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Ac
Anal.
Ar
Bu
‘Bu
Bn
Bz
cat.
cod
DIBAL
DMF

min
MOM
mp

NMR
Nu
PDC
Ph

py

rt
TBAF
TBDPS
TBS
temp.
Tf
TFA
TMS
o-tol
p-tol
Ts

acetyl

elemental analysis
aromatic substituent
n-butyl

tert-Bu

benzyl

benzoyl

catalyst

1, 5-cyclooctadiene
diisobutylaluminium hydride
N,N -dimethylformamide
enantiomeric excess
ethyl

equivalent

9-fluorenyl

hour

isopropyl

infrared

methyl

minute

methoxymethyl

melting point
methanesulfonyl

nuclear magnetic resonance
nucleophile

pyridinium dichromate
phenyl

pyridine

room temperature
tetrabutylammonium fluoride
tert-butyldiphenylsilyl
tert-butyldimethylsilyl
temperature
trifluoromethanesulfonyl
trifluoroacetic acid
trimethylsilyl

o-tolyl

p-tolyl
p-toluenesulfonyl
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BICRERMAMENIZZEERD T,

SORBBIESO—METH 5. BINBNoEDOERZEDIHEOEELEDH X
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LTOMBOERCHELEINZBEER L E2<FHLLAHERIkDONTNS, £5THE
ERBRERSEIRbDTH S, BUHHEREEFEALRITNERSRVERLIET. BiZZThs
2L TWh T #UE7 57211, Researcher BDRFK DHIZE HE/E Developer BOBFED
LEHZRL 3,
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H5., WEROEEZBHZRIFTDREMEZ D . FTL WAMEORET - ARIIMD THAZR
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RTINS ERMVERBICES TEE LW, 5. FHLWLWMERNKRDSN TS, I&ED
DOESFREICEFEERAOEENHD ENTNEEES, LAL—FT. TNLEITIRE
BROBEZTERTI2OBHEL VO TIIRNNE VWD FEEPCEREEZNTNS, EEIL K
BEBCFEOAFIIBNTHH L VWELSFREICNA TEROSFR—BIHEAT 50 T8E
RORRBICL O TINETHETH > LLENERTZOTIRRWNEHFZFET TS, &
K OZBMENEROILEME R 2 1CRBFE - EHAETE 3 L5 RMlEREHIHFETRENT A
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1-1. 5=

1-1-1. [ZC®IT

EN R B SRIEORENONICEERMAS BT THL2N2WD TEm T 2HEIZBNT
H55, 2001 D) —RIMMEFEOMBERBENAFERIEDORELZDOIHATH> I &R
ZTOEEHZMEITRLTWVS, AERIGOBRELHSRFEDRIGICEL THRUERRALLE
WHHIRNH 5 —F T, WETHE < DILFHRFITHMERNARFTEREORENRKRL E23INT
W3, L5008, ZLOMAENRECKEEARSHRILFED L NIVITHEHRL THWEWhEeT
b5, B2, REFE-KREBEEHR. TROEDTFERBEICEL TIRENED. REZEM
{tT5BE, C-H BEEDYIBIZET 2T rIF—N 99 kcal/mol THEDIZKHL T, £RT S
C-C #EDHEILFRIF—(83 kcal/mol) D FNWNE KBNFMIIAFTH S RNEHDODED
ThHbd, *Elr. BEPZERLIDIETEZ2DDREETICHETIBHEDEDITLARIC
HARHTH D, LN oT. C-CHEEERICH> TIRFEO—HEANWNZF DL 73E
EHEORBEFICERT 20, ERIIREFHEZRNBIVA ABTERET S E WS ENH
BrRb, ,

INETIZ. EBSESEER. 1 AEAUE, EEMEE Wok AT Z AN TRE—K
FHEEREGEDONREZED LD ETHIHEIEE<HEINTNWS, BEFEOMBOEEB R
3. KeE8E3ET2200RBAO—FDAZERILLZD Obf ABEMBEOFS). O
EDDORIGHLT2 DORBEEHENLT 2 (BBEBMEDRE) WS FERICEDNWTED.,
+ols R & RN (LEERYE. BREEEREBICLF O FARBRELE ST AT UAE
W) 2152 2 LIZHBERBICBWTESIHETIIAWL, LMo T, kE—REEHESHERRIG
EIHRINET IV BRI, AFERISICES $ %22 < AnkiFiudAasanianlidl
WEH 5, RICHEFRD 1 HORIFRE SN, RIST 2 2 DORFEMIL THREHICEMELT S
2 S KB BRI OSIENRIEEIC U, RISV 2 BIZREESIND Z & &R D RIER)
RO ERHHFTE S,

KIitd % 2 D0bEWERRHICERIEL. DONBEEZITS 2 & TRIGHE SRR
OMEERIELETY TO—FNEHSD TV —TI2L > THE S /= (Scheme 1), *° HED
I 2 DO RBEBVEEN TRV TNTNNRARZMEEZRT. TRhbE. #EOP.L
WNETST7 Y RNV ABEE L THEBREL TREFRIZEELTZ—HT. 7ILAY



SB—BEEANTV ATy REREL U TRBERIZEELT S, * SN DBERRIEDOL D
RZDORBHPAFRECEEIN. ARICERLEhS ZeTROWRINMEE T F > F AR
RENEONEZEPHASMER oz, TOX DI REAHHMEAFMEZRA NS I ETER
IR AT < A 7 VIR R E BRI AFT T )V R - VRISSEES N TN S, %

Scheme 1. Heterobimetallic Multifunctional Asymmetric Catalysis

24 S )
-4 - (S)-LLB \—/ (R)-ALB

LLB: LaLis tris(binaphthoxide)
ALB: AlLibis(binaphthoxide)

(R)-ALB (0.1 mol %)
<002Me +-BuOK (0.09 mol %)
+
COoMe <C02Me

MS4A, 0 °C (2 h)-rt (24 h)
COoMe
91%, >99% ee (1 kg scale)

(S)-LLB-KOH OH
(5-10 mol %) :
RCHO + -t
OH THF OH

78 - 92%
dr = 2:1 - 5:1 (anti selective)
90-95% ee (anti)

SEIEHIS SR OE 2K T 2 BI T, FRME S L TRFI 1 AR
P2V A ZAEREZMAAAIEINA ABE—IV 1 AREEEAFMEORREZEZMAT -V L L T&
EL. " TR, MEREVWSBRTRIhETHWSNS Z LD o BEZILA R
Bl ABEEZBEYICRBETESRRELTHY, FIRRICOREZBREIT L LU,

1-1-2. EFT7 b= 28BEETEINA ABE—IN1 ABEESAFMREOH ET DA

HEFRE SR, CNETIREF 7RV eBBRELIM ABRELTTVIZUA,
A ABREELUTHRAT 4 2 FF 2 REHOHBINA AB—IV A AFEESHAAMBE1 ZRAFEL

T&7/% (Figurel), "™>%*
ZOMIEEANSZET, TIVTE RPA 2 D OBER - EFHARHRNZIZEAEZITS



X = Cl, TfO, Tf,N
Y =F, Cl, Br, I, CF3
Ar = Ph, o-Tol, C6H4-p-NM62

cat. 1

Figure 1. Al-Phosphine Oxide Combined Bifunctional Catalysts

TR EBHDTEWTLF L FARRETHIET 22T /b 2155 2 EMTE (Scheme 2), *
" HAMTITE RRA I DT T JbERET B LENCH W < Dh OMEERIARFE & RIELDH
ExNTIHNED. ZNSREEE7IITE RELRENE7 VT RV KRESNLE
BIrOBBEATELHDTH o, O Ra OESENEE - REEZRLAO, RIGAD
TR SR O T AEEIC LD HOTIZRL . VA AR &IV AFEREICE D RISHID 3 R
TR EERROREICL NS TH S,

Scheme 2. Asymmetric Cyanide Addition to Aldehydes And Imines Catalyzed by Catalyst 1.

1. Cyanosilylation of aldehydes

-cat.1 (2-9 mol %
/& + TMSCN i ( ) HSéJN 86-100%
R H R'3P(0) (36 mol %) R™ "H 83-99% ee
(slow addition)  CHzClp, -40 °C
2. Strecker-type reaction cat. 1: X=Cl, Y =H, Ar=Ph

N HFlu
. . Tmson —yeat1@mal®) C)\N 66-97%
O PhOH or HCN R* H 70-96% ee
J\ (20 mol %)

R™ "H CHLl5, -40 °C

cat. 1: X=Cl, Y =H, Ar=Ph

HENICF 7Y - VBEETE7NTERZ—FELTH TS L, 1% 5 mol AN
27 LTI LA —INZBNT 9% ee YA LOBRETHIET ST /ERY CEERT S
ZEICRILTWS., BFRICTFTY 0L S AERMEOEREENSZICbRO5T. HE
B RSOTERT T 2 & NS SIBMMTH D, ARSIE. FUBBHEWE THS epothilone D
R AT SRR X172 (Scheme 3). '

*7. LFEREZOEH - IMESIZ. AEZANWTE /U AV F/ ) RHTEY
7 RIS T 5 Reissert BRI E% L7- (Scheme 4). " Reissert B RIGIIRIGHEDE T
SIUNTA RERWSEDICAFMEDO HREBIDZWREZ EEASNDM, k15T
DHEEEERNDZEIRLVBYORIFIZEFEL TD, FEIREI LI, TORIGIE1-



= )k ) DERBICHAND ZEMNTE, ZOERMIIRS VIIALICAFE 4 BRRRESR
THEYEROAVF /) CHEEOERICBO TETH S,

Scheme 3. Application of Cyanation to Catalytic Asymmetric Synthesis of Epothilone A and B.

OH gpothilone A (R = H) |
epothilone B (R = Me)

— |
S)-cat. 1 (5 mol %
| + TMSCN ( ( )
H (1.2 equiv) n-BugP (20 mol %)
[slow addition (48 h)] CH,CI,, -40 °C, 50 h

97%, 99% ee

Scheme 4. Catalytic Asymmetric Reissert-type Reaction.

1) (R)-cat.1 (1 mol %) (allyl)
TMSCN (2.0 eq) c
N(allyl)2 2-furoyl chloride (1.8 eq)
CHxCly, -40°C, 40 h

C )
N c ““CN
P 2) NaBH5CN
c N AcOH-MeOH, 1, 15 h S 0
\_0

cat.1: Ar=otol, X=ClLY=H
91%, 93% ee

(S)-cat.1 (2.5 mol %)

. TMSCN (2.0 eq)
m CHx=CHOCOCI (1.8 eq) h
N o~
2 N o, Z K
CHCly, -60°C, 48 h R "CN\I(])/
R
1:Ar=Ph, X = = 80-98%
cat.1: Ar=Ph, TfO, Y =Br 73-95% ee

TSRS BIAENEIGEE T FABRRMIE. TVI ULV AKRELT
FIFE RDA I L EN- I RETFRIZETS ERABIC, FAT 4 >3 F 2 ROBRRET
PRERITHD FUAFLIUIILS TR AT, TMSCN) OF 1 RICAEMTZHI L BT
TMSCN 2MrBREER S NEE L SN TRISHET TS WD dual activation HHEIZHRT
BZEEZSND (Figure 2)0 ~ DRIGHBIIRETH TH B IINEZIALEMEZTVEELS
NDRERDRFINA ABMEE R D EDOTH 0. 5% OH RS BRFE - BEA K EH O RSTEES
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(GQﬁL Ar

)m"\

’
v
‘e,

Ar Ar _
Figure 2. Proposed Transition State

1-1-3. b1 A1 AHERAREAEICEY 5 HEH]

EEIT, A RABENA ABEEEETNTMI LT A—F—& U THENICEET %
CEEREELTERE, TRICE-T. BHETHIRBICHEL IV X8 VA AREOEAE
bR EBIRT 2 ENEHITRD, RBICRISHOMBEREEZ XD ERICITO ZEDTESR
WA TRIANFETH D, ZNERHIC. VA ABIHERBE L AT OEFORLEET
SEHIVA AEE LU TERT 2608 4 OMFRLARTHICHRE SN TN S,

1981 4E1Z Ttsuno ZIZ &k > THA I3, 1987 £EIT Corey 5D K> THEBINZF I AF
HHROU DL AW R ORBERTIIZOFTHS (Scheme 5). 7 ZOHF T, HE
I3 "B NMR ® X B RS ERTIC X VMBRORIREMEE L TWIEREFICR S 2%
RrUT-880k A AL TWVWS, ZO#EDORTRICT FNEML T, MOX 576 BRE
BREZLEDZETRIBDETTISEZEZSNTND,

Scheme 5. Catalytic Enantioselective Reduction of Ketones Using Corey's Oxazaborolidines.

h
H 1 pn
o (10mal %)
1

X OHy e
R” "R - R'

BHj - THF (0.6 eq), THF

~99% ee

P r
ay e
B NqB‘\o :
BH3 HpB~—]

A proposed transition state



/2. Oguni 5IZ&> TRAIDHEANHES . BIT Noyori SICE> THEEINEZDT I
FNERICEDTINVTE ROTIVFIIALRIED R KISHEBICE > THEEIN D (Scheme
6). "R TF RS LEEMRIIA ABELTT VT E REBRAEL. TOERIKSLE
BREFRST7IVFINVERZEELELTINVFIINEOBEF Z{RETEEBEINTNS, ZO&
BRI Houk BTk - TEHELFEHICDOXFFIN TN S,

Scheme 6. Catalytic Enantioselective Dialkylzinc Addition to Aldehydes.

o Q-Zr{
2 mol %) HO H

R'>Zn toluene, 0 °C

~99% ee proposed transition state
Noyori, R.et al(1998)
3k ok 3k ek sk ok ke 3k ke ok ok sk >k 3k ok 2k >k 3k ok Sk sk ok sk sk ok ok ok ok sk ok Sk ok sk sk ok sk sk ok sk ok sk Sk sk sk ok sk ok sk sk sk sk ok ok sk sk ok sk sk sk ok ok sk ok ok sk ok ok sk ok sk ok ke Sk ok ok ok sk sk sk sk

BL DB OHRE DK, Bx LERRI T Db &I AR 1 AEEESER
FREORNIHKE S NIL DT,

Nijera 5B L2 OHEZSEZICLTTINTE RO 7 /7 UMEEREL TWS, "HE
VA ABERAMICY 2 JEZANTED., RIS THE., SRBECK > TR FOERINZT
2 TW%, R4 DEEMNFHa— b FTLTLOTERMICEINTESN, hILEHEEL
BNENI A THEZI N (Scheme 7).

Scheme 7. Catalytic Asymmetric Cyanosilylation of Aldehydes Using BINOLAM-AICI.

{S)-BINOLAM-AICI Eto
(10 mol %) o

PhgPO (40 mol %) CrAKC

MS 4A, toluene, -20°C NG OH O
RCHO + TMSCN < O
R H Eto

up to >98% ee (S)-BINOLAM-AICI

Najera et al. (2002)

X7, Kozlowski SIIH L VEEICT I D 2SIV MEZHANWTY VT E BPa-r
IATNDIZZFINEHRIZKSD 7 INFIMERIEZEZREL TS (Scheme 8). XKD K 5 72EH
REIZK DA ABE &IV ABEIZEL D dual activation DHEEBINTND, VA AEHELT
T7IEMARADIETTINFIMEDORINEENERT HEMEL TS, BICTHEKENWI &
W ENELE LB WERETIIB T RIS MEE T 2 DT U TRBEEE T TR 7 IVFIWLrE
%l RInOEREZELIEDZ LITKRIL TW3,



Scheme 8. Catalytic Asymmetric Dialkylzinc Addition to a-Ketoester. o (

(R, R-Ti-salen H E
OMe (10 mol %) SEt .
P + EtZn - p OMe 3
o) toluene, -40 °C, 2 h 3 N
*,T(O “OkPr

o, o
Kozlowskiet al. (2002) 78% ee r\ /
e D

F7-. 1982 FEICEEA SIZ/NT U AR E AW T UIMERINICB W T, REARNR
EEFRITDEDICEDO L S /il # R L T3 (Scheme 9). 2* ZORIGTIE. ©—7 U
NS LBERERBO A F A (Na) KEMT 2N AEERVCZESY D H—DES
REETHD., ZDORGHABFHHIN TS, ZORBITIZTOREICHEL SBRHINTHO.
KOARD & STz Pd $itkE WD Z & ThiE 81% ee THHYARG SN D, 2

Scheme 9. Enantioselective Allylic Substitution Using Bifunctional Pd Complex

1) NaH .
2) CHx=CHCH20Ac
Pd complex ( 1 mol %) X
/ Me
JM ,
\/\O_'.t

Phg
1 d P hz N
L /\ \P i Q Pd'—>
v Phe Q—Pphz |
52% ee 81% ee

%k & K Kk ok K k Kk K ok k %k k %k ok ok ok ok k k k k k ok k sk ok ok ok k ok ok k ok ok ok ok k kK

INFETRBRTERLELSI, 2 DORGEHZREHIENELT 5% B RAEIT. Kk
ORI DM LB L VOFRGOBAICBNTEWAREEZF> TS, TORDOVEDTH
DIVA AN AEEEEREMBEORRILEROX SITHRES TN THD., FL M
BORE EARRIABFRISICE ST, CZNETELRBERIREERET 2 E > NTITRs &M

HINha,



1-2. BEEREERIC U ARt

INETITIMANTE /- bifunctional MIEDBRFIZHz> T V1 ABEE A ABEDHE
HALREDN T > A EZERIMEBORENEETH 5. —HOEELY A FABRNTEDZ LD D
DEDDORISRINEMILEMBREE 2SI TICREMETFLTL N, T2 FHERENE
SNV, T, ZOOEME Y1 FEBEWIIKIGOBBIREICEAETES S 5WVWEH#LT
WRIT RIS RN, FNSAMENTHRL TSN, @ D2 ERBEYITE
HoEiud, V1 AEEICX> TEELINS 28SBLEYZERERAE L THWS K
IS ENRENET S DMENRIRATEEEE X 55 (Scheme 10).

Scheme 10. Key Issues of the Design of Lewis Acid - Lewis Base Bifunctional Catalyst

OH
—’R&Nu
Va4

Lewis acid I High generality of the reaction!

To develop the bifunctional catalysis...

1. The balance of activation ability between the Lewis acid and the Lewis base is
important in controlling the stereoselectivity.

2. The Lewis acid and the Lewis base should exist approximately, but spatial separation should be
large enough to prevent their complexation.

Scheme 11 ISR TEIZEEI N1 AR 6 BR EICHRARHAMEEB TELEREZE TS
., BRIV ABEENA ZEEOEBEREICL S5 EEZIS5NS,

Scheme 11. Carbohydrates for Lewis Acid-Lewis Base Bifunctional

Catalyst
Nu oO*Y. O

Lewis base Q 6 5
- 6-membered ring with | B 1

defined conformation 4
3-°2

- Multifunctionality ?
Mi—©

Lewis acid



EIIRKRICEECHEET ADAEERILEY TH DD, INETF I IVHMBECEYS
SRBEBEROARFRMFEL TRIHSINTE(Scheme 12), BEDOH &L Tid, KEHEKAT
4 VB FERWEAKPTORFTETRIG (KL - f#f 5. RajanBabu 5) b ROEZ )l
{t. (RajanBabu 5) P IZBNTHEZHWERFEMFRRESINTVD, . FI)NVIFF
V5B AL T4 DIRFIMARBIIBNTHF I O—ANMECEKE L THNWLNT
ws,

Scheme 12. Selected Examples for the Use of Carbohydrates in Catalytic Asymmetric Reactions.

