.21 -76.4 103.9 -4.3
S1b 3.67 -76.6 101.8 -178.4
Slc 0.0 85.6 -101.8 4.0
S1d 3.56 85.2 -102.8 -178.4
Sle 4.87 84.6 -171.0 -0.6
S1f 6.01 83.9 -174.2 -179.2
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Table 5-2. SCF and their corrected energies of Sla—S1f.

Sum of SCF and zero- Sum of SCF and thermal
SCF Energy
point energies free energies
Relative Relative Relative
Total (a.u.) Total (a.u.) Total (a.u.)

(kcal/mol) (kcal/mol) (kcal/mol)
Sla -1069.063960 0.21 -1068.754988 0.39 -1068.805391 -0.04
S1b -1069.058455 3.67 -1068.750083 3.47 -1068.801162 2.61
Stc -1069.064297 0.00 -1068.755614 0.00 -1068.805326 0.00
Sid -1069.058623 3.56 -1068.750393 3.28 -1068.801154 2.62
Ste -1069.056530 4.87 -1068.747668 4.99 -1068.797223 5.08
S1f -1069.054712 6.01 -1068.746016 6.02 -1068.795406 6.22

FHRORER, RZEEMIEX Ru(ll)-Pheox A2 % LT T MI(D)~D H /L2 OEALIZ
L otEE SIe 72572, ZORENS, BEIZD)~ENL LGS CTHEZEMEE & D 2 L AUR
STz, HFEEmETOY Ay REHBRISIC K D Ru A Y O 72 & fid LR, b
VAN K DR EMEIC X o TA)F DL OB R b EIT LT W0 EARH D
MR- TND, 2D, ZNHLDOFRREZGOETELETL L, ETHAUE, FT A
RN L > CHEFRIZENMEIC L DAEEHIE 22 (A)D 7 H 6 Ru IZENLT 5 (Figure 5-7,
(1), EDtk, BI)FHVLENEC X2 HRERHE~ EMEZE Z Y, Ru(ll)-Pheox fiftfi
7 = =V FERWATIC SIEDONCB W TEELT D EE 2 b5 (Figure 5-6, (4)),

I, W Sle 2B L CTHMFER LR CoFET7 VvE HWIC&R I VR USEROZE
MIERR 1T o7,
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Kinetic control

(4) @)

\ Thermodynamic control \

Figure 5-7.  Ru(I)-Pheox filt i~ 77 )L~ DB
(D) (AT UENL (2) B8 E ERMBBE 3) MiEDOZE(k @) (D)Fm TLE
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5-3-2  EEREE IV BE ARG DOYERR

RIZ, BRFBREFEI L FET /L (Model2) 72> BAEE L 7GR LA~ EEIR DR ET L
AW T, Ru-C-C=0, 0=C-0-C, C-0-C-CBLV®0O-CC-CO HAZTNEND Scan 7t
BT Ko THEERB 21T - T,

Figure 5-8, Table 5-3, 5-4 |ZZ DFH-HAERZRT,

S2a S2b S2¢ S2d
S2f S2g S2h

S2e
(a) cis-Ru-C-C=0 @ _[fifi BT D48 L~k

7

S2i S2j
(b) trans-Ru—C-C=0 O i % H T D 4@ 1 L $5IK
Figure 5-8. 3 TN 7 v 7 a U ALIE O RS DO EESR

S2m

39



Table 5-3. S2a-S2m © [Hf4 & =R/ F—7%

Conformer Relative energy Dihedral angle (°)
(kcal/mol) Ru=C-C=0 O0=C-0-C (09)CO0-C-C 0O-C-C=C
S2a 16.82 -8.7 172.2 -65.6 129.0
S2b 16.53 -8.0 174.8 -67.4 -10.2
S2¢ 19.59 -12.7 165.3 83.5 -133.3
S2d 20.57 -13.0 168.6 80.3 -0.5
S2e 10.56 5.5 176.2 -74.6 127.8
S2f 10.23 0.8 177.2 -70.4 -4.1
S2g 11.40 53 -172.4 67.2 -125.5
S2h 10.91 4.4 -174.4 69.4 9.8
S2i 5.82 -164.9 68.0 97.2 -87.6
S2j 8.00 -154.8 313 88.6 -27.4
S2k 6.53 -166.8 64.9 67.2 88.3
S21 0.00 -177.4 166.7 72.9 -4.2
S2m 9.08 -166.5 179.6 -79.1 14.4
Table 5-4. S2a-S2m @ Total Energy & Relative Energy
Total Energy (a.u.) Relative Energy (kcal/mol)
S2a -1146.407373 16.82
S2b -1146.407835 16.53
S2c -1146.402964 19.59
S2d -1146.401400 20.57
S2e -1146.417361 10.56
S2f -1146.417887 10.23
S2g -1146.416013 11.40
S2h -1146.416799 10.91
S2i -1146.424912 5.82
S2j -1146.421430 8.00
S2k -1146.423772 6.53
S21 -1146.434185 0.00
S2m -1146.419716 9.08

40




Z DOFER, Ru-C—C=0 2% cis B3 L O trans BLO&JE I VR UBERN G LT, =RLF—
HEG LT & 2 A, trans BLDIE D DY cis U bR L F—ME S a3 225 7L 5
M7z, Ru-C-C=0 7% rrans TOREETIE, R “FEHES O Ru [ F-~DOENLA L EALIZ T 5
LTWDEHEZXLND, HLEMELS2, —“FBICLERMELS2 THD Z LIS
Aoyl

5-3-3 LA O fEHT

SR ORER, &b RERHEIIIRE S TR E8 & OIBIEEZ B LT 821 Thotz, Z
? & &, Ru(Il)-Pheox i D 7 = = )V & FEH 5F-H O T3 )V AR = VITWATISN S K 9 7240
BRRICH D, WVR=AVIEE 7 ==V ERIE, TR EN n BT 2o TRY, RENEERE
WRHE BICEOAL L7z S21 OREER TIX, L) E oD n BENERD L HiEEE &> T
Do ZDT LMD, EEPHNR= VL ET DT = = VRN nn HHAEAER MBI T
LLEZLND, T2, ZOWENS T 7 0 a AL REIT LTSRS, SRERIC &
> THR LT major (LAY & IR UNAARRERE DBk S 4v D (Figure 5-9),

RIS, ZBRBICZERLE ST N GEAEE S2i IZH R L7z, S2i 13, LERE S21
LT D E DIRERE 275D, RZEME S21 12< 5 5.8 keal/mol =R /LF —23@F 0,
MG DL EMMITIE, D7 = = VEE L HE T O C-H A1 L 5 C-H-=n AN TS
LTWbEEZLND, 2O S2i 7> 51X, minor DN IKIEEEZFTHL 7 v a Ui
XD (Figure 5-9), 245 OFERD S, Ru(ll)-Pheox fiRIEIZ L 2 AF S TN 7 17 a R
ACBOS D SAREIRYE Y, BBV UEREEO =RV —EIC Lo ThEASND EB X
bD, Fiz, BEINSUEKOLZENICIE, i T 2 =V E BRI VR =V
ELITC-HMEG LD, nETHAEMREDb TS EFPHRIND,

H
SR
H—%0\ ®
— H o — o
WKW Hs)
0] 0]
N2 Ru(ll)-Pheox L i
) (1 mol%) Most stable structure: S2I

(Left-handed spiral)
/\/O CH,Cl,, RT, 1 min

S Y (@) | H
H

ﬁh\\( b (S )l::|

0

+5.82 kcal/mol: S2i
(Right-handed spiral)

Figure 5-9. T4B X415 Ru(l)-Pheox iz K 553 7N 7 v 7 v S U AUKRIG DA i L pAE
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5-3-4  FCHERE D FEHT

38 21 D4y F-HE DOIRPLIZ 2V T, HOMO/LUMO D #fijE % 759~ (Figure 5-10) , LUMO T,
Ru & HE KD C=C #EE D n WuBENELR Y H 5 L H IO TE Y, FiicefEanEmsi
LAREMERNE N EAURE N, T2 HOMO(alkene)-HOMO(Ru=C)#JLiE A FAEFIZ L %
SRR 2RI LT b, £ 2T, fidE 21 oW, Y7 mna XX U IREEFEE T TOH R
BOMENT 21T -7 (Figure 5-11), ZOFER, 219 ecm 12T, FRE RGO “EHEAICHB W TR
AR~ & 0D MFEIREN AR STz, 2D OFERN D, i S21 1B\ T, BURENC &
D Ru & C=C fEAMNITSL Z & T, #Hiz/e Ru-C BLOC-C A S 2 alfErE2 &
WZ EPTREBE I LT,

HOMO LUMO
Figure 5-10. P22 EME S21 © HOMO/LUMO #jE

-~

Ru
C3
Cc2

Figure 5-11. P22 EMEE S21 D43 - HRB) DfiFHT
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Z TS, IREERHERE S21 #HWT, v 7 a7 a s UG O RS @ TR A
ik A5 ATREMEAY & D Ru-C2, Ru-C3, C1-C2, C1-C3 {22\ C, TR~ 2SO
T < Scan 8 %1772 (Figure 5-12), Ru—C2 & Ru-C3 MIZBWTIE, 57 [WEgEE 2>
FThbzxF—0LE TR E T, FHESORRITEEIN o7, —F, C1-C2 B
O C1-C3 DO T-HIFEEED Scan FHROFERIL, b O TSIV & & g
FNF—=DOREANLE D ZEPNRENT, LhL, ZORELLEHEETENOY 7 a7
2R U TIE72 <, Ru-C1-C3-C2 @ 4 BEREH#E (XA % T2 7 1m0 7 # ./, metallacyclobutane)
BRI DRIV GEREE S4 12572, DT, BHHENR Y 7 v a oS U AITEIT L
rnWEEZLND, LEDOREEMNS, Z® Ru(ll)-Pheox itz L5517 HNY 7 mra XAl
FOGIE Ru 25T 4 BERE 2 PRAHE S U CSEMBCH#ITT 2 2 LR E T,

10.0
5 5
E E
) )
o] [9]
5 &
2 2
K} K}
& &

5.0 1 L 1 L 1 Il ! I 50 L L L L 1 L 1 L 1 1 1

22 23 24 25 26 27 28 29 30 31 18 1.9 20 21 22 23 24 25 26 27 28 29 3.0
c1-c2 (A) C1-C3 (A)

25.0
E 20.0 E
T s
g g
51501 >
2 g
[0} [0}
2 100 2
© ©
@ &

50

S2| S2i
0 4 0 1 1 1 ’y
1.9 2.0 2.1 22 2.3 1.9 2.0 2.1 22 2.3 24 25
Ru-C2 (A) Ru-C3 (A)

Figure 5-12.  Ru—C2, Ru-C3, CI-C2, C1-C3 il 1Mt Scan 755 H
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S FIREBED Scan BHREOFERE H LT, BRIV UEEA S2l # MG T 5 /e
2 UAVSUSIZ D W TSR OfiRNT 21T > 7= (Figure 5-13), F OFER, &8 W /L g8k
—EBIKEE (TS1) > A% T 772 o HfH{K (Intermediate) —EIREE (TS2) -4

(Product) LTS5 Z BRI NI,

TSS; TS2
S5
S
£
= +9.05
2 (1)
GC) +3.54 vacuum
(0]
2| e N
® | Reactant -1.53
n'd Intermediate -3.21
S4 Product
S6
Reaction coordinate
(1

S21

Figure 5-13. Ru(Il)-Pheox fillfiiic & 245 2 7 v 7 v /S AVIOR D S
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(1) Reactant (S21) — TS1 (S3)

Kt C=C fEA A Ru-Cl FEAITEUNL 2 1R®, C3 28 CLAZUTAH DT < SR T — Bl H 3%
FARTE TS1 AR S LD, TSI (S3) OMEH T, C1-C3 O MEEHE 2.015A TH Y,
Reactant ' C?D C1-C3 JFFMHEEEC L~ 1.0 A i< 7o T0W5, YA X hTcox
FILF—(X, Reactant |ZEEX 11.1 keal/mol B\,

(2) TS1 (S3) — Intermediate (S4)

Cl-C3 BB LU Ru-C2 fEGNENTI 2474 A, 1956 A TIEL SN, Ruz&ied BE
BB SN D, Ru-Cl #EAIFEL 2D, 1.978A £ 725, =3/LF —|J Reactant [T~
3.5 kcal/mol &\,

(3) Intermediate (S4) — TS2 (S5)

C1-C3 #EGOREAIEENEL 720, 77.9°05 46.4°~D Cl-Ru—C2 FEA A DOUUHEIZ L,
Ru-C3 f A ORI S] X ST, TOREE, B OEBIREME (TS2, S5) 2
BRI d, TS2 (S5) TiX, CI-C3 &G 1.513 A TH Y, Ru-Cl B LU Ru-C2 fEH
PEEEIE 2296 A B L2205 A & 72 5, = )L X —[EEE T intermediate (S4) | b 4.1 keal/mol,
TS1 (S5) 2k~ 3.5 kcal/mol & 72572,

(4) TS2 (S5) — Product (S6)

EICHIBEIZ L - T, 1.525 A OFREEHEREA AT 2 C1-C2 fia DM SN D, Ru-C2 D
TR BRI XA R K D R E 2T <, PCM I & » TR AR E L= 56 TH L
IR TRIBEEN R < 205, REICAER SN 7 a T a USRI v-T 7 Z KX, ARkEE
BROFER & [F CHaxtlidiE 2635 2 & AR S vz,

F7o, PCM IZ Lo Ty rmm A&y, T =) AO 2 FEEOENZE LI L7,
FEEEOARFIERIZEBNT, sl e UCHEA LIDITEEomnwWy 7ar 22 Th b,
7 b= b UE RulZxT 2 ENIPED B 728, Ru(ll)-Pheox fifl i 2 ARIEMEAL U SRS TEDME
TT2LVIRNELNTWVD, £ 2T, DFT 3HHICE > TIN5 OIRBEN RO ik %47
o772, FOFEHE, TSI & Intermediate (2B W T, 7 b= MU AHEOKIGHZDIED DS, 27
mu AL LT BOSRIZHE R XL F—[HREN G R D Z LR LMNIRoT, 20
FEEH 5, Ru(ll)-Pheox fillIZ X 5 ARF TN 7 v 7 a U ALRISIZ BT A AR FEE, A
XTI naT R EERT DRI CTHD TSI THDH Z NIy, 72, Product O
FILF—73 Reactant (ZH 1.7 keal/mol (K< ZETHH Z &5, Intermediate TA X T 27
17 A TR, EHRNTRISPEIT LY 7 v I a XU ET TS B b D,

PLEDOFER LV, Ru(ll)-Pheox iz LA ARHF S THT 7 a7 a XU ALRISIEA X T2 7
07 xR E R L CEERECHEIT L, & ONREIUEIT Ru(Il)-Pheox 10D 7 = = /L3
DO nETFHEERAICE S THEL TS Z R ENT, o, RIGHEORLD 2 FEO%
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BN FEORRFHZ LD,
HTENHLMNI o T,

CDORIEDEREMEIIA X T v a7 X ohREKT D TSI Th

Table 5-5. Total energies and relative energies of TS1-Product in vacuum.

Total Energy (a.u.) Relative Energy (kcal/mol)
Reactant (S21) -1146.434185 0.00
TS1 -1146.418836 9.63
Intermediate -1146.436639 -1.54
TS2 -1146.415327 11.83
Product -1146.419754 9.06

Table 5-6. Total energies and relative energies of Reactant—Product in CH»Cl,.

Total Energy (a.u.) Relative Energy (kcal/mol)
Reactant (S21) -1146.506338 0.00
TS1 -1146.488671 11.09
Intermediate -1146.500687 3.55
TS2 -1146.494170 7.64
Product -1146.509085 -1.72

Table 5-7. Total energies and relative energies of Reactant—Product in CH3CN.

Total Energy (a.u.) Relative Energy (kcal/mol)
Reactant (S21) -1146.518369 0.00
TS1 -1146.497474 13.11
Intermediate -1146.509197 5.76
TS2 -1146.506877 7.21
Product -1146.523486 -3.21
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5-4 Ru(Il)-indan-Pheox flEEIZ X 2 RE 5517 v 7 a R AbKG

D ANF s EARAR D FR AT

54-1 T AXUA L R VEORE S FHEY 7 a7 R AbOR

I E TORISHEMER X ORAHEEEOMITRE R XV, Ru(l)-Pheox i X 2 A% 07
N7 a7 a U AUS ORI 7 = = VB BE O ¢ ETHAEEREZFA LT
WD ZERRLS TR ENDSFEREST-, LTI TRIGHE LT, HFMy 7 ur bR
SIS I D RTINS OFEATICE O ALA TS, 7235, ARBEIZEVERFIEEE LR 2 4 TR
& DILFWIIEE LTIT-TEY, RTOEMRERITIMRAHEY L, °

FENTIZ W SOSE TV DB EBROFER % Table 5-8 IR T, U7 VA F A v R—/LHH
& AF L > % Ru(l)-Pheox fififiE (cat. 5-1) 1 mol%fFfE FCIBEELT-& 25, 95%ULE, 50%ee
THRORAE Y7 a7 a XU SRS DI, AR DR E 1T X S ERTIC L - T,
(IR,28)TH D Z LRGN oz, —H T, REBBINLICA v ¥ o Bi A AT DRk
i Ru(ll)-indan-Pheox (cat. 5-2) Z MW Ba, SMARERRMITIRE <M EL 92% ee &7 o7,
S BTSSR Z s L= & 25, 0°C, ML HIZT 94%I0ER, 96%ee & R, @i
AR RUG I TT 5 Z & 2R L=, 24X, Ru(I)-Pheox filtfit 0 & & 52 E &
7= n Bt 5K % A7 5 Ru(ll)-indan-Pheox DARFEREEDY, T OISIZIRBWTIXRAI/EH
THZEERLTWD,

ZIVE CORICHEEMNT OFER NS, 5 THKIEDOSE S BRI R Ul 7
SNVED ¢ ETHAEERIC L > CTHEZEMEL R T 5 L THREND, VTV FF AR
—/VEITEE SNTZBRIREHE 2RO, SIREKRICHAIY B ZEMENR O, FHE
DETIVITE L TS, £ ZTAMENE, Ru(l)-indan-Pheox (2 X555 FT 7 v 7 AL
BOS DARH TR DT 21772 > 72,
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Table 5-8. Ru(I)-Pheox filfEIC L5V T VA XA v R—NVEHOARE S 7arasv
{E s (Reported by Masaya Tone)

N2
Catalyst (1 mol%)
0t S @
N solvent, T
\
entry cat. solvent T[°C] time[h] yield[%] trans:icis ee [%]

1 cat. 5-1 CHJCl, RT 6 95 95:5 50
2 cat. 5-2 CHJCl, RT 6 91 94:6 92
3 cat. 5-2 toluene RT 24 95 97:3 94
4 cat. 5-2 toluene 0 24 94 94.6 96

PFe PFs
(;\ _0 | o
RUL'J\) + RU_N A
(NCMeM (NCMe) y

Ru(ll)-Pheox Ru(ll)-indan-Pheox
cat. 5-1 cat. 5-2

5-4-2 BB N ERIR D B TEREE DR

GBI NS EE R D B TEREE A FEE T D 72, CONFLEXS8 IZ K DR ERR 21T - 72,

WAL N %A T Gaussianl6 (28 D ETALFEHEZITY, =3 X—2HH L7, !
Gaussian16 |2 X 22 COFRICEEPBBGE LA L, PLBIEIE M06-2X, FLJEBISIE Ru Jit
F1T LanL2DZ, £ LSMNT 6-31G(d) & W 2, E£70, #idEfE k2L PCM iEL HVy, SRk3E
BRIC TR L SNz v U 2R L TERE LT,

SR OFERAT DAV 6 FRE DR 7 /L~ B AR % Table 5-9, Figure 5-14 [Z" 7, B4
TEREE S7 14, %ﬁ¢7§%9@4/5/%%& FEDOA XA F—/VEk& & N7
NEKEGE R & D, T ST DFEENDIE, THETOHTHNY 7 a7 a AR D RS
fEHT & [RIFRD n %Htme¢%®ﬁfﬁTwéﬂé S8, S9 IZF\ T b AEL I H A T

WXt U FRNZENL L7223, =R LF—(X 2 keal/mol F2E =< 7272, S8 1% C-H...n fHAAE
F, SOITAFT A v R—ILERED I VR =)VEED n #iiE & i o o 2 5k O 1 fiiE oA
EW%@ffﬁ%Wéﬂé 72, S10-S12 ORI DOV TIIARBEN A > & B DONLIROR

IZX o THREDOFF A R—/V BRI FANCENL L7z, L L 26 OIS TIE

7125 keal/mol FREARZETH 5D, LLEDOFER X VW, Ru(ll)-indan-Pheox %ﬁﬂb‘fzxﬁ:ﬁ
%%V7D7HNVMﬁm®$EﬁwNV%W%ﬁ®£iMK%,%ﬁ¢®$%ﬁﬁk%g
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DO BEFRLEOMAEERARES L TWALEEZ BNLD,

Table 5-9.  Total energies and relative energies of S7-S12 in toluene.

No. Total energy (Hartree) Relative energy
(kcal/mol)
S7 -1317.140442 0.00
S8 -1317.136508 2.47
S9 -1317.136296 2.60
S10 -1317.132608 4.92
S11 -1317.132045 5.27
S12 -1317.127699 8.00

S10 S11 S12
Figure 5-14. & J& 1 /LU 85K §7-S12 O EHE
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5-4-3 PRI D ARHE A

HZTEREE ST 1D PRSI D R FHEMME % Figure 5-15 1”7, B FHAEHICE -
T A 2 2 E R & A AN EE ST B I N_UEEE ST I, —H b AT L
UHREET 5 Z L1285 T major #ETH DR, 2S)EKNAEKT D EE X HILDH, Minor ik
IIAF L OEEE G ICEWVIC L > TEER D,

1 l(ys)
—_— @)
(R)

N
\

Figure 5-15. 87 76 TR S 15 R FHEEAE

BRAREEC % 5 Ru(l)-indan-Pheox (cat. 5-2) 1%, RFERED 7 = = )VIHNA X Bk &
L CREE STV 5 A5 Ru(ll)-Pheox fillllt (cat. 5-1) L5722, ZObTMREEDET,
40%Lh LD =T U F AR D ENAEF N T D, Ru(Il)-Pheox filtfi (cat. 5-1) % AW T
EiTolHmt, WETHLIAF U A v F—/VEEOSREE ORI L > TR 7 = =1
ERHLEEND I ICE 22 b TEDY, ZORSRICBWTIH2IC o ETHELE
ADREBLL TWRNEBZIBbND, ZDOXDREGH, STD XD REERE—OBEITIR L
W2 <, =F U FARIENMME T T2 (Figure 5-16 (b)), — 5 T, n & TLGEAL (A&
B OFFEBREST) EE(L S 472 Ru(ll)-indan-Pheox (cat. 2) D41, O ARFERELIC
FEHBEZIZEALER2W AL S ICEEDONAREERREWEGS S, ST OMIEICIORL,
RV T ARIRMED BT 5 B2 b D (Figure 5-16 (a)) .

LOLARNSHAEDE ZAKPRETHO ALY V) —= 7 O % TIE, Ru(ll)-indan-Pheox fi:
BIZLo T2 v FAERERE LM ELEMGRIFHEDE ZAZOTT I AF A
R—=NWIHEATF LU L DOARFS Ty 7 a7 a XU fURISEDHTH D, A V7 B OE
DRI S D UK GILEZR STV D,
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n-m stacking
(strong)

(a) Ru(Il)-indan-Pheox D43 & 77 /L L GH{A
BE SN n ELHGE it o o 2 B8
WX L RWNEEDEZ D

‘ -t stacking
(comparatively weak)

(b) Ru(Il)-Pheox D 4J&@ A /L~ LB
SMREEORE WRE L OMAGHOETIE o B
TR (il 7 = = L) AEE L, B
—DEERE TR LIZ< W

Figure 5-16. n & FFHAAFH ORBLT 5 )8 0 /L~ FERD L
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Y=
5-5 itm ﬁﬁ'ﬁ

AT, Ru(Il)-Pheox filEIZ K 2 AR50 TN 7 1 7' a XU ABERUG O OGRS R X OVRF
R OB L IR 21T o 72, DFT StREZ AW T 7 a7 a S U BRI E T ORI
1 2 fiRAT U 72 /55, Ru(Il)-Pheox itz 5 AR50 1N 7 a7 a /U AbKSIE Ru 25T 4
BEBRMOPEAEEZ R L T2 BRECTEITT 22 LB LN o, 72, major DK
WiEZ o 7 v 7 a X ALEW O G I FEHE S O = %L ¥ —I X, minor DOSLIRHEIE A D
7 a7 a X AL B O HREEE I 5.8 keal/mol ZE TH D Z EBHL N7,
Major/minor OFEE D SAARFTIRNMEE, ZOZFK VX —EIZL > TIRESNTEY, ZEMHEDH
K1Z Ru(ll)-Pheox fillf > 7 = = VIR T D n ETHAEEHTHL LB X LD,

FIGHE LT, Bt Ru(ll)-indan-Pheox filliftlz X 5, U7 VA F A v R—HHE A
FLrDAF DT 7 a7 a S ARG DO REFHEEEMAT 21T > 72, T OME, RHER
BROBETE SN HFEHREHRICE > T, 8O ETHAERNRET D A =X L5 )
272577,

>V CLXFED Ru(ll)-Pheox fillitid, REFRBEICHT 57 ==V 8O o B TH
HAERIZ X o THEBD OSSR ZHIAE LT\ D, BE b2 B L2 fR#iTic L0, A% Ofiljt
B%E 3 L OBOSBHI IIAIED REFBREEDONAREE LV b n EFMHAFEMNICER L TED D
ETHD, LI —oDhMERRENT, SBRIFTEVFEETRLF—DE KOG LTS W
FE%, BlZIEBETFHEEDIRNA LT 4 o ~D 7 a7 a8 ALRSREFE A ~D Ru(ll)-
Pheox (2 X 2 AR UARAG: E~RBPIIFFCTE 5, £ 2T, HAENHIE, Ru(ll)-Pheox
Z VY, IEHEL STV RV 2 2255 S~ OB VA AR RS DBRFE IR FLATZ,

o}
'\ll2 H o)
k\f,o Ru(ll)-Pheox
_— >
/\/O H
Major Product
(99% ee)

Left-handed spiral
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H5N% Ru(Il)-Pheox fifiic X 2B R T Y 7T — MEDOR

FHFNY 7 a7 a s AbR e

6-1 x:

vrmTusy (ZERMEE) 13, ORBORWIERREIROBR Z T 5 /N DOBRK
B THY, FOTHAZRLF—% 27kcal/mol Wi L TV ERBARDOHEAET) & L THKS
RIZEB N THEL ORI HRIEEIN TV, v 7 a7 a3k Eo@EiER Lol
BEDSTEE L CW DT AR Lo W E WO K2R D, 72l ORFIC L D EN R
MG ER & B DNETCOMAMERANE Z 21 ORRRAEHIENHEZAETHZ B Z0, Z0
KORWENS, TRFETEREMRE LTURSFIHINTER (Scheme 6-1), !

Va7 a s ACEMORNINIEZE T D R B E -7z, FrIZIAKFH ST
E T ALE WIS (chrysanthemic acid) Tl 5, HERIZFRBGITE EN DL KRR THY, B
OB - T U - WA ORI E O B MIT/ER L & LTl <, sl - BB e
FETHLTD, W< hoEeMEOEWERAE LTHWORTEY, EEFEI V-7
Merch&Sharp #HiZ L > CTEM SN2 EICK VIR H KL LT-, BREBAORRERLZITE
VEDY, vV, P AEFVUO6EOELAnA FETHY, WThbigitEz
AT 5D, TRHOGTREEGICBWTY 7 a7 a UL DO RFIREN S 572D 4 FED
FNERDBIFE L, ZNENONRICBWCERRENDOFENEL S, 2

FETIE, v 7u7u B ERT2RERME LTY Y A ORISR & HEE
S #7= Solanoeclepin A 7375 X417, Solanoeclepin A 1T A EEEMIZIZIEETH O 23 5,
ZAVE CORIETIIRNRD 20 o T K5 E O F B O A HEIR T FEA & U T & F BERERIZ 7
W%, ZOEWIE 2011 4T K. Tanino H {2 K > TEBAER S 72, Jilludin S (T F 3
ZTICEENDIAHATTHY, BPFFEERESIEE T, OBIZ, HiAAl - FUEEH & L
TOMERH D Z LN, FREOBmFI T, * £, v 7 a7 a /X AeaWid,
WA OFRFOMMIEIREOFHR (74 b h¥ T 2) RFOBRBITHILT DM OEYE (7
F P T LRI ICHEEND, SHEIRIEECHEE OB B AT T L EITE T D
BThHH7+ T L O—FEE LT, coronatine & 5, ¢Coronatine (X1 X VT T4 7
7 AN SHHRBEIC R RANCB < BEME TH Y, INRFVERERT N HEEY 7 v
NALEWTH D,

WERARPHEEN O b, AFENEZR O 7 a T a XUAbER R A I TN D, BEs
HE C o DR ERESE lyngbya majuscula 7> 53 L S 7172 culacin A (ZHLA R & L CHRifg
WZERT 2 7=0buEAl & L COFIHNEIFF S5, 7 Dysibetaine CPa (3R> O HEE S 7=
KD —>TH Y, 123-3 B 7o Far v ) B aEc2 895, 22D v
PET7 v TFal) oZ4K, GABA ZHEEDOV T R LTOERZREL, MiEZawiihd
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LB TOERL~OICHBHFF SN D, ZOEWIT 2011 4, RIBICE>TT & IkD
BHRPERE ST, 8

a7 a R VBENSEEAN SN B E L ORY r XA RBRREWE LTI, FR-900848
& U-106305 2335 AU TV D, FR-900848 [3-RIREIZTRUVENEZ R L, DD 72 0 Hikift
HEHE, FUAME L L CRGE~OZRPWIRFTE 5, 2 U-106305 (3= L AT v —/ L5
TOAEMIERZR D, BV FESDBREREIE S LT iR ShTng, 10

chrysanthemic acid pyrethrin | (R = CHs) jasmoline | (R = CHa)
y pyrethrin Il (R = COOCH3) jasmoline Il (R = COOCHa)

N

o, O

I 0
(o]

HO
cinerin I (R = CHa) \
cinerin Il (R = COOCHg) solanoeclepin A illudin S
CHgOH COO
( h C:)OOH JAN
?% Hooc”
NMe:g
HS-toxin coronatine dysibetaine CPa curacin A :-
(0]
fL i
\<]\/\<]\<]\q\<\/\/\ﬂ/ O
FR-900848

U-106305

Figure 6-1. 7 a7 a/ N\ FikaEH 325 KW
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ZOEXIL, vruTanvEEERT AW OERMEIIRERN LRSI, GEF &
T&7, T, BOOABENEEZS L7289 :?f%yéth7D7DNVmA%%ﬁ
Z<HESINTWD, Bz, BROBRBREDORS Th D Pyrethrin 1%, Z OfE 2 Ek 4 12
L TR R Z @O TR D RS S, BB Eﬁ&bfﬂmémf%tOSit,
illudin S & FEE D @\ KIRYI 7243, MGI Pharma #1:12 & > THIAAK & L TOME % £ illudin
FHEK, irofulven NBEFE I TV 5 (Scheme 6-2), !

[Natural Product] [Analogue]
JA
N v, O
¢ 0
o tetramethrln
\
pyrethrin | (R = CH3) \
pyrethrin Il (R = COOCH3)
permethrm /@
(0]
HO HO Q
PIK — P
\Y \V,
OH
illudin S Irofulven

Scheme 6-2. Pyrethrin ¥ JX N OFAFAR

ITETIE, 7 a7 a/"r ORRRBEIRMEIEZED LT, MPRELICE T 2 EH N OB
HHEDH HIL TV D (Scheme 6-3), DCG-IV ((dicarboxycyclopropyl)glycine) 1L 7 v 7w/ > |
(23 DOBETROEZATLOHMEL b O ANLTERILEW TH S, 2DCG-IV DL GABA
(-7 X/ BEIE) OREZFM L T, PLOBEKE S 7 a7 a /U EEICEES R 52 & Tl
BT HEBIEOMR IS L, FRAQEEELZEALTND, 20 DCG-IV FMHMAIZB W
TIN—T MR TN Z I VLT ¥ —IZxT 2 Tl 727 I =2 h & LTHL,
GABA g ofnifil, sl DR Ehk 2 ZRBERE N S ST Y, A RIVED IR HREE
el & LCHEHR STV, DCG-IV IFZBEICIM OB & 2 F0~ 2 72D OB RS & L TBEIC
TR STV D, LY2140023 1%, 7 AV BOEHEGLSH, 4 —F A - U J—thc Lo TR S
NINFEE Y 7 a7 a AL B TH S, 2007 4E, MNOMRIGEWE TH L7 L2 I v
it = A7 L ~D5RVMEH 7Y Nature Medicine FEICHFR I, MEKFIEDOHHF L L CTHA 2 4£
Wiz, LY2140023 (X% D% OEEER A @il L AR~OERIRERBR N TONT D, ANME~DFH
M7VERDB R CE T, FERAOTDITIT TR 2@ EORE(LALEL ST, B
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i H Osy

| : H

: : O%j,cow

' HO : ~  NH,

! NH : H HN

: I(\/\ ! OH 77/&/\ B
1 y—aminobutanoic acid | o S

: (GABA) ! LY2140023

Scheme 6-3. DCG-IV 35 X TN LY2140023 D45 FHiE

FMPNIREL D IRIREE & L T &2 DCG-IV & dycibetaine CPa (Z2W T, BEIC A RKIE
DHE STV D (Schem 6-4, 6-5), 4 Lo LIERIETIE, ZhoDfbfD L 57 7 n
TR CBRICE TR AT AME S ERENICAFART 5 LIETE o, 207
D, HFEGEEGUEME R AR Z LT L L, ZRUENRICE LKL 2o T D,

H
EtO,C._~ (CH;Cl)z, 65 °C o 1 Ac,0
O Ao T T . -
EtO,C CO,Et HO,C CO,H microwave
§ COH z z 2 " 100W, 10 min
99% yield 100%
COAC  quinine-sulfonamide CO,H CO,H CO,Me
catalyst (S) + (R) + (S)
e MeOH o= Ny Ay
O%\O/_Qo MeOZC COZH HOZC\ (R) ICOzMe MeOZC\ ] ICOzH
95% 46% vyield, 83% ee
1) MeyNH, toluene,
1) BF e THF O%_/OMe O%_/OMe 120 °C, sealed tube O%:/OMe
THF z CBry, PPh3 H (88% yield) H
—_— -
; , o) o
2) chiral HPLC O 'f,l CHxCl, ﬁA | 2) (MeO),S0, |
OMe OH OMe Br toluene, 40 °C OMe X
75% yield, 100% ee 96% yield (83% yield) X = NWe,,
o yield, A5 : N*Me; MeSO,
Intermediate of
Dycibetaine CPa
cCoo
1) 6M HCI, 90 °C OﬁA”’
i |
2) ion excahge OH NMe
choromatography +
83% yield

Dysibetaine CPa
Scheme 6-4. Dysibetaine CPa DAL (2014)
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0 0
J, L e o
HO ’ Br2 in Et20 HO ! Br Hzo O/I", ~—Br
_— —_—
RT, 16 h refrux, 4 h
HO™ O HO™ SO o
HO
(-)-Feist's acid 64% vyield 61% yield
Oy OMe OO
H Br PCC A Br zinc powder
Oﬁ/zléW CH,Cl,, RT,16h O \ acetic acid
RT, 4 h
OMe OH ome ©
97% vyield 69% vyield

1) (R)-a-phenylglycinol,
MeOH, RT, 2 h,
89% yield

2) extended CC on silica gel

(Et,O/Hex = 2:1)

Oy, -OMe 1) lead tetraacetate

MeOH/CH2C|2 =11

o

MeOH,
conc. sulfuric acid

RT,2h

O_OMe

I

(0] o]
OMe H

1RS,2RS> 0
1R 2R 88% vyield

3 H 0°C, 15 min
o) N .o
2 5 &{\ 2) 6N HCI,
OMe lNI OH reflux, 16 h

28§, 2'S, 3'R: 26% yield

Scheme 6-5. DCG-IV D24 % (1999)
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Intermediate of DCG-IV

/O
"%
T

o «NH,

OH O~ OH

58% yield
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vraTa g EEENCERT 5 FIEE LT, IRy e R A ok & e
VIR T a R ACRIRBIIE ST E T, B ZHESE ST 2 ENE AR R OLE,
CHEEGOBTEEIREL DD, BTHEEORN IR R & ORISITIBIE S
WITT 5, TO®, BFHGEEET D VT Y WIVR = VEA~ORERS TN 7 v 7 e
INALROINC LD v 7 a7 a UM R v-F 7 M ALEM DO ERKIZOWTIEZ S OWMENH
D, @R - ENRERETHOLEMZROND ZENRINTND, L LRND,
wB-AEAFN T VAR = VD LD 2B REIEEA AT L2 HEEZHN AT AT 7 r 7 a s
AEBROSITEEL <, PRERRURRE & ST &7z, BREIENEE LIcE T HEORV AL 7
gL, RULBFHBEDRNANRUEEHERE ORISITHEIT LIZS W e TH D, ME—, &
FREMWET T Y TR T— MEERAWEARAEF TRV 7 v Fa i Abs L LTSz
73, Charette, A. B.HIZ K20 VT LRI L AARE 7 07 a U AUIGTH S (Scheme 6-
6), ' BRIDNFTEME S 7 0 7 S ALGD 80% ee TR LA H DD, FUGHEITK <,
IRIT 32%IZE E > T\ D,

O NC 0 0O
)J\/\/ catalyst (0.5 mol%) O
RN o)
toluene, RT, 22.5 h H N " Rh
H
32% vyield, 80% ee

Rh,(4S-FBNAZ),
catalyst

Scheme 6-6. KRBT Y 7T — MEEHWEAREF DTN 7 a7 o ARG D #H
=l

LU, B REIENBEE L 7 o7 u XU & I3RhR L7z DCG-IV 21X Lo &
THAMEEDEIZ L L O BERHIMEE TH D, L0 OAEBIGIEY E I B
AT AL EZRMET 2720, BT REIENRERE LT 7 v 7 o U AL O @ LRI
RARFEIEDOBFED KD HIL TN D,

% ZCARFETIE, Ru(I)-Pheox fillfiz VT, B REREENMEL-3EHRL 7070
RO E SR T HARESTFNY 7 a7 a N ARIGOBRE E T o712, B, KEIZHBITSH
HLAE S OO X SRS RAT I, SHEBINEI PR BREE - A LT8R HREBAE EICRlEL Tn
YAV
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6-2 FEARK

Ru(Il)-Pheox il K 2 RF5FNT 7 a7 a /U ALROGIE, o - ALV R=127
7T — MUAME D ARURIERELE LTHWS, UL, Z0OX) REskaiEs a5
DT IMEEM OB BTGB T2\,

T IMERISZIIERIETH DEILISE WA Z & e L, ZORIEEAL LT o,p-Affn
MEEATH A2 RaXd U HEARTALERH D, 7 b R d U HITERKICL - T
RE L SUSHER L EVEN B2 D12, AFFETIZA DY, (1) BAk~ LA VBRIZEDEHK, (2)
Grubbs filtfit 2 N2 A L7 4 U A 2BV AROSIZ L DG, (3) PPhs & JHV /- Witting SUG
XD ERD 3 O FiE%Z W (Figure 6-1)

on P
Intoramolecure ’
Cyclopropanation ( R . 0
H

Cyclopropane ring
fused y-lactone

o
R)J\/\/O\[th
(o]

Diazotization
(Fukuyama method) (

Bromoacetylation o
( RJ\/\/O\H/\Br
il o
o (1) Reaction using maleic anhydride
R)J\/\/W (2) Olefin metathesis reaction by
Grubbs catalyst

(3) Witting reaction using PhsP

y-hydroxy-a,-unsaturated
carbonyl compound

Figure 6-1. 7 a7 a /U ALEWOERKITIE
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(1) Mk~ LA URRIC K DGR
ZOAEE, T REE LD op-UT Y T2 T— MEEMDOARIZHV = (Scheme 6-7) .
MK~ LA UEEEZE Y D UAHE T TGS E-0DH, NaBHy TETT L 43%INERTHIOE R

aX U EST, ST aETEFMELIEZOL, BILEIC L - T ap-REEfil s =1
T T T — NEEST,

0 0
% Me, Pyridine Me\NJ\/\H/OH
N-H CHCly, RT, 24h .
MeO OMe (0]
© 62% yield

CICO4Et

Me . J\/\/OH
trlethylamme J\/\H/o OEt NaBH,4 N

|
THE.RT. 1h H,O/THF, 0°C, 1h OMe
2 Step 43% yield

Ts-NH-NH-Ts
BrCH,COBr, K,COs
DBU
CH,Cl,, 0°C, 0.5h J\/\/ TI/\B J\/\/ TI/\N
2L, , U OMe OMe

86% yield 55% yield

Scheme 6-7. /K~ LA VEEZEEE T2 ap- NI AR= LT VT T — MEDOAK

(2) Grubbs it 2 oA L 7 o A X & U ARSI X DA Rk

Grubbs & “HACARELI AL 7 4 VA XY AR SO @G LT LN TS

(Scheme 6-8), '8 AWFZE CIINERDLEBE/ A RIEAZ W ET H 2 L Z B L, Grubbs fillitic
KXo F VT 4 AR ARG E FRE AR AT,

PC3

Grubbs second generation catalyst

Scheme 6-8. Grubbs 25 — Ak

e Rt T Ak TIREL-T Y LT L a— Lt = IS, Grubbs 25
OREE (5 mol%) ZIRINL, YZuu XX H, 40°CTHREEL, AL 7 4 v A XY ARG

BIToTr, RIS TH, AICL ZNz A% ) — VPRI UNGR#E L, FO8E, 95%I%E
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THMHOE Fuex b5 % %57- (Scheme 6-9, (1)), F 7z, PhCHNH-IZ Mel IZ L > TAF
wﬁ%ﬁkbiib<m%£¢é LT RrF ULV E 66%IUHE TH7- (Scheme 6-9, (2)) .
B LIZE ReXxUbiMma KCOsFE F T rRET B F LT n~ A RERIRSHE,
fu%?ﬁ%wm%%%%tm%,ybthF?VV&DMM:J%@M%%%wTE%m
ap-RELF I N R =T T 2T — MEGEWZ 18~33%IRTH7- (Scheme 6-9, (3)).
O O

N)J\/J, OO _Gll(Emol%) _ NN

AICl3 (1 mol%)

0
NN
MeOH, RT, 20h @/\ N

95% yield
0
@ _ CHgl NaH NJ\/\/O 0
HF, RT, 80 h ©/\I U
96 % yield

RARGL
0
ACl3 NJ\/\/OH
CH3OH, RT, 20 h !

66% yield

O . (0]
K,CO3 (2 equiv.)
= OH + Br JJ\/\/o
(3) ©/\’}IJJ\/\/ Br)J\/ CH,Cl,,0°C,1.5h ©/\'ij \n/\Br
R (6]

R=Me 83%

Ts-NH-NH-Ts (1.5 equiv.) yield

o)
DBU (2 equiv.) J\/\/O XN
Oy T

THF , 0°C, 10 min

R =H 18% yield (2 steps)
R =Me 33 % yield

Scheme 6-9. Grubbs filli 2 N 7= 7 LA DA RL

(3) PPhs & V72 Witting i IZ & 5 A ks

ZOERIET, REGIZ A B3, = hR o3k, XUy R VA F T 5 HEIC V72 (Scheme
6-10), JEIE LT hY 7=V R A7 4 28D Witting REZERKL, 7V a—LT7 LT
bt K& Witting SKSIZE - T, #EMICE Fax bW a157-, RIZ, K.COsfFEFT
TuETkEFLT YA REMLSIETvET v T UULEMES-OL, Y bl RTY
> & DBUIC L D@ IIEZHWT, BD af-REaf /v R= 1T V77— MeEWM%E 20
~T72% DI TIHT=,
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R. PPhj HO
0 . \[ j\ R. _~_OH
R CH,Cly, reflux, 4 h o]

R'
R=Me, R =H 72% R=Me, R'=Me 62%
R=EtR =H 84% R=Et R'=Me 72%
R=Bn,R'=H 98% R=Bn, R =Me 68%

R=Et R'=Bn 51%

BrCOCH,Br (3 equiv.) 0
Ko,CO3 (2 equiv.) R J\/\/O
"0 = B
CH,Cl2, 0°C, 10 h L 1)]/\ '

R=Et R =H:77%
R=Bn,R'=H:84%
R =Et, R'=Me : 45%
R =Et, R'=Bn: 82%

o Ts-NH-NH-Ts (1.5 equiv.)

R )H/Vo DBU (2 equiv.) R i o)
0 = Br - \O)H/\/ \N
m/\ THF,0°C, 1 h R l]/\ 2

R’ 0]

R=Me, R'=H 62% (2 steps)
R=Me, R'=Me 20% (2 steps)
R=Et R'=H 57%

R=Et, R'=Me 64%

R=Et, R'=Bn 72%
R=Bn,R'=H 46%

R=Bn, R'=Me 49%

Scheme 6-10. Witting S it 2 W72 27 AL S DA AL
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6-3 Ru(Il)-Pheox fIliiEIZ L 553 FINAF T 7 v 7 a XU ABKE

wonlz op-REMINKR=VT T T7TEvT— MeEWERAWT, BFARERALVT 4
ERHTHYTY TR T— MAOAREFE S THNY 7 u P a U ALRIEOat 41> 7, ZOET
X, RBERRE TN Y 7 a7 a ARSI K D WEEEE Y 7 v 7 a S UERAL v-F 7k
AEEB B AT DN T ORMMGT & WERFIEOPFHEIC O W THIET D,

6-3-1 fREERh R DRt

SRS A P ERVIEEZAT LY 1a 20T, R 21T -7 (Thale6-1), A2 U —
S U TITHWIEMIEEE, BRax s 7 a7 a ARSI WD T RAF 2R R 2R LTV 2 BEsn
DHEHEE R TH D,

Entry 1~6 TiX B SITETES, 7Y 787 — MED 2 BIK (dimer) DA AERL L
72. Entry7 C, Ru-Pybox filtfitZ W\ CRIGIRE A 40°CE T EiF 72 & 24, by rn”
a2 LB DRI HER S VT BN HBEIZIXE S 72 o 72, —5, Ru(ll)-Pheox fillit & 7=
EE, NIEER - 7aa A2 o, 1 SRITTEEICKE T L, 90%IEE, 99%ee THID
a7 a N y-T 7 ARG 2a B3 F 57 (Entry8), Z DR LY, Ru(ll)-Pheox
ikl X, EFARRRA VT ¢ VFICK L CHERICEWIEETE AR BL L, SR @R
BRI B ORF Y 7 v 7 a /N AUROS ZEIT S E 5 Z LR NIk o 7z,

Table 6-1. filiEzh G DO FRET

0
O H
)J\/\/O N catalyst
MeO TN MeO 0
R CH,Cly, RT e0” 3
H

H
1a 2a N‘~‘R:l:l\,f|’N\_’>
entry catalyst Xmol% TI[°C] time [h] vyield [%] ee[%] CI": /\

1 Rh,(OAC), 1 RT 2 0 Ru(ll)-Pybox

2 Pd(OAc), 5 RT 1 0

3 Pd(OAc), 5 40 14 0 o PFg
4 Cu(OAc), 5 RT 1 0 Q_« j

5 Cu(OAc), 5 40 14 0 R+/N “on

6 Ru(ll)-Pybox 1 RT 1 0 T

72 Ru(ll)-Pybox 1 40 14 11 (NCCHj3)q

8 Ru(ll)-Pheox 1 RT 1 min 90 99 Ru(ll)-Pheox

a Determined by 'H NMR.
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6-3-2 VRPN R OB

R, Ru(Il)-Pheox filt il 2- filifif & U -C T, AR OB R O 24T - 7o, T ORER,
af%}imézz’»mﬁxot X rma 22 ThY, 1 SRITRISHHE T L 99% DL ARERRME
THWOILE RSO, T b BXO M2 HWESGE X A ~— (LR FRRCHELT
L, 62% *41% LMK T Liz(entry4and 6), = 2T, XA ~—{bEMx 57207 I {bE
Y slow addition (4 Fff#]) ZAT o7& 2 A, FrIZT & TN T 9% - 99%ee DIEA
IRARF IS FEBL U (entry Sand 7), —J7, A X/ —/VZEHWZKIETHE, BIMKIGTHD O
H ffi ASS MBS L CHEfT L2, DMF ° DMSO, 7% = h UL & iz & & OSEOKT
BRLINTZDIE, 26 OEBED Ru ~ENL L I VXA LD RIS E T TN 572 EE XS
o,

VL EDORER DG, b RISHERE <, IR « SERSBRIUE & I BRI R OGS E LTY 2
mwa R Yo EEEEE LTI LT,

Table 6-2. AN R DRFT

0O

O H _
)J\/\/ Tl/\ Ru(1l)-Pheox (1 mol%) o) PFe
N, solvent, RT MeO N O Q_<\ j
H oy + N™7py,
1a 2a Ru
1
entry solvent time yield [%]° ee [%]° (NCCHg)
1 CH,Cl, 1 min % 99 Ru(ll)-Pheox
2 acetone 26 h 62 99
3d acetone 5h 89 99
4 toluene 1h 41 99
59 toluene 5h 68 99
6 THF 05h 67 98
7€ MeOH 5 min 11 -
8 CHaCN 24 h 75 99
9 DMF 10 min 58 99
10 DMSO 24 h no reation -

2 Reaction conditions: to a solution of Ru(ll)-Pheox (1 mol %) in CH,Cl, was added a
solution of diazoacetate (0.2 mmol) under Ar. ° Isolated yield. ©Determined by chiral HPLC
analysis. ¢ Diazoacetate diluted in solvent was slowly added over 4 h by using syringe pump.
¢ O-H insertion reaction proceeded mainly.

6-3-3  FEEARLFMEDORES

VLEDOZMEHZ LY, RRISOR#ESMEE LT, fillfi : Ru(ll)-Pheox (1mol%), ¥ : ¥
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smana ARy JRE|EEABRA L, ZORIGEHERWT, Hix RIE~OREF TNV
7 a7 ALK N A fET L7 (Table 6-3),

ZOFER, EOIBITK L THIEFITE VIR &SRR T, BRORFEEEY 7 n T
O NUHEERE y-T 7 U BNE BT, LAWY 2¢-2e T afLlZKFE, ATFIEE, NXUULKEN
FASNEHEOISEZ I L2 L 25, 2e TIHRVIKREE OB L0 I « SRR
DET DR T AR SN, LAY 2g [IZOWTUE, FIEH T 86%ee &, MOIEIZ AT
RIBRMEOIR TR A bilc, £ 2T, MR RMEOM Lo Z D=y b Y —IZ2O0TDH
FOGHRE 0°C TR LIz & 2 A, SEASEIRPEIL 94%ee 1217 L L7z,

Flo, \BoONHAEIEY 7 a7 a AL OMEXIELE 2 R ET D720, X SRS
AT T2, EFICEWEREEZ AT D 20207 00 A Z ATV URERTHERL, 55
Tz HE S O E 2 X BAEEMRATIC L o TIRHT L7, T ORER, (IR,5R,6R)AR FARL
WMTHDHZ ERHLMNI/ -7 (Figure 6-2),

Table 6-3. FEARIFIED Bt

o PFs
Ru(Il)-Pheox o) \
Q o (1 mol%) Q H R N"ph
R1JH/\/ N SN, CHyCly, RT, 1min R' ) 0 J
2 R2
R o N (NCCHa)s
1a-1j 2a-2] Ru(ll)-Pheox

Y el % %

2a: 90% yleld (99% ee) 2b: 95% yield (94% ee) 2c: 99% yleld (99% ee) 2d: 98% yleld (99% ee)

H
2e:
@ 82% yield 2f: 99% yield (99% ee) 2g: 90% vyield (86% ee, 94% ee?)
(95% ee)
opn O oy O oH P
MeO_
{ H Me
Me  H H H
2h: 89% yield, 98% ee 2i: 74% yield, 94% ee 2j: 99% yield, 97% ee

a Stirred at 0°C
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Formula : C7 Hg Oq4
C1-C2 1.52686 A, C2-C3 1.50173 A
C3-C1 1.48414 A, C2-C4 1.47387A

Figure 6-2. 2a O X #HEEMENTHRE S (Supported by Dr. Ikuhide Fujisawa)

6-4 B DA R

Ru(Il)-Pheox filifit 2 VN a,p-REAFRI A VLR =L T V7T — MEAMIDORF S TR 2
a7 a ARG L, DCG-IV & Dysibetaine CPa D HHL A Bk OBHR 217> 72,

DCG-IV & Dysibetaine CPa I3 EH & $ BEICZ O EEN /2 AEBEEN 50T > T D,
L LSS EOREEE LT, ZbiZyru sy BICEBOET RS HABEEE L /-
TH DT DHERDAMBE AR AR TIXERTE T, B RIIMEOILEIC b #IS T X 2 AL
REY 7 a7 ACRIEDOBIFE R RO STz, —J, AR TR LRRE, BT
REMWEDT V72T — MEOESMKEROAF 3 FHNT 7 v 7o ARG E FEBLL TV 5,
AT L > TH LD FIENES 7 v 7 a UM y-F 7 k1%, DCG-IV & Dysibetaine
CPa DAL LTHHTHD B X T,

DCG-1V, Dysibetaine CPa DILEDFELE LT, KA hX D7 m 7 a XU
y-77 b 2aZH\WAHZ &L L, Witting IGHEHWTHEE THLY 7Y 77— MAZAHK
L7z, #EW T Ru(Il)-Pheox itz K5 RFHFHNY 7 0 7o R ALRISZATY, 7 mr7a
PRI y-T 7 N LAY 2a & 90%, 99%ee UK T,

ZOvraFaNUHEER -T2 N AL E Y 2a ZJEFE LT, DCG-IV & Dysibetaine CPa
DA R 72RO G ZIT > 72, F£7 Dysibetaine CPa (ZDWTIE, Y7 uonm A X, Mk
PR CTAY /= EMA T2 RMBEE LT 7 N UBRZHER Uiz, OGK T4, H225
\Z X o T Triethylamine % 52 &2 IZFREL, TOE EAEMY % HEEE T one pot T,
Triphenylphosphine & WU RAVIRFRIC L > Tk FarX v kE2RF( LIz, TORKE, BHO
Dysibetaine CPa D5l A 3a 23 54%IU0EE, 99%ee TH:H 4172 (Scheme 6-11),

DCG-IV IZDOWTHREERIZ, ETHEMESRMETTAZ ) —MZE>TT 7 hr2a B L
7o BUBHE T, Triethylamine % EZEMIEIZ X > CThREL, Z7ru s nAf@Eey) =0 A

(Pyridinium chlorochromate (PCC)) {2 X > Tk RuXx v a2 L7 VT e REEE L, £
OFER, BHIID DCG-IV DA T 3b & 67% I, 99%ee Tz, TV DIEFHIGMES
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MR D, BERIOERIEIZ X > THESIZ DCG-IV & Dysibetaine CPa # A4 T 5,

AWFFEIZ LV, Ru(ll)-Pheox il 2 N TETFREIMPED ap-REaf AV R=L T VT ET
— MNENO AR SNy a T a XUMRERE v-F 7 hrnh, HARAEBIEEME TH D
Dysibetaine CPa & DCG-1V OH H 722 AL 99% OSARBIRMEZHEFRF L7 EF EF AR TEH
EMRAL MM/ o 72, 2T Dysibetaine CPa & DCG-IV O X5 51220 ThH, #IH TOENL
(BRI 22 AR SRR IE DR E TH D, 2D LIS, BHRIIEEET D ap-REaFih
WA=V T LB OSSR > 7 v 7 a U ALROGE, ZivE CTRAEETS
ST AEMIEMY 7 v 7 a S AL O ESLIKEIR AR F SR Z TR T 2 LI S 5,

Os_OMe
1)MeOH, EtzN -
CH,Cly, 24 h,
reflux _| MeO
2)PPhg, CBry |
CH,Cly, 1 h, RT 0 Br
oy O 54% yield, 94% ee
/ 3a
Q Ru(ll)-Pheox ok
0 MeO™ O Intermediate of
MeOJ\/\/o \NZM H 1 Dycibetaine CPa
0 CH,Cl,, H
1 min, RT 90% yield on oM
99% ee e
’ 1)MeOH, EtsN X
CH,Cly, 24 h, WA
reflux MeO (O

2)PCC 0 H

CH,Cl, 1 h, RT _
67% yield, 99% ee
3b

Intermediate of DCG-IV
Scheme 6-11. Ru(Il)-Pheox filtiftiz . 5 DCG-IV F L U dycibetaine CPa DAL
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6-5 KEEMEMMEEA VT2 HyO/ELO —HHRIEHE COREF T NY 7 |

7 a A

IO E LT, KRS RMEEE LT ¥4 > L7z Rul)-Amm-Pheox % H\ 7=
H20/ELO @ RIEECORFK N> 7 v 7 a X ALORE 1T > 72,

Ru(Il)-Amm-Pheox 1%, 7 2 E =1 AMGIT K » CIEMRIE 205 L=<, A& REMEEC
BV IRINHIKIZAE TH D L )RR MEE 25> (Figure 6-3), 5 HFEIZH W T I E TH
& L7z, Ru(ll)-Pheox filtiflz L 5B Rd7eAd L7 4 VEHA~ORE S TR 7 a7 ALk
JETCHE, FREEEEE LT CH.CL # W TWng, UL, BREEAMSCAE~OERR Sik=
xﬁ%%ﬁbtﬁn,m%mﬁ&bfﬁ%fééﬁmwﬁ%¢i%w 19 ZZ CZ ® Ru(l)-
Amm-Pheox filllit % FH N TARF TN 7 v 7 a ALK SO 21T 272,

72 B ARE L, Dr. Hamada Mandor, S0 M2 JJRHEM, Otog Nansalmaa, M1 F: I #il
SEEOIFEIFIEIZ L > THT o 72, 20

Control of Solubility
N 1PFg

Ru—N

| &
L (NCCHa3)4 @ _
Active Center

Chiral Environment

<——+— Ether
PFe
; \/l (0]
/ e R|J—N\)
(NCCHs), PP : (NCCHa), Ph
Ru(ll)-Amm-Pheox + H,O Ru(ll)-Pheox + H,O
(completely soluble) _ (partially soluble)

Figure 6-3. Ru(I)-4mm-Pheox & Ru(Il)-Pheox 07K ~DIEMEM:DIE
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Ru(Il)-Amm-Pheox

(3 mol%)

H
(0] ) :/4
O
MeO
H

AN
N2 H,0/Et,0, RT, 30 min
o}
1a 2a
36% yield,96% ee
\ + N
N PFg
/|
| o)
f
Il?u—N\)
] 7
Ph
(NCCHa),

Ru(Il)-Amm-Pheox

Scheme 6-12. Ru(Il)-Amm-Pheox filifitiZ X 5 H,O/ELO IRIE COARE 3+ 7 a7 a X AKX

N
i

Ru(Il)-Amm-Pheox filtfi 3 mol%fF/E T, HoO/EtLO IRIEEH, =R CTHE 7 R5 11D op-REafnH
NR=NTT Y77 —ME la ZHWEAEF DTNV a7 a X fbsERastLiz & 2
A, BUSE 30 43 CREAITKE T Lz, KB C & % Ru(ll)-Amm-Pheox ITARMIZEME L, 4
L= — T VAR RS D728, ERWIIES CHEET 5 2 LR TE 7, ZO/RR, 36%
IE, 96%ee THMDIFAIENEY 7 v 7 a X Ab LB 2a B35 Hiv7z (Scheme 6-12), I
DR FIHMEEMDOEERIEIZ L Db D EB 2 BVD, £z, Ru(ll)-Amm-Pheox fIIEIZ X % £k~
ROTIMCEMDAF TN 7 a T a AR ERE LT & 25, FFIZ Winreb-amide ‘5
BEHTDHOT I MEAMIC L > TEWIER E = U F HEPEN BT 5 2 L A 5027
7= (Table 6-4)

#5¢\ T Ru(I)-Pheox filiiEds 2 O Ru(Il)-Amm-Pheox flti D KIENE 2 HIE L=, T Zhofil
2 ANV S8, VAU 7% o 7o il 2 0 IR D BN 1%, KV A g LRI SR 2 0 L
T2o T OFER, Ru(I)-Pheox D /KIS & DEILER 12%2%f L, Ru(Il)-Amm-Pheox filtfi i
[N 76% T > T, 7238, VT YV T AT VEITKIZITAER L2, 2 OFEE S, Ru(l)-
Amm-Pheox fREIIAKFNC, EkM EALAEWITT—T VAR L, 2 FOWE CREESISA
HITL TS EEZHILD, Figure 6-4 IZ PRI D KIS Z R,

KERW @R TORSITEREEO# A &2 O 37200 Tk, {Lah o HEEER
ERFCT D, i, ALEHNEM L —T VHER Y BRE, HCYT LA & iR
ST —TNEMERET LT, MEE VI A I NT DI ERARETH D, KBS
R XD BOSIT AR O EZS L, BREAWNCAMR~OEE~OREE L O0E
i A MHIEASOEBRICEH 535 2 L3R s b,
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Table 6-4. Ru(Il)-Amm-Pheox fitiilZ 12 2 K751 N 7 v 7 v AU RS O BB T

\ PFs
—N
/+ _
: 0
Ru(I1)-Amm-Pheox H 9 |\)
R\/\/om/%N (3 mol%) H ’}@:/(o + RU—N—y
2 ! /
5 H,0/EL,O, RT R (NCCHa); 7P

Ru(Il)-Amm-Pheox

(0] HO HO
H H

38% yield, 96% ee 93% vyield, 93% ee  56% vyield, 97% ee 18% vyield, 88% ee

50% yield, 43% ee 99% yield, 99% ee 97% yield, 95% ee

Et,O Phase -

O/\/\R
H )\/N
2
o) o Z
o
Reductive Product Resgtant Oxidative
elimination addition
R R
2"\ Ru = Ru
= |
o e}
o i . (e}
_\ " PFs
7
O,
£
1 =
' =
(NCCHs), @

water Phase Ru(Il)-Amm-Pheox

Figure 6-4. AR S 415 S HEME
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Y=
6-6 5 ﬁﬁ'ﬁ

AE T, Ru(ll)-Pheox il L2 E T A/ d L7 4 VEHA~OARF S TR 77 axy
ﬂ:)iﬁﬁ@ﬁﬁ%’%%ﬁoto Ru(Il)-Pheox filflliE 1 mol%fFfEF, Y7 unm A&, =|iET, Kk
HICEBICHKT L, BREOEEEEY 7 a7 a XURERE v-F 7 b AL EIER
b>0%ﬁ{¢@ﬁ5"] BT, SBICKILDOIEH & LT, dycibetaine CPa & DCG-IV D&
%% 4T > 72, Ru(ll)-Pheox il K-> THEK S NT= > 7 v 7 a R UfEeMl y-7 7 N AbG %
M Z LT, s 2 MOAEBNEHEE OA M7 HRE#E Z 99% D> F o F A @Rk
MEFF LT E EMGICAMTEDL Z L AR LIz, £72, AROARF G FHNY 7 v 7 a Ak
JEZ2OUNT, Ru(Il)-Amm-Pheox it 2 FI N7 KSR COROS At Lic & 2 A, K/=—TF
VD 2 FHRIZEBW TS SUSIEEIRAICHEIT L, 96% ee THIULEM DG DI,
AWFFRILXE T R AV 7 4 VO @SRRI AR EF 5 TN 7 v 7 a0 ARSI )
LTI TORITH D, Sk, BTROIEDBHE LIS 7 0 T a2 A9 2 A 85N
WE\ RO R AR D AR FRICR D LI SN D,

PFg
0 Ru(ll)-Pheox (1 mol%) o H P Q_on
0 _ .
R“M SN, CHCL, RT, 1 min RH%O + N™"pp
R o) R, Ru
2 H |

I
up to 99% yield (NCCHg)4
up to 99% ee Ru(ll)-Pheox
on O OYOMe OYOMe
~ > A and A
O%O OﬁA”" MeO 0o
|
H OMe  Br o H
90% vyield
0, .
99% ee Intermediate of Intermediate of DCG-IV
Dycibetaine CPa 67% yield, 99% ee

54% yield, 99% ee
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#H®3  Ru(l)-Pheox fillfiiic L 5 7 V' 7 &5 — MED AR 451 Si-

