. HOKKAIDO UNIVERSITY

Title HBAFRAFORE - SR EMENTERISOREICEY 2%
Author (s) A+, R
Degree Grantor tEEXRE
Degree Name B (XR2)

Dissertation Number 50935

Issue Date 2000-03-24
DOI https://doi.org/10.11501/3168657
Doc URL https://hdl. handle.net/2115/51641
Type doctoral thesis

File Information 000000353850, pdf

kaid
e U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




&5

R AFTENLT ORRET - &5 & il AT B D B %
\ZR 9 B AfFgE




HHAFTEANLFDORRED - AL AR A T e O B 5
289 % HT9E

B ==




e

K2 AT O B Ly RORTH R 70 2 SR & fHERE 2 5 ) & L 7o bl K7 R B s
FFekt AEAME - BIZICRE R 2 EHOBERL T T,

£

}‘mi

K% ETT510H70 . EREAMBE. Haiwmeh ) £ LcdbiE KFER b
ekt B MBhEIZICEH VLT,

F e AR, MBS 4 TEE F LAbiml KA SR e R R E L, A
ke i dplEpAE LIS O SIS LY,

=

A OEAE LTHE, Atk 20, MBS 2 HE $ Lo dbilpi KF R B b
i ﬁ%ﬂ?ﬁﬁ\%%%#%mmﬁﬁwttifo

B B AR E TR F LUt A S 5 Bt A D BRI L & B 72 L
$%,

RFEREIL M 2 4T - CTHX F Lot KPSt v ¥ — DA XL — & — DERRITR
HW2LET,




ARG LIZBWT, TilOMREZEM L7z,

Ac Acetyl

acac Acetylacetonate

-Am 1,1-Dimethylpropyl

BHT 2,6-Di-tert-butyl-4-methylphenol

BINAP (R)-2,2'-Bis(diphenylphosphino)-1,1'-binaphthyl
BINAPO (R)-2,2'-Bis(diphenylphosphinyloxy)-1,1'-binaphthy]l
Bn Benzyl

BSA N,0-Bis-(trimethylsilyl)acetamide

n-Bu Butyl

i-Bu Isobutyl

-Bu tert-butyl

CHIRAPHOS (5,9)-2,3-Bis(diphenylphosphino)butane
m-CPBA m-Chloroperbenzoic acid

COD 1,5-Cyclooctadiene

15-Crown-5 1,4,7,10,13-Pentaoxacyclopentadecane
dba (E,E)-Dibenzylideneacetone

DIBAL-H Diisobutylaluminium hydride

DIOP (R.R)-2,3-O-Isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphosphino)butane
DME 1,2-Dimethoxyethane

DMF NN-Dimethylformamide

DMSO Dimethyl sulfoxide

ce Enantiomeric excess

Et Ethyl

HMPA Hexamethylphosphoramide

HPLC High performance liquid chromatography
Ln Ligand

LDA Lithium diisopropylamide

Ms Methanesulufonyl

Me Methyl

NOE Nuclear Overhauser effect

Nu Nucleophile

Ph Phenyl

P N-Phthaloyl-tert-leucinate

i-Pr Isopropyl

PPA Polyphosphoric acid

THF Tetrahydrofuran

Ts p-toluenesulfonate

Tf Trifluoromethanesulfonyl

T™MS Trimethylsilyl
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Figure 1. Co-Symmetric Chiral Ligands in Enantioselective Hydrogenation
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Figure 2. Design and Synthesis of Chiral Spirocyclic Ligands
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Figure 3. Isomers of 1,1'-Spirobiindane-2,2'-diol




ERSBMEEHWAIAF MBS IZBWTIE, FA 74 U RS KW EERMFTH 5,
FAT AV ERVARY - BTICER LM ERL, 2 AT 27 0va—VpbHES5IC
SRTEDLFATZ 74 M, 4 TAFMBIOCO BN & L THWS W2Bdd %<, ki
HHENOOHLENMN T THbA, Pz, VERAT7 14 VENMNMTBINAPTIZIZE A & RIDAHEST
LEWAF LDk FOgRb I MERIBIZBWT, "A 774 e F&ELCE ZIRBIZ
HERY522” (R3) o

Takaya (1992) =z O O O
= OP(OA), PPh,

H, / CO, chiral ligand CHO (3)

I e 5 OP(OAr)2 OP(OR),
Ph PH™ N = |
Rh(acac)(CO)» o
Ar = 3,5-xylyl R,R = (S)-binaphthyl
94%, 49% ee 88%, 94% ee