1) Hydrogenation in water.
Ohe, Uemura et al. (1999)

RajanBabu et al. (1999) ’
HO» mOH
>, BFy
P P OH

P NHCOMe PhPS PP

r\=< : (cod) d PR .NHCOMe

COOMe COOMe

H water (+ SDS)

2 >99% ee (with SDS)

( Ohe, Uemura et al.)
2) For hydrovinylation.
) For hydroviny ey

RajanBabu et al. (2002)

H
Z Ar,P Ac/q OBn

[(Ally)NiX],, AgSbFg

ethylene (1 atm)
CH,Cl,, -70to -55 °C
Br zve ° Br

89%, 89% ee

3) For epoxidation of simple olefins. B(

Shi et al. (1998) o
"r./
d (0.3 eq)
) s O
}b

Oxone (1.38 eq), K, CO5 (5.8 eq)

BU4NHSO4 (004 eq)
Ph/\/ Ph/<&
CH3CN-buffer, ice bath, 1.5 h,

93%, 92% ee
4) Hydrophosphonylation

Spllllng etal. (1998) TI(O-I'PT)4 (20 mol 0/0)

o
HO" H

5 OH
o \-CHO 4+ HP(0)(OMe), (20 mol %) Ph/\/t oM
Et,0, -10 °C fp(OMe),
0

54% ee
Reaction time and yield were not reported.




LAOLAMNS. EERIENEEEREEEZET 5O IFFIN A ABRMEAOIEH R
LAERINTWANS -, H—, EEOHBED TIX Scheme 12 @ 4 IZ7RY )V I —AH
%@91—»%@&?&?6?9>Mﬁﬁﬁ%éhfﬁO‘%m%mmTYW?tﬁthD
KA T+ ZIVEBRE SN TWS, »

EE. EBABOBEEREOLENREREDD. V1 AESE
BLOESEREEMLIBRVWTYA VERODELITE AT

lfh
Scheme 11 ITRT & 512, B0 14L& 2 (rOABEEBTI LD HH |
L. B0 3, 4 M0V ABEEL 6 A1I0)V 1 AR E b DMl % 3 q
Ui, 1,2 ROKBEOEIIC L VBORERBIEILTH LD o

TRINEN. 3,4 MICESLZ2BNFRT 2 5 BRICKVERES
N5 ETRLE. BYOBREEL T, fido7 )V Tt R OMBEAR
E7 ) VUMERETHSNAREZEIL. VAT ABRELTT IV
S A. WA ZEREELUTHEAT 4 > AF S ReFoliskofl GB—HARL 1 A% -
A ZEEESFEME) 2RNT. V1 AB— 1 AEAE SR OL AHEEMEORFIC
BUSBOEYMERITSZEE LR (Figure 3). SHRENICIE. 1, 2 MOKBEDMEDO L
SUDBEADEENL. EBMOBEOERIIEATESOTRARAVWNEEZILNS,

Figure 3




1-3. BEBRERFOE—HRE)L A B -1 AEEESTEMBECL 27V TEROYT /
PP %o

1-3-1. W1 ABEE A ABEOEBIZBIT2EEROHEMNEEDZE

BEH L I O BSEESEIIN D XTIV T E ROY T/ ) IULERAWTIT o7z, 9. )b
A ABE A ABEREOHSNEBLARSESC T O F ARG ICEE T EATRINLZD
T, D 3,4, 5 MOMHMNEBE TR TICHIGT 2EMTF 5-8 2k LRF L, M, Sl
FERMEFEHIEAFL B, BEREBVWTERODIF A TINIZuLZOU R (UF,
ELAIC) EHBTEIEICE> TRBLZOEERBICHANW, Table 1 ICZDOHRZEZX LY
7o
Table1. Effect of the Relative Configuration of Catalysts on Reaction Efficiency.

1) cat. (9 mol %)

CH.Clp, -40°C HQ CN
+ TMSCN $
P "H  (1.2eq)  2)H* P H

2a 3 4a
o & o) o o)

] \ Q
A—O —O A—O A—O

cf cf cf of

5 6 7 8
99% (21 h) 100% (69 h) 96% (38 h) 84% (23 h)
46% ee (S) 21% ee (R) 45% ee (S) 20% ee (S)

LORENSBEOEMNEBENRISNEE TF O FARBREICEET S I ENHSN RS
2o TNENDRIEN S/ S NIZERY OHMEXELE L Scheme 13 IR BB IREBIZ X > THH
AND, BERIAREET dual activation IZEFI M 5 2 AWEZHEITH - EbEWRISHE
EIFCFARRENBF SNz, 6 DFE. 34L& 4 MLOKBEENTIVIZULERET B
DI SMORBENTY F 2 v IVEEZ ES5RTNETRERN, ZORED., KAT 4 2AFIR
1,37 FIvIVHMHEERAZENLEIS EL TV ABNSRINDS HRZRMNTNS EE
Z5N5, THUZLD. RISETNVIZTLDNA ABEOHIZL > THETLIZEEZ E5NS,
HBEELTH- EBEWRGKR (69 B ARBEIZARD. Bo/= LRy OBl & i3l
5 OFPELITED R A ThHo. ERYOMENEEIT. EAEZ GEHELUKTSHILET
WREL I, &



Scheme 13. Speculation for explaining stereoselectivity of cyanation.

. "CN .

_oN -SHCN /o ,s/c '\r,o\'=<R s N

&7/8 )<R Opji‘ "O=<H o /A( H PO (\? >
0 0= NS A B AI'"'C\&_

H

5 6 7 8

Riz. RAT 4 >FFL RO ICHHMIASIAEERE LS LT TBDPS AFE%Z 6 A
BORMFNSRDTIVI LB ZRANTS T / Y UIIMERISEZEIT D7 (Scheme 14).
ZOEE. EOERIIE K TETIC 96 KMz EELE. TLT, Z OB D ERRY)
DARFNRIT 5% ee EIFEAEFRINBN D7

Scheme 14. Control Experiment Using 6-TBDPS Substituted Catalyst 9.

1) cat. 9 (9 mol %) TBDPSO
CH,Cly, -40°C,96h  HQ ON
o + TMSCN $ Q
H

(1.2eq) - 2)H* P H A—O
2a 3 4a of o
87%
5% ee (R)

PLEDZ &, FESHRINZBERICBN TR OMEMEBICMATELOTAT 1~
F%3 RizE D TMSCN OIIBERE EERENEETHSH I LERBEL TS, TMSCN 12X
FTE)NAZAEEELUTIEIRATA FF O RARBETHD. 6 PLIZRATA RTIVERT
2B TS E T > THAESFFREEAEFTEINAN oL (<10% ee). F 7= KEBREN
- L17. TBDPS A EZHT 5 il 9 TR—HEMFOTIVIZTLTIVIAF R
SUMEE N DI LT. "R T4 > AFT REFOME 58 KBWTIIRIET 2> Ut
13 TLC FCRBEZINAM -7, ZHd, RA T4 A FY RAMBEOREMITZASHD
HEEZL TWBEHEZEZTNDS, *

T T RAT 4 L AFL RHTMSCN 2IEHILT 21 AEEMEH > TNH I LEM
BLTHEL., BCERR. g 1 2AVETVTEROTT /DU IMLRIEDBRFEBRET n-
BuPONWZ LD 7 /) )EAIEENSD T &2 Al L T2 (Scheme 15). 7.8

Scheme 15. Phosphine Oxide Promoted Cyanosilylation of Aldehyde.
SiMes

BusP(O) (40 mol %)
pr™~CHO + TmscN - Ph/\/?\CN

CHoCh, 1t, 7.5 h
2Ck 81%

[without BusP(O): 12%]




I COHTRVWEEMTFIEIUTOLSICER LT (Scheme 16). 6 Z &Y H@ET
KO, ZRWKEEDORIERZIT> THBHA, KA —IVIZBWTIREOREENRHDHDTES

T RHANTITOZFORENLETDH 5,

Scheme 16. Chemical Synthesis of Sugar Derived Ligand with Various Relative Stereochemistries.

Synthesis of 5

1) Hp, Pd/C, MeOH
2)NaOMe, MeOH 150 PhPK (35eq)  Phe i
3)TsCl, Py HO THF, 0°C; ﬁ
OAc OH  then HyOx/MeOH OH
Ac-D-glucal 43% (3 steps) 77% S
Synthesis of 6
1) T120, EtsN 1) Hp, Pd/C
Ac CHCl, MeOH-AcOH
AcO . ’j\ -40 °C, 30 min ’io 1 h
AcO ‘OAc P o 2) KOy, 18-crown-6 P : 2) TBSC|, Et3N
AcO OH  THF,35°C,2h OH DMF, it, 20 h
. 3) MOMCI, i-PrNEt,
Ac Q-galactose 46% (2 steps) CH.Cly, 1,20 h
82% (3 steps)
1) TsOH
TBSG/jij 1) TBAF Tso/ﬁ PhaPK MeOH-CH,Clp  Phafj
—_—— O
MOMO™ 2)TsCl,py ~ MOMO™ THF 2) H,0,/MeOH ﬁ
OMOM OMOM 0°C,1h OH
73% (2 steps) 46% (3 steps)
6
Synthesis of 7
o.
HO — TO Ph2PK (1.2 €q) TsOH Ph2m
HO MOMO THF, 1t, 1 h; MeOH-CH,Cl, ?
HO MOMO then H205 4y OH
72% (2 steps) 7
Synthesis of 8

OIIII

AcO H

Ac-D-allose

86%

AOO/\EO:r'OAc . HO/\© TsCl PhoPK (1.2 eq) thm
HO™ Py THF, 1, 1 h;

QO

o*
then H202 |I-| H

74% 8



1-3-2. 6 (L EBREDFE

i 5 % UL RSB EREEL & Vo ERIEREORMN 2T oM, TF 2 FABERED
FERESNARo . TOEKE. KOKEICELZL 7= (Scheme 17), il 5 O)L1 ABK LIV
S ZBEEOMHHIBIREVEDVTIENSHDD, BED C5-C6 BEEDRIENB IS
CEEINTWARN, Z0EDIZ. B DESIKKAT 4 >FF 2 KA TMSCN OFEHALICE S
HEFINA ZABREORICE > TRIET 2B NERTERLARD, TOFER. I CFFER
BAMETF LD TIRIZWNEE X /=, RIC C5-C6 BEnEERERIETENT A OEENFR
0. TFYFARREOM EMBETES, £ITC5-Co a0z HET 2 BT,
6 PicERELZEATDHIEZETHEIL 2,

Scheme 17. Catalyst Tuning by Restricting the Ligand Conformation for Facilitating the Dual Activation
Mechanism.

favorable conformation for a dual unfavorable for a dual activation
activation

6 EADEHREDEAITT 2 ZIIVEDOPEEFITT D EUTORIIITO (Scheme 18).
AFTRER 10 DS EEICH S THE LA b K12 Z2EERRFNISETL, 10 : 1OPT R
FUABRETT NI 13 28-, ZOBERER. RokS5aFb—a /%7‘)1/ Iz&
STHHEIND, BIEEE, KEEEAIIMEL., SR KBIKK->TY > 2HALL,

Scheme 18. Synthesis of 6-Ph Substituted Ligand 15-L.
1) PDC, DMF-HO

1) Hp Pd/C 2) MeNHOMe, EDCI Ph Ph
2) NaOMe DMAP, E§N, :
AcO/\@ 3) TBDMSCIHO /\© _Chc, O NaBH, HO/\Q
96%
AcO 4MOMGI MOMO 3)PhMgBr ~ MOMO dr= 9.7/1 MOMO
OAc 5)469 OMOM 30% OMOM OMOM
10 (5 steps) (3 steps) 12 13
1) MsClI Ph B 7
2)Ph,PK Mg
3) HoO; MepAICI _ Phyf ).
79% 54% O o > |
(3 steps) 1
H on
15.L s HoPhoo




40 MOM EDBIR#EIZ TsOH 2 AW BHELEHA TIIRIILIEN o724, Me,AlCI ZHW3S
CET 15L AERTBIENTER, TOMOBRECEABFRBOFETITIENTE
77

. 13 OHBEBILEGT IR DU FIARCERLZOEIZ. 'H NMR OA Y WA,
DHERERET S EIZE o TRELZ (Scheme 19).

Scheme 19. Determination fo Stereochemistry of 13

Ph-_Hp J=9.5Hz p ~H/t:DJ=4.0Hz

1) MeAICIy/CHxClp 1) MeAIClo/CH,Cl,
. 99% 93%
13 major ?\ 13 minor - i
2) Ph\CH(OMe), PH™ SO PH" 0"

2) PhCH(OMe)2
HBI—:fégEtz/DMF OH HBF4-OEt/DMF OH

26%

SRR RS0 S BED 6 MBERAEZRH LR, SEBOVIZIVEZEALL
BT 15-L 2HWD Z ETIF 2 FARFEM 80% ee T TH_EL 2 (Scheme 20), Z#1i3.,
BED C5-C6 BRADIL T4 A—a N7z VBTL>THBEIESN., AT 4 2 FF
R AV A A E DHREERICEYRME (A) IZEZ ST dual activation BEEOMEALIC
Hol-fzHEEZS5NS (Schemes 17, 20), BE LIz TN TOBME (Me, n-Bu, i-Pr) ITHL
TofEBDOHDIIPERED D DICHNTEREMET L TVSAL ZHid A D& D 2B E
BEZBDETDHEBBHE Me, n-Bu, i-Pr) M7 VI ARZERELEBICRRICRS DL
Zz265N0%,

Scheme 20. Effect of C-6 Substituent.

X

OH
o ; X
2a A—O " PK"CN
(1 2 eq) CH2C|2! -60 OC. 50 h YIeld 96%
) 80% ee

cat. R!' RZ2 yield/% ee/% cat. R!' R2 Yyield% ee/%

5 H H 95 66 18 Bu H 57 56
16 CH3z H 90 58 19 H Bu 100 47
17 H CHz 100 23 20 pr H 73 37

29 H Pr 90 32



1-3-3.6 2 7 = ZI)VEONEICE T 2 5HE(LENREER

w3 FOERERIT S BN TE Y TV OB K DO R EREFNTZT o G
13 Cerius 2.3.8 universal force field ZHAWNTITo ). ¥ THRIZEL-TE6 7z NEDKD
Seanr S SN E T2 o To, BEEILL 6 M0 T T ZIVHEAT C5-C6 AL D HAEE DEEZ Scheme
17 DA KSR EEXTWED, SEIRESE 6 MOBREOHEICEFIZSHSLED
gz BB dual activation (CELZA DAL THA—a»Tholk., LHLLIEHS. A s
D BEICRERIL T4+ A—2 3 ThdB EOIFRNF—EIKRERBVVR SN, K&
= ORI 5 DS, A & B OIXVF—EIIDTNIT 034 keal/mol THY. B DN IR e 6
CEETAESEARDAEINEHEI NS, — 4, JZTIVENBRLTNS 15 OHE.
A O 4.2 keal /mol ZETH V. dual activation 12K TRIBDETT2HENGE>TWVS
(Scheme 21).

Scheme 21. Molecular Modeling Studies on the Conformation of Catalysts.

OH

Phe | H
Con ol cat. 5 (R = H: AGag= 0.34 kcal/mol
H T Ph R cat. 15 (R = Ph) :AGag= 4.2 kcal/mol
H O H
A B

BIOAEEMEE LT 6 (IBREICLD CoP HEDIL T A—a BRSNS LD
EZ725N5. LALBYS, KATA4 >FF L RED2DDT 2V ENNIHENEDIIT
“HEORERTTIREEINTND EEXSNS, FAT A VAF L ROBRRFNT IV
= ARERLEENRETH S I ERFERRICKo THXHINTHD. 6 LOERE
12 C5-Co BfE B DRIBENRENEEZZTND,

1-3-3. ZOMO T IV T E RADEH
BRI NAEHT. M 15 ZANTZOMOT I TE RICDWTRAETO . TD
weE e AF L O H60TIZH N T 5-9 mol DMEEZH NS Z ETEREKETINTE RBLY

ISl 7 VT E K% 50-80% ee & M BIFRTF »FHRIRETERMCERT S I LNT
& /=(Table 2),



Table 2. Catalytic Asymmetric Cyanosilylation of Aldehydes.

cat.15 (5 or 9 mol % +
j\ , TMSCN ( 6 M HCX\CN
R” H (1.2 eq) R H

CH,Cly, -60 °C
2a-e 4a-e
entry aldehyde cat. (mol %) time (h) Yield (%) ee (%) contf.

1 PhCHO 2a 9 50 96 80 S
2 prCHO 2b 5 76 82 7% S
3~~~ CHO ¢ 5 63 97 7% -
4 pr\LHO 2d 5 50 96 70 S
5  ~~_~_CHO 2¢ 5 38 08 80 S

ERBIZT VT E RO a3 L TWABEERFINEOET (~20 % ee)NRENDBREHRE
TRELENH DD, LBTOBEF  TRETH -/ 1) 7 F )72 additive (R,PO)DERM. 2)
TMSCN O slow addition Z{T D HERLZNENDFRZHEL T35,

1-4. 7272/ KT HMBHAEFS T /)L

AT, -60 °C EVWSEETHABKRISHETT AL ITEmWEESEZRT. JOK
SHEOEIICEBHL T, 7T E RICERBBRICREEDR NS N DY / UV zEHE
Lo 27272/ >%EBEELT, 20mol %DM 5 Z ANWTRIGEIToET A, 64K
R CTEBRRICRISIERT Lz, ZOBOIF > FAERMIL 20% ee THoRM, EIITIVT
ERDOIT /) VUIMBICES TH o EF T b=V 2R ET 2 1 TR RIGHETL
BNl ENS, EERAWZMEBEOH L WRKRMEEZRWHT I ENTEL, (Scheme 22),

Scheme 22. Catalytic Asymmetric Canosilylation of Acetophenone Using Cat. 5.

R cat.(20mol %) MOOEN g

PH “CH3
22a PR CHs L
T 23a Q
MSCN 5: 96%, 20% ee(64 h -10 °C) C?«I“O
5

1: no reaction

CORISHEDENIT. M1 TR TFROBRAT 4 24 F 2 RPVAIFERIZT VI ZU LR
B TEBDIr b 2ERIET 20V ABRENBSNEN S LD TH S, TH



5L T, S TRZNIZUAERAT 4 4 F Y ROF/FRNTOFHMPEENITIZEA
ERAETHDEDITTINI T ADBRNIA ABERRIZNZLOREEEL TS, [fE
1 1. Reissert BREDORETHEMFOT VIR VIUEBRSEARNI ENS. BNEE
MAEmINTWS, ZOEROVEDELT, ZDHBKRAT 4 »FF RO—=FA, T
SSYLRENMLUTWSEIEESEDNH S (Scheme 4))

TOMBEEB L. B2 ETREEREZERLTHEMABA AR AREES
AEMEEANT, ChETEENCKREFETH o727 b OMENARE LT /U IHERE
DERFEZRML .



28 PEEEAEKETHEHREI A BV A ABEESAEMEOREL S I
DT ) ) IERIEAN D R

2-1. AR ERWERSERBICBIMERET N DY T ) YU IMEOEEE

INETRTINTE EADITF U FARRWAAMRIGE. PT7IIVFIIVERZRNWE
FIFIMERE. FIL7 ) R—)VRE. TORE. NT O-Diels-Alder Kits. &7 /{EX
SR EBENERISHEEINTNS P»—F T, 7 b I 3R ERBBTD %,
TR T h e d 2 2 7 IVFIVEESR O IR IED Fu*’, Kozlowski® %> Walsh®*!
ko THEIN, FEyhricdds b roas UL/ =) T—F) &R
BAFE TV K —)VRIGH Denmark® 12k - THE I N, & b ik 2 MR A F MK
HEOBRENHE I NS &K D172 5 TE /= (Scheme 23).

Scheme 23. Selected Examples of Catalytic Asymmetric Reaction Using Ketones.
Walish (2002)

OH
Ligand* (2 mol %)

Ti(O-iPr)4 (1.2 eq) \OH Q
©i Ethn (16 eq)
hexane-toluene %

it 29 h Ligand

71%, 96% ee

Denmark (2002)

|
,Z/:,
~ 7

g

(]

t-B t-Bu

g n-Bu H O

0 SiClz o
"/u\\\ + 4;i\ 10 mol % - ph° OMe
P A OMe

CH,Clp, -20 °C, 12 h Il 66%. 86% o6

LA LAMS. B sBamE L7 SEE A k2 ickt s 5 R C R pE &
LTEMANTORETH . FORERIZKRE DI T2DH2EEZ 585 (Scheme 24),
DF PR TNTE RICERTIEEMICN I EL . EEANRINVKEOETEENS
EoTNBEDIREENEN, 7 /)b EHzET 3L, «/Zerth&
T T/ ORGEEILS AEED ZEMHEINTN S,

®7hym7w?tFtiﬁbf@%kméwmiéﬁtmmtwk‘»41&«@&&
B BRI EHELIZ S W,



Scheme 24. Problems in Developing Catalytic Enantioselective Reactions of Ketones.