H i ARty
7-1 H

A FRITHIER BB W TRRICRWT 2 FERICEERILETH Y, oK) 28%% S
Bo TNOIF b A R EOEEM O CTHIEL, 7FAZE250EMLEY (BT A
FALEW) ITRRIITFHE LR, LL, ixDv U a—r (AL, 2h, fifF) Z2R_FE
ET LT A FLAEWIE, MEE - GEPRIEE LTRSS HWSLRTE I, ' 2072, A%
A FALE OB BIETE < P OEATIIIEEN TS, ITFETIE, ATARSNIKS T
BT A FEMTB W THRRERAIEE LR R INTEY, EERLCREL LTORKES
A FLAHOFHAPBEHE SN TV D, 2 B 21F a-silylamine 4a (X, &/ 7 I R LEEHR I EHK
ELTHAND =X oot n h=rDOnalET2IERZRD, BRo/\—F% 0 Y R
DIREIEASDIEHDRIE S LTINS, 4b D K 5 o7 a BigiE 2 R oG 17 1 FLAWIL,
TAEY X0 H S HICHBOEIRIER 2R, de ITMEZ KT & 5 FBEENHE ST
W5, FBRCHIRSNTWDAEEY T ALEMb & 5, Fl 21X 4d 1T DY LB
ELT, B EOREMICHNVWGILTWD, ‘de & 4f b ERE - A L U TR ESS
B SNTND, 3

IO ORI 72 ARG, T ARRTFOLOMEICK>TAELLE D EEZLND,
A FITFAYETIIRE LR U 14 RICHLE L, REITE AW, 74 F[XE AW A
S2TWNWD, KoT, FARITRF LA UL 4 RKOEEFICKL 2 ENmAHOFRE AR LA L
ZTOREAABIRFELRIL 109°TH D, LL, FH=JAHDOr A4 FILRFBITHA—FD KE W
BTHERZ RO, EOEIPRFEOBLZ 15 HERV., T A Fx G-
A ROERDOIEWL, BMRRE-REOBHIZL > TR INTAEWIT B, il
EERIFE TN DOOWEN R 256N B 5, Bl2E, Ak LAY 7 Aba 4d 13,
HLD T A FaRFBICEZT-HEZOEIEIEITFRBL L2\, —HT, 4clI7 A FERFEI
EEWX 150, TOEDOFHNRITFL 72 d, £z, v ra~dV gk aead obsE
Y ah i XtEa b= IRV IALEERME LTEHL D, LR E T A RBICER T 4 TIE, £
YEMENZLL, 2T R U IR IARMAEAE L TOEEZ BT 5, 2
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109.471 ° 109.471°

Figure 7-1. X3 & 7 A FDOFEGHEAD LLik

]\
NS O " s/i— NH,
/Sll NH, R \ |/©/\/
i

a-silylamine hetero cyclic product |

4a 4b 4c

P Ak @
\Si/\/sYQ 0 Si\@\ {'TNvSi
©/ @ o N I \©\F

N

---------------------------------------------------------

reuptake inhibitor

e i i
ArMe,Si HO O ! NMe, NMe, '
W~ _N l H H ;
Me:: ' i HO< < :
ST — " ;
©\N o : O OMe Q OMe |
\—O E serotonin inhibitor noradrenaline inhibitor i

4g 4h 4i

Scheme 7-1. AT 7 (A&7 A %) F¥ %2 b OEBEEME

73



INHEOEFEMND, B TFAKEY 7 AMEWOERIEL~ORMITSH b RELEET D
ETREIND, A 7 ALEWITRRITIFFE LRV, & TS, A7 ALEmo
AHFEIEERPREE > TV D,

REEHY 7 AbEWHE EENIZERT 2 FIEOO L 20, BB RAMEIC X5 A% Si-H
FHARIETH 5D, 1966 F-1Z Doyle HIZ L > THIOH T Si-H ARG X TLE, Cu,
Rh, Ir &5 3 FEEOSBABIC X5 @ISR A7 Si-H ARG MG S TE 7
(Scheme 7-2), &7 EBNLE 2N E DD, ZHENOMBEIZ K o TEWILE & SRR
PERFEBLL TV 5,

Bl Z 1, 2008 4T Zhou ©iF, $fEEZE V= AFK Si-H AL EBA% L7 (Scheme 7-
3), 8 B M AE O CRIGD A7 V== T aiTol- b 2A, X¥TLAERIA I
BLfZ7- (SIDIM ligand) & Cu(OThH), (2 &> TEMNER « @ IAREIRIC B O AFF Si-H AKX
JEREATT 2 2 L AR ENT-, HWEKIEEIC OV T S RFEIT o 7228, VIR K ON7IKE
RMEZRBET D7D, = AT VORMGERILIIA T VETROWR, U7V O afiiZiZ”
=NV EONIRBEEORENT U —VERMETH D Z EARES N7z, 2010 4, Katsuki
513 a-methyl-substituted a-diazoester % 72 A7 Si-H A S & #iE L7- (Scheme 7-4), °
AU DT LA BN ZOHEFITIE, o0 e N EETAT XTI LY T U
EHWDHZ LT, RELEET L7 FOWMGITEmWT T o FARRERRET L7 X7
U AR 72 SOS 300 TR E472, 2016 4, Xu BIE G xiFED v 0 Az - C,
i 99% ee ZHBLT D@L AFH SEHFALUS Z#E L7z (Scheme 7-5), Z DIGRIZH
W, WK 2 3BT X 5 DL a-phenyl-substituted a-diazoester [ZFR ST D, fil
BRSSO o VIR A IS FEPHIC IR 0 28 5 Z E RS, F7Z, 2016 FITiX
Arnold 512 X 5T, hemo-protein % fillfit & U CH W= ERN TOARFF Si-H A KEB D T
ol &, OGSO OBFIT AR b LA > T D, 10

LI L7223 D, SR ROG S, B HEISFIRIZZ N ENOIGIZ X > TREM TH
Y, IRERPAI I FTRE 2R AR Si-H R A SOG O B3 IIHRRAORRE & ST & 7=, — 77T Ru(ll)-
Pheox filtfifix, HARBICTHME LI L HIZ, BFARRRA VT 4 VO K 5 RIEMHEOIR &
BRANDARF AN BN BN TR WS 2R3, 207, SFHEGDO X 95 7%
o FEA~DINRUBEKINCBIRHATE 2 B 272, & 2 TAIFFETIE, Ru(l)-Pheox filtt
Z AW HRAF Si-H i ASSDOBZE 21T - 72, BAAMIZIE, (1) Si-H ARSI XD AT
[RFEDRESE, (2) Si-H FASUGT K D RFRFEL LOMHET 5157 A BOMEE, (3)Si-H #F
ABISIZ K DARFr A ROME, O 3FEORISIZIY AT,

RBATEICBT D HERO X BEEMRITIL, BEHIR R BT - EM TR RS
B ICHIE LTV 2R,
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0]

Scheme 7-2. Rhy(5S-MEPY )4

0]

R3Si-H + N2%0R2

R1

Rhy(5S-MEPY), | 0
~ (2 mol%) /Si/. -
(0] Ph o
CH.Cly, RT
Ph

69% yield, 47% ee

Cu(OTf), (5 mol%)
Ligand (6 mol%) _
CH,Cl,, -40 ~ -60 °C,
2~12h

O

R3S| %ORZ

R1
up to 95% yield
up to 99% ee

~H

O/
th—th

Rhy(5S-MEPY),

IZ X AR Si-H ARG

//\Ar

- Ar

Ar = 2,6-C|2C6H3
Ligand (SIDIM)

Scheme 7-3. SIDIM B2 K D HSEIA 2 F 7= A5 Si-H fA i

0]

Ir(salen) (2 mol%)

N
RsSi-H + zﬁ)\ORz

R1

hjxk

Scheme 7-

0]

Scheme 7-5. ¥ 7 u B EH T HENL & v U Ao A

O
RASi
3S|\)J\OR2

R1
up to 97% yield
up to 99% ee

CH,Cly, MS 4A,
-30°C, 24 h

Ir(salen) (2 mol%)

CH,Cly, MS 4A,
-78°C, 24 h

up to 86% yield

Ir (salen) complex

up to 99% ee, 99 de
4. Tr(salen)$i A & N 72 &

[RN(C2Ha4),Cll; (1.5 mol%)
Ligand (3.3 mol%)

CH,Cl,, RT, 6 h

0
R e j)J\OR2

R1
up to 91% yield
up to 99% ee
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7-2  Ru(Il)-Pheox fiftfi- A4 FN 7o AR7 Si-H fi AT K D AR IRFE D
D

7-2-1 KEX 20T AWM O KR

T, xR U7 bEME VT AT Si-H ARG OREE1T > 72 (Scheme 7-6), 7
SMEEMB L O 7 VEOBRIEIZEHE, 10-4 12”7, ' KJS(1)T, dimethyl phenyl silane
QYE) L7V TET—  MHSa %, Y/ oA Zd, Ru(ll)-Pheox il (1 mol%) 77
TEFTHHEL, Si-HfMARISORR 2T o7z, ORI, T8%INE, 49%ee T HM DN FE
MAEHES T U 6a MG DT, SEARBRIRMEIL 49% & FRRED L DD, ZOFEFIZ XV, Ru(l)-
Pheox fiftfitiZ Si-H HfE A ~D VR UBBI ST S AEEME 2R3 2 & B3 5172
ST, BINR)TY T VR ARF— NE b # HWEHGE, IWERIT NN EEN->T2H DD, 3L
ARIEIREIT 42% ee & HREEICE F o7-, F7- Weinreb-amide ‘B2 H T 57 VLAY 5¢ %
Hﬂb\f_(s)@%é}f %, WK, ee & HIZIKT L, KIE@DOHEITB T EOLEDITS
ST, BIAROHRNPAER LTz, iUk, —FE SiHBALISHET L0 BIZHEEL- b0
k%z%ﬂéoui®ﬁ%#a,L@%@%@@ﬁ%%§5@9797t%~Fﬁ%ﬁw&
VHIBRA S U CRUGHRE 2179 2L & LT,

Ru(ll)-Pheox

| ~ O
. Sl *
SLH + N, ok (2 mol%) ©/ W)'LOE“E
1) CH.Cl, ors
5a 78% yleld, 49% ee Q_(o °
)
(0] *N—,
Ru  n

| o Ru(Il)-Pheox <

si” I (2 mol%) SSi R~OEt :

2 " Nay-Rookt CH,CI OEt (NCCHa),4
OFt 2z 6b Ru(ll)-Pheox

5b 91% yield, 42% ee

Ru(ll)-Pheox
S| oo+ N 2 mol% Sli)k
©/ CH,Cl,

29% yleld 3% ee

\ s H H
Ru(ll)-Pheox Si
S| + (1 mol%) * —> 0
o]
©/ H m CH,Cl, 0 N

N / 6d

reductant 97% yield

Scheme 7-6. kX% 727 ALEMINC L HARFF Si-H A K
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7-2-2 T YT ET— MNEOBEBHAER O ) —= 7

SEARERIRPE ) ED7= 8, RUGEHRE R ORA Y UV —=2 T %4772 (Table 7-1), Z DOFER,
49%~94%ee THRIDIFIEIEARES 7 VBB E LN, RIONVKEEFERRE 2D
D8 o TINLMARIRMEDS BN DA DT, b m WM KEIREN BRI Lok, ¥ F7F
NAFNVEREETDHOT Y 7T — MESK ZAVWEEAETHD, ZOFHRS TV T 8T—
NEIE, FEWICEWEREEZAE L TRBY, ~F o /vran 2 2 oh TR E R T S
TORGIZHBENFRETH D, Fio, REECREHBORENTERWIT VILEM R Z N
H, IERICZECRIRGENARETH L L WO RMEAHET 2 (Figure 7-2), £ 2T, LIBEO/K
TV T FANRAFVERERTHYT Y T27T— MESKkEHWDL Z L LT 5,

Table 7-1 7V 775 — NEADOKE

PFe
Ru(ll)-Pheox Q_ﬁj
[
S| j)J\OW 1 moI %) SlT()R)J\OR1 (8
CH,Cl,, 0
NCCH3)4
(2 equiv.) 5a, Se-5k 6a, 6e-6k Ru(ll)-Pheox
0} 0} (o]
6a 6e © 6f
78% yield, 49% ee 98% vyield, 54% ee 83% vyield, 50% ee 92% y|eId 57% ee
(20 min) (10 min) (10 min) (45 min)
PhMezsﬁ)\ 2‘ PhMeZS|W)J\ /k PhMeZS|W)J\ /k© PhMeZS|W)J\
99% y|eId, 78% ee 59% yleld, 82% ee 36% y|eId, 90% ee 85% yleld, 94% ee
(10 min) (5 h) (4 h) (20 min)
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» High stability
» High crystallinity
Ease of purification

Good total yield Crystal of dmaphtylenyl
diazopropionate

Y V

Figure 7-2. U7 FNAFNVEREGT DT Y 7 v 7 — NE Sk OGRS L O%E

7-2-3  IRERF OGS

B b L7 Sk 2 VT, RS OME 21T 572 (Table 7-2) . +25°CH>5H-30°CE T
B IRE Z it U 7oA 5, ARBE R ONLARRIPEIXIREIC B IND Z LB yholz,

S EWONARIEIRPEIL-S °CD 97% ee T, 25 °CTOINMIHART 4% Dm LN R ST,
A BB X2 W NV_UOBBIE T, IRER NSO R EAR SN 5
BNE, L LEBRIENZ L ICYEUGR T, +25°CDIREZ TP 5 & LR IRMER M)
ELTWE, S5CEBEICHOZEDNMGEIREDME T T 5 2 E0NnnoTz, 728, R2 tbutyl
%5, Ethyl ZEOFEIZ DWW T b FREDOIR RO B3R STz, & 2 TARSIZEIT S
BB IT-S5CLE LT,

Table 7-2. 1RJEZNR O

OO Ru(Il)-Pheox OO
(1 mol%)
Sl
SN ﬁ* w*

entry T [°C] time yield [%] ee [%]
1 25 5 min 88 93
2 10 10 min 87 93
3 0 20 min 93 94
4 -5 30 min 86 97
5 -10 40 min 91 94
6 =30 5h 84 95
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72-4 T UHEDODAT ) —=

ZIE TORMEBFHZ LY, RSO R#ESA % Ru(ll)-Pheox filtfit 1 mol%, —5°CELEL
Tre VT TR®T—MEIZOWTIE Sk O, RIBTTFTFNRAFILHE REZNAFNLVIEOIE
D b SRR E v o T2, FZTRIS, ZOPT Y T7TE®T— MESKk 2T, fixly
T UHEE HWTEARFE 3N Si-H A RS OREGET 21T > 72, Entry 1,2 @ EtSiH < Pr3SiH ~
Si—H A S Tl, ZHE TR - \RERIUE & H 12 90% 0114 & H0> o 72, Entry 3-12 Tl
Kz 227 U —NHERT HY T 8 (AtMexSiH) ORETERB 272 o7z, TORER, ZhRMIC
B Si-H f AU ETT L, BRIONFIEEARK S 7 VNGO, Entry 10 DX 9T
pALICHRWETFREIETH L= NI NVEEZHET L7 e WSS, RISHEIIIET Lz,
BOGHE T £ TIZ, i 3 mol% E(E T C I8 RFfIZ 2 L, 56%IE, 80% ee THRIDILEWMH
507, Entry 13, 14 T, ViKREEOKZ VYT VHHA~O Si-H A SUG CTHENLREIRMED
M ERAH DI, 99% ee &9 EWNLAERIPEA S BL L7z, F£72, Entry 15 123\ THlERE %
0.5 mol%IZ b L TS Zat Lz & 24, USSR T2 & OO @O LR IRE 4R
ENDZENHELMNIR ST, — T, Entry 1619 D LD IZE BIZEEWY 7 VA2 AW
BraTlE, ROSPRIMET Uiz, 72, MAREFEORE W PhSIH &, RimlZ = F V£ 72T tert-
TFNERST LT YT T — MEL ORIGORR Z1To72L 25, £H 6% MePhSiH &
D T HEARSEAREPED 7 E L7z, 20 OFERN 5, Ru(l)-Pheox itz L2 A% Si-H
FEASOEDNAREIRMENL, T VHEONRBEEFEOR X SIRFT 25 Z RSz,

U EOEREGDE D &, ARISRPIENIHEITT 272000 7 VHOEMEX, 37
AFEIZHFEBRPEFRE L TWDZERRET N, A HFEOFFHRICEY Si-H #EHOE
BENENDITEDRIGHERM T2 EE2x0b, ARISICBWNWT NI ZF AT 008
AV TN T DORGHEMENOIZZ OFBICE b0 L TREND, £12, KRGO
NERIEPIEIL Y T DN REFEIEKFE L TEBY, N 7=y T o aHnic b & 99% ee &
FHET D, LML, Entry 15 DL D IIVREENRE T ZLG5ITETE R0,

Table 6-3, entry 14 OJEFIEMHEARE S 7 VA BfEMm L, XHRIC K o CHAEREERIT 21T
o7z, TOFER, Ru(ll)-Pheox I & 5 A% Si-H fHAKIS DAL RIED =) F A4~
—ThDHZ PRS- (Figure 7-3),
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Table 7-3. T VDA JV—=0F

PFe

o

S ®

R Q Ru(ll}-Pheox o R O RG" o
&R, Nz\\‘)koR1 (1 mol%) R,Si\l)J\OR1 :

R™H CH,Cly, =5 °C (NCCH2)s

5k 6 Ru(ll)-Pheox catalyst
entry  silane R’ time vyield [%] ee [%]
12 Et;SiH CH,(Np), 2h 95 92
22 PrySiH CH,(Np), 3h 89 94
42 Me,(p-tolyl)SiH CHy(Np), 30 min 87 89
5 Me,(4-fluorophenyl)SiH CH5(Np), 1h 86 94
6 Me,(4-bromophenyl)SiH CH5(Np)2 1h 87 93
7 Me,(4-methoxyphenyl)SiH CHy(Np), 1h 84 95
8 Me,(3-methoxyphenyl)SiH CH,(Np), 1h 89 96
9 Me,(2-methoxyphenyl)SiH CHy(Np), 1h 90 95
10P Me,(4-isocyanophenyl)SiH ~ CHy(Np), 18h 56 80
11 Me,(3,5-dimethoxyphenyl)SiH CH,(Np), 1h 89 96
12 Me,(2,5-dimethylphenyl)SiH ~ CH,(Np), 1h 87 92
13 MePh,SiH CH,(Np), 30 min 94 99
14 Ph,SiH CH,(Np), 1.5h 89 99
15° Ph3SiH CHy(Np), 24 h 83 99
169 Bn,SiH CHy(Np), 20h 61 78
179 iPrsSiH CHy(Np), - 0 -
189 Phy(t-Bu)SiH, CH4(Np), - 0 -
199 (TMS);SiH CHy(Np), 28h 36 ]
20 Ph;SiH Et 10 min 84 91
21 Ph3SiH t-Bu 15h 84 99

[a] Silane compound: 10 equiv. [b] catalyst : 3 mol%, RT. [c] catalyst.: 0.5 mol%
[d] Silane compound: 10 equiv., catalyst: 3 mol%, RT.

//,/» y,

Y

Figure 7-3. X #RHEEMEHTIC X 2 MEXIELE DR E (Table 6-3, entry 14)
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7-2-5 T TRT— }\iﬁ@%?ﬁ% R? @*ﬁi}?ﬂ‘

WIZ DT HED o (LD EHIE, R OEBIEEE BT LI, ©2 0 a2 % 2, Ru(l)-Pheox
flfiE 1 mol% & 2 258 PhSIH 1227 0 0 A X ANRIRS BV 7Y 75— MEEZETF L
o (Table 7-4), R278 A F/L IO KE 52 TR 10 A THLMITHT L, HIIOA S
7 LG 6a % 889, 92% ee TRz, — T aliilil” = =/VEEZHT 5 51 TR
HAXETL, HSKRTETIC3 BRZE L7, BIERY TH S 61 ITELNTN, ik
U - ICEE IR T L, $75, aficmFLis, o Ui oI Sm, Sn CltH
HIDRISITHELT L2Rp oo, =T sk, NV EOREEIZOWTL, BIRUSE LTH AR
LD 12-8 KUY R 7 bSEITL, o p-REEFA VR =/ UHUEEW B ER S iz, Pl EDRE
RED, AMBRIC LD SH SISO LI, R A FAEOMIERSE L THDH L 52X D
ns.

Table 7-4. 7 Y7 &7 — MADKR

O Ru(ll)-Pheox 0 PF~
Nz%OEt (1 mol%) Ph3SI\)J\ (0] °
+’N 5
5a, 51-5n 6a, 61-6n RU Ph
0 0 0 0 (NCCHjz)q
i . ;l Ph,Si Ph,Si i Ru(ll)-Pheox catalyst
Ph3S|W)J\OEt Ph3Si OEt 3SIﬁJ\OEt 3Si OFt u(ly X Yy
6a 6l 6m 6n
88% yield, 92% ee 53% yield, 63% ee o/ Li14a o/ i@
(10 min) (3 days) 0% yield 0% yield
[a] a, B-unsaturated carbonyl compounds was (0]
obtained as byproduct via 1, 2-hydride sift. '/\)J\OEt
(Determined by "H NMR) R
byproduct

7-2-6 BSOS H

Ru(ll)-Pheox AIEEIT I % R Si-H FALIUGIC & o T &AL EEHEATRE S 7 S BT o0
T E LT AT VIO ISTROGE 15t L7z, DIBAL IZ K > CRIGEIT 272 & 25, 88%
UL TR HERF L 72 % FORBTENET 12— WA B FTRETH 5 2 &8
R~
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O Np
. DIBAL (3 equiv.) -
Ph3S|W)J\O)\Np _ Phssi on

CH,Cl,, =78 °C, 90 min
99% ee 88% vyield, 98% ee

Scheme 7-7. T AT VDB TSI K D WHRIEET v a— VDA AL

7-2-7 PRI D EE

Ru(Il)-Pheox fillflZ & 2 A7 Si-H i AKSO TR S L5 K% % Figure 7-5 (2R3, ¥
TV T T — NEONAREFIC X o TR [ BT 5 BRFENS, AUSIET T
7T — MEOKRIGEHREL LR LA FRHER 2SN TWDL E PR L, YT T7FAAF
NIED KO IO E#EE, Ru(l)-Pheox fIllED RF D7 = =)L & DNRKIEIZ LD,
Figure 7-4 O X 5 IZENIT 5 L E2 B D, TDHK, T VHEEDOKIENETT 50, vF 7
FNIIT LY Si-face 15BN TND T2 Re-face 706 DAL EIRANIZHEIT L, R KD
B 7 VPSRRI NS B bvD,

F7-, Ru=C #E& & Si-H A & ORI, Ru-C-Si-H © 4 BEAIOERRIEMR &2 B
LCHEITL, HfAIZ Ru OB TBEEIC L > TR E LN D L THRENS,

Ph{ E ihj 6@ 0 Re-face

- Major (R) Structure
Ph H >
O T
. Ph
Si-face | _Ph
Minor (S) Structure .-
H Ph

Metal-carbene complex

Figure 7-4. TIN5 R FHELEE
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o) Ph_ O
Ph, N Ru(ll)-Pheox di-Ph
sii. o+ "2 0N —————— PRy o
"Ph Ry

OEt Q\)/O OEt
(R) N'\) O)\ﬂ/

O LG Ru—
H SlPh3 N2
Ru(ll)-Ph
Reductive u(ll-Pheox @ Oxidative
elimination addition
N,
OEt OEt
O//L?[\ o)\n/ Metall-carbene
i complex
Ru‘} S|Ph3 Ru p
H
Ph
I .Ph
Ru-H, C-Si bond TE H-"ph
forming 10 7 5t
&+ |- SiPh,
Ru-_¥
\‘Hs—

Four centers
transition state

Figure 7-5. TS 5 oS
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7-3  Ru(Il)-Pheox filif %z FHN=AFF Si-H fEAKISIZ X D ARFIRFER
KOS 2R 7 A BDERK

7-2 Tli&, Ru(ll)-Pheox fiit 2 Fv 72 Si-H A ~D I AR UBEIRIGIC L > T, AFIRFEL
BT DNHFEEAWS 7V ERGOND ZE2WE LT, 20L&, KERTE7AEET
R0 ET D7 AbEmE W TRISZ R Lic7o ), RERBLOAMEIL S L~
RFIZPESNTND, —HT, “TAFZ LI HODKEERHLIFINIRVIEDH YT UM,
Tax TN T AEERCTRBEORICEZAT > Tot, REBIOBEET 27 A FOMm S
WCAFDRRELT D &2 b b, £ 2 TARETIE, Ru(l)-Pheox iz L ARE « A FED
AP OARFE ORIFEHEZ B2, OGS EIT 72,

7-3-1 TV TET— MNEHOBEHLR ORI ) —= 7

MDIZ, PhMeSiH, #HWT, 7Y 77— MADOKIGELIL R DAYV —= T %{T
-7z (Table 7-5), Entry 1 T, 72 ICTHRELIRKESEMS: (P F 7 FNAATFLVEEETHYT
YT eT— MA 5k, JUNRE-S C) ICL-> T2 F U TF ARV T AT LA BRI SG & R
FLE A, BEVIEWNIETHBOILAY 7 5D, s %2 Bk LT LS
9§57, DIBAL ZH\VTEREBT AT /L EETL, b Fafdiik 8 2457, TORE,
major/minor TZALZI 92% ee/84% ee &\ T U F RN L7z, LLYT AT
U A BHRPEIZ DWW TIE 66:34 & FREEEICH £ o 7o, RISREZRFT L& 25, 30 ClzT=
FUF AR DTN E B LR, VT AT LA ERYEO [ BIXR S/ o 7=, Entry
4-61TBNT, R T7 Y77 — MEZRFT LTZD, WTIUZBWTH YT AT AR
PEIZFRED F o) o FARFPENME T L7z,

PLEOFER X0, Ru(I)-Pheox fllBEIZ 7 0 % T 0720 T L HHAD I VA UAR AT DN T
b EWETEE A2 R L, @ T AR B LA E AT 5 Z E B LT o T,
FleoF U F BRI DT Y T T — MEORIGEBRE ONVAREFITKFET 2 2 L6
NI o Tz,

ZIZTCRIZ, VT AT UAERRYEOR LA R, YT UVEDORA T ) —= 0 T ERTo T,
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Table 7-5. 7 V77— NEOKRMBHILR OZX 7 ) —= 7

0 Ru(II)-PIh/e)ox Ph. O DIBAL Ph,
Ph (1 mol% ®)a;- i S)g;-
LH Ny ors Me’S(IRjﬁJ\OW o),y oS on
Me” > H CH,Cl,, T°C H CH,Cl,, -78 °C G
(5 equiv.) 5 7 8
1 7 50 e
entr R TI°Cl . p _ S=tAl o
y [°C] yield [%]? dr major minor Q_ﬂj
*N—,
1 Np -5 93 6634 92 84 Ru  Ph
2 -10 88 66:34 93 84 (NCCHa),
3 P 30 93 62338 94 86 Ru(l)-Pheox

Ph
4 -30 84 62:38 55 59
e

5 \/k -30 84 6436 55 52

6 Hi/\ -30 90 58:42 40 40

[a] Isolated yield. [b] Determined by 'H NMR analysis.
(1-Np = 1-Naphtyl, 2, 6-Xy = 2, 6-Xylyl)

732 VT UVHEDODAT Y —=2T

UT AT UATRIRIER ED T, ¥ix 7 a T 0 7e v T VR K D SicH AR O
%47~ 7= (Table 7-6), < DfEH:, Entry 2 @ iPrPhSiHy ~D 7 VAR ARSGIZB N T YT A
T L ABRIRVED 79:21 12 L LT, BHIEOSIRREE L L Tidentry 3, 4 DIFH BARE VLA
B OEE TIET ) T A IRMEIL major / minor & H1Z 99% ee & HWHEIEEZ R LTZH D
D, VT AT VUAERMEORE em EIZR OGN -72, T entry2 DA Y 7Lk L
T2 )VEOIEIN, entry 4 DX O R T T FNIEE T 2= VR bEEOE VR RE L,
Z DD LDV REIND B LT RoTcled B2 bid, £z, entry 2 Dk
BW OB Z N T X BRI LV B E 2 RE LIz 25, SiS),C-R)~F v FA~—T
b5 MNP BNITIe -T2 (Figure 7-6)

PLEDFER NS, Ru(ll)-Pheox iz K 2 7 a2 T L 72 o T VD RFE B /L~ Af A s
IZBWTIE, BZLLAINARVRBIZOWTUIBEICAFFE CEX 200, EEF LR
DOBENTANLEICH D 7 A FORFHENIRETCH L EZXBND,

ZZTRIZ, T A BORIABFENHIT HET NV EHONTRFEZITY, 7 A F~O AR
DWW THEEIT- T2,
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Table 7-6. T VDA UV —= 7

Ru(ll)-Pheox DIBAL

Py, . Q )N\p (1 mol%) (S)Sl:DiI:]H 9 )N\p (3 equiv.) (S)S'?[‘H
RS zj)ko Np CHzClz, —30°C R” (Rﬁfo Np CH,Cly, ~78 °C R*"(3 | "OH
i Sk 7 8
(5 equiv.) (Np = 1-Naphthyl)
7 8
entry silane it drP ee [%]° PFg
yield [%] major minor 0
O
Ph *N—,
1 o 93 62:38 94 86 RGP
Mew H (NCCHa)q
Ph Ru(ll)-Pheox
L.
2 YSLH 92 79:21 99 96

Ph
.H

3 é/ji“ 87 5842 99 99
My

4 O si o1 6436 99 99

a Isolated yield. b Determined by crude NMR. ¢ Determined by HPLC.

Figure 7-6. X ##1C & 2 WS A IEMAT OFER  ((Si-(S), C-(R))-Enantiomer)
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7-4  Ru(Il)-Pheox filtfi- A4 7o AR7 Si-H fEANINZ X D ANF 71 55

DA K

INETORFIC A FINIT IS THT— &R UFERA L L CTHOWEZSA,
X T VIR R DRGSR wfi%%wif/%ﬁﬁﬁﬁﬁ%ﬁﬁé%®® XTI - oA
ﬁ@V7XTVﬁ@m%ﬁm IRWTIEERE TS 7921 LHREOERMEICHE 72, £2
TRIZ AT RDPERE SNV VISR E T e T e T HIZL - T, &
4%®@®K%%A%@ﬂbko

7-4-1 7 IROfEEZ WAk 2 I T A K D Si-H ARG

INETORPTIEIARUEERALE LTYT VT AT VHEIZRE L TR EIT> Tz
MARFE T A FOHOBEFITNL, FIAFALRRSPLELEZ -, 2T, VTV T ATV
¥, V7Y TR, PTYERAT 4 U, DTV MR Y, Bia 2 S U RiTEMA &
W Si-H AR ORI 2 36 278 o 7o, REFIG~DJE ZHEFHC WL, & T UHEICIE 7-3
TRAFFER % 7~ LTz iso-propylphenylsilane Z FH V7=,

FT VTV T ATV 9a-9¢ [IC OV TIRE AT o Tc, FORER, FUSITNRAITHEITL,
10 CIZT 1 TR T Uiz, HEHERIL 74-98% & @dro 723, ZHVE TARFK Si-H
Aﬁm_kwfﬁ%&ﬁ%%mbfwév%7%wf%w%%ﬁ#év7/7ﬁ7~%ﬁ%
T, R 10d NIFEEICARLETHY BT 2 Z LN TE R o7, BLHLL YU BTN
77 AR TEILICPEITL TV DE D EE X LD, RIZ 9e9g O T Y7 N7 I R
Z = Si-H ARG 2B Lz, £ OfEE, 9e OIEIZI T 80% D HEEN R THIY
DERES T U 10e BRI, UL, BANAY — LB AE AT AHE 10f TlE, 'HNMR
\Z & o T crude DIRAETIE 99% LA EDULRTHIIMINIFHILTND Z E DR TE 7228, 4
B8 FEE N ANZETE T do U HEEIGRII P E T & TWvely, £72, N,N-diphenyl diazoacetamide
9g & LN UHIEE AR E LTz Si-H ARG TIE, BRORISITETT Ld o7, ZOBE, 47
TN C-H ffASSMES U CHETT9 % (Scheme 7-8), ¥ 7 V' 7K A7 x— ME9h Ti, Kis
1L 30 TR T L, 78%MDINEKT Si-H FEG~D I N ARBASUSHET LTI, T V7 b
¥ 91 ZHWTE AL B DO I VR AFASUGIE 99%LL EDOEIE THRMICHEITT L DD,
EEW 101 ITIEREICAZETH Y, ILEIE crude 'HNMR THE L7z,
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Table 7-7. k& 727 77— NMEAZ AW Si-H A

racemic-

\/H Ru(ll)-Pheox H
- 1 mol% 4
S"H + Nag R —>( °) Si_R
-10 °C, CH,Cl,
9a-9i 10a—10i

PFg

o)
\l
+ N
Ru ‘pn

(NCCHa)4

Ru(ll)-Pheox catalyst

SELD

98% yield (1 min)

10a
92% yield (1 min)

T2 oE
SR q

99% vyield (1 min)@ 80% yield (10 min)

Thg
©/ \/P\O/\

0% yield (1 min) 78% yleld (30 min)

O
[ j O
10c

74% yield (1 min)

ij

10f
99% yield (1 min)?

\_{H o)
suav

99% yield (1 min)?

[a] The only desired product have been observed by crude 'H NMR.

: 0
NN)J\N Ru(ll)-Pheox [RU]VJ\N C-H insertion

e

50

Scheme 7-8. C-H #& & ~D 4> FWNH L~ AR
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7-4-2  REFTA RERET DA Si-H #FAKS

WIZ, 71 IR TOfEER) Si-H AR B W T RFREREZ R LIZ3FEO VT VLG
(T 7E7—N A 9a, TV T RN IRNHE9e, VT YRARRK—NE) & rFX
Iy T R AWT, A RICOBARE R EMES AR5 Si-H AR OMRF 21T 72
(Table 7-8), Entry 1, 2 O 7 Y7 &7 — M 9a |2 X 2 FUG TIHIERIT R G 96% & FFEHEIC
DS, SEARERIRMEIT 10% ee & WO FERICIe -T2, 72, entry3, 4D T 7RI R
$H9e IZ L DG TIE, RUISKIE L7257 VI K - TTREIKIS TH 5 V7 LA OE T
FOGIEIT LT W Z VR ENTZ, VT VR AR S — M Oh & LRI R & L TR
EIToTAER, entry 7 OFMIZEB N THRED 17% ee ICTHMD, 7A BIZOIRARFREH
T ONFIEEARE S 7 12h LT,

PLEDFERD S, Ru(ll)-Pheox il K25, & A # BIZOBARFK R AMEES S Si-H #fiAK
ISR 96% IR, 17% ee THITTHZ LA LD ENT, =) FARRMEDOESIL, B
% 5 < Ru(ll)-Pheox fEDHEED HMM SIZER T2 D TH D, £z, 5-3 2BV T Rudl)-
Pheox flMIZ Ko TIRFE « r A RIIAFEZHBELILIGEOY T AT UARIRMENHRE TH
HTLERELLED, ZOVT AT UARFMERKTOER G 7 A F EORFHEOH L X2
bHEEZOLND,

LU o, Ae R X5 Si-H fASISEFIM LT A F EOBORFHIH 4 5
BLEEDIZ IO CTOMEFRTHDH, 4%, MEREDREIC X > TEWILIRERRE
WERET S L TEIND,

Table 7-8. T bEMIB IOV T VDA ) —=0 7

. Ru(Il)-Pheox , -
R (1 mol%) R PFq

H Ny R
syt Y < o
oFT e | [
9a, e, h QGN C’Ph

Diazo compounds 12a,e, h

entry  diazo compounds R time [min] yield [%]?  ee [%]° (NCCHs)

Ru(ll)-Pheox catalyst

1 0 i-Pr 1 92 3
P o)<

2 %a Me 45 96 10

3 9 i-Pr 10 80 11
Nzyj\ N~ BN

4 % Bn Me 1 0

5 0 i-Pr 30 78 4

6 N2 -P(OEt), Me 1 79 14

7¢ oh Me 3h 55 17

[a] Isolated yield. [b] Determined by HPLC. [c] Reaction condition: —78 °C.
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Y=
7-5  ifa ﬁﬁ'ﬁ

AETIE Ru(ll)-Pheox it 2 2 Si-H ARG OBHZE & LT, (1) Si-H fARISZ LD
RHERFEOWELE, (2) SFHFFALUSIZ K D RFKFL LOBHET 2415 7 1 BOWEE, (3)Si-
HAFASISIZ LD AREF T A BOME, O 3FEORISIZEY fHA T,

(WIZDWTIE, Ru(ll)-Pheox it 1 mol%fF(E T, ¥Z7 mm AKX U H, —5°CTRINTFALAR
BIRIIZHETT L, HBDONAISIERE S 7 B B 9% IR, 99%ee T HiLz, (LG
DONREIRMEE, FEEORGEHRILOSKEE O K& SIKFT 5 2 LR Sz, QD
WTIE, 7ad IRy T VEEKERSRE LTHWT, ZARERED 2 HETOARFHIHE
ZAToTo, T ORGSR, major, minor & H1Z 99%ee &, TF U FABIRMEIZ OV TILRAF 2%
RPFONTbDOD, DT AT UAEIMEIRE TS 7921 TH Y FERRNAROHINIITE
5o Tz, (3) TR A FDOHDRFHIEICI O MA T, IERITIEF I < il 9% 725 7=
2, T T AR TR S 17%ee 72572,

2B ORJSIE Ru i COARFE Si-H FEASUSIZKE) L7 TOWEBITH Y, Hil7z
it DI 2 -2 HfER E 7o o Tz, £z, RISGUZHOWTIE, £ ) o F A @I K
WH DD, Si-H fASINE & o TH A FOHDOARFEHIEZEBL L7241 TOMEFTH 5,

FARIZ L T, RIS E LT, Scheme 7-8 127779 X 9 724> 7N C-H i A S D i
TS STz, Z ORERIE Ru(l)-Pheox A C-H 55 ~D B /LR AT AR b il HE
MERBRTH LR LTWS, 22T, HBINETIE C-HFARSICE S 2 Y TSR
1T-7,

(1) Asymmetric Si-H insertion reaction to give chiral carbon centre

o Ru(ll)-Pheox R O
RH . N (1 mol%) R,
_Sit o+ 2 OR'" = cneal - R7TTY COR!
R R CH,Cl, H
Me Me

up to 99% yield, 99% ee

(2) Asymmetric Si-H insertion reaction to give chiral carbon and silicon centre

R (0] Ru(ll)-Pheox R IIQ (0]
LHo, Nz% , (1 mol%) \,Si% ’
R'/SI‘H OR CH,Cl, H H\\\ %* OR
Me Me
up to 93% yield, 99% ee,
79:21 dr

(3) Asymmetric Si-H insertion reaction to give chiral silicon center

R 0 Ru(ll)-Pheox R O
I.H N (1 mol%) RN
R./SI\H + 2\)J\OR1 W’ H’§I\)J\OR1

up to 99% vyield, 17% ee

90



#)\E Ru(ll)-Pheox fitiEiZ L A7 Y72 N7 I REOANE DT

C-H i ABU&

8-1 i5x:

C-H G ~DANSUAFARINT, AEEAEMOIEARETH CTh D C-H A 2 EHEMNICEEE
BT 28N 72 FB L LCHEBICAMTH D, F—REICTREIMLIZL I, CHFEG~DOD
R OFF AT & 2 BREITEELOGHRE 2 SIS EnTEY, 4% 6106
REPITIERT 5 EWfFESn D, !

Lo, C-H A ~DREDNASAFBASINITI R E R BES N E STV D, UK
JEDOPALEFRIRVEDFIFI TH D, 2D C-HFASIEDORISYEL, RIEHR E 725 C-H R
B OREETHNF—DR IS RLLEMINRIET D, EDT2®, 3k>2 8k >1 8% C-H &G DIEIC
ROSPEEm B L, BT RICEEO C-HEGBEIET 286 S Z ORUSHECHE > TRIGH
HITT D, B -FETHEI Lz, Davies HIZE DTV U OERRBEINIIDOWTE, EunT
FUFATRIRERFKET D H DD, BRI AR UEERIC X A RFRIEDETT 5 O1E 2k C-
HFAIZR B, ~F o RKimD 1 #k C-H MEIIRIG Loz, &L 1k C-HfE~D
N EIR A 72 R FE 1 AR ASSAS FTREIC 720U, B i O A e B s ~C D SR i /B #
OB L, ZHVE TR o L RICRE AR TE 5 L2122 b, LarL, 20X
978 1 #% C-H & DAL E RIS J OSSR E RE AL RO 3Bk AR & LTk ST
BY, RIEZREFITR, 2

—FT, VTV TE RN I MEEHW CH R ~DG NIRRT, 1990 4
RGBT TONTE T, 2 20X 2Ry T Y 7' N7 NEICL SN C-H
FEASOGIE, W3 7SO R 28D C-H A PMFET D356 O BROGTE D MBI
LTWbELEBIZ, X=V T &I E T Dkkx RAEEDEIZA LN L HEREKT
BB B-TIHERy-TFTIHLDERFEL LTCHLEETH S,

Table 8-1 {2, 1993 A E S L7z R fililic LA 27 V' 7k R 7 X RED TN C-HfFA
FOGETRT, 4 EF LI 1R CHEATHD tert-7 F VK, 7= 2 C-HERERH
TNV NHE T IT-CH,CHoPh 23 2558 13 2 VD TRk % 7o itz K o TROGHGET %
ToTm, TORERE, ST 2/ CHBEAEIET7 ==V ED C=CEAICOHEIT LT, fil
B X > TENENOERD OLFIFZEL LT b DD, tert-7 F/VIED 1 #k C-H FEEITITK
JSIEEIT LR v o T2, ZHUE, tert-7 FAFED 1k C-H #E6&, XU PLD 2 C-HfEA R
K7 == VD C=C #Eh, ThENORFEE =R —DIRICERID D LROFER L
bE XD, T NVEERFERVEE TIE, RISOMERRPEIIRE < ZL LT (Scheme 8-
D, 5 AR VEEZRBCHET2HETIE, TOBEGEOHRIZIY, 100% OO EER
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PETA MU RRICBEET D 2k C-H B IS VAR UARASU SN EIT LTz, — 5 TRV
BRI EZHFT25E, 2R C-HBEG OISR T L, tere-7 F /RO 15k C-H S
MEEIERANC BSOS ETT 2 Z LR BNk o 72,

Grohmann © (%, N-benzyl-N-isopropyldiazoacetamide % F\VCTH#EHE7e 2 #% Rh fillitic > T
ISEAT T8, 48% DIRT 1 #kd C-H F & RIS HEITT 5 L #E L7 (Scheme 8-2),
LU, o C-HFEG~ORIG & OFEEGIT/R Y, @LRERZ 1k C-H 6 OB R
JEEITEWVEENFE R & o TN D,

Table 8-1. Rh filfitiz K 550 7N > C-H i A is

SLaa ©*;§ @ﬁﬁ L

13 14c
yield [%]
entry n cat. T[°C] total yield [%] 142  14b  14c
1 2 Rhy(OAC), RT 85 0 32 68
2 2 Rhy(pfb)4 RT 80 0 5 95
3 2 Rhy(cap)y RT 82 0 97 3
4 2 Rhoy(acam), RT 80 0 77 23
5 1 Rho(OAC),4 RT 98 0 <1 >99
6 1 Rhy(cap)4 40 99 0 50 50
7 1 Rhy(5S-MEPY), RT 96 0 70 30

0 0 0
/,\ CH,Cl,, 40 °C N R K

15 16a 16b 16¢c

R=0C,Hs: 97% yield (16a :16b : 16¢c = 100: 0: 0)
R = CO,C,H5 : 54% yield (16a: 16b : 16¢c =2 : 25 : 73)

Scheme 8-1. 1 #k C-H #5&~DINZAE H L7z Rh itz X %57 7N C-H fi A&
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0]

Q o
N — N2 Rh cat. O N/\ Ph /< O >\
PY CH,Cl,, RT, 1 h NNy + + N + ] N
total yield: 88% Ph
17

18a 18b 18¢c 18d
48% yield 18% yield 18% yield 4% yield

Rh cat. (dirhodium-bis(calix[4]arenedicarboxylate))

Scheme 8-2.  N-benzyl-N-isopropyldiazoacetamide 43 1-N C-H $f A i

2012 4, Vanessa & Che 51X, o-diazoacetamide @ 1 :#% C-H F5E& ~DALEEIRAY I L~ 4F
NS 2R T L7 (Scheme 8-3), 7 N-tert-butyl-N’-benzyl diazoacetamide 13 (1% tert-—7
FIED 1 #% C-H FEHOMIZ, KO FUSHEDENR U DAALD 2 #% C-H #i6, 7 ==/
D C=C fEENFIET D120, tert-7 FNAIEIIIE LIS WHEE THDH B2 b, LL,
p-Cymenn %7 5 Ru il 25 mol%fFE T, Y7 uanru A& f, 40CTORPIZLY, tert-7
FFED 1k C-H #EH DA PRI EREEAL S 4172, DFT FHRIC & o TROG O E BRIV
DEREZRE L L A, ZOMBRISOEETIX, v-7 27 % 5 14a DA T DR8I
B-7 7 % 2 14b X0 7 BB 14e DAL ANEBIREBO = XL F—F L OVERY O =1L F —
PENZ ERH LN oTc, ZOKIGIE, BBEREOBRING G OBEEHI L > T, ¥
TV TN REERNES TN NS AR ONEBRESIEA ARETh D Z L &
m LT, 72, THVE TRNEMRREESREL L LTHWONTE T tert-7 F VRIS
LCHRIGHE L LCOF %82 52 2EERBERTHD, L, ZOXIR0TYTYT
T RT 2 RHED 1 #k C-HFEA DD NI AR AT T, L EERE & AR
PE, W7 2R HIE L7 B BT S Cuniswy, — T, Y7 Y TR T REO 1k
C-HGDOERRMUKINICE s TR LD y-T7 7 X L, SIRIEFETH L) 7T A0HT
WINWETHDHLRXRF T X LR EDEELRVCEELOY — NGO EEKTH D

(Scheme 8-4), 7 V' 7+ b7 2 REED 1 #k C-H FE G~ @ LARRIR IS KON E R 7y
TRB NS ARARISOBFEE, 26 BRI B A AR 2 1832 L HiFE &
D

AHFFETIZ ZAVE T, Ru(ll)-Pheox filtlif 2 W o A RIE R T N o ~OARF L 7 a7 asx
ARG, Si-H fEE~ORF AN AFRARIGZ A% LT &7, ZOREE, Ru(ll)-Pheox filifif
IXANRCBESOSIZR L TEWBS 2R3 2 L 2602 L, £/, FHLETHEMD
L7=&921ig, 7Y 78 b7 2 REEE Ru(ll)-Pheox fillfit & DG TIE, BIRIGE LTH TN
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C-HBAKGHETT DHARH D, DDA HAE T, Ru(ll)-Pheox filfitic X254
AR BERIEOEERIEH E LT, CH RE ~ONE M OSLASEIR I 722 0 b~ AR AR
CHERZ Y CRISBR ZIT o 7,
fii’o’zﬁﬁ I ZAPEMFSEEE M2 Liang Yumeng & O JE[EIIFIEIC K - TIT o 72, R CHOARF C-
H ARG O it R R 36 L OVALERRET (Table 8-4) 1 Yumeng 754524 L7z,

(p-cymene)Ru(ll)- T sp? C=C
H O carboxylate complex
J_n,  (25moi%) #i/} ©/bf
o O @f%
% CH,Cl,, 40°C, 1 h )T
13 W~
98% yield (14a : 14b: 14c = 100: 0: 0)
(@] @ i
Ru-oH
c:|=3)L O o7
o=
CF5
(p-Cymene)Ru(ll) Carboxylate
Complex

Scheme 8-3.  (p-Cymene)Ru(IDflEEIZ X 5 1 8k C-H #5G ~ONLE BRI A L~ AR ARG

0]

HN&COZMe e} 0) o)
Q & X °
Q,O OMe i Lf |

| Levetiracetam

(R)-(-)-Rolipram : (Keppra) Levetiracetam derivatives !

O
&/ o HO‘\\JJ\/\/I\/\/\/\/\ H
\ /3 "0

Oxotremorine (=)-Pramanicin (S)-Pyroglutamic acid

Scheme 8-4. v -7 7 ¥ LNEHAER T HEIE NI X OABEEYE
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8-2 Ru(Il)-Pheox iz & 5 C—H i A SOt D G MERA

£7°, C-H fAKIGIZ®T 5 Ru(ll)-Pheox fEED TR A FAET 5720, TV 7&K

T RE13 EMSETVE LCUSEDREEI T 7, 7Y 78 7 2 NEOAKRIEILSE
5, 10-5 17T, 8 BT ALELEYTY TR RS RE 131X, XU PO 2 # C-H fE
B, Tx=VHO C-H RS, 7=V sp? C=C A, tert-7 FIVEED 1 #k C-H #EE &,
H—FNICEB OIS 2GS 5, B2 0 C-H i ARIED FOSHEIERFR & 725 C-H #

LEWERHE B DM SIKGFET D720, HBATHRESEBICT DL, RLIELLT VDI

7 2= VEED sp? C=C FEA ET2IT_UDNAND 28 C-H G EBEZ DD, tert-7 FILIEED
1 #%k C-H fEBIZ DN TIE, ANEMEZR VAR E LS L CRIGET VZEALTEY, B826<45
BEIOSIGIZIEBE S Lanb D LB 2 b b,

7 & {R® Ru(Il)-Pheox fillfi 1 mol%FE R, YZ7ruu A&, SEET, V7Y T8RS
L REE DS D L T LI LI 2 A, BRI A EHED DA UBEIR I )
(CHEITT DR TS HER ST, BOSIE 1 M CTRAICK T Lz, BN 7=AEmmc o\ Chk
RBLTE ZA, 2R C-HFEE~D N DFFASIRC XD B-T 7 % LFH 14b, C=C #ifH~
D> aTa ARG ERET 5 7 BRILEY 14¢, 18k C-HFEG~D AL O AK
N LD y-F 7% L8 14a &9 3 FOLAEWDAER L T\ D Z DR S L7z (Scheme
8-5), UWIDTHUIKL, HbEWIERTHLNDOIT 1 CHBEE~DRIETHD y-T 7
X LFH 14a 12 -7, LLEDORERENS, Ru(ll)-Pheox il 4 /L~ D C-H fEE~D I /L~
TS b B OBEEMEZ R U, RIS tert-7 F VD C-H FE AL E BIRAI ﬁmﬁﬁﬁ
THIEDRIREINT, £ TARIFIETIE, 1 #k C-HEG~D AN D051 ARRNT
RAENT, RUSH3EIT- 72,

PFs
racemic- O Q(
RU ” PheOX /. [RU] + N

©/\ JJ\/N2 1mo|% ©/\N
4\ RT Amin /h (NCCH3)4

CH2C|2 2 mL

H Ru(ll)-Pheox catalyst

py l cH
ot o] % ©Q§

14c 14b 14a

trace 41% yield 49% yield
Scheme 8-5.  Ru(Il)-Pheox filtit O RF C—H i ASSIZF3 1T D flyEE O 4

(0.2 mmol)
13
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8-3 Ru(Il)-Pheox filiifEiz X % 1 #k C-H #5G~D I )~ A AL D

P

8-3-1 Y7V T T REOARAI Y —= 7

1k C-HFE & ~D AN BEN S ONLEIERIEO M Ea BRIC, 7 & JROEE 2 v,
Fex 7238y 7Y 7R N7 R FHE 132K D CHFAKGNERBRH L7z, £, Table8-2, entry
1-5 Tl p MO BEHIGNRIZ Lo TRUDALD 2 #k CH AR LT = = VOB T8
EEE UG 2 AW CROSER I Lz, ZD/ER, entry 1 @ MeO JaH 3 2 HE TIXE
FHEE ORI I > TRIGHER K E LDV, 94% DI T sp? C=C FEB~DRISIE L
THAT LTz, —J7C, CIRONO, 72 EE T RBIEEZH T HHETIE, BWO 1k C-H fEH A~
ERIRIZH NS UOBESOGSEITTT 5 Z E R LT o 72, FR entry 5 D K 5 IZHRVVE
F-RBIEDTEET DA, 83% DILR T tert-7 F /LI DR C-H FiA OBEREHALEIT LT,
I B ORI D, Ru(ll)-Pheox fREEIZ X255 7 C-H i ARUS O EERIE I T E OFE
BEIRTET D L mant-, £, U7V HED o fOBBESHRICHOVNT LRI E1T-
722 A, entry6 DL D72 a-AFNIEOLE TR 5 mol%F E T, EiRH TKIGIT 8 Ff
MTHRTL, B-F7FLENFAEME L THRONT, =TT 2=V ERT BEFAHED K
D IRSLRPEE O R E WEHILN o fAITHIET 256, FOCHERMRIGIZIR T35 2 & 238 520
(272> 7= (entry 8-9),

Z I TRIZ, BH LOEMEDOREFEHDORE S &2 2 THiFt4 1T - 72 (Table 8-3) , PACH,CH,-
F721% PhCH2CH.CHo- 2 AT 2 HEIC L o TR EAT 272 & 25, Hidi T 99% DN E SR
THIOD 1k C-HEE~ORIGHET Lz, ZHUL7 == VOB GRICI I
LD 2 #% C-H #&E OIEPEALDINH E v, FRAIT tert-7 FVFED 1 #k C-H #5G DRI
WA ELEdEBEZ HD, p il MeO A2/ T HHEICOWTHMRFI LA, BTG
BT X 2 BT gs <, 18k C-H #EA ~OFUSPESE L7z (entry3,5), £72, entry2 T
1%, L% 0.1 mol% I D LG ZIT 7208, SR S R CRISIFKE T L, S0V LA
EEE SR =T,
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Table 8-2. 7V 7 N7 I REORZ Y —=27(1)

R2
)OJ\?N rac-Ru(ll)-Pheox 0 (@) R
N 2 (1 mol%) N R2 N\é
R1m R*  RT CHCl, R! ! N R2
(0]

R1
13 14a 14b 14c
T time total yield yield [%]?
1 2
entry reactant R R [°C]  [min] [%]? 14a  14b  14c
] 5 OMe H RT 1 94 0 trace 94
2 NJ\7N2 Me H  RT 1 94 47 47 trace
X /@/\ H H RT 1 90 49 41 trace
4 R /’\ cl H RT 1 99 59 32 8
5 NO, H RT 1 95 83 12 0

H Me RT 8h 80 trace 57 23

Ac RT - N.R. - - -
N

N
©/\ N,
0
7° ©/\ NJﬁ/@ H Ph RT 3days 88 0o &1 27
N2
o o
©/\ M

H Ac 40 4 h 44 0 44 trace

3 Isolated yield. ® Determined by crude 'H NMR. ¢ 5 mol% catalyst was used. N.R. = no reaction.

Table8-3. U7V 7 N7 REORT ) —=27(2)

rac-Ru(ll)-Pheox
nNJ\/ ( mol% /@% ‘Q;\ \4
R /’\ RT, CH,Cl, >§

13

time total yield yield [%]?
entry reactant R [min]  [%] 142 14b  14c

R 0 H 1 9 9 0
4 4 trace
\©\/\ JJ\7N2
N H 5 93 93 trace 0

OMe 1 93 75 18 0

o)
N
N~ 2y 1 99 99 0 0
R /’\ OMe 1 96 96 0 0

3 |solated yield. P 0.1 mol% catalyst was used.
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1 % C-H #& & ~DO RIS DO ERIRVED R A AT 5729, tert-7 FVELSND 1 #% C-H
WAEATHIHEZ A TR Z2#iT 72 (Scheme 8-6), SUG(1)iL, 7 ==/NHEEFR0y
VIV T VTR T REH19 B ARUEIBERE LTHWZEZA, Tk C-HEA~D
T3V ARABRIE DRI HETT L, 90% DILRTHD v -7 7 2 LJF 20 DA BT,
—7J5C, N,N’-diisopropyl diazoacetamide 21 % H\\\7= SInQ)DHE TiE, 1# C-HAEAB IO
38k C-HFEBICENENISEIT L=, LAvL, PhCHCH,-& iso-7'm BV 23 2 H T 5
FEZMWIZROEG) T, 1#% C-H S ~ORISTETET, 2k C-H #EH~D X 4f
AIEDBDBHELT LTz, ZOFERIT, iso-7a EVIEE tert-T F NI L WD DENRETHK
JIEDOPEFRIRMEDRRELS EDD Z 2R LTEY, tert-7 FNIEORFD 9 HO 18k C-H FEH
EWV IO EREEN, Ru(ll)-Pheox LIz X 5 1k C-H fEE~DOFFASSITITME 2 (M THDH Z
EDTREEINT, ERIE@D LT INFEEFTHRE 251280 TH, USOALEZER
PEIL 2 #% C-H fEAICHEF LT, VT, Weinreb amide 3 27, 2 kDY 7Y 7& b7 2 R4
28a, 28b B L OV T YT T — MEH29 2L 50 FHN C-H HARSZ MR L2, Winb
B DKM TETET, XA ~—bOHPHER T2 (5)~(7)). Scheme 8-7 IZH\W\T, T A
FNT 2= VEEAETHEEE 30 IZOWTHAE L& 25, Ph BRISEIRMIC LA EIT L,

5 BER - 7 BEROMEERAMGSE 31 23 81% DULETHER LT, LaL, ZOEMMIT Open Air,
TARIE72 UC 3 EMME T 5 2 & CAERBY) 32 ICERICEMRIND Z LR LN 5T, ZER
HOERIC L > CTRURBAEITL, MBRT 5B 615,

LLEDFER S, Ru(ll)-Pheox itz & 5531 C-H i ASUGS OO EERMEL, FEEOE
TR C-H FiA & OMBHERIC X > THAMICIRET D &2 b5, £, (LEERT
72 1#k C-H B DOERRIGIZIT tert-7 FNEZFT L3 MOTT VT2 T I NEEPLE
Th b,
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)

Scheme 8-6. K4 72TV 7 & b7 3 FHIC L2 C-H ARG O

rac-Ru(ll)-Pheox
ANJV {t o

e

19

RT, CH,Cl,, 1 min

)\ j\/N rac-Ru(ll)-Pheox
N 2 (2 mol%)

)\/

9 22a
28% yield
rac-Ru(ll)-Pheox
J\/ 1 mol%) 04+
RT, CHZCIZ
23
60% yleld
rac-
@\/\ Ru(ll)-Pheox 0
J\/Nz _(1mol%)
RT CH,Cl, N
25 26
A 81% yield
rac-Ru(ll)-Pheox
_N
/O\N Z(mol%) Dimerization only
I RT, CH,Cl,, 1 min
27

O
R\NJJ\¢N2
|

H
R = Bn: 28a,

S

29

RT, CH,Cly, 20 h

rac-Ru(ll)-Pheox

(1. mol%) >
RT, CH,Cly, 1 h

R =t-Bu: 28b
rac-Ru(ll)-Pheox

dmol%)
RT, CH,Cly, 1h

20
90% yield

/LO/AO

Dimerization only

Dimerization only
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22b
67% yield

Guf

17% yleld



RT, CH,Cl, Open air, RT,
3 weeks 32

81% yield 100% yield

30

(e} rac- 0 o
JL_N, Ru(li-Pheox [:::I\V/A\ [:::1\V//\
N / (1 mol%) N N
S \ Q ) ﬂb

Plausible Mechanism
Oz

(open air) 3 weeks

i
\

Scheme 8-7. Ru(Il)-Pheox fil (2 &2 5 Buchner 1t & i < BLiR BRI

8-3-2 It HEHE DfFEHT

INETOREMRFHNZ LY, Ru(ll)-Pheox iz X 5 1 #& C-H #EG~D 0 FWIEAKISD
HETICHEREMT tert-7 T NVEEZHET L 3RO T Y TR NI RERTHLZ EBHL
Wl ole, ZOXD R ISHEITT2ERE LT, U7 VLAEMED DL D DL EH
WENRHNRURFEE tert-T7 FIVEEDITLEIZLZEL L TWD A REER H 5, £ Z T, DFT
HAEZHAWTYT YT T I NEORLEMEDRBEZITo 7,

WL EEPMEZ R L2 EREOR T b U VRS TH D Scheme 8-6, SUS(DD YT
VTR RT R R 19 ZFEET A E LT, DFT #HRIC L » THEREWEZ R L, Tofk
B ORTEHESE L TELNEDIX, DARVRBICK LT trans DNLEIT tert-7 F VIEEN AL
B INHEEThH o7z, Figure8-1, (DD X ITHNARUIRFE E tert-7 F VLD MLE (cis
A 2B DEE tert-T7 T IVIEASOISPET LT W EBZONDD, ZD X 97 cis B
X trans UL 2.85keal/mol =R /L FXF—NE L ANELETH D Z ENRI T, TILH DRGSR
Mo, TGO BB TIIRIS OAEERMEITHIE S TnnE nWr 5, 2079,
% 5 < Ru(ll)-Pheox Iz L% 1k C-H G ~D B AR AL DAL ESIRVEL, &8
BN SERTE R ORI K> TIRES NS, V7 Y 7 b7 X REO Ru il ~OmLH)
MM L0 &R NV_UERE B, a7 A= a ORI, DR RHE
& tert-7 FOVIEDTMEE (cis B) ICELE L2 BREZ R TSN EITT 5 252605
(Figure 8-2), Z X 9 72 [EE S AL72 BRIk OB IREREE 288 L TAZESRIA 72 C-H A
FOGSEIT L T D56, REGIHEG H0ICriETh D &BE X7, £ 2 TKIZ, Ru(ll)-Pheox
flfE\Z X D AF TN C-H A SS OB EIT - 7=,
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v L \%J L
Y& K

(1) C-C(=0O)-N—-Bu: cis (+ 2.85 kcal/mol) (2) C-C(=0)-N—1Bu: trans (most stable)
Figure 8-1. 7 V7 & N7 I NEDO KL EMERR

Figure 8-2. THE S % St
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8-4 Ru(Il)-Pheox fliiEIZ X 5 1 #& C-H 5B ~DARF I N UAFAK

S DBEFE

8-4-1 fhBLRRGET - VAR

CTVID o NI AFNIEEFETHZYT YT T 2 N 32a ZHWTC, 7172 Ru(lD-
Pheox il & 2 A% 75N C-H #ASUS DRRET 21T > 72, Entry 1 Thedh v > 7 V7R fillit,
cat. 1 (5mol%) IZL > THREfLIZEZ A, Yr7ruaAX o f, SEET, BHO 1 CHRES
DARFFERERAL AT LI ETRNE v -F 7 & 24 33a B TT%IER, 75% ee THEDLNTZ, ZD
FERD D, Ru(Il)-Pheox il X, 14k C-H f5 & ~ONLERIRNE L O F o F A IR 7 b v
NUFEAZ BN T b @ WIETEME A RBLT 5 Z LB LN R o7z, 22T, = F U F
FERVE B D72, AL EOBEHILZ B2 1B X TR~ DA TE Lic, £ORR,
entry 3 (IZ T pHAC A P X TEEZFT S cat2 T WG E, 87% &) mW\ o o F AR
DRET L ENRPELMNI/eoT-, —, entry6 @ cat.5 D X 9 7B R HKEHT DT
SO T RGBS NIz, Z 2 C, R cat2 # AW TIRBSN RO A 7 ) —= v 7 % {To T,
Yruaua ARy, THF, A% /) —/N, "Lxy, T oo 5 FEEOEBIC X5 K% g
U, BOSHEE « R « = U FABRREDNTICBW T BUREREZ R LY 7 rr A X
VR REREE S LRI LT,

Table 8-4. 77 C-H i ASUS OfitERET 3 K OVABERET

\|/ N2
NTW)\ Cat. (5 mol%) N
o) CH,Cly, RT ©N o

33a 34a
T time  yield ee R! PFs
entl cat. solvent o
v [Cl N PR (%P o
)
+N—.
1 cat1 CH)Cl, RT 3 77 75 RI ph
2 cat1 CHeCl, 0 24 72 84 (NCCHa)x
.2 H,Cl RT 7 7
3 cat C ZCZ 3 6 8 cat 1-5
4 cat3 CHCl, RT 24 4 8
5 cat4 CHeCl, RT 3 65 78 cat. R' R*® R
cat. 1 H H H
6 cat.5 CHCl, RT 48 8 77
______________________________________________________ cat. 2 OMe H H
cat. 2 THF RT 22 75 76 cat. 3 OMe OMe OMe
8 cat2 MeOH RT 4 9 65 cat4 CFs H H
cat.t 5 NO, H H
9 cat. 2  toluene RT 54 34 70
10 cat. 2 acetone RT 96 61 77

3 Isolated yield. ® Determined by chiral HPLC.
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8-4-2 JFEE MR

WA, Fedft LIRSS 2 VT, 18k C-H A ~DOALEEIR R L v o F 458R
HIARFE T AR D IE R 21T > 72, Entry 1 TiX, _RUVALEEFTHLVT VT
F7 2 REHAWTRIGEITST28, B tert-7 F 3D C-H #EADOISIZ T bt -
7o AL 2 Mk CHFEGDOKINZ LD B-T 7 Z 2 (85%INH) 72-7=, HEWT, p-MeO-
Ru(Il)-Pheox filtfif (5 mol%) f74E F, %5 EO@EHILD RFHN 2~3 OFE %5t L7, Entry
2 T 3 R CTRUSITE T L, 67%IE, 87%ee THMD v-7 7 Z LG LT, — /T,
Entry3 DX D ICp il A X VEEZETHYTY 7 M7 2 ROBEAIE, EFitGREORE
T4 BEBROERDOEENEIM U120, tert-7 FNIED 1 C-H FEE~D B A~ UAFARG
DEIEND LTz, L, = rF @R entry2 ERIREIZE <, 87% ee TH o1z,
Entry 4, 5 TIXY T Y O a fLOE#ILE-SOPh F 7213 Ac 22 L TGO &1T-72, D
FEREDL O SEOIK TR 537, Entry4 TIEXE=IE, 24 B CRUSHE T L, 95% DY
FT2Hk C-HFEG~D AN AFASIEDHRPEIT LT, £72, Entry 5 2BV TG ITHETT
BT, 40°C T 24 FEEHRE & B O U7 VM EM D PR S Tz, BEL L BB AL~V

BEANER SN TV RN EEX LD, ZNHORER LY, Ru(ll)-Pheox iz X2 1 8% C-

H fEE~D I NVASRUAFARINE, V7 VO o M3 A F VDN O FE CIEOLE LIz nwzZ &
DRI T,

Entry 6, 7 123\ ClX, PhCH,CHCHa-& tert-7 FNIEHTHY TV 7R T I NIZkD
RO % st L7, _@i;%é.}f I, BTG IR X A EEIR A~ O EITIZIE A LT,
WTILE 90% ee LIEFICEWNARRIMES RS, £, entry 8 ITREND L D7, ¥
YINBRTT YT NT I REERWESA TOAREKNIEMICET L, BRORFEE
Py -F 7 52 LHH 34 3 T0%ILEE, 91% ee THREOLNT, T bHiT 1k C-HEG~DREI L
NUBEIG L LTHID TORFIEDRER TH 5,
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Table 8-5.