IhPAIZH . e Far T oMeRoe"” N4) | KRFEMRRE" X5) o HESMEE? (3
6) IKCBWTAFAAT7 714 MENFOEHESNRH I TV A

Chan (1999) Q O
P Me,CO-HCN O O
Ni(cod), / L* Lbc“ (4)

Reetz (1999)
CO,Me G COMe
PR
= - <l - ©)
R Ha, [Rh(cod),BF4 TRk

96%, 95% ee

Alexakis (1 997)

SR Y

P b,  Cu(OTH,

Etg Zn

Et
95%, 96% ee




Lrl, FAT7 74 MR YEF EICBRERF2NLLCEREPHEASL TBYVEREOHEHE
AT, FETHOAFTFEELFEORRA 77 4 M2, LY YEFEO 2 BoOEE
FHREFTFNREDXF IR BETHEE SNLODP BRI THY ., ZFOLEELIEHIZEE T
Hho o T, RAT 7 4 MRNMNF = BIEIZKGE - G 5121, BEEMEICT5LENH
boe COOMMAKTOEA, V¥ VEIZY T 2 VERAT7 74 b BRELE L THAAAEN T
2. "A7 74 POHHELZHIHL, 1 ¥ OXRVEVRIZEND) Y EOT7 2 ) FVHOR
WErRETHIETHIELZRAT7 74 MRV T L L THETLIEEZONRD (K4)

cis, cis-3

Figure 4. Design of Chiral Spirocyclic Ligand
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@) @) - NaBH4
Br(CH,)3CO5Et CO,E 2. NaH O  LiAlH,
COQEt - Zo- O ———

cis,cis-1 cis,trans-1 trans,trans-1

Scheme 1. Synthesis of Racemic cis,cis-Spiro[4.4]Jnonane-1,6-diol
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5 chromatography
4 (4 steps) 6 85% (+)-(cis, cis)-1
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7 90% (+)-(cis,cis)-1

Scheme 2. Synthesis of Optically Active cis,cis-Spiro[4.4]nonane-1,6-diol
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Scheme 3. Strategy for the Preparation of Spirobiindanediol
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Scheme 4. Synthesis of 1,1'-Spirobiindane-2,2'-diol
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Scheme 6. Synthesis of 1,1'-Spirobiindane-2,2'-diol
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Table 1. Stereoselective Reduction of Ketone 4
R
~Ph
reduction . " O
17a 17b Cis,cis-3

reduction conditions yield, % 17a:17b| reduction conditions yield, % 17a:17b
LiAlH4, Et20, 0 °C 98 1:3 DIBAL-H, BHT, toluene, -78 °C 94 1311
NaBH4, MeOH, -10 °C 95 1:38 LIAIH(OBu)3, THF, -40 °C 95 12190
DIBAL-H, CH.Cl,, -78 °C 92 T2 LiAlH4, 'AmOH, THF, -78 °C 96 1:14

BHT = 2,6-di-tert-butyl-4-methylphenol
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MTaDKEEIEE A F VL — T )V & L72RIS, FRRICH VRV BRISNFEL, AL OROME &
AARTZDS, AFIVENBHBEL, 77 190607 (RF—47) ,
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1. Mel
LIS Og, then PhgP ) PPA
OH - OMe
3. NaClO2, NaH2PO4 87%
17a 66% 18
Scheme 7.
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1. Aco0

2. Og, then PhgP NaBH4, EtOH
3. NaCIOQ, NaH 2PO4 93%

4. PPA, 65°C

recrystallization, >99% ee
[a]&F-131 (¢ 1.50, CHCI3)

TsOH KoCO3 3

benzene 1OAc MeOH O’ OH O’
reflux

95%

Scheme 8. Synthesis of 1,1 '-Spirobiindane-2,2'-diol
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Figure 5
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Scheme 11. Synthesis of 1,1'-Spirobiindane-2,2'-diol
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Scheme 12. Synthesis of Spirocyclic Phosphites
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Figure 6. Allylic Substitution Catalyzed by Palladium Complexes
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CEEENTHHBICHE L, M7 X AEEFIH L CTREMOWES 27 1) MLRED N
Brilll«sZ LIk V@I ;U F BN A ES L TwE (10) 2,

Pfaltz, Helmchen, Williams (1993)