1) Lower reactivity (Electronic factor)
R = H: ky =631 4
ky / ke = 5x10

’(ﬂ\ K TMS§<CN R = CHg: kyie = 0.013
P R PR R Belokon' et al. Tetrahedron, 2001, 57, 771-779.

2) Difficulty of enantioface selection (Steric factor)
QN0 AA A Q.0 LA
nj\H RiH RLJ\RS - RL/ﬁ\Rs - RL/iRs
E£BE. BOEETSY b UICHTHMBENAEL T /) U IUERBREFANZEA LR
< Tk DEELIATTIZ Scheme 25 D 1 & 2 1TRT 2B WE TN TN B LT H 0 7z.* Choi
SIIBYORERELTBY., 7T/ DI T7 LBV TERE 60% ee DAFIX
RTERMEBTNS, LHALANS, RIBREEFTHbRFNERSRNWL., ZHD
FERTL ) UNBEINTVWEDATH S, £/, Belokon’ 513, 0.5 mol BDOMIKET
A2 BEIEMR Ti- YL > 2 BefidE 25 2R L TWEA, BERZTU—IVAFIVT k>
CREINTBO., FHENERDEE 72% ee L ERALFRICTIIMHRE TE 28N> 7,
B2 26 DEIARBROTNFNLYT R OBENRHBEREBHRESINTE ST . K

3EETHo 2,

Scheme 25. Examples of Catalytic Asymmetric Cyanosilylation of Keotnes.
1. Choi, M. C. K. et al. Tetrahedron Lett. 1997, 38, 6669-6672.

q TMS><CN
Olri—opr (1Mol %)  0.8GPa P~ “CHs
d 24 yield 93%, 60% ee

2. Belokon', Y. N. and North, M. et al. Tetrahedron 2001, 57, 771-779.
Bu Bu

((1 >’Bu’8u©\| TMS&\\CN nj\ rj\ |
.N"l N\
OOy () A ow PR EC O
ﬁl Y 2% 26

Bus N up to 72% ee
32% ee unsuccessful
(0.5 mol %) ~
B

RE DBMEDE. I3 & 41TRT KD 72HI0EE S 417z (Scheme 25-continued). Deng
513, O 7 ) FBIFIIEEBAFTRER 27 TEELTZHEZAVWTEVWIF > FF
BIREEZBEL TS, ¥ LALASS., MEEBNEVNED 28 ODLIICafiiVERS
NEBD TRHEREBICREEINDREDHESREKL TS, Hoveyda 513, Al-peptide



Bk 29 2ANDZETRLZOBE L REBEOREE —REE T > FBREZRT RS
DERICRIL TS, LHALENRS., EENKRL DEED 20 £ TH D HEDORMMN

HD, SEE BRAITREZIF RO T /LR, —HOFAEZBRWTERTIITS 2N
TERVWENWDHETHB, *

Scheme 25 (continued). Examples of Catalytic Asymmetric Cyanosilylation of Keotnes.
3. Deng etal. J. Am. Chem. Soc. 2001, 123, 6195-6196.

28
yield 53%, 92 % ee

4. Hoveyda et al. Angew. Chem. Int. Ed. 2002, 41, 1009-1012.

H Al(O'Pr)3 (20 mol %)
MeO\(:(ﬁ\l N\:/RN/\(OMe Ligand (20_mol %)
on © H o
2

%
1 MeOH (20 mol %), MS3A up to 95% ee
9 O  NHTr -78°C, 48 h
Enzymatic reaction Lower chemical vields and long reaction times (>150 h)

Limit only to aliphatic ketones

—H. DI T ) VIIMERISTESOND T /e RU VR 7/ #2RHBT
Z2ET L 2-73I/7)03=). o-E ROFTTIITE RPa - FOF AR BEEA
EORTELHIBEEE L TREARATHY V. TNEANWTERTE ZAFAEELERY

— REEDIFL <H S TWS (Chart 1),
(o]

L)

(S)-oxybutynin
(muscarinic receptor inhibitor)

(S)-Camptothecin
(antitumor activity, topoisomerase | inhibitor)

Fostriecin

(+)-benzastatin E N
(antitumor activity, PP2A inhibitor) (neuronal protecting activity)

Chart 1. Biologically Significant Compounds Bearing Chiral Tertiary Aicohol.



o PLICKEEZFOANNRZIVEEMOERKIESE L TIE, Evans OF 7))V #BIEZ A
WeFIIINI )/ T— b OBILRIS * % Davis DNFEEEREEFIOFIA *. Adam, Fell 5
DOHL > -Mn$EEZERWEUNT ) 5— NOBIEBHISNTNS A ¥, 2 FKEEDORE
FEELTHWSNTNS, 4 FixFEEHDa-E ROF AR EOERKRESE L T,
Sharpless @ Os-2 b ROF I ERNSLBREBIFIELIINT,. Seebach IT& > THES
NTWBFF)b 1,3-dioxolanone D 7 IVFIUAL * X Evans SIZK > THRES N TWSo-7 b
IATFIANDIINLI ) —=IVI—FINDFMRIE CBHASNTNSEET. Fho0TY
LI B ERBORRBIIBO THRANTH S, FIZ, HFEER 3 &7 NV a—-IVIERE
BITTIEERT D ZEMTERNIENSDBT DT ) U IMERIGORREITERS E
EFNTNW5S, |

ROV T EERRETBIZH0. Scheme 24 IZH T BRESIT 2 DORIGHIZ
FERHCIEME B LM BEE T 2L R HHEAFMEZ BHTIUIRRTESEEX, A
To IR EREHICEF LTz,

222, ROV T U LEBIE LB ORE &S
2-2-1. flgEERET

413, TN X TIT bifunctional catalyst 1 ZHNWTEHE—REDOEH N, ST+ FF
BEROBRIGEREL TWS, TNEHKRL T, BEEAEREIT2MIE 5 ISRIFRER
EHEZTNWE2H00,. HIZF b EAVWESEEO L o FABRERGEENRTNER
5720y, § ERWEGE OERYE (Scheme 22) 13V 1 ABICHTHT IV TE KD h >
DOEMVEEBRO cETHBETHR IV, 1 ZEEMEEG LR WKERENR IS5 Z
EMEROUWEDTHASEEZX . £ T, MANRERIK S RWHIERIL A A &
WA ZABEICELDRBFHEEND UYOBENSBENTLED Z&IZ50, D 3 LI
VAERICHhEIENWERELZEAL. EEROcEHZEKR TSI E25HEL /-,

Scheme 26. New Design of Lewis Acid -Lewis Base Bifunctional Catalyst Using Carbohydrates
N
Me3 f H

o o s Pmmv“rj]
7 U\Z

B side Re

Ox o
W a side
RL

1) The ether oxygen can coordinate to the metal and stabilize the complex.
2) The phenyl group should exist at the position shielding the a side of the catalyst.



WS DD DB FZEFRE. ERLEFTIMICHTI—I)VEZ D DM 30 22RHT
HDIENIMNo Tz, 3 MDI—FTIVEERENIVA ABITENLT 5 T &IT K> THEIXEE
fbtE. ZOBMICE>TAHATIA—NDORE VR IBEEED o fill & W E D o
WILAERRNGER S NS, L2 T 7 b 2O ABNDEMISFTAT 4 2 FF 2 RO
H5BENCEENICBIS I ENHIRIN .

ZOMIC L BB TH S D, TD35, 3 LICIATFILIRANFL 7 I R
Ol Z VI OB TRET L7 (Scheme 27). Z ZTIRERICEAL TIZHIEL. V1
ABICTINITTAEF I 2RO EEEOREETT, WTNOMELBRO < RS
BEARMNo., TAFIVIA TOME 31) 1. 0C. 72 BREITERYE 65%DINE TH
BT EMTERM, TORFIEIL 6% THole. ZHUDA ABEBDFL — MEEN
SEEE 6 BETHIEDICEEOEENTLFL TN ThHokndEEL 5N, ik,
ZNARST I REA TOME 32) 1. VA1 ABEADEMED 2 THEEDIMBORE
HAESNT, RISHICS U ML E ST EENMR L, T ORDICRKISINERT Lo
FLlEZBND, INSOMBR FORESEREAT. &0V Ty RCRERMIEE
LT3 2&FTHITED .

Scheme 27. Other Designs of Chiral Ligands.

Pho(O) Ph,(0)
O\\\\ O“\‘
\M/o \M/M p
31 32 5

0 cat. (10 mol %) T™MSQ_, CN
h/lL + TMSCN -
PH~ “CHj CH,Cl, P CHs
22a 23a

31 [M = Ti(O-i-Pr),]: 65%, 6% ee (0 °C)
32(M = AICI): trace (rt)
32[M = Ti(O-i-Pr)]: trace (rt)



2-2-2. BeLF 30-L D& Rk

EfrF 30-L 13. Scheme 28 IR LD ICER L, BEALEWMTH S 33 “ D Na i
2.7 L= 0LBEERIGEEDIETHTFI-NVEMENRLSEALZ, TOE.
6 PkEERE N T — NMIBBL, FA T4 R7=2F > (FIVRUyFHOASEBA)ZHN
FREEBBRRISICE DD T2 DIIVRA T 4 VB2 EAL. BIKKEEY > 2RBILTHI L
T 36 2Bz, ROVINEE PAUC THREL. AFIINI—F )% AICL-ESH & > Thifk
T HZETHNETHENT 30-L 22IEK 717%TER L.

Scheme 28. Synthesis of Newly Designed Ligand 30-L.

>

1) NaH, MeO &r H(CO)s

t HO/\Q TsCl Tso/\©
PR o 2) I BnO" py BnO"
OH 3) DIBAL-H O@ O:@

33 91% (3 steps)

"
1) PhoPK Ph-
O//
2) Hy05 (P
90% (3 steps) Bn O:@
MeO

36

"l
1) Pd/C, Ha Phe
4
2) AICIz-EtSH OP;:@
94% (2 steps) H Oj@
HO

overall yield 77%
30-L

COBETIENTF I EEBEATEIDICT L —>27 OL8EKERNTWEDN, &k,
HRAPHEESITEST 37 OLORBREEIATFINE T/ - VERETERT S HE
NERINTHBY. ELERTHZ2V70LZHAVEVWEANZERENEILEINZ, ¢

(Appendix)

Appendix: Practical Synthesis

o)

P'g Nu (1.3)
Ph—, KoCO3 (2 equiv)
j ‘ DMF
Q" 65-86%
A
"%
37

Ph
Ph
!

o

EtSH, AICl3

P“[‘lj
H ODCHQCIZ
MeO” N HO \R

R
38 39




2-3. RGO EEL
2-3-1. RInE&Htokq: 10488

TEbhTxz /) oEETIVEENE L TREEEORELEI T2, £9. L1 ABD
Bt &2fTo -, MiEs GBbkAXAFL . THE R MVIY) ICENFEBHEL. T
TANINAABEEZMATHAELE, 7IVaAFPRE2AVWEEGRERIET 2 72—V ERE
TEELLE. BOBEEEZMAMES L THW . ARV 1 AEZRFLEZER. 75
>F b4V TaRF T RTI(O-i-Pr), | ZHAVEHEIEDINWIF O F & RE 35%
ee) BB EMTER (Table 3). T IZTARTUEZHVGEEICRKENET LR
Moldid, FNESIER 4 B TH DI T —FIIVEROEMICK DEMEEM LD
WA ABEMET LD EEZ 5N S, PHISIC ELAl 2 A WEHERHFIZRIEN
ET LM, ERERS S Aaho k. THUTRAT TMSI O XL 371 ABEOE WY
F IR ER LD EEZTNS, £z, entty6 DT ¥ /A R [Yb(O-i-Pr),] &
AWEBEe., RERBENE 2FMTRIBIER T LIS > FAERES 18 AERE
/5 ENHKE, L LRNS, ZOK, BEALF30-L O UIMERBREINLZD,
SUIMEBMRSNAN S TF & Uit EE—ERE LEOBRORF ZER .

Table 3. Metal Effects on the Catalytic Asymmetric Cyanosilylation.

Metal (10 mol %) Phy(0)
P(ﬁ\ Ligand (10 mol %) TIV’ID’Sﬁ(CN .
3 HO
CHy  TMSCN CH,Cly rt CHa
22 (1.5) 2Cl A 30-L b
23a HO

entry Metal time (h) yield (%) ee(%) R/S
1 Et,AICI 48 0
2 Et,AlBr 70 6 23 R
3 ERAl 46 88 0
4 HoBBr 48 no reaction
5 Et-Zn 48 no reaction
6  YbOPr) 2 9 18 s
7 Zr(O'Pr), 36 52 14
8 Ti(O'Pr), 48 78 35 R

Yb ZAWEHER, FYEAWESELREORMEEZFDERME G AT,



IOl RRICEEICHEETS D BEEAVWENS D, @BROBEEZNASILTH
FOLF > FAT —2SRAETH DI EETRBLTND, &ill. ]EPFFREIILL>TS
SH )4 RERNWERBIZISICHEL BRI, FUEHEEZ S DEM T 30-L ZH
WENRSS, FIUBKEIEOERENENT S O FIREFRETEHES NS Z ENHNE
7257 (Appendix). * HEMIIIA LA, BAUTOBROVLEDET VI REDOKER
TMSCN 12K > TYWi N, BAFIETVIMEEZFTAZ IS T ZRBERLTNRSZ
EMRDRMoTNDG, ZOBOEORBEFIIAY I TZRTHD, ENLBRNZXDITT
EFRVWAARMERRDEATH S, FiZ, ERINIT. BREOBRBKELL THHLNTK
% (S)-Camptothecin * ** LHIBAREE T d 5 (5)-Oxybutynin® DEBEH R AE S RIRITIGAI N
TW3 (See, Chart 1)

Appendix: Gd(O'Pr)s-Ligand 30-L(2 : 3) complex was found to give excellent resuits.
Interestingly, this catalyst afforded the products with S configuration.

Gd(OPr)3/29-L (1:2) 0
(2-10 mol %) NG OTMS
+ TMSCN P
R Rs CH3CH.CN R g Rs o]
85-100%, 62-97% ee camptothecin

Yabu, K.: Masumoto, S.; Yamasaki, S.; Hamashima, Y.; Kanai, M.; Wu, D.; Curran, D. P.;
Shibasaki, M. J. Am. Chem. Soc. 2001, 123, 9908-9909.

Yabu, K.; Masumoto, S.; Kanai, M.; Curran, D. P.; Shibasaki, M. Tetrahedron Lett. 2002, 43,
2923-2926. '

2-3-2. RInEMEok-2: B, BE. BE

RICBAIENREZREFT L2 E 25, RAEEKETHZ THF ZRVWEE. FFRMEE
WTHEEAFL R VI 2RNEHEICHA, RN EAFREOM EAR ST

Table 4. Optimization of Reaction Conditions.
Phx(O)
cat. 30 . N
Hj\ (10 mol %) TMiE(N Q_ ?
+ TMSCN - g VAN b
P CHs solvent P CHs MO0 o
R 30

entry solvent conc. (M) temp (°C) time (h) yield (%) ee (%)

1 CHyCl, 0.65 20 36 44 73
2 Toluene 0.65 -20 36 40 70
3 THF 0.65 -20 36 58 83
4 THF 1.0 -30 90 95 90
5 THF 3.0 -30 36 85 92




7= (Table 4 entries 1-3), Z#Ud. THF OEALIC K DDA ) I —5 SIEME TRERRED
BENWE/)I—BEOERMEEIN D EEZITNS, KNREICEAL TR, -20 TZ
30 CIZEFULAEEZALF O FAEREIR 83%05 90%icm LUz, LALARRS, -
30 °C & D {EWRE TR RISHENBHICE T T 220 TEREoRm L3R saho7z. -
30 °C TRIGEFTS & entry 4 IKRT LI KRISERE TIC 90 R ZE L2 AHRE
EEDDIEICED 36 BRITINR 85%. AENE 2% TERMZERS Z LITRIIL
(entry 5). Fiz. BEMSHY b CBLTId4-7 2 Z)V-2-T4 7 > (22h) ZEBEELTHRE
kZfFolz. ZOE. -50°C Tho EbEWNWI T O FABRIRENE SN/ (RiR. Table
5., RIGHEEEDDEDIC. BEBEREN I ENEENZA. TMSCN OFEH#EZR; <
I EE OB M ITRE L. |

2-4, HE M

BELLE&BEERNT. AREORE—RIEEBE L7z, 10 mol %DM 30 ZH
WD Z ETEBES NSRS N BSR4 N ONBERATES ZENHLD
IZ72 5 7= (Table 5). entries 1-4 IZRT XD BFBBEAFINIT b X 2Z2ANWEEE. 80%% C
ZBNEE OB LOARFNRTEHNYZEBEENTER, ETREMHOEREZDD
HBEOBES., KEBEOEENKLETH>-. BTERSIEEZDH DT M OHEE. 30 C
TRIGETFRS LETFORBREDETHR SNz, £I T, 4OCTRIEZBIE L
ZAEVBIRME 91% ee) TERMEBD Z EMTE z(entries 3, 4)e TORIBRIE. AF
WA ROEFTRABL IO A T2 ) O BIFIVT h o BXWa, B-REMT b >
IZBNTH 91% ee &5 VGBI ZRT 2 EABAN & 725 7= (entries 5, 6).

entries 7-9 \ZRTIEHES o 2BWE22 7 J U )M ZNE TITHREFRDL 20
2o TNHEDT ML, FEBEES TN TRBHENE L -SOCTRGZTRD ZEMN
WA T~36 BRI TRIGEZRET 5. eI L7z 228 DX 5727 2 DFE 90% ee &
EWAFINEEBLZENTER, IS5, BEROT M EBVWTHENIF O FARE
REEDE SN2 (entries 8 and 9). HFIC, 22i DL DT EHBHIRYT F > OHETHAFIVE
EAFLCORMIZHZEDST, 76% ee EFVVEREZREL TRLORBEICMHET S
(entry 9). T DERMIT. BHOLBRDED ICMEBEDF 12— 227D EITKD
T 92% ee ETEDDZEIRIL TS (B3 BE), —F. FEERNERLZFER
SIEWEED. entries 10, 11 TRETERRT L2 TH 3, 1-1 25/ 2 DHE 69% ee.
-7 RO DBE 53% ee &EBRIFRIF > FHERENMBEONTNEZHDD, GHILFE
BICERRLANIVIIKET S ZENGEOBEETH D,

HERY DMEMER BT 23a & 23i ZBUEL THESNZI T/ b RY U OLEZHE
EHBTDIEICES>TRERE L, 7



Table 5. Catalytic Enantioselective Cyanosilylation of Various Ketones.

@)
j\ . T™SQ ,CN or
10 mol % 3 . "
RC “Rg (omol®™ | R/(CR o, T ..
L S TR
- THF,3M ./
TMSCN (1.5 eq) 23a-k 30
entry ketone temp time yield ee?
(°C) (h) (%) (%)
1 Ar = Ph 22a -30 36 85 92b
2 /ﬁ\ Ar=p-CH3CgHs 22b -30 84 80 90
A CHs
3 Ar = p-CICgHa 22c -40 80 82 92
4 Ar= 2-naphthyl 22d -40 80 82 95

0
5 Q)K/ 22e -20 64 89 O
6 @/\j\ 22f -50 88 72 91

7 Oj\ 22g -50 3 86 90

8¢ 22h -50 36 92 85
c 0 b

9 A 2 -50 24 88 76

10¢ 22| -40 96 72 69

a Determined by HPLC or GC analysis.
bThe absolute configurations were determined by the comparison with reported values of the optical

rotation.
CoM.