AR C-H FASUS DR

PFg

MeQ
o)
O O \
p-MeO-Ru(ll)-Pheox N
/Q/ﬁN)J\sz (6 mol%) N RO Ph
RT, CH,CI '-
R /# &% R (NCCHy)s
33 34
Ru(ll)-Phoex (cat. 2)
entry diazoacetamide R time [h] yield [%]2 ee [%]°
o)
N
1¢ /©/\NJ\’// z H 7 trace -
R
R
o)
2 \©\/\ N H 3 67 87
2
3 4”\ OMe 3 51 88
R
| QPN
49 NJ\sz H 24 0 -
/,\ SO,Ph
R
| QPN
5e N N2 H 24 NR -
/’\ Ac
o)
6 N H 3 69 90
N 2
7 /@M OMe 24 81 %0
R
o)
gf N - 7 70 91

[a] Isolated yield. [b] Determined by chiral HPLC. [c] Major product was f-lactam (85% yield, dr
= 84:16, major 7% ee, minor 45% ee). [d] Insertion reaction into secondary C—H bond to provide
y-lactam proceeded mainly (95% yield, racemic). [e] Stirred at 40 °C for 24 h. No reaction. [f] 7
mol% catalyst was used.
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Y=
8-5 /\Dﬁﬁﬁ

ARFETIE, Ru(ll)-Pheox filtlft % V= 1k C-H fEA ~DONLE R X ONLAGRIR I X
FHARIGEDRRFEEIT o1, a7y 78 b7 X NEE T IROMME A 72 SOSED
ALY, Ru(l)-Pheox T X 24y TN C-H SR ASIS O BIBIRIEIL, B OE 75 8
R C-H fiH & OFBHERIZ L > THRANIRET 2 Z R L IR o1, (LEZERZ 1
W C-H G OERE X tert-7 FNVIEEFGT D3O T 7 M7 I REBPLELS
Z5o REIMTEBWTIE, p-MeO-Ru(Il)-Pheox filtfit: 5 mol%fF(E T, V7 VD afLiz A F
NEEHTDZYT7Y 7 N7 2 REOS TN C-H fASSITRIE CHORMIHET L, i
81%ULR, 91%ee THIIDIFENEy -F 7 Z DENE LN, ZHIPT Y T M7 I M
DATENME R 18k C-H F5 A ~DOALEIRE L OSLRSEIR 22 VRS & LT, #16
TOWERTH D,

Regio- and Enantioselective Insertion Reaction into 1° C-H

&4 — N> R
o a 0
H/ H bﬁ)kR Ru(ll)-Pheox cat. :
N - N
A path a A
H

Amide carbene precursor up to 99% yield, 91% ee
(n=0,1,2)
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AT TIE, DARCBEIKGOEBERISHE LT, BEmxAX—n@m G ban T
WRUWEE S OALE R L ORI E R EAL RS ICE R Z & TN 21T - 72, BARMIIC
%, MEICBI%E L7z Ru(ll)-Pheox filiiElz L5, B REeAd L7 4 VEA~OREFS TNV
a7 AURE, Si-H FEAB LN C-H A ~OARF IS UARARE DB%E L O
BT ERZ AW ARE R - RS ORIT 217 > 72,

F—ETIE, AN BIOEEI NN EHROME & RIS ~O I DU TR 727
FAFE LD, B FETIL, Ru(ll)-Pheox filEDBAFE & DHEIZHOW TR L=, =8 T
AL OIE B &2 iRk~ 7z,

HIUE T, Ru(ll)-Pheox il DB 4B D53 T DOV TH L NIZT D780, B
(L AZHSOGR & X BRRHTIC X 2 EBRAL PRI &, DFT 3H5IC K 5 B b it 217 > 72,
FEBROFER, (AICBWTERMICE ) U OBRNIAE Z 5 Z &R MR o7, DFT 315
IZ Ko TR 24T 272 & 25, C-Ru 56 L ERICESA)DMEDOT & = VDK
i Lo3 < 2o TR0, HEERRINZ ENEIZ A 5 TANINL BRI BN T S R S AT
THZLEWRENTZ, TOMEBEBRIRMEIT T o 28R ORBELEZ NS, ZHLOREEN
5, RuU-IAXUEEOEM D (A) BPibEITLLST L, £72 Ru @ p LOEHILIZL 5T
AN BENRIS DROSHED K0 =REZHIFE T E 2 Z &R S iz,

% H.EClE, Ru(l)-Pheox fillz X 5 RF TN 7 v 7 a s U AUKE O ROSH R I OVR
AR OB LRI 21T o 72, DFT §tHRZ2 AW Ty 7 v 7 a XU BREME TO MG
RS 2 AT L7285 5, Ru(Il)-Pheox fiEIZ X 2 R0 TN 7 v 7 e XU ALK X Ru 2 & T
4 BERMIOPMAHE LR L T2 B CH#ITT 2 Z LML NIRRT, £72, major DL
RiEEZ Fro v 7 v 7 a LG O OGS G O =% L F —I3, minor D LIAHEIE A D
v aTa s ALE O HREEEICER 5.8 keal/mol ZETH D Z EMH LI T2,
Major/minor OREIE D SARZEIREE, ZOTZ XA —EICL > TRESNTEY, ZELEOE
[KlIE Ru(ll)-Pheox fililitd 7 = = VILIZHRT 2 n EFHAEMEHTH L LEZEXBND, E0ii
A& LT, #BifkEE Ru(Il-indan-Pheox filfific L 5, 7YV AF A R—LEHEAF LD
REZFT 7 v 7 a R ACROS DR FEFHEEERIT 21T > 7o, T ORER, REFREOEE
L ENTHFEFEHRFHKICL T, B 2 B THEMERANEELT 2 A D =X LRI LI 72,

B SETIX, Ru(Il)-Pheox il K 2B ARERA VT 4 VEHADARF T THY 7 m 7 ax
ARG DB 1T > 72, Ru(ll)-Pheox fil# 1 mol% FET, Y7 mu XX, RET, K
SIS 1 HCEEICK T L, BIONRFAEN Y 7 a1 7 a R UfEsRA y -F 7 b AL E W R
P OENLIRRIRICE SN 72, S DICIEDIEH & LT, dycibetaine CPa & DCG-IV DFE
B EIT 272, Ru(ll)-Pheox Ml Ko THR S N> 7 v 7 m/SUAiJB Al y -7 7 s AbG
MERWDZ LT, Zhb 2 FOAPEEYE OF M 72 TG % 99% DT o F AR
PEEHEFF L EEMBICARTE DL ER L, £, FROARFE S TR 7 e asy
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{ESEZ 2T, Ru(Il)-Amm-Pheox filt i 2 AN 7= KIABER COR IS ERFT L& 2 A, K/=
—T LD 2 FRIZE W TS S IIRAINCEIT L, 96% ee THMMLAMING DLTZ, ABFSE
TEFRERA VT ¢ VOSBRI AR F TN 7 v 7 a A RISIZ ) L 72416
TOBITH D, 5%, BT RIIENBE L7 a7 a U BkE2 AT 5 A MEEYEICE
Mo AR IS A R 2 A e RS2 5 L WIFF S D,

%-LFE T, Ru(ll)-Pheox it AV 7= Si-H fAKISOBAF & LT, (1) Si-H AR
K DARFRFBEOWE, (2) Si-H FFASINT K D ARFRFEL LT 24857 1 FOHE, (3)
Si-H AN KD ARFH T A FOWE, O3 FOINTIY AT, (DIZOWTIE, Ru(l-
Pheox filtfif 1 mol%fFE F, Y7 mru A X, -5CTRIGNEELEEIRICETL, BO
SEEAEVEATRE S T DR 99% IR, 99%ee T LTz, LAWDNARRIRMEL, HE O
KU EHIEON KR E DK E SITKTFET D 2 E0NRENT, QIO TIE, 7afx Iy
T U EGRGEE UTHWT, A £ L IRFED 2 WFTOARFHEE1T - 72,  OFER, major,
minor & H1Z 99%ee &, T T AEPUEIZOWTIIRARERI S LNz, ) TIEr A%
DHDOARFHIENE D FLA TS, BERIZFEFITE < Jed 9% 72~ 72y, =) v F A RPEITR
B 17%ee 72572, 25O iE Ru il TOARF Si-H AL I AT L 7= 4] T O EH
THY, PO E2 52 58RI o7=, £, LRIV TIE, 2= )
FABRIPEITIERN S OO, Si-H AN L > Tr A ZOHOAREFHIE 2 LB L7=F)HTD
B TH D,

%)\ 1%, Ru(I)-Pheox it 2 F\ 7= 1 #% C-H FEA~DNLE B L ONRRINAY L
BARISOBRREEIT T2, ARV TY TR b7 2 REE T & ROtz 7= s HED
FHAIZ LV, Ru(ll)-Pheox filtiz X 553 7N C-H i ASIGONLESERIRIET, WE OB THE
R C-H G & OFEBHERIC L > THAMICRET D Z ERHLNIIR o T, REKIGIZHEN
TIE, p-MeO-Ru(Il)-Pheox il 5 mol% P E T, U7 V3D o fill A FNEEHETHTT VT
T N7 NEOS TN C-H AR TR THRMICEIT L, fm 81%IL#E, 91%ee TH
BIDIEEIENE y -F 7 2 DN LN, ZHUE Y7 Y 78 b7 2 REOARTEME 2 1k C-H %
A~ONERIRAE L O RRIRAZ2 IV S_ARARIGR E LT, MO COMEFITH D,

AWFFNZ L - T, THETHBBEA THRDo TIEH L STV RWEE ~DARF L
NUBBIGR FRRIZR Y, BT A FEORERARFHEAER Lz, £/, DFT FHEIC
& ¥ Ru(Il)-Pheox il o> S SISO R 7 a5 B MR D FEMZN & 8T e o T2, & T2 CI%F
PEARF HH AR CH 5 Ru(ll)-Pheox Iz &2 B 1 U BB GO BT & & O S
AL, BERIEMORICE T 2 BERAFENANRK L L TOEMNB LU F Aike
RARBEOBIRIC N D LSS,
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10-1. U H > KA %2 AV 7= Ru(Il)-Pheox filtfiE o> Ru J&30 5y 1258 O B G AL O ST

General:  All reactions were performed under an atmosphere of argon unless otherwise noted. Dichloromethane
(CH2CI2) was purchased from Kanto Chemical Co., Inc.. All reactions were monitored by thin layer chromatography
(TLC), glass plates pre-coated with silica gel Merck KGaA 60 F254, layer thickness 0.2 mm. The products were
visualized by irradiation with UV light or by treatment with a solution of phosphomolybdic acid or by treatment with
a solution of p-anisaldehyde. Flash column chromatography was performed using silica gel (Merck, Art. No. 7734).
1H NMR (500 MHz, 400 MHz) and 13C NMR (125 MHz, 100 MHz) spectra were recorded on JEOL JNM-ECX500,
JEOL INM-ECS400 spectrometer. Chemical shifts are reported as 6 values (ppm) relative to CDCI3 (7.26 ppm).

All calculations were used by density functional theory (DFT) using the Gaussian 16 program. The LanL2DZ basis
set for Ru and 6-31G(d) for other atoms in combination with the B3LYP hybrid functional were used for all

calculations.
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10-1-1. NMR Spectral Data
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Figure 10-1-1. '"H NMR Spectral of Pyridine-(S)-Ru(IT)-Pheox complex.
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10-1-2. X-ray Crystal Structure
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Figure 10-1-2. X-ray analysis.
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Table 10-1-1. Crystal data and structure refinement for pyridine-Ru(II)-Pheox complex.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.50°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/ > 2sigma(/)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

iwasalll

Ca6.67 H27 Fs N5s33 O P Ru

684.24

295(2) K

0.71069 A

Trigonal

R3

a=28.3222) A o= 90°.
bh=28322(2) A B =90°.
¢=9.9011(10) A v =120°.
6878.0(11) A3

9

1.487 Mg/m?

0.631 mm'!

3108

0.50x 0.10 x 0.10 mm’?

2.22 t0 27.50°.

-36<=h<=33, -16<=k<=36, -12<=I<=12
17058

6735 [R(int) = 0.0300]

99.5 %

0.9396 and 0.7433

Full-matrix least-squares on F?2
6735/4/376

1.079

R1=10.0534, wR2 = 0.1327
R1=10.0637, wR2 =0.1438

-0.02(4)

0.780 and -0.700 eA-
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Table 10-1-2. Atomic coordinates ( X 104) and equivalent isotropic displacement parameters (Azx 103) for

pyridine-Ru(Il)-Pheox complex. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
N(1) 881(2) 2601(2) 1195(5) 58(1)
N(2) 2008(2) 2785(2) -83(5) 54(1)
NQ@3) 1653(2) 2443(2) 2758(5) 55(1)
N4) 1560(2) 1626(2) 869(5) 61(1)
N(5) 924(2) 1856(2) -839(5) 59(1)
F(1) 2438(3) 4148(3) 5041(5) 130(2)
F(2) 2673(3) 3932(3) 3117(5) 111(2)
F(3) 1820(3) 3700(4) 3451(10) 162(3)
F(4) 2117(4) 4613(4) 3833(9) 181(4)
F(5) 2935(4) 4776(3) 3621(14) 213(5)
F(6) 2270(4) 4304(3) 1992(6) 172(4)
C(1) 469(2) 2378(3) 1996(6) 60(1)
C(2) 493(5) 3154(4) 1439(10) 102(3)
C(3) 914(3) 3090(3) 590(8) 71(2)
C(4) 301(2) 1853(2) 2585(6) 57(1)
C(5) 615(2) 1626(2) 2129(6) 53(1)
C(6) 467(3) 1113(3) 2611(6) 62(1)
C(7) 21(3) 835(3) 3509(7) 76(2)
C(8) -269(3) 1071(3) 3922(7) 74(2)
C9) -124(3) 1595(3) 3488(7) 69(2)
C(10) 804(3) 3015(3) -918(8) 69(2)
C(11) 1200(3) 3342(3) -1855(9) 85(2)
C(12) 1101(5) 3277(5) -3205(11) 108(3)
C(13) 613(6) 2880(5) -3665(11) 111(3)
C(14) 223(5) 2560(4) -2788(11) 108(3)
C(15) 310(3) 2629(4) -1443(9) 88(3)
C(16) 2246(2) 3303(2) 354(6) 60(1)
C(17) 2708(3) 3716(3) -258(8) 79(2)
C(18) 2935(3) 3598(3) -1330(7) 84(2)
C(19) 2705(3) 3072(3) -1742(6) 76(2)
C(20) 2237(3) 2679(3) -1120(6) 61(1)
C(21) 1834(3) 2590(3) 3789(6) 62(2)
C(22) 2066(4) 2766(4) 5135(7) 90(2)

113



C(23)
C(24)
C(25)
C(26)
P(1)

Ru(1)
O(1)

C(27)
C(28)
N(6)

1661(3)
1774(5)
760(4)
568(5)
2384(1)
1279(1)
200(2)
253(15)
685(11)
-193(16)

12793)

834(4)
1691(3)
1502(6)
4266(1)
2151(1)
2648(2)

361(16)
381(12)
150(20)

741(7)
570(11)

-1875(8)
-3228(11)

3496(2)
973(1)

2203(6)

-610(40)

-1510(30)

-260(40)

70(2)
116(4)
83(2)
140(5)
84(1)
49(1)
82(1)
123(11)
94(7)
180(20)
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Table 10-1-3.  Bond lengths [A] and angles [°] for pyridine-Ru(II)-Pheox complex.

N(1)-C(1) 1.286(8)
N(1)-C(3) 1.470(8)
N(1)-Ru(1) 2.093(5)
N(2)-C(20) 1.326(8)
N(2)-C(16) 1.345(8)
N(2)-Ru(1) 2.207(5)
N(3)-C(21) 1.125(7)
N(3)-Ru(1) 2.013(5)
N(4)-C(23) 1.159(8)
N(4)-Ru(1) 2.009(6)
N(5)-C(25) 1.126(8)
N(5)-Ru(1) 2.022(5)
F(1)-P(1) 1.590(6)
F(2)-P(1) 1.577(5)
F(3)-P(1) 1.601(8)
F(4)-P(1) 1.548(6)
F(5)-P(1) 1.510(8)
F(6)-P(1) 1.538(6)
C(1)-0(1) 1.339(7)
C(1)-C(4) 1.439(9)
C(2)-0(1) 1.457(11)
C(2)-C(3) 1.540(12)
C(2)-H(2) 0.9700
C(2)-H(2A) 0.9700
C(3)-C(10) 1.519(11)
C(3)-H(3) 0.9800
C(4)-C(9) 1.379(9)
C(4)-C(5) 1.407(8)
C(5)-C(6) 1.380(9)
C(5)-Ru(1) 2.064(6)
C(6)-C(7) 1.418(9)
C(6)-H(6) 0.9300
C(7)-C(8) 1.357(11)
C(7)-H(7) 0.9300
C(8)-C(9) 1.394(11)
C(8)-H(8) 0.9300
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C(9)-H(9)
C(10)-C(15)
C(10)-C(11)
C(11)-C(12)
C(11)-H(11)
C(12)-C(13)
C(12)-H(12)
C(13)-C(14)
C(13)-H(13)
C(14)-C(15)
C(14)-H(14)
C(15)-H(15)
C(16)-C(17)
C(16)-H(16)
C(17)-C(18)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-C(20)
C(19)-H(19)
C(20)-H(20)
C(21)-C(22)
C(22)-H(22)
C(22)-H(22A)
C(22)-H(22B)
C(23)-C(24)
C(24)-H(24)
C(24)-H(24A)
C(24)-H(24B)
C(25)-C(26)
C(26)-H(26)
C(26)-H(26A)
C(26)-H(26B)
C27)-N(6)#1
C(27)-N(6)
C(27)-C(28)
C(27)-C(27)#1
CQ7)-CTH2

0.9300
1.376(11)
1.392(11)
1.359(14)
0.9300
1.352(15)
0.9300
1.339(16)
0.9300
1.351(14)
0.9300
0.9300
1.386(9)
0.9300
1.366(11)
0.9300
1.357(11)
0.9300
1.378(9)
0.9300
0.9300
1.459(9)
0.9600
0.9600
0.9600
1.458(11)
0.9600
0.9600
0.9600
1.444(10)
0.9600
0.9600
0.9600
0.73(6)
1.150(18)
1.491(18)
1.57(7)
1.57(7)
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CQ27)-N(6)#2
C(27)-C(28)#2
C(28)-N(6)#1
C(28)-C(27)#1
N(6)-C27)#2
N(6)-N(6)#1
N(6)-N(6)#2
N(6)-C(28)#2
N(6)-C(27)#1

C(1)-N(1)-C(3)
C(1)-N(1)-Ru(1)
C(3)-N(1)-Ru(1)
C(20)-N(2)-C(16)
C(20)-N(2)-Ru(1)
C(16)-N(2)-Ru(1)
C(21)-N(3)-Ru(1)
C(23)-N(4)-Ru(1)
C(25)-N(5)-Ru(1)
N(1)-C(1)-O(1)
N(1)-C(1)-C(4)
O(1)-C(1)-C(4)
0(1)-C(2)-C(3)
0(1)-C(2)-H(2)
C(3)-C(2)-H(2)
0(1)-C(2)-H(2A)
C(3)-C(2)-H(2A)
H(2)-C(2)-H(2A)
N(1)-C(3)-C(10)
N(1)-C(3)-C(2)
C(10)-C(3)-C(2)
N(1)-C(3)-H(3)
C(10)-C(3)-H(3)
C(2)-C(3)-H(3)
C(9)-C4)-C(5)
C(9)-C4)-C(1)
C(5)-C4)-C(1)
C(6)-C(5)-C(4)

1.76(4)
1.94(6)
1.50(5)
1.94(6)
0.73(6)
1.45(7)
1.45(7)
1.50(5)
1.76(4)

109.1(5)
113.6(4)
137.1(5)
117.5(5)
123.2(4)
119.3(4)
176.1(5)
171.7(6)
175.0(6)
116.8(6)
120.4(5)
122.7(6)
105.3(6)
110.7

110.7

110.7

110.7

108.8

110.8(5)
101.6(6)
115.9(6)
109.4

109.4

109.4

123.4(6)
124.1(6)
112.6(5)
116.2(5)

117



C(6)-C(5)-Ru(1)
C(4)-C(5)-Ru(1)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(7)-C(8)-C(9)
C(7)-C(8)-H(B)
C(9)-C(8)-H(8)
C(4)-C(9)-C(8)
C(4)-C(9)-H(9)
C(8)-C(9)-H(9)
C(15)-C(10)-C(11)
C(15)-C(10)-C(3)
C(11)-C(10)-C(3)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)
C(10)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(14)-C(15)-C(10)
C(14)-C(15)-H(15)
C(10)-C(15)-H(15)
N(2)-C(16)-C(17)
N(2)-C(16)-H(16)
C(17)-C(16)-H(16)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(16)-C(17)-H(17)

129.5(5)
114.0(4)
121.2(6)
119.4
119.4
120.4(7)
119.8
119.8
120.1(6)
119.9
119.9
118.6(7)
120.7
120.7
116.0(7)
122.6(7)
121.4(7)
121.5(9)
119.3
119.3
120.0(10)
120.0
120.0
119.9(10)
120.0
120.0
120.8(10)
119.6
119.6
121.8(9)
119.1
119.1
121.8(6)
119.1
119.1
119.7(7)
120.2
120.2
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C(19)-C(18)-C(17)
C(19)-C(18)-H(18)
C(17)-C(18)-H(18)
C(18)-C(19)-C(20)
C(18)-C(19)-H(19)
C(20)-C(19)-H(19)
N(2)-C(20)-C(19)
N(2)-C(20)-H(20)
C(19)-C(20)-H(20)
N(3)-C(21)-C(22)
C(21)-C(22)-H(22)
C(21)-C(22)-H(22A)
H(22)-C(22)-H(22A)
C(21)-C(22)-H(22B)
H(22)-C(22)-H(22B)
H(22A)-C(22)-H(22B)
N(4)-C(23)-C(24)
C(23)-C(24)-H(24)
C(23)-C(24)-H(24A)
H(24)-C(24)-H(24A)
C(23)-C(24)-H(24B)
H(24)-C(24)-H(24B)
H(24A)-C(24)-H(24B)
N(5)-C(25)-C(26)
C(25)-C(26)-H(26)
C(25)-C(26)-H(26A)
H(26)-C(26)-H(26A)
C(25)-C(26)-H(26B)
H(26)-C(26)-H(26B)
H(26A)-C(26)-H(26B)
F(5)-P(1)-F(6)
F(5)-P(1)-F(4)
F(6)-P(1)-F(4)
F(5)-P(1)-F(2)
F(6)-P(1)-F(2)
F(4)-P(1)-F(2)
F(5)-P(1)-F(1)
F(6)-P(1)-F(1)

118.4(7)
120.8
120.8
119.6(7)
120.2
120.2
123.0(6)
118.5
118.5
178.5(7)
109.5
109.5
109.5
109.5
109.5
109.5
178.6(9)
109.5
109.5
109.5
109.5
109.5
109.5
177.5(12)
109.5
109.5
109.5
109.5
109.5
109.5
99.6(7)
88.6(6)
88.8(4)
89.7(5)
90.1(4)
177.8(6)
87.7(6)
172.6(5)
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F(4)-P(1)-F(1)
F(2)-P(1)-F(1)
F(5)-P(1)-F(3)
F(6)-P(1)-F(3)
F(4)-P(1)-F(3)
F(2)-P(1)-F(3)
F(1)-P(1)-F(3)
N(4)-Ru(1)-N(3)
N(4)-Ru(1)-N(5)
N(3)-Ru(1)-N(5)
N(4)-Ru(1)-C(5)
N(3)-Ru(1)-C(5)
N(5)-Ru(1)-C(5)
N(4)-Ru(1)-N(1)
N(3)-Ru(1)-N(1)
N(5)-Ru(1)-N(1)
C(5)-Ru(1)-N(1)
N(4)-Ru(1)-N(2)
N(3)-Ru(1)-N(2)
N(5)-Ru(1)-N(2)
C(5)-Ru(1)-N(2)
N(1)-Ru(1)-N(2)
C(1)-0(1)-C(2)

N(6)#1-C(27)-N(6)
N(6)#1-C(27)-C(28)

N(6)-C(27)-C(28)

N(6)#1-C(27)-C(27)#1
N(6)-C(27)-CQ7)#1
C(28)-C(27)-C2T)#1
N(6)#1-C(27)-CQT)#2
N(6)-C(27)-CQ7)#2
C(28)-C(27)-C(2T)#2
CQT)#1-C(27)-CQT)#2
N(6)#1-C(27)-N(6)#2
N(6)-C(27)-N(6)#2
C(28)-C(27)-N(6)#2
CQT)#1-CQ7)-N(6)#2
CQT)#2-CQ27)-N(6)#2

93.1(4)
88.3(3)
174.8(6)
84.5(5)
94.7(6)
87.1(4)
88.2(5)
91.6(2)
87.1(2)
178.2(2)
93.0(2)
84.9(2)
96.3(2)
171.5(2)
89.4(2)
92.1(2)
78.8(2)
91.3(2)
89.73(18)
89.15(19)
173.3(2)
97.1(2)
105.9(6)
99(7)
77(4)
150(4)
43(4)
79(3)
78(3)
93(5)
25(3)
125(2)
59.995(4)
53(4)
55(3)
102(3)
24.4(17)
39.9(12)
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N(6)#1-C(27)-C(28)#2
N(6)-C(27)-C(28)#2
C(28)-C(27)-C(28)#2
CQT)#1-C(27)-C(28)#2
CQ7)#2-C(27)-C(28)#2
N(6)#2-C(27)-C(28)#2
C(27)-C(28)-N(6)#1
C(27)-C(28)-C(27)#1
N(6)#1-C(28)-C(27)#1
CQT)#2-N(6)-C(27)
CQT)#2-N(6)-N(6)#1
C(27)-N(6)-N(6)#1
C27)#2-N(6)-N(6)#2
C(27)-N(6)-N(6)#2
N(6)#1-N(6)-N(6)#2
CQT)#2-N(6)-C(28)#2
C(27)-N(6)-C(28)#2
N(6)#1-N(6)-C(28)#2
N(6)#2-N(6)-C(28)#2
CQT)#2-N(6)-C(2T)#1
C(27)-N(6)-C(27)#1
N(6)#1-N(6)-C(27)#1
N(6)#2-N(6)-C(27)#1
C(28)#2-N(6)-C(27)#1

141(5)
513)
116(3)
100.9(19)
49.0(17)
87(2)
28(2)
53(3)
36.4(16)
112(7)
103(5)
30(3)
52(5)
84(3)
60.003(4)
75(4)
93(4)
119(2)
120(3)
63(4)
61(3)
40.5(13)
23.7(17)
112(3)

Symmetry transformations used to generate equivalent atoms:

#1 xty,-x,z #2 -y,X-y,Z
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Table 10-1-4.  Anisotropic displacement parameters (Azx 103)for pyridine-Ru(Il)-Pheox complex. The
anisotropic

displacement factor exponent takes the form: -2 ]2[ W2a*2UM + 42 hka* b* U12 ]

Ul 1 []22 U33 []23 U13 U12

N(1) 61(3) 513) 70(3) -4(2) -6(2) 35(2)
NQ) 50(3) 62(3) 45(2) 3(2) -5(2) 25(2)
N@3) 50(3) 57(3) 57(3) 3(2) 2(2) 25(2)
N(4) 55(3) 70(3) 58(3) 10(2) 6(2) 32(3)
N(5) 56(3) 60(3) 67(3) -6(2) -11(2) 34(2)
F(1) 183(6) 155(5) 76(3) -193) -11(3) 103(5)
FQ2) 143(5) 136(5) 94(3) -15(3) -14(3) 100(4)
F(3) 109(5) 154(7) 198(8) -27(6) -30(5) 46(5)
F(4) 236(9) 253(10) 164(7) -106(7) -89(6) 204(9)
F(5) 137(6) 81(4) 382(16) -12(6) -5(8) 24(4)
F(6) 322(12) 168(7) 99(4) -19(4) -59(5) 178(8)
c(1) 53(3) 64(4) 69(3) -123) -9(3) 34(3)
CQ) 136(8) 100(6) 108(6) -7(5) 0(6) 88(7)
c@3) 85(4) 59(4) 86(4) -4(3) -12(3) 49(4)
C(4) 48(3) 58(3) 62(3) -9(2) -8(2) 26(3)
c(5) 41(3) 60(3) 51(3) -6(2) 2(2) 21(2)
C(6) 61(4) 55(3) 73(4) 9(3) 8(3) 30(3)
c(7) 67(4) 65(4) 75(4) 9(3) 6(3) 18(3)
C(®) 53(4) 88(5) 68(4) 9(3) 13(3) 26(4)
C(9) 59(4) 88(5) 58(3) 2(3) 4(3) 35(3)
C(10) 66(4) 51(3) 100(5) 8(3) -12(3) 36(3)
c(1) 66(4) 76(5) 111(6) 13(4) 1(4) 34(4)
c(12)  116(8) 117(8) 94(6) 34(6) 11(6) 61(7)
Cc(13)  149(10) 123(9) 92(6) 5(6) -25(7) 92(8)
c(14)  113(7) 96(6) 110(7) 10(6) -42(6) 48(6)
c(15) 68(5) 84(5) 105(6) 25(4) -18(4) 32(4)
C(16) 48(3) 57(3) 61(3) 0(3) -1(2) 14(3)
c(17) 63(4) 67(4) 85(5) -4(4) 4(4) 16(3)
c(18) 67(4) 80(5) 68(4) 0(4) 9(3) 7(4)

C(19) 66(4) 94(5) 49(3) 2(3) 9(3) 27(4)
C(20) 56(3) 65(4) 54(3) -5(3) -4(2) 24(3)
c21) 67(4) 68(4) 51(3) 13) -8(3) 33(3)
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C(22)
C(23)
C(24)
C(25)
C(26)
P(1)

Ru(1)
o)

122(7)
75(4)
149(9)
93(5)

154(10)
98(2)
46(1)
89(3)

95(6)
76(4)
117(7)
86(5)
174(11)
97(2)
50(1)
92(4)

61(4)
81(4)
131(8)
74(4)
96(7)
74(1)
51(1)
94(3)

-13(4)
26(3)
62(6)
-23(4)
-75(8)
-17(1)
0(1)
-4(3)

-30(4)

24(3)
68(7)

-37(4)
73(7)
-19(1)

-4(1)
13)

61(5)
54(4)
102(7)
47(4)
86(9)
61(1)
24(1)
67(3)
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Table 10-1-5.  Hydrogen coordinates ( x 104) and isotropic displacement parameters (Azx 103) for pyridine-
Ru(IT)-Pheox complex.

X y z U(eq)
H(2) 674 3464 2042 122
H(2A) 246 3204 859 122
HQ3) 1278 3404 747 85
H(6) 664 947 2341 75
H(7) -72 489 3817 91
H(8) -566 884 4497 88
H(9) -310 1767 3800 83
H(11) 1540 3611 -1551 102
H(12) 1369 3505 -3812 129
H(13) 548 2830 -4589 133
H(14) -112 2287 -3109 130
H(15) 28 2410 -856 106
H(16) 2095 3387 1087 72
H(17) 2864 4072 60 95
H(18) 3241 3872 -1767 101
H(19) 2861 2977 -2439 91
H(20) 2074 2323 -1443 73
H(22) 1804 2787 5710 135
H(22A) 2388 3119 5078 135
H(22B) 2158 2509 5503 135
H(24) 2114 927 1000 174
H(24A) 1796 772 -375 174
H(24B) 1486 508 974 174
H(26) 702 1808 -3828 210
H(26A) 177 1308 -3237 210
H(26B) 698 1264 -3517 210
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Table 10-1-6. Torsion angles [°] for pyridine-Ru(II)-Pheox complex.

C(3)-N(1)-C(1)-O(1)
Ru(1)-N(1)-C(1)-0(1)
C(3)-N(1)-C(1)-C(4)
Ru(1)-N(1)-C(1)-C(4)
C(1)-N(1)-C(3)-C(10)
Ru(1)-N(1)-C(3)-C(10)
C(1)-N(1)-C(3)-C(2)
Ru(1)-N(1)-C(3)-C(2)
O(1)-C(2)-C(3)-N(1)
0(1)-C(2)-C(3)-C(10)
N(1)-C(1)-C(4)-C(9)
O(1)-C(1)-C(4)-C(9)
N(1)-C(1)-C(4)-C(5)
O(1)-C(1)-C(4)-C(5)
C(9)-C(4)-C(5)-C(6)
C(1)-C(4)-C(5)-C(6)
C(9)-C(4)-C(5)-Ru(1)
C(1)-C(4)-C(5)-Ru(1)
C(4)-C(5)-C(6)-C(7)
Ru(1)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(9)
C(5)-C(4)-C(9)-C(8)
C(1)-C(4)-C(9)-C(8)
C(7)-C(8)-C(9)-C(4)
N(1)-C(3)-C(10)-C(15)
C(2)-C(3)-C(10)-C(15)
N(1)-C(3)-C(10)-C(11)
C(2)-C(3)-C(10)-C(11)
C(15)-C(10)-C(11)-C(12)
C(3)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(13)-C(14)-C(15)-C(10)
C(11)-C(10)-C(15)-C(14)
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-5.8(8)
179.0(4)
171.8(5)
3.5(7)

-113.3(6)

60.3(9)
10.4(8)

-176.0(6)

-11.3(8)
108.9(7)
177.7(6)
-4.9(10)
-2.8(8)
174.6(5)
1.7(9)

-177.8(5)
-172.7(5)

7.7(6)
0.2(9)
173.6(5)
-0.4(11)
-1.3(12)
-3.4(10)
176.1(6)
3.1(11)
64.0(9)

-51.1(10)
-117.1(7)

127.9(8)
-0.6(12)

-179.6(8)

-1.4(15)
1.5(16)
0.2(16)
2.2(15)
2.3(12)



C(3)-C(10)-C(15)-C(14)
C(20)-N(2)-C(16)-C(17)
Ru(1)-N(2)-C(16)-C(17)
N(2)-C(16)-C(17)-C(18)

C(16)-C(17)-C(18)-C(19)
C(17)-C(18)-C(19)-C(20)

C(16)-N(2)-C(20)-C(19)
Ru(1)-N(2)-C(20)-C(19)
C(18)-C(19)-C(20)-N(2)
Ru(1)-N(3)-C(21)-C(22)
Ru(1)-N(4)-C(23)-C(24)
Ru(1)-N(5)-C(25)-C(26)
C(23)-N(4)-Ru(1)-N(3)
C(23)-N(4)-Ru(1)-N(5)
C(23)-N(4)-Ru(1)-C(5)
C(23)-N(4)-Ru(1)-N(1)
C(23)-N(4)-Ru(1)-N(2)
C(21)-N(3)-Ru(1)-N(4)
C(21)-N(3)-Ru(1)-N(5)
C(21)-N(3)-Ru(1)-C(5)
C(21)-N(3)-Ru(1)-N(1)
C(21)-N(3)-Ru(1)-N(2)
C(25)-N(5)-Ru(1)-N(4)
C(25)-N(5)-Ru(1)-N(3)
C(25)-N(5)-Ru(1)-C(5)
C(25)-N(5)-Ru(1)-N(1)
C(25)-N(5)-Ru(1)-N(2)
C(6)-C(5)-Ru(1)-N(4)
C(4)-C(5)-Ru(1)-N(4)
C(6)-C(5)-Ru(1)-N(3)
C(4)-C(5)-Ru(1)-N(3)
C(6)-C(5)-Ru(1)-N(5)
C(4)-C(5)-Ru(1)-N(5)
C(6)-C(5)-Ru(1)-N(1)
C(4)-C(5)-Ru(1)-N(1)
C(6)-C(5)-Ru(1)-N(2)
C(4)-C(5)-Ru(1)-N(2)
C(1)-N(1)-Ru(1)-N(4)
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-178.7(8)
0.8(9)
179.1(5)
-0.4(11)
-1.6(12)
3.3(13)
1.0(9)
-177.3(5)
-3.0(11)
68(36)
-9(33)
-63(26)
143(3)
-38(3)
58(3)
46(4)
-127(3)
-104(8)
-144(8)
-11(8)
68(8)
165(8)
-40(7)
1(13)
-132(7)
149(7)
52(7)
0.9(6)
174.4(4)
-90.5(6)
83.0(4)
88.2(6)
-98.3(4)
179.1(6)
-7.4(4)

-128.3(17)

45(2)
17.8(17)



C(3)-N(1)-Ru(1)-N(4)
C(1)-N(1)-Ru(1)-N(3)
C(3)-N(1)-Ru(1)-N(3)
C(1)-N(1)-Ru(1)-N(5)
C(3)-N(1)-Ru(1)-N(5)
C(1)-N(1)-Ru(1)-C(5)
C(3)-N(1)-Ru(1)-C(5)
C(1)-N(1)-Ru(1)-N(2)
C(3)-N(1)-Ru(1)-N(2)
C(20)-N(2)-Ru(1)-N(4)
C(16)-N(2)-Ru(1)-N(4)
C(20)-N(2)-Ru(1)-N(3)
C(16)-N(2)-Ru(1)-N(3)
C(20)-N(2)-Ru(1)-N(5)
C(16)-N(2)-Ru(1)-N(5)
C(20)-N(2)-Ru(1)-C(5)
C(16)-N(2)-Ru(1)-C(5)
C(20)-N(2)-Ru(1)-N(1)
C(16)-N(2)-Ru(1)-N(1)
N(1)-C(1)-0(1)-C(2)
C(4)-C(1)-0(1)-C(2)
C(3)-C(2)-0(1)-C(1)
N(6)-C(27)-C(28)-N(6)#1
CQ7)#1-C(27)-C(28)-N(6)#1
C27)#2-C(27)-C(28)-N(6)#1
N(6)#2-C(27)-C(28)-N(6)#1
C(28)#2-C(27)-C(28)-N(6)#1
N(6)#1-C(27)-C(28)-C(27)#1
N(6)-C(27)-C(28)-C(27)#1
C27)#2-C(27)-C(28)-C27)#1
N(6)#2-C(27)-C(28)-C(27)#1
C(28)#2-C(27)-C(28)-C(27)#1
N(6)#1-C(27)-N(6)-C(27)#2
C(28)-C(27)-N(6)-C(27)#2
CQT)#1-C(27)-N(6)-C(27)#2
N(6)#2-C(27)-N(6)-C(27)#2
C(28)#2-C(27)-N(6)-C(27)#2
C(28)-C(27)-N(6)-N(6)#1
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-155.6(13)

-79.1(4)
107.5(6)
101.9(5)
-71.6(6)
5.9(4)
-167.6(7)
-168.7(4)
17.8(6)
40.3(5)
-137.9(4)
131.9(5)
-46.3(4)
-46.7(5)
135.1(4)
169.6(17)
-9(2)
-138.7(5)
43.1(5)
2.2(8)
-179.7(6)
8.6(9)
-85(11)
-44(4)
-84(5)
-47(4)
-140(6)
44(4)
-41(10)
-40(3)
-4(2)
-96.6(15)
-77(9)
2(15)
-39(6)
-45(6)
75(6)
79(10)



CQT)#1-C(27)-N(6)-N(6)#1
CQ7)#2-C(27)-N(6)-N(6)#1
N(6)#2-C(27)-N(6)-N(6)#1
C(28)#2-C(27)-N(6)-N(6)#1
N(6)#1-C(27)-N(6)-N(6)#2
C(28)-C(27)-N(6)-N(6)#2
CQ7)#1-C(27)-N(6)-N(6)#2
C27)#2-C(27)-N(6)-N(6)#2
C(28)#2-C(27)-N(6)-N(6)#2
N(6)#1-C(27)-N(6)-C(28)#2
C(28)-C(27)-N(6)-C(28)#2
C27)#1-C(27)-N(6)-C(28)#2
C27)#2-C(27)-N(6)-C(28)#2
N(6)#2-C(27)-N(6)-C(28)#2
N(6)#1-C(27)-N(6)-C(27)#1
C(28)-C(27)-N(6)-C(27)#1
CQ7)#2-C(27)-N(6)-C27)#1
N(6)#2-C(27)-N(6)-C(27)#1
C(28)#2-C(27)-N(6)-C(27)#1

38(5)
77(9)
33(4)
152(5)
33(4)
46(10)
5.4(9)
45(6)
120(3)

-152(5)
-73(12)
-114(3)

-75(6)

-120(3)

-38(5)
41(10)
39(6)
-5.4(9)
114(3)

Symmetry transformations used to generate equivalent atoms:

#1 xty,-x,z #2 -y,X-y,Z
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10-1-3. Computational Data

Table 10-1-7. Optimization of (pyridine)(acetonitrile)sRu(Il)-Pheox.

Total Energy Relative Energy Free Energy Relative Energy Ru-N (Py) C—Ru...N-C(Py)

(a.u.) (kcal/mol) (a.u.) (kcal/mol) (A) (degree)
top-typel -1449.147467 0.28 -1448.750474 0.02 2.145 36.9,-143.2
top-type2 (c) -1449.147472 0.27 -1448.749756 0.47 2.145 -30.7, 148.6
left-typel -1449.145569 1.47 -1448.747649 1.79 2,152 53.4,-128.9
left-type2 (b) -1449.145957 1.22 -1448.747788 1.70 2.150 -51.6, 130.7
right-typel (a) -1449.144488 2.15 -1448.747031 2.18 2316 45.9,-134.5
right-type2 -1449.144406 2.20 -1448.747822 1.68 2.323 -74.2,108.9
bottom-typel (d) -1449.147908 0 -1448.750499 0 2.139 32.6,-146.5
bottom-type2 -1449.146714 0.75 -1448.749124 0.86 2.147 -39.0, 142.9
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top-type 2 (¢)

left-type 1 left-type2 (b)

right-type 1 (a)

e
e

bottom-type 1 (d) bottom-type 2

Figure 10-1-3. Resulting structure of optimization of (pyridine)(acetonitrile);Ru(I)-Pheox.
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Table 10-1-8. Optimization of (pyridine)(acetonitrile)sRu(Il)-Pheox by various functional and level.

(Total Energy (a.u.))
Total Energy (a.u.)
functional or level Ru Other
a b ¢ d
T
B3LYP LanL2DZ 6-31G(d) -1449.144488 -1449.145957 -1449.147472 -1449.147908
B3LYP LanL.2DZ cc-pVTZ -1449.647269 -1449.647651 -1449.648957 -1449.649150
B3LYP SDD 6-31G(d) -1450.197129 -1450.197620 -1450.199192 -1450.199639
B3LYP SDD cc-pVTZ -1450.688916 -1450.689285 -1450.690602 -1450.690857
PBEPBE LanL2DZ 6-31G(d) -1447.470635 -1447.471485 -1447.473640 -1447.474248
MO06-2X LanL2DZ 6-31G(d) -1448.455366 -1448.456402 -1448.458718 -1448.459954
APFD LanL2DZ 6-31G(d) -1448.114944 -1448.117578 -1448.120617 -1448.122697
B3LYP
LanL.2DZ 6-31G(d) -1449.196561 -1449.197779 -1449.198679 -1449.198987
(PCM dichloromethane)
MP2 LanL2DZ 6-31G(d) -1444.211442 -1444.210631 -1444.213616 -1444.215115
Relative Energy (kcal/mol)
functional or level Ru Other
a b [ d

B3LYP LanL.2DZ 6-31G(d) 2.146 1.224 0.274 0.0

B3LYP LanL2DZ cc-pVTZ 1.180 0.941 0.121 0.0

B3LYP SDD 6-31G(d) 1.575 1.267 0.280 0.0

B3LYP SDD cc-pVTZ 1.217 0.986 0.160 0.0

PBEPBE LanL.2DZ 6-31G(d) 2267 1.733 0.381 0.0

MO06-2X LanL2DZ 6-31G(d) 2.879 2.229 0.775 0.0

APFD LanL2DZ 6-31G(d) 4.865 3212 1.305 0.0

B3LYP
LanL2DZ 6-31G(d) 1.523 0.758 0.194 0.0
(PCM dichloromethane)
MP2 LanL2DZ 6-31G(d) 2.305 2.814 0.940 0.0
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Table 10-1-9. Optimization of (pyridine)(acetonitrile)sRu(Il)-Pheox by various functional and level.

(Free Energy (a.u.))
Free Energy (a.u.)
functional or level Ru Other
a b ¢ d
T
B3LYP LanL2DZ 6-31G(d) -1448.747031 -1448.747788 -1448.749756 -1448.750499
B3LYP LanL.2DZ cc-pVTZ -1449.252716 -1449.252347 -1449.254162 -1449.254222
B3LYP SDD 6-31G(d) -1449.798674 -1449.798669 -1449.800830 -1449.800680
B3LYP SDD cc-pVTZ -1450.293904 -1450.293376 -1450.295272 -1450.295034
PBEPBE LanL2DZ 6-31G(d) -1447.085797 -1447.086106 -1447.088865 -1447.089309
MO06-2X LanL2DZ 6-31G(d) -1448.049806 -1448.051467 -1448.054507 -1448.059576
APFD LanL2DZ 6-31G(d) -1447.710280 -1447.716084 -1447.718918 -1447.721143
B3LYP
LanL.2DZ 6-31G(d) -1448.798383 -1448.797885 -1448.798898 -1448.799046
(PCM dichloromethane)
T T
Relative Energy (kcal/mol)
functional or level Ru Other
a b c d
T
B3LYP LanL2DZ 6-31G(d) 2.176 1.701 0.466 0.0
B3LYP LanL.2DZ cc-pVTZ 0.945 1.177 0.038 0.0
B3LYP SDD 6-31G(d) 1.259 1.262 -0.094 0.0
B3LYP SDD cc-pVTZ 0.709 1.040 -0.149 0.0
PBEPBE LanL2DZ 6-31G(d) 2.204 2.010 0.279 0.0
MO06-2X LanL.2DZ 6-31G(d) 6.131 5.088 3.181 0.0
APFD LanL2DZ 6-31G(d) 6.817 3.175 1.396 0.0
B3LYP
LanL.2DZ 6-31G(d) 0.416 0.729 0.093 0.0
(PCM dichloromethane)
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Table 10-1-10. Optimization of (acetonitrile);Ru(II)-Pheox.

Coordinate position Total Energy Relative Energy  Free Energy Relative Energy
(a.u.) (kcal/mol) (a.u.) (kcal/mol)
top+left+bottom -1200.833636 0 -1200.521671 0
top+righttbottom -1200.814232 12.18 -1200.501824 12.45
top+left+right -1200.812853 13.04 -1200.501907 12.40
left+right+bottom -1200.811284 14.03 -1200.499378 13.99

Table 10-1-11. Scanning bond length of Ru—N(acetonitrile) from e with CH»Cl; as a solvent by PCM.

(Total energy (a.u.))

Ru-N (A) top right left bottom
2.0 -1333.666465 -1333.660707 -1333.666309 -1333.666538
2.1 -1333.666545 -1333.665276 -1333.666679 -1333.666479
22 -1333.664316 -1333.666822 -1333.664737 -1333.664131
23 -1333.66093 -1333.666567 -1333.661622 -1333.660647
24 -1333.657056 -1333.665276 -1333.657976 -1333.656682
2.5 -1333.653077 -1333.663425 -1333.654217 -1333.652626
2.6 -1333.649264 -1333.661359 -1333.650586 -1333.648832
2.7 -1333.645769 -1333.659316 -1333.647249 -1333.645337
2.8 -1333.642661 -1333.65742 -1333.644273 -1333.642249
2.9 -1333.639934 -1333.655741 -1333.641675 -1333.639601
3.0 -1333.637591 -1333.654392 -1333.639467 -1333.637378
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Table 10-1-12. Scanning bond length of Ru—N(acetonitrile) from e with CH>Cl; as a solvent by PCM.
(Relative energy (kcal/mol))

Ru-N (A) top right left bottom
2.0 0.27 3.89 0.37 0.23
2.1 0.22 1.02 0.14 0.27
2.2 1.62 0.05 1.36 1.74
2.3 3.75 0.21 3.31 3.93
2.4 6.18 1.02 5.60 6.41
2.5 8.68 2.18 7.96 8.96
2.6 11.07 3.48 10.24 11.34
2.7 13.26 4.76 12.33 13.53
2.8 15.21 5.95 14.20 15.47
2.9 16.92 7.00 15.83 17.13
3.0 18.39 7.85 17.22 18.53
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10-2. & 7b2EtE %2 A7z Ru()-Pheox il XA RFE 7 mrm Ry

BB D BOSHERE « A7 o et O i tfr

General: All reactions were performed under an atmosphere of argon unless otherwise noted. Dichloromethane
(CH2Cly) was purchased from Kanto Chemical Co., Inc.. All reactions were monitored by thin layer
chromatography (TLC), glass plates pre-coated with silica gel Merck KGaA 60 Fss, layer thickness 0.2 mm. The
products were visualized by irradiation with UV light or by treatment with a solution of phosphomolybdic acid or
by treatment with a solution of p-anisaldehyde. Flash column chromatography was performed using silica gel
(Merck, Art. No. 7734). '"H NMR (500 MHz, 400 MHz) and '*C NMR (125 MHz, 100 MHz) spectra were
recorded on JEOL JNM-ECX500, JEOL JNM-ECS400 spectrometer. Chemical shifts are reported as & values
(ppm) relative to CDCl3 (7.26 ppm).

All the structures were optimized by DFT calculations using the M06-2X hybrid functional. We also calculated
total energies, zero-point correction and thermal free energies using both i) M06 function with same basis set and
ii) M06-2X function with 6-311+G(2d,p) and LanL.2DZ for checking the reliability of this calculation. These
results are almost same as that using M06-2X with 6-31G(d) and LanL.2DZ and suggested that there were little
difference on computational accuracy. Therefore, throughout this work, we used the LanL.2DZ basis set for Ru
and 6-31G(d) for C, H, N, and O. To validate the cyclopropanation scheme with simpler calculations, solvent
effects were applied with a polarizable continuum model (PCM) for the geometry optimization of the minima
corresponding to the reactant and the product, transition state searches between them and the intrinsic reaction
coordinate (IRC) calculations for verifying their relationship. All the calculations were performed using the

Gaussian 09 program package.
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10-2-1. Solvent Effects (Experimental Results)

Table 10-2-1. Solvent effects of Ru(Il)-Pheox catalyzed intramolecular cyclopropanation.

0O 0 -

O H = -
MGOMOﬁN Ru(ll)-Pheox (1 mol%) (N:CCH3)4 PFe
2 solvent, RT ~ MeO N O Ru
H

o) .
3 N_,Ph

H 7

o)

entry solvent time yield [%]P ee [%]°

1 CH2Clz 1 min 90 99 ) Ru(l1)-Pheox )
2 acetone 26h 62 99 catalyst
3d acetone 5h 89 99

4 toluene 1h 41 99

54 toluene 5h 68 99

6 THF 0.5h 67 98

7° MeOH 5 min 11 -

8 CHsCN 24 h 75 99

9 DMF 10 min 58 99

10 DMSO 24 h no reation -

@Reaction conditions: to a solution of Ru(ll)-Pheox (1 mol %) in CH,Cl, was added a
solution of diazoacetate (0.2 mmol) under Ar. P Isolated yield. °Determined by chiral HPLC
analysis. ¢ Diazoacetate diluted in solvent was slowly added over 4 h by using syringe pump.
€ O-H insertion reaction proceeded mainly.

Entry 1-8 were reported: Nakagawa Y, Chanthamath S, Shibatomi K, Iwasa S. Ru(ll)-Pheox-catalyzed
asymmetric intramolecular cyclopropanation of electron-deficient olefins. Org Lett 2015; 17: 2792-2795.

Reversal of enantioselectivitity was not observed in all of the solvents.
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10-2-2. 'TH NMR, 3C NMR and HPLC Data
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(IV) Full '"H NMR spectrum of allyl 2-bromoacetate.
Figure 10-2-1. "H NMR spectrum (500 MHz, CDCl3) of allyl 2-bromoacetate .
(I) 'H NMR spectrum of a. (II) 'H NMR spectrums of b and ¢. (III) 'H NMR spectrum of d. (IV) Full 'H

NMR spectrum of allyl 2-bromo- acetate.

137




thedh B L Ll Ll

() '"H NMR spectrum of a. ~ (II) 'H NMR spectrums of b and ¢.  (III) '"H NMR spectrums of d and e.

a
=] b H Hd e
H (0]
= N2 g
C e
H (0]
<l
b
<l
2
b c
a
o d;
£
=]
E PP M o
2
T T T T T T T T T
2.0 8.0 7.0 60 50 40 30 20 10 9
sx::aeaa'g%g\a:\a&;g\::
oMM aQaaaa
wwwwwwwwwwwwwwwww
X : parts par Million : Proton

(IV) Full 'H NMR Spectrum of allyl 2-diazoacetate.
Figure 10-2-2. "H NMR spectrum (500 MHz, CDCIl5) of allyl 2-diazoacetate.
(I) '"H NMR spectrum of a. (II) '"H NMR spectrums of b and ¢. (II) "H NMR spectrum of d and e. (IV) Full
"H NMR Spectrum of allyl 2-diazoacetate.
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Figure 10-2-3. BC{'H} NMR spectrum (125 MHz, CDCI5) of allyl 2-diazoacetate.
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(IV) Full '"H NMR spectrum of (15,5R)-3-oxabicyclo[3.1.0]hexan-2-one .
Figure 10-2-4. "H NMR spectrum (500 MHz, CDCI5) of (1,5R)-3-oxabicyclo[3.1.0]hexan-2-one .
(I) '"H NMR spectrums of a and b. (II) '"H NMR spectrums of ¢ and d. (IIT) "H NMR spectrums of e and f.
(IV) Full '"H NMR spectrum of (18,5R)-3-oxabicyclo[3.1.0]Thexan-2-one .
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(I1) Full *C NMR spectrum of (18,5R)-3-oxabicyclo[3.1.0]Thexan-2-one.
Figure 10-2-5. BC{'H} NMR spectrum (125 MHz, CDCI;) of (1S,5R)-3-oxabicyclo[3.1.0]hexan-2-one .
(I) 3C NMR spectrum of ¢, b and e. (II) Full '*C NMR spectrum of
(18,5R)-3-oxabicyclo[3.1.0]hexan-2-one.
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15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0 195
Retention Time [min]
PEAK RT [min] AREA [uV-sec] HEIGHT [uV] AREA% HEIGHT%
1 15.867 1766039 50656 50.145 53.426
2 17.275 1755837 44159 49.855 46.574

Figure 10-2-6. HPLC spectrum of racemic-3-oxabicyclo[3.1.0]hexan-2-one.
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PEAK RT [min] AREA [uV-sec] HEIGHT [uV] AREA% HEIGHT%
1 15.533 26019 1899 0.528 1.859
2 16.167 4901930 100266 99.472 98.141

Figure 10-2-7. HPLC spectrum of (1S,5R)-3-oxabicyclo[3.1.0]hexan-2-one.
(Column (Chiral IC), UV detector = 220 nm, Hex/IPA = 7/3, Flow late = 1.2 mL/min)
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10-2-3. X-ray Crystal Structure
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Figure 10-2-8. X-ray structure of methyl (1R,5R,6R)-2-0x0-3-oxabicyclo[3.1.0]hexane-6-carboxylate.
CCDC 1555151

The single crystals of methyl (1R,5R,6R)-2-0x0-3-oxabicyclo[3.1.0]hexane-6-carboxylate were obtained
from a mixture of CH,Cl, and hexane solution at room temperature.

Only methyl (1R,5R,6R)-2-o0x0-3-oxabicyclo[3.1.0] was observed in the crystal lattice.

The absolute configuration was established by anomalous-dispersion effects with the Flack parameters!!,

References

[1] H. D. Flack and G. Bernardinelli, Absolute structure and absolute configuration. Acta Cryst. A55, 908-915. (1999)
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Table 10-2-2. Crystal data and structure refinement.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 62.60°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F'2

Final R indices [/ > 2sigma(/)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

C7 Hs O4

156.13

1532)K

1.54187 A

Orthorhombic

P2,2:2,

a=6.1956(3) A o= 90°.
b= 6.6908(4) A B=90°.
c=17.330909) A y=90°.
718.43(7) A3

4

1.444 Mg/m3

1.030 mm'!

328

0.10 x 0.05 x 0.02 mm’®

5.10 to 62.60°.

S1<=h<=1, -T1<=k<=7, -19<=[<=19
10563

1148 [R(int) = 0.0409]

100.0 %

0.9797 and 0.9040

Full-matrix least-squares on F'2
1148/0/102

1.114

R1=10.0313, wR2 = 0.0652
R1=10.0395, wR2 =0.0717

-0.1(3)

0.0121(9)

0.127 and -0.147 e.A
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Table 10-2-3.  Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 103).

U(eq) is defined as one third of the trace of the orthogonalized Ui tensor.

X y z U(eq)
O(1) 9385(2) 4904(2) 155(1) 41(1)
0(2) 9152(2) 1619(2) -58(1) 38(1)
0(3) 8516(2) 1464(2) 2816(1) 45(1)
0(4) 4999(2) 1487(2) 2493(1) 40(1)
C(1) 9361(3) 3228(3) 414(1) 34(1)
C(2) 9394(4) -241(3) 372(1) 38(1)
C(3) 9461(4) 350(3) 1210(1) 36(1)
C4) 9516(4) 2574(3) 1223(1) 36(1)
C(5) 7498(3) 1451(3) 1490(1) 33(1)
C(6) 7117(3) 1469(3) 2332(1) 36(1)
C(7) 4464(4) 1474(4) 3308(1) 50(1)
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Table 10-2-4. Bond lengths [A] and angles [°].

O(1)-C(1)
0(2)-C(1)
0(2)-C(2)
0(3)-C(6)
O(4)-C(6)
O#)-C(7)
C(1)-C4)
C(2)-C(3)
C(2)-H(1)
C(2)-H(2)
C(3)-C(4)
C(3)-C(5)
C(3)-HQ3)
C4)-C(5)
C(4)-H4)
C(5)-C(6)
C(5)-H(5)
C(7)-H(6)
C(7)-H(7)
C(7)-H(®)

C(1)-0(2)-C(2)
C(6)-0(4H-C(7)
O(1)-C(1)-0(2)
O(1)-C(1)-C(4)
0(2)-C(1)-C(4)
0(2)-C(2)-C(3)
0(2)-C(2)-H(1)
C(3)-C(2)-H(1)
0(2)-C(2)-H(2)
C(3)-C(2)-H(2)
H(1)-C(2)-H(2)
C(4)-C(3)-C(5)
C(4)-C(3)-C(2)
C(5)-C(3)-C(2)
C(4)-C(3)-H(3)

1.208(2)
1.358(2)
1.458(2)
1.205(2)
1.342(2)
1.450(2)
1.471(3)
1.506(3)
0.9900
0.9900
1.489(3)
1.502(3)
1.0000
1.530(3)
1.0000
1.478(3)
1.0000
0.9800
0.9800
0.9800

111.00(15)
115.19(17)
120.86(19)
129.02)
110.16(18)
105.80(16)
110.6
110.6
110.6
110.6
108.7
61.55(15)
106.07(18)
114.71(18)
120.0
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C(5)-C(3)-H(3)
C(2)-C(3)-H(3)
C(1)-C4)-C(3)
C(1)-C4)-C(5)
C(3)-C4)-C(5)
C(1)-C(4)-H4)
C(3)-C(4)-H4)
C(5)-C(4)-H4)
C(6)-C(5)-C(3)
C(6)-C(5)-C(4)
C(3)-C(5)-C(4)
C(6)-C(5)-H(5)
C(3)-C(5)-H(5)
C(4)-C(5)-H(5)
0(3)-C(6)-O(4)
0(3)-C(6)-C(5)
0(4)-C(6)-C(5)
0(4)-C(7)-H(6)
0(4)-C(7)-H(7)
H(6)-C(7)-H(7)
0(4)-C(7)-H(8)
H(6)-C(7)-H(8)
H(7)-C(7)-H(8)

120.0
120.0
106.37(19)
112.43(18)
59.67(15)
120.9
120.9
120.9
116.89(18)
115.19(17)
58.79(13)
117.6
117.6
117.6
123.96(19)
124.86(19)
111.18(17)
109.5
109.5
109.5
109.5
109.5
109.5

Symmetry transformations used to generate equivalent atoms:
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Table 10-2-5. Anisotropic displacement parameters (A2x 103). The anisotropic displacement factor
exponent takes the form: -2n2[ h2a*2U 1l + ...+ 2 hka* b* U2 ]

Ull U22 U33 U23 U13 U12
o(1) 39(1) 33(1) 52(1) 8(1) 4(1) 0(1)
0(2) 41(1) 34(1) 38(1) 1(1) 4(1) 2(1)
0(3) 49(1) 47(1) 40(1) 1(1) -10(1) (1)
0(4) 44(1) 41(1) 36(1) 2(1) 5(1) 1(1)
c(1) 28(1) 33(1) 42(1) 1(1) 2(1) (1)
CQ2) 39(1) 26(1) 48(1) 2(1) 5(1) 2(1)
C@3) 35(1) 31(1) 41(1) 5(1) -1(1) 3(1)
C(4) 36(1) 33(1) 40(1) 1(1) -6(1) 2(1)
C(5) 31(1) 33(1) 33(1) 2(1) 3(1) (1)
C(6) 39(1) 28(1) 41(1) 2(1) -1(1) -1(1)
C(7) 67(2) 46(1) 38(1) 1(1) 13(1) 42)

Table 10-2-6. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 103).

x y z Ul(eq)
H(1) 10744 -932 223 45
H(2) 8160 -1144 271 45
H(3) 10363 -430 1582 43
H(4) 10446 3308 1600 43
H(5) 6206 1478 1145 39
H(6) 5100 291 3552 75
H(7) 2893 1440 3369 75
H(8) 5039 2683 3552 75
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Table 10-2-7. Torsion angles [°].

C(2)-0(2)-C(1)-O(1) 174.0(2)
C(2)-0(2)-C(1)-C(4) -6.5(2)
C(1)-0(2)-C(2)-C(3) 8.2(2)
0(2)-C(2)-C(3)-C(4) -6.6(2)
0(2)-C(2)-C(3)-C(5) 59.0(2)
0(1)-C(1)-C(4)-C(3) -178.5(2)
0(2)-C(1)-C(4)-C(3) 2.03)
O(1)-C(1)-C(4)-C(5) 118.1(2)
0(2)-C(1)-C(4)-C(5) -61.4(2)
C(5)-C(3)-C(4)-C(1) -106.79(19)
C(2)-C(3)-C(4)-C(1) 3.003)
C(2)-C(3)-C(4)-C(5) 109.8(2)
C(4)-C(3)-C(5)-C(6) -104.5(2)
C(2)-C(3)-C(5)-C(6) 159.90(18)
C(2)-C(3)-C(5)-C(4) -95.6(2)
C(1)-C(4)-C(5)-C(6) -156.16(19)
C(3)-C(4)-C(5)-C(6) 107.4(2)
C(1)-C(4)-C(5)-C(3) 96.4(2)
C(7)-0(4)-C(6)-0(3) 0.8(3)
C(7)-0(4)-C(6)-C(5) 179.06(17)
C(3)-C(5)-C(6)-0(3) 32.5(3)
C(4)-C(5)-C(6)-0(3) -33.7(3)
C(3)-C(5)-C(6)-0(4) -147.31(19)
C(4)-C(5)-C(6)-0(4) 146.49(19)

Symmetry transformations used to generate equivalent atoms:
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10-2-4. Screening of Calculation Method

Table 10-2-8. SCF and their corrected energies of S1a—S1f by M06 density functional.