Nu
@)
%
OAc PhoP - N— MeO2C.__COsMe PR, Ph
= = b /N 10
0 CH,(CO,Me), 38
BSA, AcOK, DMF 99%, 99% ee ¥

VHRAT 7 A PERRMTELEBIZEOA TV RWSD, BERD —#BBICAVLN TV
Trostb DRMAIZHE, L L CTHF, H#kE LTERA MY AF LI YLTES I F (BSA) .
WAL UCHEREA U A2 O CRERR 13- P 7 2 S V2- 7O RZVITRREE L. <Oy B
IAFVDAFET ) MALEHR TGO WTRIT L 72 R11) o %R TPd(n3-C3Hs)Cllp & 3
A7 74 P29 % —BERBEH L RN CTHRE L 2#AL O CRBE CRIBE T £ 25, KIS
ISHIEICHEAT L IR CA R385 5 L, YRR 7 7 4 F290K KGR T- & LRI T

EHTLDGhotA5, WIRICK LT38D AFIRIIZI6BIZE & F 577,

A:rt,1h

[Pdm3-C3Hs)Cll, + 29

(2.5 mol %) (10mol %) B:reflux, 1h

THF MeO,C_ _CO,Me
OAc CHy(COsMe)s (\I
- 11
PM Ph  BSA, AcOK, THF P 5%, "Ph A
37 BSA : irMS 38
Me NTMS A: 91 %), 36% ee

B: 98%, 87% ee
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SR, RAT 7 A MERAT 4 v EHEBLCE FHGEAMEC, HoFRFICAYDE
BABIE TS 2 72O BN T2 R AL ROl 2 BUE R & D 12w EF X Tee £ 2 THAH
B ERRZ T oL &A™, ZF v F A ERMIE87% I E Tl L7z (X11) o BUF. i
KRB OFEERH TG ERF T4 2 LI12 L7,

KICHEBAEICOVTRET L (]2) o AFWERICE L TIEHER RIBIALBO LN H -
25, ALFICRIZTHRE vz L &5 b & <, Uk, THFZBIE LTHwL A Z e LT, £
7. BEREOBVWRBIAT)V () =7) \ VYBIATN (Y —8) ZHWVWTYH,
FOGHE, BIREICTRERRE L 2> 72,

Table 2. Effect of Solvent and Leaving Groups on the Allylic Alkylation Catalyzed by 29-Pd Complex

[Pd(n3-C4Hs)ClL (2.5 mol%)
o MeO,C COsMe
H/«\V/E\ 29 (10 mol%) /A\V:I: “.. #OP(OPh),
Ph™ ™ Ph HC(CO,Me), (3.0 equiv), base P X Ph . OP (OPh);
(3.0 equiv), additive (10 mol%) 29
solvent, rt
entry X base, additive solvent time, h % yield? %eeb  config.c
1 OAc BSA, AcOK CH,Cls 4 93 87 S
2 OAc BSA, AcOK DMF 3 92 87 S
3 OAc BSA, AcOK toluene 10 93 86 S
4 OAc BSA, AcOK CH3CN 3 96 87 5
<] OAc BSA, AcOK THF 3 98 87 S
6 OAc NaH THF 4 91 87 S
7 OCO,CH34 NaH THF 4 94 86 S
8 OP (O)(OEt) NaH THF 4 85 84 S

Asolated yield. b Determined by HPLC analysis using Daicel Chiralpak AD (hexane : i-PrOH = 20 : 1, flow rate 1.0 ml/min).
“Determined by comparing the optical rotation.

EZAHT, BINAPREALF-& L FEREL3-0 7 = S V-2- 7 aRZNITEXY O VI AT VD
UG BWT, e LTNaH%E HV % & 30%ee D&IRMAT, BSAZIEIE L, BEfEV Y 7 4 %
WA &3 % L90%ee DEIRMAE LN 2 Z EHFME SN TV DB, F /-, HEL L TNaH%
HV72 3546 15-Crown-5% i8I % & & TREIRMAT LS 26100, F I TALFAT VE=

T Pfaltzb 3k R T 74 F—FFH ) ynA T v FERIETF ARG LT DARET ) IALE RIS BT 2
RIS TEARTAR AT > TV B,

Pfaltz (1998)

OAc Nu Nu
[Pd],/L*, base 0Q i
Pr/\) ph/'\/ + ph/\) e P N\)
CHy(COMe), 0)
64%, 90% ee 22% OO