2-5 RGEEDER

FRIOIT )b EETT O FARRCTRS DIl TRETRETFHEREFAZS
OBOEMILT 2 LD IR DRE 21T/ > TER, LMLAENS, ERRICA KN EE DR
B D ICEF L TV AR TH o 2. T T RICRBHEEORRAZITR S NREHELT
o, UFICRRDEREENS., 1 R (T) &)1 AHEE (P=0) BENTNT b
& TMSCN %519 % dual activation 23X FF S 17z

2-5-1. S ICET 2EE

=4, i THE-d, EEEAWT NMR 2HELLEZ S, MEOE—/I3T70—-FT
HOBERAEEESBL LR TERN o2, TIT. MERROZNTNORKEICBITS H
NMR OBIE &7 5 7. Scheme 29 IZRT & S ICEMI T 30-L & MVIZ>oH, FFYTHIAY
SORED REMBUERT B E 2 YBO 2270/ —VAVER L. Ti CEMTY 111 OsEk%E
BRLEEEZ 5N (ZOBO 'H NMR 13 CD,0D Z A EREEREIC L TR MV T TRIEL
7). ML AEELEDS, THE-d, #MAEY 'H NMR Z2#ET2 & 1 FEO 2-70ON
)R TND I EDRBTE, FHLR—HFD 2270/ —)VAENL U 7= il A
K 30-A DERICEBIN: MEETO0— RLEE—7 252 0L T, 2-70/8 )/ —
NOE =23 v —TTHol=l MBS, BRP TR Ti & 2-70/8 - VIR E CHREEDR
DN HDEEZLOND), FIA, TMSCN #MA S & 2-70/8 — IV AHESNRT
F & kLT 1 % BO HON (5.4 ppm, 1H) & TMSOi-Pr 234 L7z, THF H1IZH1F % HCN

Scheme 29. Mechanism Studies |: Catalyst Structure.

o
Ph,(O Pho(O
a )P/Ig 1. Ti(0-iPr)4 (1 eq to ligand) 2l )P/\ﬁJ
HO" =
2. 70 °C for 1h (- 2 eq i-PrOH) ’PfO\C\
30-L b 3. evaporation o \b
4.+ THF
HO g ©
H

in toluene

Ph,(O)
TMSCN (1 eq to Ti)
i, 10 h
— TMSOi-Pr (1 eq to Ti) 'pro/R b
HCN

5.4 ppm (1 eqto T|)




DI 7 R H352 ppm THo= T ENS., AR T HON 2 Ti ICAHIL 72 30-B DX D
IREEERMNERL T EFRRINS,

HEDEIZ S, HON OBENIONWTHELWI ERDD > TWARNLTOK S 2 &HN

EZins,

1) HCN (pKa =9) &Y 708/ =) (pKa ~ 17) OBEEEDENEEZ 5 L. R TR
FRBMATITREZ VMED TICN)OI-PHRER L., TNMNESERE &> TS AlHElE
NH5 (Scheme 30). -

2) ¥7. HCN BIRO 7O R ENT7NIFT RICEML TFF S #EkOREEEZED D L0
SHREED H B,

ZDXDRBEENLITRIRD.

3) HCN 2%, 7 h CAML TER T 2HMGOF 7 -7 aFy RigEo 7o b Aezfrn

HERY OREEZ(EET D ENIFEHEZIOND., KIGENSEBEOSNDERYN TMS T—7

WETHBZEMS, 7/ ERY VIIBIEHE TMSCN ERIGL T UNI—TINERSTS

FIUEE S0, LA L72AYS T il 30 DFE F.TMSCN &7 / E R Z[RC(OH)(CN)R’]

RIEI/TH RIS TH SN ERMRCCN)OTMSR'NIZEBR I Naholz, TDIT &,

HCN OZEMNF &> 7N aAF T RhEo 7o s AL TRNI EZREBL T3S,

Scheme 30. Possible Roles of HCN.

Phy(O) Ph,(0) Ph(O)
1) i 0\ 2)
Pr
- o>, »r(;b ’P"O\ 'PrO\
o™, 7: ) R C
HCN

+ 'ProH
(not observed in NMR)

3  Ph2A0) 30-8
HQ _CN 10 mol % TMSO
C{ ,{C + TMSCN ///A
R™ "CHs THF, -30 °C~rt CHs

~ PrO\ .2
H-CN )//Rob (R = Ph, C5H11)
\_/ no silylation
R=K g X=CNor iPr

B#%IZ. 4) HCN FObDOIREHMTH D AIREMENE Z 5Nz, LA LRSS, ZOHEE
I FOEBREENSFZRICEEL TEINWI ENHENTIR - T,




2-5-2. SN EE

ERIMNZBT B EOKZAIN TMSCN 720NN EH HCN, F2Idahd O 33
Ko THEMLZ Ti-CN 72 OMNEW D R Z IR T X< Scheme 31 ITRTKDRITN)NERE
fTo7z. TMS“CN Z W TR U 7= Sl ai BRAR 30-B OBEIRICFF I LT 1 H8DT b
TJx/)2EBC TIN) L TMSECN % 1 HERIGEI B, ¥ Z0&E. £BMIT S X)L
SN T IERTIPEORAEFN TS Z EMNBPCNMR IZX > THLENIZR- T,

Fie, MERTERE 30-B 7T/ VERESTAET TR Y /ERE<ES RN
Jzo BIZ, £IANHCON ZREAIE L TMATGETS, RIBRE<ETLRN o7,

IHSORRIZ. EORZANL TMSCN TH D HCN ® Ti-CN TIIRWI EZ2M S REL
T3, ZIT. INNVERIZBOWTIRIMEERERNDLDET LAERIE, FRRE TS
DICKIGABRDOBEZED D I EMNTETRIGKRHEA 96 REEEIR>TL Xo LI,
KD TMSPCN & HP?CN ORI TIRAICS T/ EORENE > TLE-> D EEZ SN
%,

Scheme 31. Mechanism Studies |l: Labeling Experiment.

Ph2(0) acetophenone 22a
\“‘ 1
ipr\(i (1 eqto Ti) TMS:;ZCN

" 0, O,
CH3 77%, 88% ee

P P
iPro—3\ TMS'3CN
Hi2e ﬁ' o (1 eqgtoTi) 22a

77% 13C incorporation

30-B
30-B HQ N
/ﬁ\ . HON 10 mol % //// /(C (R =Ph, CsHy9)
R” “CHs THF, -30 °C~rt R™ "CHs

no reaction

2-5-3. EEamHIAEAT

ERREICEET MBS FREERTHEDICHERNER 27>/, 7T/
COMMBEZE 1.55 M. TMSCN OFIBE% 233 M L TENSDREZIZIEF—E E AR
LT3 DOMBERE [0.155 M, 0.103 M, 0.078 M] IZx L TRIGOFIEEZHE L. G5z
EREZMEREICHLT/Oy FLAEEZATOXIIRERNESIZ (Scheme 32), I
. ARSHOEOBEICHL T I RTH B I EE2RLTNS, -, FERERZITRICZ
EIZEL > TTMSCN OEBEICEL THIFIF 1R (07K THDIENHNERS T,



PLEDERIZ. ARGOBBRETIZ 1 2T L 1570 TMSCN 25l TWa Z
EERELTWS,

Scheme 32. Mechanistic Studies Ill: Initial Rate

Kinetics.
Correlation between reaction rate and catalyst
concentration
8 + TMSCN
E I/- P CH3
7
. v 22a
6- ] TMSQ, CN
] - / cat. 30
E 54 P CHs
>4 / : 23a
@ 3 ] 91% ee, respectively
© > d
2- e
13 / y=47x+0, ?=0.98
o+ttt Rate o [Catalyst] I
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

[Catalyst] M
2-5-4. RAT 4 > FF ¥ ROPHRDORIE

KIZ, BRI FHRORAT 4 VA F L ROMBEZFNDDICHBERE LTV AEET
HDBERAT 4 FFY RONDOIARICIIRASERS 7 2 ZIVAFIVEEZF T HENMT 41-
L # W TREEfT> 7~ (Table 6). 41-L D& FRIZ 35 25 Scheme 33 IR T L DIZfT/E o7z,
ZORR, fll 41 2HWEBEEEZERCHTTHRBIIREELS. 80 HERTHHEIK
R (22a) BEUIEMKRY b > 22h) 12EDBIT 30RBERIGLAEEZ T TH oz, ERPD
IFFBIRBEDBREETL, 2% ee ERETLIREEZDZDATH 7. ZOHKRIZ
30-L ZEMFICAVWEEREEMBHTHD., ARBICBWTERMLFRNDORAT 4 2 FF2 K
DB D ABEERLE U THERLTWSDOTIEARL . b1 Z3EEE LT TMSCN Z{EHL T
Wb ZEEHEIRIELTNS,

Scheme 33. Preparation of the control ligand 41-L

TsO PhoHC PhoHC
B nO PhoCHLi Bn O“\ AICK/EtSH H 0\‘
THF 74%
84%
MeO MeO HO

35 40 41-L



Table 6. Mechanistic Studies IV: Effect of Internal Phosphine
Oxide.
RJ\CH Ti(O'Pr)4 (10 mol %) Phy ‘
3 Ligand (10 mol %) TMS%N HO"
N .
TMSCN THF, rt, 80 h R CHs 41-L
HO

R 41-L 30-L
- 1 aso Pha(O)

yield 31% yield 85% 2

Ph (22a) 2% ee 92% ee
HO
yield 33% yield 92% 0]
PhCH,CH, (22h) 5% oo 85% o6 30-L
HO

2-5-5. REIN 2 RIS

UEDZEMNS, BEDEIAERRIGDANZALAEZUTOXIIZEZ TS, 7)LaF
T RAHMIT IV ERLU Ti/730-L (1: 1) $84K (30-B) 1 IRFITHFET % HCN ITX D Scheme 34
IZRT L D7 TICN & (30-C) & FHEICH BulEetENidH 5. 7 i3 dhhodEEkic, 74

Scheme 34. Proposed reaction mechanism

th(O)P/\[:j th(ow“\©

b LD
TMSQ /<CN ' 5 o

RC 'Rs
R 30-8 30-C

yield 72-92%
69-95% ee |
Lewis base Mes
Ph w _.Si \j‘
., \ /d ‘R
R RN
N :
ot Bias
{ /

X = O'Pror CN
30-D Lewis acid




CEDAYVTOENREORFEEIITEIIIITEERD 3Y 1 MIERMLL TERILENS. 7
N OBERIRGEEIINT HHZEN/NIN o (Scheme 32 IZEATHERIET, RUNNEMN
FhCOHEBIRODSTHEICHFAIL TWB ZENRINTNVD,) TENSHT M OB
BNEEZOSND, —FH. RAT 4 FF T Rick > THEEIL I N/ TMSCN 138 THEMEL
INTVBET N ERIBT D, s TMSCN IZH L TENEN LI RTH oI ENSHERE
FRISIA SR DR & X Tn5, ERLUKE 30-D 13U IMLEZT, AR ERET
% EERFICEIIEEINS, BRTHLIIZ. 30-D OEERNEED E U IMEIEL R
D7 /ERYOERPEMT ZERICHZD T, —E8 30-D O U IENEFIZBEESL T
WHAEEN S H 5. ARIEDT h icd T aEnREHEE T > FARREIZ EITRTL D12,
WAABETHEFI N b 2ERAE LRIV ABERETHLRAT 4 A F T FR
TMSCN Z{Et 69 % dual activation BEBICHET 2, BOSNERYOEMEBIZR THD.
ZOEBRENS PHINDZTNE—BT S,

B, RELEZRGE#EZ X VESHEMRTIEHMNT X SEMBERTZ 3D BRNH

FAEBREICLOVTRONTEY. EOMBOREES X TRISOEBIREIZET 2 H AN F
KON DEEZ TS,



EI3E MEOF o —= I K SMEEEE DR L
3-1. IEOF 21— 53— )VEs Ok

MR OB, CNETIKRVBREEEE-REEZRTHOTRDZPHELRT
TSR NEERERL T,

OB WA R (10 mol %)

QBT FORMRT R BT BT O F BRI (69-76% ee) DU E
THOEERTAL MEEEDF 1 —= 2/ 2fTO I E%EE L (Scheme 35). T
T — L E DI B K VBTSRRI A ZERBOBMICIER L, 9. 30
OHF A=)V B OEMERF L, MEELZETIE5I0E. MEREKEREZRETS
TENEELL. FOEBDIFIONA ABEEZED D I EMNERFEOVEDES
Z25N%, £ RISOBRT THENIMETZ0E2MHT DI OREEZM LS
S5 PERBD, UEDZEEEZEEBLT, XA I)EEBAL M 42 Z8RaHLZ.
C O, EEEO BN SICHRMIGERINTBY., TFFFEREOMLED
HMEaND, HFa—)IV LicBRLAERD A NVEOEFRIIHRIEIF S - A7)
MEESOEREFETIE, JUIMEREICHT 2MEOREENLVEESLLEZD
Nns,

Scheme 35. Design for Further Improvement

Pho(0O)
. ?ﬂ“ >
Pro | ..
T
PO O
Me CN R
LQ\ ,?'SI/\)_L Electronic effect
20 Q/"":Rs )
l: ] \’l
o Eéki:é%
—4vﬂ‘o (:DK

Enhancement o)
of Lewis basicity iPro —— X
Effective shielding
42 (R=X=H)

BT 42-L ZCNETERREHETERNTEISENERT DIENTER. 7
L— > 7 O ABKIIHIKR OB FEEEBAE [3-fluoro-4-methoxy-benzoic acid] M HEK LTz,
45 ERRA T 4 R7 =4 > ORI, REFZ 22 YBAND & 6 L TORKERKINITE
H7 o TA MFIEOMBETHERRKBRREHED 46 DX 5 REIERMH<40% TH



Sk (£ BEEIT 40%), ZORBIIRAT 4 RY A OLBEHE L THH<Z
EMTERMSTZA, K NaH T2 kB EE Na HICLTHASHRAT A RTZA VER
BERIEEZS, K 66%THNMERD I ENTER, £ BEDOAFIINEDOREICHE
LTIds b O EIET 572901 AICL-ESH OFRHIIANS ZEMNTERN o BAR
SHUAEFT, LIICKBBEAFIUEN Do & HINENRID o7 (~80%) .

Scheme 36. Synthesis of the Benzoyl -substituted Ligand.

NaH 1.TBAF

i :23 8r)1(MgBr i
Meo or(00>3 /\[g 4.0x. " «@ O
Ph‘im I j °

then b 8% o O 0
OH
84% MeO
33 44
1 TSOH. MeOH 1. NaH, then PhPK, Ph.
TSOH, THF; HOp
2.TsCl, Py /D 2. Lil, DMF «E'j
89% 53%
Meo 45 HO

Ii’h
Ph- l;
mH OTBS 6 o\\
-; § @ H

F - F e} o)
MeO MeO crco), O
0=
/ 46
ph Ph

3-2. T FAEFREOM L

it 42 2 AN TRICRREZBRBEREDODET. ¥ 0T 7 ) UIHEZEREL
7= (Table7), BRI LEZTRTOEE TERBOKENR SNz, HIZ2-—NTF /) oA
2F ) TR 10-15% D AT NEDOKENR 5. FTNEI86% ee. 84% ee EHNAFI
BTERMERS ZENTER, FHICKLT 2 Z2ANERIEIE. 30 1T L& E
WREEBDAKRETH o7, UL, FICOBEENEZ S ADICT I VITEMLL T
7= THF OMREEHGE L 725720, Scheme 34 ® 30-D DX D aHEEOFMNEIZOLL
OEEEZLNS,

Fa—o U ERANT, UTFOREIODWTHH IR ETRo 2. BRR
FRITHDo-F RSO0 2T OE-7aAFE ) 3. 65-70% ee & FREDERE
EEZF, 3AY ) VIRIFINEEAFL VHEORXFITH DD, 4% ee ENTE MY
RETFIFARBRBEEBLIENTER, LALENS, RIGHENELS SBEENEX



N3, ¥, AV MICEREZSHD 22m PEMEOEY DIVEEZFD 220 OHRE. 7
Y b7z COHEICHRTRIGEESZREQE TR S/,

Table 7. Catalytic Asymmetric Cyanosilylation of Ketones Using Tuned Catalyst

Pha(O)
TMSO CN “
R SR Cat42(10mol %)

R R PrO—

22 THF e 0 TKO O
TMSCN (1.5 eq) 03 PO o
entry ketone temp (°C) time (h) yield (%) ee (%)?

- 97 (92
1 Ph)LCHg 22a 30 44 76 (92)

0
2 22h -50 48 66 90 (85)
3 /\/\j\ 22i -50 44 71 86 (76)

4 G& 22 -40 96 90 84 (69)

a. Selectivities using cat. 30 shown in parentheses.

O Aot o

22m: 89%, 66% ee 22n: 84%, 65% ee 220: 22%, 44% ee 22p: 48%, 71% ee 22q:44%, 39% ee
(-10 °C, 72h 3M) (-10°C, 50h 2M) (-50°C, 140 h, 2 M) (-25 °C, 75h 3M) (30°C 60 h, 3 M)

3-3. B OHE

KIZ, MEEICDOWTRFZ1T>7- (Scheme 36). 71 b7/ U ZEBEITHWT2.S
mol %D 42 DFEE FRBET o E T 5, 48 BFE TINER 84%. AEINE 96% THK
MEEDZEMNTER (entrty 3)e T THMIERZE 1 mol BIESL2EI S, RIEHOK
FTHESN 88 B THINERN 52%ICBE -7 (entry 4)e LNLARAS, MERHREZE
method A % method B ICZE L& 25, RIBENR EL 88 KfE T 92% yield & NERA
F13 2 fZI2/2 o 72 (entry 5). 1 mol %DHFE. EBEIRE 3M. -30°C TRIEZTD & TMSCN
DEENRE RV RBENEEL TL X7~ (TMSCN: mp. 11~12 °C), TIT. RiR
Ex20 °C. HEBEES M KL TRIEZTRo TS, BEMETL TWS D RISHE
EMETL 88 BfIZ2EL20% (LFNERE LT > FABREICEL TEBERN Tz,



—F. it 30 TIARIGHE. BREOETNE S 130 BEAL THINEIT 31%9TH
D, ERYPIOIT > FARIRED 84% ee KT L 72 (entry 6).

Table 8. Reduction of the Catalyst Amount.
o
Pho(O)P
2(0) 42: X = Bz

o ? I 30: X=H
MN<.--
ipro” ?\ /O/ "
P TMSQ CN
j\ TMSCN HCN /(C
+* (1.5eq) v el

PH~ “CHs THE PH” _~CHa

entry catalyst (mol %) method conc. (M) temp. (°C) time (h) vyield (%) ee (%)

1 42 (10) A 3 -30 44 76 97
2 42(5) 3 -30 44 84 95
3 42 (2.5) A 3 -30 48 84 96
4 42 (1) A 2 -20 88 52 94
5 42 (1) B 2 -20 88 92 94
6 30 (1) B 2 -20 130 31 84
method A
. 70°C,1h trjtnger: reduced pressure rt,fl h
:Ir? ?c::gene 1 S T | T T o catalyst
Ti(O'Pr), evaporation THF TMSCN (2 eq)
method B
. 70°C,1h t,1h un?ir reduced pressure
:IrfJ i;:gene T C T C T . T - catalyst
Ti(oipr)4 TMSCN (2 eq) evaporation THE
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Table 9. Catalytic Asymmetric Cyanosilylation of Ketones Using the Tuned Catalyst

Phy(O)
/ﬁ* TMSQ o
cat. 42 (X mol %) 2

RL RS 'PI'O
22 - RL \T\
THF R IPI'O
TMSCN (1.5 eq)
23
entry ketone X temp (°C) time (h) yield (%) ee (%)
o}
12 (U\ 22a 1 -20 88 92 94
PH~ “CHj3
0
28 22b 1 -25 92 72 90
p-ClCgH4 CHg3
0
32 HJ\/ 22¢ 1 -10 92 90 92
P 0
4b O/u\ 22g 25 -30 70 91 93d
5P /\/\/ﬁ\ 22i 25 -45 92 80 82
6° /\/ﬁ\ 221 25 -30 92 72 90

CsHqq

a. method A. b. method Bc. determined by chiral HPLC or GC. d. Thee was determined after the
conversion into the corresponding amino alcohol derivative, see chapter 4.