Sum of SCF and zero-point

Sum of SCF and thermal free

SCF Energy
energies energies
Relative Relative Relative
Total (a.u.) Total (a.u.) Total (a.u.)
(kcal/mol) (kcal/mol) (kcal/mol)
Sla -1068.893722 0.62 -1068.590059 0.52 -1068.640871 0.20
S1b -1068.886212 5.33 -1068.583515 4.75 -1068.634999 3.89
Slc -1068.894711 0.00 -1068.590891 0.00 -1068.641194 0.00
S1d -1068.887256 4.68 -1068.584265 4.16 -1068.635527 3.56
Sle -1068.889121 3.51 -1068.585117 3.62 -1068.634090 4.46
S1f -1068.886260 5.30 -1068.582534 5.24 -1068.631676 5.97
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Table 10-2-9. Total energies and relative energies of S1a—S1f by M06-2X/6-31G(d) and M06-2X/6.311+G(2d,p).

M06-2X/6-31G(d) M06-2X/6-311+G(2d,p)
Total Energy Relative Energy Total Energy Relative Energy
(a.u.) (kcal/mol) (a.u.) (kcal/mol)
Sla | -1069.063960 0.21 -1069.361702 0.83
Stb | -1069.058455 3.67 -1069.356517 4.09
Ste | -1069.064297 0.00 -1069.363030 0.00
Sid | -1069.058623 3.56 -1069.356969 3.80
Ste | -1069.056530 4.87 -1069.355200 491
SIf | -1069.054712 6.01 -1069.352959 6.32
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10-2-5. Metal Carbene Complex

{)(,\.(X ,

SS1a SS1b SS1c SS1d

(a) On the Opposite Side to the Phenyl Group of the Catalyst (S2a—S2d).

SS1e SS1f SS1g SS1h

(b) Co-planar to the Phenyl Group of the Catalyst (SS1e-SS1h).

EAKE

SS1i SS1j SS1k SS11

(c) On the Same Side to the Phenyl Group of the Catalyst (SS1i—-SS11).

Figure 10-2-9. Comparison of the Possible Coordination Models of the Metal-carbene Complex of Ru(Il)-Pheox

with CH3CN Coordination.
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Table 10-2-10. Relative Energies and Dihedral Angles of the Metal-carbene Complexes SS1a—SS11.

Conformer Relative energy Dihedral angle (°)
(kcal/mol) C(Ph)-C(Ph)-Ru=C | C(Ph)-Ru=C-C(=0) Ru=C-C=0
SS1a 3.90 -85.5 97.0 -1.9
SS1b 6.74 -86.6 101.1 168.5
SS1c 1.27 -79.1 -175.8 1.8
SS1d 3.22 -78.9 -178.0 -180.0
SSle 7.34 1.1 178.8 0.9
SS1f 8.76 5.9 177.5 -177.2
SS1g 26.36 -42.0 59.1 -7.0
SS1h 31.17 -48.1 72.5 152.7
SSTi 5.86 87.2 -94.8 -0.2
SS1j 8.43 86.4 -94.2 175.8
SS1k 0.00 83.8 179.2 1.4
SS11 0.90 84.0 179.1 178.8
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Table 10-1-11. SCF and their corrected energies of SS1a—SS11.

SCF Energy Sum of SCF and zero-point | Sum of SCF and thermal
energies free energies
Total (a.u.) Relative Total (a.u.) Relative Total (a.u.) Relative
(kcal/mol) (kcal/mol) (kcal/mol)

SS1a | -1334.537241 3.90 -1334.132768 4.17 -1334.195980 5.64
SS1b | -1334.532711 6.74 -1334.128883 6.60 -1334.193962 7.47
SS1c | -1334.541440 1.27 -1334.136448 1.86 -1334.199807 3.24
SS1d | -1334.538333 3.22 -1334.133856 3.48 -1334.198115 4.30
SS1e | -1334.531763 7.34 -1334.126831 7.89 -1334.190625 9.00
SS1f | -1334.501444 26.36 -1334.096969 26.62 -1334.159502 28.52
SS1g | -1334.493784 31.17 -1334.089437 31.35 -1334.151001 33.86
SS1h | -1334.529500 8.76 -1334.124610 9.28 -1334.188743 10.18
SS1i | -1334.534126 5.86 -1334.129726 6.07 -1334.194973 6.27
SS1j | -1334.530023 8.43 -1334.125349 8.82 -1334.189025 10.00
SS1k | -1334.543457 0.00 -1334.139406 0.00 -1334.204966 0.00
SS11 | -1334.542020 0.90 -1334.137795 1.01 -1334.202471 1.57
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10-3.  Ru(I)-Pheox Iz LD EFREMETT VT ® T — NMEORE TN
v 7a AV R

General: All reactions were performed under an atmosphere of argon unless otherwise noted.
Dichloromethane (CH>Cly) was purchased from Kanto Chemical Co., Inc.. All reactions were
monitored by thin layer chromatography (TLC), glass plates pre-coated with silica gel Merck KGaA
60 Fass, layer thickness 0.2 mm. The products were visualized by irradiation with UV light or by
treatment with a solution of phosphomolybdic acid or by treatment with a solution of
p-anisaldehyde. Flash column chromatography was performed using silica gel (Merck, Art. No.
7734). 'TH NMR (500 MHz, 400 MHz) and '*C NMR (125 MHz, 100 MHz) spectra were recorded
on JEOL JNM-ECX500, JEOL JNM-ECS400 spectrometer. Chemical shifts are reported as o values
(ppm) relative to CDCI3 (7.26 ppm). Elemental analyses were measured on a Yanaco CHN
CORDER MT-6. Optical rotations were performed with a JASCO P-1030 polarimeter at the sodium
D line (1.0 ml sample cell). Enantiomeric excesses were determined by high-performance liquid
chromatography (HPLC) analyses with a JASCO GULLIVER using Daicel CHIRALPAK or
CHIRALCEL columns. DART mass (positive mode) analyses were performed on a LC-TOF
JMS-T100LP.
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10-3-1. Preparation of Various a,B-Unsaturated Carbonyl Diazoacetates

Methyl-4-(2-diazoacetoxy)but-2-enoate

0 BrCH,COBr (1.5 equiv.)

Q HO. _O K,CO3 (2 equiv.
I _Pphs \[ j\ \OJ\/\/OH 2CO5 (2 equiv.)
o o oy CH:Cla reflux, 4h

CH,Cl,, 0 °C, overnight

Ts-NH-NH-Ts (1.5 equiv.)

0 (0]
“ J\/\/O\H/\Br DBU (2 equiv.) <o J~_o TN,
0 O

THF, 0 °C, 1h

To the mixture of methyl (triphenylphosphoranylidene)acetate (3.34 g, 10 mmol, 2.1 equiv.) in CH>Cl, (50
mL) was added glycolaldehyde (dimer) (0.57 g, 4.76 mmol, 1 equiv.) in CH>Cl, (6 mL) under atmosphere of
argon. After stirring for 4 h at 40 °C, the reaction mixture was concentrated under reduced pressure. The
residue was purified by flash chromatography with Hexane/EtOAc to give methyl (F)-4-hydroxybut
-2-enoate as colorless oil (72% yield, 792.7 mg, 6.8 mmol). 'H NMR (400 MHz , CDCl5) & 7.05 (dt, J = 3.97,
15.56 Hz, 1H), 6.15-6.08 (m, 1H), 4.38-4.33 (m, 2H), 3.74 (s, 3H) ppm.

To a stirred suspension of K>CO; (1.38 g, 10 mmol, 2 equiv.) in CH>Cl, (30 mL) was added methyl
(E)-4-hydroxybut-2-enoate (580.6 mg, 5.0 mmol, 1 equiv.) at 0°C under atmosphere of argon. To this mixture
was added bromoacethyl bromide (1.3 mL, 15 mmol, 3 equiv.) dropwise over 2 min. After stirring at 0 °C
overnight, the reaction mixture was quenched with distilled water (5 mL) and extracted with CH>Cl, (3 x 30
mL). The residue was purified by flash chromatography with Hexane/EtOAc to give methyl
(E)-4-(2-bromoacetoxy)but-2-enoate as brown oil.

To the mixture of methyl 4-(2-bromoacetoxy)but-2-enoate (346.3 mg, 1.46 mmol, 1 equiv.) and
1,2-ditosylhydrazine (745.5 mg, 2.19 mmol, 1.5 equiv.) in THF (10 mL) was added DBU (0.44 mL, 2.92
mmol, 2.0 equiv.) dropwise over 2 min at 0 °C under atmosphere of argon. After stirring at 0 °C for 1 h, the
reaction mixture was concentrated under reduced pressure. The residue was purified by flash
chromatography with Hexane/EtOAc and isolated by solid-liquid extraction to give diazo compound as a
yellow oil (62% yield, 154.2 mg, 0.9 mmol). 'H NMR (400 MHz , CDCls) 8 6.95 (dt, J = 15.56, 4.58 Hz, 1H),
6.00 (d, J=15.56 Hz, 1H), 4.76-4.85 (m, 3H), 3.74 (s, 3H) ppm. *C NMR (100 MHz, CDCls) § 166.1, 141.3,
121.6, 62.6, 51.7,46.2. HRMS (DART) calcd for C;H12N304 [M+NH4]": 202.0827 found: 202.0829.
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Ethyl (E)-4-(2-diazoacetoxy)but-2-enoate

BrCH,COBr (1.5 equiv.)
o K,COj3 (2 equiv.)

o HO._ O
_PPhg T l _~__OH
- OJ\/ * o~y CHaCla reflux 4h - OJ\/\/

CH,Cl,, 0 °C, overnight

Ts-NH-NH-Ts (1.5 equiv.)

0
J\/\/ Tl/\ DBU (2 equiv.) OJ\/\/OW]/*NQ
0

THF,0°C,1h

To the mixture of ethyl (triphenylphosphoranylidene)acetate (870.9 mg, 2.5 mmol, 2.1 equiv.) in CH>Cl, (8
mL) was added glycolaldehyde (dimer) (142.9 mg, 1.19 mmol, 1 equiv.) in CH,Cl, (6 mL) under atmosphere
of argon. After stirring for 4 h at 40 °C, the reaction mixture was concentrated under reduced pressure. The
residue was purified by flash chromatography with Hexane/EtOAc to give ethyl (E)-4-hydroxybut-2-enoate
as colorless oil (84% yield, 260.1 mg, 2.0 mmol). '"H NMR (400 MHz , CDCls) § 7.03 (dt, J = 3.97, 15.87 Hz,
1H), 6.10 (d, /= 15.87 Hz, 1H), 4.38-4.32 (m, 2H), 4.21 (q, J = 7.32 Hz, 2H), 1.29 (t, /= 7.02 Hz, 3H) ppm.
To a stirred suspension of K,CO; (552.8 mg, 4.0 mmol, 2 equiv.) in CH>Cl, (10 mL) was added ethyl
(E£)-4-hydroxybut-2-enoate (260.1 mg, 2.0 mmol, 1 equiv.) at 0°C under atmosphere of argon. To this mixture
was added bromoacethyl bromide (0.6 mL, 7.0 mmol, 3.5 equiv.) dropwise over 2 min. After stirring at 0 °C
overnight, the reaction mixture was quenched with distilled water (5 mL) and extracted with CH>CL (3 x 30
mL). The residue was purified by flash chromatography with Hexane/EtOAc to give ethyl
(E)-4-(2-bromoacetoxy)but-2-enoate as brown oil (77% yield, 387.4 mg, 1.5 mmol). 'H NMR (400 MHz,
CDCls) 6 6.93 (dt, J=4.59, 15.67 Hz, 1H), 6.07 (d, /= 15.67 Hz, 1H), 4.84 (dd, J = 2.29, 4.59 Hz, 2H), 4.22
(q,J=7.07 Hz, 2H), 3.89 (s, 3H), 1.30 (t, /= 6.88 Hz, 3H) ppm.

To a suspension of ethyl (E)-4-(2-bromoacetoxy)but-2-enoaate (387.4 mg, 1.54 mmol, 1 equiv.) and 1,
2-ditosylhydrazine (786.4 mg, 2.31 mmol, 1.5 equiv.) in THF (15 mL) was added DBU (0.46 mL, 3.08 mmol,
2.0 equiv.) at 0 °C under atmosphere of argon. Afeter stirring at 0 °C for 1 h, the reaction mixture was
quenched with NaHCO3 aq. and extracted with Et;O (3 x 30 mL). The organic layer was dried over Na,SOs,
and concentrayed under redused pressure. The residue was purified by flash chromatography with
Hexane/EtOAc to give diazo compound as yellow oil (57% yield, 174.6 mg, 0.88 mmol). 'H NMR (400
MHz, CDCl3) 6 6.93 (dt, J=4.59, 15.67 Hz, 1H), 6.01 (dt, J=1.91, 14.72 Hz, 1H), 4.80 (m, 3H), 4.21 (q, J
= 7.26 Hz, 2H), 1.30 (t, J = 7.02 Hz, 3H) ppm. *C NMR (100 MHz, CDCls) § 165.7, 141.0, 122.1, 62.7,
60.6, 46.2, 14.1. HRMS (DART) calcd for CsH14N304 [M+NH4]": 216.0984 found: 216.0986.
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Benzyl (E)-4-(2-diazoacetoxy)but-2-enoate

0

0 HO._ _O
PPh ~_-OH
©/\OJ\¢ 3 4+ \[ j\ CH,Cly, reflux, 4 h ©/\OJ\/\/
0~ “OH

BrCH,COBr (1.5 equiv.) Ts-NH-NH-Ts (1.5 equiv.)
K,CO3 (2 equiv.) DBU (2 equiv.)

O 0O
CH,Cl,, 0°C, 5 h @Aoj\/\/omﬁsr THF, 0°C, 3 h ©AOJ\/\/071ANQ
O (0]

To the mixture of benzyl 2-(triphenyl-A>-phosphoranylidene)acetate (891.3 mg, 2.17 mmol, 2.1 equiv.) in
CH,Cl, (7 mL) was added Glycolaldehyde (Dimer) (142.9 mg, 1.19 mmol, 1 equiv.) in CH>Cl, (5§ mL) under
atmosphere of argon. After stirring for 4 h at 40 °C, the reaction mixture was concentrated under reduced
pressure. The residue was purified by flash chromatography with Hexane/EtOAc to give benzyl
(E)-4-hydroxybut-2-enoate as colorless oil (98% yield, 387.5 mg, 2.0 mmol). "H NMR (500 MHz, CDCls) &
7.40-7.31 (m, 5H), 7.09 (dt, J = 3.82, 15.67 Hz, 1H), 6.16 (dt, J = 1.91, 15.67 Hz, 1H), 5.20 (s, 2H),
4.37-4.35 (m, 2H) ppm.

To a stirred suspension of K,CO; (469.9 mg, 3.4 mmol, 2 equiv.) in CH>CI; (10 mL) was added benzyl
(E)-4-hydroxybut-2-enoate (245.9 mg, 1.7 mmol, 1 equiv.) at 0°C under atmosphere of argon. To this mixture
was added bromoacethyl bromide (0.52 mL, 6.0 mmol, 3 equiv.) dropwise over 2 min. After stirring at 0 °C
for 5 h, the reaction mixture was quenched with distilled water (5 mL) and extracted with CH>CI> (3 x 30
mL). The reside was purified by flash chromatography with Hexane/EtOAc to give benzyl
(E)-4-(2-bromoacetoxy)but-2-enoate as brown oil (84% yield, 527.2 mg, 1.68 mmol). 'H NMR (500 MHz,
CDCls) 6 7.40-7.32 (m, SH), 6.98 (dt, J=4.59, 15.67 Hz, 1H), 6.13 (dt, /= 2.29, 15.67 Hz, 1H), 5.20 (s, 2H),
4.84 (dd, J=1.91, 4.59 Hz, 2H), 3.88 (s, 2H) ppm.

To the mixture of benzyl (F)-4-(2-bromoacetoxy)but-2-enoate (527.0 mg, 1.68 mmol, 1 equiv.) and
1,2-ditosylhydrazine (857.9 mg, 2.52 mmol, 1.5 equiv.) in THF (15 mL) was added DBU (0.5 mL, 3.36
mmol, 2.0 equiv.) dropwise over 2 min at 0 °C under atmosphere of argon. After stirring at 0 °C for 3 h, the
reaction mixture was quenched with NaHCO; aq. and extracted with Et,O (3 x 30 mL). The organic layer
was concentrated under reduced pressure. The residue was purified by flash chromatography with
Hexane/EtOAc and isolated by solid-liquid extraction to give diazo product as yellow oil (46% yield, 203.3
mg, 0.78 mmol). 'H NMR (500 MHz, CDCls) 6 7.42-7.31 (m, 5H), 6.99 (dt, J = 4.59, 15.67 Hz, 1H), 6.06 (dt,
J=1.91, 16.05 Hz, 1H), 5.19 (s, 2H), 4.73-4.89 (m, 3H) ppm. *C NMR (100 MHz, CDCl;) & 165.5, 141.7,
135.6, 128.5, 128.2, 121.7, 66.4, 62.6, 46.3. HRMS (DART) calcd for Ci3Hi¢N304 [M+NH4]": 278.1140
found: 278.1147.
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Methyl (E)-4-(2-diazoacetoxy)-2-methylbut-2-enoate

o BrCH,COBr (1.5 equiv.)
- PPh, HO.__O O K>CO3 (2 equiv.)
0 + \[ j\ ~ _~_OH
CH,Cly, reflux, 4 h 9) CH,Cl,, 0°C, 10 h
O~ OH

Ts-NH-NH-Ts (1.5 equiv.) o

(e}
DBU (2 equiv.)
o) THF,0°C, 1h S 2

To the mixture of methyl (£)-4-hydroxybut-2-enoate (871.0 mg, 2.5 mmol, 2.1 equiv.) in CH>Cl, (9 mL) was

added glycolaldehyde (dimer) (144.12 mg, 1.2 mmol, 1 equiv.) in CH>Cl, (6 mL) under atmosphere of argon.
After stirring for 4 h at 40 °C, the reaction mixture was concentrated under reduced pressure. The residue
was purified by flash chromatography  with Hexane/EtOAc to give methyl
(E)-4-hydroxy-2-methylbut-2-enoate as colorless oil (62% yield, 192.0 mg, 1.47 mmol). 'H NMR (500 MHz,
CDCl3) 8 6.84-6.81 (m, 1H), 4.37 (t,J=5.35 Hz, 2H), 3.75 (s, 3H), 1.85 (s, 3H) ppm.

To a stirred suspension of K>COs (409.1 mg, 3.0 mmol, 2 equiv.) in CH>Cl; (10 mL) was added methyl
(E)-4-hydroxy-2-methylbut-2-enoate (192.0 mg, 1.5 mmol, 1 equiv.) at 0°C under atmosphere of argon. To
this mixture was added bromoacethyl bromide (0.38 mL, 4.4 mmol, 3 equiv.) dropwise over 2 min. After
stirring at 0 "C for 10 h, the reaction mixture was quenched with distilled water (5 mL) and extracted with
CH,Cl; (3 x 30 mL) to give methyl (E)-4-(2-bromoacetoxy)-2-methylbut-2-enoate as yellow oil. 'H NMR
(500 MHz, CDCl3) 6 6.76-6.72 (m, 1H), 4.85 (d, J = 6.12 Hz, 2H), 3.87 (s, 2H), 3.77 (s, 3H), 1.91 (s, 3H)
ppm.

To the mixture of methyl (£)-4-(2-bromoacetoxy)-2-methylbut-2-enoate (371.6 mg, 1.48 mmol, 1 equiv.) and
1,2-ditosylhydrazine (755.7 mg, 2.22 mmol, 1.5 equiv.) in THF (10 mL) was added DBU (0.44 mL, 3.0
mmol, 2.0 equiv.) dropwise over 2 min at 0 °C under atmosphere of argon. After stirring at O °C for 1 h, the
reaction mixture was quenched with NaHCO; aq. and extracted with Et,O (3 x 30 mL). The organic layer
was concentrated under reduced pressure. The residue was purified by flash chromatography with
Hexane/EtOAc and isolated by solid-liquid extraction to give diazo compound as yellow oil (20% yield, 59.0
mg, 0.3 mmol). '"H NMR (500 MHz, CDCls) § 6.74 (t, J = 6.10 Hz, 1H), 4.84 (d, J = 6.10 Hz, 2H), 4.78 (s,
1H), 3.75 (s, 3H), 1.89 (s, 3H) ppm. 3C NMR (100 MHz, CDCls) § 167.6, 134.8, 130.5, 61.2, 52.0, 46.2,
12.8. HRMS (DART) calcd for CsH11N>O4 [M+H]™: 199.0718 found: 199.0715.
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Ethyl (E)-4-(2-diazoacetoxy)-2-methylbut-2-enoate

0o BrCH,COBr (1.5 equiv.)

o~ PPhs HO._ O 0 K,CO3 (2 equiv.)
8 SR G BIEror P
o ~op CHCla reflux, 4 h 0 CH,Cl,, 0°C, 2 h

Ts-NH-NH-Ts (1.5 equiv.)

o} o
DBU (2 equiv.) o
P = o B /\O = ~N
OJH/\/ \([)]/\ r - . OC’ . \([)]/\ )

To the mixture of ethyl 2-(triphenyl-A’>-phosphanylidene)propanoate (905.4 mg, 2.5 mmol, 2.1 equiv.) in
CH,Cl, (8 mL) was added glycolaldehyde (dimer) (142.9 mg, 1.2 mmol, 1 equiv.) in CH,Cl, (6 mL) under

atmosphere of argon. After stirring for 4 h at 40 °C, the reaction mixture was concentrated under reduced
pressure. The residue was purified by flash chromatography with Hexane/EtOAc to give ethyl
(E)-4-hydroxy-2-methylbut-2-enoate as colorless oil (72% yield, 245.9 mg, 1.71 mmol). 'H NMR (500 MHz,
CDCl3) 6 6.84-6.81 (m, 1H), 4.37 (t, J = 5.35 Hz, 2H), 4.21 (q, J = 7.26 Hz, 2H), 1.85 (q, J = 1.15 Hz, 3H),
1.31(t, J = 6.88 Hz, 3H) ppm.

To a stirred suspension of K,CO; (469.9 mg, 3.4 mmol, 2 equiv.) in CH>Cl, (10 mL) was added ethyl
(E)-4-hydroxy-2-methylbut-2-enoate (245.9 mg, 1.7 mmol, 1 equiv.) at 0°C under atmosphere of argon. To
this mixture was added bromoacethyl bromide (0.22 mL, 2.6 mmol, 1.5 equiv.) dropwise over 2 min. After
stirring at 0 °C for 2 h, the reaction mixture was quenched with distilled water (5 mL) and extracted with
CHxCl; (3 x 30 mL). The residue was purified by flash chromatography with Hexane/EtOAc to give ethyl
(E)-4-(2-bromoacetoxy)-2-methylbut-2-enoate as yellow oil (45% yield, 201.0 mg, 0.76 mmol). '"H NMR
(500 MHz, CDCl3) & 6.76-6.72 (m, 1H), 4.85 (d, J = 6.12 Hz, 2H), 4.22 (q, J = 7.26 Hz, 2H), 3.87 (s, 2H),
1.91 (s, 3H), 1.31 (t, J=7.26 Hz, 3H) ppm.

To the mixture of ethyl (£)-4-(2-bromoacetoxy)-2-methylbut-2-enoate (201.0 mg, 0.76 mmol, 1 equiv.) and
1,2-ditosylhydrazine (388.0 mg, 1.14 mmol, 1.5 equiv.) in THF (7 mL) was added DBU (0.23 mL, 1.52
mmol, 2.0 equiv.) dropwise over 2 min at 0 °C under atmosphere of argon. After stirring at 0 °C for 1 h, the
reaction mixture was quenched with NaHCO; aq. and extracted with Et,O (3 x 30 mL). The organic layer
was concentrated under reduced pressure. The residue was purified by flash chromatography with
Hexane/EtOAc and isolated by solid-liquid extraction to give diazo compound as yellow oil (64% yield,
103.7 mg, 0.49 mmol). "H NMR (500 MHz, CDCls) § 6.76-6.72 (m, 1H), 4.84 (d, J = 6.50 Hz, 2H), 4.78 (s,
1H), 4.21 (q, J = 6.88 Hz, 2H), 1.90 (s, 3H), 1.30 (t, J = 7.26 Hz, 3H) ppm. *C NMR (100 MHz, CDCl;) &
167.2, 134.4, 130.9, 61.2, 60.9, 14.21, 12.8. HRMS (DART) calcd for CoHisN3O4 [M+NH4]": 230.1140
found: 230.1140.
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Benzyl (E)-4-(2-diazoacetoxy)-2-methylbut-2-enoate

o)

CH,Cl,, reflux, 4 h
OH

0]

(0]
HO
i: /\O)J\fpphs . \[
(0]

BrCH,COBr (1.5 equiv.) o Ts-NH-NH-Ts (1.5 equiv.)

(0]
K,CO3 (2 equiv.) DBU (2 equiv.) o
- OJH/\/O\H/\BF o = \H/§N2
CH,Cl,,0°C, 2 h S THF, 0°C, 1 h 5

To the mixture of benzyl 2-(triphenyl-A>-phosphanylidene)propanoate (1.698 g, 4 mmol, 2.1 equiv.) in
CH,Cl, (14 mL) was added glycolaldehyde (dimer) (228.2 mg, 1.9 mmol, 1 equiv.) in CH,Cl, (10 mL) under
atmosphere of argon. After stirring for 4 h at 40 °C, the reaction mixture was concentrated under reduced
pressure. The residue was purified by flash chromatography with Hexane/EtOAc to give benzyl
(E)-4-hydroxy-2-methylbut-2-enoate as colorless oil (68% yield, 532.1 mg, 2.58 mmol). '"H NMR (500 MHz,
CDCls) 6 7.41-7.30 (m, 5H), 6.90-6.87 (m, 1H), 5.20 (s, 2H), 4.37 (d, J= 5.73 Hz, 2H), 1.87 (s, 3H) ppm.

To a stirred suspension of K,CO; (442.3 mg, 3.2 mmol, 2 equiv.) in CH>Cl, (10 mL) was added ethyl
(E)-4-hydroxy-2-methylbut-2-enoate (532.0 mg, 1.6 mmol, 1 equiv.) at 0°C under atmosphere of argon. To
this mixture was added bromoacethyl bromide (0.21 mL, 2.4 mmol, 1.5 equiv.) dropwise over 2 min. After
stirring at 0 °C for 2 h, the reaction mixture was quenched with distilled water (5 mL) and extracted with
CH,Cl; (3 x 30 mL). The residue was purified by flash chromatography with Hexane/EtOAc to give benzyl
(E)-4-(2-bromoacetoxy)-2-methylbut-2-enoate as yellow oil. 'H NMR (500 MHz, CDCl;) § 7.41-7.32 (m,
5H), 6.80-6.76 (m, 1H), 5.20 (s, 2H), 4.85 (d, J= 6.50 Hz, 2H), 3.86 (s, 2H), 1.93 (s, 3H) ppm.

To the mixture of benzyl (E)-4-(2-bromoacetoxy)-2-methylbut-2-enoate (526.5 mg, 1.61 mmol, 1 equiv.) and
1,2-ditosylhydrazine (822.1 mg, 2.42 mmol, 1.5 equiv.) in THF (15 mL) was added DBU (0.48 mL, 3.22
mmol, 2.0 equiv.) dropwise over 2 min at 0 °C under atmosphere of argon. After stirring at 0 °C for 1 h, the
reaction mixture was quenched with NaHCOs aq. and extracted with Et;O (3 x 30 mL). The organic layer
was concentrated under reduced pressure. The residue was purified by flash chromatography with
Hexane/EtOAc and isolated by solid-liquid extraction to give diazo compound as yellow oil (49% yield,
214.9 mg, 0.78 mmol). 'H NMR (500 MHz, CDCls) 8 7.41-7.30 (m, 5H), 6.81-6.75 (m, 1H), 5.20 (s, 2H),
4.84 (d, J = 6.10 Hz, 2H), 4.78 (s, 1H), 1.92 (s, 3H) ppm. *C NMR (100 MHz, CDCl;) § 166.9, 135.8, 135.1,
130.6, 128.5, 128.2, 128.1, 66.6, 61. 2, 30.9, 12.9. HRMS (DART) calcd for Ci4HisN,O4 [M+H]": 275.1031
found: 275.1035.
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Ethyl (E)-2-benzyl-4-(2-diazoacetoxy)but-2-enoate

BrCH,COBr (1.5 equiv.)

O
/\o PPh3 . HO\[OJ\ PN OH K>COg3 (2 equiv.)
2
o OH CHQC|2, reflux, 4 h O CHchQ, 0 OC, 2h

(0] Ts-NH-NH-Ts (1 5 equiv.) (0]
DBU (2 equiv.)
TI/\ \ﬂ/\Nz
THF,0°C, 1 h

To the mixture of ethyl 3-phenyl-2-(triphenyl-A’>-phosphanylidene)propanoate (1183.9 mg, 2.7 mmol, 2.1

equiv.) in CH»Cl, (15 mL) was added glycolaldehyde (dimer) (154.9 mg, 1.3 mmol, 1 equiv.) under
atmosphere of argon. After stirring for 4 h at 40 °C, the reaction mixture was concentrated under reduced
pressure. The residue was purified by flash chromatography with Hexane/EtOAc to give ethyl
(E)-2-benzyl-4-hydroxybut-2-enoate as colorless oil (51% yield, 289.6 mg, 1.31 mmol). 'H NMR (500 MHz,
CDCl3) 6 7.29-7.13 (m, 5H), 6.99 (t, /= 6.12 Hz, 1H), 4.43 (t, /= 6.12 Hz, 2H), 4.17 (q, J = 7.26 Hz, 2H),
3.68 (s, 2H), 1.24 (t, J=7.26 Hz, 3H) ppm.

To a stirred suspension of K>COs (359.3 mg, 2.6 mmol, 2 equiv.) in CH>Cl, (5 mL) was added ethyl
(E)-2-benzyl-4-hydroxybut-2-enoate (286.9 mg, 1.3 mmol, 1 equiv.) at 0 °C under atmosphere of argon. To
this mixture was added bromoacethyl bromide (0.34 mL, 5.2 mmol, 3.0 equiv.) dropwise over 2 min. After
stirring at 0 °C for 2 h, the reaction mixture was quenched with distilled water (5 mL) and extracted with
CH,Cl; (3 x 30 mL). The residue was purified by flash chromatography with Hexane/EtOAc to give ethyl
(E)-2-benzyl-4-(2-bromoacetoxy)but-2-enoate as yellow oil (82% yield, 365.2 mg, 1.07 mmol). 'H NMR
(500 MHz, CDCls) ¢ 7.30-7.15 (m, 5H), 6.89 (t, J = 6.41 Hz, 1H), 4.91 (d, J = 6.41 Hz, 2H), 4.18 (q, J =
7.32 Hz, 2H), 3.84 (s, 2H), 3.73 (s, 2H), 1.25 (t,J=7.02 Hz, 3H) ppm.

To the mixture of ethyl (£)-2-benzyl-4-(2-bromoacetoxy)but-2-enoate (365.2 mg, 1.07 mmol, 1 equiv.) and
1,2-ditosylhydrazine (546.4 mg, 1.61 mmol, 1.5 equiv.) in THF (10 mL) was added DBU (0.32 mL, 2.14
mmol, 2.0 equiv.) dropwise over 2 min at 0 °C under atmosphere of argon. After stirring at 0 °C for 1 h, the
reaction mixture was quenched with NaHCO; aq. and extracted with Et,O (3 x 30 mL). The organic layer
was concentrated under reduced pressure. The residue was purified by flash chromatography with
Hexane/EtOAc and isolated by solid-liquid extraction to give diazo compound as yellow oil (72% yield,
221.5 mg, 0.77 mmol). 'H NMR (500 MHz, CDCls) § 7.36-7.16 (m, 5H), 6.89 (t, J = 6.41 Hz, 1H), 4.91 (d, J
= 6.41 Hz, 2H), 4.78 (s, 1H), 4.17 (q, J = 7.32 Hz, 2H), 3.72 (s, 2H), 1.24 (t, J = 7.93 Hz, 3H) ppm. 1*C
NMR (100 MHz, CDCl3) 6 166.6, 138.4, 135.9, 134.0, 128.4, 128.2, 126.2, 61.1, 61.0, 46.3, 32.8, 14.1.
HRMS (DART) calcd for C;sH2oN304 [M+NH4]": 306.1453 found: 306.1452.
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4-benzylamino-4-oxobut-2-en-1-yl 2-diazoacetate

o
AICl; (1 mol%)

o)
. N, _~_o_o_ GliEma% " M ~_o_o
H CH,Cl,, 40°C, 20h H U MeOH, RT, 20h

0o BrCH,COBr (1.5 equiv.)

(0]
K,CO3 (2 equiv.)
= OH 2-~3
NJJ\/\/ . NJJ\/\/O\H/\Br
H CH2CI2,00,1.5h H o

Ts-NH-NH-Ts (1.5 equiv.)

o)
DBU (2 equiv.) J\%\/O X
CrT

THF , 0°C, 10min

To a mixture of N-benzylacrylamide (201.5 mg, 1.3 mmol, 1 equiv.) and 2-(allyloxy)tetrahydro-2H-pyran
(222.0 mg, 1.56 mmol, 1.25 equiv.) in CH>Cl» (15 mL) was added G-II catalyst (53.0 mg, 0.06 mmol, 5
mol%). After stirring for 20 h at 40 °C, the reaction mixture filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography  with  Hexane/EtOAc to  give
N-benzyl-4-((tetrahydro-2H-pyran-2-yl)oxy)but-2-enamide as colorless oil (47% yield, 163.4 mg, 0.59
mmol). To mixture of N-benzyl-4-((tetrahydro-2H-pyran-2-yl)oxy)but-2-enamide (163.4 mg, 0.5 mmol, 1
equiv.) and AICI3 (0.63 mg, 0.005 mmol, 1 mol%) was added CH30H (120.5 mg, 3.8 mmol, 8 equiv.) at
room temperature. After stirring for 20 h at room temperature, the reaction mixture concentrated under
reduced pressure. The residue was purified by flash chromatography with Hexane/EtOAc to give
N-benzyl-4-hydroxybut-2-enamide as colorless oil (95% yield, 85.5 mg, 0.45 mmol). 'H NMR (400 MHz ,
CDCl3) 6 7.37-7.27 (m, 5H), 7.02-6.93 (m, 1H), 6.09 (d, J = 2.14 Hz, 1H), 5.75 (brs, 1H), 4.53 (d, J = 5.80
Hz, 2H), 4.39-4.83 (m, 2H) ppm.

To a stirred suspension of KoCOs (124.4 mg, 0.9 mmol, 2 equiv.) in CH,Cl, (4 mL) was added
N-benzyl-4-hydroxybut-2-enamide (85.5 mg, 0.5 mmol, 1 equiv.) at 0°C under atmosphere of argon. To this
mixture was added bromoacethyl bromide (136.2 mg, 0.7 mmol, 1.5 equiv.) dropwise over 2 min. After
stirring at 0 °C for 1.5 h, the reaction mixture filtered and concentrated under reduced pressure to give
4-benzylamino-4-oxobut-2-en-1-yl 2-bromoacetate as yellow oil. '"H NMR (400 MHz , CDCls) § 7.50-7.23
(m, 5H), 7.01-6.89 (m, 1H), 6.20 (d, J = 16.17 Hz, 1H), 4.84 (d, J = 3.66 Hz, 2H), 4.53 (s, 2H), 3.88 (s, 2H)
ppm.

To a mixture of 4-benzylamino-4-oxobut-2-en-1-yl 2-bromoacetate (140.5 mg, 0.45 mmol, 1 equiv.) and
1,2-ditosylhydrazine (229.8 mg, 0.68 mmol, 1.5 equiv.) in THF (3 mL) was added DBU (137.0 mg, 0.9

mmol, 2.0 equiv.) dropwise over 2 min at 0 °C under atmosphere of argon. After stirring at 0 °C for 10 min,
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the reaction mixture concentrated under reduced pressure. The residue was purified by flash chromatography
with Hexane/EtOAc to give diazo compound as yellow oil (18% yield, 21.2 mg, 0.08 mmol). 'H NMR (400
MHz , CDCl;) & 7.37-7.27 (m, SH), 6.89 (dt, J = 15.26, 4.88 Hz, 1H), 5.98 (d, J=15.26 Hz, 1H), 4.82 (d,J
= 4.88 Hz, 2H), 4.79 (s, 1H), 4.52 (d, J = 5.80 Hz, 2H) ppm. *C NMR (100 MHz, CDCl;) § 164.6, 137.8,

137.4, 128.7, 127.9, 127.6, 124.3, 62.9, 46.3, 43.7. HRMS (DART) calcd for Ci3H;7N4O3 [M+NH4]*: 277.1300
found: 277.1300.
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4-(Benzyl(methyl)amino)-4-oxobut-2-en-1-yl 2-diazoacetate

CHjl (1.02 equw) (0]
NaH (1.05 equiv.) . N _~_o_o AICl; (1 mol%)
dry THE, RT, 800 | CH;OH. RT, 20n

0 BrCH,COBr (1.5 equiv.)

NJJ\/\/OH K2CO3 (2 equiv.) ©/\|J\/\/ \n/\Br
: |

CH2CI2, 0°C, 1.5h

Ts-NH-NH-Ts (1.5 equiv.)

o)
DBU (2 equiv.) NJ\/\/O SN
O T

THF , 0°C, 30 min

To a mixture of N-benzyl-4-((tetrahydro-2H-pyran-2-yl)oxy)but-2-enamide (256.0 mg, 0.93 mmol, 1 equiv.)
in THF (12 mL) and NaH (39.2 mg, 0.98 mmol, 1.05 equiv.) was added CH3I (145.2 mg, 1.02 mmol, 1.1
equiv.) at 0°C. After stirring for 1 h at 0 °C and wormed up to RT. After stirring at RT for 80 h, the reaction
mixture was quenched with distilled water (2 mL) and the aqueous layer was extracted with CH>Cl, (2 x 60
mL). The organic layer was dried over Na,SO4, and concentrated under reduced pressure to give
N-benzyl-N-methyl-4-((tetrahydro-2H-pyran-2-yl)oxy)but-2-enamide as colorless oil (96% yield, 91.2 mg,
0.32 mmol).

To mixture of N-benzyl-N-methyl-4-((tetrahydro-2H-pyran-2-yl)oxy)but-2-enamide (152.8 mg, 0.53 mmol, 1
equiv.) and AICl; (0.7 mg, 0.005 mmol, 1 mol%) was added Methanol (135.8 mg, 4.24 mmol, 8 equiv.).
After stirring at RT for 24 h, the reaction mixture concentrated under reduced pressure to give
N-benzyl-4-hydroxy-N-methylbut-2-enamide as colorless oil (66% yield, 72.2 mg, 0.35 mmol). '"H NMR
(400 MHz, CDCls) & 7.41-7.13 (m, 5H), 6.97-7.07 (m, 1H), 6.60 (brd, J = 17.09 Hz, 0.5H), 6.55(brd, J =
15.26 Hz, 0.5H), 4.66 (s, 1H), 4.62(s, 1H), 4.39(brs, 1H), 4.34(brs, 1H), 3.01(brs, 1.5H), 3.00(brs, 1.5H)
ppm.

To a stirred suspension of K,CO; (107.8 mg, 0.78 mmol, 2 equiv.) in CH>Cl, (2 mL) was added
N-benzyl-4-hydroxy-N-methylbut-2-enamide (80.7 mg, 0.39 mmol, 1 equiv.) at 0 °C under atmosphere of
argon. To this mixture was added bromoacethyl bromide (0.05 mL, 0.58 mmol, 1.5 equiv.) dropwise over 2
min. After stirring at 0 °C for 1.5 h, the reaction mixture filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography with  Hexane/EtOAc to  give
4-(benzyl(methyl)amino)-4-oxobut-2-en-1-yl 2-bromoacetate as yellow oil (83% yield, 89.2 mg, 0.27 mmol).
"H NMR (400 MHz , CDCls) & 7.48-7.13 (m, 5H), 6.83-7.03 (m, 1H), 6.60 (d, J= 15.56 Hz, 0.5H), 6.52(d, J
=15.26 Hz, 0.5H), 4.89-4.85(m, 1H), 4.84-4.80 (m, 1H), 4.66 (s, 1H), 4.59 (s, 1H), 3.88(s, 1H), 3.79 (s, 1H),
3.02(s, 1.5H), 3.00(s, 1.5H) ppm.

To a mixture of 4-(benzyl(methyl)amino)-4-oxobut-2-en-1-yl 2-bromoacetate (89.2 mg, 0.27 mmol, 1 equiv.)
and 1,2-ditosylhydrazine (137.8 mg, 0.41 mmol, 1.5 equiv.) in THF (4 mL) was added DBU (82.2 mg, 0.54
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mmol, 2.0 equiv.) dropwise over 2 min at 0 °C under atmosphere of argon. After stirring at 0 °C for 30 min,
the reaction mixture concentrated under reduced pressure. The residue was purified by flash chromatography
with Hexane/EtOAc and isolated by solid-liquid extraction to give desired product as yellow oil (33% yield,
24.0 mg, 0.088 mmol). "H NMR (400 MHz , CDCl3) § 7.11-7.41 (m, 5H), 6.84-7.00 (m, 1H), 6.51(brd, J =
15.26 Hz, 0.5H), 6.44(brd, J = 15.26 Hz, 0.5H), 4.83-4.87 (m, 1H), 4.77-4.81(m, 1H), 4.74 (brs, 1H), 4.66(s,
1H), 4.58(s, 1H), 3.01(s, 1.5H), 2.99(s, 1.5H) ppm. *C NMR (100 MHz, CDCls) & 166.2, 165.6, 138.6,
138.5, 136.9, 136.4, 128.8, 128.5, 128.0, 127.7, 127.3, 126.3, 121.7, 121.7, 63.4, 63.3, 53.4, 51.0, 46.2, 34.8,
34.1. HRMS (DART) calcd for C14H19N4sO3 [M+NH4]": 291.1457 found: 291.1458.
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(E)-4-(methoxy(methyl)amino)-4-oxobut-2-en-1-yl 2-diazoacetate

CICO,Et (1 equiv.)

0 . : 9] triethylamine (1 equiv.)
| . Moo H Pyridine (2.2 equiv.) Ve, J\/\H/OH CHCI3, RT, 24 h
0]
Ohe CHCl,, RT, 24 h OMe 5 NaBH, (2 equiv.)
5 H,O/THF (1/1 (v/v))
0°C,1h

o] BrCH,COBr (1.5 equiv.) 0 Ts-NH-NH-Ts (1.5 equiv.)
Me\NJ\/\/OH K,CO3 (2 equiv.) Me\NJ\/\/O\n/\Br DBU (2 equiv.)
|

OMe CH,Cl,, 0°C, 0.5 h OMe o THF, 0°C, 1 h

o}
Me . = O
eNéJI\/\/\n/\

N N2
Me O

To a solution of maleic anhydride (1.96 g, 20 mmol, 1 equiv.) and dimethylhydroxyamine hydrochloride
(2.15 g, 22 mmol, 1.1 equiv.) in CHCI; (30 mL) was added prydine (3.55 mL, 44 mmol, 2.2 equiv.) dropwise
over 1 h. After stirring at room temperature for 26 h, the reaction mixture was concentrated under reduced
pressure. The residue was added diluted water (10 mL) and extracted with CH>Cl, (4 x 30 mL). The organic
layer was dried over Na,SQO4, and concetrated under redused pressure. Crystrallization from EtOAc/Hexane
afforded the desired product as a white solid (62% yield, 1.97 g, 12.4 mmol). 'H NMR (400 MHz, CDCl;) &
7.55(d, 1H, J=15.54 Hz), 6.92 (d, 1H, J=15.56 Hz), 3.76 (s, 3H), 3.31 (s, 3H) ppm.

To a stirred suspension of (£)-4-(methoxy(methyl)amino)-4-oxobut-2-enoic acid (1.59 g, 10 mmol, 1 equiv.)
and triethyamine(1.4 mL, 10 mmol, 1 equiv.) in THF (25 mL) was added ethyl choroform (0.96 mL, 10
mmol, 1 equiv.) in THF (5 mL) dropwise over 5 min at —10 °C under atmosphere of argon. After stirring at 0
°C for 1 h, the mixture was added diluted water under reduced pressure to provide the corresponding
anhydride product. To a mixture of NaBH4 (0.76 g, 20 mmol, 2 equiv.) in THF (15 mL) and diluted water (15
mL) was added anhydride in THF (5 mL) at 0 °C. After stirring at 0 °C for 1 h, the reaction mixture was
concentrated under reduced pressure. The pH of the residue was adjusted to 7.0 with concentrated HCI at 0
°C. The aqueous layer was extracted with CH>Cl, (5 x 30 mL). The organic layer was dried over Na,SO4, and
concentrated under reduced pressure. The residue was purified by flash chromatography with
CH:Cly/acetone to give (E)-4-hydroxy-N-methoxy-N-methylbut-2-enamide as colorless oil (43% yield, 623.2
mg, 4.3 mmol). '"H NMR (500 MHz, CDCl;) & 7.06 (dt, J = 3.82, 15.67 Hz, 1H), 6.69 (d, J = 14.91 Hz, 1H),
4.42-4.36 (m, 2H), 3.71 (s, 3H), 3.26 (s, 3H).

To a stirred suspension of K,COs; (1.105 g, 6 mmol, 2 equiv.) in dichloromethane (5 mL) was added
(E)-4-hydroxy-N-methoxy-N-methylbut-2-enamide (0.581 g, 4 mmol, 1 equiv.) in dichloromethane (2 mL) at
0 °C under atmosphere of argon. To this mixture was added bromoacethyl bromide (0.52 g, 8 mmol, 1.5
equiv.) dropwise over 2 min. After stirring at 0 °C for 0.5 h, the reaction mixture was quenched with distilled

water (0.5 mL) and extracted with CH»Cl, (3 x 100mL). The organic layer was dried over Na,SO4, and
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concentrated under reduced pressure to give (£)-4-(methoxy(methyl)amino)-4-oxobut-2-en-1-yl
2-bromoacetate as colorless oil (86% yield, 915.3 mg, 3.4 mmol). '"H NMR (500 MHz, CDCl;) § 6.94 (dt, J =
4.97,15.29 Hz, 1H), 6.68 (d, J = 15.67 Hz, 1H), 4.87 (d, J = 4.59 Hz, 2H), 3.89 (s, 2H), 3.71 (s, 3H), 3.26 (s,
3H).

To a mixture of (£)-4-(methoxy(methyl)amino)-4-oxobut-2-en-1-yl 2-bromoacetate (859.4 mg, 3.2 mmol, 1
equiv.) and 1,2-ditosylhydrazine (1.64 g, 4.8 mmol, 1.5 equiv.) in THF (10 mL) was added DBU (0.96 mL,
6.44 mmol, 2.0 equiv.) dropwise over 2 min at 0 °C under atmosphere of argon. After stirring at 0 °C for 10
min, the reaction mixture was quenched with NaHCOs aq. and extracted with Et;O (3 x 100 mL). The
organic layer was dried over Na,SQO4, and concentrated under reduced pressure. The residue was purified by
flash chromatography with Hexane/Acetone to give diazo compound as yellow oil (55 % yield, 377.5 mg,
1.77 mmol). "H NMR (400 MHz, CDCl;) & 6.96 (td, J = 4.88, 15.56 Hz, 1H), 4.89 (d, J = 15.26 Hz, 1H),
4.86 (d, 4.88 Hz, 1H), 4.83 (brs, 1H), 3.71 (s, 3H), 3.26 (s, 3H) ppm. *C NMR (100 MHz, CDCl3) 8 165.7,
139.4, 119.9, 63.3, 61.7, 46.2, 32.2. HRMS (DART) calcd for CsH12N304 [M+H]": 214.0827 found: 214.0826.
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10-3-2. General Procedure for Catalytic Asymmetric Intramolecular Cyclopropanation of

a,B-Unsaturated Diazocarbonyl Compounds.

0] O H 0]
= (0] Ru(ll)-Pheox (1 mol%
/\O)J\/\/ \n/QN2 (1 ( o) - /\O%O
(0] H

CH,Cl,, RT, 1 min
H

The solution of diazoester (0.1 mmol) in CH>Cl, (1 mL) was added to a mixture of Ru(Il)-Pheox catalyst (1
mol%) in CH>Cl, (1 mL) under argon atmosphere at room temperature. The reaction mixture was stirred for
1 min. The progress of the reaction was monitored by TLC. Upon completion, solvent was removed and the
residue was purified by flash column chromatography on silica gel eluted with Hexane/EtOAc to give

desired product. The ee value was determined by chiral HPLC analysis.

10-3-3. Analytical Data for Asymmetric Cyclopropanation Reaction Products.

(1R,5R,6R)-Methyl 2-0x0-3-oxabicyclo[3,1,0]hexane-6-carboxylate

This compound was prepared according to the typical procedure for asymmetric
0
O H intramolecular cyclopropanation reaction of methyl 4-(2-diazoacetatoxy)but-2- enoate
MeO 0]
H

(16.2 mg, 0.095 mmol). The resulting mixture was purified by silica gel column
H

chromatography with Hexane/EtOAc as an ecluent to give Methyl
2-ox0-3-oxabicyclo[3,1,0]hexane-6-carboxylate as white solid (90% yield, 13.3 mg, 0.086 mmol), 99% ee.
[a]**p = —69.2 (¢ 0.22, CHCl3). '"H NMR (400 MHz, CDCls) & 4.43 (dd, J = 4.59, 9.94 Hz, 1H), 4.28 (d, J =
10.07 Hz, 1H), 3.70 (s, 3H), 2.64-2.69 (m, 1H), 2.0 (t, J = 3.06 Hz, 1H). 3*C NMR (100 MHz, CDCl3) §
173.3, 169.8, 68.9, 52.6, 25.5, 25.1 ppm. The ee value was determined by chiral HPLC analysis. Column
(Chiral IC), UV detector 220 nm, eluent: Hex/IPA = 7/3, Flow late = 1.2 mL/min, tR = 46.0 min (minor
product), tR = 51.4 min (major product). IR (neat) v 3099, 3050, 3011, 2989, 2952, 2919, 1782, 1733 ¢cm’".
HRMS (DART) calcd for C;HoO4 [M+H]": 157.0500 found: 157.0501.

Ethyl 2-0x0-3-oxabicyclo[3.1.0]hexane-6-carboxylate

This compound was prepared according to the typical procedure for asymmetric

0
Q H intramolecular  cyclopropanation reaction of ethyl (F)-4-(2-diazoacetoxy)
EtO" 3 O
H

but-2-enoate (1.45 mg, 0.073 mmol). The resulting mixture was purified by silica gel
H

column chromatography with Hexane/EtOAc as an eluent to give ethyl
2-ox0-3-oxabicyclo[3.1.0]Thexane-6-carboxylate as colorless oil (99% yield, 12.4 mg, 0.073 mmol), 99% ee.
[a]*p = —117.2 (¢ 0.53, CHCIl;). '"H NMR (400 MHz, CDCls) & 4.43 (dd, J = 4.58, 10.07 Hz, 1H), 433 (d, J
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= 3.05 Hz, 1H), 4.19 (q, J = 1.53 Hz, 2H), 2.72-2.69 (m, 1H), 2.59-2.57 (m, 1H), 1.97-2.00 (m, 1H), 1.29 (t,
J=7.17 Hz, 3H) ppm. *C NMR (100 MHz, CDCls) § 173.4, 169.3, 68.9, 61.6, 25.4, 25.3, 14.1 ppm. The ee
value was determined by chiral HPLC analysis. Column (Chiral IC), UV detector 220 nm, eluent: Hex/IPA =
7/3, Flow late = 1.2 mL/min, tR = 32.6 min (minor product), tR = 39.3 min (major product). IR (neat) v 3093,
2979, 2935, 2907, 1886, 1782, 1733 cm™'. HRMS (DART) calcd for CsH14N;O4 [M+NH4]": 188.0922 found:
188.0929.

Benzyl 2-0xo0-3-oxabicyclo[3.1.0]hexane-6-carboxylate

This compound was prepared according to the typical procedure for asymmetric
O
Q H intramolecular cyclopropanation reaction of ethyl benzyl
©/\O H O (E)-4-(2-diazoacetoxy)but-2-enoate (30 mg, 0.12 mmol). The resulting mixture
H

was purified by silica gel column chromatography with Hexane/EtOAc as an

eluent to give benzyl 2-ox0-3-oxabicyclo[3.1.0]hexane-6-carboxylate as colorless oil (99% yield, 26.5 mg,
0.12 mmol), 99% ee. [a]**p = —87.1 (¢ 0.65, CHCI;). '"H NMR (500 MHz, CDCls) & 7.40-7.33 (m, 5H), 5.16
(s, 2H), 4.42 (dd, J=4.97, 10.32 Hz, 1H), 4.31 (d, J = 9.94 Hz, 1H), 2.74-2.69 (m, 1H), 2.61 (dd, J = 2.68,
5.73 Hz, 1H), 2.04 (t, J = 3.06 Hz, 1H). *C NMR (100 MHz, CDCls) § 173.41, 169.34, 135.09, 128.82,
128.78, 128.57,69.00, 67.59, 25.76, 25.71, 25.43 ppm. The ee value was determined by chiral HPLC
analysis. Column (Chiral IE), UV detector 220 nm, eluent: Hex/DCM = 2/1, Flow late = 2.0 mL/min, tR =
15.9 min (minor product), tR = 16.5 min (major product). IR (neat) v 3065, 3035, 2954, 2891, 1780, 1729,
1453, 747, 700 cm™'. HRMS (DART) calcd for Ci3H1304 [M+H]": 233.0813 found: 233.0813.

Methyl 6-methyl-2-0x0-3-oxabicyclo[3.1.0]hexane-6-carboxylate

This compound was prepared according to the typical procedure for asymmetric

0O
Q H intramolecular cyclopropanation reaction of methyl (£)-4-(2-diazoacetoxy)
Meo Me y ° -2-methylbut-2-enoate (20 mg, 0.10 mmol). The resulting mixture was purified by

silica gel column chromatography with Hexane/EtOAc as an eluent to give methyl
6-methyl-2-ox0-3-oxabicyclo[3.1.0]hexane-6-carboxylate as colorless oil (95% yield, 16.1 mg, 0.09 mmol),
94% ee. [a]**p = —79.1 (c 0.48, CHCI3). '"H NMR (500 MHz, CDCls) & 4.51 (dd, J = 4.59, 10.70 Hz, 1H),
4.20 (d, J = 10.70 Hz, 1H), 3.72 (s, 3H), 2.71-2.68 (m, 2H), 1.37 (s, 3H). '3*C NMR (100 MHz, CDCl;) &
172.83, 171.72, 66.02, 52.89, 31.11, 30.36, 27.18, 8.71 ppm. The ee value was determined by chiral HPLC
analysis. Column (Chiral IC), UV detector 220 nm, eluent: Hex/IPA = 7/3, Flow late = 1.2 mL/min, tR = 36.6
min (minor product), tR = 41.7 min (major product). IR (neat) v 3084, 2955, 2847, 1783, 1720, 1437 cm’".
HRMS (DART) calcd for CsHi104 [M+H]": 171.0657 found: 171.0659.
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Ethyl 6-methyl-2-0x0-3-oxabicyclo[3.1.0]hexane-6-carboxylate

This compound was prepared according to the typical procedure for asymmetric

P intramolecular  cyclopropanation reaction of ethyl (F)-4-(2-diazoacetoxy)-2
EtO” 3 O
Me

-methylbut-2-enoate (30 mg, 0.14 mmol). The resulting mixture was purified by silica

gel column chromatography with Hexane/EtOAc as an eluent to give ethyl
6-methyl-2-ox0-3-oxabicyclo[3.1.0]hexane-6-carboxylate as colorless oil (98% yield, 25.4 mg, 0.14 mmol),
99% ee. [a]?p = —184.4 (¢ 0.98, CHCl3). 'H NMR (500 MHz, CDCls) & 4.48-4.54 (m, 1H), 4.21-4.15 (m,
3H), 2.75-2.67 (m, 2H), 1.38 (s, 3H), 1.27 (t, J = 6.88 Hz, 3H). *C NMR (100 MHz, CDCl;) § 172.97,
171.16, 66.05, 61.85, 31.05, 30.29, 27.23, 14.09, 8.69 ppm. The ee value was determined by chiral HPLC
analysis. Column (Chiral OJ), UV detector 220 nm, eluent: Hex/IPA = 9/1, Flow late = 2.0 mL/min, tR = 9.2
min (minor product), tR = 12.8 min (major product). IR (neat) v 3085, 2981, 2908, 1783, 1726, 1370 cm™.
HRMS (DART) calcd for CoH 6N 1O4 [M+NH4]": 202.1079 found: 202.1072.

Benzyl 6-methyl-2-ox0-3-oxabicyclo[3.1.0]hexane-6-carboxylate

This compound was prepared according to the typical procedure for asymmetric

0
Q H intramolecular cyclopropanation reaction of benzyl
©/\O Ve O (E)-4-(2-diazoacetoxy)-2-methylbut-2-enoate (30 mg, 0.11 mmol). The
H

resulting mixture was purified by silica gel column chromatography with

Hexane/EtOAc as an eluent to give benzyl 6-methyl -2-oxo0-3-oxabicyclo[3.1.0]hexane-6-carboxylate as
colorless oil (90% yield, 24.4 mg, 0.1 mmol), 98% ee. [a]*'p = —101.2 (¢ 0.78, CHCls). 'H NMR (500 MHz,
CDCl:) 6 7.41-7.32 (m, 5H), 5.14 (s, 2H), 4.51 (dt, J=2.29, 10.70 Hz, 1H), 4.20 (d, /= 10.70 Hz, 1H), 1.40
(s, 3H). C NMR (100 MHz, CDCls) & 172.94, 171.12, 135.29, 128.79, 128.66, 128.29, 67.64, 66.15, 31.24,
30.53, 27.43, 8.86 ppm. The ee value was determined by chiral HPLC analysis. Column (Chiral OJ), UV
detector 220 nm, eluent: Hex/IPA = 9/1, Flow late = 2.0 mL/min, tR = 23.7 min (minor product), tR = 37.0
min (major product). IR (neat) v 3089, 3063, 2974, 1783, 1726, 1296, 746, 701 cm™'. HRMS (DART) calcd
for C14H;504 [M+H]*: 247.0970 found: 247.0975.

Ethyl 6-benzyl-2-ox0-3-oxabicyclo[3.1.0]hexane-6-carboxylate

This compound was prepared according to the typical procedure for asymmetric

O H intramolecular cyclopropanation reaction of ethyl (£)-4-(2-diazoacetoxy)but
Eto%o
Bn

-2-enoate (30 mg, 0.10 mmol). The resulting mixture was purified by silica gel

column chromatography with Hexane/EtOAc as an eluent to give ethyl

6-benzyl-2-0x0-3-oxabicyclo[3.1.0]hexane-6-carboxylate as colorless oil (82% yield, 21.2 mg, 0.081 mmol),
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95% ee. [a]**p = —63.7 (¢ 0.63, CHCI3). '"H NMR (500 MHz, CDCI;) § 7.30-7.19 (m, 5H), 4.52 (dd, J = 5.19,
10.68 Hz, 1H), 4.24 (d, J=10.68 Hz, 1H), 4.09 (q, J = 7.02 Hz, 2H), 3.20 (d, J = 16.48 Hz, 1H), 2.99 (d, J =
16.48 Hz, 1H), 2.90-2.82 (m, 2H), 1.13 (t, J = 7.02 Hz, 3H). *C NMR (100 MHz, CDCl;) & 172.88, 170.33,
137.62, 128.46, 128.16, 126.51, 66.35, 61.92, 32.35, 30.92, 30.25, 29.19, 13.86 ppm. The ee value was
determined by chiral HPLC analysis. Column (Chiral IC), UV detector 220 nm, eluent: Hex/IPA = 5/1, Flow
late = 2.0 mL/min, tR = 30.0 min (minor product), tR = 12.0 min (major product). IR (neat) v 3088, 3062,
3029, 2978, 2933, 1788, 1724, 1601, 738, 700 cm’!. HRMS (DART) caled for CisH2oN1Os [M+NH4]":
278.1392 found: 278.1392.

N-benzyl-2-0x0-3-oxabicyclo[3,1,0|hexane-6-carboxamide

This compound was prepared according to the typical procedure for
O
Q H asymmetric intramolecular cyclopropanation reaction of
©/\” H‘: O 4-benzylamino-4-oxobut-2-en-1-yl 2-diazoacetate (8.9 mg, 0.034 mmol). The
H

resulting mixture was purified by silica gel column chromatography with

Hexane/EtOAc as an eluent to give N-benzyl-2-ox0-3-oxabicyclo [3,1,0]hexane-6-carboxamide as colorless
oil (74% yield, 5.8 mg, 0.025 mmol), 94% ee. [a]*p = —41.9 (c 0.21, CDCl;). "H NMR (400 MHz , CDCl5)
o 7.40-7.27 (m, 5H), 6.20 (brs, 1H), 4.40-4.52 (m, 3H), 4.29 (d, J = 9.77 Hz, 1H), 2.78-2.73 (m, 1H),
2.61-2.57 (m, 1H), 1.70 (t,J = 2.75 Hz, 1H) ppm. *C NMR (100 MHz, CDCl;) 6 174.0, 167.1, 137.1, 128.6,
127.6, 127.6, 76.7, 43.8, 26.8, 24.7, 24.3 ppm. The ee value was determined by chiral HPLC analysis.
Column (Chiral OJ), UV detector 230 nm, eluent: Hex/IPA = 4/1, Flow late = 1.0 mL/min, tR = 14.9 min
(minor product), tR = 23.9 min (major product). IR (neat) v 3295, 3085, 2913, 2850, 1771, 1664, 1555, 750,
701 cm'. HRMS (DART) caled for Ci3H14N;O3 [M+H]*: 232.0973 found: 232.0971.

N-benzyl-N-methyl-2-0x0-3-oxabicyclo[3.1.0] hexane-6-carboxamide

This compound was prepared according to the typical procedure for asymmetric

oH P
\ %O intramolecular cyclopropanation reaction of
©/\| H ¥ 4-(benzyl(methyl)amino)-4-oxobut-2-en-1-yl 2-diazoacetate (10 mg, 0.037

mmol). The resulting mixture was purified by silica gel column

chromatography with Hexane/EtOAc as an cluent to give N-benzyl-N-methyl-2-0x0-3-oxabicyclo[3.1.0]
hexane-6-carboxamide as colorless oil (>99% yield, 9.0 mg, 0.037 mmol), 97% ee. [0]**p= —6.9 (c 0.43,
CHCI;). '"H NMR (400 MHz, CDCls) § 7.42-7.19 (m, 5H), 4.77 (d, J = 17.09 Hz, 0.5H), 4.59 (q, J = 14.65
Hz, 1.5H), 4.47 (dd, ] = 10.07, 4.88 Hz, 0.5H), 4.36 (dd, J = 10.07, 4.88, 0,5H), 4.33 (d, J = 10.07 Hz, 0.5H),
4.09 (d, J=9.77 Hz, 0.5H), 3.09 (s, 1.5H), 3.02 (s, 1.5H), 2.79-2.85 (m, 0.5H), 2.69-2.74 (m, 0.5H), 2.60 (dd,
J = 6.10, 2.44 Hz, 1H), 2.16 (t, J = 3.05, 0.5H), 2.06 (t, J = 3.05 Hz, 0.5H) ppm. *C NMR (100 MHz,
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CDCl3) 6 174.5,174.3, 168.2, 167.8, 136.5, 136.1, 129.1, 128.7, 128.0, 127.9, 127.6, 126.1, 77.2, 77.0, 76.7,
69.2, 69.0, 53.6, 51.4, 35.0, 25.7, 25.6, 25.4, 25.2, 24.0, 23.9 ppm. The ee value was determined by chiral
HPLC analysis. Column (Chiral OJ), UV detector 230 nm, eluent: Hex/IPA = 4/1, Flow late = 1.0 mL/min,
tR = 35.3 min (minor product), tR = 45.4 min (major product). IR (neat) v 3085, 3060, 2930, 1778, 1641,
1453, 736, 701 cm™'. HRMS (DART) calcd for C14Hi6N1O3 [M+H]*: 246.1130 found: 246.1139.