AR RIS A EEIRME 2 LT 56870 ki SN T b, EFEDPH VA Trosth DE&ME (5
fit& L CTHF, & LTEA MY AF AT INMTES I F (BSA) . INAlE LCRERES ) ™
L) IZBWTH, REROAYT 5 =0T F B IRMIEE Y522 E 2., EER
IR O 247 o 72 (K3) o

Table 3. Effect 6f Lithium Cation on the Allylic Alkylation Catalyzed by Pd-29 Complex

oac  [PA(>-C3Hs)Cllz (2.5 mol %) Me0,C _CO.Me

AR g LD A
PH 2T PR clC0Me)s (086 rimol).  PHOS"""PH

37 base (0.66 mmol), additive 38
0.22 mmol THF, rt

entry base, additive (mol %)  time, h % yield % ee
1 BSA, AcOK (10) 3 98 87
2 BSA, AcONa (10) 3 98 96
3 BSA, AcOLi (10) 3 98 99
4 BSA, Cs,CO5(10) 6 97 94
S BSA, LiF (10) 5 90 96
6 BSA, LiCl (10) 4 95 98
£ BSA, LiBr (10) 5 97 99
8 BSA, Lil (10) a 93 97
9 BSA 16 80 86
10 LiH 3 98 98
" NaH 4 91 87

MR ) 7 LR lR L L7ca (0 b —1) EHAEEEEF MY w22 /Il & LB S
BRI RECAEL (b)) =2) | S5ICHEBYF 7252 R/IIFET5 &, 2081
9% eellETELL (R b)) =3) , S5, MDY F Y 2GR RMAN L Lgae (=2 b
U=5-8), $HEL LTRFET F I 220 ZICOFMICE VI v F 4 BIRHWAYE S N7
SERE (X RY—10) . UFTLAAF I U ABIRMER EICKE CESLTVWA S £ 25D o
7o RBIZ DV TTrost S 1, iRINFITH B EERE S 1) 7 A OFNEICOVTIZHER LTV,

WNIAZ 2 3 ICBSAD & & IV CIRIB AT 72 & & 5 IS5k 1 B 458 | 7> (LA
9 o COMFUIBSAL YT VY A F VDS AR T B KB Y VL) — LT — TV RS,
RERIEZ R 2 2 LI ) SRBBOBVEIRT ) S — M AET 270 £ 002 (3£12) .

OTMS
Q. O TMSO O OLi O
Me NTMS AcOLi
MeO/U\/U\OMe s - Meo/l\*/U\OMe MeOJ\/U\OMe (12)
)
2 )LN Me/u\OTMS
X HEEMS 8 0.06 ppm, s
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$72. ARIGE YRR 7 74 SHAET ) VLERKICICHH 2B THALZ L 2RTHD
TOBITH %o

[Pd(n®-C3H5)Clb (2.5 mol %)

MeO» COoMe
OAc Ligand (10 mol %) /\I
PM Ph CHo(COoMe), BSA, LIOAc, THF Ph” X Ph

*

Y

37 38

-1OP(OPh),
OP(OPh),
29 cis,cis 32 cis,trans 33 trans,trans 31
98%, 99% ee, S 94%, 79% ee, S 96%, 10% ee, S 96%, 41% ee, R

OP (OPh), P Ph

O ot
OP(OPh)2 "’OP(O Ph), >€ 3_/
OP(OPh)2 O O OP(OPh)s %» L, (PhO),,PO  OP(OPh),
2

39 cis,cis 40 42
90%, 50% ee, S 96%, 22% ee, R 90%, 26% ee, R 91%, 44% ee, S
QU™ PR om
OP(OPh), (PhO)2PO OP(OPh),
43 44
88%, 29% ee, S 90%, 41% ee, S

Fig. 7. Enantioselective Allylic Alkylation Catalyzed by Phosphite-Palladium Complexes

K HEAR AT 7 4 MRATOLBRMEF T -7 (M7) o FREBD cis, trans K32,
trans, trnas3& EA33R° €/ KX 7 74 F3VEEMFL LTHW L 2IZRH 2HERIIEON L
o7z, ZOKRIZ, R2TEHEMNTOCOMNHEELR-TVWEI L, 33TIE 20 YETHO
HRED R, NIV AN TE WD EEZ ONb, HHTRXIZ, A¥UO4]/
TY16-V A= N)DO B LITVEFRAT 74 FI9FEMNFL LTH WA & &, 38D BRI
RECETF LT L TH D, ZORKBIZ29FENMTE LERBICBWTA Y ¥y DRV E VB
BN tD7 =) %V ROBREEREL, HHEAFZHEZMELTVALAI L ZHRBLT
Voo T, MABAFRIBICHON TV REEE D A -V EKRZA T 74+ (40-44) ~FF
B, HBRE 2T 2050 F b BIF 2 RS SN ho 72, SOREIE., REDHHE
DREBERRAT 74 Ve AHERMT L LTHCV AT, MERAYOEAL V& BRI
THHTHLZ 2R LTV