B, Aflii3 pP2A EIRIAZEHRI TH 5 Fostriecin DESRIIGH I Nz, T DEE,
7 7 ) IEIL 50g R —)VTITRHODN TN S, (Appendix). ¥

Appendix
cat. 42 ( 5 mol %)

F TMSCN (2 equiv) = CN
Bno/\/Y Bno/vy

O  THF,-25°C,48h OTMS

Fostriecin
(antitumor activity, PP2A inhibitor)

50 gscale 93%, 85% ee
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Scheme 38. Effect of Phosphine Oxide Moiety and the Best Selectivity for n-Alkanone.
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47: Z = H; 85%, 88% ee (36 h)
48: Z = (p-CF3CgHa)CO; 74%, 92% ee (60 h)
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7 A2 2ATKT B Strecker RIGHBFE X372 (Appendix).

Appendix. Catalytic Asymmetric Strecker Reaction of Ketoimines
.P(O)Phy ‘

"
'1 Ga(O'Pr)3 (2.5 mol %) P~
_ : NC ,NHP(O)Ph, .
Ligand (5 mol %) g o ?
H F
CH3CH.CN, -40 °C, 52 h
93%, 98% ee HO F

TMSCN (1.5 equiv)
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Y =Ph (-50 °C, 60 h)
Z=H 7-H Z=H
X=H X=H
Y=Ph 24%, 62% ee Y =Ph 44%,85% ee

g

(-50 °C, 90 h)

(-50 °C, 36 h)
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Scheme 39. Transformation into Quaternary a-Hydroxy Carboxylic Acid Derivatives.
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General: NMR spectra were recorded on a JEOL JNM-LA500 spectrometer, operating at 500 MHz for
'H NMR, 125.65 MHz for *C NMR, and 202 MHz for *P NMR. Chemical shifts were reported
downfield from TMS (= 0) for '"H NMR. For *C NMR, chemical shifts were reported in the scale
relative to the solvent used as an internal reference. *'P NMR were carried out with phosphoric acid
(85%) as an external standard. Optical rotations were measured on a JASCO P-1010 polarimeter.
Column chromatography were performed with silica gel Merck 60 (230-400 mesh). The enantiomeric
excess (ee) was determined by HPLC analysis. HPLC analysis was performed on JASCO HPLC systems
consisting of the following: pump, 880-PU or PU-980; detector, 875-UV or UV-970, measured at 254
nm; column, DAICEL CHIRALPAK AS, AD, or DAICEL CHIRALCEL OJ, OD; mobile phase,
hexane-2-propanol. GC analysis was performed using Shimadzu GC-14A with Varian Chrasil DEX CB
column (0.25 mm x 25 m). In general, reactions were carried out in dry solvents under an argon
atmosphere, unless noted otherwise. Tetrahydrofuran (THF) and toluene were distilled from sodium
benzophenone ketyl. Dichloromethane (CH,Cl,) was distilled from calcium hydride. Other reagents

were purified by usual methods.
Chapter I
Synthesis of the chiral ligand 5 (Scheme 16)

Tri-O-acetyl-D-glucal (27 g, 99 mmol) was dissolved in MeOH (100 mL). To this solution was added
Pd/C (10%, 500 mg), and the reaction mixture was stirred for 12 h under 1 atm of hydrogen atmosphere.
After the completion of the reaction (TLC), Pd/C was filtered off through celite pad and solvent was
evaporated under the reduced pressure.

The resulting residue was dissolved in MeOH (50 mL), and NaOMe (5.4 g, 100 mmol) was added.
After 12 h, Amberlyst® 15 ion-exchange resin was added for neutralizing the reaction mixture.”
Amberlyst was removed by filtration and washed with MeOH. The combined methanol layers were
evaporated under reduced pressure to give the crude triol as a yellow oil.

The obtained triol was dissolved in pyridine (30 mL), and TsCl (19g, 100 mmol) was added at 0 °C.

This reaction mixture was stirred over night at ambient temperature. After the completion of the reaction

* Amberlyst was activated by the treatment with 1N HCI, and was washed with water until the water layer showed pH 7.

Amberlyst was further washed with ether, and was dried under the reduced pressure.



(TLC), water (30 mL) was added for quenching at 0 °C. Extraction with ethyl acetate (S0 mL X 5) was
carried out, and the combined organic layers were washed with saturated CuSO, (50 mL X 3), water
and brine. Removal of organic solvent, followed by purification by flash column chromatography
(Hexane / ethyl acetate =2 / 1~ 1/ 1) afforded the tosylate (13.0g, 43% yield after 3 steps).

'"H NMR (500 MHz, CDCl,) 8 1.69 (dddd, J = 5.2, 11.3, 12.8, 12.8 Hz, 1H), 1.93-197
Tso/j:? (m, 1H), 2.45 (s, 3H), 3.27 (ddd, J = 2.0, 4.0, 9.5 Hz, 1H), 3.40-3.45 (m, 2H), 3.63 (ddd,
Ho" J =429, 8.9, 11.3 Hz, 1H), 3.94 (ddd, J = 1.5, 4.9, 11.9 Hz, 1H), 4.21 (dd, J = 2.0, 11.3
Hz, 1H), 4.38 (dd, J = 4.0, 11.3 Hz, 6H), 7.53 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 8.0 Hz,

2H).

The tosylate (5 g, 16.5 mmol) was dissolved in dry THF (30 mL), and Ph,PK (0.5 M in THF from
Aldrich: 116 mL, 57.9 mmol) was added dropwise at room temperature. After 1 h, saturated NH,Cl was
added at 0 °C for quenching. To this mixture was added H,0, (37%, 10 mL) in MeOH to oxidize
phosphorous compounds into phosphine oxide, and the mixture was stirred for additional 20 min.
Extraction was carried out using CHCl, (60 mL X 4), and the combined organic layers were washed
with water. Concentration under the reduced pressure, followed by flash column chromatography
(CH,CI, : acetone = 6 : 1) afforded the desired product 5-L. Further purification was performed by
recrystallization (CH,Cl,-Et,0) to give a white solid in 77% yield (4.23 g).

5-L: 'H NMR (500 MHz, CDCl,) 8 1.65 (dddd, J = 4.9, 12.5, 12.5, 12.5 Hz, 1H), 1.87 (m, 1H), 2.78
(m, 2H), 3.28 (m, 2H), 3.39 (m, 1H), 3.55 (ddd, J = 5.2, 8.5, 11.6 Hz, 1H), 3.78 (m, 1H), 7.5 (m, 6H),
7.73 (m, 4H); *'P (202.35 MHz, CDCl,) § 37.90.

As for less effective chiral ligands 6-L, 7-L, and 8-L, only spectral data were provided below.
6-L: 'H NMR (500 MHz, CD,0D) & 1.36 (br dd, J = 1.4, 14 Hz, 1H), 2.05 (dddd, J = 3.1, 5.5, 12.8,
12.8 Hz, 1H), 2.55 (ddd, J = 4.6, 14.3, 15.5 Hz, 1H), 2.84 (ddd, J = 8.5, 8.5, 15.6 Hz, 1H), 3.37 (br d, J
= 3.4 Hz, 1H), 3.49 (m, 1H), 3.59 (m, 1H), 3.86 (br d, J = 3.1 Hz, 1H), 4.14 (m, 1H), 7.58 (m, 6H),
7.78 (m, 4H); *'P (202.35 MHz, CD,0D) 4 38.93.

7-L: 'H NMR (500 MHz, CDCl,) 8 1.65 (m, 1H), 1.84 (dddd, J = 4.9, 12.6, 12.6, 12.6 Hz, 1H), 2.71
(ddd, J = 5.8, 7.9, 15.3 Hz, 1H), 2.85 (ddd, J = 7.9, 15.3, 15.3 Hz, 1H), 3.29 (ddd, J = 2.2, 12.2, 12.2,

1H), 3.62 (m, 2H), 3.86 (m, 2H), 7.5 (m, 6H), 7.74 (m, 4H); >'P (202.35 MHz, CDCl,) & 34.19.

8-L: '"H NMR (500 MHz, CDCl;) 8 1.83 (m, 2H), 2.63 (ddd, J = 9.5, 15.0, 15.0 Hz, 1H), 2.75 (ddd, J =



3.1, 9.5, 15.0 Hz, 1H), 3.46 (dd, J = 3.1, 9.2 Hz, 1H), 3.58 (m, 1H), 3.67 (ddd, J = 3.8, 11.6, 11.6 Hz,
1H), 3.75 (ddd, J = 3.1,9.2, 17.0 Hz, 1H), 4.12 (dd, J = 3.1, 5.8 Hz, 1H), 7.5 (m, 6H), 7.72 (m, 4H); p
(202.35 MHz, CDCl,) 6 34.23.

Synthesis of the chiral ligand 15-L (Scheme 18)

Compound 11 was prepared according to the usual methods.

11: '"H NMR (500 MHz, CDCl,) & 1.68 (dddd, J = 5.2, 11.3, 13.1, 13.1 Hz, 1H), 2.06 (dddd, J = 1.8, 1.8,
5.2, 13.1 Hz, 1H), 2.52 (br s, 1H), 3.21 (ddd, J = 3.6, 3.6, 9.2 Hz, 1H), 3.39 (s, 3H), 3.42-3.46 (m, 4H),
3.49 (dd, J = 9.2, 9.2 Hz, 1H), 3.67 (ddd, J = 5.2, 9.2, 11.3 Hz, 1H), 3.82 (br s, 2H), 3.97 (ddd, J = 1.8,
5.2, 11.9 Hz, 1H), 4.68 (d, J = 6.7 Hz, 1H), 4.72 (d, J = 11.3 Hz, 1H), 4.74 (d, J = 11.3 Hz, 1H), 4.91 (d,
J=6.7Hz, 1H).

The oxidation of the primary alcohol was carried out using pyridinium dichromate (PDC) as an
oxidant. Thus, compound 11 (2.14 g, 9.07 mmol) was dissolved in DMF (28 mL). To this solution were
successively added PDC (17.1 g, 45.3 mmol) and H,0 (2.4 mL, 136 mmol), and the reaction mixture
was stirred at room temperature for 36 h. Et,0 (60 mL) was added and the mixture was filtered through
celite. The residue on the celite was washed with Et,O (150 mL), and the combined organic layers were
evaporated under reduced pressure. The crude product was purified by flash column chromatography
(ethyl acetate / CH,Cl, = 2 /1~ ethyl acetate / CH,Cl,/ AcOH =2/ 1/0.1) to give the desired carboxylic
acid in 52% yield (1.42 g) as a colorless oil.

'H NMR (500 MHz, CDCl,) & 1.68-1.75 (m, 1H), 2.13-2.18 (m, 1H), 3.38 (s, 3H),
HOO 3.39 (s, 3H), 3.56 (ddd, J = 3.0, 8.9, 11.9 Hz, 1H), 3.77-3.81 (m, 1H), 3.84 (dd, J =
6.7, 6.7 Hz, 1H), 4.03 (d, J = 6.7 Hz, 1H), 4.12-4.16 (m, 1H), 4.68 (d, J = 6.7 Hz,

OMOM 1H), 4.72 (d, J = 6.7 Hz, 1H), 4.72 (d, J = 6.8 Hz, 1H), 4.84 (d, J = 6.8 Hz, 1H)

MOMO"

The obtained acid (5.2 g, 20.8 mmol) was dissolved in CH,Cl, (40 mL). To this solution,
MeNHOMe-HCI (4.06 g, 41.6 mmol), Et;N (6.4 mL, 45.8mmol), EDCI (12 g, 62.4 mmol), and DMAP

(997 mg, 8.16 mmol) were successively added at 0 °C. The reaction mixture was allowed to stir at room
temperature for 42 h. The reaction was quenched by adding H,O (20 mL), and aqueous layer was
extracted with ethyl acetate (50 mL X 3). The combined organic layers were washed with 10% citric
acid, saturated NaHCO,, and brine. Removal of solvent, followed by flash column chromatography

(ehtyl acetate / CH,Cl, = 1 /9) afforded the Weinreb’s amide in 70% yield (4.26 g).



To a solution of the Weinreb’s amide {308 mg (1.05 mmol) in THF (2 mL)] was added PhMgBr (1.2
mL, 1.05 M in THF) at room temperature. After 20 min, saturated NH,C] was added and the aqueous

layer was extracted by ethyl acetate (10 mL X 3). Further purification was carried out by flash column
chromatography (hexane : ethyl acetate = 4 / 1) to give the ketone 12 in 82% yield as a colorless oil.

12: 'H NMR (500 MHz, CDCl,) & 1.82 (dddd, J = 4.9, 11.0, 11.9, 13.5 Hz, 1H), 2.16 (dddd, J = 2.5, 2.5,
4.9, 13.5 Hz, 1H), 3.10 (s, 3H), 3.39 (s, 3H), 3.58 (ddd, J = 2.5, 11.9, 11.9 Hz, 1H), 3.82 (ddd, J = 4.9,
8.9, 11.0 Hz, 1H), 3.93 (dd, J = 8.9, 8.9 Hz, 1H), 4.10 (ddd, J = 2.5, 4.9, 11.9 Hz, 1H), 4.59 (d, J = 8.9
Hz, 1H), 4.62 (d, J = 6.4 Hz, 1H), 4.68 (d, J = 6.4 Hz, 1H), 4.75 (d, / = 7.0 Hz, 1H), 4.76 (d, / = 7.0 Hz,
1H), 7.45-7.48 (m, 2H), 7.55-7.59 (m, 1H), 8.03-8.06 (m, 2H).

The obtained ketone 12 (266 mg, 0.857 mmol) was dissolved in MeOH (1.6 mL). NaBH, (65 mg, 1.71
mmol) was added at ambient temperature in one portion. After the completion of the reaction (20 min),
acetone was added to decompose the excess amount of hydride. After evaporating the solvent, the
residue was dissolved in ethyl acetate and the organic layer was washed with water and brine. Further
purification was performed by flash column chromatography (ethyl acetate / CH,Cl, = 1 / 9). Major
isomer 13 was obtained in 87% yield, minor in 9%. The relative configuration of these products was
established by comparing the coupling constant of the coﬁesponding benzylidene acetals, which is

described in the main text.

13: 'H NMR (500 MHz, CDCl,) 8 1.56 (dddd, J = 4.9, 11.3, 13.0, 13.0 Hz, 1H), 2.03 (dddd, J = 2.1, 2.1,
4.9, 13.0 Hz, 1H), 3.31-3.37 (m, 5H), 3.43 (s, 3H), 3.52 (dd, J = 4.6, 9.5 Hz, 1H), 3.68 (ddd, J = 4.9, 8.6,
11.3 Hz, 1H), 3.91 (ddd, J = 2.1, 4.9, 11.6 Hz, 1H), 4.69 (d, J = 6.7 Hz, 1H), 471 (d, J = 6.7 Hz, 1H),
4.74 (d, J = 6.1 Hz, 1H), 4.92 (br d, J = 4.6 Hz, 1H), 7.25 (t, J = 6.9Hz, 1H), 7.33 (t, J = 6.9 Hz, 2H),
7.45 (d, J = 6.9 Hz, 2H).

The major alcohol 13 (137 mg, 0.439 mmol) was dissolved in CH,Cl, (1.0 mL), and was treated with
pyridine (0.35 mL, 4.39 mmol) and MsCl (0.17 mL, 2.2 mmol) under ice bath. The reaction was
quenched after 30 min by adding water. Usual workup gave the crude mesylate. This crude mesylate was
dissolved in THF (0.5 mL), and Ph,PK (1.8 mL, 0.5 M in THF from Aldrich) was added at room
temperature. After 90 min, saturated NH,Cl was added to decompose the excess amount of phosphide
anion. This mixture was treated with hydrogen peroxide (2 mL) to oxidize the phosphorous compounds.
Aqueous layer was extracted with CHCl; (20 mL X 2) and the combined organic layers were washed
with water and brine. Purification by column chromatography afforded the phosphine oxide 14 in 79%

yield.



14: 'H NMR (500 MHz, CDCL,) & 1.34-1.41 (m, 1H), 1.87-1.93 (m, 1H), 3.15 (ddd, J = 2.5, 10.4, 11.9
Hz, 1H), 3.31 (s, 3H), 3.36-3.40 (m, 1H), 3.44-3.48 (m, 4H), 3.79 (ddd, J = 4.3, 4.3, 11.9 Hz, 1H), 391
(ddd, J =3.7,7.9, 16.2 Hz, 1H), 4.45 (dd, J = 3.7, 11.9 Hz, 1H), 4.59 (d, J = 6.7 Hz, 1H), 4.63 (d, J = 6.7
Hz, 1H), 4.64 (d, J = 6.7 Hz, 1H), 4.70 (d, J = 6.7 Hz, 1H), 7.20-7.61 (m, 11H), 7.65-7.80 (m, 2H), 7.92-
7.99 (m, 2H).

Deprotection of the MOM group was achieved using aluminum reagent. ° Thus, the obtained
phosphine oxide 14 (69 mg, 0.14 mmol) was dissolved in CH,Cl, (1.5 mL) and was treated with
Me,AICI (1.01 M in hexane, 1.4 mL) at room temperature. After 4 h, 1IN HCl was added and aqueous

layer was extracted with CHCl; (10 mL X 3). Concentration followed by recrystallization from CHCl;-
Et,0 afforded the white powder 15-L in 54% yield.

15-L: 'H NMR (500 MHz, CDCl,) 6 1.38 (dddd, J = 4.9, 12.8, 12.8, 12.8 Hz, 1H), 1.73 (m, 1H), 2.93 (s,
1H), 3.29 (m, 2H), 3.51 (m, 2H), 3.81 (dd, J = 4.0, 11.6 Hz, 1H), 4.07 (dd, J = 2.5, 12.5 Hz, 1H), 6.67 (s,
1H), 7.25 (m, 6H), 7.53 (m, 7H), 7.94 (m, 2H): *P NMR (202.35 MHz, CDCl,) & 38.29: "C NMR
(125.65 MHz, CDC]l,) & 31.68, 51.53 (d, J = 66 Hz), 65.86, 71.62, 73.51, 78.37 (d, J = 6 Hz), 127.56,
128.26, 128.30, 128.39, 129.02, 129.11, 129.88, 130.65, 130.72, 130.97, 131.04, 131.07, 131.14, 131.46,
131.52, 131.70 (d), 131.82 (d), 132.23 (d): [c]'};, +14.1 (¢ = 0.55, CHCl;): HRMS (EI) calcd for
C,,0,,0,P: 408.1490. Found:408.1499.

General procedure for the catalytic asymmetric cyanosilylation of aldehydes (Table 1 and 2)

To a solution of the ligand (0.0245 mmol, 5.1 mol %) in CH,Cl, (0.4 mL) was added Et,AICl (0.0238
mmol as a 0.95 M hexane solution, 5 mol %) at ambient temperature under Ar atmosphere. After stirring
for 2 h, the reaction mixture was cooled to —78 °C and the aldehyde (0.48 mmol) was added. After 30
min, TMSCN (0.58 mmol) was added in one portion and the mixture was stirred at the indicated
temperature until the starting aldehyde disappeared on TLC (SiO,, AcOEthexane 1/4). For Acid
hydrolysis, 2N HCI (1 mL) and ethyl acetate (1 mL) were added and the reaction mixture was vigorously
stirred for 1 h at room temperature. Extraction with ethyl acetate followed by purification by silica gel
column chromatography gave the corresponding cyanohydrin as a colorless oil.