N-Methoxy-N-methyl-2-oxo0-3-oxabicyclo[3.1.0]hexane-6-carboxamide

This compound was prepared according to the typical procedure for asymmetric

O H intramolecular cyclopropanation reaction of (£)-4-(methoxy(methyl)amino)-4
/O\N%o -oxobut-2-en-1-yl 2-diazoacetate (42.8 mg, 0.2 mmol). The resulting mixture was
H

H purified by silica gel column chromatography with Hexane/EtOAc as an eluent to

give N-methoxy-N-methyl-2-oxo-3-oxabicyclo[3.1.0]hexane-6- carboxamide as white solid (89% yield, 33.1
mg, 0.18 mmol), 98% ee. [a]'®p = -45.8 (¢ 1.44, CHCl5). '"H NMR (400 MHz, CDCl;) & 4.46 (dd, J = 4.58,
10.07 Hz, 2H), 4.35 (d, J = 9.77 Hz, 1H), 3.78 (s, 3H), 3.23 (s, 3H), 2.72-2.69 (m, 1H), 2.56-2.54 (m, 2H)
ppm. *C NMR (100 MHz, CDCP®) & 174.5, 168.8, 69.3, 62.1, 32.6, 25.4, 22.65 ppm. The ee value was
determined by chiral HPLC analysis. Column (Chiral OJ-H), UV detector 220 nm, eluent: Hex/IPA = 4/1,
Flow late = 1.0 mL/min, tR = 29.7 min (major product), tR = 26.6 min (minor product). IR (neat) v 3088,
3055, 2968, 2968, 2935, 2907, 2820, 1777, 1657 cm’'. HRMS (DART) calcd for CsHi2N;Os [M+NH4]*:
186.0766 found: 186.0763.
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10-3-4. Preparation of Key Intermediates for the Synthesis of DCG-IV and Dysibetaine CPa

(1R,2R)-1,2-Dicarbomethoxy-3-formyl-cyclopropane

e} 0]
oH P o g o o
MeOH, EtzN PCC
\O%O \OM \OM
H reflux, 24 h CHyCly, RT, 5h
H —OH /7—H
)

To a stirred suspension of MeOH (10 mL) and CH»CL, (3 mL) was added methyl 2-oxo-3-oxabicyclo
[3,1,0]hexane-6-carboxylate (85.5 mg, 0.5 mmol, 1 quiv.) under atmosphere of argon. To this mixture was
added Et;N (0.42 mL, 3 mmol, 6 equiv.). After stirring at 70 °C for 24 h, the reaction mixture filtered and
concentrated under reduced pressure to give dimethyl 3-(hydroxymethyl)cyclopropane-1,2- dicarboxylate as
yellow oil.

The solution of dimethyl 3-(hydroxymethyl)cyclopropane-1,2-dicarboxylate in CH>Cl, (2 mL) was added
pyridinium cholorochromate (258.6 mg, 1.2 mmol, 2.4 equiv.) under atmosphere of argon. After stirring at
RT for 5 h, the reaction mixture was concentrated under reduced pressure. The residue was purified by flash
chromatography with Hexane/EtOAc to give (1R,2R)-1,2-dicarbomethoxy-3-formyl-cyclopropane as yellow
oil (67% yield, 61.9 mg, 0.33 mmol), 99% ee. [a]*p = —54.0 (¢ 1.0, MeOH). '"H NMR (500 MHz , CDCl;) &
9.47 (d, J=6.12 Hz, 1H), 3.75 (s, 6H), 3.01 (t, J = 5.35 Hz, 1H), 2.71 (dd, J = 5.35, 9.56 Hz, 1H), 2.55-2.50
(m, 1H) ppm. *C NMR (100 MHz, CDCl;5) & 196.02, 169.58, 168.94, 52.94, 52.89, 36.09, 28.86, 26.68 ppm.
The ee value was determined by chiral HPLC analysis. Column (Chiral OJ-H), UV detector 220 nm, eluent:
Hex/IPA = 9/1, Flow late = 1.0 mL/min, tR = 23.9 min (minor product), tR = 20.0 min (major product). IR
(neat) v 3052, 2959, 1729, 1455, 1361, 1195 cm!. HRMS (DART) calcd for CioH14OsN; [M+NH4]*:
204.0872 found: 204.0879.

(18,25)-Dimethyl -3-(bromomethyl)cyclopropane-1,2-dicarboxylate

o) o)
own P 0 \\—o/ 0 \B—o/
- % MeOH, EtN | )% R M
(OJN o 0] —> O
H reflux, 24 h
H “—OH “—Br

To a stirred suspension of MeOH (6 mL) and CH,Cl, (2 mL) was added methyl 2-oxo-3-oxabicyclo
[3,1,0]hexane-6-carboxylate (78.1 mg, 0.5 mmol, 1 equiv.) under atmosphere of argon. To this mixture was

added Et;N (0.42 mL, 3.0 mmol, 6 equiv.). After stirring at 70 °C for 24 h, the reaction mixture filtered and

174



concentrated under reduced pressure to give dimethyl 3-(hydroxymethyl)cyclopropane-1,2-dicarboxylate as
yellow oil.

The solution of dimethyl 3-(hydroxymethyl)cyclopropane-1,2-dicarboxylate in CH>Cl, (7 mL) was added
carbon tetrabromide (248.7 mg, 0.75 mmol, 1.5 equiv.) and triphenylphosphane (196.7 mg, 0.75 mmol, 1.5
equiv.) under atmosphere of argon. After stirring at RT for 1 h, the reaction mixture was concentrated under
reduced pressure. The residue was purified by flash chromatography with Hexane/EtOAc to give (15,25)-
dimethyl-3-(bromomethyl)cyclopropane-1,2-dicarboxylate as yellow oil (54% yield, 68.1 mg, 0.26 mmol),
99% ee. [a]*p=+17.9 (¢ 1.13, CHCl3). '"H NMR (500 MHz , CDCls) 8 3.73-3.69 (m, 7H), 3.59-3.53 (m, 1H),
2.53-2.45 (m, 1H), 2.39-2.29 (m, 2H) ppm. *C NMR (100 MHz, CDCls) § 170.77, 169.65, 52.47, 52.36,
30.39, 29.77, 28.51, 28.42 ppm. The ee value was determined by chiral HPLC analysis. Column (ChirallC-3),
UV detector 254 nm, eluent: Hex/IPA = 30/1, Flow late = 1.0 mL/min, tR = 13.0 min (minor product), tR =
11 min (major product). IR (neat) v 3003, 2955, 1725, 1437, 1370, 1316, 1271, 1217, 1154, 902 cm™!. HRMS
(DART) caled for CsHisOsN Br!' [M+NH,4]": 268.0183 found: 268.0184.
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10-3-5. NMR Spectral Data

8.0

MeO MOH

7.0

6.‘0

5.0

4‘.0

3.0

2.0

1.0

1.00

1.00

abundance

3.13

T T
12.0 11.0 10.0 9.0 8.0
X : parts per Million : Proton

7.0

6.0

10.

]
m MeOJ\/\/Om/\Br
(0]

8.0

7.0

6‘.0

5.0

4.0

3.0

2.0

1.0

1.03

1.00

2.00

2.89

abundance

T T
120 11.0 10.0 9.0 8.0
X : parts per Million : Proton

176




abundance

4.0

2.0

1.0

EtOJJ\/\/OH

1.00

0.90

=)

3.19

T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0
X : parts per Million : Proton

abundance

7.0

6.0
I

5.0

4.0

3.0

2.0
I

1.0

0
EtO Moj(\sr
0

1.02
1.00

0

2.04

222

3.61

T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0
X : parts per Million : Proton

177




<
=
«
N
v
<
°
<
“
=
2
<]
P
© )
~ 5
<
o
=
= S
S =
<
8
g ‘
go i N L A J A
2
© T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
X : parts per Million : Proton
B O JJ\/\/ W/\ Br
<
O [z
©
<
v
<]
<
<
B
©
a
S N
h=t
o
<
a
o -
S =
o] = st
8
§ | |
5o W Lo .
]
T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

X : parts per Million : Proton

178




abundance

& OH
MeO Z

1.00

3.12

| JA“J

3.62

T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0
X : parts per Million : Proton

2.0

abundance

6.0

5.0

4.0

2.0

1.0

0

MeO = © \[(\ Br

239

1.00

96

o

T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0
X : parts per Million : Proton

179




abundance

OH
B0~ N

3.0

1.0
1.00

— 247
244

2.87

3.97

T T
12.0 11.0 10.0 9.0 8.0 7.0
X : parts per Million : Proton

5.0 4.0

3.0

abundance

B0~ N O\H/\Br

7.0
o

5.0

4.0

3.0
1.00

2‘.0

1.0

227
2.18

223

3.05

331

0
S

T T
12.0 11.0 10.0 9.0 8.0 7.0
X : parts per Million : Proton

180




2.0 3.0 4.0

1.0

abundance

5.94

1.00

2.51

2.50

3.38

T T
12.0 11.0 10.0 9.0 8.0
X : parts per Million : Proton

7.0

abundance

9.0

8.0

7.0

6.0

5.0

4.0

0

1.00

2.50

2.24

2.38

3.08

T T
12.0 11.0 10.0 9.0 8.0
X : parts per Million : Proton

5.0

181




7.0

5.0

4.0

3.0

1.0

EtO

OH

5.96

1.00

ﬂ
2.06

2.13
2.10

o

-

abundance

T T
12.0 11.0
X : parts per Million : Proton

0

B0~ N

1.00

1,9%09

abundance

T T
12.0 11.0
X : parts per Million : Proton

182




1.0

8L6l

3.0

OH

ZT

11.0

0

T
2
X : parts per Million : Proton

1

T T T T T T T T T
£C ¥CT €T TT I't 0T 61 81 L1 9

[

T T T
¥Loer Tror

T T T T T T T T T T
L 0T 60 80 L0 90 S0 ¥'0 €0 TO 10 0
douepunqe

LTTL

e

L=

o

Cai

s

=

e

=

s

=3

a

€81

o

— <[

00'1

— M o

N

3

L2

]

o

Fa

<

re

e

=)

e

L A 1 N A B A A B A Y A M) LA AN S BN AN SARAL SARAS
€€ TETE0E6TRTLTITSTYTETTTITOTOTISTLTIITSTYIECTTI I'TOT6080L090S0V¥0¢€0T0T10 0

Qouepunqe

X : parts per Million : Proton

183



1.0 2.0 3.0 4.0 5.0 6.0

abundance
0

8.94

1.00
1.04

2.17

3.68

(-

T T
12.0 11.0
X : parts per Million : Proton

3.0 2.0 1.0 0 -1

0.1 0.2

abundance
0

8.77

1.06
1.00

27
2.15

271

—
3.49

T T
12.0 11.0
X : parts per Million : Proton

10.0 9.0 8.0 7.0 6.0

184



9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

OH

1.05

I
3.34
3.18

abundance

. SN

T T
12.0 11.0
X : parts per Million : Proton

T
10.0 9.0 8.0 7.0

T
6.0 5.0 4.0 3.0 2.0 1.0

abundance

9.0

8.0

7.0

6‘.0

5.0

4‘.0

1.07

291

1.97

1.00

T T
12.0 11.0
X : parts per Million : Proton

6.0 5.0 4.0 3.0 2.0 1.0

185




abundance
0

1.06
1.00

227

242

4.30

321

T T
12.0 11.0
X : parts per Million : Proton

186




5.0

410

3.0

1.0

abundance

1.00

2.81

3.30

T T
12.0 11.0
X : parts per Million : Proton

8.0 7.0

6.0

5.0

4.0

3.0

abundance

0

T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0

X : parts per Million : Carbon13

166.139

141.387

121.679

T T T
110.0 100.0 90.0

T T
80.0 70.0

626417 o

|

187




abundance

5.0

4.0

3.0

210

1.0

1.02

T
2.88

2.10

1.00

T T
12.0 11.0
X : parts per Million : Proton

6.0 5.0 4.0 3.0 2.0 1.0 0 -1

abundance

0

T T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0

X : parts per Million : Carbon13

165.729

141.053

122.184

o
o
=)
'54
=)
S
5

T T T
50.0 400 300 200

313
=3

62.717— o
60.610—
46.308
14.177

188



abundance

8.0

7.0

6.0

5.0

4.0

3.0

1.0

548

1.00

1.05

2.11

3.09

T T
12.0 11.0 10.0
X : parts per Million : Proton

9.0

8.0

7.0

6.0

abundance

0

T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0

X : parts per Million : Carbon13

165.500

141.759—

135.676 ——

©
-
&
a

128.563——
128.296

T T T
110.0 100.0 90.0

66.455——

62.650——

T T T T
60.0 50.0 40.0 300 200 10.0 0 -10.0

46.270——

189




MeO

2.98

1.00

1 A o .y L IIJ‘

abundance

333

T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0
X : parts per Million : Proton

abundance

MeO

oo ———————— e maron

T " Y Lt Ve L ¥ " Ll T

T T T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0

167.655——
134856 ——
130.565——

X : parts per Million : Carbon13

190

12.861




X : parts per Million : Carbon13

<]
o
Ny
|
= 0 © :
~ e
%
< el
o] o
a
e
<
v
o
!
o
=1
21
<
o
<] 8
o —_
<]
g \A_J
S i . Jb . N . T,
=3
G
T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 50 4.0 3.0 2.0 1.0 0
X : parts per Million : Proton
1
=] N2
O
2] O
=
) EtO
=7
S
|
S
i
S
|
=
“q
5
g
=
=
8
: | m |
Kl ! | . ‘
2
< T T T T T T T T T T T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 800 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0 -20,
= © v ~ 0 ) o
S F 8 =& 3 =
N b N % “ ax
= ¥ o -3 s < o
2 ] e = -

191




<] [
v 0] ®
@) <
<
@
=3
N
i )
=
o
<
a
s
)
o
<
—_ =3
<
D v, JJ A
=
<
T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
X : parts per Million : Proton
<4
N
|
2 0
0
=1
=]
|
=]
"
ki
<3
<
«“]
=
N
=]
=4
: )
go ' T \ - m ‘WJ‘J b " il h. " i " sy
]
T T T T T T T T T T T T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60. 50.0 40.0 300 200 10.0 0 -10.0  -20.
S S in Q= % & & a
& = o~ S % %
N3 v O 00 00 0 o = < o
£ aooagg © e « -
X : parts per Million : Carbon13

192




N
b |
v
0o g
O @
o
2
<
B
<
(]
< | =3
- <
2
g
8
=
= .
5 =
< T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0
X : parts per Million : Proton
N4
- N 2
—1 | O
ol O
EtO
<
)
ki
~
=4
|
=
"
paE
<3
=]
=
ek
o
ad
=
8
=
]
- . . \
2
< T T T T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.
R/IVIN A ﬁ
< % =B Q= & =N
N anxacSo % ®
© 06 13 en 00 96 S So o«
= oooagg o -

X : parts per Million : Carbon13

193




abundance

<
S
i ol
, &
&
R
ol
o
S
1 o
, b
&
1 a9
, 5
g,
] = =
= - R
4 =]
1 - L JLL 1 L JLJ‘_AL 1
o
T . T . . : . . . . . . T
12,0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 40 3.0 2.0 1.0 0

X : parts per Million : Proton

0.6

0.5

0.4

0.3

0.1

0

U dako it
kil L e

abundance

22b.0 21b.0 ZOb,O 19b.0 186.0 176.0 16‘0.0 ISb.O 14b.0 13‘0‘0 IZb.O llb.O 10‘0‘0 9d.0

X : parts per Million : Carbon13

164.604

A
>
-

137.859~_
1374597
128.744
127.905
127.638
124.396

86.0

T
70.0

Gd.()

62.984——

56.0 4d.0 30.0 20.0 100 0 -10.0  -20.

46.270 ——
43753

194



e

18°¢

11.0

0

T
2.
X : parts per Million : Proton

1

300 20.0 100 0 -10.0 -20.

50.0 40.0

70.0 60.0

80.0

T T
190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0

220.0 210.0 200.0

0¢ 0T

M

douepunqe

__e6lHE
=198'%¢
€09
S80I
—I€p'€S

LTEE9

IAm:u.m@

/mmm.@Q
¥85°8€1

6L9°8€1

__-€89°991
907991

X : parts per Million : Carbon13

195




8.0

7.‘0

5.0

4‘4(]

3.0

1.0

1.04

1.00

abundance

3.00

329

3.19

T T T T
12.0 11.0 10.0 9.0 8.0

X : parts per Million : Proton

|

0

abundance

T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0

165.719—

X : parts per Million : Carbon13

139.442

T T T T T
130.0 120.0 110.0 100.0 90.0

119.991

80.0

196



abundance

4.0

3.50

3.0

2.0
I

3

1%

1.0

T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
X : parts per Million : Proton

abundance

IRy ot e , ; " L o bt
< kL L YR il ¥ i P ) ]

T T T T T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0 -10.0  -20.

25494 ~_

251137

68.877
52.601 —

o
I
I\

X : parts per Million : Carbon13

197




abundance

10.

8.0

7.0

6.0

5.0

4.0
I

3.0

1.0

2.16

165

1.00

0

3.28

T T T
12.0 11.0 10.0 9.0
X : parts per Million : Proton

abundance

T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0

I
o
b
x
s

173.442——

X : parts per Million : Carbon13

80.

25.456
25.351

198



9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0

6.17

2.56

abundance

X : parts per Million : Proton

abundance

A

T T T T T T T T T
.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0

2

T T T T T
220.0 210.0 200.0 190.0 180.0 17

173.280——
169217
134.964~_
128.688

X : parts per Million : Carbon13

N
7

128.650
128.440
77.258 ~_

199

1.00

—

77.000
76.742
68.873
67.462




abundance

8.0

7.0

6.0

5.0

4.0

3.0

1.0

1.00
1.05

2.10

X : parts per Million : Proton

T T
12.0 11.0 10.0

9.0

6.0

abundance

bttt o

0

T T T T T
220.0 210.0 200.0 190.0 180.0

X : parts per Million : Carbon13

=

172.832~— —
171726~

T T T T T T T T
0.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0

77.315
77.000
76.685

=k

30366 _ :

o

3L110~—

27.1827

8713 &

200




abundance

1.00

332

1.92

5.17

324

T T
12.0 11.0
X : parts per Million : Proton

6.0

abundance

0

T T
0 -10.0  -20.

>4
=3
-
S
=3

T T T T T T T T
0.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0  80.

=4

T T T T T
220.0 210.0 200.0 190.0 180.0 1

AN
—>=

172.975—

171.164—
77.324

77.000

76.685
66.054——
31.053~— »
14.091——
8.694— o

X : parts per Million : Carbonl3

201




106

80°C

bl

001
001

81'C

1.0

2.0

X : parts per Million : Proton

09

0T

0
douepunqe

150.0

T T T
180.0

T
70.0 60.0 500 40.0 300 200 10.0 0 -100 -20.

80.0

T
130.0 120.0 110.0 100.0 90.0

140.0

160.0

170.0

190.0

0
Qouepunqe

220.0 210.0 200.0

—PELS

T~I1II1E

12099
= 6Is'L9
THLIL

Kooo#r

TS8YTLL

Yo1°8C1
9€6°8T1
699°8CI1
T~s9r°sel

-

__—166'0L1
—TI8TLI

202

X : parts per Million : Carbon13




abundance

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0

1.0

7.34

2.01

1.05

2.07

3.13

T T
12.0 11.0
X : parts per Million : Proton

abundance

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

m

T T T T T
220.0 210.0 200.0 190.0 180.0 17

X : parts per Million : Carbon13

137.621——

——

128468~ 2

128.163—— =

126.513

T T
100.0  90.0

77.315

AN

76.676

66.350 ——

13.862——

203




0

abundance

36

166

T T
12.0 11.0
X : parts per Million : Proton

1.0

0.9

0.7

0.6

0.5

0‘,4

0.3

0.1

0

[ .

abundance

)

"

W iy " Y

T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0

X : parts per Million : Carbon13

174310~
167388
137.402—
128.868
127915
127.867

T T T T T T
60.0 500 400 300 200 10.0 0 -10.0  -20.

44.163——

204




T
-20.

T
-10.0

=
< = 016'€C
- 160'+C
97T

9EY'ST
— LT9°ST
TEL'ST

3 ——T0°sE

T
20.0

40.0

081

T
50.0

- LEFIS

—3 —CI9°¢s

T
60.0

- $50'69
g L pr69
L

000°LL
TNSSTLL

T
70.0

T
80.0

100.0  90.0

T
110.0

71971
L89'LTI
€96°LC1

: %33&
/owc@m_
6T59¢1

7.0
T
120.0

|
m“J

T
150.0 140.0

T
160.0

€€8°L91
961801

6TEBLI
= —6gswLl

T
170.0

T
180.0

T
190.0

T
12
X : parts per Million : Proton

T
220.0 210.0 200.0

X : parts per Million : Carbon13

0€¢ 0T 01 0 o 1o 1o 60°0 800 L00 90°0 00 00 €00 w00 100 0
Qouepunqe Qouepunqe

205




abundance

7.0

6.0

5.0

4.0

3.0

2.0

1.0

3.23

o

2.08

T T
12.0 11.0 10.0
X : parts per Million : Proton

9.0 8.0 7.0 6.0

abundance

0

T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0

X : parts per Million : Carbon13

174.348 —

168.618

T T T T T T T
160.0 150.0 140.0 130.0 120.0 110.0 100.0 9

0.0

69.153

w
=E

32464 ——
25.265

T
0

206




260
I

20.0 ZZ‘KO 24.0

18:.0

1.00

2.0

0

6.91

abundance

T T
12.0 11.0 10.0 9.0 8.0 7.0 6.0
X : parts per Million : Proton

5.0

4.0

0.3

0.2

0.1

abundance
0

T T T T T T T T T T T T T T
220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0

A

5.914
169.474
168.835

=N
X : parts per Million : Carbon13

77.258
77.000
76.742

207

1.04
1.08

35985
28.755— =7
265717




abundance

0.12]

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11

0.01

" ki " " A ok

T T T T T T T T
.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0

324

T T T T T
220.0 210.0 200.0 190.0 180.0 17

170.771~—
169.655~

X : parts per Million : Carbon13

52.477
52.363

abundance

17.0

16.0

20 3.0 40 5.0 6.0 7.0 8.0 9.0 100 11.0 12.0 13.0 14.0

1.0

7.06

2.00

1.00

T T
12.0 11.0
X : parts per Million : Proton

208




10-3-6. HPLC Spectral Data
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10-4.  Ru(Il)-Pheox i\ k. 2 27 V' 7 &7 — MEDOARF Si-H ffi A

General: All reactions were performed under an atmosphere of argon unless otherwise noted. Dichloromethane
(CH2Cly) was purchased from Kanto Chemical Co., Inc.. All reactions were monitored by thin layer
chromatography (TLC), glass plates pre-coated with silica gel Merck KGaA 60 Fas4, layer thickness 0.2 mm. The
products were visualized by irradiation with UV light or by treatment with a solution of phosphomolybdic acid or
by treatment with a solution of p-anisaldehyde. Flash column chromatography was performed using silica gel
(Merck, Art. No. 7734). '"H NMR (500 MHz, 400 MHz) and '*C NMR (125 MHz, 100 MHz) spectra were recorded
on JEOL INM-ECX500, JEOL JINM-ECS400 spectrometer. Chemical shifts are reported as 6 values (ppm) relative
to CDCl; (7.26 ppm). Elemental analyses were measured on a Yanaco CHN CORDER MT-6. Optical rotations
were performed with a JASCO P-1030 polarimeter at the sodium D line (1.0 ml sample cell). Enantiomeric
excesses were determined by high-performance liquid chromatography (HPLC) analyses with a JASCO
GULLIVER using Daicel CHIRALPAK or CHIRALCEL columns. DART mass (positive mode) analyses were
performed on a LC-TOF JMS-T100LP.
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10-4-1. Preparation of Various Functionalized Diazoesters

Ethyl 2-diazopropanoate
O O

O

A e Yo

To a stirred suspension of ethyl 2-methyl-3-oxobutanoate (432.5 mg, 3.0 mmol, 1 equiv.) in CH3CN (30 mL) was
added p-ABSA (1.08 g, 4.5 mmol, 1.5 equiv.) under argon atmosphere.

The mixture was cooled down to 0 °C, and added DBU (0.67 mL, 4.5 mmol, 1.5 equiv.). After stirring for 2 h at 0
°C to RT, the reaction mixture was quenched with H>O and extracted with EtxO. The organic phase was dried over
NaxSO4 and evaporated to give crude product. Purification was performed by column chromatography with
Hex/EA to give ethyl 2-diazopropanoate as yellow oil (198.9 mg, 52 %). 'H NMR (400 MHz, CDCl3) § 4.21 (q, J=
7.02 Hz, 2H), 1.95 (s, 3H), 1.27 (t, J = 7.32 Hz, 3H) ppm. 1*C NMR (125 MHz, CDCls) 4 167.9, 60.7, 50.8, 14.4,

8.3 ppm. IR (neat) v 2916, 2849, 2080, 1698, 1312, 1136 cm'. HRMS (DART) caled for CsH2N30, [M+NH.]*:
146.09295 found: 146.09223

Benzyl 2-methyl-3-oxobutanoate

O O
770, HO o
/k Xylene, reflux,
0~ O

overnight

To a stirred suspension of 2,2,5,6-Tetramethyl-4H-1,3-dioxane-4-one (0.44 mL, 3.0 mmol, 1.0 equiv.) in Xylene (5
mL) was added benzyl alcohol (0.34 mL, 3.3 mmol, 1.1 equiv.) under argon atmosphere.

After stirring overnight at 140 °C, the reaction mixture was concentrated under reduced pressure. The residue was
purified by column chromatography with Hex/EA to give benzyl 2-methyl-3-oxobutanoate as colorless oil (489.6
mg, 79 %). 'H NMR (500 MHz, CDCIl3) § 7.30-7.40 (m, 5H), 5.16-5.18 (m, 2H), 3.54 (q, J = 7.26 Hz, 1H), 2.19
(s, 3H), 1.36 (d, J=7.26 Hz, 3H) ppm.

Benzyl 2-diazopropanoate

o o 0.0
MO . o fy, DB j)k
M CHCN, RT, 2 h
N
H

p-ABSA
To a stirred suspension of benzyl 2-methyl-3-oxobutanoate (471.6 mg, 2.2 mmol, 1 equiv.) in CH3CN (12 mL) was
added 4-acetoamidobenzenesulfonyl azide (p-ABSA) (824.0 mg, 3.4 mmol, 1.5 equiv.) under argon atmosphere.
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The mixture was cooled down to 0 °C, and added DBU (0.52 mL, 3.4 mmol, 1.5 equiv.). After stirring for 2 h at 0
°C to RT, the reaction mixture was quenched with H,O and extracted with Et:O. The organic phase was dried over
NaxSO4 and evaporated to give crude product. Purification was performed by column chromatography with
Hex/EA to give benzyl 2-diazopropanoate as yellow oil (269.2 mg, 62 %). 'H NMR (500 MHz, CDCls) &
7.29-7.40 (m, 5H), 5.21 (s, 2H), 1.98 (s, 3H) ppm. *C NMR (125 MHz, CDCl;) 3 167.6, 136.0, 128.4, 128.0, 127.9,
66.2, 8.3 ppm. IR (neat) v 3032, 2956, 2076, 1694, 1307, 1125, 730, 694 cm'. HRMS (DART) caled for
C10H14N30, [M+NH4]": 208.1086 found: 208.1089.

Benzhydryl 2-diazopropanoate

® NG

=

f\o . _praBSA DBU L

o o/k HO Xylene reflux, 9 h CH4CN, RT, 1.5 h O

To a stirred suspension of 2,2,5,6-tetramethyl-4H-1,3-dioxane-4-one (0.44 mL, 3.0 mmol, 1.0 equiv.) in xylene (5

mL) was added diphenylmethanol (608.0 mg, 3.3 mmol, 1.1 equiv.) under argon atmosphere. After stirring

overnight at 140 °C, the reaction mixture was concentrated under reduced pressure.

To a stirred suspension of benzhydryl 2-methyl-3-oxobutanoate (3.0 mmol, 1 equiv.) in CH3CN (15 mL) was added
4-acetoamidobenzenesulfonyl azide (p-ABSA) (1081 mg, 4.5 mmol, 1.5 equiv.) under argon atmosphere.

The mixture was cooled down to 0 °C, and added DBU (0.68 mL, 4.5 mmol, 1.5 equiv.). After stirring for 1.5 h at 0
°C to RT, the reaction mixture was quenched with H,O and extracted with Et;O. The organic phase was dried over
Na>SO4 and evaporated to give crude product. Purification was performed by column chromatography with
Hex/EA to give benzhydryl 2-diazopropanoate as yellow oil (242.0 mg, 30 %). 'H NMR (500 MHz, CDCl;) &
7.23-7.41 (m, 10H), 1.99 (bs, 3H) ppm. '3C NMR (125 MHz, CDCl;) § 166.7, 140.2, 128.4, 127.8, 126.9, 76.9, 8.3
ppm. IR (neat) v 3028, 2933, 2096, 1682, 1307, 1116, 746, 699 cm'. HRMS (DART) calced for CisHisN3O;
[M+NH,4]*: 284.1399 found: 284.1399.

2-Phenylpropan-2-yl 2-methyl-3-oxobutanoate
o CH3COONa Q 9 CHal, NaH
o . N _ O NaH
HO toluene, reflux, 2 h THF, 0 °C~RT, 1 h

To a stirred solution of 1-methyl-1-phenylethyl alcohol (1.28 mL, 10.0 mmol, 1.0 equiv.) and CH3COONa (82.0
mg, 1 mmol, 0.1 equiv.) in toluene (6 mL) was added diketene (0.85 mL, 11.0 mmol, 1.1 equiv.) at 60 °C, and the

mixture was stirred at 130 °C for 2 h.

The reaction mixture was quenched with saturated aqueous NaHCOs3 solution (5 mL), extracted with CH,Cly, the
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combined organic layer was washed with brine (5 mL). The crude product of 2-phenylpropan-2-yl 3-oxobutanoate

was dried over Na,SO4 and evaporated.

To a stirred suspension of NaH (420.0 mg, 10.5 mmol, 1.05 equiv.) in THF (12 mL) at 0 °C was added
1-methyl-1-phenylethyl 3-oxobutanoate (10.0 mmol, 1.0 equiv.) and the mixture was stirred for 5 min. Mel (0.65
mL, 10.5 mmol, 1.05 equiv.) was added slowly at 0 °C and the solution was stirred for 1 h at 0 ° to RT.

The reaction mixture was quenched with NH4Cl aq. and the organic layer was separated and thr aqueous layer was
extracted with Et;O. The organic layer was dried over Mg>SO4 and the solvent was evapolated. Purification was
performed by column chromatography of the crude product to give 2-phenylpropan-2-yl 2-methyl-3-oxobutanoate
as colorless oil (526.1 mg, 22 %). '"H NMR (500 MHz, CDCls) § 7.37-7.31 (m, 3H), 7.29-7.23 (m, 2H), 3.48 (q, J =
7.02 Hz, 1H), 2.23 (s, 3H), 1.78 (s, 6H), 1.31 (d, J=7.32 Hz, 3H) ppm.

2-Phenylpropan-2-yl 2-diazopropanoate
O
p -ABSA, DBU N,
CH3CN, RT,1.5h ©

To a stirred suspension of 2-phenylpropan-2-yl 2-methyl-3-oxobutanoate (340.0 mg, 1.45 mmol, 1 equiv.) in
CH3CN (15 mL) was added 4-Acetoamidobenzenesulfonyl azide (p-ABSA) (523.7 mg, 2.18 mmol, 1.5 equiv.)
under argon atmosphere.

The mixture was cooled down to 0 °C, and added DBU (0.33 mL, 2.18 mmol, 1.5 equiv.). After stirring for 30 min
at 0 °C to RT, the reaction mixture was quenched with H>O and extracted with Et;O. The organic phase was dried
over NaxSO4 and evaporated to give crude product. Purification was performed by column chromatography with
Hex/EA under cooling by ice to give benzhydryl 2-phenylpropan-2-yl 2-diazopropanoate as yellow oil (161.6 mg,
51 %). 'H NMR (500 MHz, CDCls) § 7.28-7.46 (m, 4H), 1.91 (bs, 3H), 1.80 (s, 6H) ppm. 1*C NMR (125 MHz,
CDCl) 0 166.5, 145.8, 128.2, 126.9, 124.1, 82.1, 51.4, 28.8, 8.3 ppm. IR (neat) v 2984, 2084, 1682, 1327, 1129,
766, 702 cm™ . HRMS (DART) calcd for C12H;sN302 [M+NH4]": 236.13990 found: 236.13996.

2-Methylbenzyl 2-methyl-3-oxobutanoate

0O O
Z 0 + HO 6]
/k Xylene, reflux,
0~ © overnight

To a stirred suspension of 2,2,5,6-tetramethyl-4H-1,3-dioxane-4-one (0.58 mL, 4.0 mmol, 1.0 equiv.) in xylene (12

mL) was added 2-methylbenzyl alcohol (537.5 mg, 4.4 mmol, 1.1 equiv.) under argon atmosphere.

After stirring overnight at 140 °C, the reaction mixture was concentrated under reduced pressure. The residue was
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purified by column chromatography with Hex/EA to give benzyl 2-methylbenzyl 2-methyl-3-oxobutanoate as
colorless o0il (669.0 mg, 76 %). '"H NMR (500 MHz, CDCl3) § 7.32-7.16 (m, 5H), 5.19 (s, 2H), 3.54 (q, J = 6.88 Hz,
1H), 2.34 (s, 3H), 2.19 (s, 3H), 1.36 (d, /= 7.26 Hz, 3H) ppm.

2-Methylbenzyl 2-diazopropanoate

o, 0
M s g jx
CH4CN, RT, 2 h

p-ABSA

IZ

To a stirred suspension of benzyl 2-methyl-3-oxobutanoate (669.0 mg, 3.04 mmol, 1 equiv.) in CH3CN (20 mL)
was added 4-acetoamidobenzenesulfonyl azide (1.1 g, 4.6 mmol, 1.5 equiv.) under argon atmosphere.

The mixture was cooled down to 0 °C, and added DBU (0.69 mL, 4.6 mmol, 1.5 equiv.). After stirring overnight at
0 °C to RT, the reaction mixture was quenched with H>O and extracted with Et,O. The organic phase was dried
over NaxSO4 and evaporated to give crude product. Purification was performed by column chromatography with
Hex/EA to give 2-methylbenzyl 2-diazopropanoate as yellow oil (335.6 mg, 54 %). 'H NMR (500 MHz, CDCl3)
8 7.15-7.35 (m, 4H), 5.22 (s, 2H), 2.34 (s, 3H), 1.97 (s, 3H) ppm. 1*C NMR (125 MHz, CDCl3) 8 167.4, 136.6,
133.8, 130.1, 128.8, 128.2, 125.7, 64.6, 18.6, 8.1 ppm. IR (neat) v 3024, 2928, 2084, 1694, 1320, 1129, 742 cm™".
HRMS (DART) calcd for C11HisN302 [M+NH4]": 222.1242 found: 222.1242.

2-Methoxy-2-oxoethyl 2-methyl-3-oxobutanoate

© o o
le) CHgCOONa CH3| NaH 0 (o)
Ho L oon, | Sk Nar ;
R“‘ \)J\OCH3 toluene, reflux, 2 h 0/\[]/ THF. 0 °C~RT, 4 h )H/U\O/\H/OC 3

0]

To a stirred solution of 1-methyl-1-phenylethyl alcohol (0.76 mL, 10.0 mmol, 1.0 equiv.) and CH3COONa (82.0
mg, 1 mmol, 0.1 equiv.) in toluene (6 mL) was added diketene (0.85 mL, 11.0 mmol, 1.1 equiv.) at 60 °C, and the
mixture was stirred at 130 °C for 2 h.

The reaction mixture was quenched with saturated aqueous NaHCOs3 solution (5 mL), extracted with CH,Cly, the
combined organic layer was washed with brine (5 mL). The crude product of 2-methoxy-2-oxoethyl

3-oxobutanoate was dried over Na;SO4 and evaporated.

To a stirred suspension of NaH (369.9 mg, 9.24 mmol, 1.05 equiv.) in THF (10 mL) at 0 °C was added
1-methyl-1-phenylethyl 3-oxobutanoate (1.5 g, 8.8 mmol, 1.0 equiv.) and the mixture was stirred for 5 min. Mel
(0.58 mL, 9.24 mmol, 1.05 equiv.) was added slowly at 0 °C and the solution was stirred for 1 h at 0 °C to RT.

The reaction mixture was quenched with NH4Cl aq. and the organic layer was separated and thr aqueous layer was
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extracted with Et;O. The organic layer was dried over Mg>SO4 and the solvent was evapolated. Purification was
performed by column chromatography of the crude product to give 2-methoxy-2-oxoethyl
2-methyl-3-oxobutanoate as brown oil (962.4 mg, 58 %). '"H NMR (500 MHz, CDCls) & 4.67 (s, 2H), 3.77 (s, 3H),
3.61 (q,J=7.32 Hz, 1H), 2.31 (s, 3H), 1.39 (d, J = 7.02 Hz, 3H) ppm.

2-Methoxy-2-oxoethyl 2-diazopropanoate
o O
o]

OCH;  p-ABSA, K,CO
oY A OCH
2 3
)H/m o CHaCN, 0 °C~RT, oY
o)

overnight

To a stirred suspension of K,COs; (330.3 mg, 2.4 mmol, 1.5 equiv) in CH3CN (4 mL) was added
2-methoxy-2-oxoethyl 2-methyl-3-oxobutanoate (300.0 mg, 1.6 mmol, 1.0 equiv.) under argon atmosphere at 0 °C.
The reaction mixture was added slowly p-ABSA (574.2 mg, 2.4 mmol, 1.5 equiv.) in CH3CN (4 mL) at 0 °C.

The progress of the reaction was monited by TLC. After stirring overnight at RT, the reaction mixture was
quenched with H,O and extracted with Et,O. The organic layer was dried over Na,SO4 and evaporated to give
crude product. Purification was performed by column chromatography to give 2-methoxy-2-oxoethyl
2-diazopropanoate as yellow oil (149.5 mg, 55 %). "H NMR (500 MHz, CDCls) 8 4.69 (s, 2H), 3.77 (s, 3H), 2.00 (s,
3H) ppm. *C NMR (125 MHz, CDCls) 8 199.4, 168.4, 60.5, 52.1, 51.1, 8.3 ppm. IR (neat) v 3000, 2952, 2080,
1753, 1698, 1443, 1383, 1323, 1136 cm!. HRMS (DART) calcd for CéHoN,O4 [M+H]": 173.0562 found:
173.0560.

Di(naphthalen-1-yl)methyl 2-diazopropanoate

OO 0O o© i
=
Ty - 1) .
o) O)T HO O Xylene, reflux, 1 day 0 O

di(naphthalen-1-yl)methanol

p-ABSA. DBU o ‘
——————— §
CHCN, RT, 1 day Zj)\o O

To a stirred suspension of di-1-naphthylmethanol (3.13 g, 11.0 mmol, 1.1 equiv.) in xylene (10 mL) was added
2,2,5,6-tetramethyl-4H-1,3-dioxane-4-one (1.46 mL, 10.0 mmol, 1.0 equiv.) under argon atmosphere. After stirring

for 1 day at 140 °C, the reaction mixture was concentrated under reduced pressure.
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To a stirred suspension of di(naphthalen-1-yl)methyl 2-methyl-3-oxobutanoate (10.0 mmol, 1 equiv.) in CH3CN
(60 mL) was added p-ABSA (3.6 g, 15.0 mmol, 1.5 equiv.) under argon atmosphere.

The mixture was cooled down to 0 °C, and added DBU (2.24 mL, 15.0 mmol, 1.5 equiv.). After stirring for 1 day at
0 °C to RT, the reaction mixture was quenched with H>O and extracted with Et,O. The organic phase was dried
over NaxSOy and evaporated to give crude product. Purification was performed by column chromatography with
Hex/EA, and directly recrystallized in the test tube after column to give di(naphthalen-1-yl)methyl
2-diazopropanoate 6h as yellow crystal (1.91 g, 52 %). '"H NMR (500 MHz, CDCl3) & 8.50 (s, 1H), 8.04 (d, J =
8.03 Hz, 2H), 7.90 (m, 2H), 7.84 (d, J = 7.64 Hz, 2H), 7.45-7.53 (m, 4H), 7.36-7.42 (m, 4H), 2.00 (s, 3H) ppm. 13C
NMR (125 MHz, CDCl3) 8 166.9, 134.9, 133.8, 131.0, 130.8, 129.0, 128.8, 126.6, 125.8, 125.2, 123.5, 71.1, 514,
8.5 ppm. IR (neat) v 3047, 2085, 1684, 1110, 760 cm’'. HRMS (DART) calcd for C24H2oN30, [M+NH4]*:
384.1712 found: 384.1711.
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tert-Butyl 2-methyl-3-oxobutanoate

Q 0 CHal, NaH o O

M e MOX

THF, 0 °C~RT, 1 h

To a stirred suspension of NaH (420 mg, 10.5 mmol, 1.05 equiv.) in THF (12 mL) at 0 °C was added tert-butyl
acetoacetate (1.66 mL, 10.0 mmol, 1.0 equiv.) and the mixture was stirred for 5 min. Mel (0.65 mL, 10.5 mmol,
1.05 equiv.) was added slowly at 0 °C and the solution was stirred for 1 h at 0 ° to RT.

The reaction mixture was quenched with NH4Cl aq. and the organic layer was separated and the aqueous layer was
extracted with Et2O. The organic layer was dried over Mg>SO4 and the solvent was evaporated. Purification was
performed by column chromatography of the crude product to give fert-butyl 2-methyl-3-oxobutanoate as brown
oil (600.0 mg, 32 %). 'H NMR (500 MHz, CDCl3) 8 3.39 (q, J = 6.88 Hz, 1H), 2.22 (s, 3H), 1.46 (s, 9H), 1.29 (t, J
=8.79 Hz, 3H) ppm.

tert-Butyl 2-diazopropanoate
o O

-ABSA, DBU

MOX ClI)-|3CN RT,2h ﬁ)\ ><

To a stirred suspension of tert-butyl 2-methyl-3-oxobutanoate (600 mg, 3.12 mmol, 1 equiv.) in CH3CN (20 mL)
was added p-ABSA (1.1 g, 4.7 mmol, 1.5 equiv.) under argon atmosphere.

The mixture was cooled down to 0 °C, and added DBU (0.71 mL, 4.7 mmol, 1.5 equiv.). After stirring for 30 min at
0 °C to RT, the reaction mixture was quenched with H>O and extracted with Et,O. The organic phase was dried
over NaxSO4 and evaporated to give crude product. Purification was performed by column chromatography with
Hex/EA to give fert-butyl 2-diazopropanoate as yellow oil (132.3 mg, 27 %). '"H NMR (500 MHz, CDCls) & 1.89 (s,

3H), 1.45 (s, 9H) ppm. *C NMR (125 MHz, CDCls) & 167.3, 80.9, 28.2, 27.7, 8.3 ppm. IR (neat) v 2933, 2080,
1686, 1331, 1136 cm™'. HRMS (DART) caled for C7H 3N20, [M+H]*: 157.0977 found: 157.0974.

Ethyl 2-diazo-2-phenylacetate

@\/ﬁ\ p-ABSA, DBU N, o™
o™

CH4CN, RT

To a stirred suspension of ethyl phenylacetate (0.8 mL, 5 mmol, 1 equiv.) in CH3CN (25 mL) was added p-ABSA
(1.80 g, 7.5 mmol, 1.5 equiv.) under argon atmosphere. The mixture was cooled down to 0 °C, and added DBU (1.1

mL, 7.5 mmol, 1.5 equiv.). After stirring for 3days at RT, the reaction mixture was quenched with H,O and
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extracted with Et;O. The organic phase was dried over Na;SO4 and evaporated to give crude product. Purification
was performed by column chromatography with Hex/EA to give ethyl 2-diazo-phenylacetate as yellow oil (617 mg,
65 % yield, 3.24 mmol). 'H NMR (500 MHz, CDCl3) 8 7.48 (d, J = 8.03 Hz, 2H), 7.39 (t, /= 7.64 Hz, 2H), 7.18 (t,
J=7.26Hz, 1H), 433 (q, J = 6.88 Hz, 2H), 1.34 (t, J = 6.88 Hz, 3H) ppm. '3C NMR (125 MHz, CDCl;) § 165.0,
128.7, 125.5, 125.5, 123.8, 63.1, 60.8, 14.3 ppm. IR (neat) v 2987, 2083, 1703, 1600, 1250, 1345, 1168, 755 cm.
HRMS (DART) caled for CioH{1N20> [M+H]": 191.0820 found: 191.0822.

Dimethyl(p-tolyl)silane

1) n-BuLi, THF, - 78°C
2) CIMe,SiH, THF, |

)©/Br -78°C > RT )©/SLH

To a solution of p-bromotoluene (1.23 mL, 10 mmol) in THF (35 mL) was added 1.6M n-BuLi (7.5 mL, 12 mmol,

1.2 equiv.) at -78 °C. The resulting mixture was stirred for 3 h at -78 °C, after stirring for 3 h, the reaction mixture
was added chlorodimethylsilane (1.44 mL, 13 mmol, 1.3 equiv.) and allowed to warm to RT overnight.

The crude mixture was quenched with NH4ClI aq. at 0 °C and washed with CH2Clz. The organic layer was dried
over Na;SO4 and concentrated under reduced pressure. Purification was performed by column chromatography
(Pentane/CH,Cl, = 100/1) to give dimethyl(p-tolyl)silane as colorless oil (1.397 g, 93% yield, 9.3 mmol). 'H NMR
(500 MHz, CDCl3) 6 7.44 (d, J = 7.64 Hz, 2H), 7.19 (d, J=7.26 Hz, 2H), 4.41 (sept, J = 3.82 Hz, 1H), 2.35 (s, 3H),
0.33 (d, /= 3.82 Hz) ppm.

(4-Fluorophenyl)dimethylsilane

1) n-BuLi, THF, - 78°C
2) CIMe,SiH, THF, |

/©/Br - 78°C - RT /@/S"H
F F

To a solution of 1-bromo-4-fluorobenzene (1.09 mL, 10 mmol) in THF (35 mL) was added 1.6M n-BuLi (7.5 mL,

12 mmol, 1.2 equiv.) at -78 °C. The resulting mixture was stirred for 3 h at -78 °C, after stirring for 3 h, the reaction
mixture was added chlorodimethylsilane (1.67 mL, 15 mmol, 1.5 equiv.) and allowed to warm to RT overnight.
The crude mixture was quenched with NH4ClI aq. at 0 °C and washed with CH,Cl,. The organic layer was dried
over Na;SO4 and concentrated under reduced pressure. Purification was performed by column chromatography
(Pentane/CH,Cl, = 100/1) to give (4-fluorophenyl)dimethylsilane as colorless oil (845.5 mg, 55% yield, 5.5 mmol).
"H NMR (500 MHz, CDCl3) § 7.48-7.53 (m, 2H), 7.08-7.03 (m, 2H), 4.41 (sept, J = 3.82 Hz, 1H), 0.33 (d, /= 3.82
Hz, 6H) ppm.
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(4-Bromophenyl)dimethylsilane

1) n-BulLi, THF, - 78°C
2) CIMe,SiH, THF, l-/

/@/Br -78°C > RT /@/S"H
Br Br

To a solution of 1,4-dibromobenzene (2.35 g, 10 mmol) in THF (35 mL) was added 1.6M n-BuLi (6.9 mL, 11

mmol, 1.1 equiv.) at -78 °C. The resulting mixture was stirred for 3 h at -78 °C, after stirring for 3 h, the reaction
mixture was added chlorodimethylsilane (1.33 mL, 12 mmol, 1.2 equiv.) and allowed to warm to RT overnight.
The crude mixture was quenched with NH4ClI aq. at 0 °C and washed with CH,Cl,. The organic layer was dried
over Na;SO4 and concentrated under reduced pressure. Purification was performed by column chromatography
(Pentane/CH>Cl, = 100/1) to give (4-bromophenyl)dimethylsilane as colorless oil (1.03 g, 48% yield, 4.79 mmol).
'H NMR (500 MHz, CDCl3) & 7.49 (d, J = 8.41 Hz, 2H), 7.39 (d, J = 8.03 Hz, 2H), 4.39 (sept, J = 3.82 Hz, 1H),
0.33 (d, J=3.82 Hz, 6H) ppm.

(4-Methoxyphenyl)dimethylsilane

1) n-BuLi, THF, - 78°C
2) CIMe,SiH, THF, l-/

/©/Br -78°C > RT /@/S"H
MeO MeO

To a solution of 4-bromoanisole (1.25 mL, 10 mmol) in THF (35 mL) was added 1.6M n-BuLi (7.5 mL, 12 mmol,

1.2 equiv.) at -78 °C. The resulting mixture was stirred for 3 h at -78 °C, after stirring for 3 h, the reaction mixture
was added chlorodimethylsilane (1.67 mL, 15 mmol, 1.5 equiv.) and allowed to warm to RT overnight.

The crude mixture was quenched with NH4ClI aq. at 0 °C and washed with CH2Clz. The organic layer was dried
over Na;SO4 and concentrated under reduced pressure. Purification was performed by column chromatography
(Pentane/CH>Cl, = 100/1) to give (4-methoxyphenyl)dimethylsilane as colorless oil ( 811.9 mg, 49 % yield, 4.9
mmol). "H NMR (500 MHz, CDCl3) & 7.47 (d, J= 8.41 Hz, 2H), 6.92 (d, J = 8.79 Hz, 2H), 4.41 (sept, J = 3.82 Hz,
1H), 3.82 (s, 3H), 0.32 (d, J= 3.82 Hz, 6H) ppm.

(3-Methoxyphenyl)dimethylsilane

1) n-BuLi, THF, - 78°C
2) ClMe,SiH, THF,

|-
Me0\©/ Br 78°C  RT Me0\©/SLH

To a solution of 3-bromoanisole (1.87 g, 10 mmol) in THF (35 mL) was added 1.6M n-BuLi (7.5 mL, 12 mmol, 1.2

equiv.) at -78 °C. The resulting mixture was stirred for 3 h at -78 °C, after stirring for 3 h, the reaction mixture was

added chlorodimethylsilane (1.67 mL, 15 mmol, 1.5 equiv.) and allowed to warm to RT overnight.
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The crude mixture was quenched with NH4ClI aq. at 0 °C and washed with CH,Cl,. The organic layer was dried
over Na;SO4 and concentrated under reduced pressure. Purification was performed by column chromatography
(Pentane/CH>Cl, = 100/1) to give (3-methoxyphenyl)dimethylsilane as colorless oil ( 1.375 g, 83 % yield, 8.3
mmol). '"H NMR (500 MHz, CDCls) & 7.30 (t, J = 7.26 Hz, 1H), 7.12 (d, J = 7.26 Hz, 1H), 7.08 (d, J = 2.68 Hz,
1H), 6.91 (dd, J = 2.68, 8.41 Hz, 1H), 4.41 (sept, J= 3.82 Hz, 1H), 3.82 (s, 3H), 0.34 (d, J = 3.82 Hz, 6H) ppm. *C
NMR (125 MHz, CDCl3) & 159.0, 139.0, 129.0, 126.1, 119.3, 114.5, 55.0, -3.8 ppm. IR (neat) v 2959, 2833, 2115,
1572, 1282, 1246, 889, 759 cm . HRMS (DART) calcd for CoH;50:Si; [M+H]™: 167.0892 found:167.0894.

(2-Methoxyphenyl)dimethylsilane

1) n-BuLi, THF, - 78°C

Qe 2) CIMe,SiH, THF -
€o0lM, y .

©/Bf -78°C - RT @/S"H

To a solution of 2-bromoanisole (1.87 g, 10 mmol) in THF (35 mL) was added 1.6M n-BuLi (7.5 mL, 12 mmol, 1.2

equiv.) at -78 °C. The resulting mixture was stirred for 3 h at -78 °C, after stirring for 3 h, the reaction mixture was
added chlorodimethylsilane (1.67 mL, 15 mmol, 1.5 equiv.) and allowed to warm to RT overnight.

The crude mixture was quenched with NH4ClI aq. at 0 °C and washed with CH,Cl,. The organic layer was dried
over Na;SO4 and concentrated under reduced pressure. Purification was performed by column chromatography
(Pentane/CH>Cl, = 100/1) to give (2-methoxyphenyl)dimethylsilane as colorless oil ( 1.566 g, 94 % yield, 9.4
mmol). "H NMR (500 MHz, CDCls) & 7.42 (dd, J=1.83, 7.02 Hz, 1H), 7.36 (dt, /= 1.83, 8.24 Hz, 1H), 6.95 (t,J =
7.02 Hz, 1H), 6.83 (d, J= 8.24 Hz, 1H), 4.39 (sept, J = 3.66 Hz, 1H), 3.82 (s, 3H), 0.33 (d, J = 3.66 Hz, 6H) ppm.

(3,5-Dimethoxyphenyl)dimethylsilane

1) n-BuLi, THF, - 78°C |
MeO Br 2) CIMe,SiH, THF, i

MeO Si.
-78°C — RT \©/ H

OMe OMe

To a solution of 1-bromo-3,5-dimethoxybenzene (2.17 g, 10 mmol) in THF (35 mL) was added 1.6M n-BuLi (7.5
mL, 12 mmol, 1.2 equiv.) at -78 °C. The resulting mixture was stirred for 3 h at -78 °C, after stirring for 3 h, the
reaction mixture was added chlorodimethylsilane (1.67 mL, 15 mmol, 1.5 equiv.) and allowed to warm to RT
overnight.

The crude mixture was quenched with NH4ClI aq. at 0 °C and washed with CH,Cl,. The organic layer was dried
over Na;SO4 and concentrated under reduced pressure. Purification was performed by column chromatography
(Pentane/CH,Cl, = 50/1) to give (3,5-dimethoxyphenyl)dimethylsilane as colorless oil (1.65 g, 84% yield, 8.43
mmol). "H NMR (500 MHz, CDCls) 8 6.67 (d, J = 2.68 Hz, 2H), 6.47 (t, J = 2.29 Hz, 1H), 4.39 (sept, J = 3.82 Hz,
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1H), 3.81 (s, 6H), 0.33 (d, J = 3.82 Hz, 6H) ppm. '*C NMR (125 MHz, CDCls) & 160.4, 139.7, 111.3, 101.1, 55.1,
-3.8 ppm. IR (neat) v 2954, 2837, 2123, 1581, 1285, 1152, 890 cm .-HRMS (DART) calcd for C1oH160,Si [M]*:
196.0919 found: 196.0917.

(2,5-Dimethylphenyl)dimethylsilane
1) n-BuLi, THF, - 78°C |
Br 2) CIMe,SiH, THF, si”
-78°C > RT H

To a solution of 2-bromo-1,4-dimethylbenzene (1.36 mL, 10 mmol) in THF (35 mL) was added 1.6M n-BuLi (7.5
mL, 12 mmol, 1.2 equiv.) at -78 °C. The resulting mixture was stirred for 3 h at -78 °C, after stirring for 3 h, the
reaction mixture was added chlorodimethylsilane (1.67 mL, 15 mmol, 1.5 equiv.) and allowed to warm to RT
overnight.

The crude mixture was quenched with NH4ClI aq. at 0 °C and washed with CH,Cl,. The organic layer was dried
over Na;SO4 and concentrated under reduced pressure. Purification was performed by column chromatography
(Pentane/CH>Cl, = 50/1) to give (2,5-dimethylphenyl)dimethylsilane as colorless oil (1.59 g, 97% yield, 9.7 mmol).
"H NMR (500 MHz, CDCl3) & 7.27 (s, 1H), 7.09 (d, J= 16.82 Hz, 1H), 7.07 (d, J = 16.82 Hz, 1H), 4.51 (sept, J =
3.82 Hz, 1H), 2.41 (s, 3H), 2.31 (s, 3H), 0.35 (d, J = 3.82 Hz, 6H) ppm. '*C NMR (125 MHz, CDCl3) & 140.4,
135.8, 135.2, 134.1, 130.1, 129.4, 21.7, 20.9, -3.3 ppm. IR (neat) v 2997, 2954, 2880, 2123, 1476, 1249, 890
cm.HRMS (DART) caled for C1oH;7Si; [M+H]": 165.1099 found: 165.1092.

4-(Dimethylsilyl)benzonitrile

1) i-PrMgCl, THF, - 78°C
2) CIMe,SiH, THF, l-/

/@/Br - 78°C - RT OS"H
NC NC

i-PrMgCl (4.26 mL of 2M solution in THF, 8.52 mmol, 1.3 equiv.) was slowly added to a cooled solution of
4-iodobenzonitrile (1.5 g, 6.55 mmol) in THF (15 mL). After 30 min, the solution was slowly added a cooled

solution of chlorodimethylsilane (1.09 mL, 9.82 mmol, 1.5 equiv.) in THF (15 mL). The reaction mixture was
allowed to warm to RT over 4 h.

The crude mixture was quenched with NH4Cl aq. at 0 °C and extracted with CH>Cl,. The organic layer was dried
over MgSO4 and concentrated under reduced pressure to give 4-(dimethylsilyl)benzonitrile as yellow oil (1.054 g,
99.8% yield, 9.98 mmol). 'H NMR (500 MHz, Acetone-D6) & 7.77 (d, J = 16.82 Hz, 2H), 7.76 (d, J = 15.26 Hz,
2H), 4.44 (sept, J=3.82 Hz, 1H), 0.39 (d, J = 3.82 Hz, 6H) ppm.
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10-4-2. General Procedure for Catalytic Asymmetric Si-H Insertion Reaction to Construct Chiral

Carbon
Ru(ll)-Pheox
Ru 0 (1 mol%) R Q
_Si- + Nzﬁ)J\ _R? s _R?
RTUR © CH,Cl, R o
R’ R’

To a solution of Ru(Il)-Pheox (0.001 mmol, 1.0 mol%) in CH>Cl, (0.5 mL) and silane compound (0.2 mmol, 2.0
equiv.) was cooled down to 0 °C under argon atmosphere.

The mixture was added diazo ester (0.1 mmol, 1 equiv.) in CH2ClI; (0.5 mL).

After stirring for 10 min at 0 °C, the reaction mixture was concentrated under reduced pressure to give crude
product. Purification was performed by column chromatography with Hex/EA to give desired product. The ee value

was determined by chiral HPLC analysis.
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10-4-3. Analytical Data for Asymmetric Si-H Insertion Reaction Products (1)

Ethyl (R)-2-(dimethyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric Si-H
o] insertion reaction of ethyl 2-diazopropanoate (12.8 mg, 0.1 mmol) and

PhMe,Si PN . . . . . o
0 dimethylphenylsilane (27.3 mg, 0.2 mmol). The resulting mixture was purified by silica

gel column chromatography with Hexane/EtOAc as an eluent to give ethyl
(R)-2-(dimethyl(phenyl)silyl) propanoate as colorless oil (85 % yield, 20.2 mg, 0.085 mmol), 54% ee. [0]**p =
+29.8 (¢ 0.46, CHCI;). '"H NMR (500 MHz, CDCl3) § 7.49-7.51 (m, 2H), 7.34-7.40 (m, 3H), 3.86 (q, J = 7.3 Hz,
2H), 2.25 (q, J = 7.3 Hz, 2H), 1.12-1.15 (m, 6H), 0.37 (s, 6H) ppm. *C NMR (125 MHz, CDCl3) § 175.9, 136.2,
133.8, 129.4, 127.7, 59.7, 29.9, 14.2, 11.2, -4.0, -4.9 ppm. The ee value was determined by chiral HPLC analysis.
Column (CHIRALPAK IC-3), UV detector 254 nm, eluent: Hex/IPA = 200/1, Flow late = 1.0 mL/min, tR = 10.6
min (major product), tR = 11.2 min (minor product). IR (neat) v 3075, 2956, 1710, 1320, 1184, 822, 734, 699 cm’!.
HRMS (DART) caled for Ci13H24N02Si; [M+NH4]*: 254.1576 found: 254.1570.

Ethyl (R)-2-(triphenylsilyl)propanoate

This compound was prepared according to the typical procedure for asymmetric Si-H
0 insertion reaction of ethyl 2-diazopropanoate (25.7 mg, 0.2 mmol) and triphenylsilane
PhaS W)J\O/\ (104.2 mg, 0.4 mmol). The resulting mixture was purified by silica gel column
chromatography ~ with  Hexane/EtOAc as an eluent to  give  Ethyl
(R)-2-(dimethyl(phenyl)silyl) propanoate as colorless oil (84 % yield, 60.8 mg, 0.16 mmol), 91% ee. [a]**p = +44.1
(¢ 0.56, CHCl3). 'H NMR (500 MHz, CDCl3) 8 7.60-7.75 (m, 6H), 7.44-7.39 (m, 3H), 7.38-7.33 (m, 6H), 3.85 (dq,
J=17.26,10.70 Hz, 1H), 3.71 (dq, J = 7.26, 10.70 Hz, 1H), 2.96 (q, J = 7.26 Hz, 1H), 1.36 (d, J = 7.26 Hz, 3H),
0.86 (t, J = 7.26 Hz, 3H) ppm. 3*C NMR (125 MHz, CDCl3) §175.8, 136.1, 132.8, 129.7, 127.7, 60.0, 28.4, 13.7,
13.0 ppm.
The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IC-3), UV detector 254 nm, eluent:
Hex/IPA = 100/1, Flow late = 1.0 mL/min, tR = 6.5 min (major product), tR = 10.4 min (minor product). IR (neat)
v 2979, 1714, 1428, 1110, 741, 700 cm’!. HRMS (DART) caled for C23H2sN10,Si; [M+NH4]": 378.1889 found:
378.18809.
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Benzyl (R)-2-(dimethyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric

Si-H insertion reaction of Benzyl 2-diazopropanoate (38.0 mg, 0.2 mmol) and

(0]
PhMezsi%o/\Q dimethylphenylsilane (54.5 mg, 0.4 mmol). The resulting mixture was purified by

silica gel column chromatography with Hexane/EtOAc as an eluent to give benzyl

(R)-2-(dimethyl(phenyl)silyl) propanoate as colorless oil (88 % yield, 52.8 mg,
0.18 mmol), 50% ee. [a]*’p = +31.9 (¢ 2.86, CHCl;). '"H NMR (500 MHz, CDCl;) § 7.51-7.45 (m, 2H), 7.29-7.42
(m, 6H), 7.23-7.27 (m, 2H), 5.01 (dd, J = 12.23, 32.87 Hz, 2H), 2.34 (q, /= 7.26 Hz, 1H), 1.19 (d, J = 9.94 Hz, 3H),
0.35 (d, J = 4.20 Hz, 6H) ppm. '*C NMR (125 MHz, CDCl3) § 175.7, 136.1, 136.0, 133.8, 129.4, 128.4, 127.9,
127.7, 65.8, 299, 11.3, -4.1, -4.8 ppm. The ee value was determined by chiral HPLC analysis. Column
(CHIRALPAK OIJ-H), UV detector 254 nm, eluent: Hex/IPA = 1000/1, Flow late = 1.0 mL/min, tR = 39.6 min
(major product), tR = 59.2 min (minor product). IR (neat) v 3032, 2960, 1716, 1315, 1229, 1138, 734, 699 cm™'.
HRMS (DART) calcd for CigH26N102Si; [M+NH4]™: 316.1732 found: 316.1737.

Benzhydryl (R)-2-(dimethyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric Si-H

O insertion reaction of benzhydryl 2-diazopropanoate (26.6 mg, 0.1 mmol) and
0]
theQSiw)J\O dimethylphenylsilane (0.03 mL, 0.2 mmol). The resulting mixture was purified by

silica gel column chromatography with Hexane/EtOAc as an eluent to give

benzhydryl (R)-2-(dimethyl (phenyl)silyl) propanoate as colorless oil (99% yield,
37.2 mg, 0.1 mmol), 78 %ee. [a]**p = -7.25 (¢ 0.88, CHCl3). 'H NMR (500 MHz, CDCl3) § 7.23-7.44 (m, 15H),
6.86 (s, 1H), 2.40 (q, J= 7.26 Hz, 1H), 1.20 (d, J = 7.26 Hz, 3H), 0.26 (d, J = 10.70 Hz, 6H) ppm. *C NMR (125
MHz, CDCl3) ¢ 174.9, 140.5, 133.8, 129.4, 128.3, 123.2, 127.7, 127.7, 127.6, 126.9, 76.4, 30.0, 11.4, -4.1, -4.7
ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IC-3), UV detector 254 nm,
eluent: Hex/IPA = 200/1, Flow late = 1.0 mL/min, tR = 11.3 min (major product), tR = 9.2 min (minor product). IR
(neat) v 3080, 2960, 1716, 1170, 761, 699 cm™'. HRMS (DART) calcd for C24H,70,S1; [M+H]": 375.1780 found:
375.1781.