Table 4. Enantioselective Allylic Substitution Catalyzed by 29-Pd Complex

[Pd(n3-C3Hs)Cl]» (2.5 mol %)

OAc 29 (10 mol %) Nu
PM Ph  nucleophile 7 Pn/\/‘\ Ph
37 base, THF
entry nucleophile base  temp,°C time, h product % yield % ee
1 AcNHCH(CO»Et), LiH 23 72 45 90 91
I il CHx(COMe), __ ____LH ____ __: e T . TR s S
3 BnNH, none 23 20 47 90 87
4 BnNH» LIOAc 23 14 47 93 84
5 morpholine none -10 5 48 98 88
6 TsNH»> LiH 50 20 49 90 89
7 PhCONHNH»> LiH 50 24 50 90 90
g8  BnNH, none 40 - S 47 88 97
92  BnNH> none 40 20 47 94 97
10¢ BnNH» none -20 16 47 93 98

4 igand : 51 PLigand : 52 °Ligand : 53

RITREENZOWTHRET L7 (F4) o TEFAT IO VBIAT VO XD IZEEHDS
IR R & 7 A BV RZH Z VD EBIRTEIN L § 5%, ROCTEREIC TR E3252 &
DT SN T2 (BINAP: 120 h, 92%, 94% ee ; CHIRAPHOS : 236 h, 91%, 86% ee) ¥, ¥ D
VIRAT 7 A MEALF29% VB & 90% UL E @R 2 4R L, SUCKERIIE A R 7 4V BfL
FIERTEMSN: (M) —1) o TEFATE I E2REFET 55 TEVRINGE %
FONLBNID R A, 29% W B81383%eek 5272, (T2 hY—2)

RIZBFRBHNCOVTRE Lico NYULT I V2 RKBRAETHE4E . Evans®Y v — 4 F
TNAT) v FEALF53% B &, RICI340 COMs&t2 %42 (0 + 1) —8-10) o

Hayashi Pfaltz, Helmchen Evans
Me

OH

o e L

@ PPhs OH I Q PH Me
S

St PPh N\>

e, A ¢ tBu Me

51 : BPPF-X gy o 53
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Y BN, 29% WD & RUBEIEIRTHEIT L, 87% eeD RAF BEIRMSHONL (= M) —
3) o Tl YOUVERI ATV R RERNE L THOWIRICRIRSEALNWIBEEE ) F 7 227 L
72 AL PICREEzERI N (2 b)) —4) o SHIZEMKRY Y2 RBRIE LI L
X, -10 CTIBIIHELT L8R D EIRMES LN (R b —5) o PINVTIF, NUUA
Ve KT RERBAIE UL &3, ZRTIRIKCA TS InE % B L 725%90% Rifk o B iT
RERMGRFONT (X b =6, 7) o BIREICETORZEORMIIHLSDOD, VKA T 7
4 FMEALF297%5, BRRBRNDOT ) MERICICSEH TH D Z ED9h o7,

VAERRICHEBOEZELR EAFRBOMIEEL HI L LNT Uy A KO RS RN % o 72,
[PdM3-C3H5)Cllp & cis, cis- AX QY f ¥ &2 VKA T 7 4 F29% THFEH, 40 °CTHIZL L, ZiE
ICCAgPF6DTHFAE R Z MMA B L 728K 2 AT 0 — LA F L VIRABED S B L., 15
b7 HET S 4IZ DV T X Mf st AT 247> 72 (IX8) o