The desired products (2a-2e) obtained in Table 1 and 2 were found to be identical with reported
compounds by comparison with 'H NMR. The enantiomeric excesses and the absolute configuration of

the products were determined on the basis of chiral HPLC analysis using the established conditions

b Ogawa, Y.; Shibasaki, M. Tetrahedron Lett. 1984, 25, 663.



reported previously.*

Representative procedure for catalytic asymmetric cyanosilylation of acetophenone using 5

To a solution of 5-L (19 mg, 0.058 mmol) in CH,Cl, (0.4 mL) was added E,AICI (56 UL, 0.96 M in
hexane) at ambient temperature under Ar atmosphere. After stirring for 2 h, the reaction mixture was
cooled to —10 °C and acetopheneone (34 puL, 0.29 mmol) was added. After 30 min, TMSCN (58 puL,
0.435 mmol) was added in one portion and the mixture was stirred at the same temperature for 64 h. The
reaction was quenched by adding saturated NH,Cl, and aqueous layer was extracted with ether (10 mL
X 3). The combined organic layers were washed with water and brine. Evaporation of the solvent and
purification by flash column chromatography (hexane / ethyl acetate = 9 / 1) afforded the desired
cyanohydrin trimethylsilyl ether in 96% yield (61 mg, colorless oil) with 20% ee.

Detail of the characterization of the product 23a is described in the latter section.



Chapter 11
Synthesis of the Ligand 30-L (Scheme 28)

Synthesis of 34

To a solution of the known alcohol 33 *! (6.0 g, 25.7 mmol) in THF (35 mL) was added NaH (1.37 g,
62-70 % in mineral oil) at 0 °C, and the reaction mixture was allowed to stir at room temperature. After
20 min, arene-Cr complex ° (4.5 g, 17.2 mmol) was added at the same temperature. After further stirring
for 3 h, the reaction mixture was placed under ice bath. To this solution, molecular iodine (13 g, 51.5
mmol) was added slowly and the reaction mixture was further stirred at room temperature for 30 min.
Na,S0, (10% aqueous solution) was added until a color of iodine completely disappeared. This mixture
was extracted with ethyl acetate (50 mL X 5). The combined organic layers were washed with water
(50 mL X2) and brine (100 mL), and then dried over Na,SO,. Further purification was performed by
flash column chromatography on silica gel (hexane / ethyl acetate =8 / 1- 4 / 1) to afford the coupling

compound in 96% yield as a white powder.

IR (KBr) v 2958, 2883, 1595, 1497 cm™; '"H NMR (500 MHz, CDCl;) 3 2.02 (m, 1H),
2.22 (m, 1H), 3.39 (dd, J = 4.9, 10 Hz, 1H), 3.56 (ddd, J = 2.2, 12.4, 12.4 Hz, 1H), 3.76
””‘“m (dd, J/ = 10.4, 10.4 Hz, 1H), 3.82 (s, 3H), 3.85 (dd, J = 9.2,9.2 Hz, 1H), 4.01 (ddd, J =
;@ 1.1,5.2, 11.6 Hz, 1H), 4.30 (dd, J = 5.2, 10.4 Hz, 1H), 4.43 (ddd, J =5.2, 9.2, 10.4 Hz,
Me 1H), 5.60 (s, 1H), 6.86 (m, 2H), 6.96 (m, 1H), 7.14 (m, 1H), 7.31 (m, 3H), 7.39 (m,
2H); MS m/z 342 (M*); Anal. calcd for C,,0,,0s: C, 70.16; H, 6.48. Found: C, 69.93;
H, 6.42.

The coupling product (4.0 g, 11.7 mmol) was dissolved in 50 mL of CH,Cl, and cooled under ice bath.
DIBAL-H (48 mL, 48 mmol, 1.0 M in toluene) was added dropwise at the same temperature, and the
reaction mixture was stirred for 2 h at room temperature. Water was added for quenching under ice bath.
Aqueous HCI (1 N) was added and the whole was allowed to stir vigorously until the reaction mixture
became clear. The resulting solution was extracted with CHCl, (50 mL X 5). The combined organic
layers were washed with water (100 mL. X 2) and brine (100 mL. X 1), and dried over Na,SO,. After
evaporation of the solvent, the crude product was chromatographed on silica gel (CH,Cl, : acetone = 8 :

1) to give 34 in 95% yield as a white solid.

¢ (a) Mahaffy, C. A. L. J. Organomet. Chem. 1984, 262, 33-37. (b) Loughhead, D. G., Flippin, L. A., Weikert, R.J. J.
Org. Chem. 1999, 64, 3373-3375.



34: IR (KBr) v 3494, 1589, 1504 cm; '"H NMR (500 MHz, CDCl;) & 1.88 (m, 1H), 2.13 (m, 1H), 2.1
(brs, 1H), 3.33 (ddd, J = 3.1, 4.9, 8.4 ppm, 1H), 3.44 (ddd, J = 1.8, 11.6, 12.5 Hz, 1H), 3.69 (dd, / = 8.4,
8.9 Hz, 1H), 3.73 (ddd, J = 4.9, 7.1, 11.9 Hz, 1H), 3.83 (s, 3H), 3.88 (ddd, J = 3.1, 5.8, 11.9 Hz, 1H),
3.97 (ddd, J = 1.8, 4.9, 11.6 Hz, 1H), 4.40 (ddd, J = 4.9, 8.9, 11.3 Hz, 1H), 4.69 (d, J = 11.0 Hz, 1H),
4.99 (d, J = 11.0 Hz, 1H), 6.88 (m, 2H), 6.99 (m, 1H), 7.06 (m, 1H), 7.27 (m, 5H); *C NMR (125 MHz,
CDCl,) 8 31.68, 55.75, 62.58, 65.27, 74.87, 77.67, 79.68, 82.03, 112.16, 117.03, 120.82, 122.19, 127.66,
128.24, 128.28, 138.25, 147.17, 150.60; MS m/z 344 (M*); Anal. calcd for C,00,405: C, 69.75; H, 7.02.
Found: C, 69.46; H, 7.00.

Synthesis of 36

To a solution of 34 (3.8 g, 11 mmol) in pyridine (25 mL) were added TsCl (6.3 g, 33 mmol) and a
catalytic amount of DMAP. The reaction mixture was stirred at room temperature for 10 h. After the
completion of the reaction, water (30 mL) was added under ice bath for quenching. The resulting
solution was extracted with ethyl acetate (50 mL X 5). The combined organic layers were washed with
saturated aqueous CuSO, (100 mL X 2) , water (100 mL X 2), and brine (100 mL X 1). The
solvent was dried over Na,SO, and was evaporated under the reduced pressure. The crude product was
directly used as a starting material in the next step.

The crude tosylate was dried azeotropically with toluene and was dissolved in THF (40 mL). Two
equivalent of Ph,PK (46 mL, 22.9 mmol, 0.5 M in THF) was added to this solution at room temperature
and the whole mixture was stirred for 1 h. After the starting material disappeared on TLC, the reaction
mixture was cooled under ice bath and saturated aqueous NH,C1 was added for quenching. Then, 20 mL
of H,0, (30 %) was added and the solution was stirred for additional 30 min. The reaction mixture was
extracted with CHCl, (100 mL X 5), and the combined organic layers were dried over Na,SO,. After
the removal of solvent, flash chromatography was carried out (CH,Cl, : acetone = 8 : 1) to give the
product in 90% yield. Further purification was performed by recrystallization from CH,CL,-Et,0 to
afford 36 in 76 % yield (3 steps).

36: IR (KBr) v 2853, 1590, 1506, 1436, 1258, 1226, 1179, 1122 cm™; 'H NMR (500 MHz, CDCl;) 4
1.83 (dddd, J = 4.9, 12.5, 12.5, 12.5 Hz, 1H), 2.04 (m, 1H), 2.35 (ddd, J = 10.1, 10.1, 15.3 Hz, 1H), 2.85
(br t, J = 14.7 Hz, 1H), 3.18 (ddd, J = 1.8, 12.5, 12.5 Hz, 1H), 3.49 (dd, J = 8.6, 8.6 Hz, 1H), 3.60 (br
ddd, J = 8.6, 10.1, 12.5 Hz, 1H), 3.75 (ddd, J = 1.6, 4.9, 11.9 Hz, 1H), 3.82 (s, 3H), 4.30 (ddd, J = 4.9,
8.6, 11.3 Hz, 1H), 4.70 (d, J = 11.3 Hz, 1H), 5.01 (d, J = 11.3 Hz, 1H), 6.86 (m, 1H), 6.59 (m, 1H), 6.96
(m, 1H), 6.99 (m, 1H), 7.26 (m, 5H), 7.41 (m, 4H), 7.47 (m, 2H), 7.68 (m, 4H); C NMR (125 MHz,
CDCl,) & 31.44, 32.94 (d, J = 72 Hz), 55.73, 64.78, 74.51 (d, J = 5 Hz), 74.71, 81.32 (d, J = 12 Hz),
81.66, 112.11, 116.80, 120.82, 122.15127.65, 128.10, 128.20, 128.26, 128.30, 128.34, 130.94, 131.01,



131.08, 131.30 (d, J =2 Hz), 131.44 (d, J = 2 Hz), 133.28 (d, J = 49 Hz), 129.06 (d, J = 49 Hz), 138.35,
146.99, 150.52; MS m/z 528 (M*); Anal. calcd for C;,0,,0sP: C, 72.71; H, 6.29. Found: C, 72.56; H,
6.46.

Synthesis of 30-L

To a solution of 36 (4.0 g, 7.56 mmol) in MeOH (50 mL) and CH,Cl, (20 mL) was added 10 % Pd/C
(1.8 g), and the resulting mixture was stirred vigorously under 1 atom pressure of hydrogen. After 4 h,
Pd/C was filtered off through celite pad, and solvent was evaporated under reduced pressure. The
resulting residue was dissolved in EtSH (40 mL). To this solution, AlCl, (10 g, 75.6 mmoL) was added
at 0 °C and the reaction mixture was stirred at room temperature for 2 h. ¢ The reaction was monitored
by TLC after quenching a portion of the reaction mixture with MeOH. An excess amount of EtSH was
removed under reduced pressure and the residue was dissolved in CHCIl, (100 mL). To this solution was
slowly added water (20 mL) under ice bath. The aqueous layer was separated and was extracted with
CHCI, (50 mL X 5). The combined organic layer was washed with water (100 mL X 2) and brine
(100 mL X 1). The crude product was purified by flash chromatography (MeOH : CH,Cl, = 1 : 40) to

give the desired product in 94% yield. Further purification was carried out by recrystallization from

CHCI,-Et,0 to afford 30-L in 89% yield (2 steps) as a white crystal.

30-L: IR (KBr) v 3422, 2857, 1592, 1510, 1459, 1439, 1246, 1156 cm™'; '"H NMR (500 MHz, CDCl;) 3
1.94 (m, 1H), 2.14 (m, 1H), 2.69 (ddd, J = 9.8, 15.0, 15.0 Hz, 1H), 2.84 (ddd, J = 2.8, 9.5, 15.3 Hz, 1H),
3.23 (ddd, J = 1.9, 12.2, 12.2 Hz, 1H), 3.34 (dddd, J = 2.8, 7.0, 9.4, 9.8 Hz, 1H), 3.55 (ddd, J =5.5, 8.9,
11.6 Hz, 1H), 3.73 (dd, J = 8.9, 9.4 Hz, 1H), 3.90 (ddd, J = 1.2, 5.7, 12.2 Hz, 1H), 6.71 (ddd, J = 1.9, 7.4,
7.4 Hz, 1H), 6.96 (m, 3H), 7.51 (m, 6H), 7.75 (m, 4H), 8.92 (s, 1H); ’C NMR (125 MHz, CDCl,) 3
31.62, 37.61 (d, J = 68 Hz), 65.50, 74.96, 76.11, 84.84, 117.22, 119.14, 122.45, 125.50, 128.90, 129.00,
129.03, 129.13, 130.56, 130.64, 131.08, 131.15, 132.47, 145.89, 150.15: *'P NMR (202 MHz, CDCl,) 3
34.0; mp 220 °C; MS m/z 424 (M*); Anal. calcd for C,,0,;0P: C, 67.92; H, 5.94. Found: C, 67.67; H,
6.10. [a]?, —40.8 (c = 1.05, CHCL,).

General procedure for catalytic asymmetric cyanosilylation of ketones

To a suspension of 30-L (24 mg, 0.0545 mmol) in toluene (1 mL), Ti(O'Pr), (16 uL, 0.054 mmol) was
added at ambient temperature and the whole was stirred at 70 °C for 1 h. After cooling the yellow

solution to room temperature, toluene was evaporated under the reduced pressure. The resulting yellow

¢ Node, M., Nishide, K., Fuji, K., Fujita, E. J. Org. Chem. 1980, 45, 4275-4277.



residue was further dried in vacuo for 1 h. Dissolving the residue in THF (0.18 mL), TMSCN (14 uL,
0.108 mmol) was added under ice bath, and the whole was stirred at room temperature for 30 min. To
this catalyst solution, the starting ketone (0.54 mmol) and TMSCN (144 pL, 1.08 mmol) were added at
—30 or -50 °C. The reaction was monitored by TLC. Pyridine (0.1 mL) and H,O (5 mL) were added for
quenching after the reaction period described in Table 3. The separated aqueous layer was extracted by
ether (20 mL X 3). The combined organic layers were washed with brine. Purification by silica gel
column chromatography (hexane : ethyl acetate = 15 : 1) gave the desired product.

(R)-2-trimethylsilyloxy-2-phenylpropanenitrile (23a): IR (neat) v 2960, 2360, 1491, 1448, 1254 cm’;
'H NMR (500 MHz, CDCl,) 8 0.18 (s, 9H), 1.84 (s, 3H), 7.56-7.33 (m, SH); *C NMR (125 MHz,
CDCl,) 8 1.03, 33.5, 71.6, 121.6, 124.6, 128.6, 142.0; MS m/z 219 (M"); Anal. calcd for C,,0,;NOS:i: C,
65.7. H, 7.81. N, 6.39. Found: C, 65.44. H, 7.96. N, 6.09; [0]*;, +21.9 (c = 1.18, CHCl,) (93% ee); GC
(Varian, Chirasil DEX CB (0.25 mm x 25 m), Column temperature = 80 °C (isothermal), Injector
temperature = 200 °C, Detector temperature = 250 °C, Inlet pressure = 1.3 kg/cm?)), t(minor) = 38.3
min, t(major) = 39.6 min.

Cyanation product 23a was treated with 2N HCI-MeOH (1 : 1) to afford the corresponding
cyanohydrin. The absolute configuration of this cyanohydrin was determined to be R by comparison of
the optical rotation with the reported value.® [o]; +4.5 (c = 1.87, CHCly) (91% ee). [ lit. [0]p ~1.8 (¢ =
9.8, CHCL,) for S enantiomer with 98% ee.]

1- trimethylsilyloxy-2-(4’-methylsphenyl)propanenitrile (23b): IR (neat) v 2960, 1511, 1448, 1371,
1254, 1114 cm™; '"H NMR (500 MHz, C,D¢) 8 0.13 (s, 9H), 1.59 (s, 3H), 2.03 (s, 3H), 6.89 (d, / = 8.0
Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H); °C NMR (125 MHz, C,D,) 8 1.07, 20.89, 33.50, 71.87, 121.91,
124.92, 128.20, 138.50, 139.70; MS m/z 233 (M*); Anal. calcd for C,;0,(NOSi: C, 66.90. H, 8.21. N,
6.00. Found: C, 67.04. H, 8.46. N, 5.83; [0]®, +21.3 (c = 1.28, CHCl;) (90% ee); HPLC
(CHIRALCEL 0J-0J, ‘PrOH/hexane = 1/99, flow = 0.5 mL/min) t(major) = 14.7 min, t(minor) =
15.8 min.

2-trimethylsilyloxy-2-(4’-chlorophenyl)propanenitrile (23¢): IR (neat) v 2961, 1491, 1400, 1255 cm™;
'H NMR (500 MHz, CDCl,) & 0.21 (s, 9H), 1.83 (s, 3H), 7.38 (m, 2H), 7.49 (m, 2H); C NMR (125
MHz, CDCl,) & 1.05, 33.53, 71.06, 121.25, 126.07, 128.83, 134.60, 140.71; MS m/z 253 (M"); Anal.
caled for C,,0,,CINOSi: C, 56.79. H, 6.35. N, 5.52. Found: C, 56.64. H, 6.47. N, 5.42; [0)®p +29.5 (c =
1.04, CHCL,) (92% ee); HPLC (CHIRALCEL OJ-OJ, PrOH/hexane = 1/99, flow = 0.5 mlL/min)

® Kiljunen, E., Kanerva, L.T. Tetrahedron: Asymmetry, 1997, &, 1551-1557.



t(major) = 16.0 min, t(minor) = 17.2 min.

2-trimethylsilyloxy-2-(2’-naphthyl)propanenitrile (23d): IR (neat) v 2960, 2360, 1598, 1507, 1252
cm’; '"H NMR (500 MHz, CDCl,) 6 0.22 (s, 9H), 1.91 (s, 3H), 7.53 (m, 2H), 7.61 (m, 1H), 7.86 (m, 3H),
8.03 (s, 1H); ®C NMR (125 MHz, CDCl,) & 1.10, 33.51, 71.82, 121.63, 122.34, 123.69, 126.67, 126.71,
127.64, 128.36, 128.74, 132.80, 133.20, 139.19; MS m/z 269 (M*); Anal. calcd for C,iO,;NOSi: C,
71.33. H, 7.11. N, 5.20. Found: C, 71.30. H, 7.17. N, 4.93; [0]®}, +15.6 (c = 1.9, CHCl,) (95% ee);
HPLC (CHIRALCEL 0J-0J, ‘PrOH/hexane = 1/99, flow = 0.5 mL/min) t(major) = 22.3 min, t(minor)
= 28.0 min.

2-trimethylsilyloxy-2-phenylbutenenitrile (23e): IR (neat) v 2970, 1449, 1254 cm; 'H NMR (500
MHz, CDCl,) 8 0.12 (s, 9H), 0.99 (t, J = 7.4 Hz, 3H), 1.96 (m, 1H), 2.06 (m, 1H), 7.38 (m, 3H), 7.50 (m,
2H); '*C NMR (125 MHz, CDCl,) & 1.35, 0.87, 8.65, 14.07, 22.61, 31.55, 39.15, 76.21, 120.72, 125.10,
128.45, 128.55, 140.84; MS m/z 233 (M*); Anal. calcd for C;;0,,NOSi: C, 66.90. H, 8.21. N, 6.00.
Found: C, 67.06. H, 8.34. N, 5.77; [&]*;, +20.5 (c = 1.46, CHCl,) (91% ee); GC (Varian, Chirasil DEX
CB (0.25 mm x 25 m), Column temperature = 100 °C (isothermal), Injector temperature = 200 °C,

Detector temperature = 250 °C, Inlet pressure = 1.3 kg/cm?)), t.(minor) = 19.3 min, t(major) = 20.8 min.

2-trimethylsilyloxy-2-methyl-4-phenyl-3-butenenitrile (23f): IR (neat) v 2961, 1492, 1449, 1254 cm’;
"H NMR (500 MHz, CDCl,)  0.29 (s, 9H), 1.77 (s, 3H), 6.16 (d, J = 15.9 Hz, 1H), 6.91 (d, J = 15.9 Hz,
1H), 7.31 (m, 1H), 7.39 (m, 2H), 7.44 (m, 2H); *C NMR (125 MHz, CDCl,) & 1.35, 30.85, 69.93,
120.65, 126.86, 128.57, 128.74, 129.52, 130.94, 135.11; MS m/z 245 (M"); Anal. calcd for C,,0,;NOSi:
G, 68.52. H, 7.80. N, 5.71. Found: C, 68.55, H, 7.91. N, 5.52; [a]®’;, +21.3 (c = 1.34, CHCL,) (91% ee);
HPLC (CHIRALCEL OD, ‘PrOH/hexane = 1/99, flow = 0.5 mL/min) t(minor) = 9.6 min, t(major) =

11.1 min.