2-Methylbenzyl (R)-2-(dimethyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric
0 Si-H insertion reaction of 2-methylbenzyl 2-diazopropanoate (20.4 mg, 0.1 mmol)

PhMe,Si
2 %O/\é and dimethylphenylsilane (0.03 mL, 0.2 mmol). The resulting mixture was

purified by silica gel column chromatography with Hexane/EtOAc as an eluent to

give 2-methylbenzyl (R)-2-(dimethyl (phenyl)silyl)propanoate as colorless oil
(92% yield, 28.8 mg, 0.09 mmol), 57 %ee. [a]*’p = +71.5 (¢ 1.44, CHCl3). "H NMR (500 MHz, CDCl3) § 7.44-7.49
(m, 2H), 7.31-7.40 (m, 4H), 7.26-7.20 (m, 2H), 7.19-7.14 (m, 2H), 5.11 (d, J = 12.23 Hz, 1H), 4.97 (d, J = 12.61
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Hz, 1H), 2.33 (q, J = 7.26 Hz, 1H), 2.29 (s, 3H), 1.19 (d, J = 6.88 Hz, 3H), 0.34 (d, J = 5.73 Hz, 6H) ppm. *C
NMR (125 MHz, CDCl3) & 175.8, 136.8, 134.2, 133.8, 130.1, 129.4, 129.2, 128.2, 127.8, 125.8, 63.9, 30.0, 18.8,
11.3, -4.1, -4.8 ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK OZ-H), UV
detector 254 nm, eluent: Hex/IPA = 4000/1, Flow late = 1.0 mL/min, tR = 80.1 min (major product), tR = 70.9 min
(minor product). IR (neat) v 3048, 2960, 1715, 1174, 736, 700 cm!. HRMS (DART) caled for Ci9H250,Si;
[M+H]*: 313.1623 found: 313.1629.

2-Methoxy-2-oxoethyl (R)-2-(dimethyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric

o Si-H insertion reaction of 2-methoxy-2-oxoethyl 2-diazopropanoate (17.2 mg, 0.1
PhMeZSiW)J\ O/\n/O\ mmol) and dimethylphenylsilane (0.03 mL, 0.2 mmol). The resulting mixture was
o}

purified by silica gel column chromatography with Hexane/EtOAc as an eluent to

give 2-methoxy-2-oxoethyl (R)-2-(dimethyl(phenyl)silyl)propanoate as colorless oil
(98% yield, 27.4 mg, 0.1 mmol), 54 %ee. [a]**p = +25.7 (¢ 1.34, CHCl3). 'H NMR (500 MHz, CDCls) & 7.50-7.54
(m, 2H), 7.33-7.41 8m, 3H), 4.52 (q, J = 16.05 Hz, 2H), 3.74 (s, 3H), 2.37 (q, J = 7.26 Hz, 1H), 1.16 (d, J = 7.26
Hz, 3H), 0.42 (d, J = 5.73 Hz, 6H) ppm. '3C NMR (125 MHz, CDCls) § 175.3, 168.6, 136.0, 133.8, 129.5, 127.8,
60.3, 52.0, 29.7, 11.2, -3.8, -5.3 ppm. The ee value was determined by chiral HPLC analysis. Column
(CHIRALPAK OJ-H), UV detector 254 nm, eluent: Hex/IPA = 800/1, Flow late = 1.0 mL/min, tR = 25.7 min
(major product), tR = 35.0 min (minor product). IR (neat) v 3070, 1957, 1764, 1729, 1166, 791, 701 cm’!. HRMS
(DART) caled for Ci4H24N104Si; [M+NH4]": 298.1474 found: 298.1474.

2-Phenylpropan-2-yl (R)-2-(dimethyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric

PhMe.Si o Si-H insertion reaction of 2-phenylpropan-2-yl 2-diazopropanoate (15.0 mg,
2

W)J\o 0.07 mmol) and dimethylphenylsilane (0.02 mL, 0.14 mmol). The resulting

mixture was purified by silica gel column chromatography with Hexane/EtOAc

as an eluent to give 2-phenylpropan-2-yl (R)-2-(dimethyl(phenyl)silyl)propanoate as colorless oil (36% yield, 8.2
mg, 0.025 mmol), 90 %ee. [a]**p = +42.5 (¢ 0.28, CHCl3). 'H NMR (500 MHz, CDCls) & 7.51-7.57 (m, 2H),
7.32-7.41 (m, 3H), 7.17-7.30 (m, 5H), 2.27 (q, J = 7.26 Hz, 1H), 1.67 (s, 3H), 1.62 (s, 3H), 1.13 (d, J = 7.26 Hz,
3H), 0.38 (d, J=9.17 Hz, 6H) ppm. *C NMR (125 MHz, CDCl3) § 174. 4, 146.1, 136.6, 134.0, 129.3, 128.0, 127.7,
126.7, 124.3, 80.9, 30.5, 29.0, 27.8, 11.4, -4.0, -4.4 ppm. The ee value was determined by chiral HPLC analysis.
Column (CHIRALPAK OJ-H), UV detector 254 nm, eluent: Hex/IPA = 600/1, Flow late = 1.0 mL/min, tR = 24.7
min (major product), tR = 21.8 min (minor product). IR (neat) v 2977, 1718, 1133, 733, 698 cm’'. HRMS (DART)
calcd for Cy0H270,S1; [M+H]*: 327.1780 found: 327.1781.
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tert-Butyl (R)-2-(dimethyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric Si-H
0 J< insertion reaction of tert-butyl 2-diazopropanoate (15.6 mg, 0.1 mmol) and

PhMe,Si
? IW)J\O dimethylphenylsilane (0.03 mL, 0.2 mmol). The resulting mixture was purified by

silica gel column chromatography with Hexane/EtOAc as an eluent to give tert-butyl

(R)-2-(dimethyl(phenyl)silyl) propanoate as colorless oil (80% yield, 21.2 mg, 0.08 mmol), 81% ee. [a]'®p = +41.4
(c 0.925, CHCl3). 'H NMR (500 MHz, CDCls) & 7.49-7.54 (m, 2H), 7.32-7.38 (m, 3H), 2.17 (q, J = 7.26 Hz, 1H),
1.33(s, 9H), 1.10 (d, J= 7.26 Hz, 3H), 0.36 (d, J = 8.79 Hz, 6H) ppm. *C NMR (125 MHz, CDCl3) § 175.2, 136.6,
133.9, 129.2, 127.7, 79.4, 30.5, 28.1, 11.3, -3.9, -4.6 ppm. The ee value was determined by chiral HPLC analysis.
Column (CHIRALPAK IC-3), UV detector 254 nm, eluent: Hex/IPA = 500/1, Flow late = 1.0 mL/min, tR = 10.1
min (major product), tR = 11.8 min (minor product). IR (neat) v 3070, 2975, 1712, 1366, 1158, 734, 700 cm’'.
HRMS (DART) calcd for Ci5H250,Si; [M+H]": 265.1623 found: 265.1624.

tert-Butyl (R)-2-(triphenylsilyl)propanoate

This compound was prepared according to the typical procedure for asymmetric Si-H
0 )< insertion reaction of tert-butyl 2-diazopropanoate (15.6 mg, 0.1 mmol) and

Ph3Si
° IW)J\O triphenylsilane (52.08 mg, 0.2 mmol). The resulting mixture was purified by silica gel

column chromatography with Hexane/EtOAc as an eluent to give tert-butyl

(R)-2-(dimethyl(phenyl)silyl)propanoate as colorless oil (84% yield, 32.5 mg, 0.08 mmol), 99% ee. [a]*p =
+54.9 (¢ 0.165, CHCl3). '"H NMR (500 MHz, CDCl3) § 7.55-7.64 (m, 6H), 7.32-7.45(m, 9H), 2.88 (q, J = 7.26 Hz,
1H), 1.31 (d, J=9.94 Hz, 3H), 1.09 (s, 9H) ppm. *C NMR (125 MHz, CDCl3) § 174.9, 136.2, 133.1, 129.6, 127.7,
80.0, 28.9, 27.6, 13.1 ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IC-3),
UV detector 254 nm, eluent: Hex/IPA = 100/1, Flow late = 1.0 mL/min, tR = 4.6 min (major product), tR = 5.2 min
(minor product). IR (neat) v 3049, 2976, 1709, 1428, 1141, 741, 700 cm'. HRMS (DART) calcd for
C2s5H3oN102S1; [M+NH4]":406.2202 found:406.2209.

Di(naphthalen-1-yl)methyl (R)-2-(dimethyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric

OO Si-H insertion reaction of di(naphthalen-1-yl)methyl 2-diazopropanoate (36.6
o 0 mg, 0.1 mmol) and dimethylphenylsilane (0.03 mL, 0.2 mmol). The resulting

PhMe,Si
%2 lW)J\O O mixture was purified by silica gel column chromatography with Hexane/EtOAc

as an eluent to give di(naphthalen-1-yl)methyl

(R)-2-(dimethyl(phenyl)silyl)propanoate as white solid (86% yield, 40.9 mg,
0.0085 mmol), 97% ee. [a]*°p = -44.5 (¢ 0.535, CHCl3). 'H NMR (500 MHz, CDCl;) § 8.52 (s, 1H), 8.17 (d, J =
8.79 Hz, 1H), 7.78-7.99 (m, 5H), 7.37-7.54 (m, 6H), 7.23-7.34 (m, 5H), 7.19 (t, J = 7.64 Hz, 2H), 2.43 (q, J = 6.88
Hz, 1H), 1.20 (d, J = 6.88 Hz, 3H), 0.16 (d, J = 20.64 Hz, 6H) ppm. '*C NMR (125 MHz, CDCl3) & 175.0, 136.0,
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135.4, 133.8, 130.8, 129.2, 128.8, 128.7, 128.7, 128.6, 127.6, 126.6, 126.5, 126.1, 125.7, 125.7, 125.2, 123.6, 123.6,
69.8, 30.1, 11.7, -4.0, -4.9 ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK
IF-3), UV detector 254 nm, eluent: Hex/IPA = 400/1, Flow late = 1.0 mL/min, tR = 38.9 min (major product), tR =
54.3 min (minor product). IR (neat) v 3050, 2961, 1714, 1170, 735, 653 cm’!. HRMS (DART) calcd for
C32H34N102Si1; [M+NH4]*: 492.2358 found: 492.2354.

Di(naphthalen-1-yl)methyl (R)-2-(methyldiphenylsilyl)propanoate

This compound was prepared according to the typical procedure for asymmetric

o OO Si-H insertion reaction of di(naphthalen-1-yl)methyl 2-diazopropanoate (36.6
thMeSiW)J\O O mg, 0.1 mmol) and diphenylmethylsilane (0.04 mL, 0.2 mmol). The resulting

mixture was purified by silica gel column chromatography with Hexane/EtOAc

as an eluent to give di(naphthalen-1-yl)methyl
(R)-2-(methyldiphenylsilyl)propanoate as white solid (94% yield, 50.6 mg, 0.09 mmol), 99% ee. [a]*p = -18.5 (c
1.235, CHCl3). '"H NMR (500 MHz, CDCl3) & 8.48 (s, 1H), 8.02 (d, J = 8.41 Hz, 1H), 7.96 (d, J = 8.41 Hz, 1H),
7.90 (d, J=8.03 Hz, 1H), 7.87 (d, /= 8.41 Hz, 1H), 7.84 (d, J = 8.03 Hz, 1H), 7.78 (d, /= 8.41 Hz, 1H), 7.17-7.55
(m, 17H), 7.09 (d, J = 7.26 Hz, 1H), 2.84 (q, J = 7.26 Hz, 1H), 1.33 (d, J = 7.26 Hz, 3H), 0.48 (s, 3H) ppm. 13C
NMR (125 MHz, CDCls) 6 174.9, 135.5, 135.1, 134.7, 134.6, 134.2, 134.2, 133.7, 133.6, 130.8, 130.8, 129.4, 128.7,
128.6, 128.6, 127.7, 127.6, 126.5, 126.5, 125.8, 125.7, 125.6, 125.4, 125.1, 123.5, 123.4, 70.0, 28.8, 12.4, -5.5 ppm.
The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IF-3), UV detector 254 nm, eluent:
Hex/IPA = 400/1, Flow late = 1.0 mL/min, tR = 49.0 min (major product), tR = 58.8 min (minor product). IR (neat)
v 3049, 2935, 1714, 1428, 1174, 735, 700 cm'. HRMS (DART) caled for C37H3sN1O2Si; [M+NH4]*: 554.2515
found: 554.2519.

Di(naphthalen-1-yl)methyl (R)-2-(dimethyl(p-tolyl)silyl)propanoate

This compound was prepared according to the typical procedure for

OO asymmetric ~ Si-H insertion reaction of di(naphthalen-1-yl)methyl
~ Sli 0 0 2-diazopropanoate (36.6 mg, 0.1 mmol) and dimethyl(p-tolyl)silane ( 30.1 mg,
/©/ T)J\O O 0.2 mmol). The resulting mixture was purified by silica gel column

chromatography  with  Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl)methyl (R)-2-(dimethyl(p-tolyl)silyl)propanoate as white
solid (84 % yield, 41.3 mg, 0.08 mmol), 89% ee. [a]"p = -59.0 (¢ 0.835, CHCI3). 'H NMR (500 MHz, CDCl3) &
8.50 (s, 1H), 8.15 (d, J = 8.41 Hz, 1H), 7.89 (q, J = 9.17 Hz, 3H), 7.82 (q, J = 8.03 Hz, 2H), 7.36-7.53 (m, 6H),
7.31 (t,J =17.26 Hz, 1H), 7.17-7.25 (m, 3H), 6.83-6.76 (m, 2), 2.39 (q, J = 6.88 Hz, 1H), 1.55 (s, 2H), 1.21 (d, J =
7.26 Hz, 3H), 0.16 (d, J = 9.94 Hz, 6H) ppm. 1*C NMR (125 MHz, CDCls) & 174.8, 164.6, 162.6, 136.7, 135.6,
135.3,133.7,131.3, 131.3, 130.9, 130.7, 128.8, 128.8, 128.7, 128.6, 126.6, 126.4, 126.1, 125.7, 125.7, 125.1, 125.0,
123.6, 123.4, 114.8, 114.6, 69.7, 30.1, 11.6, -4.2, -4.4 ppm. The ee value was determined by chiral HPLC analysis.
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Column (CHIRALPAK IF-3), UV detector 254 nm, eluent: Hex/IPA = 400/1, Flow late = 1.0 mL/min, tR = 44.3
min (major product), tR = 62.4 min (minor product). IR (neat) v 3055, 2960, 1713, 1313, 1165, 820, 784 cm'.
HRMS (DART) calcd for C33H3sN102Si; [M+NH4]™: 506.2515 found: 506.2513.

Di(naphthalen-1-yl)methyl (R)-2-((4-fluorophenyl)dimethylsilyl)propanoate

This compound was prepared according to the typical procedure for

OO asymmetric ~ Si-H insertion reaction of di(naphthalen-1-yl)methyl
e, 2-diazopropanoate (36.6 mg, 0.1 mmol) and (4-fluorophenyl)dimethylsilane
Na:
/©/ S'T)j\o O‘ (30.8 mg, 0.2 mmol). The resulting mixture was purified by silica gel column
F

chromatography  with  Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl)methyl (R)-2-((4-fluorophenyl)dimethylsilyl) propanoate
as white solid ( 86% yield, 42.3 mg, 0.085 mmol), 94% ee. [a]'7p = -58.85 (¢ 0.755, CHCl3). '"H NMR (500 MHz,
CDCl3) & 8.53 (s, 1H), 8.18 (d, J = 8.03 Hz, 1H), 7.96-7.81 (m, 5H), 7.55-7.37 (m, 6H), 7.35-7.31 (m, 1H),
7.28-7.20 (m, 3H), 6.79-6.85 (m, 2H), 2.42 (q, J = 6.88 Hz, 1H), 1.24 (d, J = 7.26 Hz, 3H), 0.19 (d, J = 13.0 Hz,
6H) ppm. 3C NMR (125 MHz, CDCls) 8 174.8, 164.6, 162.6, 135.7, 135.6, 135.3, 133.7, 131.3, 131.3, 130.9,
130.7, 128.8, 128.8, 128.7, 128.6, 126.6, 126.4, 126.1, 125.7, 125.7, 125.1, 125.0, 123.6, 123.4, 114.8, 114.6, 69.7,
30.1, 11.6, -4.2, -4.4 ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IF-3),
UV detector 254 nm, eluent: Hex/IPA = 300/1, Flow late = 1.0 mL/min, tR = 27.2 min (major product), tR = 37.3
min (minor product). IR (neat) v 3047, 2956, 1710, 1307, 1232, 1168, 778, 734 cm’'. HRMS (DART) calcd for
C3:H33FNOsSi; [M+NH4]": 510.2264 found: 510.2264.

Di(naphthalen-1-yl)methyl (R)-2-((4-bromophenyl)dimethylsilyl)propanoate

This compound was prepared according to the typical procedure for

OO asymmetric ~ Si-H insertion reaction of di(naphthalen-1-yl)methyl
| o 2-diazopropanoate (36.6 mg, 0.1 mmol) and (4-bromophenyl) dimethylsilane
Na:
/©/S|T)J\O O‘ (43.0 mg, 0.2 mmol). The resulting mixture was purified by silica gel column
Br

chromatography  with  Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl)methyl (R)-2-((4-bromophenyl)dimethylsilyl) propanoate
as white solid ( 87% yield, 48.3 mg, 0.087 mmol), 93% ee. [a]*’p = -59.84 (c 2.125, CHCI3). '"H NMR (500 MHz,
CDCl) 6 8.52 (s, 1H), 8.17 (d, J=8.03 Hz, 1H), 7.80-7.96 (m, 5H), 7.37-7.56 (m, 6H), 7.33 (t, /= 7.26 Hz, 1H),
7.21-7.27 (m, 3H), 7.06-7.12 (m, 2H), 2.42 (q, J = 6.88 Hz, 1H), 1.24 (d, J = 7.26 Hz, 3H), 0.18 (d, J = 8.79 Hz,
6H) ppm. 3C NMR (125 MHz, CDCl3) & 174.7, 135.6, 135.3, 135.2, 134.6, 133.7, 130.9, 130.7, 130.7, 128.9,
128.8, 128.7, 128.7, 126.6, 126.4, 126.1, 125.7, 125.7, 125.1, 125.1, 125.0, 124.1, 123.5, 123.4, 69.7, 29.8, 11.6,
-4.5 ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IF-3), UV detector 254
nm, eluent: Hex/IPA = 300/1, Flow late = 1.0 mL/min, tR = 36.2 min (major product), tR = 50.3 min (minor
product). IR (neat) v 3047, 2960, 1714, 1375, 1168, 1065, 781, 727 cm’'. HRMS (DART) caled for
C32H33BrNO,Si; [M+NH4]*: 570.1463 found: 570.1463.
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Di(naphthalen-1-yl)methyl (R)-2-((4-methoxyphenyl)dimethylsilyl)propanoate

This compound was prepared according to the typical procedure for

o OO asymmetric ~ Si-H insertion reaction of di(naphthalen-1-yl)methyl
\Sli T)J\O a 2-diazopropanoate (36.6 mg, 0.1 mmol) and (4-methoxyphenyl) dimethyl
Ve /©/ O silane (33.2 mg, 0.2 mmol, 2 equiv.). The resulting mixture was purified by

silica gel column chromatography with Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl)methyl (R)-2-((4-methoxyphenyl)dimethyl silyl)propanoate as white solid ( 84% yield, 42.5 mg,
0.84 mmol), 95% ee. [a]**p = - 57.22 (¢ 2.066, CHCI3). '"H NMR (500 MHz, CDCl;) 6 8.55 (s, 1H), 8.22-8.17 (m,
1H), 7.98 (d, J= 8.41 Hz, 1H), 7.87-7.93 (m, 2H), 7.84 (d, /= 11.47 Hz, 1H), 7.83 (d, /= 11.47 Hz, 1H), 7.54-7.39
(m, 6H), 7.28-7.36 (m, 2H), 7.25-7.22 (m, 2H), 6.73 (d, J = 8.79 Hz, 2H), 3.78 (s, 3H), 2.42 (q, J = 7.26 Hz,
1H),1.23 (d, J = 7.2 Hz, 3H), 0.18 (d, J = 13.0 Hz, 6H) ppm. '3C NMR (125 MHz, CDCl3) $ 175.1, 160.4, 135.7,
135.4,135.2,133.7,131.0, 130.8, 128.7, 128.7, 128.7, 128.6, 126.7, 126.6, 126.4, 126.1, 125.7, 125.7, 125.1, 125.1,
123.6, 123.5, 113.3, 69.6, 54.8, 30.3, 11.7, -3.9, -4.6 ppm. The ee value was determined by chiral HPLC analysis.
Column (CHIRALPAK IF-3), UV detector 254 nm, eluent: Hex/CH>Cl, = 300/1, Flow late = 1.0 mL/min, tR =
43.1 min (major product), tR = 65.1 min (minor product). IR (neat) v 3059, 2958, 2833, 1709, 1592, 1503, 1245,
1167, 797, 734 cm’'. HRMS (DART) calcd for C33H36NO3Si; [M+NH4]": 522.2464 found: 522.2463.

Di(naphthalen-1-yl)methyl (R)-2-((3-methoxyphenyl)dimethylsilyl)propanoate

This compound was prepared according to the typical procedure for

o OO asymmetric  Si-H insertion reaction of di(naphthalen-1-yl)methyl
MeO. \SliT)J\O 0 2-diazopropanoate (36.6 mg, 0.1 mmol) and (3-methoxyphenyl) dimethyl
\©/ O silane (33.2 mg, 0.2 mmol, 2 equiv.). The resulting mixture was purified by

silica gel column chromatography with Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl)methyl (R)-2-((3-methoxyphenyl)dimethylsilyl)propanoate as white solid ( 89% yield, 44.7 mg,
0.089 mmol), 96% ee. [a]*p = - 50.00 (¢ 2.235, CHCl3). 'H NMR (500 MHz, CDClz) & 8.53 (s, 1H), 8.17 (d, J =
8.79 Hz, 1H), 7,97 (d, J = 8.41 Hz, 1H), 7.86-7.93 (m, 2H), 7.84 (d, /= 11.85 Hz, 1H), 7.82 (d, J=12.23 Hz, 1H),
7.38-7.54 (m, 6H), 7.36-7.69 (m, 2H), 7.17 (t, /= 7.26 Hz, 1H), 6.91-6.99 (m, 2H), 6.89-6.84 (m, 1H), 3.73 (s, 3H),
2.45(q,J=7.26 Hz, 1H), 1.23 (d, J = 7.26 Hz, 3H), 0.19 (s, 3H), 0.14 (s, 3H) ppm. 1*C NMR (125 MHz, CDCI;)
5175.0, 158.8, 137.7, 135.6, 135.4, 133.7, 133.7, 131.0, 130.8, 128.9, 128.8, 128.7, 128.7, 128.6, 126.6, 126.4,
126.1, 126.0, 125.7, 125.7, 125.2, 125.1, 123.6, 123.5, 119.3, 114.5, 69.8, 54.9, 30.0, 11.7, -3.9, -5.0 ppm. The ee
value was determined by chiral HPLC analysis. Column (CHIRALPAK IF-3), UV detector 254 nm, eluent:
Hex/CH,Cl, = 300/1, Flow late = 1.0 mL/min, tR = 30.1 min (major product), tR = 43.8 min (minor product). IR
(neat) v 3063, 2954, 1833, 1709, 1573, 1234, 1171, 781 cm™'. HRMS (DART) calcd for C33H36sNO3Si; [M+NH4]":
522.2464 found: 522.2463.
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Di(naphthalen-1-yl)methyl (R)-2-((2-methoxyphenyl)dimethylsilyl)propanoate

This compound was prepared according to the typical procedure for asymmetric

o OO Si-H insertion reaction of di(naphthalen-1-yl)methyl 2-diazopropanoate (36.6 mg,

MeO

\SliT)J\o 0 0.1 mmol) and (3-methoxyphenyl) dimethyl silane (33.2 mg, 0.2 mmol, 2 equiv.).
O The resulting mixture was purified by silica gel column chromatography with

Hexane/EtOAc as an eluent to give  di(naphthalen-1-yl)methyl

(R)-2-((2-methoxyphenyl) dimethylsilyl)propanoate as white solid ( 90% yield, 45.4 mg, 0.09 mmol), 95% ee.
[a]**p = -37.23 (¢ 2.26, CHCl3). 'H NMR (500 MHz, CDCl3) 8 8.50 (s, 1H), 8.15 (d, J=8.41 Hz, 1H), 7.97 (d, J =
8.41 Hz, 1H), 7.89 (d, J = 7.45 Hz, 2H), 7.84 (d, J = 7.64 Hz, 1H), 7.80 (d, J = 8.03 Hz, 1H), 7.53-7.39 (m, 6H),
7.34-7.23 (m, 3H), 7.18 (dd, J = 1.53, 7.26 Hz, 1H), 6.82 (t, J = 8.03 Hz, 1H), 6.73 (d, J = 8.41 Hz, 1H), 3.70 (s,
3H), 2.75 (q, J = 7.26 Hz, 1H), 1.20 (d, J = 7.26 Hz, 3H), 0.20 (s, 3H), 0.14 (s, 3H) ppm. '*C NMR (125 MHz,
CDCl) & 175.6, 164.0, 135.9, 135.5, 135.4, 133.7, 131.2, 131.0, 130.9, 128.6, 128.6, 128.6, 126.5, 126.4, 126.0,
125.6, 125.2, 125.1, 124.1, 123.7, 123.6, 120.3, 109.3, 69.6, 54.8, 29.1, 11.7, -3.7, -4.6 ppm. The ee value was
determined by chiral HPLC analysis. Column (CHIRALPAK IF-3), UV detector 254 nm, eluent: Hex/CH>Cl, =
300/1, Flow late = 1.0 mL/min, tR = 29.6 min (major product), tR = 42.8 min (minor product). IR (neat) v 3055,
2954, 2833, 1718, 1581, 1507, 1234, 1163, 1023, 781 cm’!. HRMS (DART) calcd for C33H3¢N103Si; [M+NH4]":
522.2464 found: 522.2467.

Di(naphthalen-1-yl)methyl (R)-2-((3,5-dimethoxyphenyl)dimethylsilyl)propanoate

This compound was prepared according to the typical procedure for

OO asymmetric ~ Si-H insertion reaction of di(naphthalen-1-yl)methyl
o}
MeO \Sli %o 0 2-diazopropanoate (36.6 mg, 0.1 mmol) and (3-methoxyphenyl) dimethyl
\©/ O silane (39.26 mg, 0.2 mmol, 2 equiv.). The resulting mixture was purified by
OMe

silica gel column chromatography with Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl)methyl (R)-2-((3,5-dimethoxyphenyl)dimethylsilyl)
propanoate as white solid ( 89% yield, 47.8 mg, 0.09 mmol), 96% ee. [a]**p = -41.81 (¢ 2.335, CHCl3). 'H NMR
(500 MHz, CDCls) & 8.52(s, 3H), 8.13-8.17 (m, 1H), 7.97 (d, J = 8.41 Hz, 1H), 7.87-7.91 (m, 2H), 7.83 (d, J =
14.33 Hz, 1H), 7.82 (d, J=12.61 Hz, 1H), 7.53-7.39 (m, 7H), 7.33 (t, J = 7.26 Hz, 1H), 7.28 (d, J = 6.12 Hz, 1H),
6.56 (d, J=2.10 Hz, 2H), 6.43 (t, J = 2.29 Hz, 1H), 3.77 (s, 3H), 2.45 (q, J = 6.88 Hz, 1H), 1.23 (d, /= 7.26 Hz,
3H), 0.19 (s, 3H), 0.14 (s, 3H) ppm. *C NMR (125 MHz, CDCl;) § 175.0, 160.2, 138.6, 135.6, 135.3, 133.7, 133.7,
130.9, 130.8, 129.0, 128.8, 128.7, 128.7, 126.6, 126.4, 126.1, 125.7, 125.7, 125.2, 125.1, 123.6, 123.5, 111.3, 101.2,
69.9, 55.1, 29.9, 11.8, -3.8, -5.0 ppm. The ee value was determined by chiral HPLC analysis. Column
(CHIRALPAK IF-3), UV detector 254 nm, eluent: Hex/CH>Cl, = 80/1, Flow late = 1.0 mL/min, tR = 14.1 min
(major product), tR = 20.1 min (minor product). IR (neat) v 3055, 2958, 2837, 1709, 1577, 1159, 860, 785 cm™'.
HRMS (DART) calcd for C34H3sN104Si; [M+NH4]™: 552.2570 found: 552.2574.
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Di(naphthalen-1-yl)methyl (R)-2-((2,5-dimethylphenyl)dimethylsilyl)propanoate

This compound was prepared according to the typical procedure for asymmetric

o OO Si-H insertion reaction of di(naphthalen-1-yl)methyl 2-diazopropanoate (36.6
\SliT)J\o 0 mg, 0.1 mmol) and (2,5-dimethylphenyl) dimethyl silane (32.86 mg, 0.2 mmol,
O 2 equiv.). The resulting mixture was purified by silica gel column

chromatography  with ~ Hexane/EtOAc as an eluent to  give
di(naphthalen-1-yl)methyl  (R)-2-((2,5-dimethyl phenyl)dimethylsilyl)
propanoate as white solid ( 87% yield, 43.7 mg, 0.087 mmol), 92% ee. [0]*’p = -50.56 (¢ 2.17, CHCl3). 'H NMR
(500 MHz, CDCls) 6 8.49 (s, 1H), 8.14 (d, J = 8.98 Hz, 1H), 7.95 (d, J = 8.41 Hz, 1H), 7.85 (d, J = 9.17 Hz, 2H),
7.80 (d, ] = 16.44 Hz, 1H), 7.78 (d, J = 16.44 Hz, 1H), 7.36-7.50 (m, 6H), 7.28 (t, J = 7.26 Hz, 1H), 7.22 (d, J =
8.03 Hz, 1H), 7.10 (s, 1H), 7.02 (d, ] = 7.64 Hz, 1H), 6.96 (d, ] = 7.64 Hz, 1H), 2.6 (q, J = 7.26 Hz, 1H), 2.31 (s,
3H), 2.21 (s, 3H), 1.17 (d, T = 7.26 Hz, 3H), 0.21 (s, 3H), 0.13 (s, 3H) ppm. '*C NMR (125 MHz, CDCl;3) § 175.2,
140.2, 135.7, 135.6, 135.4, 134.3, 133.9, 133.7, 133.7, 130.9,130.9, 130.3, 129.9, 128.7, 128.6, 126.4, 126.1, 125.7,
125.2, 125.1, 123.6, 123.5, 69.8, 29.6, 22.6, 21.0 11.9, -2.6, -3.7 ppm. The ee value was determined by chiral
HPLC analysis. Column (CHIRALPAK IF-3), UV detector 254 nm, eluent: Hex/IPA = 300/1, Flow late = 1.0
mL/min, tR = 24.6 min (major product), tR = 33.6 min (minor product). IR (neat) v 3059, 2954, 1709, 1510, 1316,
1163, 789, 734 cm’'. HRMS (DART) caled for C34H3sN102Si; [M+NH4]™: 520.2671 found: 520.2672.

Di(naphthalen-1-yl)methyl (R)-2-((4-cyanophenyl)dimethylsilyl)propanoate

This compound was prepared according to the typical procedure for

o OO asymmetric ~ Si-H  insertion reaction of  di(naphthalen-1-yl)methyl
\Sliw)j\o 0 2-diazopropanoate (36.6 mg, 0.1 mmol) and 4-(dimethylsilyl) benzonitrile
NG /©/ O (32.2 mg, 0.2 mmol, 2 equiv.). The resulting mixture was purified by silica gel

column chromatography with Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl)methyl (R)-2-((4-cyanophenyl) dimethylsilyl)propanoate as
white solid (56 % yield, 29.0 mg, 0.056 mmol), 80% ee. [a]*’p = - 61.42 (¢ 1.25, CHCl;). 'H NMR (500 MHz,
CDCls) 6 8.46 (s, 1H), 8.12 (d, J= 8.41 Hz, 1H), 7.90 (d, J = 8.03 Hz, 1H), 7.88-7.80 (m, 4H), 7.40-7.54 (m, 6H),
7.34 (t,J = 6.88 Hz, 1H), 7.29 (t, J = 7.45 Hz, 1H), 7.23-7.15 (m, 5H), 2.44 (q, /= 6.88 Hz, 1H), 1.25 (d, J=7.26
Hz, 3H), 0.21 (s, 6H) ppm. 3*C NMR (125 MHz, CDCl3) & 174.3, 142.5, 138.3, 135.4, 135.1, 133.9, 133.8, 133.7,
130.9, 130.6, 130.4, 129.0, 128.9, 128.7, 128.7, 126.7, 126.5, 126.2, 125.8, 125.7, 125.1, 125.1, 124.8, 123.5, 123.3,
118.7, 112.6, 69.8, 29.5, 11.5, -4.2, -5.0 ppm. The ee value was determined by chiral HPLC analysis. Column
(CHIRALPAK IF-3), UV detector 254 nm, eluent: Hex/IPA = 20/1, Flow late = 1.0 mL/min, tR = 14.0 min (major
product), tR = 15.8 min (minor product). IR (neat) v 3061, 2963, 2225, 1714, 1506, 1168, 1132, 783, 728 cm.
HRMS (DART) caled for C33sH2oN102Si; [M]*: 499.1967 found: 499.1966.
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Di(naphthalen-1-yl)methyl (R)-2-(triethylsilyl)propanoate

This compound was prepared according to the typical procedure for asymmetric

OO Si-H insertion reaction of di(naphthalen-1-yl)methyl 2-diazopropanoate (36.6 mg,
0 0 0.1 mmol) and Triethylsilane ( 0.16 mL, 1 mmol). The resulting mixture was

Et;Si
: W)J\o O purified by silica gel column chromatography with Hexane/EtOAc as an eluent

to give di(naphthalen-1-yl)methyl (R)-2-(triethylsilyl)propanoate as white solid
(95 % yield, 43.3 mg, 0.095 mmol), 92 % ee. [a]'®p = - 83.7 (¢ 2.165, CHCl3). 'H
NMR (500 MHz, CDCl3) & 8.58 (s, 1H), 8.33-8.27 (m, 1H), 7.95 (d, J = 8.79 Hz, 1H), 7.81-7.93 (m, 4 H), 7.61 (d,
J="1.26 Hz, 1H), 7.43-7.56 (m, 4H), 7.33-7.42 (m, 3H), 2.34 (q, J = 7.26 Hz, 1H), 1.28 (d, /= 7.26 Hz, 3H), 0.78
(t, J = 7.64 Hz, 9H), 0.42 (q, J = 7.64 Hz, 9H) ppm. *C NMR (125 MHz, CDCl;) § 175.6, 135.8, 135.6, 133.7,
133.7, 131.0, 130.7, 128.8, 128.7, 128.6, 128.5, 126.5, 126.3, 125.7, 125.6, 125.1, 124.8, 123.7, 123.6, 69.5, 27.2,
11.5, 7.1, 2.3, The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IF-3), UV detector
254 nm, eluent: Hex/IPA = 400/1, Flow late = 1.0 mL/min, tR = 22.0 min (major product), tR = 31.7 min (minor
product). IR (neat) v 3064, 2948, 2877, 1714, 1320, 1168, 778, 722 cm’'. HRMS (DART) calcd for C30H3405Si;
[M]*: 454.2328 found: 454.2328.

Di(naphthalen-1-yl)methyl (R)-2-(tripropylsilyl)propanoate

This compound was prepared according to the typical procedure for asymmetric Si-H

OO insertion reaction of di(naphthalen-1-yl)methyl 2-diazopropanoate (36.6 mg, 0.1
o 0 mmol) and tripropylsilane (0.4 ml, 1.0 mmol, 10 equiv.). The resulting mixture was

Pr3Si
’ W)J\o O purified by silica gel column chromatography with Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl) methyl (R)-2-(tripropylsilyl)propanoate as white solid ( 89% yield,
44.1 mg, 0.089 mmol), 94% ee. [0]*’p = - 105.4 (c 2.15, CHCl3). '"H NMR (500 MHz,
CDCls) 6 8.60 (s, 1H), 8.33 (d, J=7.64 Hz, 1H), 7.80-7.94 (m, 5H), 7.64 (d, J = 6.88 Hz, 1H), 7.58-7.41 (m, 4H),
7.32-7.40 (m, 3H), 2.31 (q, J = 6.88 Hz, 1H), 1.27 (d, J = 7.26 Hz, 3H), 1.25-1.07 (m, 6H), 0.75 (t, J = 9.94 Hz,
9H), 0.39 (t, J = 9.17 Hz, 6H) ppm. *C NMR (125 MHz, CDCls) & 175.5, 135.8, 135.7, 133.8, 133.7, 131.1,
130.7, 128.8, 128.7, 128.6, 128.5, 126.6, 126.4, 126.3, 125.7, 125.6, 125.1, 125.1, 124.6, 123.7, 123.5, 69.3, 27.8,
18.3, 17.0, 14.0, 11.4 ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IF-3),
UV detector 254 nm, eluent: Hex/IPA = 300/1, Flow late = 1.0 mL/min, tR = 16.95 min (major product), tR =
25.72 min (minor product). IR (neat) v 3050, 2959, 1721, 1163, 776 cm’'. HRMS (DART) calcd for C33H4102Si1;
[M+H]": 497.2875 found: 497.2874.
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Ethyl (R)-2-phenyl-2-(triphenylsilyl)acetate

o This compound was prepared according to the typical procedure for asymmetric Si-H
Ph;Si o~ insertion reaction of ethyl 2-diazo-2-phenylacetate (19.0 mg, 0.1 mmol) and
triphenylsilane (52.1 mg, 0.2 mmol, 2 equiv.). The resulting mixture was purified by silica

gel column chromatography with Hexane/EtOAc as an eluent to give ethyl (R)-2-phenyl-2

~(triphenylsilyl)acetate as colorless oil ( 53% yield, 22.6 mg, 0.05 mmol), 63% ee. [a]**p
=+ 17.42 (c 1.055, CHCl3). '"H NMR (500 MHz, CDCl3) § 7.45-7.35 (m, 9H), 7.30-7.35 (m, 6H), 7.13 (s, 5H), 4.26
(s, 1H), 3.86-3.95 (m, 2H), 0.94 (t, J = 6.88 Hz, 3H) ppm. '*C NMR (125 MHz, CDCl3) § 172.5, 136.5, 132.2,
129.9, 129.8, 127.9, 127.6, 126.0, 60.5, 44.6, 13.7 ppm. The ee value was determined by chiral HPLC analysis.
Column (CHIRALPAK OD-H), UV detector 230 nm, eluent: Hex/IPA = 100/1, Flow late = 1.0 mL/min, tR = 6.8
min (major product), tR = 17.9 min (minor product). IR (neat) v 3069, 2978, 1714, 1424, 1274, 1109, 736, 697 cm™'.
HRMS (DART) calcd for CogH30N102Si; [M+NH4]": 440.2045 found: 440.2041.

Si-H insertion of triphenylsilane with 2-diazo-2-ethylacetate

0 0 0
PhsSiH  + Nz o l-Eheox, - Phosi o+ o™
0 °C, 10 min |

99% yield
(determined by NMR)

0% yield
2-Diazo-2-ethylacetate was prepared following a previous report.® : 'H NMR (500 MHz, CDCls) 6 4.21 (q, J=7.02
Hz, 2H), 2.34 (q, J=7.63 Hz, 2H), 1.26 (t, J=7.02 Hz, 3H), 1.12 (t, /= 7.32 Hz, 3H) ppm.)

To a solution of Ru(Il)-Pheox (1 mol%, 0.002 mmol) in CH>Cl; (2 mL) and triphenylsilane (2 equiv., 0.4 mmol)
was cooled down to 0 °C under argon atmosphere. The mixture was added 2-Diazo-2-ethylacetate in CH>Cl (2
mL). After stirring at 0 °C for 10 min, the reaction mixture was concentrated under reduced pressure. As the result,
cis-a, B-unsaturated compound was obtained in high yield (determined by crude 'H NMR).

cis-a, B-unsaturated compound : '"H NMR (500 MHz, CDCIl;) § 6.36-6.28 (m, 1H), 5.82-5.76 (m, 1H), 4.18 (dq, J =

6.88, 3.06 Hz, 2H), 2.13-2.16 (3H, m), 1.29 (dt, J=3.06, 7.26 Hz, 3H) ppm.
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10-4-4. Reduction using di(naphthalen-1-yl)methyl (R)-2-(triphenylsilyl)propanoate

(R)-2-(triphenylsilyl)propan-1-ol

(I
p.ih a H Ph.i
R

(3 equiv.)

To the solution of di(naphthalen-1-yl)methyl (R)-2-(triphenylsilyl)propanoate (0.05 mmol, 29.9 mg) in CH>Cl; (1
mL) was cooled down to - 78 °C and stirred for 10 min. A hexane solution of diisobutylaluminum hydride (0.15
mmol, 0.15 mL, 3.0 equiv.) was added slowly to the CH>Cl, solution and stirred for 90 min at — 78 °C.
The mixture was quenched with 1IN HCI aq., allowed to warm to room temperature, extracted with CH>Cl,.
Purification was performed by flush column chromatography to give corresponding alcohol;
(R)-2-(triphenylsilyl)propan-1-ol (88% yield, 14.0 mg, 0.04 mmol), 98% ee. [a]*'p = +11.3 (¢ 0.395, CHCI;3). 'H
NMR (500 MHz, CDCl3) 6 7.54-7.58 (m, 6H), 7.34-7.43 (m, 9H), 3.99 (dd, J = 3.82, 10.70 Hz, 1H), 3.66 (dd, J =
9.59, 10.70 Hz, 1H), 2.06-1.97 (m, 1H), 1.24 (d, J = 726 Hz, 3H) ppm. *C NMR (125 MHz, CDCls) & 135.9, 133.8,
129.4,127.9, 65.7, 22.6, 12.8 ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK
IF-3), UV detector 254 nm, eluent: Hex/IPA = 100/1, Flow late = 1.0 mL/min, tR = 23.7 min (major product), tR =
25.5 min (minor product). IR (neat) v 3398, 3068, 2952, 2920, 2864, 1427, 1105, 1005, 699 cm’!. HRMS (DART)
calcd for C21H26N 10281 [M+NH4]™: 336.1783 found: 336.1784.
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10-4-5. General Procedure for Catalytic Asymmetric Si-H Insertion Reaction to Construct Chiral

Carbon and Silicon

R Ru(ll)-Pheox

0] R O
0, [
SN, R (@ mol%) R-$ R
R' R' 0 CH,Cl, R O

To a solution of Ru(Il)-Pheox (0.001 mmol, 1.0 mol%) in CH,Cl, (0.5 mL) and silane compound (0.5 mmol, 5.0

equiv.) was cooled down to -30 °C under argon atmosphere.
The mixture was added diazo ester (0.1 mmol, 1 equiv.) in CH2Cl; (0.5 mL).
After stirring at -30 °C, the reaction mixture was concentrated under reduced pressure to give crude product.

Purification was performed by column chromatography with Hex/EA to give desired product.

rRE 9 H R
R"/S'W)J\o/R1 * )w'&'\)\ m R"/SIW/\OH

(3 equiv.) 90 min
The insertion product was dissolved in dichloromethane (1 mL). The solution was cooled down to -78 °C and
stirred for 10 min. A hex solution of diisopropylalminum hydride (1.0 M) was added to the dichloromethane
solution and stirred for 90 min at -78 °C. The mixture was quenched with 1N HCI aqu. (10 drops), allowed to warm
to room temperature, extracted with dichloromethane. The combined organic layer were dried over Na>SO4 and

concentrated. Purification was performed by column chromatography to give desired product. The ee value was

determined by chiral HPLC analysis.
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10-4-6. Analytical Data for Asymmetric Si-H Insertion Reaction Products (2)

Ethyl ((§)-Si, (R)-C)-2-(methyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric
Me O Si-H insertion reaction of ethyl 2-diazopropanoate (25.6 mg, 0.2 mmol) and
\l)J\O/\ methylphenylsilane (0.14 mL, 1.0 mmol, 5 equiv.). The resulting mixture was
purified by silica gel column chromatography with Hexane/EtOAc as an eluent to
give ethyl ((S)-Si, (R)-C)-2-(methyl(phenyl)silyl)propanoate as colorless oil (91% yield, 40.3 mg, 0.18 mmol). 'H
NMR (500 MHz, CDCl3) 8 7.51-7.57 (m, 2H), 7.34-7.43 (m, 3H), 4.43 (dq, J = 1.53, 3.82 Hz, 0.6H), 4.39 (dq, J =
0.76, 3.06 Hz, 0.4H), 3.99-4.08 (m, 2H), 2.88-2.31 (m, 1H), 1.22 (dd, /= 8.79 Hz, 3H), 1.14 (q, J = 15.29 Hz, 3H),
0.44 (dd, J = 3.44 Hz, 3H) ppm. 1*C NMR (125 MHz, CDCl3) & 175.5, 175.5, 134.6, 134.5, 133.3, 133.3, 129.8,
127.9, 60.0, 28.2, 28.1, 14.2, 14.2, 11.8, 11.4, -6.9, -7.1 ppm. IR (neat) v 3072, 2960, 2924, 2128, 1718, 1427, 1256,
1120, 1065, 873, 794, 699 cm’'. HRMS (DART) calcd for C12H2N;02Si; [M+NH4]": 240.1419 found: 240.1417.

tert-Butyl ((S)-Si, (R)-C)-2-(methyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for asymmetric

Me\lﬁ O J< Si-H insertion reaction of #-buthyl 2-diazopropanoate # (31.2 mg, 0.2 mmol) and
Si
Ph* \I)J\O methylphenylsilane (0.14 mL, 1.0 mmol, 5 equiv.). The resulting mixture was

purified by silica gel column chromatography with Hexane/EtOAc as an eluent to

give tert-butyl ((S)-Si, (R)-C)-2-(methyl(phenyl)silyl)propanoate as colorless oil (64 yield, 32 mg, 0.13 mmol). 'H
NMR (500 MHz, CDCl3) 6 7.53-7.57 (m, 2H), 7.33-7.41 (m, 3H), 4.42 (dq, J = 1.53, 3.82 Hz, 06H), 4.38 (dq, J =
0.76, 3.82 Hz, 0.4H), 2.27 (dq, J = 2.10, 7.26 Hz, 1H), 1.34 (s, 3.6H), 1.33 (s, 5.4H), 1.19 (d, J = 7.26 Hz, 1.2H),
1.17 (d, J = 6.88 Hz, 1.8H), 0.44 (d, J = 1.53 Hz, 1.8H), 0.43 (d, J = 1.15 Hz, 1.2H) ppm. '3C NMR (125 MHz,
CDCl) 6 174.8, 134.7, 134.6, 134.0, 133.7, 129.7, 129.7, 127.8, 79.8, 79.7, 28.8, 28.1, 28.0, 11.9, 11.4, -6.8, -7.0
ppm. IR (neat) v 3065, 2970, 2939, 2873, 2130, 1718, 1428, 1365, 8, 1321, 1251, 1153, 878, 831, 725, 697 cm!.
HRMS (DART) calcd for C14H230,Si; [M+H]": 251.1467 found: 251.1465.

Benzhydryl ((S)-Si, (R)-C)-2-(methyl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for
O asymmetric Si-H insertion reaction of benzhydryl 2-diazopropanoate # (26.6
H O
Me\S'i\I)j\ mg, 0.1 mmol) and methylphenylsilane (0.07 mL, 0.5 mmol, 5 equiv.). The
T

»
Ph resulting mixture was purified by silica gel column chromatography with

Hexane/EtOAc as an eluent to give benzhydryl ((S)-Si, (R)-C)
-2-(methyl(phenyl) silyl) propanoate as colorless oil (84 yield, 30.4 mg, 0.084 mmol). '"H NMR (500 MHz, CDCls)
6 7.21-7.44 (m, 15H), 6.85 (s, 1H), 4.48 (dq, J=1.91, 5.73 Hz, 0.6H), 4.42 (dq, J = 2.68, 6.50 Hz, 0.4H), 2.45-2.54
(m, 1H), 1.24 (dd, J = 7.26, 22.17 Hz, 3H), 0.30 (dd, J = 3.82, 17.58 Hz, 3H) ppm. *C NMR (125 MHz, CDCls) &
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174.5, 140.5, 140.4, 140.3, 134.6, 134.6, 133.4, 133.2, 132.9, 129.8, 129.8, 128.3, 128.3, 127.9, 127.7, 127.6, 127.6,
127.4, 1274, 127.0, 126.9, 76.6, 28.3, 28.2, 11.9, 11.3, -7.2, -7.3 ppm. IR (neat) v 3065, 3025, 2978, 2939, 2130,
1729, 1455, 1494, 1428, 1172, 1080, 835, 736, 700 cm!. HRMS (DART) calcd for C23H240,Si; [M]*: 360.1545
found: 360.1547.

Di(naphthalen-1-yl)methyl ((S)-Si, (R)-C)-2-(methyl(phenyl)silyl)propanoate

-

This compound was prepared according to the typical procedure for

OO asymmetric Si-H insertion reaction of di(naphthalen-1-yl)methyl
Me 'T' O 2-diazopropanoate (36.6 mg, 0.1 mmol) and methylphenylsilane (0.068
Ph’Sl\l)J\O O‘ mL, 0.5 mmol, 5 equiv.). The resulting mixture was purified by silica gel

column chromatography with Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl)methyl ((S)-S1,(R)-C)-2-(methyl(phenyl)silyl)
propanoate as white solid (93 yield, 42.6 mg, 0.093 mmol). '"H NMR (500 MHz, CDCls) & 8.48 (s, 1H), 8.12 (d, J =
7.64 Hz, 0.3H), 8.06 (d, J = 8.41 Hz, 0.7H), 7.98 (d, J= 8.41 Hz, 0.8H), 7.92 (d, J = 8.79 Hz, 0.2H), 7.78-7.91 (m,
4H), 7.27-7.53 (m, 11H), 7.15-7.21 (m, 2H), 4.45 (dq, J = 3.44, 3.55 Hz, 0.7H), 4.37 (dq, J = 3.82, 7.26 Hz, 0.3H),
2.35 (dq, /=191, 7.26 Hz, 0.7H), 2.48 (dq, J = 2.29, 7,26 Hz, 0.3H), 1.26 (d, /= 7.26 Hz, 1H), 1.23 (d, /= 7.26
Hz, 2H), 3.82 (d, J = 3.82 Hz, 2H), 0.21 (d, J = 3.82 Hz, 1H) ppm. '3C NMR (125 MHz, CDCl3) § 174.7, 135.4,
135.2,135.2, 134.5, 133.7, 133.1, 132.9, 131.0, 130.9, 130.9, 129.7, 129.7, 128.8, 128.8, 128.7, 127.8, 127.7, 126.6,
126.5, 126.5, 126.2, 125.9, 125.7, 125.6, 125.5, 125.3, 125.1, 123.6, 123.5, 70.3, 28.4, 28.1, 12.1, 11.4, -7.1, -7.6
ppm. IR (neat) v 3060, 2968, 2937, 2128, 1710, 1312, 1172, 1136, 834, 778, 727, 694 cm™!. HRMS (DART) calcd
for C31H32N;0,Si; [M+H]": 478.2202 found: 478.2201.

Di(naphthalen-1-yl)methyl ((S)-Si, (R)-C)-2-(isopropyl(phenyl)silyl)propanoate

-

This compound was prepared according to the typical procedure for

OO asymmetric Si-H insertion reaction of di(naphthalen-1-yl)methyl
)\'ﬂ @ 2-diazopropanoate (36.6 mg, 0.1 mmol) and isopropylphenylsilane (75.15
Ph’Sl\I)J\O OO mg, 0.5 mmol, 5 equiv.). The resulting mixture was purified by silica gel

column chromatography with Hexane/EtOAc as an eluent to give

di(naphthalen-1-yl)methyl ((S)-Si, (R)-C)-2-(methyl(phenyl)silyl)
propanoate as white solid ( 92% yield, 45.2 mg, 0.092 mmol). '"H NMR (500 MHz, CDCls) & 8.51 (s, 0.2H), 8.48 (s,
0.8H), 8.17 (d, /= 7.26 Hz, 0.2H), 8.13 (d, J = 8.03 Hz, 0.7H), 7.95-7.77 (m, 5H), 7.52-7.22 (m, 11H), 7.18 (t, J =
7.26 Hz, 0.4H), 7.09 (t, J = 8.03 Hz, 1.6H), 4.15 (t, J = 3.06 Hz, 0.2H), 4.10 (dd, J = 2.68, 3.82 Hz, 0.8H),
2.57-2.66 (m, 1H), 1.31 (d, J="7.26 Hz, 2.4H), 1.25 (d. /= 7.26 Hz, 0.6H), 0.99-1.09 (m, 1H), 0.97 (d, /= 6.88 Hz,
2.4H), 0.87 (d, J = 7.26 Hz, 0.6H), 0.82-0.77 (m, 3H) ppm. '3C NMR (125 MHz, CDCl3) 4 174.9, 174.7, 135.5,
135.3,133.7, 131.3, 130.9, 130.8, 129.6, 129.6, 128.9, 128.8, 128.7, 128.7, 127.7, 127.5, 126.5, 126.5, 126.3, 126.1,
125.7, 125.7, 125.2, 125.1, 123.6, 123.5, 70.2, 70.1, 26.8, 26.5, 18.2, 18.1, 17.9, 17.8, 12.4, 12.2, 10.7, 10.6 ppm.
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IR (neat) v 3051, 2944, 2864, 2120, 1718, 1312, 1168, 781, 735, 699 cm!. HRMS (DART) calcd for C33H330Si;
[M+H]": 489.2249 found: 489.2247.

Di(naphthalen-1-yl)methyl ((S)-Si, (R)-C)-2-((2,6-dimethylphenyl)(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for

OO asymmetric Si-H insertion reaction of di(naphthalen-1-yl)methyl
|T| O 2-diazopropanoate (36.6 mg, 0.1 mmol) and (2,6-dimethylphenyl)
Ph'SI\l)ko OO phenylsilane (106.18 mg, 0.5 mmol, 5 equiv.). The resulting mixture was

purified by silica gel column chromatography with Hexane/EtOAc as an

eluent to give di(naphthalen-1-yl)methyl ((S)-Si, (R)-C)-2-((2,6-dimethyl
phenyl)(phenyl)silyl) propanoate as white solid (87 yield, 47.9 mg, 0.87 mmol). '"H NMR (500 MHz, CDCls) &
8.49 (s, 0.54H), 8.36 (s, 0.46H), 8.00 (t, J = 9.59 Hz, 1H), 7.69-7.92 (m, 5H), 7.13-7.53 (m, 12H), 7.06-6.97 (m,
2H), 6.95 (d, J=7.64 Hz, 1H), 6.73 (d, J = 7.64 Hz, 1H), 5.35 (d, J = 5.35 Hz, 0.5H), 5.16 (d, J = 4.59 Hz, 0.5H),
2.97-3.05 (m, 1H), 2.30 (s, 3H), 2.22 (m, 1H), 1.50 (d, J = 6.88 Hz, 1.3H), 1.24 (d, J = 7.26 Hz, 1.7H) ppm. *C
NMR (125 MHz, CDCls) 8 175.4, 175.0, 144.9, 144.7, 135.5, 135.3, 135.2, 135.0, 134.9, 133.8, 133.7, 133.6, 132.6,
132.4,131.0, 130.9, 130.7, 130.1, 130.1, 129.9, 129.8, 129.6, 129.3, 128.8, 128.7, 128.7, 128.6, 128.6, 128.5, 128.0,
127.8, 127.6, 127.5, 126.5, 126.5, 126.4, 125.9, 125.7, 125.6, 125.5, 125.5, 125.4, 125.1, 123.6, 123.4, 123.3, 123.3,
70.7, 70.3, 27.5, 26.9, 24.5, 24.4, 13.9, 12.8 ppm. IR (neat) v 3057, 2963, 2928, 2873, 2161, 1718, 1451, 1310,
1168, 776, 736, 700 cm™'. HRMS (DART) calcd for C3sH3sN1O2Si; [M+NH4]*: 568.2671 found: 568.2679.

Di(naphthalen-1-yl)methyl ((S)-Si, (R)-C)-2-(naphthalen-1-yl(phenyl)silyl)propanoate

This compound was prepared according to the typical procedure for

‘ OO asymmetric Si-H insertion reaction of di(naphthalen-1-yl)methyl
O |T| O 2-diazopropanoate (36.6 mg, 0.1 mmol) and 1-Naphthylphenylsilane
o 'Sl\l)J\o OO (117.2 mL, 0.5 mmol, 5 equiv.). The resulting mixture was purified by

silica gel column chromatography with Hexane/EtOAc as an eluent to

give di(naphthalen-1-yl)methyl  ((S)-Si, (R)-C)-2-(naphthalen-1-yl
(phenyl)silyl) propanoate as white solid (91% yield, 52.4 mg, 0.091 mmol). "H NMR (500 MHz, CDCls) 58.41 (s,
0.7H), 8.37 (s, 0.3H), 7.75-8.00 (m, 8H), 7.72 (t, J = 8.41 Hz, 1H), 7.64 (d, J=5.73 Hz, 0.4H), 7.58 (d, J = 6.88 Hz,
0.6H), 7.50-7.16 (m, 13H), 7.01-7.14 (m, 3H), 5.38 (d, J = 3.06 Hz, 0.3H), 5.35 (d, J = 3.44 Hz, 0.7H), 3.10-3.00
(m, 1H), 1.38 (d, J = 6.88 Hz, 1H), 1.33 (d, J = 6.88 Hz, 2H) ppm. '*C NMR (125 MHz, CDCls) § 174.7, 137.0,
136.9, 136.3, 135.9, 135.5, 135.4, 135.3, 135.3, 134.8, 133.7, 133.7, 133.6, 133.6, 133.1, 133.1, 131.6, 131.5, 130.9,
130.8, 129.9, 129.9, 128.9, 128.8, 128.7, 128.6, 128.5, 127.9, 127.8, 127.6, 126.5, 126.4, 126.4, 126.1, 126.1, 125.9,
125.8, 125.7, 125.6, 125.6, 125.5, 125.1, 125.1, 125.1, 125.0, 125.0, 123.5, 123.4, 70.6, 27.6, 27.4, 12.9, 12.7 ppm.
IR (neat) v 3057, 2959, 2936, 2877, 2142, 1718, 1506, 1310, 1172, 776, 732, 697 cm’!. HRMS (DART) calcd for
C40H36N102Si1; [M+H]*: 590.2515 found: 590.2514.
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((S)-Si, (R)-C)-2-(Methyl(phenyl)silyl)propan-1-ol
This compound was prepared according to the typical procedure for reduction of
Me\g' di(naphthalen-1-yl)methyl ((S)-Si, (R)-C)-2-(methyl(phenyl)silyl)propanoate (42 mg,
i
Ph* \l/\OH 0.09 mmol) at -5 °C. The resulting mixture was purified by silica gel column

chromatography  with  Hexane/EtOAc as an eluent to give ((5)-Si,

(R)-C)-2-(methyl(phenyl)silyl)propan-1-ol as yellow oil (88% yield, 14.2 mg, 0.079
mmol), . 'H NMR (500 MHz, CDCls) § 7.54 (d, J = 7.64 Hz, 2H), 7.33-7.41 (m, 3H), 4.29 (dq, J = 3.44, 7.26 Hz,
1H), 3.76 (ddd, J = 4.97, 10.32 Hz, 1H), 3.56-3.62 (m, 1H), 1.27-1.37 (m, 1H), 1.07 (dd, J = 5.35, 7.26 Hz, 3H),
0.37 (dd, J=1.53, 3.82 Hz, 3H) ppm. '3C NMR (125 MHz, CDCl3) & 134.9, 134.6, 134.6, 129.4, 127.9, 127.8, 66.0,
65.9, 23.0, 229, 123, 12.1, -7.3 ppm. The ee value was determined by chiral HPLC analysis. Column
(CHIRALPAK IF-3), UV detector 220 nm, eluent: Hex/IPA = 350/1, Flow late = 1.0 mL/min, tR = 35.8 min

(major product, major), tR = 43.5 min (manor product, minor), tR = 40.1 min (minor product, major), tR = 38.3
min (minor protduct, minor). IR (neat) v 3351, 3065, 2928, 2860, 2110, 1428, 1251, 1113, 869, 831, 725, 700 cm'.
HRMS (DART) calcd for C1oH20N1O1Si; [M+NH4]™: 198.1314 found: 198.1317.

((S)-Si, (R)-C)-2-(Isopropyl(phenyl)silyl)propan-1-ol
)\ This compound was prepared according to the typical procedure for reduction of

H

Si
Ph* \l/\OH 0.05 mmol). The resulting mixture was purified by silica gel column chromatography
with Hexane/EtOAc as an eluent to give ((S)-Si, (R)-C)-2-(isopropyl(phenyl)

di(naphthalen-1-yl)methyl (2R, 3S)-2-(isopropyl(phenyl)silyl)propanoate (26.2 mg,

silyl)propan-1 -ol as colorless oil (47% yield, 5.3 mg, 0.025 mmol), 99% ee (major),
96% ee (minor), d.r. = 79:21. 'TH NMR (500 MHz, CDCl3) § 7.56-7.50 (m, 2H), 7.32-7.41 (m, 3H), 4.05 (t, J = 2.68
Hz, 0.2H), 4.00 (t, J = 3.06 Hz, 0.8H), 3.83 (dd, J = 4.97, 10.32 Hz, 0.2H), 3.72 (dd, J = 4.97, 10.70 Hz, 0.8H),
3.60 (dd, J=8.79, 10.70 Hz, 0.2H), 3.55 (dd, J=9.17, 10.70 Hz, 0.8H), 1.43-1.51 (m, 0.2H), 1.32-1.24 (m, 0.8H),
1.14 (d, J=7.26 Hz, 3H), 1.08 (d, J = 7.26 Hz, 2.4H), 1.06 (d, J = 7.26 Hz, 0.6H), 1.00 (d, J = 7.26 Hz, 3H) ppm.
3C NMR (125 MHz, CDCl3) § 135.4, 135.3, 133.3, 133.2, 129.3, 129.3, 127.8, 66.1, 66.0, 25.3, 21.2, 18.6, 18.5,
18.4, 18.4, 12.8, 12.4, 10.6, 104 ppm. The ee value was determined by chiral HPLC analysis. Column
(CHIRALPAK IF-3), UV detector 254 nm, eluent: Hex/IPA = 350/1, Flow late = 1.0 mL/min, tR = 25.6 min
(major product, major), tR = 30.0 min (major product, minor), tR = 27.5 min (minor product, major), tR = 28.9 min
(minor protduct, minor). IR (neat) v 3343, 3065, 2928, 2860, 2102, 1467, 1113, 999, 803, 780, 736, 693 cm’.
HRMS (DART) calcd for C12H2101Si; [M+H]": 209.1361 found: 209.1361.
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((S)-Si, (R)-C)-2-((2,6-Dimethylphenyl)(phenyl)silyl)propan-1-ol

This compound was prepared according to the typical procedure for reduction of

'T' di(naphthalen-1-yl)methyl (2R, 38)-2-((2,6-dimethylphenyl)(phenyl)silyl)

o 'Si\l/\ OH propanoate (33 mg, 0.06 mmol). The resulting mixture was purified by silica gel
column chromatography with Hexane/EtOAc as an eluent to give ((S)-Si,
(R)-C)-2-(2,6-dimethyl (phenyl)silyl)propan-1-ol as colorless oil (33 % yield, 5.4
mg, 0.02 mmol), 99.9% ee (major), 99.7% ee (minor), d.r. = 58:42. '"H NMR (500 MHz, CDCl3) § 7.58-7.53 (m,
2H), 7.29-7.38 (m, 3H), 7.19 (dt, J = 4.97, 7.26 Hz, 1H), 7.00 (t, J = 6.88 Hz, 2H), 5.05 (t, /= 4.97 Hz, 1H), 4.04
(dd, J=4.97, 10.70 Hz, 0.4H), 3.81-3.72 (m, 1H), 3.61 (dd, J = 8.41, 10.70 Hz, 0.6H), 2.41 (s, 6H), 1.87-1.97 (m,
1H), 1.35 (d, /= 7.26 Hz, 1.8H), 1.08 (d, J = 1.3H) ppm. *C NMR (125 MHz, CDCls) & 144.8, 144.8, 135.1, 134.1,
133.8, 131.4, 131.0, 129.8, 129.7, 129.3, 129.2, 128.0, 127.9, 127.7, 127.7, 66.7, 66.2, 24.6, 24.5, 21.9, 21.7, 14.3,
12.9 ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IC), UV detector 220 nm,
eluent: Hex/IPA = 99.5/0.5, Flow late = 0.5 mL/min, tR = 45.0 min (major product, major), tR = 43.2 min (major

product, minor), tR = 58.7 min (minor product, major), tR = 48.2 min (minor protduct, minor). IR (neat) v 3324,
3053, 2923, 2860, 2142, 1585, 1443, 1105, 996, 783, 740 cm’'. HRMS (DART) caled for Ci7H26N10;Si;
[M-+NH,4]*:288.1783 found:288.1788.

((S)-Si, (R)-C)-2-(Naphthalen-1-yl(phenyl)silyl)propan-1-ol

-

This compound was prepared according to the typical procedure for reduction of

‘ di(naphthalen-1-yl)methyl (2R,  3S)-2-(naphthalen-1-yl(phenyl)silyl)propanoate
(31.8 mg, 0.05 mmol). The resulting mixture was purified by silica gel column

O S|T|i chromatography with Hexane/EtOAc as an eluent to give ((5)-Si,
Ph” \l/\OH (R)-C)-2-(naphthalene-1-yl(phenyl)silyl)propan-1-ol as colorless oil (83% yield,

13.5 mg, 0.046 mmol), 99% ee (major), 99% ee (minor), d.r. = 64:36 . 'H NMR
(500 MHz, CDCls) 6 8.07 (d, J = 7.26 Hz, 1H), 7.91 (dd, J = 3.06, 8.41 Hz, 1H), 7.86 (d, J = 7.86 Hz, 1H), 7.81 (dt,
J=1.15,6.50 Hz, 1H), 7.62 (d, J= 6.50 Hz, 2H), 7.50-7.41 (m, 3H), 7.41-7.32 (m, 3H), 5.20 (dd, /= 3.06, 6.12 Hz,
1H), 3.91 (dd, J=4.97, 10.70 Hz, 0.5H), 3.82 (dd, J = 4.59, 10.70 Hz, 0.5H), 3.72 (dd, J = 8.79, 10.70 Hz, 0.5H),
3.64 (dd, J=8.79, 10.70 Hz, 0.5H) 1.99-1.90 (m, 1H), 1.25 (d, J=7.26 Hz, 1.5H), 1.16 (d, /= 7.26 Hz, 1.5H) ppm.
3C NMR (125 MHz, CDCls) § 137.2, 137.2, 135.8, 135.5, 135.4, 133.3, 133.2, 133.1, 131.5, 131.2, 130.6, 130.6,
129.7, 129.6, 128.9, 128.1, 128.0, 1287.9, 127.9, 126.1, 126.1, 125.7, 125.6, 125.1, 125.1, 66.1, 66.1, 29.6, 22.3,
13.2, 13.2 ppm. The ee value was determined by chiral HPLC analysis. Column (CHIRALPAK IB), UV detector
254 nm, eluent: Hex/IPA = 100/1, Flow late = 1.0 mL/min, tR = 34.6 min (major product, major), tR = 27.4 min

(major product, minor), tR = 39.8 min (minor product, major), tR = 32.1 min (minor protduct, minor). IR (neat) v
3368, 3057, 2928, 2857, 2119, 1428, 1113, 1003, 835, 791, 736, 697 cm'. HRMS (DART) calcd for Ci9H210:Si;
[M+H]*: 293.1361 found: 293.1361.
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10-4-7. X-ray Crystal Structure

Di(naphthalen-1-yl)methyl (R)-2-(triphenylsilyl)propanoate (7s)
(CCDC 1520036)
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Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 71.78°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

C42 H34 02 Si

598.78

1502) K

1.54187 A

Triclinic

P1

a=10.9103(2) A o=94.2055(15)°.
b=12.8039(3) A B=104.2240(14)°.
c=12.8160(3) A y=112.0732(14)°.
1580.65(6) A3

2

1.258 Mg/m?

0.933 mm’!

632

0.20 x 0.20 x 0.10 mm’?

3.62 to 71.78°.

-13<=h<=13, -15<=k<=15, -15<=I<=15

27464

10310 [R(int) = 0.0254]

96.4 %

0.9125 and 0.8353

Full-matrix least-squares on F?

10310/3 /813

1.076

R1=0.0373, wR2 = 0.0927

R1=0.0439, wR2 = 0.1058

0.01(2)

0.309 and -0.282 e.A-3
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Di(naphthalen-1-yl)methyl ((S)-Si, (R)-C)-2-(isopropyl(phenyl)silyl)propanoate
CCDC 1520048
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Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.50°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

C33 H32 02 Si

488.68

120(2) K

0.71069 A

Orthorhombic

P 2,212,

a=7.87333) A o= 90°.
b=11.1819(4) A B=90°.
c=29.7290(11) A y=90°.
2617.30(17) A3

4

1.240 Mg/m?

0.118 mm’!

1040

0.50 x 0.20 x 0.10 mm’?

2.28 to 28.50°.

-10<=h<=8, -14<=k<=14, -39<=I<=39
37625

6259 [R(int) = 0.0281]

96.0 %

0.9883 and 0.9432

Full-matrix least-squares on F?
6259/0/332

1.054

R1=0.0382, wR2 = 0.0950
R1=0.0404, wR2 = 0.0969

0.03(10)

0.551 and -0.278 e.A3

255



10-4-8. NMR Spectral Data
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10-4-9. HPLC Spectral Data

o )
MezPhS7\
Y
A A

10.0 10.5 11.0 11.5
Retention Time [min]

s
=3
—
o
(=
—

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[WV] | AREA% HEIGHT%

1 10.467 664692 38730 49.637 47.004
2 11.200 674425 43667 50.363 52.996
1
(0]
Me,PhSi % N
=
Y VA
10.0 10.5 11.0 116
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 10.567 451522 29940 72.066 67.872
2 11.192 175015 14172 27.934 32.128
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20160517-2 - CH1j

100000 -

2z
e
£

el en
27 Retention Fime-fming -

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 6.300 1048419 110743 51.175 62.774
2 9.475 1000276 65671 48.825 37.226

20160517-1 - CH1 =

100000 -

eI

el s coRetention Tie Imin] oA s

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 6.508 2202440 223826 95.722 97.238
2 10.375 98443 6359 4278 2762
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{20150424-2 - CH1

O
PhMe,Si %O/\Q

I

50.0

55.0 60.0 65.0 70.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[WV] | AREA% HEIGHT%
1 41.750 2739150 14298 50.703 66.145
2 57.050 2663231 7318 49.297 33.855

20150424-4 73.70min - CH1

0
PhMe,Si %O/\Q

45.0 50.0

55.0
Retention Time [min]

. /\‘
60.0 65.0 70.0

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 39.617 4459275 20431 75.449 82.086
2 59.217 1451077 4459 24.551 17.914
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150000

100000

(0]
PhMe,Si
e) I%o O

{20150427-1

A
—
9.5 10.0

/\
12.0 12.5

L Retentllclzhoﬁme [mlr}]l'5
PEAK RT [min] AREA [pV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 9.700 2856347 166932 50.510 55.740
2 12.025 2798716 132551 49.490 44.260

400000

300000

100000

O I
PhMe,Si
e) lW)LO O

}20150428-1_16.06min - CH1

10.0 :
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 9.192 905090 67685 10.731 14.366
2 11.267 7529180 403446 89.269 85.634
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s
=
i.g

20151223-2 - CH1Jj

80.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 72.192 1340033 4071 49.145 47578
2 87.733 1386649 4485 50.855 52.422

O

PhMe,Si W/U\O

SRt ntion nmesfsrix?n]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 70.958 1400201 6453 21.479 29.560
2 80.167 5118755 16377 78.521 70.440
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20150717-2 - CH1!

Me,PhSi
e,PhSi %O/\[(O\
o]

34.0 36.0
Retention Time [min]

38.0

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uv] | AREA% HEIGHT%
1 28.992 1427104 13655 50.112 53.822
2 36.083 1420709 11715 49.888 46.178

20150717-4 - CH1

Me,PhsSi % o/\[ro\
o

30.0 35.0
Retention Time [min]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 25.733 5503167 36163 77.188 75.320
2 34.975 1626383 11849 22.812 24.680
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24.0 26.0
Retention Time [min]
PEAK RT [min] AREA [uV-sec] HEIGHT [uV] AREA% HEIGHT%
1 20.533 1015901 10588 50.347 58.002
2 25.350 1001915 7666 49.653 41.998

{20150623-7 - CH1

0
Me,PhsSi %OkQ

.0 26.0
Retention Time [min]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 21.858 140007 1760 4971 8.745
2 24767 2676577 18362 95.029 91.255
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3
g

0
Me,PhSi J<
ey lW)LO

8.0 10.0 12.0 14.0 16.0
Retention Time [min]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 8.942 1584158 60034 50.702 58.342
2 10.008 1540267 42866 49.866 41.658

0
Me,PhSi )<
ey Ij)ko

15.0 20.0
Retention Time [min]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 9.627 1653053 40689 90.367 87.305
2 11.422 165562 5917 9.633 12.695
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Intensity [uV]

100000 -

o) J<
Ph,Si W)L -

{20151118-2 - CH1l

5.5
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[WV] | AREA% HEIGHT%
1 4675 1839614 186745 50.306 49.379
2 5.383 1817262 191445 49.694 50.621

Intensity [LV]

100000

o) J<
Ph,Si W)L 5

{20151117-1 - CH5}

5.0 5.5
Retention Time [min]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 4567 1731039 193023 99.589 99.313
2 5.195 7140 1336 0.411 0.687
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20151225-1 - CH1

45.0 50.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 38.575 4613146 75145 50.595 60.625
2 47.667 4504718 48805 49.405 39.375

20151120-2 - CH
150000

PhMe,Si %

45.0 50.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 38.985 13163666 158099 98.367 98.013
2 54.348 218597 3205 1.633 1.987
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f20151027-6 - CH1

150000 OO
o)
Ph,MeSi
hoMe IW)\O I

100000

50.0 55.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 48.000 22098728 167352 51.635 56.628
2 52.617 20699596 128179 48.365 43372

20151210-1 - CH1
150000

100000 -

0.0 60.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 49.025 28718024 154990 99.545 99.056
2 58.892 131284 1477 0.455 0.994

321



20150917-6 - CH1

300000

200000

100000

11.0 12.0 13.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 11.317 11183505 455993 50.120 60.383
2 13.817 11130094 299175 49.880 39.617

{20151118-6 - CH1!

200000

100000

9.5 10.0 10.5 11.0 11.5 12.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 10.417 6845550 241709 99.707 99.466
2 12.183 20100 1298 0.293 0.534
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150000

100000

50.0

60.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[WV] | AREA% HEIGHT%
1 46.283 18623992 148896 50.188 60.366
2 63.517 18484712 97759 49.812 39.634

150000

50.0 60.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 44.367 22484327 154947 94.399 91.365
2 62.417 1334044 14644 5.601 8.635
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100000

30.0

32.0 34.0
Retention Time [min]

36.0

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 27.458 16506491 257847 49.766 59.905
2 35.533 16661700 172580 50.234 40.095

300000

20160121-2 - CH1

PLRY)

30.0

28,0

32.0 34.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 27.292 22749793 343584 96.953 96.697
2 37.367 715078 11735 3.047 3.303
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20160208-5 - CH1|

100000

2
Nt
=
(7}
c
g
£

2 Retention T [min] o
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 37.050 11942922 123947 50.377 58.776
2 48.350 11763938 86932 49.623 41.224

20160208-4 - CH1

200000

35.0 40.0 45.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 36.200 21852146 196529 96.336 95.244
2 50.317 831130 9814 3.664 4.756
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&
@
3
5

60.0

0.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 44.017 14161549 105247 50.113 60.597
2 59.683 14097438 68438 49.887 39.403

150000 -

Intensity {pv]

20160229-2 - CH1

50.0

60.0

‘Retention Time [riwin]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 43.142 24746209 179914 97.679 97.750
2 65.175 588015 4141 2.321 2.250
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=
:
g

- — : : : —
20.0. 25.0 30.0 35.0 40.0 45.0 50.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 30.775 11430656 140554 51.332 67.162
2 45.300 10837645 68724 48.668 32.838

s 20160311-3 - CH1
150000 -

200 250 300 | 350 400 ' 450 = 500 550 = 600 650
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 30.150 12016097 161655 97.985 98.210
2 43.875 247084 2947 2.015 2.015
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20160314-1 - CH1|

; 35.0 40.0
Retention Time [min]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 31.600 8036730 138511 49.824 56.218
2 38.658 8093594 107871 50.176 43.782

Intensity {uV]

20160314-2 - CH1j

40.0

35.0 -
Retention Time [min]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 29.642 17122402 200642 97.681 97.743
2 42775 406421 406421 2.319 2.257
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200000

2
=
5
£

20160325-2 - CH1|

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 14.100 5481137 262192 50.509 65.031
2 18.958 5370721 140986 49.491 34.969

15.0 20.0
Retention Time [min}

25.0

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 14.108 14746886 584786 98.158 98.861
5 20.108 276746 6740 1.842 1.139
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20160330-1 - CH1

]
20.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 25.367 7683508 191412 49.755 59.971
2 33.525 7759058 127764 50.245 40.029

200000 -

Intensity [uV}

30.0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 24.692 18363996 398575 96.192 96.483
2 33.617 727015 14528 3.808 3517
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z
z
5
=

VA —
1“;.0 S lé.o 15.0 A 20.0 |
Retention Time [min}
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 14.267 8999624 528932 49.224 52.290
2 16.108 9283309 482607 50.776 47.710

14,0

20160408-7 - CH1

16.0
Retention Time [min]

18.0

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 14.025 10536798 625347 89.819 90.358
2 15.867 1194375 66727 10.181 9.642

331




100000

20160225-2 - CH1j|

10,0

15.0

Retention Time [min]
PEAK RT[min] | AREA[uV-sec] | HEIGHT [pV] AREA% HEIGHT%
1 6.533 1401680 108716 49.819 78.734
2 17.917 1411887 29364 50.181 21.266

200000

20160225-3 - CH1

10.0

s
Retention Time. [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 6.867 3799493 198828 81.300 91.548
2 17.900 873949 18356 18.700 18.700
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L~
2
2
g
<

28.0

290 30.0

21.0 ‘ 220 | 230 24.0 .Reteﬁéié)n ﬁmez[?ﬁ(i)n]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 24.100 280826 12053 50.119 52.193
2 25.983 279498 11040 49.881 49.807

20160913-2 - CH1j:

25.0

g0 2y it 2 Retention Timez[?r.l?n]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 23.792 594905 25718 99.187 99.306
2 25.558 4875 180 0.813 0.694
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-
g

24.0

| o

26.0

20161005-1 - CH1

Ph” '\l/\OH

34,0

2l{;e'gantion Time [n?l%]o o
PEAK | RT[min] | AREA[u-sec] | HEIGHT[WV] | AREA% | HEIGHT%
1 26.158 141373 5420 27.822 29.980
2 28.067 113492 4204 22.335 23.254
3 29.017 110044 3947 21.831 21.831
4 30.608 143223 4508 24.936 24.936

20161006-2 - CH1

30.0

2fgég)ention Time [min]
PEAK RT [min] AREA [pV-sec] HEIGHT [pV] AREA% HEIGHT%
1 25.624 1035084 38648 78.306 79.888
2 27.567 262373 9292 19.850 19.207
3 28.975 11743 1 0.888 0.001
4 30.058 12602 437 0.953 0.904
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100000

20151018-2 - CH1

Retention %Sm% [min]
PEAK RT [min] AREA [pV-sec] HEIGHT [pV] AREA% HEIGHT%
1 43.408 16137621 218937 24104 27.121
2 47.250 15743903 201863 23.516 25.006
3 50.825 17363421 211889 25.935 26.248
4 62.458 17703811 174567 26.444 21.625

300000

100000

50.0 55.0
Retention Time [min]

20151018-1 - CH1

PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 43.225 12448 397 0.026 0.069
p) 45.050 28245553 367478 58.029 63.544
3 48.233 28957 458 0.059 0.079
4 58.700 20387557 209974 41.885 36.308
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s
=
2
5
=

20160918-1 - CH1|

S Retention Time4([)63n]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 28.525 1125041 24584 31.546 39.819
2 34.000 664590 12204 18.635 19.768
3 41.742 1133145 16099 31.773 26.075
4 46.900 643578 8852 18.046 14.338

20160918-2 - CH1

I

1

32.0 34.0 36.0

Retention Time [min]

38.0

42.0

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 27.475 21333 608 0.371 0.633
2 32.108 8974 309 0.156 0.321
3 34.675 3647355 61553 63.468 64.084
4 39.883 2069089 33581 36.005 34.962
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Temperature effect (-5 °C)

=
z
2
{2}
g
g

36.0

20151027-2 - CH1

:%toention ﬂ4n2é0[mln]
PEAK | RT[min] | AREA[u-sec] | HEIGHT[W] | AREA% | HEIGHT%
1 36.667 2813400 86285 33.184 36.038
2 38.817 1447198 42115 17.070 17.590
3 41.225 1400186 39211 16.515 16.377
4 44.008 2817317 71816 33.231 29.995

600000 -

| H
2 Ph/s'\|AOH

20151027-4 - CH1ll

38.0
Retention Time [min].

40.0

44.0

PEAK RT [min] AREA [uV-sec] | HEIGHT [pV] AREA% HEIGHT%
1 35.817 30195384 747198 63.182 64.510
2 38.358 1334580 37858 2.793 3.269
3 40.183 15024010 342304 31.437 29.553
4 43.533 1237039 30908 2.588 2.668

337




Temperature effect (-10 °C)
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20151027-2 - CH1

Retention ﬂ4rgéo[mln]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 36.667 2813400 86285 33.184 36.038
2 38.817 1447198 42115 17.070 17.590
3 41.225 1400186 39211 16.515 16.377
4 44008 2817317 71816 33.231 29.995

'~ Intensity (bV]
B
(]
8
(e ]

| H
ph-> \|AOH

1 20151027-3 - CH1}=

AREA [pV-sec] | HEIGHT [uV] AREA% HEIGHT%

PEAK | RT[min]
1 35.275 28672984 750944 63.712 64.888
2 37.667 1196990 36476 2.660 3.152
3 39.408 14038291 340673 31.193 29.437
4 42.650 1095925 29197 2435 2523
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Temperature effect (-30 °C)
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20151027-2 - CH1

Retention ﬂ4rgéo[mln]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 36.667 2813400 86285 33.184 36.038
2 38.817 1447198 42115 17.070 17.590
3 41.225 1400186 39211 16.515 16.377
4 44008 2817317 71816 33.231 29.995

20151027-5 - CH1f

. | W
ph> \l/\OH

38.0

ri Retention ﬂ4rgé0[mln]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 37.275 9224996 252308 60.500 62.892
2 39.717 421033 11909 2.761 2.969
3 41.867 5304038 129535 34.785 32.289
4 45.092 297931 7422 1.954 1.850
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Substrate screening (from ethyl (2R, 3S)-2-(methyl(phenyl)silyl)propanoate)
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Retention ﬂ4rgéo[mln]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 36.667 2813400 86285 33.184 36.038
2 38.817 1447198 42115 17.070 17.590
3 41.225 1400186 39211 16.515 16.377
4 44008 2817317 71816 33.231 29.995

27-7 - CH1f
300000 B 201510 C

42.0 44.0

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 35.108 9973805 299491 41.013 43.685
2 37.242 2920294 88391 12.009 12.893
3 39.067 7227860 191035 29.722 27.865
4 42.033 4196426 106656 17.256 15.557
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Substrate screening (from tert-butyl (2R, 3S)-2-(methyl(phenyl)silyl)propanoate)

&
[=]
o
o

s
E!
2
@
g
=5

Retention ﬂ4rgéo[mln]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 36.667 2813400 86285 33.184 36.038
2 38.817 1447198 42115 17.070 17.590
3 41.225 1400186 39211 16.515 16.377
4 44008 2817317 71816 33.231 29.995

1 -20151027-6 - CH1[#

| H
Ph/S'\l/\OH

Intensity {uV]

200000

38.0 40,0
Retention Time [min]

PEAK | RT[min] | AREA[uV-sec] | HEIGHT[uV] | AREA% HEIGHT%
1 34.692 27759104 714719 49.012 51.225
2 37.067 3945322 114016 6.966 8.172
3 38.750 19017697 426683 33.578 30.581
4 41.900 5914687 139836 10.443 10.022
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Substrate screening (from benzhydryl (2R, 3S)-2-(methyl(phenyl)silyl)propanoate)
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20151027-2 - CH1

42.0

Retention ﬂ4rgé0{mln]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 36.667 2813400 86285 33.184 36.038
2 38.817 1447198 42115 17.070 17.590
3 41.225 1400186 39211 16.515 16.377
4 44008 2817317 71816 33.231 29.995

Intensity [pV]

100000 -

| H )
ph-> \I/\OH

20151027-8 - CH1

38.0 40,0

Retention Time ['min]
PEAK RT [min] AREA [uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 35.400 4009382 119645 50.387 52.651
2 37.525 548814 16450 6.897 7.239
3 39.433 2729895 73880 34.307 32.512
4 42.458 669049 17265 8.408 7.598
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Substrate screening (from di(naphthalen-1-yl)methyl (2R, 3S)-2-(methyl(phenyl)silyl)propanoate)
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Retention ﬂ4rgéo[mln]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 36.667 2813400 86285 33.184 36.038
2 38.817 1447198 42115 17.070 17.590
3 41.225 1400186 39211 16.515 16.377
4 44008 2817317 71816 33.231 29.995

. | W
ph> \l/\OH

38.0

20151027-5 - CH1f

ri Retention ﬂ4rgé0[mln]
PEAK | RT[min] | AREA[uV-sec] | HEIGHT [uV] AREA% HEIGHT%
1 37.275 9224996 252308 60.500 62.892
2 39.717 421033 11909 2.761 2.969
3 41.867 5304038 129535 34.785 32.289
4 45.092 297931 7422 1.954 1.850
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10-5.  Ru(I)-Pheox il L2 V7 V' 7+ b7 I REOARF W C-HIF AKX

General: All reactions were performed under an atmosphere of argon unless otherwise noted. Dichloromethane
(CH2Cly) was purchased from Kanto Chemical Co., Inc.. All reactions were monitored by thin layer
chromatography (TLC), glass plates pre-coated with silica gel Merck KGaA 60 Fas4, layer thickness 0.2 mm. The
products were visualized by irradiation with UV light or by treatment with a solution of phosphomolybdic acid or
by treatment with a solution of p-anisaldehyde. Column chromatography was performed using silica gel (Merck,
Art. No. 7734) or aluminium oxide 90 standardized (Merck, Art. No. 101097). '"H NMR (500 MHz, 400 MHz) and
13C NMR (125 MHz, 100 MHz) spectra were recorded on JEOL INM-ECX500, JEOL JNM-ECS400 spectrometer.
Chemical shifts are reported as § values (ppm) relative to CDCl3 (7.26 ppm). Optical rotations were performed with
a JASCO P-1030 polarimeter at the sodium D line (1.0 ml sample cell). Enantiomeric excesses were determined by
high-performance liquid chromatography (HPLC) analyses with a JASCO GULLIVER using Daicel CHIRALPAK
or CHIRALCEL columns. DART mass (positive mode) analyses were performed on a LC-TOF JMS-T100LP.

All calculations were used by density functional theory (DFT) using the Gaussian 09 program. The LanL.2DZ basis
set for Ru and 6-31G(d) for other atoms in combination with the M06-2X hybrid functional were used for all

calculations.
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10-5-1. Preparation of Diazoacetamides

N-benzyl-N-(tert-butyl)-2-diazoacetamide

o o o]
/ﬁo R ©/\'?'J< ©/\N P-ABSA, Et:N ©/\
Ok H toluene /‘\ CH3CN /‘\ N
o]
LiOHeH,0 ©/\NJ\7N2
CH4CN, H,0 /‘\

A solution of N-tert-butylbenzylamine (0.91 mL, 5 mmol, 1 equiv.) in toluene (20 mL) was added

2,2,6-trimethyl-4H,1,3-dioxine-4-one (0.73 mL, 5.5 mmol, 1.1 equiv.), the reaction mixture was refluxed at 110 °C
for 2h. After evaporation of the solvent under reduced pressure, the residue was purified by column
chromatography to give N-benzyl-N-(tert-butyl)-3-oxobutanamide (1.05 g, 4.2 mmol, 85% yield). "H NMR (500
MHz, CDCl3) ¢ 7.39-7.18 (m, 4H), 4.97 (s, 0.8H), 4.56 (s, 2H), 3.44 (s, 0.9H), 2.23 (s, 1.2H), 1.84 (s, 1.8H), 1.45 (s,
9H) ppm.

Reactant (628 g, 2.54 mmol, 1 equiv.) and p-ABSA (915 g, 3.81 mmol, 1.5 equiv.) in CH3CN (13 mL) was added
EtsN (0.7 mL, 5.08 mmol, 2 equiv.) slowly at 0 °C, and the resulting mixture was stirring at room temperature
overnight. Ether (8 mL) was then added, and the sulfonamide solid formed during the reaction was filtered through
celite. The solid was washed with either (8 mL), and the ether washing was combined with the filtrate. The
combined organic layer was washed with NH4Cl aq. (13 mL), followed by NaCl aq. (13 mL), NaHCO3 aq. (13 mL),
then dried over NaxSO4. After evaporating the solvent, the residue was purified by column chromatography
(Hex/EA = 9/1) to give N-benzyl-N-(tert-butyl)-2-diazo-3-oxobutanamide (266 mg, 0.97 mmol, 38% yield). 'H
NMR (500 MHz, CDCl3) 6 7.34 (t, J = 7.64 Hz), 7.26 (t,J = 7.26 Hz, 1H), 7.19 (d, J = 7.26 Hz, 2H), 4.59 (s, 2H),
2.23 (s, 3H), 1.43 (s, 9H) ppm.

Diazoacetamide (266 mg, 0.97 mmol, 1 equiv.) was dissolved in mixture of acetonitrile (4 mL) and water (1 mL),
and LIOHJH20 (162.8 mg, 3.88 mmol, 4 equiv.) was added to the reaction mixture. The resulting mixture was
stirred at room temperature under open air, and the reaction was monitored by TLC. Upon complete consumption
of the starting material, the reaction mixture was diluted with water (3 mL), followed by extraction with diethyl
ether. The combined organic layer was dried over MgSO4 and concentrated under reduced pressure to give
N-benzyl-N-(tert-butyl)-2-diazoacetamide (115.2 mg, 0.49 mmol, 51% yield) as a yellow oil. "H NMR (400 MHz,
CDCl3) 0 7.35 (t, J = 7.64 Hz, 2H), 7.26 (t, J = 8.79 Hz, 1H), 7.22 (d, J = 7.64 Hz, 2H), 4.75 (s, 1H), 4.44 (s, 2H),
1.47 (s, 9H) ppm. 3C NMR (100 MHz, CDCl3) 6 167.9, 138.8, 128.8, 127.1, 125.5, 58.2, 48.8, 28.8 ppm.

343



N-(tert-butyl)-N-(4-chlorobenzyl)-2-diazoacetamide
o}

o)
o
/©)‘\H \*/ NaBH, /©/\NJ< Br)J\/Br | EtN NJ\/Br
+ - H

Cl

0
Ts-NH-NH-Ts
DBU NJ\¢N2
B — e
THF /©/\
cl

tert-Butyl amine (0.53 mL, 5 mmol, 1 equiv.) and aldehyde (702.9 mg, 5 mmol, 1 equiv.) were dissolved in MeOH
(15 mL) and the resulting mixture was stirred for 3h at RT, then NaBH4 (227 mg, 6 mmol, 1.2 equiv.) was added
portion wise. After 1h, the solution was added water (15 mL) and extracted with CH,Cl,. The combined organic
layer ~was dried over NaxSos and then evaporated wunder reduced pressure to give
N-(4-chlorobenzyl)-2-methylpropan-2-amine (947.6 mg, 4.79 mmol, 96% yield). The product was used in the next
step without further purification. '"H NMR (500 MHz, CDCl;3) 6 7.24 (brs, 2H), 7.26 (brs, 2H), 3.69 (s, 2H), 1.16 (s,
9H) ppm.

Bromoacetyl bromide (0.3 mL, 3.3 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine (593.1
mg, 3 mmol, 1 equiv.) and EtN (0.5 mL, 3.6 mmol, 1.2 equiv.) in CH>Cl, (8 mL). The mixture was stirred at 0 °C
and then at RT for 3h. The reaction mixture was washed with HCI1 (5%, 7 mL) and the aqueous layer was extracted
with CH2Cl. The combined organic layer was washed with NaHCOj3 aq., followed by brine, and then dried over
Na,SOq. The solvent was removed under reduced pressure to give
2-bromo-N-(tert-butyl)-N-(4-chlorobenzyl)acetamide as brown oil. '"H NMR (500 MHz, CDCls) 6 7.35 (d, J = 8.41
Hz, 2H), 7.15 (d, J= 8.41 Hz, 2H), 4.64 (s, 2H), 3.71 (s, 2H), 1.43 (s, 9H) ppm.

To a solution of bromoacetyl product (3.3 mmol, lequiv.) and N, N’-ditosylhydrazine (1.53 g, 4.5 mmol, 1.5 equiv.)
were dissolved in THF (8 mL) and cooled down to 0 °C, then DBU (0.9 mL, 6 mmol, 2 equiv.) was added slowly
and stirred at 0 °C for 2h. After quenched with NaHCOs3 aq. And extracted with Et,O three times, the organic layer
was dried over NaSO4 and evaporated to give crude product. Purification was performed with column
chromatography (Hex/EA = 20/1~8/1) to give N-(tert-butyl)-N-(4-chlorobenzyl)-2-diazoacetamide (179.7 mg, 0.67
mmol, 23% yield) as yellow oil. 'H NMR (400 MHz, CDCls) 6 7.30 (d, J= 8.41 Hz, 2H), 7.16 (d, J = 8.41 Hz, 2H),
4.71 (s, 1H), 4.40 (s, 2H), 1.46 (s, 9H) ppm. *C NMR (100 MHz, CDCl3) 6167.8, 137.4, 132.8, 129.0, 127.0, 58.2,
48.7,48.2, 28.9 ppm.
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N-(tert-butyl)-2-diazo-N-(4-nitrobenzyl)acetamide

% o}
B
/@)\H \\/ NaBH, /©/\N)< BI’)J\/ r , EtsN /@/\NJJ\/BF
+ _N. H
NO; L NO CH,Cl, /*\

2 N02

Ts-NH-NH-Ts

(0]
DBU /@/\N _N;
THF NO

2

tert-Butyl amine (0.53 mL, 5 mmol, 1 equiv.) and aldehyde (755.6 mg, 5 mmol, 1 equiv.) were dissolved in MeOH
(15 mL) and the resulting mixture was stirred for 3h at RT, then NaBH4 (227 mg, 6 mmol, 1.2 equiv.) was added
portion wise. After 1h, the solution was added water (15 mL) and extracted with CH,Cl,. The combined organic
layer ~was dried over NaxSos and then evaporated wunder reduced pressure to give
2-methyl-N-(4-nitrobenzyl)propan-2-amine (992.1 mg, 4.76 mmol, 95% yield). The product was used in the next
step without further purification. '"H NMR (500 MHz, CDCl;) é 8.16 (d, J = 8.79 Hz, 2H), 7.53 (d, J = 8.79 Hz, 2H),
3.84 (s, 2H), 1.17 (s, 9H) ppm.

Bromoacetyl bromide (0.3 mL, 3.3 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine (624.8
mg, 3 mmol, 1 equiv.) and EtN (0.5 mL, 3.6 mmol, 1.2 equiv.) in CH>Cl, (8 mL). The mixture was stirred at 0 °C
and then at RT for 5h. The reaction mixture was washed with HCI1 (5%, 7 mL) and the aqueous layer was extracted
with CH2Clz. The combined organic layer was washed with NaHCOs3 aq., followed by brine, and then dried over
NaxSO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-(tert-butyl)-N-(4-nitrobenzyl)acetamide (477.1 mg, 1.45 mmol, 48% yield) as
yellow solid. '"H NMR (500 MHz, CDCl3) ¢ 8.26 (d, J = 8.76 Hz, 2H), 7.41 (d, J = 8.79 Hz, 2H), 4.78 (s, 2H), 3.69
(s, 2H), 1.45 (s, 9H) ppm.

To a solution of bromoacetyl product (477 mg, 1.45 mmol, 1 equiv.) and N, N’-ditosylhydrazine (739.8 mg, 2.18
mmol, 1.5 equiv.) were dissolved in THF (4 mL) and cooled down to 0 °C, then DBU (0.43 mL, 2.9 mmol, 2
equiv.) was added slowly and stirred at 0 °C for 1h. After quenched with NaHCO3 aq. And extracted with Et,0O
three times, the organic layer was dried over Na;SO4 and evaporated to give crude product. Purification was
performed with column chromatography (Hex/EA = 10/1~5/1) to give
N-(tert-butyl)-2-diazo-N-(4-nitrobenzyl)acetamide (97.7 mg, 0.35 mmol, 24% yield) as yellow solid. "H NMR (400
MHz, CDCl3) 6 8.24 (d, J = 8.41 Hz, 2H), 7.42 (d, J = 8.79 Hz, 2H), 4.66 (s, 1H), 4.54 (s, 2H), 1.46 (s, 9H) ppm.
3C NMR (100 MHz, CDCls) § 167.7, 147.2, 146.7, 126.5, 124.2, 58.4, 48.9, 48.6, 29.0 ppm. IR (neat) v 3100,
2924, 2104, 1614, 1518, 1397, 1343 cm!. HRMS (DART) caled for Ci3Hi7O3Ns [M+H]": 277.1300, found:
277.1300.
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N-(tert-butyl)-2-diazo-N-(4-methylbenzyl)acetamide

i L i
/J:::j/ﬂ\H \4// NaBH, /J:::]/”\N Br Br , EtsN N/M\V/Bf
+ H
H” N “H CHxCl> m
Ts-NH-NH-Ts

0
DBU NJ\¢N2
THF m

tert-Butyl amine (0.53 mL, 5 mmol, 1 equiv.) and toluylaldehyde (0.58 mL, 5 mmol, 1 equiv.) were dissolved in

MeOH (15 mL) and the resulting mixture was stirred for 3h at RT, then NaBH4 (227 mg, 6 mmol, 1.2 equiv.) was
added portion wise to the mixture. After 1h, the solution was added water (15 mL) and extracted with CH2Clo. The
combined organic layer was dried over Na;So4 and then the organic solvent was evaporated under reduced pressure
to give 2-methyl-N-(4-methylbenzyl)propan-2-amine (791.6 mg, 4.46 mmol, 89% yield). The product was used in
the next step without further purification. 'H NMR (500 MHz, CDCls) § 7.12-7.30 (m, 4H), 3.69 (s, 2H), 2.36 (s,
3H), 1.19 (s, 9H) ppm.

Bromoacetyl bromide (0.3 mL, 3.3 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine (531.9
mg, 3 mmol, 1 equiv.) and EtN (0.5 mL, 3.6 mmol, 1.2 equiv.) in CH>Cl, (8 mL). The mixture was stirred at 0 °C
and then at RT for 5h. The reaction mixture was washed with HCI1 (5%, 7 mL) and the aqueous layer was extracted
with CH2Clz. The combined organic layer was washed with NaHCOs3 aq., followed by brine, and then dried over
NaxSO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-(tert-butyl)-N-(4-methylbenzyl)acetamide (617 mg, 2.06 mmol, 69% yield) as
brown oil. '"H NMR (500 MHz, CDCl3) § 7.16-7.25 (m, 4H), 4.58 (s, 2H), 3.65 (s, 2H), 2.30 (s, 3H), 1.46 (s, 9H)
ppm.

To a solution of bromoacetyl product (617 mg, 2.07 mmol, 1 equiv.) and N, N’-ditosylhydrazine (1.0 g, 3.1 mmol,
1.5 equiv.) were dissolved in THF (5.5 mL) and cooled down to 0 °C, then DBU (0.6 mL, 4.14 mmol, 2 equiv.) was
added slowly and stirred at 0 °C for 1h. After quenched with NaHCO3 aq. And extracted with Et,O three times, the
organic layer was dried over Na,SO4 and evaporated to give crude product. Purification was performed with
column chromatography (Hex/EA = 10/1) to give N-(tert-butyl)-2-diazo-N-(4-methylbenzyl)acetamide (82.9 mg,
0.33 mmol, 16% yield) as yellow oil. 'H NMR (400 MHz, CDCl3) ¢ 7.13-7.30 (m, 4H), 4.63 (s, 1H), 4.32 (s, 2H),
2.26 (s, 3H), 1.48 (s, 9H) ppm. '*C NMR (100 MHz, CDCl3) §168.0, 136.2, 133.9, 130.2, 126.9, 126.3, 125.3, 58.0,
48.5,46.9, 28.6, 18.8 ppm.

346



N-(tert-butyl)-2-diazo-N-(4-methoxybenzyl)acetamide

0 J< 0 0
/@)\H \\/ NaBH,4 /@/\” Br)J\/BF JEtN /@/\NJI\/Br
+ .N.
MeO H™ H MeO CH.Cl, MeO /‘\
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Ts-NH-NH-Ts
DBU /@/\NJ]\?Nz
THF
MeO /ﬁ\

tert-Butyl amine (0.53 mL, 5 mmol, 1 equiv.) and anisaldehyde (0.61 mL, 5 mmol, 1 equiv.) were dissolved in
MeOH (15 mL) and the resulting mixture was stirred for 3h at RT, then NaBH4 (227 mg, 6 mmol, 1.2 equiv.) was
added portion wise to the mixture. After 1h, the solution was added water (15 mL) and extracted with CH2Clo. The
combined organic layer was dried over NaxSO4 and then the organic solvent was evaporated under reduced pressure
to give N-(4-methoxybenzyl)-2-methylpropan-2-amine (810.2 mg, 4.19 mmol, 84% yield). The product was used
in the next step without further purification. "H NMR (500 MHz, CDCls) J 7.25 (d, J = 8.79 Hz, 2H), 6.85 (d, J =
8.79 Hz, 2H), 3.79 (s, 3H), 3.66 (s, 2H), 1.17 (s, 9H) ppm.

Bromoacetyl bromide (0.29 mL, 3.3 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine
(579.9 mg, 3 mmol, 1 equiv.) and Et;N (0.5 mL, 3.6 mmol, 1.2 equiv.) in CH,Cl, (8 mL). The mixture was stirred
at 0 °C and then at RT for 2h. The reaction mixture was washed with HCI1 (5%, 7 mL) and the aqueous layer was
extracted with CH,Cl,. The combined organic layer was washed with NaHCO3 aq., followed by brine, and then
dried over Na;SO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-(tert-butyl)-N-(4-methoxybenzyl)acetamide (649.4 mg, 2.07 mmol, 69% yield)
as brown oil. 'H NMR (500 MHz, CDCl3) 6 7.11 (d, J = 8.41 Hz, 2H), 6.90 (d, J = 8.79 Hz, 2H), 4.61 (s, 2H), 3.81
(s, 3H), 3.75 (s, 2H), 1.44 (s, 9H) ppm.

To a solution of bromoacetyl product (649.4 mg, 2.07 mmol, 1 equiv.) and N, N’-ditosylhydrazine (1.0 g, 3.10
mmol, 1.5 equiv.) were dissolved in THF (5.5 mL) and cooled down to 0 °C, then DBU (0.6 mL, 4.14 mmol, 2
equiv.) was added slowly and stirred at 0 °C for 1h. After quenched with NaHCO3 aq. And extracted with Et,0O
three times, the organic layer was dried over Na;SO4 and evaporated to give crude product. Purification was
performed with column chromatography (Hex/EA = 10/1) to give N-(tert-butyl)-2-diazo-N-(4-methoxybenzyl)
acetamide (82.5 mg, 0.31 mmol, 15% yield) as yellow oil. 'H NMR (400 MHz, CDCls) § 7.13 (d, J = 8.79 Hz, 2H),
6.89 (d, J = 8.41 Hz, 2H), 4.77 (s, 1H), 4.37 (s, 2H), 3.08 (s, 3H,), 1.46 (s, 9H) ppm. *C NMR (100 MHz, CDCl;)
0167.8, 158.6, 130.7, 126.6, 114.2, 58.2, 55.3, 48.7, 48.2, 28.9 ppm.
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N-(tert-butyl)-2-diazo-N-phenethylacetamide
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(0] \|/ NaBH4 ©/\/ 7< )J\/Br EtN ©\/\NJ\/Br
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tert-Butyl amine (1.06 mL, 10 mmol, 1 equiv.) and aldehyde (1.17 mL, 10 mmol, 1 equiv.) were dissolved in
MeOH (30 mL) and the resulting mixture was stirred for 3h at RT, then NaBH4 (453.9 mg, 12 mmol, 1.2 equiv.)
was added portion wise. After 1h, the solution was added water (30 mL) and extracted with CH,Cl,. The combined
organic layer was dried over NaSos and then evaporated under reduced pressure to give
2-methyl-N-phenethylpropan-2-amine (1.56 g, 8.8 mmol, 88% yield). The product was used in the next step
without further purification. 'H NMR (500 MHz, CDCl3) ¢ 7.18-7.32 (m, 5H, Ar-H), 2.85-2.75 (m, 4H), 1.07 (s, 9H,
tert-Butyl) ppm.

Bromoacetyl bromide (0.24 mL, 2.75 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine
(443.2 mg, 2.5 mmol, 1 equiv.) and Et;N (0.42 mL, 3 mmol, 1.2 equiv.) in CH>Cl, (8 mL). The mixture was stirred
at 0 °C and then at RT for 3h. The reaction mixture was washed with HCI1 (5%, 7 mL) and the aqueous layer was
extracted with CH,Cl,. The combined organic layer was washed with NaHCO3 aq., followed by brine, and then
dried over Na;SO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-(tert-butyl)-N-phenethylacetamide (745.6 mg, 2.5 mmol, 59% yield) as brown
oil. '"H NMR (500 MHz, CDCl3) 6 7.33 (t, J = 7.26 Hz, 2H), 7.26 (t, J = 7.64 Hz, 1H), 7.18 (d, J = 6.88 Hz, 2H),
3.70 (s, 2H), 3.58 (t, J= 7.64 Hz, 2H), 2.90 (t, J= 8.03 Hz, 2H), 1.52 (s, 9H) ppm.

To a solution of bromoacetyl product (440 mg, 1.48 mmol, 1 equiv.) and N, N’-ditosylhydrazine (755 mg, 2.22
mmol, 1.5 equiv.) were dissolved in THF (3.5 mL) and cooled down to 0 °C, then DBU (0.44 mL, 2.96 mmol, 2
equiv.) was added slowly and stirred at 0 °C for 1h. After quenched with NaHCO3 aq. And extracted with Et,0O
three times, the organic layer was dried over Na;SO4 and evaporated to give crude product. Purification was
performed with column chromatography (Hex/EA = 10/1) to give N-(tert-butyl)-2-diazo-N-phenethylacetamide
(115.3 mg, 0.47 mmol, 32% yield) as yellow oil. 'H NMR (400 MHz, CDCl3) 6 7.32 (t, J = 7.64 Hz, 2H), 7.25 (t, J
=5.35Hz, 1H), 7.15 (d, /= 6.88 Hz, 2H), 4.97 (s, 1H), 3.30 (t, /= 6.12 Hz, 2H), 2.84 (t, /= 8.41 Hz, 2H), 1.52 (s,
9H) ppm. '*C NMR (100 MHz, CDCl3) 6 166.3, 138.3, 128.8, 128.3, 126.7, 57.8, 48.6, 46.9, 37.9, 29.3 ppm. IR
(neat) v 3081, 3023, 2999, 2977, 2925, 2099, 1592, 1408, 1393 cm!. HRMS (DART) calcd for Ci4H2001N3
[M+H]*: 246.1606, found: 246.1605.
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N-(tert-butyl)-2-diazo-N-(4-methoxyphenethyl)acetamide
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To a stirring solution of triphenylphosphine (3.93 g, 15 mmol, 1 equiv.) and alcohol (2.28 g, 15 mmol, 1 equiv.) in
anhydrous tetrahydrofuran (12 mL) at —78 °C, N-bromosuccinimide (2.67 g, 15 mmol, 1 equiv.) was added over 5
min in small portion. The mixture was stirred overnight at room temperature. Tert-Butylamine (3.8 mL, 36 mmol,
2.4 equiv.) was injected and stirring was continued for 24 h at 80 °C. After cooling to room temperature, the
reaction mixture was added n-hexane (50 mL) with rapid stirring. Most of the triphenylphosphine oxide and
sccinimide that crystallized and were filtrated off, the filtrate was dried over MgSO4 and the solvent was removed
by evaporation. The residue was removed under reduced pressure to give
N-(4-methoxyphenethyl)-2-methylpropan-2-amine (1.63 g, 7.9 mmol, 53% yield). '"H NMR (400 MHz, CDCl3) ¢
7.16-7.10 (m, 2H), 6.87-6.80 (m, 2H), 3.79 (s, 3H), 2.82-2.68 (m, 4H), 1.07 (s, 9H, tert-Butyl) ppm.

Bromoacetyl bromide (0.29 mL, 3.3 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine
(622.0 mg, 3.0 mmol, 1 equiv.) and EtsN (0.5 mL, 3.6 mmol, 1.2 equiv.) in CH>Cl, (8 mL). The mixture was stirred
at 0 °C and then at RT for 3h. The reaction mixture was washed with HCI1 (5%, 7 mL) and the aqueous layer was
extracted with CH,Cl,. The combined organic layer was washed with NaHCO3 aq., followed by brine, and then
dried over Na;SO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-(tert-butyl)-N-(4-methoxyphenethyl)acetamide (381.7 mg, 1.16 mmol, 39%
yield) as brown oil. '"H NMR (500 MHz, CDCl3) 6 7.09 (d, J = 8.79 Hz, 2H), 6.86 (d, J= 8.41 Hz, 2H), 3.79 (s, 3H),
3.68 (s, 2H), 3.54 (t, J = 8.03 Hz, 2H), 2.84 (t, J= 8.03 Hz, 2H), 1.51 (s, 9H) ppm.

To a solution of bromoacetyl product (381.7 mg, 1.16 mmol, 1 equiv.) and N, N’-ditosylhydrazine (591.8 mg, 1.74
mmol, 1.5 equiv.) were dissolved in THF (3.0 mL) and cooled down to 0 °C, then DBU (0.35 mL, 2.32 mmol, 2
equiv.) was added slowly and stirred at 0 °C for 1h. After quenched with NaHCO3 aq. And extracted with Et,O
three times, the organic layer was dried over Na;SO4 and evaporated to give crude product. Purification was
performed with column chromatography (Hex/Et,0O = 10/1) to give
N-(tert-butyl)-2-diazo-N-(4-methoxyphenethyl)acetamide (106.7 mg, 0.39 mmol, 33% yield) as yellow oil. 'H
NMR (400 MHz, CDCl3) 6 7.08 (d, J = 8.41 Hz, 2H), 6.86 (d, J = 8.41 Hz, 2H), 4.95 (s, 1H), 3.79 (s, 3H), 3.26 (t, J
= 8.79 Hz, 2H), 2.77 (t, J = 8.41 Hz, 2H), 1.51 (s, 9H) ppm. '3C NMR (125 MHz, CDCl;) § 166.3, 158.4, 130.3,
129.3, 114.2, 57.8, 55.2, 48.5, 47.1, 37.0, 29.3 ppm. IR (neat) v 2962, 2932, 2104, 1613, 1512, 1404, 1359, 1175
cm!. HRMS (DART) calcd for CisH2202N3 [M+H]*: 276.1712, found: 276.1711.
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N-(tert-butyl)-2-diazo-N-(3-phenylpropyl)acetamide

\~/ NaBH, H
o L, | — N
HH 7<
H

o)
Ts-NH-NH-Ts
Br)J\/Br , Et;N

0 O
N)J\/Br DBU NN
CH,Cl, ©/\q\ THF ©/\/\

The primary amine (1.06 mL, 10 mmol, 1 equiv.) and aldehyde (1.32 mL, 10 mmol, 1 equiv.) were dissolved in
MeOH (30 mL) and the resulting mixture was stirred for 3h at RT, then NaBH4 (453.9 mg, 12 mmol, 1.2 equiv.)
was added portion wise. After 1h, the solution was added water (30 mL) and extracted with CH,Cl,. The combined

organic layer was dried over NaSos and then evaporated under reduced pressure to give
N-(tert-butyl)-3-phenylpropan-1-amine (1.49 g, 7.8 mmol, 79% yield). The product was used in the next step
without further purification. '"H NMR (400 MHz, CDCl3) 6 7.31-7.16 (m, 4H), 2.66 (t, J = 7.63 Hz, 2H), 2.58 (t, J =
7.32 Hz, 2H), 1.79 (quin, J = 7.32 Hz, 2H), 1.08 (s, 9H) ppm.

Bromoacetyl bromide (0.2 mL, 2.2 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine (382
mg, 2 mmol, 1 equiv.) and Et;N (0.33 mL, 2.4 mmol, 1.2 equiv.) in CH2Cl, (5 mL). The mixture was stirred at 0 °C
and then at RT for 2h. The reaction mixture was washed with HCI (5%, 4 mL) and the aqueous layer was extracted
with CH2Cly. The combined organic layer was washed with NaHCOs3 aq., followed by brine, and then dried over
NaxSO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-(tert-butyl)-N-(3-phenylpropyl)acetamide (349.3 mg, 1.12 mmol, 56% yield)
as brown oil. 'H NMR (500 MHz, CDCl3) § 7.31 (t, J= 7.26 Hz, 2H), 7.22 (t, J = 7.64 Hz, 1H), 7.18 (d, J = 6.88
Hz, 2H), 3.63 (s, 2H), 3.31 (t, J=8.79 Hz, 2H), 2.62 (t, J= 7.26 Hz, 2H), 1.93 (quin, J= 7.64 Hz, 2H), 1.40 (s, 9H)
ppm.

To a solution of bromoacetyl product (349 mg, 1.12 mmol, 1 equiv.) and N, N’-ditosylhydrazine (571.4 mg, 1.68
mmol, 1.5 equiv.) were dissolved in THF (3 mL) and cooled down to 0 °C, then DBU (0.33 mL, 2.24 mmol, 2
equiv.) was added slowly and stirred at 0 °C for 1h. After quenched with NaHCO3 aq. And extracted with Et,O
three times, the organic layer was dried over Na;SO4 and evaporated to give crude product. Purification was
performed with column chromatography (Hex/EA = 10/1) to give
N-(tert-butyl)-2-diazo-N-(3-phenylpropyl)acetamide (42.8 mg, 0.17 mmol, 15% yield) as yellow solid. 'H NMR
(400 MHz, CDCl3) 6 7.31 (t, J = 7.64 Hz, 2H), 7.22 (t, J = 7.64 Hz, 1H), 7.18 (d, J = 6.88 Hz, 2H), 4.58 (s, 1H),
3.01 (t, J=8.79 Hz, 2H), 2.60 (t, J = 7.26 Hz, 2H), 1.87 (quin, J = 7.26 Hz, 2H), 1.42 (s, 9H) ppm. 3C NMR (125
MHz, CDCl3) 0 166.1, 140.6, 128.5, 128.3, 128.2, 126.3, 57.6, 48.0, 44.3, 33.0, 32.8, 29.2 ppm. IR (neat) v 3085,
2969, 2935, 2102, 1609, 1478, 1409 cm'!. HRMS (DART) calcd for CisH2,OiN3 [M+H]": 260.1763, found:
260.1763.
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N-(tert-butyl)-2-diazo-N-(3-(4-methoxyphenyl)propyl)acetamide
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tert-Butyl amine (0.3 mL, 2.77 mmol, 1 equiv.) and aldehyde (454.6 mg, 2.77 mmol, 1 equiv.) were dissolved in
MeOH (8 mL) and the resulting mixture was stirred for 3h at RT, then NaBH4 (125.7 mg, 3.32 mmol, 1.2 equiv.)
was added portion wise. After 1h, the solution was added water (8 mL) and extracted with CH>Cl,. The combined

organic layer was dried over NaSos and then evaporated under reduced pressure to give
N-(tert-butyl)-3-(4-methoxyphenyl)propan-1-amine (580.9 mg, 2.62 mmol, 95% yield). The product was used in
the next step without further purification. 'H NMR (400 MHz, CDCls) 6 7.10 (d, J = 8.41 Hz, 2H), 6.82 (d, J=8.79
Hz, 2H), 3.78 (s, 3H), 2.58 (quin, J = 7.64 Hz, 4H), 1.75 (quin, J = 7.64 Hz, 2H), 1.08 (s, 9H) ppm.

Bromoacetyl bromide (0.25 mL, 2.88 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine
(580.9 mg, 2.62 mmol, 1 equiv.) and EtzN (0.43 mL, 3.14 mmol, 1.2 equiv.) in CH2Cl, (7 mL). The mixture was
stirred at 0 °C and then at RT for 3 h. The reaction mixture was washed with HC1 (5%, 6 mL) and the aqueous layer
was extracted with CH,Cl,. The combined organic layer was washed with NaHCOj3 aq., followed by brine, and then
dried over Na;SO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-(tert-butyl)-N-(3-(4-methoxyphenyl)propyl)acetamide (495.8 mg, 1.45 mmol,
55% yield) as brown oil. 'H NMR (500 MHz, CDCl3) J 7.09 (d, J = 8.41 Hz, 2H), 6.85 (d, J = 8.79 Hz, 2H), 3.79 (s,
3H), 3.64 (s, 2H), 3.29 (t, J = 8.03 Hz, 2H), 2.56 (t, J = 7.26 Hz, 2H), 1.89 (quin, J = 7.26 Hz, 2H), 1.40 (s, 9H)
ppm.

To a solution of bromoacetyl product (495 mg, 1.45 mmol, 1 equiv.) and N, N’-ditosylhydrazine (737.7 mg, 2.17
mmol, 1.5 equiv.) were dissolved in THF (3.5 mL) and cooled down to 0 °C, then DBU (0.43 mL, 2.89 mmol, 2
equiv.) was added slowly and stirred at 0 °C for 1h. After quenched with NaHCO3 aq. And extracted with Et,O
three times, the organic layer was dried over Na;SO4 and evaporated to give crude product. Purification was
performed with column chromatography (Hex/EA = 10/1) to give
N-(tert-butyl)-2-diazo-N-(3-phenylpropyl)acetamide (92 mg, 0.31 mmol, 22% yield) as yellow solid. 'H NMR (400
MHz, CDCl3) ¢ 7.09 (d, J = 8.79 Hz, 2H), 6.85 (d, J = 8.79 Hz, 2H), 4.61 (s, 1H), 3.79 (s, 3H), 3.01 (t, /= 8.41 Hz,
2H), 2.53 (t, J = 7.26 Hz, 2H), 1.83 (quin, J = 9.17 Hz, 2H), 1.42 (s, 9H) ppm. 3C NMR (100 MHz, CDCl;) ¢
166.1, 158.0, 132.5, 129.2, 57.6, 55.2, 48.1, 44.3, 33.0, 32.1, 29.2 ppm. IR (neat) v 2968, 2937, 2100, 1612, 1512,
1405, 1176 cm'. HRMS (DART) caled for C16H2402N3 [M+H]": 290.1868, found: 290.1865.
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2-diazo-N-isopropyl-N-phenethylacetamide
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Bromoacetyl bromide (0.29 mL, 3.3 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine
(489.8 mg, 3 mmol, 1 equiv.) and Et;N (0.5 mL, 3.6 mmol, 1.2 equiv.) in CH»Cl, (8 mL). The mixture was stirred
at 0 °C and then at RT for 3h. The reaction mixture was washed with HCI1 (5%, 7 mL) and the aqueous layer was
extracted with CH,Cl,. The combined organic layer was washed with NaHCO3 aq., followed by brine, and then
dried over Na;SO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-isopropyl-N-phenethylacetamide (641.5 mg, 0.75 mmol, 75% yield) as brown
oil. 'H NMR (500 MHz, CDCl3) 6 7.17-7.35 (m, 4H), 4.56 (quin, J = 6.88 Hz, 0.3H), 4.07 (quin, J = 6.50 Hz,
0.7H), 3.90 (s, 1.3H), 3.67 (s, 0.7H), 3.46 (t, J = 7.64 Hz, 0.6H), 3.37 (t, J = 7.64 Hz, 1.40H), 2.95-2.86 (m, 2H),
1.26 (d, J=6.88 Hz, 2H), 1.22 (d, J= 6.88 Hz, 4H) ppm.

To a solution of bromoacetyl product (477 mg, 1.45 mmol, 1 equiv.) and N, N’-ditosylhydrazine (739 mg, 2.17
mmol, 1.5 equiv.) were dissolved in THF (4 mL) and cooled down to 0 °C, then DBU (0.43 mL, 2.9 mmol, 2
equiv.) was added slowly and stirred at 0 °C for 1h. After quenched with NaHCO3 aq. And extracted with Et,O
three times, the organic layer was dried over Na;SO4 and evaporated to give crude product. Purification was
performed with column chromatography (Hex/EA = 10/1) to give 2-diazo-N-isopropyl-N-phenethylacetamide (97.7
mg, 0.35 mmol, 24% yield) as yellow oil. "H NMR (400 MHz, CDCls) J 7.19-7.33 (m, 4H), 4.96 (brs, 1H), 3.31
(brs, 2H), 2.87 (t, J = 8.41 Hz, 2H), 1.18 (d, J = 6.88 Hz, 6H) ppm. *C NMR (100 MHz, CDCl;3) J 165.3, 128.6,
126.5, 46.9, 44.1, 36.8, 20.9 ppm. IR (neat) v 2974, 2102, 1598, 1425, 1357 cm’!. HRMS (DART) caled for
Ci13H1301N3 [M+H]*: 232.1449, found: 232.1449.
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2-diazo-N-(tert-pentyl)-N-phenethylacetamide
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Bromoacetyl bromide (0.48 mL, 5.6 mmol, 2 equiv.) was slowly added at 0 °C to a stirred solution of amine (537
mg, 2.8 mmol, 1 equiv.) and KoCOs3 (1165 mg, 8.4 mmol, 3 equiv.) in CH2Cl> (8 mL). The mixture was stirred at
0 °C and then at RT for 3h. The reaction mixture was washed with HC1 (5%, 7 mL) and the aqueous layer was
extracted with CH,Cl,. The combined organic layer was washed with NaHCO3 aq., followed by brine, and then
dried over Na;SO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-(tert-pentyl)-N-phenethylacetamide (517.8 mg, 1.6 mmol, 59% yield) as brown
oil. '"H NMR (400 MHz, CDCls) 6 7.33 (t, J = 6.41 Hz, 2H), 7.28-7.23 (m, 1H), 7.18 (d, J = 7.63 Hz, 2H), 3.70 (s,
2H), 3.56 (t, J = 8.54 Hz, 2H), 2.90 (t, J = 8.54 Hz, 2H), 2.00 (q, /= 7.02 Hz, 2H), 1.47 (s, 6H), 0.81 (t, J=7.32 Hz,
3H) ppm.

To a solution of bromoacetyl product (312 mg, 1.0 mmol, 1 equiv.) and N, N’-ditosylhydrazine (510 mg, 1.5 mmol,
1.5 equiv.) were dissolved in THF (5 mL) and cooled down to 0 °C, then DBU (0.3 mL, 2 mmol, 2 equiv.) was
added slowly and stirred at 0 °C for 1h. After quenched with NaHCOs aq. And extracted with Et,O three times, the
organic layer was dried over Na,SO4 and evaporated to give crude product. Purification was performed with
column chromatography (Hex/EA = 10/1) to give 2-diazo-N-(tert-pentyl)-N-phenethylacetamide (126.7 mg, 0.49
mmol, 49% yield) as yellow oil. "H NMR (500 MHz, CDCl3) 67.32 (t, J = 7.64 Hz, 2H), 7.24 (t, J = 6.50 Hz, 1H),
7.17 (d, J = 7.26 Hz, 2H), 3.28 (t, J = 8.79 Hz, 2H), 2.84 (t, J = 8.79 Hz, 2H), 2.01 (q, J = 7.64 Hz, 2H), 1.46 (s,
6H), 0.81 (t, J= 7.64 Hz, 3H) ppm. '3*C NMR (100 MHz, CDCls) 6 166.0, 138.2, 128.8, 128.3, 126.7, 61.1, 48.4,
47.2,38.0, 32.5, 27.3, 8.9 ppm. IR (neat) v 2968, 2920, 2100, 1610, 1407, 1355, 1168 cm’'. HRMS (DART) calcd
for Ci15H21ON; [M+H]*: 260.1757, found: 260.1751.
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N-(tert-butyl)-2-diazo-N-ethylacetamide
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Bromoacetyl bromide (0.3 mL, 3.3 mmol, 1.1 equiv.) was slowly added at 0 °C to a stirred solution of amine (0.4
mL, 3 mmol, 1 equiv.) and Et3N (0.5 mL, 3.6 mmol, 1.2 equiv.) in CH2ClI; (8 mL). The mixture was stirred at 0 °C
and then at RT for 3h. The reaction mixture was washed with HCI1 (5%, 7 mL) and the aqueous layer was extracted
with CH2Clz. The combined organic layer was washed with NaHCOs3 aq., followed by brine, and then dried over
NaxSO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N-(tert-butyl)-N-ethylacetamide (283.7 mg, 1.28 mmol, 43% yield) as brown oil.
"H NMR (500 MHz, CDCls) 6 3.84 (s, 2H), 3.44 (q, J= 7.26 Hz, 2H), 1.45 (s, 9H), 1.25 (t, J = 7.26 Hz, 3H) ppm.
To a solution of bromoacetyl product (283.7 mg, 1.28 mmol, 1 equiv.) and N, N’-ditosylhydrazine (653.0 mg, 1.92
mmol, 1.5 equiv.) were dissolved in THF (3.5 mL) and cooled down to 0 °C, then DBU (0.38 mL, 2.56 mmol, 2
equiv.) was added slowly and stirred at 0 °C for 1h. After quenched with NaHCO3 aq. And extracted with Et,O
three times, the organic layer was dried over Na;SO4 and evaporated to give crude product. Purification was
performed with column chromatography (Hex/EA = 10/1) to give N-(tert-butyl)-2-diazo-N-ethylacetamide (80.5
mg, 0.47 mmol, 37% yield) as yellow oil. 'H NMR (400 MHz, CDCl3) 6 4.95 (s, 1H), 3.17 (q, J = 7.32 Hz, 2H),
1.47 (s, 9H), 1.16 (t, J = 7.02 Hz, 3H) ppm. *C NMR (125 MHz, CDCl3) J 166.1, 57.6, 48.3, 39.5, 29.2, 16.7 ppm.
IR (neat) v 2973, 2100, 1606, 1408 cm'. HRMS (DART) caled for CsHicOiN3 [M+H]*": 170.1293, found:
170.1293.
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2-diazo-N,N-diisopropylacetamide
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Bromoacetyl bromide (0.39 mL, 4.5 mmol, 1.5 equiv.) was slowly added at 0 °C to a stirred solution of amine (0.42
mL, 3 mmol, 1 equiv.) and Et;N (0.5 mL, 3.6 mmol, 1.2 equiv.) in CH2ClI; (8 mL). The mixture was stirred at 0 °C
and then at RT for 24 h. The reaction mixture was washed with HCl (5%, 7 mL) and the aqueous layer was
extracted with CH,Cl,. The combined organic layer was washed with NaHCO3 aq., followed by brine, and then
dried over Na;SO4. The solvent was removed under reduced pressure and the mixture was purified by flash column
chromatography to give 2-bromo-N,N-diisopropylacetamide (551 mg, 2.5 mmol, 83% yield) as brown oil. "H NMR
(500 MHz, CDCl3) 6 3.96 (quin, J = 6.50 Hz, 1H), 3.81 (s, 2H), 3.38-3.48 (m, 1H), 1.39 (d, /= 6.88 Hz, 6H), 1.25
(d, J=6.50 Hz, 6H) ppm.

To a solution of bromoacetyl product (551 mg, 2.5 mmol, 1 equiv.) and N, N’-ditosylhydrazine (1.27 g, 3.73 mmol,
1.5 equiv.) were dissolved in THF (6 mL) and cooled down to 0 °C, then DBU (0.74 mL, 4.98 mmol, 2 equiv.) was
added slowly and stirred at 0 °C for 1h. After quenched with NaHCOs aq. And extracted with Et,O three times, the
organic layer was dried over Na,SO4 and evaporated to give crude product. Purification was performed with
column chromatography (Hex/EA = 8/1) to give 2-diazo-N,N-diisopropylacetamide (132.2 mg, 0.78 mmol, 31%
yield) as yellow oil. "H NMR (400 MHz, CDCls) 6 4.95 (s, 1H). 3.65 (brs, 2H), 1.30 (s, 12H) ppm. '3C NMR (125
MHz, CDCl3) 6 164.5, 47.6, 46.9, 21.1 ppm. IR (neat) v 2969, 2099, 1599, 1438, 1368 cm™!. HRMS (DART) caled
for CsH1601N3 [M+H]": 170.1293, found: 170.1293.
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10-5-2. General Procedure for Intramolecular Carbene C—H Insertion Reaction of a-Diazoacetamides
To a solution of Ru(Il)-Pheox (1 mol%) in CH>Cl, (2 mL) was added a solution of diazo compound (0.2 mmol, 1
equiv.) in CH>Cl, (2 mL) under argon atmosphere at room temperature. The reaction mixture was stirred at room

temperature for 1 min. The solvent was removed and residue was purified by silica gel column chromatography

(Hex/EtOAc = 10/1 — 1/1) to give desired product(s).