2-trimethylsilyloxy-2-cyclohexylpropanenitrile (23g): IR (neat) v 2933, 2857, 1453, 1375 cm’; 'H
NMR (500 MHz, CDCl,) 8 0.24 (s, 9H), 1.04-1.27 (m, 5H), 1.48 (m, 1H), 1.52 (s, 3H), 1.68 (m, 1H),
1.81 (m, 3H), 1.96 (m, 1H): >*C NMR (125 MHz, CDCl,) & 1.24, 25.94, 26.0, 26.22, 27.01, 27.24, 48.52,
73.04, 121.76; MS m/z 225 (M*); Anal. calcd for C,,0,,NOSi: C, 63.94. H, 10.28. N, 6.21. Found: C,
63.66, H, 10.23. N, 6.09; []*, +15.1 (c = 1.52, CHCl,) (90% ee). Ee was determined after conversion

to benzyl ester (51) or amide (52) as described below.

2-trimethylsilyloxy-2-methyl-4-phenylbutanenitrile (23h): IR (neat) v 2958, 1497, 1455, 1254, 1185
cm’; '"H NMR (500 MHz, CDCl,) 8 0.27 (s, 9H), 1.61 (s, 3H), 2.02 (m, 2H), 2.78 (ddd, J = 5.8, 11.6,



13.4 Hz, 2H), 2.87 (ddd, J = 6.4, 10.7, 13.4 Hz, 2H), 7.22-7.19 (m, 3H), 7.3-7.28 (m, 2H); °C NMR
(125 MHz, CDCl;) 8 1.3, 29.0, 30.7, 45.2, 69.4, 121.9, 126.1, 128.3, 128.5, 140.7; MS m/z 247 (M),
Anal. caled for C,,0,,NOSi: C, 67.96. H, 8.56. N, 5.66. Found: C, 67.85, H, 8.64. N, 5.45; [a]*;, +13.3
(c = 1.15, CHCl,) (81% ee); HPLC (CHIRALCEL OD, PrOH/hexane = 1/99, flow = 1.0 ml/min)

t (major) = 5.5 min, t(minor) = 6.4 min.

(R)-2-trimethylsilyloxy-2-methylheptanenitrile (23i): IR (neat) v 2958, 2864, 1460, 1254 cm"; 'H
NMR (500 MHz, CDCl,) 8 0.26 (s, 9H), 0.90 (t, J = 7.0 Hz, 3H), 1.32 (m, 4H), 1.43 (m, 1H), 1.52 (m,
1H), 1.59 (s, 3H), 1.7 (m, 2H); °C NMR (125 MHz, CDCl,) § 1.28, 13.92, 22.44, 23.93, 28.89, 31.46,
43.33, 69.67, 122.21; MS m/z 213 (M"); Anal. calcd for C,;,0,,NOSi: C,61.91. H, 10.86. N, 6.56. Found:
C, 61.75,H, 10.9. N, 6.36; [a]*, +10.6 (¢ = 2.0, CHCL,) (76% ee); GC (Varian, Chirasil DEX CB (0.25
mm X 25 m), Column temperature = 80 °C (isothermal), Injector temperature = 200 °C, Detector
temperature = 250 °C, Inlet pressure = 1.3 kg/cm?)), t(major) = 18.0 min, t(minor) = 19.4 min.

The absolute configuration of 23i was determined to be R by comparison of the optical rotation with the
reported value ! after the conversion to the corresponding cyanohydrin. [o]*, +1.8 (¢ = 2.63, CHCL,)
(76% ee) [ lit. [0]*", +2.7 (c = 1.12, CHCL,) for R enantiomer with 98% ee.]

1-Trimethylsilyloxy-1-indanecarbonitrile (23j): IR (neat) v 2958, 1477, 1460, 1300, 1253 cm™; 'H
NMR (500 MHz, C,Dy) 8 0.11 (s, 9H), 2.06 (ddd, J = 5.2, 7.3, 12.8 Hz, 1H), 2.22 (ddd, J = 6.6, 7.8, 12.8
Hz, 1H), 2.41 (ddd, J = 5.2, 7.8, 15.3 Hz, 1H), 2.61 (ddd, J = 6.6, 7.3, 15.3 Hz, 1H), 6.86 (d, / = 7.4 Hz,
1H), 6.96 (t, J = 7.4 Hz, 1H), 7.00 (dt, J = 1.3, 7.4 Hz, 1H), 7.48 (d, J = 7.4 Hz, 1H); °C NMR (125
MHz, C,Dy) 8 1.10, 29.37, 42.89, 76.78, 121.17, 124.36, 125.29, 127.80, 129.94, 142.65, 142.91; MS
m/z 231 (M*); Anal. calcd for C,;0,,NOSi: C, 67.49. H, 7.41. N, 6.05. Found: C, 67.36, H, 7.49. N,
5.93; [0)®, +24.5 (c = 2.18, CH,Cl,) (65% ee); GC (Varian, Chirasil DEX CB (0.25 mm x 25 m),
Column temperature = 110 °C (isothermal), Injector temperature = 200 °C, Detector temperature = 250

°C, Inlet pressure = 1.3 kg/cm?)), t,(major) = 30.9 min, t(minor) = 31.6 min.

1-(Trimethylsilyloxy)-1,2,3,4-tetrahydro-naphthalene-1-carbonitrile (23k): IR (neat) v 2960, 2934,
2223,1489, 1451, 1251 cm™; '"H NMR (500 MHz, C,Dy) 8 0.21 (s, 9H), 1.93-2.00 (m, 1H), 2.02-2.10 (m,
1H), 2.20 (ddd, J = 3.1, 9.2, 13.2 Hz, 1H), 2.34 (ddd, J = 3.1, 8.5, 13.2 Hz, 1H), 2.78-2.88 (m, 2H), 7.10-
7.12 (m, 1H), 7.25-7.28 (m, 2H), 7.63-7.66 (m, 1H); MS m/z 245 (M*); Anal. calcd for C,,0,,NOSi: C,
68.52. H,7.80. N, 5.71. Found: C, 68.22, H, 8.09. N, 5.61; [0}, +11.4 (¢ = 1.3, CH,CL,) (66% ee); GC
(Varian, Chirasil DEX CB (0.25 mm x 25 m), Column temperature = 110 °C (isothermal), Injector

f Effenberger, F., Horsh, B., Weingart, F., Ziegler, T., Kuhner, S. Tetrahedron Lert. 1991, 32, 2605-2608.



temperature = 200 °C, Detector temperature = 250 °C, Inlet pressure = 1.3 kg/cmz)), t.(major) = 30.9 min,

t.(minor) = 31.6 min.

Procedure for the kinetic measurements

The 0.3 M catalyst solution in THF according to the representative procedure was employed for this
measurement. Three catalyst solutions with different concentrations were prepared by mixing an aliquot
of 0.3 M catalyst solution and THF (0.3M, 0.2M, and 0.15M in terms of catalyst). Each catalyst solution
(0.3 mL) was transferred into a dry NMR tube, respectively. The catalyst was treated with TMSCN (1.0
equiv of Ti) at room temperature for 30 min, then the resulting mixture was cooled down to -30 °C.
Acetophenone (105 pL, 0.9 mmol) was added to this solution, followed by the addition of TMSCN (180
uL, 1.35 mmol). In each run, [acetophenone], = 1.55 M, [TMSCN], = 2.33 M. The sample was quickly
loaded into an NMR machine of which probe was already cooled at -30 °C. At the times shown in Fig A,
yields of the product were measured by the comparison of the integration ratio between remained
acetophenone (2.62 ppm) and generated product (0.26 ppm). In this way, kinetic measurements were
carried out by monitoring initial rates of the product formation. Based on the result shown in Figure A,
Fig B was obtained which shows a linear relationship between the velocity of the reaction and the
concentration of the catalyst, indicating that the reaction rate depends on the concentration of the catalyst

in a primary order. Thus, it is plausible that one catalyst is involved in the transition state.

Fig A. Initial rate kintics for three cases
Fig B. Initial rate kinetics in the catalytic asymmetric cyanosilylation of acetophenone
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Kinetic Studies to Determine the Order with Respect to TMSCN (Ti catalyst)
The initial rates of the reactions of acetophenone (final concentration 1.09 M) in the presence of 10
mol % of titanium catalyst and 150, 200, 250, 300 mol % of TMSCN were measured by '"H NMR at
=30 °C, tracing the disappearance of the methyl peak of acetophenone (2.62 ppm) and appearance
of TMS peak of the product (0.26 ppm). The product %—min graphs for each concentration of
TMSCN are shown in Graph 3. From the slope of log v-log[mol %] graph shown in Graph 4, the
order of with regard to TMSCN was determined to be 0.7.

Graph 3. Product % vs min Graph 4. log V vslog [TMSCN]
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Procedure for the labeling experiment

According to a representative procedure, Ti(O'Pr), (44 uL, 0.15 mmol) and chiral ligand 1-L (66
mg, 0.15 mmol) were mixed in toluene (1 mL) and the solution was stirred at 75 °C for 1 h. After
evaporation of toluene, the resulting residue was dried in vacuo for 1 h. Adding THF (0.5 mL) gave a
yellow clear solution (0.3 M in terms of catalyst). To this solution, TMS'?CN was added and the reaction
mixture was allowed to stir at room temperature for 10 h. At this moment, 'H-NMR revealed that one
equivalent of HCN and TMSO'Pr were formed, and that no TMS'?CN remained. The reaction mixture
was cooled down to -30 °C and acetophenone (17 uL, 0.15 mmol) was added, and no reaction was
observed. Then, the labeled TMS"”CN (20 pL, 0.15 mmoL) was added. After 98 h, pyridine (0.1 mL)
and water (1.0 mL) were added for quenching. Usual workup and purification gave the desired product
in 77% yield with 88% ee. Based on ?C-NMR measurement, it was revealed that 77% of the product
contained ">CN, indicating that cyanide of the product was transferred from TMS"”CN more
predominantly than from Ti-')CN or HCN (The integration of quaternary carbon was used for this
calculation; '*C : 71.6 ppm, **C : 71.8 and 71.3 ppm, J = 62.8 ppm, integration ratio : '*C/*°C = 3/10.).



Synthesis of the Ligand 41-L (Scheme 33)

TsO PhoHC PhoH
BnO" . BnO" HO™
e oD Ny
35 40

41-L

To a solution of freshly distilled diphenylmethane (0.19 mL, 1.13 mmol) in THF (3 mL), BuLi (1.50
M in hexane, 0.75 mL, 1.13 mmol) was added under ice bath. After 1.5 h, the tosylate in THF (1.5 mL)
was added under ice bath, and the whole was stirred for 30 min. Addition of saturated NH,CI, usual
workup and purification by silica gel column chromatography (ethyl acetate / hexane = 1 / 9) gave the
product 40 in 84% yield.

40: '"H NMR (500 MHz, CDCl,) & 1.86 (m, 1H), 1.96 (ddd, J = 4.0, 10.1, 13.7 Hz, 1H), 2.04 (m, 1H),
2.69 (ddd, J = 2.2, 12.2, 13.7 Hz, 1H), 3.02 (ddd, J = 2.2, 9.5, 10.1 Hz, 1H), 3.18 (ddd, J = 2.1, 11.6,
11.9 Hz, 1H), 3.44 (dd, J = 8.5, 9.5 Hz, 1H), 3.77 (s, 3H), 3.90 (ddd, J = 1.6, 4.9, 11.6 Hz, 1H), 4.23
(ddd, J = 4.6, 8.5, 11.5 Hz, 1H), 4.30 (dd, J = 4.0, 12.2 Hz, 1H), 4.68 (d, J = 11.3 Hz, 1H), 5.00 (d, J =
11.3 Hz, 1H), 6.81 (m, 1H), 6.85 (m, 1H), 6.91 (m, 1H), 6.97 (m, 1H), 7.13-7.3 (m, 15H); °C NMR (125
MHz, CDCl,) & 31.85, 38.24, 46.40, 55.70, 64.93, 74.83, 77.00, 82.01, 82.03, 112.04, 116.74, 120.78,
121.95, 125.88, 126.07, 127.64, 128.06, 128.24, 128.31, 128.35, 138.68, 143.64, 145.65, 147.26, 150.46.

To a solution of methyl ether 40 (157 mg, 0.317 mmol) in EtSH (0.5 mL), AICI, (212 mg, 1.59 mmol)
was added under ice bath and the whole was stirred at room temperature for 1 h. After evaporation of the
solvent, H,0 was added under ice bath. Extraction with ethyl acetate and purification by silica gel
column chromatography (ethyl acetate / hexane = 1/ 9) gave 41-L as a white powder (91 mg, 74%).

Further purification was performed by recrystallization from Et,0.

41-L: '"H NMR (500 MHz, CDCl,) 6 1.81 (m, 1H), 2.06 (m, 2H), 2.66 (ddd, J = 2.1, 11.6, 14.0 Hz, 1H),
2.71 (d, J = 4.0 Hz, 1H), 2.94 (ddd, J = 2.1, 9.7, 10.1 Hz, 1H), 3.19 (ddd, J = 2.1, 12.0, 12.2 Hz, 1H),
3.53 (ddd, J = 4.0, 9.2, 9.7 Hz, 1H), 3.76 (ddd, J = 5.2, 9.2, 11.3 Hz, 1H), 3.96 (ddd, J = 1.3, 5.2, 12.0
Hz, 1H), 4.33 (dd, J = 4.0, 11.6 Hz, 1H), 6.76 (m, 1H), 6.93 (m, 4H), 7.18 (m, 2H), 7.25 (m, 8H); ’C
NMR (125 MHz, CDCl,) & 31.70, 38.03, 46.20, 65.21, 75.01, 77.56, 83.33, 116.21, 119.16, 120.03,
124.42, 126.12, 126.33, 127.65, 128.26, 128.44, 128.56, 143.53, 144.79, 145.32, 148.22.



Chapter III

Preparation of newly designed chiral ligand 42-L (Scheme 36)

Synthesis of Arene-Cr complex and the coupled compound 43

3-fluoro-4-methoxy-benzoic acid (commercially available) was reduced with BH;-THF to give the
corresponding primary alcohol according to the common procedure (98%). The silylation of this
compound with TBSCI (1.5 equiv) and Et;N (3.0 equiv) in CH,Cl, afforded the TBS protected
compound. Arene-Cr complex was prepared according to the literature procedure.® The starting arene
(2g, 7.4 mmol) was dissloved in Bu,O (15 mL) and THF (3 mL) in the round bottom flask equipped with
a reflux condenser. The solvent was degassed (FPT procedure), and Ar was purged. Under Ar stream,
Cr(CO), (3.26 g, 14.8 mmol) was added quickly and the whole mixture was stirred at 140 °C for 24 h.
During reflux, the reaction mixture became yellow [Some Cr(CO), precipitated on the condenser as a
white solid. Contamination by air would bring about the change of color into green.] The mixture was
cooled to room temperature and excess amount of Cr(CO), was filtered off through celite pad. Celite
was washed with ether. The combined organic layers were evaporated under the reduced pressure to
afford yellow oil. Simple arene-Cr complex was purified by recrystallization from petroleum ether-Et,0.
Probably due to the low polarity of TBS group, however, this complex was not able to crystallize. So,
the crude yellow oil was directly used in the coupling reaction. The molecular ratio between Cr complex
and starting arene was found to be 1 : 2 by NMR analysis.

The coupling reaction of the prepared arene-Cr complex (approximately 2.47 mmol) with 33 (700 mg,
2.96 mmol) was conducted according to the procedure described in the experimental section for chapter
II. The reaction proceeded well to give two diastereomers, which were observed on TLC (hexane : ethyl
acetate = 4 : 1). Oxidation of arene-Cr complex with iodine, followed by usual purification afforded the

desired product 43 in 84% as a yellow oil.

43: IR (neat) v 2929, 2857, 1589 cm™'; 'H NMR (500 MHz, CDCL) & 0.056 (s, 6H), 0.92 (s, 9H), 1.98-
2.07 (m, 1H), 2.20-2.24 (m, 1H), 3.41 (dt, J = 5.2, 10.0 Hz, 1H), 3.57 (dt, J = 2.4, 11.9 Hz, 1H), 3.77 .,
J = 10.0 Hz, 1H), 3.82 (s, 3H), 3.86 (t, J = 9.0 Hz, 2H), 4.02 (m, 1H), 4.31 (dd, J = 4.9, 10.4 Hz, 1H),
4.43 (ddd, J = 5.2, 9.0, 11.0 Hz, 1H), 4.59 (d, J = 13.0 Hz, 1H), 4.62 (d, J = 13.0 Hz, 1H), 5.61 (s, 1H),
6.84 (d, J = 8.25 Hz, 1H), 6.92-6.94 (m, 1H), 7.09 (d, J = 1.9 Hz, 1H), 7.29-7.31 (m, 3H), 7.39-7.41 (m,
2H): MS m/z 486 (M"), 471 (M*—Me), 429 (M*—'Bu), 409 (M*—Ph), 355 (M'—OTBS); Anal. calcd
for C,;040,Si: C, 66.63. H, 7.87. Found: C, 66.41, H, 7.96.

Synthesis of 44

Deprotection of TBS group was carried out in a common manner (TBAF in THF, 0 °C, 2 h).
Purification by silica gel column chromatography (CH,Cl, / ethyl acetate = 6 / 1) gave the corresponding
alcohol quantitatively.



IR (neat) v 3398, 2940, 2869, 1509 cm™; '"H-NMR (CDCl;) 3 2.00-2.09 (m, 1H),
P""m 2.22-2.24 (m, 1H), 3.41 (m, 1H), 3.59 (t, J = 11.9 Hz, 1H), 3.76 (t, / = 10.4 Hz,
o 1H) 3.83-3.86 (m, OCH,+1H), 4.03 (dd, J = 5.2, 11.9 Hz, 1H), 4.31 (dd, J = 5.2,
M:;jg/\ 10.4 Hz, 1H), 4.38-446 (m, 1H), 4.52 (s, 2H), 5.60 (s, 1H), 6.84 (d, J = 8.25 Hz,
1H), 6.94 (d, J = 7.95 Hz, 1H), 7.18 (s, 3H), 7.30-7.31 (m, 3H), 7.38-7.40 (m,
2H); MS m/z 372 (M"); Anal. caled for C,,0,,04: C, 67.73. H, 6.50. Found: C,
67.64, H, 6.63.

Oxidation of the obtained alcohol to the aldehyde was conducted using PDC (1.5 equiv) in CH,Cl, in
the presence of MS4A (rt, 2 h). After the complete consumption of starting alcohol (TLC), Et,0 was
added. The precipitate was filtered off through celite pad. Celite was washed with ether, and the
collected organic layers were concentrated under reduced pressure. The resulting residue was purified by
flash column chromatography (CH,Cl, / ethyl acetate = 9 / 1) to give the corresponding aldehyde in 88%
yield.

IR (neat) v 2864, 1685, 1597, 1508 cm™'; 'H NMR (500 MHz, CDCl,) & 2.02-2.11

(m, 1H), 2.24-2.28 (m, 1H), 3.45 (dt, J = 5.2, 10.0 Hz, 1H), 3.64 (dt, J = 2.0, 12.5

m Hz, 1H), 3.77 (t,J = 10.0 Hz, 1H), 3.87 (t, J =9.2 Hz, 1H), 4.06 (ddd, /= 1.3, 5.2,
ol cvo 10.0 Hz, 1H), 4.32 (dd, J = 4.9, 10.4 Hz, 1H), 4.54 (ddd, /= 5.2, 9.2, 11.0 Hz, 1H),
M:DQ/ 5.60 (s, 1H), 6.97 (d, J = 8.3 Hz, 1H), 7.28-7.30 (m, 2H), 7.36-7.38 (m, 1H), 7.50

(dd, J = 2.0, 8.3 Hz, 1H), 7.69 (d, J = 2.0 Hz, 1H), 9.80 (s, 1H); °C NMR (125

MHz, CDCl,) § 32.1, 56.1, 66.3, 68.9,71.8, 77.5, 82.4, 101.4, 111.3, 117.1, 126.0,

126.8, 128.1, 128.8, 130.0, 137.3, 148.3, 156.0, 190.6; MS m/z 370 (M"); HRMS

(EI) calcd for C,,0,,04: 370.1416. Found: 370.1417.

The aldehyde (1.43 g, 4.04 mmol) was dissolved in dry THF (20 mL). Under Ar atmosphere, PhMgBr

(2.6 mL, 3 M in Et,0) was added at 0 °C. After stirring for 30 min, the reaction mixture was diluted with
ether (50 mL) and saturated NH,Cl was added for quenching. Usual workup and purification by flash
column chromatography (hexane / ethyl acetate =2 / 1 ~ 1/ 1) afforded the corresponding secondary
alcohol in 95% yield (1.71 g) as a white solid. '"H NMR was not clear due to the ambiguous
stereochemistry of the secondary alcohol.
'H NMR (500 MHz, CDCl,) 8 1.96-2.05 (m, 1H), 2.15-2.22 (m, 1H), 3.36-3.42
(m, 1H), 3.52-3.58 (m, 1H), 3.74 (t, J = 10.4 Hz, 1H), 3.79-3.84 (m, OCH, + 1H),
4.00 (dd, J = 5.2, 11.9 Hz, 1H), 4.29 (dd, J = 4.9, 10.4 Hz, 1H), 4.37-4.43 (m,
1H), 5.57 (s, 0.5 H), 5.58 (s, 0.5 H), 5.68 (s, 1H), 6.79-6.82 (m, 1H), 6.68-6.91
(m, 2H), 7.18-7.41 (m, 1H), 7.50 (dd, J = 2.0, 8.3 Hz, 1H), 7.69 (d, J = 2.0 Hz,
1H), 9.80 (s, 1H).

The secondary alcohol was oxidized smoothly by PDC (1.5 equiv) in the presence of MS4A. After the
completion of the reaction, ether was added and the formed precipitate was filtered off through celite



pad. Further purification was carried out by flash column chromatography (hexane / ethyl acetate =4/ 1)
to give ketone 44 as a white solid (95%).

44: IR (KBr) v 2862, 1648, 1508, 1270 cm™; '"H NMR (500 MHz, CDCl,) & 1.99-2.08 (m, 1H), 2.24-
2.28 (m, 1H), 3.39-3.44 (m, 1H), 3.59-3.65 (m, 1H), 3.76 (t, J = 10.9 Hz, 1H), 3.86 (t, J = 8.9 Hz, 1H),
3.90 (s, 3H), 4.034.06 (m, 1H), 4.30 (dd, J = 4.9, 10.4 Hz, 1H), 4.55 (ddd, J = 5.2, 9.2, 10.9 Hz, 1H),
5.58 (s, 1H), 6.89 (d, J = 8.6 Hz, 1H), 7.24-7.26 (m, 3H), 7.33-7.35 (m, 2H), 7.40-7.45 (m, 3H), 7.52-
7.56 (m, 1H), 7.69-7.71 (m, 3H); MS m/z 446 (M"); HRMS (EI) calcd for C,;0,0,: 446.1729. Found:
449.1729.

Synthesis of 45

To a solution of 44 (1.4 g, 3.15 mmol) in MeOH (30 mL) was added TsOH (120 mg), and the reaction
mixture was stirred at room temperature for 2 h. Saturated aqueous NaHCO; (a few drops) was added
for quenching, and the solvent was evaporated under reduced pressure. The residue was dissolved in
ethyl acetate and the organic layer was washed with brine. After removing the solvent, the crude product
was treated with TsCl (900 mg, 4.7 mmol) in pyridine (15 mL). The mixture was stirred for 12 h at
ambient temperature. Under ice bath water (30 mL) was added to quench the reaction. Aqueous layer
was extracted with ethyl acetate (50 mL X 5). The combined organic layers were washed with
saturated CuSO,, water, and brine. Purification by flash column chromatography (hexane / ethyl acetate
=1/ 1) was performed to give 45 in 89% yield (1.43 g) as a white solid.

45: IR (neat) v 3503, 2959, 1648, 1596, 1276 cm™; 'H NMR (500 MHz, CDCl,) & 1.79-1.88 (m, 1H),
2.10-2.13 (m, 1H), 2.44 (s, 3H), 3.35-3.42 (m, 3H), 3.68 (t, J = 9.2 Hz, 1H), 3.92-4.03 (m, 5H), 4.26 (dd,
J=5.5,10.7 Hz, 1H), 4.37 (dd, J = 1.8, 10.7 Hz, 1H), 6.95 (d, J = 8.6 Hz, 1H), 7.34 (d, J = 8.3 Hz, 2H),
7.46-7.52 (m, 3H), 7.56-7.59 (m, 2H), 7.73-7.75 (m, 2H), 7.82 (d, J = 8.2 Hz, 2H); MS m/z 512 (M");
HRMS (EI) calcd for C,,0,0,S: 512.1505. Found: 512.1503.

Synthesis of 42-L

To a stirring solution of 45 (1.41 g, 2.76 mmol) in THF (14 mL) was added NaH (112 mg, 60-72% in
mineral oil) under ice bath. The reaction mixture was stirred for 30 min at the same temperature. Ph,PK
(0.5 M in THF, 6.7 mL) was added dropwise at —10 °C. The mixture became orange thick suspension.
After 1 h, saturated NH,Cl was added to quench the reaction. Then, hydrogen peroxide (5 mL) was
added for oxidation of phosphorous compound. Organic compounds were extracted with CHCI, (30 mL
X 4), and the combined organic layers were washed with water and brine. Short column
chromatography (hexane / acetone =2 / 1 ~1 / 1) was carried out to give the mono-substituted product
with some impurities (approximately 66%).

The obtained crude product (about 1.8 mmol) was treated with Lil (2.4g, 18 mmol) in DMF (10 mL).
The reaction mixture was stirred at 150 °C for 10 h. The reaction was monitored by TLC after the small
portion of the mixture was quenched with water (The product became less polar than methyl ether.



eluent: ether only). The solvent was removed under reduced pressure, and the resulting residue was
dissolved in CHCl,. The organic layer was washed with water and dried over Na,SO,. Further
purification by flash column chromatography (hexane / acetone = 2 : 1) afforded the target product 42-L
in 53% yield (2 steps) as a yellowish powder.

42-L: IR (neat) v 3500-3000 (br, OH), 1713, 1649, 1595, 1507, 1436, 1295, 1232 cm™; 'H NMR (500
MHz, CDCl,) 8 1.90-1.99 (m, 1H), 2.14-2.17 (m, 1H), 2.72 (dt, J = 9.5, 16.0 Hz, 1H), 2.84 (ddd, J = 3.4,
9.5, 15.3 Hz, 1H), 3.21-3.25 (m, 1H), 3.38 (ddd, J = 3.4, 9.0, 16.0 Hz, 1H), 3.60 (ddd, /= 5.2, 9.0, 11.3
Hz, 1H), 3.74 (t, J = 9.0 Hz, 1H), 3.89 (dd, J = 3.7, 12.0 Hz 1H), 6.98 (d, J = 8.3 Hz, 1H), 7.43-7.7.80
(m, 18H), 9.73 (s, 1H); *C NMR (125 MHz, CDCl,) 8 31.5, 36.0 (d, J = 68.2 Hz), 65.3, 74.7, 75.8, 84.8,
116.5, 123.8, 128.0, 128.7, 128.8, 128.8, 128.9, 129.0, 129.0, 129.6, 130.0, 130.5, 130.6, 130.8, 130.9,
131.0, 131.2, 131.7, 132.1, 132.2, 138.3, 145.7, 154.8, 195.1; *'P NMR (202.35 MHz, CDCl,) 6 34.5;
(o], 13.2 (¢ = 2.34, CHCI,); MS m/z 528 (M*); HRMS (EI) calcd for Cy;;0,00¢P: 528.1702. Found:

528.1702.
Representative procedure for catalytic asymmetric cyanosilylation of ketones using 42

a) Using catalyst preparation method A: Ti(O'Pr), (11 pL, 0.0372 mmol ) and 42-L (20 mg, 0.0378
mmol) were mixed in toluene (0.3 mL), and the mixture was stirred at 70 °C for 2 h. After removing
toluene under the reduced pressure, the resulting yellow solid was dried in vacuo for 1 h. The residue
was dissloved in THF (0.2 mL) and was treated with TMSCN (10 pL, 0.0744 mmol) at room
temperature for 1 h. To this solution, cyclohexylmethylketone 22g (200 pL, 1.49.mmol) and TMSCN
(300 uL, 2.23 mmol) were added at —30 °C. After 70 h, pyridine (0.1 mL) and water (1 mL) were added
for quenching. Usual workup, followed by flash column chromatography afforded the corresponding

product (90%, 93% ee) as a colorless oil.

b) Using catalyst preparation method B: Ti(OPr), (11 uL, 0.0372 mmol ) and 42-L (20 mg, 0.0378
mmol) were mixed in toluene (0.3 mL), and the mixture was stirred at 70 °C for 2 h. Then, TMSCN (10
mL, 0.0744 mmol) was added at 0 °C. After stirring at room temperature for 1 h, toluene was evaporated
under reduced pressure. The residue was further dried in vacuo for 1 h. The resulting yellow solid was
dissolved in THF (0.2 mL). To this solution, acetophenone 22a (434 mL, 3.72 mmol) and TMSCN (740
mL, 5.58 mmol) were successively added at —20 °C. After 88 h, the reaction was quenched by adding
pyridine (0.1 mL) and water (1 mL). Further purification was performed by silica gel colum
chromatography to give the product as a colorless oil. The determination of the ee and absolute
configuration was carried out on the basis of chiral HPLC or GC analysis uisng the conditions described

above.

2-Methyl-2-(trimethylsilyloxy)-non-3-enenitrile (231): IR (neat) v 2959, 2930, 1668, 1253, 1112 cm’;
'H NMR (500 MHz, CDCl,) 8 0.24 (s, 9H), 0.89 (t, J = 7.0 Hz, 3H), 1.25-1.49 (m, 6H), 1.75 (s, 3H),



2.05-2.09 (m, 2H), 5.45 (dt, J = 1.6, 15.3 Hz, 1H), 6.01 (dt, J = 6.75, 15.3 Hz, 1H); ®C NMR (125 MHz,
CDCl,) 8 1.41, 14.0, 22.4, 28.3, 30.9, 31.4, 31.7, 69.9, 121.0, 130.7, 132.9; MS m/z 239 (M*), 224 (M*
—CH,;); Anal. caled for C,;0,,NOSi: C, 65.21. H, 10.52. N, 5.85. Found: C, 65.03. H, 10.43. N, 5.66;
[a]? -2.5 (¢ = 1.65, CHCl,) (90% ee); GC (Varian, Chirasil DEX CB (0.25 mm x 25 m), Column
temperature = 100 °C (isothermal), Injector temperature = 200 °C, Detector temperature = 250 °C, Inlet

pressure = 1.3 kg/cm?)), t.(major) = 24.9 min, t(minor) = 27.1 min.



Chapter IV

Conversion to quaternary o-hydroxy carboxylic acid derivatives (Scheme 39):

Reduction of 2-trimethylsilyloxy-2-(2’-naphtyl)propanenitrile (23d) to the corresponding «-
silyloxy aldehyde (49)

To a solution of 23d (35 mg, 0.13 mmol, 95% ee) in CH,Cl, (0.45 mL), DIBAL-H (150 pL, 0.169
mmol, 1.1 M in toluene) was slowly added at -78 °C. The reaction mixture was gradually warmed up to
room temperature. After 4 h, saturated aqueous NH,Cl was added to quench the reaction. The reaction
mixture was extracted with Et,O three times, and the combined organic layers were washed with water
and brine. After drying over Na,SO,, solvent was removed under reduced pressure. The crude product
was purified by flash chromatography (hexane : Et,0 = 20 : 1) to give 49 as a colorless oil in 85% yield.
The enantiomeric excess of the product was determined to be 95% ee by HPLC analysis. This

conversion was successfully accomplished without loss of enantiomeric excess.

49: '"H-NMR (CDCl,)  0.21 (s, 9H), 1.80 (s, 3H), 7.53-7.46 (m, 3H), 7.9-7.8 (m, 3H), 8.03 (s, 1H), 9.53
(s, 1H); ®C- NMR (CDCl,) § 2.2, 23.7, 82.1, 123.6, 125.2, 126.3, 127.6, 128.2, 128.4, 132.8, 133.1,
138.0, 200.0; MS m/z 272 (M*), 257 (M*—CH,), 243 (M*—CHO); HPLC (DAICEL CHIRALCEL OJ -
0J, 2-propanol/hexane = 1/99, 0.5 mL / min, t; 22.8 min (major), 25.9 min (minor).

Ethanolysis of 2- trimethylsilyloxy-2-(2’-naphthyl)propanenitrile (23d) to the corresponding a-
hydroxy ester (50)

Cyanohydrin TMS ether 23d ( 42 mg, 0.156 mmol, 95% ee) was dissolved in 1 mL of EtOH-HCI (5.6
N) and the reaction mixture was stirred at 90 °C for 3 h (not in sealed tube, but in the flask equipped
with an usual reflux condenser.) After the completion of the reaction, saturated aqueous NaHCO; was
added for quenching. The mixture was extracted with Et,0 (15 mL x 3). The combined organic layers
were washed with brine, and dried over Na,SO,. The crude product was purified by flash
chromatography to give 50 as a colorless oil in 63% yield. The enantiomeric excess of this ethyl ester
was found to be 95% ee. This conversion was also achieved without any racemization.

50: IR (neat) v 3500, 2982, 1730, 1242 cm’'; 'H-NMR (CDCl,) 8 8.04 (d, J = 1.2 Hz, 1H), 7.9-7.8 (m,
3H), 7.66 (dd, J = 1.8, 8.55 Hz, 1H), 7.48 (m, 2H), 4.24 (m, 2H), 1.26 (dd, J = 7.35, 7.35 Hz, 3H); °C-
NMR (CDCl,;) 8 175.6, 140.2, 133.1, 132.8, 128.3, 128.0, 127.5, 126.2, 124.1, 123.5, 75.8, 26.7, 14.1;
MS m/z 244 (M"), 171 (M*—CO,Et); Anal. calcd for C;;0,,05: C, 73.75. H, 6.60. Found: C, 73.72, H,
6.69; HPLC (DAICELCHIRALCEL OJ, 2-propanol/hexane = 1/9, 1.0 mL / min, t; 15.5 min (minor),
20.0 min (major).

Conversion of 23g to the corresponding benzyl ester 51: Determination of the enantiomeric excess
of 23g



Cyanohydrin TMS ether 23g (28 mg, 0.089 mmol) was put in conc. HCI (1 mL) at room temperature.
The reaction mixture was stirred at the same temperature for 10 h, and then heated at 100 °C for 5 h.
Cooling to room temperature, products were extracted with Et,0 (10 mL X 5). The combined organic
layers were washed with brine and dried over Na,SO,. Solvent was evaporated under reduced pressure,
and the residue was dissolved in DMF (1.0 mL). To this solution, Cs,CO; (260 mg, 0.8 mmol) and
benzyl bromide (96 pL, 0.8 mmol) were added and the whole reaction mixture was stirred for 2 h at
room temperature. Precipitates were filtered off through celite pad and washed with E,O. After the
removal of solvent, further purification was performed by flash chromatography (hexane : E,O =8 : 1)
to give the benzyl ester as a colorless oil in 70% yield (2 steps). The enantiomeric excess of this ester
was determined by HPLC analysis to be 90% ee.

51: IR (neat) v 3527, 2931, 1728, 1453 cm™; '"H-NMR (CDCl,) 8 7.40-7.26 (m, 5H), 5.20 (s, 2H), 3.05 (s,
1H), 1.82-1.58 (m, SH), 1.37 (s, 3H), 1.37-1.04 (m, 6H); ’C-NMR (CDCl,) 8 177.3, 135.4, 128.6, 128.5,
128.2, 76.9, 67.3, 45.6, 27.3, 26.3, 26.2, 26.1, 25.6; MS m/z 263 (M*+1), 170 (M'—Bn), 127
(M*—CO,Bn); Anal. calcd for C,,0,;NOSi: C,61.91. H, 10.86. N, 6.56. Found: C, 61.75, H, 10.9. N,
6.36; HPLC (DAICELCHIRALPAK AD, 2-propanol/hexane = 5/95, 1.0 mL / min, t; 7.8 min (minor),
8.5 min (major).

Conversion of 23g to the corresponding 1,2-amino alcohol derivative 52

To a solution of 23g (38 mg, 0.169 mmol, obtained in Table 9) in dry THF (2 mL) was added LiAIH,
(10 mg, 0.263 mmol) at 0 °C, and the mixture was stirred for 1 h at the same temperature. Saturated
NH,CI (4 drops) was added to decompose the excess hydride, and this mixture was diluted with Et,0.
The precipitate was filtered off through celite pad. Celite was washed with ethyl acetate carefully.
Removal of the solvent gave the crude product and this was used directly in the next step.

The obtained amino alcohol was dissolved in THF (1.5 mL) and this solution was cooled under ice
bath. Et;N (44 pL, 0.32 mmol), BzCl (22 pL, 0.19 mmol), and a catalytic amount of DMAP were added
successively at the same temperature. After stirring for 1 h, IN HCI was added for quenching. Usual
workup, followed by flash column chromatography (hexane / acetone = 5 / 1) afforded the
corresponding amide 52 in 83% yield. The enantiomeric excess of this compound was determined to be
93% by chiral HPLC analysis.

52: IR (KBr) v 3377, 2927, 1639, 1523 cm™; '"H NMR (500 MHz, CDCl,) 8 0.96-1.28 (m, 8H), 1.43 (tt,
J=3.1,12.0 Hz, 1H), 1.67 (d, J = 12.0 Hz, 1H), 1.74-1.88 (m, 4H), 2.50 (s, 1H), 3.45 (dd; J=5.2,138
Hz, 3H), 3.56 (dd, J = 6.7, 13.8 Hz, 1H), 6.70 (bs, 1H), 7.40-7.43 (m, 2H), 7.48-7.51 (m, 1H), 7.77-7.79
(m, 1H); )C NMR (125 MHz, CDCl,)  21.6, 26.4, 26.6, 26.6, 26.7, 27.8, 46.6, 47.9, 74.8, 126.9, 128.5,
131.4, 1345.5, 168.3; MS m/z 261 (M*), 178 (M*—cyclohexyl); Anal. calcd for C,;O,;NO,: C, 73.53. H,
8.87. N, 5.36. Found: C, 73.56, H, 8.87. N, 5.23; HPLC (DAICELCHIRALPAK AS, 2-propanol/hexane
=1/9, 1.0 mL / min, t; 12.0 min (minor), 14.7 min (major).



Conversion of 231 to the corresponding 1,2-amino alcohol derivative 53

According to the procedure for the conversion of 23g into 52, 231 was also converted into the
corresponding amide 53. The ee of 53 was revealed to be 90% by chial HPLC analysis, which was the
same as the ee of 231 determined by chiral GC analysis.

53: IR (KBr) v 3408, 3347, 2921, 1625, 1547 cm™; 'H NMR (500 MHz, CDCl,) & 0.85 (t, / = 7.0 Hz,
3H), 1.20-1.41 (m, 10H), 2.03 (q, J = 7.0 Hz, 2H), 2.36 (s, 1H), 3.44 (dd, / = 5.5, 13.8 Hz, 1H), 3.58 (dd,
J=6.4,13.8 Hz, 1H), 5.53 (dt, J = 1.6, 15.6 Hz, 1H), 5.76 (dd, J = 6.7, 15.6 Hz, 1H), 6.49 (s, 1H), 7.41-
7.44 (m, 2H), 7.48-7.52 (m, 1H), 7.76-7.77 (m, 1H); °C NMR (125 MHz, CDCl,) & 14.0, 22.5, 26.4,
29.0, 31.3, 32.2, 49.6, 73.0, 126.9, 128.6, 130.4, 131.5, 134.0, 134.5, 168.2; MS m/z 275 (M"), 257 (M"
—H,0) 178 (M*—CH=CHGC,H,,); Anal. calcd for C;;0,;NO,: C, 74.14. H, 9.15. N, 5.09. Found: C,
73.97, H, 9.35. N, 4.89; HPLC (DAICELCHIRALPAK AS, 2-propanol/hexane = 1/9, 1.0 mL / min, t;
11.5 min (minor), 12.5 min (major).
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