10-5-3. Analytical Data for C—H Insertion Reaction Products

1-benzyl-5,5-dimethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for intramolecular C-H

(0]
N insertion reaction of a-diazoacetamide (47.0 mg, 0.2 mmol, 1 equiv.) in the presence of
©/\ Ru(Il)-Pheox (1.26 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by silica
gel column chromatography with Hexane/EtOAc to give

1-benzyl-5,5-dimethylpyrrolidin-2-one as a colorless oil (51 % yield, 21.0 mg, 0.103 mmol). "H NMR (500 MHz,
CDCl3) 6 7.30-7.19 (m, 5H), 4.41 (s, 2H), 2.48 (t, J = 8.03 Hz, 2H), 1.87 (t, J = 8.03 Hz, 2H), 1.12 (s, 6H) ppm. 13C
NMR (125 MHz, CDCls) 6174. 7, 138.9, 128.3, 127.5, 126.9, 60.9, 42.7, 34.5, 29.6, 26.8 ppm.

1-(tert-butyl)-4-phenylazetidin-2-one

o This compound was prepared according to the typical procedure for intramolecular C-H

N insertion reaction of a-diazoacetamide (47.0 mg, 0.2 mmol, 1 equiv.) in the presence of
©/D§T Ru(II)-Pheox (1.26 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by silica
gel column chromatography with Hexane/EtOAc to give

1-(tert-butyl)-4-phenylazetidin-2-one as a colorless oil (43% yield, 17.7 mg, 0.09 mmol). 'H NMR (500 MHz,
CDCl3) 6 7.32-7.39 (m, 4H), 7.32-7.27 (m, 1H), 4.55 (dd, J = 5.35, 2.29 Hz, 1H), 3.22 (dd, J = 14.52, 5.35 Hz, 1H),
2.66 (dd, J = 14.91, 2.29 Hz, 1H), 1.23 (s, 9H) ppm. 3C NMR (125 MHz, CDCl;) 6 167.4, 141.0, 128.7, 128.1,
126.3, 54.6, 53.0, 45.9, 28.3, 28.1 ppm.

1-(4-chlorobenzyl)-5,5-dimethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for intramolecular C-H

N 7 insertion reaction of a-diazoacetamide (53.15 mg, 0.2 mmol, 1 equiv.) in the presence of

ol /©/\ 4/§ Ru(II)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by silica
gel column chromatography with Hexane/EtOAc to give

1-(4-chlorobenzyl)-5,5-dimethylpyrrolidin-2-one as a colorless oil (59% yield, 28.2 mg, 0.12 mmol). '"H NMR (400
MHz, CDCl3) ¢ 7.26 (d, J=8.85 Hz, 2H), 7.22 (d, J = 8.54 Hz, 2H), 4.37 (s, 2H), 2.47 (t, J= 7.93 Hz, 2H), 1.87 (4,
J=7.93 Hz, 2H), 1.12 (s, 6H) ppm. *C NMR (100 MHz, CDCl3) ¢ 174.8, 137.5, 132.7, 129.0, 128.5, 60.9, 42.0,
344, 29.5, 26.8 ppm. IR (neat) v 2972, 1673, 1486, 1395, 1088 cm'. HRMS (DART) calcd for
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Ci13H170/NCli [M+H]": 238.0998, found: 238.0997.

1-(tert-butyl)-4-(4-chlorophenyl)azetidin-2-one

This compound was prepared according to the typical procedure for intramolecular C—-H

/@/C\f insertion reaction of a-diazoacetamide (53.15 mg, 0.2 mmol, 1 equiv.) in the presence of
ol )V Ru(Il)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by
silica gel column  chromatography = with  Hexane/EtOAc  to  give
1-(tert-butyl)-4-(4-chlorophenyl)azetidin-2-one as a colorless oil (32% yield, 15.1 mg, 0.06 mmol). '"H NMR (400
MHz, CDCl3) 6 7.30-7.36 (m, 4H), 4.54 (dd, J = 5.49, 2.14 Hz, 1H), 3.24 (dd, J = 14.65, 5.49 Hz, 1H), 2.62 (dd, J
= 14.65, 2.44 Hz, 1H), 1.24 (s, 9H) ppm. 3C NMR (100 MHz, CDCl3) § 167.1, 139.7, 133.8, 129.0, 127.6, 54.7,

52.4, 46.0, 28.1 ppm. IR (neat) v 2973, 1747, 1490, 1367, 1089 ¢cm™'. HRMS (DART) calcd for Ci3H70/N:Cl;
[M+H]*: 238.0998, found: 238.0995.

5,5-dimethyl-1-(4-nitrobenzyl)pyrrolidin-2-one

o This compound was prepared according to the typical procedure for intramolecular C—

/@/\ #Nﬁ H insertion reaction of a-diazoacetamide (55.26 mg, 0.2 mmol, 1 equiv.) in the
NO; presence of Ru(Il)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was
purified by silica gel column chromatography with Hexane/EtOAc to give
5,5-dimethyl-1-(4-nitrobenzyl)pyrrolidin-2-one as a colorless oil (83% yield, 41.2 mg, 0.16 mmol). '"H NMR (400
MHz, CDCl3) 6 8.16 (d, J=7.32 Hz, 2H), 7.45 (d, J = 7.63 Hz, 2H), 4.47 (s, 2H), 2.51 (t, J=7.63 Hz, 2H), 1.93 (t,
J=7.63 Hz, 2H), 1.14 (s, 6H) ppm. '*C NMR (100 MHz, CDCl3) ¢ 175.0, 147.1, 146.5, 128.3, 123.7, 61.0, 42.3,

34.4, 29.4, 26.9 ppm. IR (neat) v 2972, 1673, 1518, 1340 cm!. HRMS (DART) calcd for Ci3H1705N2 [M+H]™:
249.1239, found: 249.1232.

5,5-dimethyl-1-(4-methylbenzyl)pyrrolidin-2-one

This compound was prepared according to the typical procedure for intramolecular C-H
N insertion reaction of a-diazoacetamide (49.06 mg, 0.2 mmol, 1 equiv.) in the presence of
Me /©/\ Ru(II)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by

silica gel column  chromatography = with  Hexane/EtOAc  to give

5,5-dimethyl-1-(4-methylbenzyl)pyrrolidin-2-one as a colorless oil (47% yield, 20.0 mg,
0.09 mmol). '"H NMR (500 MHz, CDCl3) d 7.09-7.16 (m, 4H), 4.40 (s, 2H), 2.51 (t, J= 7.63 Hz, 2H), 2.32 (s, 3H),
1.92 (t,J=7.93 Hz, 2H), 1.12 (s, 6H) ppm. '*C NMR (125 MHz, CDCl;) ¢ 174.7, 135.9, 135.1, 130.1, 127.1, 126.8,
125.9, 60.9, 40.4, 34.5, 29.7, 26.6, 19.2 ppm. IR (neat) v 2966, 2931, 1687, 1402, 1369 cm''. HRMS (DART) calcd
for C14H2301N2 [M+NH4]": 235.1810, found: 235.1810.
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1-(tert-butyl)-4-(p-tolyl)azetidin-2-one
o This compound was prepared according to the typical procedure for intramolecular C—-H
/@/DN( insertion reaction of a-diazoacetamide (49.06 mg, 0.2 mmol, 1 equiv.) in the presence of
Me )V Ru(Il)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by
silica gel column  chromatography = with  Hexane/EtOAc  to  give
1-(tert-butyl)-4-(p-tolyl)azetidin-2-one as a colorless oil (47% yield, 20.0 mg, 0.09 mmol). '"H NMR (500 MHz,
CDCl) ¢ 7.47 (d, J = 7.64 Hz, 1H), 7.26-7.20 (m, 1H), 7.16 (t, J = 7.26 Hz, 1H), 7.12 (d, J = 7.64 Hz, 1H),
4.87-4.80 (m, 1H), 3.21 (dd, J = 14.52, 5.35 Hz, 1H), 2.55 (d, J = 14.52 Hz, 1H), 1.26 (s, 9H) ppm. 3C NMR (125

MHz, CDCl3) 6 167.8, 138.9, 134.6, 130.5, 127.5, 126.5, 125.0, 54.3, 48.7, 45.3, 27.9, 19.0 ppm. IR (neat) v 2972,
2934, 1746, 1366, 1340, 1232 cm’'. HRMS (DART) caled for C14H20ON [M+H]": 218.1544, found: 218.1540.

2-(tert-butyl)-6-methoxy-3,8a-dihydrocyclohepta[c]pyrrol-1(2H)-one

This compound was prepared according to the typical procedure for intramolecular

MeO\@N \é C—H insertion reaction of a-diazoacetamide (52.3 mg, 0.2 mmol, 1 equiv.) in the
O

presence of Ru(Il)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture

was purified by silica gel column chromatography with Hexane/EtOAc to give

2-(tert-butyl)-6-methoxy-3,8a-dihydrocyclohepta[c]pyrrol-1(2H)-one as a brown oil (94% yield, 44 mg, 0.19
mmol). '"H NMR (500 MHz, CDCls) 6 6.04-5.99 (m, 2H), 5.68 (d, J = 6.88 Hz, 1H), 5.46 (dd, J = 10.32, 4.20 Hz,
1H), 4.24 (dd, J = 24.46, 14.91 Hz, 2H), 3.62 (s, 3H), 3.13 (bs, 1H), 1.45 (s, 9H) ppm. '3C NMR (125 MHz,
CDCl3) 0 174.0, 159.1, 124.6, 124.0, 123.9, 117.0, 102.6, 54.6, 54.1, 49.6, 47.3, 27.5 ppm. IR (neat) v 2974, 2935,
1693, 1263 1021 cm!. HRMS (DART) caled for C14H200oN1 [M+H]": 234.1494, found: 234.1496.

5,5-dimethyl-1-phenethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for intramolecular C—H

@\/:);y; insertion reaction of a-diazoacetamide (49.06 mg, 0.2 mmol, 1 equiv.) in the presence of
N

Ru(Il)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by silica

gel column chromatography with Hexane/EtOAc to give
5,5-dimethyl-1-phenethylpyrrolidin-2-one as a colorless oil (94% yield, 40.5 mg, 0.19 mmol). 'H NMR (400 MHz,
CDCl3) 6 7.29 (t, J = 7.32 Hz, 2H), 7.23 (d, J = 7.63 Hz, 2H), 7.20 (t, J = 7.32 Hz, 1H), 3.29 (dd, J = 10.38, 7.63
Hz, 2H), 2.89 (dd, J = 8.24, 5.49 Hz, 2H), 2.38 (t,J=7.93 Hz, 2H), 1.84 (t, J = 7.93 Hz, 2H), 1.16 (s, 6H) ppm. *C
NMR (100 MHz, CDCls) 6 174.5, 139.3, 128.8, 128.3, 126.2, 60.5, 41.5, 35.4, 34.1, 29.5, 26.7 ppm. IR (neat) v
3026, 2965, 2933, 2873, 1691, 1404, 1369 cm'!. HRMS (DART) caled for C14H19O/N|Na; [M+Na]": 240.1364,
found: 240.1363.
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1-(4-methoxyphenethyl)-5,5-dimethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for intramolecular
Meo\©\/\ o C-H insertion reaction of a-diazoacetamide (55.07 mg, 0.2 mmol, 1 equiv.) in the
#N;U> presence of Ru(I)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture

was purified by silica gel column chromatography with Hexane/EtOAc to give

1-(4-methoxyphenethyl)-5,5-dimethylpyrrolidin-2-one 7g as a colorless oil (75%
yield, 37.1 mg, 0.15 mmol). '"H NMR (500 MHz, CDCl3) § 7.15 (d, J = 8.24 Hz, 2H), 6.83 (d, J = 8.54 Hz, 2H),
3.78 (s, 3H), 3.26 (dd, J=7.93, 5.80 Hz, 2H), 2.83 (dd, J = 8.24, 5.49 Hz, 2H), 2.38 (t, /= 7.93 Hz, 2H), 1.84 (t, J
= 7.93 Hz, 2H), 1.16 (s, 6H) ppm. 3C NMR (125 MHz, CDCl3) ¢ 174.5, 158.1, 131.4, 129.7, 113.8, 60.6, 55.2,
41.8, 34.6, 34.1, 29.6, 26.8 ppm. IR (neat) v 2965, 2934, 2835, 1680, 1512, 1405 cm’'. HRMS (DART) calcd for
C15H2502N2 [M+NH4]™: 265.1916, found: 265.1916.

1-(tert-butyl)-4-(4-methoxybenzyl)azetidin-2-one

This compound was prepared according to the typical procedure for intramolecular
MeO o) C—H insertion reaction of a-diazoacetamide (55.07 mg, 0.2 mmol, 1 equiv.) in the

\©\/5Nf presence of Ru(I)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was
purified by silica gel column chromatography with Hexane/EtOAc to give

1-(tert-butyl)-4-(4-methoxybenzyl)azetidin-2-one as a colorless oil (18% yield, 8.9
mg, 0.035 mmol). '"H NMR (500 MHz, CDCl3) 6 7.15 (d, J = 8.85 Hz, 2H), 6.86 (d, J = 8.54 Hz, 2H), 3.79 (s, 3H),
3.32-3.44 (m, 2H), 2.73 (dd, J = 16.48, 8.85 Hz, 1H), 2.50 (dd, J = 16.78, 9.16 Hz, 1H), 1.42 (s, 9H) ppm. 13C
NMR (125 MHz, CDCl3) 6 174.2, 158.5, 134.6, 129.7, 127.6, 114.1, 55.2, 54.0, 53.3, 40.8, 36.3, 27.7 ppm. IR
(neat) v 2971, 2935, 2910, 1682, 1514, 1249, 1034 cm’'. HRMS (DART) caled for CisHxsO2N> [M+NH4]*:
265.1916, found: 265.1913.

5,5-dimethyl-1-(3-phenylpropyl)pyrrolidin-2-one

This compound was prepared according to the typical procedure for intramolecular C—H
O

N insertion reaction of a-diazoacetamide (42.8 mg, 0.165 mmol, 1 equiv.) in the presence
©/\/\#§ of Ru(Il)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by
silica gel  column  chromatography = with  Hexane/EtOAc  to  give
5,5-dimethyl-1-(3-phenylpropyl)pyrrolidin-2-one as a colorless oil (99 % yield, 37.9 mg, 0. 165 mmol). 'H NMR
(500 MHz, CDCl3) ¢ 7.27 (t, J = 7.63 Hz, 2H), 7.22-7.15 (m, 3H), 3.15 (dd, J = 7.93 Hz, 2H), 2.65 (t, J = 7.63 Hz,
2H), 2.37 (t, J=7.93 Hz, 2H), 1.98-1.86 (m, 2H), 1.83 (t, J= 8.24 Hz, 2H), 1.19 (s, 6H) ppm. 3C NMR (125 MHz,
CDCl) 6 174.4, 141.5, 128.3, 128.2, 125.8, 60.6, 39.2, 34.2, 33.5, 31.2, 29.6, 26.9 ppm. IR (neat) v 2965, 2932,
1681, 1405, 1370 cm'!. HRMS (DART) calcd for CisH2sO1N> [M+NH4]": 249.1966, found: 249.1967.
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1-(3-(4-methoxyphenyl)propyl)-5,5-dimethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for

intramolecular C-H insertion reaction of a-diazoacetamide (57.60 mg, 0.199

N
Vo M mmol, 1 equiv.) in the presence of Ru(Il)-Pheox (1.27 mg, 0.002 mmol, 1 mol%).
e

The resulting mixture was purified by silica gel column chromatography with

Hexane/EtOAc to give 1-(3-(4-methoxyphenyl)propyl)-5,5-dimethylpyrrolidin
-2-one as a green oil (96% yield, 50.1 mg, 0.19 mmol). "H NMR (500 MHz, CDCls) 6 7.11 (d, J = 8.54 Hz, 2H),
6.82 (d, J=8.54 Hz, 2H), 3.78 (s, 3H), 3.13 (t, /= 7.93 Hz, 2H), 2.59 (t, J=7.63 Hz, 2H), 2.37 (t, J=7.63 Hz, 2H),
1.88-1.90 (m, 2H), 1.83 (t, J=7.93 Hz, 2H), 1.19 (s, 6H) ppm. '3C NMR (125 MHz, CDCl3) 6 174.4, 157.7, 133.6,
129.1, 113.7, 60.6, 55.2, 39.2, 34.2, 32.6, 31.4, 29.6, 26.9 ppm. IR (neat) v 2965, 2935, 1681, 1406, 1177 cm™..
HRMS (DART) calcd for Ci6H240,N; [M+H]": 262.1807, found: 262.1807.

1-isopropyl-4-phenylpyrrolidin-2-one

This compound was prepared according to the typical procedure for intramolecular C-H
9 insertion reaction of o-diazoacetamide (46.26 mg, 0.2 mmol, 1 equiv.) in the presence of
©/E1<N‘< Ru(II)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by silica

gel column chromatography with Hexane/EtOAc to give

l-isopropyl-4-phenylpyrrolidin-2-one as a colorless oil in 60% yield (the yield was
determined by crude '"H NMR, the isolated yield was 52% yield). '"H NMR (500 MHz, CDCls) 6 7.34 (t, J = 7.26
Hz, 2H), 7.26 (t, J = 2.68 Hz, 1H), 7.23 (d, J = 8.41 Hz, 2H), 4.45 (sep, J = 6.88 Hz, 1H), 3.72 (dd, J = 9.56, 8.41
Hz, 1H), 3.52 (quin, J = 8.41 Hz, 1H), 3.31 (dd, J=9.56, 6.88 Hz, 1H), 2.82 (dd, /= 16.82, 9.17 Hz, 1H), 2.56 (dd,
J=16.82, 8.41 Hz, 1H), 1.17 (d, J = 6.50 Hz, 3H), 1.14 (d, J= 6.88 Hz, 3H) ppm. *C NMR (125 MHz, CDCls) &
172.9, 142.6, 128.8, 126.9, 126.6, 49.1, 42.3, 39.4, 37.2, 19.8, 19.6 ppm. IR (neat) v 3470, 2971, 2933, 2874, 1740,
1691, 1680, 1426, 1366 cm™'. HRMS (DART) caled for Ci3H;sO1N; [M+H]": 204.1388, found: 204.1385.

4,5,5-trimethyl-1-phenethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for intramolecular C—-H

% insertion reaction of a-diazoacetamide (25.94 mg, 0.1 mmol, 1 equiv.) in the presence of
N

Ru(Il)-Pheox (0.6 mg, 0.001 mmol, 1 mol%). The resulting mixture was purified by

silica gel column  chromatography  with  Hexane/EtOAc to  give
4,5,5-trimethyl-1-phenethylpyrrolidin-2-one as a colorless oil (81% yield, 18.7 mg, 0.08 mmol). 'H NMR (500
MHz, CDCls) 6 7.30-7.18 (m, 5SH), 3.47 (ddd, J = 13.76, 10.32, 5.35 Hz, 1H), 3.11 (ddd, J = 13.76, 10.32, 6.12),
2.93 (ddd, J=13.00, 10.32, 5.35 Hz, 1H), 2.85 (ddd, J = 13.00, 10.32, 6.12 Hz, 1H), 2.50-2.40 (m, 1H), 2.09-1.98
(m, 2H), 1.11 (s, 3H), 0.99 (d, J = 6.50 Hz, 3H), 0.95 (s, 3H) ppm. *C NMR (100 MHz, CDCl3) 6 174.2, 139.4,
128.8, 128.4, 126.2, 63.1, 41.8, 38.8, 37.7, 35.6, 26.0, 20.1, 14.0 ppm. IR (neat) v 2965, 1678, 1407, 1172 cm™".
HRMS (DART) caled for CisH21ON [M+H]": 232.1696, found: 232.1692.
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1-ethyl-5,5-dimethylpyrrolidin-2-one

o This compound was prepared according to the typical procedure for intramolecular C—H
/\/Wig insertion reaction of a-diazoacetamide 17 (33.8 mg, 0.2 mmol, 1 equiv.) in the presence of
Ru(II)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by silica gel

column chromatography with Hexane/EtOAc to give 1-ethyl-5,5-dimethylpyrrolidin-2-one 18

as a colorless oil (90% yield, 25.3 mg, 0.18 mmol). "H NMR (500 MHz, CDCls) 6 3.20 (q, J = 7.32 Hz, 2H), 2.37 (t,
J =793 Hz, 2H), 1.84 (t, J = 8.24 Hz, 2H), 1.23 (s, 6H), 1.16 (t, J = 7.02 Hz, 3H) ppm. *C NMR (125 MHz,
CDCls) 6 174.1, 60.6, 34.3, 33.9, 29.7, 27.0, 15.0 ppm. IR (neat) v 2969, 2936, 1682, 1409 cm’'. HRMS (DART)
calcd for CgH1601N; [M+H]": 142.1232, found: 142.1233.

1-isopropyl-5-methylpyrrolidin-2-one

This compound was prepared according to the typical procedure for intramolecular C—H
0]

)\N insertion reaction of o-diazoacetamide (33.85 mg, 0.2 mmol, 1 equiv.) in the presence of

Ru(II)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by silica gel

column chromatography with Hexane/EtOAc to give 1-isopropyl-4,4-dimethylazetidin-2-one as
a colorless oil (28% yield, 7.8 mg, 0.06 mmol). '"H NMR (500 MHz, CDCls) J 4.15 (sep, J = 6.71 Hz, 1H),
3.75-3.84 (m, 1H), 2.46 (dt, J = 16.78, 8.85 Hz, 1H), 2.27 (ddd, J = 16.78, 9.77, 4.88 Hz, 1H), 2.08-2.20 (m, 1H),
1.63-1.54 (m, 1H), 1.26 (d, J = 3.36 Hz, 3H), 1.24 (d, J = 1.22 Hz, 3H), 1.23 (d, /= 4.27 Hz, 3H) ppm. 3*C NMR
(125 MHz, CDCl3) 6 174.4, 52.6, 43.9, 30.4, 27.3, 22.3, 21.7, 19.5 ppm. IR (neat) v 2969, 2934, 1679, 1416, 1349
cm!. HRMS (DART) calcd for CsHj9O1N; [M+NH4]™: 159.1497, found: 159.1493.

1-isopropyl-4,4-dimethylazetidin-2-one

This compound was prepared according to the typical procedure for intramolecular C—H

o N>\ insertion reaction of a-diazoacetamide (33.85 mg, 0.2 mmol, 1 equiv.) in the presence of
\ltk Ru(II)-Pheox (1.27 mg, 0.002 mmol, 1 mol%). The resulting mixture was purified by silica gel

column chromatography with Hexane/EtOAc to give 1-isopropyl-5-methylpyrrolidin-2-one as
a colorless oil (67% yield, 19.0 mg, 0.13 mmol). '"H NMR (500 MHz, CDCls) ¢ 3.51 (sep, J = 7.02 Hz, 1H,
-NCH(CHa)2), 2.58 (s, 2H, -NCOCH®>), 1.34 (s, 6H, -NCH2C(CHs),), 1.24 (d, J = 8.24 Hz, 6H, NCH(CH3)2) ppm.
3C NMR (125 MHz, CDCl3) § 165.6, 55.9, 50.2, 44.3, 26.1, 21.7 ppm. IR (neat) v 2971, 2934, 1740, 1381 cm’".
HRMS (DART) caled for CgHisO1N; [M+H]*: 142.1231, found: 142.1231.
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10-5-4. Preparation of a-methyl Diazoacrtamide

N-benzyl-N-(tert-butyl)-2-diazopropanamide

H o Q
g N™ )J\H/OH ' Cl)l\wcn DMF, DIPEA ©/\N
CH,CI
/*\ o o 2Llo /ﬁ\ 0

o
TsNHNH, NJ\H/ NaOH (5 equiv.) NJ\”/
MeOH /i\ N-NHTs m\ I

A solution of Pyruvic Acid (0.35 mL, 5 mmol, 1 equiv.) in CH>Cl, (6 mL) was added catalytic amount of DMF (2
drops) and Oxalyl Chloride (0.52 mL, 6 mmol, 1.2 equiv.). The reaction mixture was stirred at RT for 24 h. The
mixture was cooled down to 0 °C and a solution of amine (1.36 mL, 7.5 mmol, 1.5 equiv.) and DIPEA (2.06 mL, 12
mmol, 2.4 equiv) was slowly added with CH,Cl,. The reaction mixture was stirred at RT overnight. The reaction
was quenched by water and extracted with CH>Clo. The combined organic layer was washed with brine and dried
over NaxSO4. The solvent was removed by evaporator. Purification was performed by column chromatography to
give N-benzyl-N-(tert-butyl)-2-oxopropanamide (1.05 g, 4.5 mmol, 90 %) as a colorless oil.

Reactant (1.05 g, 4.5 mmol, 1 equiv.) was suspended in MeOH (10 mL). The suspension was heated to 65 °C, a
solution was added Tosylhydrazine (912.5 mg, 4.9 mmol, 1.1 equiv.) in one portion. The reaction mixture was
stirred at 65 °C for 24 h, and then allowed to reach room temperature. The mixture was extracted with CH>Cl, and
H,O. The corresponding tosylhydrazone (856.2 mg, 2.13 mmol, 47 %) was collected as a white crystal by filtration
with Et;O and was used for next step without further purification.

A solution of tosylhydrazone (452 mg, 1.1 mmol, 1 equiv.) in THF (9 mL) was treated with a solution of NaOH
(225 mg, 5.6 mmol, 5 equiv.) in H,O (9 mL). The reaction mixture was stirred at 50 °C for 24 h. The aqueous layer
was adjusted to pH = 7 by addition of dry-ice and extracted with EtOAc. The combined organic layer was dried
over Na;SO4 , and the solvent was evaporated in vacuo. The mixture was purified by column chromatography
(Aluminum Oxide, Hex/EA = 3/1) to give N-benzyl-N-(tert-butyl)-2-diazopropanamide as a yellow oil (18% yield,
49.1 mg, 0.2 mmol, determined by 'H NMR, product was not pure). 'H NMR (500 MHz, CDCls) J 7.35-7.28 (m,
2H), 7.23 (d, J = 7.26 Hz, 2H), 4.50 (s, 2H), 1.82 (s, 3H), 1.38 (s, 9H) ppm. *C{'H} NMR (125 MHz, CDCls)
171.28, 139.98, 128.51, 127.12, 126.11, 58.21, 50.14, 28.68, 10.97 ppm. IR (neat) v 2965, 2054, 1622, 1364, 1201
cm’'. HRMS (DART) calcd for C14H200N3 [M+H]": 246.1606, found: 246.1606.
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N-(tert-butyl)-2-diazo-N-phenethylpropanamide

o
©\/\ H 0 2
N )J\ffOH .\ CI)J\H/Cl DMF, DIPEA N
CHCI
/*\ o o) 2012 /‘\ o

TsNHNH, NJ\H/ NaOH (5 equiv.) NJ\”/
_— —_—
/ﬁ\ N2

MeOH /\\ N-NHTs

A solution of Pyruvic Acid (0.28 mL, 4 mmol, 1 equiv.) in CH>Cl, (5 mL) was added catalytic amount of DMF (2
drops) and Oxalyl Chloride (0.41 mL, 4.8 mmol, 1.2 equiv.). The reaction mixture was stirred at RT for 4 h. The
mixture was cooled down to 0 °C and a solution of amine (1.14 g, 6 mmol, 1.5 equiv.) and DIPEA (1.65 mL, 9.6
mmol, 2.4 equiv) was slowly added with CH>Cl, (1 mL). The reaction mixture was stirred at RT overnight. The
reaction was quenched by water and extracted with CH>Cl,. The combined organic layer was washed with brine
and dried over NaSOs4. The solvent was removed by evaporator. Purification was performed by column
chromatography to give N-(tert-butyl)-2-oxo-N-phenethylpropanamide ( 528 mg, 2.1 mmol, 53 %) as a colorless
oil. "TH NMR (500 MHz, CDCls) J 7.29 (t, J = 7.64 Hz, 2H), 7.23 (t, J = 7.26 Hz, 1H), 7.13 (d, J = 7.26 Hz, 2H),
3.43 (t,J=7.64 Hz, 2H), 2.91 (t, J = 8.03 Hz, 2H), 2.21 (s, 3H), 1.54 (s, 9H) ppm.

Reactant (528 mg, 2.13 mmol, 1 equiv.) was suspended in MeOH (9 mL). The suspension was heated to 65 °C, a
solution was added Tosylhydrazine (437 mg, 2.3 mmol, 1.1 equiv.) in one portion. The reaction mixture was stirred
at 65 °C for 24 h, and then allowed to reach room temperature. The mixture was extracted with CH»Cl, and H»O.
The corresponding tosylhydrazone (506 mg, 1.2 mmol, 57 %) was collected as a white crystal by filtration with
Et,0 and was used for next step without further purification. "H NMR (500 MHz, CDCl;) 6 7.81 (d, J = 8.41 Hz,
2H), 7.29 (m, 5H), 7.19 (t, J = 7.26 Hz, 1H), 7.04 (d, J = 6.88 Hz, 2H), 3.53 (t, J = 7.64 Hz, 2H), 2.84 (t, J = 8.03
Hz, 2H), 2.36 (s, 3H), 1.52 (s, 9H) ppm.

A solution of tosylhydrazone (417 mg, 1 mmol, 1 equiv.) in THF (4 mL) was treated with a solution of NaOH (200
mg,5 mmol, 5 equiv.) in HO (10 mL). The reaction mixture was stirred at 50 °C for 24 h. The aqueous layer was
adjusted to pH = 7 by addition of dry-ice and extracted with EtOAc. The combined organic layer was dried over
NaxSO4 , and the solvent was evaporated in vacuo. The mixture was purified by column chromatography
(Aluminum Oxide, Hex/EA = 3/1) to give N-(tert-butyl)-2-diazo-N-phenethylpropanamide (195 mg, 0.75 mmol,
75% yield) as a yellow oil. 'H NMR (500 MHz, CDCl3) J 7.30 (t, J = 7.63 Hz, 2H), 7.22 (t, J= 7.02 Hz, 1H), 7.17
(d, J=7.02 Hz, 2H), 3.44 (t, J = 7.93 Hz, 2H), 2.86 (t, J = 8.24 Hz, 2H), 1.91 (s, 3H), 1.45 (s, 9H) ppm. 3*C NMR
(125 MHz, CDCls) ¢ 171.4, 138.8, 128.6, 128.5, 126.5, 57.3, 52.9, 47.9, 38.0, 29.1, 10.7 ppm. IR (neat) v 2972,
2920, 2052, 1626, 1454, 1390 cm™'. HRMS (DART) caled for CisH2,01N3 [M+H]": 260.1762, found: 260.1760.
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N-(tert-Butyl)-2-diazo-N-(4-methoxyphenethyl)propanamide

/*\ CH,Cl,
Me0\©\/\ o Meo\©\/\ 0
TsNHNH, NJ\”/ NaOH (5 equiv.) NJ\H/
/ﬁ\ N2

MeO M
\©\/\ eO\©\/\ i
H 9 9
N )J\H/OH N CI)J\H/CI DMF, DIPEA NJ\”/

MeOH /‘\ N-NHTs

A solution of Pyruvic Acid (0.22 mL, 3.17 mmol, 1 equiv.) in CH,Cl, (4 mL) was added catalytic amount of DMF
(2 drops) and Oxalyl Chloride (0.55 mL, 6.35 mmol, 2 equiv.). The reaction mixture was stirred at RT for 4 h. The
mixture was cooled down to 0 °C and a solution of amine (987 mg, 4.76 mmol, 1.5 equiv.) and DIPEA (1.3 mL, 7.6
mmol, 2.4 equiv) was slowly added with CH>Cl, (1 mL). The reaction mixture was stirred at RT overnight. The
reaction was quenched by water and extracted with CH>Cl,. The combined organic layer was washed with brine
and dried over NaSOs4. The solvent was removed by evaporator. Purification was performed by column
chromatography to give N-(tert-butyl)-N-(4-methoxyphenethyl)-2-oxopropanamide (263 mg, 0.94 mmol, 30%) as a
colorless oil. "H NMR (500 MHz, CDCls) 6 7.05 (d, J = 8.41 Hz, 2H), 6.83 (d, J = 8.41 Hz, 2H), 3.78 (s, 3H), 3.39
(t, J=28.03 Hz, 2H), 2.84 (t, J = 8.03 Hz, 2H), 2.21 (s, 3H), 1.55 (s, 9H) ppm.

Reactant (263 mg, 0.95 mmol, 1 equiv.) was suspended in MeOH (3.5 mL). The suspension was heated to 65 °C, a
solution was added Tosylhydrazine (194 mg, 1.04 mmol, 1.1 equiv.). The reaction mixture was stirred at 65 °C for
24 h, and then allowed to reach room temperature. The mixture was extracted with CH>Cl, and H>O. The
corresponding tosylhydrazone (174 mg, 0.39 mmol, 41%) was collected as a white crystal by filtration with Et,O
and was used for next step without further purification. '"H NMR (500 MHz, CDCls) J 7.81 (d, J = 8.24 Hz, 2H),
7.25 (d, J =8.24 Hz, 2H), 6.98 (d, J = 8.24 Hz, 2H), 6.80 (d, J = 8.24 Hz, 2H), 3.78 (s, 3H), 3.48 (t, /= 7.32 Hz,
2H), 2.80 (t, J=7.93 Hz, 2H), 2.3 (s, 3H), 1.51 (s, 9H) ppm.

A solution of tosylhydrazone (174 mg, 0.39 mmol, 1 equiv.) in THF (1.5 mL) was treated with a solution of NaOH
(78 mg, 1.95 mmol, 5 equiv.) in H>O (3 mL). The reaction mixture was stirred at 50 °C for 24 h. The aqueous layer
was adjusted to pH = 7 by addition of dry-ice and extracted with EtOAc. The combined organic layer was dried
over Na;SO4 , and the solvent was evaporated in vacuo. The mixture was purified by column chromatography
(Aluminum Oxide, Hex/EA = 10/1) to give N-(tert-butyl)-2-diazo-N-(4-methoxyphenethyl)propanamide (61 mg,
0.21 mmol, 54% yield) as a yellow oil. '"H NMR (500 MHz, CDCls) 6 7.09 (d, J = 8.79 Hz, 2H), 6.85 (d, J = 8.79
Hz, 2H), 2.87 (s, 3H), 3.39 (t, /= 8.03 Hz, 2H), 2.79 (t, J= 8.03 Hz, 2H), 1.92 (s, 3H), 1.44 (s, 9H) ppm. '3C NMR
(125 MHz, CDCl3) ¢ 171.3, 158.2, 130.8, 129.5, 114.0, 57.3, 55.2, 52.7, 48.1, 37.1, 29.1, 10.8 ppm. IR (neat) v
2964, 2932, 2053, 1624, 1512, 1247 cm!. HRMS (DART) caled for Ci6H2702Ns [M+NH4]": 307.2134, found:
307.2136.
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N-(tert-butyl)-2-diazo-N-phenethyl-2-(phenylsulfonyl) acetamide

\i/ 1. BrCH,COBr
TEA, CH,Cl, p-ABSA, DBU N
NH ———— » N
©/\/ 2. PhSOQNa ©/\/ \n/\SOzPh CH;CN @/\/ \H)J\SOZPh
o]

To a solution of a secondary amine (1 mmol) and TEA (0.17 mL, 1.2 mmol) in dry CH>Cl (2 mL), was slowly
added a-bromoacetyl bromide (0.096 mL, 1.1 mmol) at 0 °C. The mixture was stirred at 0 °C and then RT for 1 h.
The reaction mixture was washed with 1IN HCI, and the aqueous layer was extracted with CH2Cl. The combined
organic layer were washed with saturated NaHCOs3 solution, followed by brine, dried over Na>SOs, filtered, and
concentrated to give an « -bromoacetyl amide, which was used for next step without further purification.

To a solution of « -bromoacetyl amide (1 mmol) in CH>Cl, (5 mL), was added benzenesulfonic acid sodium salt
(180.6 mg, 1.1 mmol). The reaction mixture was stirred for 1 h at RT and was poured into EtOAc. The mixture was
washed three times with water, then once with brine, dried over Na;SOy, filtered and concentrated. The mixture was
purified by column chromatography to give a-phenylsulfonyl-acetamide (combined yield: 55%).

To a mixture of a-phenylsulfonyl-acetamide (0.5 mmol) and p-ABSA (132.1 mg, 0.55 mmol) in dry CH3CN (2.5
mL), DBU was slowly added at 0 °C. Then the resulting mixture was stirred for 30 min at RT, and the solvent was
removed by evaporation. The residue was diluted with Et,O and the mixture was washed with 1N NaOH, water and
brine. The yellow organic layer was dried over Na;SOs, filtered and concentrated. The residue was purified by
column chromatography to give N-(tert-butyl)-2-diazo-N-phenethyl-2-(phenylsulfonyl)acetamide (0.43 mmol,
163.1 mg, 86% yield) as a yellow oil. "H NMR (500 MHz, CDCls) 6 7.93 (d, J = 8.0 Hz, 2H), 7.61 (t, J= 7.5 Hz,
1H), 7.52 (t, J=7.6 Hz, 2H), 7.31 (t, J= 7.5 Hz, 2H), 7.23 (t,J = 7.5 Hz, 1H), 7.16 (d, J= 7.6 Hz, 2H), 3.70 (t, J =
7.8 Hz, 2H), 2.87 (t, J = 7.8 Hz, 2H), 1.39 (s, 9H) ppm. '*C NMR (125 MHz, CDCl3) ¢ 159.8, 142.0, 137.8, 133.7,
129.1, 128.7, 127.5, 126.8, 75.3, 58.4, 49.1, 38.2, 28.8 ppm.
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N-(tert-butyl)-2-diazo-3-oxo-N-phenethylbutanamide

\\/ \‘/ N,
N, diketene W _p-ABSA, DBU _ NW)\H/

To a solution of diketene (0.46 mL, 6 mmol, 1.7 equiv.) in CH>Cl» (0.5 mL) was slowly added secondary amine
(620 mg, 3.5 mmol, 1 equiv.) in THF (5 mL). The reaction mixture was heated to reflux for 1 h and stirred at room
temperature for 12 h. NH4Cl aq. (15 mL) was added and the combined mixture was extracted with CH>Cl,. The
organic layer was washed with brine and dried over MgSO4. The solvent was removed under reduced pressure to
give desired B-ketoamide product (809 mg, 3.1 mmol, 89% yield), which was used for next step without further
purification.

To a mixture of B-ketoamide product (251 mg, 0.96 mmol, 1 equiv.) and p-ABSA (347 mg, 1.45 mmol, 1.5 equiv.)
in CH3CN (2 mL) was slowly added DBU (0.21 mL, 1.45 mmol, 1.5 equiv.) at 0 °C. The mixture was stirred for 3
h at room temperature. The reaction mixture was diluted with H,O (2 mL) followed by extraction with Et;O. After
washing with NaHCO; aq. and brine, the combined organic layer was dried over anhydrous MgSO4 and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (Hex/EA =
5/1) to give N-(tert-butyl)-2-diazo-3-oxo-N-phenethylbutanamide 23e (181 mg, 0.63 mmol, 66% yield) as a yellow
solid. "H NMR (500 MHz, CDCl3) d 7.39 (t, J= 7.26 Hz, 2H), 7.23 (t, J= 7.64 Hz, 1H), 7.15 (d, J = 6.88 Hz, 2H),
3.61 (t,J=7.26 Hz, 2H), 2.07 (t, J = 7.26 Hz, 2H), 2.15 (s, 3H), 1.55 (s, 9H) ppm. 1*C NMR (125 MHz, CDCls) &
137.9, 128.7, 128.7, 126.8, 58.0, 49.1, 38.1, 29.0, 26.7 ppm.
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N-(tert-butyl)-2-diazo-N-(3-phenylpropyl)propanamide

(o]
H o Q
N~ + OH ., Cl DMF, DIPEA N
lo) 0 2~ /*\
(o]

0
TsNHNH, NJ\H/ NaOH (5 equiv.) NJ\”/
MeOH /~\ N-NHTSs /~\ N,

A solution of Pyruvic Acid (0.35 mL, 5 mmol, 1 equiv.) in CH>Cl, (6 mL) was added catalytic amount of DMF (2

drops) and Oxalyl Chloride (0.52 mL, 6 mmol, 1.2 equiv.). The reaction mixture was stirred at RT for 4 h. The
mixture was cooled down to 0 °C and a solution of amine (1.43 g, 7.5 mmol, 1.5 equiv.) and DIPEA (2.06 mL, 12
mmol, 2.4 equiv) was slowly added with CH»Cl, (1 mL).

The reaction mixture was stirred at RT overnight. The reaction was quenched by water and extracted with CHCl.
The combined organic layer was washed with brine and dried over Na>SOs. The solvent was removed by
evaporator. Purification was performed by column chromatography to give
N-(tert-butyl)-2-0x0-N-(3-phenylpropyl)propanamide (534 mg, 2.04 mmol, 41%) as a colorless oil. '"H NMR (500
MHz, CDCl3) 6 7.29 (t, J=7.64 Hz, 2H), 7.20 (t, /= 7.26 Hz, 1H), 7.15 (d, J = 7.26 Hz, 2H), 3.16 (t, /= 8.03 Hz,
2H), 2.53 (t, J="7.26 Hz, 2H), 2.30 (s, 3H), 1.94 (quin, J = 8.03 Hz, 2H), 1.43 (s, 9H) ppm.

Reactant (611 mg, 2.34 mmol, 1 equiv.) was suspended in MeOH (4 mL). The suspension was heated to 65 °C, a
solution was added Tosylhydrazine (479 mg, 2.57 mmol, 1.1 equiv.) in MeOH (5 mL). The reaction mixture was
stirred at 65 °C for 24 h, and then allowed to reach room temperature. The mixture was extracted with CH>Cl, and
H>0. The corresponding tosylhydrazone was collected as a white crystal by filtration with Et2O and was used for
next step without further purification.

A solution of tosylhydrazone (643 mg, 1.5 mmol, 1 equiv.) in THF (13 mL) was treated with a solution of NaOH
(300 mg, 7.5 mmol, 5 equiv.) in H,O (13 mL). The reaction mixture was stirred at 50 °C for 24 h. The aqueous
layer was adjusted to pH = 7 by addition of dry-ice and extracted with EtOAc. The combined organic layer was
dried over Na;SOs , and the solvent was evaporated in vacuo. The mixture was purified by column chromatography
(Aluminum Oxide, Hex/EA = 3/1) to give N-(tert-butyl)-2-diazo-N-(3-phenylpropyl)propanamide (137 mg, 0.5
mmol, 21% yield (2 steps)) as a yellow oil. '"H NMR (500 MHz, CDCl3) 6 7.29 (t, J = 7.32 Hz, 2H), 7.20 (t, J =
7.32 Hz, 1H), 7.17 (d, J = 7.02 Hz, 2H), 3.22 (t, J = 7.32 Hz, 2H), 2.58 (t, J=7.63 Hz, 2H), 1.89 (s, 3H), 1.89 (quin,
J=7.93 Hz, 2H), 1.37 (s, 9H) ppm. *C NMR (125 MHz, CDCl3) J 171.4, 141.0, 128.4, 128.2, 126.0, 57.1, 52.4,
459, 33.5, 33.3, 28.9, 10.8 ppm. IR (neat) v 2971, 2054, 1624, 1361, 1297 cm’!. HRMS (DART) calcd for
Ci16H240N3 [M+H]": 274.1919, found: 274.1919.
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N-(tert-butyl)-N-(3-(4-methoxyphenyl)propyl)-2-oxopropanamide
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A solution of Pyruvic Acid (0.31 mL, 4.46 mmol, 1 equiv.) in CH2Cl, (5.5 mL) was added catalytic amount of DMF
(2 drops) and Oxalyl Chloride (0.46 mL, 5.35 mmol, 1.2 equiv.). The reaction mixture was stirred at RT for 4 h.
The mixture was cooled down to 0 °C and a solution of amine (1.48 g, 6.68 mmol, 1.5 equiv.) and DIPEA (1.8 mL,
10.7 mmol, 2.4 equiv) was slowly added with CH>Cl, (1 mL).

The reaction mixture was stirred at RT overnight. The reaction was quenched by water and extracted with CHCl.
The combined organic layer was washed with brine and dried over Na>SOs. The solvent was removed by
evaporator. Purification was performed by column to give N-(tert-butyl)-N-(3-(4-methoxyphenyl)propyl)
-2-oxopropanamide ( 453 mg, 1.55 mmol, 35%) as a colorless oil. '"H NMR (500 MHz, CDCls) 6 7.06 (d, J = 8.24
Hz, 2H), 6.83 (d, J = 7.93 Hz, 2H), 3.79 (s, 3H), 3.15 (t, J = 7.93 Hz, 2H), 2.47 (t, J = 7.32 Hz, 2H), 2.30 (s, 3H,),
1.90 (quin, J =7.92 Hz, 2H), 1.43 (s, 9H) ppm.

Reactant (452 mg, 1.55 mmol, 1 equiv.) was suspended in MeOH (6 mL). The suspension was heated to 65 °C, a
solution was added Tosylhydrazine (317 mg, 1.7 mmol, 1.1 equiv.). The reaction mixture was stirred at 65 °C for
24 h, and then allowed to reach room temperature. The mixture was extracted with CH>Cl, and H>O. The
corresponding tosylhydrazone (334 mg, 0.75 mmol, 49%) was collected as a white crystal by filtration with Et,O
and was used for next step without further purification. 'H NMR (500 MHz, CDCls) § 7.78 (d, J = 8.41 Hz, 2H,
Ar-H), 7.26 (d, J=5.73 Hz, 2H, Ar-H), 7.09 (d, J = 8.79 Hz, 2H, Ar-H), 6.84 (d, J= 8.79 Hz, 2H, Ar-H), 3.80 (s,
3H), 3.26 (t, J = 8.41 Hz, 2H), 2.42 (t, J = 7.64 Hz, 2H), 2.39 (s, 3H), 1.88 (quin, J = 8.03 Hz, 2H), 1.80 (s, 3H),
1.40 (s, 9H) ppm.

A solution of tosylhydrazone (333 mg, 0.76 mmol, 1 equiv.) in THF (6 mL) was treated with a solution of NaOH
(152 mg, 3.79 mmol, 5 equiv.) in H,O (6 mL). The reaction mixture was stirred at 50 °C for 24 h. The aqueous
layer was adjusted to pH = 7 by addition of dry-ice and extracted with EtOAc. The combined organic layer was
dried over Na;SO, , and the solvent was evaporated in vacuo. The mixture was purified by column chromatography
(Aluminum Oxide, Hex/EA = 9/1) to give N-(tert-butyl)-2-diazo-N-(3-(4-methoxyphenyl)propyl)propanamide (90
mg, 0.29 mmol, 39% yield) as a yellow oil. "H NMR (500 MHz, CDCl3) ¢ 7.08 (d, J = 8.79 Hz, 2H), 6.83 (d, J =
8.41 Hz, 2H), 3.79 (s, 3H), 3.21 (t, J = 7.64 Hz, 2H), 2.52 (t, J = 7.64 Hz, 2H), 1.90 (s, 3H), 1.86 (quin, J = 7.64 Hz,
2H), 1.37 (s, 9H3) ppm. '3C NMR (125 MHz, CDCl3) 6 171.5, 158.0, 133.2, 129.2, 113.9, 57.2, 55.3, 52.5, 46.0,
33.8, 32.5, 29.0, 10.9 ppm. IR (neat) v 2963, 2932, 2054, 1622, 1512, 1246 cm'. HRMS (DART) calcd for
C17H2002N4 [M+NH4]": 321.2290, found: 321.2291.
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N-(tert-butyl)-2-diazo-N-ethylpropanamide
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A solution of Pyruvic Acid (0.56 mL, 8 mmol, 1 equiv.) in CH>Cl, (9 mL) was added catalytic amount of DMF (2
drops) and Oxalyl Chloride (0.83 mL, 9.6 mmol, 1.2 equiv.). The reaction mixture was stirred at RT for 4 h. The
mixture was cooled down to 0 °C and a solution of amine (1.66 mL, 12 mmol, 1.5 equiv.) and DIPEA (3.29 mL,
19.2 mmol, 2.4 equiv) was slowly added with CH>Cl, (1 mL).

The reaction mixture was stirred at RT overnight. The reaction was quenched by water and extracted with CH,Cl.
The combined organic layer was washed with brine and dried over Na>SOs. The solvent was removed by
evaporator. Purification was performed by column chromatography to give
N-(tert-butyl)-N-ethyl-2-oxopropanamide (730 mg, 4.26 mmol, 53%) as a colorless oil. 'H NMR (500 MHz,
CDCl3) 6 3.28 (q, /= 6.88 Hz, 2H), 2.37 (s, 3H), 1.48 (s, 9H), 1.22 (t, J = 6.88 Hz, 3H) ppm.

Reactant (729 mg, 4.26 mmol, 1 equiv.) was suspended in MeOH (16.5 mL). The suspension was heated to 65 °C, a
solution was added Tosylhydrazine (872 mg, 4.68 mmol, 1.1 equiv.). The reaction mixture was stirred at 65 °C for
24 h, and then allowed to reach room temperature. The mixture was extracted with CH>Cl, and H>O. The
corresponding tosylhydrazone (962 mg, 3.0 mmol, 71%) was collected as a white crystal by filtration with Et,O
and was used for next step without further purification. "H NMR (400 MHz, CDCls) 6 7.79 (d, J = 6.88 Hz, 2H),
7.27 (d, J=8.41 Hz, 2H), 3.31 (q, /= 6.88 Hz, 2H), 2.41 (s, 3H), 1.87 (s, 9H), 1.11 (t, J = 6.88 Hz, 3H) ppm.

A solution of tosylhydrazone (322 mg, 1 mmol, 1 equiv.) in THF (8 mL) was treated with a solution of NaOH (200
mg, 5 mmol, 5 equiv.) in H>O (8 mL). The reaction mixture was stirred at 50 °C for 24 h. The aqueous layer was
separated and the organic layer was dried over Na;SO4. The solvent was evaporated in vacuo. The mixture was
purified by  column  chromatography  (Aluminum  Oxide, Hex’EA = 4/1) to  give
N-(tert-butyl)-2-diazo-N-ethylpropanamide (87.4 mg, 0.47 mmol, 48% yield) as a yellow oil. "H NMR (500 MHz,
CDCl3) 6 3.31 (q, J = 6.88 Hz, 2H), 1.98 (s, 3H), 1.40 (s, 9H), 1.20 (t, J= 7.26 Hz, 3H) ppm. 1*C NMR (125 MHz,
CDCls) 6171.2,57.2, 52.3, 40.6, 28.9, 17.6, 11.0 ppm. IR (neat) v 2975, 2929, 2052, 1626, 1379, 1362 cm™'. HRMS
(DART) calcd for CoH2101N4 [M+NH4]*: 201.1715, found: 201.1711.
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10-5-5. General Procedure for Asymmetric Intramolecular Carbene C—H Insertion Reaction of

a-Diazoacetamides
To a solution of Ru(Il)-Pheox (5 mol%) in CH>Cl, (2 mL) was added a solution of diazo compound (0.2 mmol, 1
equiv.) in CH>Cl, (2 mL) under argon atmosphere at room temperature. The reaction mixture was stirred at room

temperature. The solvent was removed and residue was purified by aluminum oxide column chromatography

(Hex/EtOAc = 10/1 — 1/1) to give desired product.

10-5-6. Analytical Data for Asymmetric C—H Insertion Reaction Products

3,5,5-trimethyl-1-phenethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for asymmetric

@\/\ o} intramolecular C—H insertion reaction of a-diazoacetamide (44.3 mg, 0.17 mmol, 1
#N;w>' equiv.) in the presence of p-MeO-Ru(ll)-Pheox (5.3 mg, 0.008 mmol, 5 mol%). The
resulting mixture was purified by column chromatography using aluminium oxide with

Hexane/EtOAc = 10/1 to give 3,5,5-trimethyl-1-phenethylpyrrolidin-2-one as a colorless
oil (67% yield, 26.3 mg, 0.11 mmol). 'H NMR (500 MHz, CDCl3) 6 7.30-7.26 (m, 2H), 7.25-7.17 (m, 3H), 3.44
(ddd, J = 15.56, 10.38, 5.49 Hz, 1H), 3.14 (ddd, J = 13.43, 10.07, 6.41 Hz, 1H), 2.98-2.80 (m, 2H), 2.52 (sext, J =
7.02 Hz, 1H), 2.12 (dd, J = 12.21, 8.54 Hz, 1H), 1.47-1.38 (m, 1H), 1.22 (d, J=7.02 Hz, 3H), 1.17 (s, 3H,), 1.12 (s,
3H) ppm. *C NMR (125 MHz, CDCl3) §176.9, 139.4, 128.8, 128.3, 126.2, 58.4,43.4, 41.7, 35.4, 35.0, 28.2, 25.7,
16.4 ppm. IR (neat) v 2965, 1681, 1407 cm’!. HRMS (DART) calcd for Ci5H2,OiN; [M+H]": 232.1701, found:
232.1700. [a] p?® = -23.2 (¢ = 1.305, CHCl3). The ee value was determined by chiral HPLC analysis, Column
(CHIRALPAK IF-3), UV detector 230 nm, eluent: Hex/IPA = 10/1, Flow late = 1.0 mL/min, tR = 12 min (major

product), tR = 15 min (minor product).

1-(4-methoxyphenethyl)-3,5,5-trimethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for asymmetric
MeO
\©\/\ o] intramolecular C—H insertion reaction of a-diazoacetamide (46.0 mg, 0.159 mmol,

#Ni/>-' 1 equiv.) in the presence of p-MeO-Ru(Il)-Pheox (5.3 mg, 0.008 mmol, 5 mol%).

The resulting mixture was purified by column chromatography using aluminium

oxide with Hexane/EtOAc = 9/1 to give as a colorless oil (51% yield, 21 mg, 0.08
mmol). '"H NMR (500 MHz, CDCls) 6 7.15 (d, J = 8.41 Hz, 2H), 6.83 (d, J= 8.41 Hz, 2H), 3.78 (s, 3H), 3.40 (ddd,
J=15.67,10.32, 5.35 Hz, 1H), 3.11 (ddd, J = 13.38, 10.32, 5.73 Hz, 1H), 2.86 (ddd, J = 15.67, 9.94, 5.35 Hz, 1H),
2.78 (ddd, J=13.38, 10.70, 6.50 Hz, 1H), 2.51 (sext, J=7.26 Hz, 1H), 2.11 (dd, J = 12.23, 8.41 Hz, 1H), 1.43 (dd,
J=12.23,10.32 Hz, 1H), 1.21 (d, J= 7.26 Hz, 3H), 1.18 (s, 3H), 1.12 (s, 3H) ppm. 3C NMR (125 MHz, CDCls)
0176.8, 158.0, 131.5, 129.8, 113.7, 58.4, 55.2,43.4, 41.9, 35.0, 34.5, 28.3, 25.8, 16.4 ppm. IR (neat) v 2964, 2931,
1686, 1675, 1512, 1459, 1357 cmr’!. HRMS (DART) calcd for C16H2702N, [M+NH4]*: 279.2072, found: 279.2072.
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[a] p* = -20.1 (¢ = 1.045, CHCI3). The ee value was determined by chiral HPLC analysis, Column (CHIRALPAK
IF-3), UV detector 230 nm, eluent: Hex/IPA = 20/1, Flow late = 1.0 mL/min, tR = 31 min (major product), tR = 43

min (minor product).

3,5,5-trimethyl-1-(3-phenylpropyl)pyrrolidin-2-one

This compound was prepared according to the typical procedure for asymmetric

? intramolecular C—H insertion reaction of a-diazoacetamide (49.4 mg, 0.18 mmol, 1

N
M equiv.) in the presence of p-MeO-Ru(Il)-Pheox (6.0 mg, 0.009 mmol, 5 mol%). The
resulting mixture was purified by column chromatography using aluminium oxide with

Hexane/EtOAc = 8/1-6/1 to give 3,5,5-trimethyl-1-(3-phenylpropyl)pyrrolidin-2-one as a colorless oil (69% yield,
30.5 mg, 0.12 mmol). 'H NMR (500 MHz, CDCI3) § 7.29-7.22 (m, 2H), 7.20-7.12 (m, 3H), 3.26 (ddd, J = 13.73,
10.38, 5.49 Hz, 1H), 3.01 (ddd, J = 13.73, 10.38, 5.49 Hz, 1H), 2.70-2.56 (m, 2H), 2.48 (sext, J = 7.32 Hz, 1H),
2.09 (dd, J=12.21, 8.54 Hz, 1H), 1.75-1.99 (m, 2H), 1.40 (dd, J = 12.21, 10.07 Hz, 1H), 1.21 (s, 3H), 1.17 (d, J =
7.02 Hz, 3H), 1.11 (s, 3H) ppm. '3*C NMR (125 MHz, CDCl3) 6 176.7, 141.5, 128.2, 128.2, 125.7, 58.4, 43.5, 39.3,
35.0, 33.5, 31.1, 28.4, 25.8, 16.3 ppm. IR (neat) v 2964, 1681, 1455, 1371 cm’'. HRMS (DART) calcd for
Ci16H2401N| [M+H]": 246.1857, found: 246.1858. [a] p*° = —15.5 (¢ = 1.440, CHCI3). The ee value was determined
by chiral HPLC analysis, Column (CHIRALPAK IF-3), UV detector 230 nm, eluent: Hex/IPA = 50/1, Flow late =

1.0 mL/min, tR = 44 min (major product), tR = 54 min (minor product).

1-(3-(4-methoxyphenyl)propyl)-3,5,5-trimethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for asymmetric

intramolecular C—H insertion reaction of o-diazoacetamide (60.0 mg, 0.198

M mmol, 1.0 equiv.) in the presence of p-MeO-Ru(Il)-Pheox (9.1 mg, 0.01 mmol, 7
MeO

mol%). The resulting mixture was purified by column chromatography using

aluminium oxide with Hexane/EtOAc = 3/2 at 0 °C to give 1-(3-(4-methoxy
phenyl)propyl)-3,5,5-trimethylpyrrolidin-2-one as a colorless oil (81% yield, 44.4 mg, 0.16 mmol). "H NMR (500
MHz, CDCl3) 6 7.11 (d, J = 8.54 Hz, 2H), 6.81 (d, J = 8.24 Hz, 2H), 3.77 (s, 3H), 3.25 (ddd, J = 14.04, 10.38, 5.29
Hz, 1H), 3.01 (ddd, J = 15.56, 10.38, 5.19 Hz, 1H), 2.63-2.55 (m, 2H), 2.49 (sext, J = 7.93 Hz, 1H), 2.09 (dd, J =
12.51, 8.54 Hz, 1H), 1.96-1.73 (m, 2H), 1.42 (dd, J = 12.21, 10.38 Hz, 1H), 1.23 (s, 3H), 1.19 (d, J = 7.32 Hz, 3H),
1.13 (s, 3H) ppm. *C NMR (125 MHz, CDCls) §176.7, 157.7, 133.6, 129.1, 113.7, 58.4, 55.2, 43.5, 39.3, 35.0,
32.5,31.3, 28.4, 25.8, 16.4 ppm. IR (neat) v 2964, 2931, 1681, 1512, 1408, 1370 cm™!. HRMS (DART) calcd for
C17H200:N, [M+NH4]™: 293.2229, found: 293.2228. [o] p?* = —15.7 (¢ = 1.540, CHCl;). The ee value was
determined by chiral HPLC analysis, Column (CHIRALPAK IF-3), UV detector 230 nm, eluent: Hex/IPA = 20/1,
Flow late = 1.0 mL/min, tR = 28 min (major product), tR = 35 min (minor product).
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1-ethyl-3,5,5-trimethylpyrrolidin-2-one

This compound was prepared according to the typical procedure for asymmetric

0 intramolecular C—H insertion reaction of a-diazoacetamide (20.0 mg, 0.11 mmol, 1 equiv.) in
S ﬁ/ the presence of p-MeO-Ru(Il)-Pheox (5.0 mg, 0.007 mmol, 7 mol%). The resulting mixture
was purified by column chromatography using aluminium oxide with Hexane/EtOAc =

8/1-6/1 to give 1-ethyl-3,5,5-trimethylpyrrolidin-2-one as a colorless oil (70 % yield, 11.8 mg,
0.07 mmol). '"H NMR (500 MHz, CDCl3) 6 3.29 (dq, J = 7.26, 14.14 Hz, 1H,), 3.08 (dq, J = 7.26, 14.14 Hz, 1H),
2.53-2.43 (m, 1H), 2.11 (dd, J = 12.61, 8.79 Hz, 1H), 1.44 (dd, J= 12.23, 10.32 Hz, 1H), 1.28 (s, 3H), 1.19 (d, J =
6.88 Hz, 3H), 1.17 (s, 3H), 1.15 (t, J = 7.26 Hz, 3H) ppm. '3C NMR (125 MHz, CDCls) 6 176.4, 58.5, 43.5, 35.1,
34.1, 28.5, 25.9, 16.4, 15.0 ppm. HRMS (DART) calcd for CoH;30N; [M+H]": 156.1388, found: 156.1380. IR
(neat) v 2967, 1683, 1410 cm!. [a] p* = —25.0 (¢ = 0.675, CHCl;3). The ee value was determined by chiral HPLC
analysis, Column (CHIRALPAK IF-3), UV detector 220 nm, eluent: Hex/IPA = 20/1, Flow late = 1.0 mL/min, tR =

15 min (major product), tR = 16 min (minor product).
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10-5-8. HPLC Spectral Data

-

racemi

20180412-2 - CH1|

130

140

Refention Time [min]
PEAK RT [min] AREA [uV-sec] | HEIGHT [uV] AREA [%] HEIGHT [%]
1 11.9 2113638 134371 48.910 60.955
2 14.8 2207840 86074 51.090 39.045

chiral

20180412-3 - CH1

140

Retantion Time fmin] =
PEAK RT [min] AREA [uV-sec] | HEIGHT [uV] AREA [%] HEIGHT [%]
1 11.8 3090908 180793 93.684 93.365
2 15.0 208401 12848 6.316 6.635
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20180427-1 - CH1|

e
PEAK RT [min] AREA [uV-sec] | HEIGHT [uV] AREA [%] HEIGHT [%]
1 314 10399370 288945 49.878 58.216
2 42.2 10450231 207385 50.122 41.784
1 20180427-2 - CH1
- MeO
\©\/\ {
. 000000 chiral
=
= 400000
g
A/ !ﬁ\
i i
9500 300 350 400 45.0 500 550
P o ‘Reteption Time [min] :
RT [min] AREA [uV-sec] | HEIGHT [uV] AREA [%] HEIGHT [%]
1 31.3 33929197 757915 93.927 93.762
2 43.0 2193773 50429 6.073 6.238
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20180413-2 - CH1

PEAK RT [min] AREA [uV-sec] | HEIGHT [uV] AREA [%] HEIGHT [%]
1 41.9 1955839 28593 49.761 60.723
2 49.2 1974646 18495 50.239 39.277

20180413-3 - CH1|

PEAK RT [min] AREA [uV-sec] | HEIGHT [uV] AREA [%] HEIGHT [%]
1 435 2625274 31867 94.846 92.732
2 54.0 142671 2498 5.154 7.268

432




20180514-1 - CH1

o

Monses

racemi

PEAK RT [min] AREA [uV-sec] | HEIGHT [pV] AREA [%] HEIGHT [%]
1 28.6 8009792 251255 49.931 56.796
2 35.1 8031859 191125 50.069 43.204

chiral

20180514-1 - CH1|

Wopass

PEAK RT [min] AREA [uV-sec] | HEIGHT [uV] AREA [%] HEIGHT [%]
1 28.2 20335461 553285 94.747 94.336
2 35.2 1127554 33218 5.253 5.664
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20180526-1 - CH1|

i

1??.t(e:‘tenﬁcn i‘xnlxg"[)min] : 2
PEAK RT [min] AREA [uV-sec] | HEIGHT [uV] AREA [%] HEIGHT [%]
1 155 2627923 147506 49.892 53.551
2 16.3 2639266 127943 50.108 46.449

20180526-2 - CH1}

16.0

' 90
Retention Time fmin]-
PEAK RT [min] AREA [uV-sec] HEIGHT [uV] AREA [%] HEIGHT [%]
1 15.3 7014007 302757 95.724 94.449
2 16.5 313291 17792 4.276 5.551
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10-5-9. DFT Calculation

Gaussian09 Rev. D. 017
Calculation : DFT

Functional : B3LYP, Basis Function : 6-31G(d),

Table 10-5-1. Calculated energies of optimized structures.

Solvent Setting: CH>Cl»

Total energy (a.u.) Total energy (kcal/mol) | Relative energy (kcal/mol)
1 —553.3221772 —347215.1994 0
2 —553.3176356 —347212.3495 2.85
3 —553.3145017 —347210.3829 4.81
4 —553.3062748 —347205.2205 9.98

s

1

o

Fig 10-5-1. Optimized structures by DFT calculation.
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