1. [Pd(m®-C3Hs)Cll
(OPh), THF, 40°C

bite angle: 97.7 °

Top view

PFg™ is omitted

Figure 8. Crystal Structure of 29-Pd Complex

COMR BALF29E 8T D D311 TEAER B L. B 12913 /85 Uy 412 R L
CRL T ENHRTE T, F72, 7V VP & P-PA-PFR & O [Hif413105 °TH Y., —oOD Y
RFLRG T LS BINA T Y IIVIE97.T °TH % (BINAP :93.1 ° bisoxazoline™ : 87.6 °)
o BUCHIKEEZ 5 NB/8T U Kbtk E, ST Uy A, WEREL 3-3 7 2 = )b2- 70~
=37 L2975 b BB L 7275 XS GG IRAT 180 7 MAS S 5 O N o 72 DT, 540
CEEIT, BMRSSOME R HEE L7 (10) o BEREL 3-Y 7 2 2 -2- 7O R= V3T D7 V)
WIRT T % LRI —R% 12 syn, synBLIENELRT LI LMo TWD (K9) o, F7-. BEEEL, 3

VT LN TURINITE VKR T 74 F297 5B L 7-5Ekn31p NMRODF& Fen 1)
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DT FIViE2 A (§120.1 ppm (d, J = 79.8

L—pg—+ b~pg-t R g
\ ‘ Ph ph| pn  Hz), 115.6 ppm (d, J = 79.8 Hz)) DA ALl
Pr/\\%\ph ph/\\/J k\%' ENize HE- T, FREARSSOME IIH —TH
syn, syn syn, anti anti, anti. %o EH DT o 72 FUBIZHB VT SHECED A K
favored S pred WH399% D RFFILERTH LN TV B I L1,
Figure 9. Geometry of Allyl Complexes Pfaltz & AN | Ty 2 BHE 12 6 » CHI T X

5oﬂﬁﬁgwémwt%%®ﬁotﬁmmﬁwf\L+>+¢Eﬁ%u\¢%Wﬁ®5%%
DTV VK REE RERIDBES B 9 THRE S N5, |

Nucleophile

Figure 10. Mechanism of Enantioselective Allylic Alkylation Catalyzed by 29-Pd Complex
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FRHDCLEFE X BET UL, OffirXT D74 - A L7 14 VEHRS6 & T SELEDESYE 52 .
CIRFHBET D L A L7 4 VEMEST A R CRICE DL M % 5 % D5, LB O Hxtie i@ 7
SRS A &, TRIRSeE R LKA EIT L EZ N, hEARSTICIE 72 2 F ke A
D7 2= VEEDRIZKE B VAREENRNTFHINDS Z L6 RARS6 = #EH 3 2 BKENIC
o CTRILHHEIT Lz EER b b,

VERAT7 7 A PEAF29DEHE A ZH O 22123 572012, FOMOIEE IOV TG 217 -
720 T3, BRIKRDIEHESS, 601DV THRET L7z, MIROILZIZEOBIROIEE L IZRLZY 7))L
55 Hlanti, antifCE D /3T 27 L§EERE FFH LOLOSH#EAIT T4 (K9) o o T, BEDIARKY

B ESROEH E B L T/hS LR ) SOAFIEL 5 2 LB F1E. Trost?” 5, Osborn™
5. Evans’H5 DL DIZROLNT WA *, BALAL29Z ROV EREY 52 hd ot (2% —
513) o Trost © DECLHL F-63, Osborn & DELHL F-62 L LK Lz &85V Lk ZOD) VEF-
ERORDBNA DT Y TNH/RIINWTEDPL, TDL) LRTEKMICHEEONSVWEFIZHNL T
3, TN OB IT 72 ) F LU EEEFBLTHLENDHLEEZ LN,

MeO,C COsMe

OAc [Pd(n3-C3Hs)Cll2 (2.5 mol %)
@ 29 (10 mol %)
HoC(COsMe),, LiH, THF,
58 n,6h 59
90 %, 37 %ee
OAc [Pd(n3-C3Hs)ClJ2 (2.5 mol %) MeO,C_ _CO-Me

29 (10 mol %)

\

HoC(COoMe)y, LiH, THF,
i, 5h
60 61

_ 91 %, 31 %ee
Scheme 13. Allylic Aikylation of Cyclic Substrates

2-VIURYFINTEY - b6 0R KK L LA, LT OB FH590% eell |- 0B A 5.2 TV 2,

Osborn Trost Evans
4 M
Me ) Me @) ArP OI Bl
Me O Sf: CHMe»
P P Pth tBu
-"‘Me PPh,
Me Ar = a-Naphtyl
62 64

98%, 97% ee 68%, 93% ee 94%, 94% ee




Kz, I ARRE IOV TR L7 (5) o IBMITHRER &M & 2 L7227, (VAR TN
L D DD, 90% eefEBED BT LA RAMTH N7

Table 5. Enantioselective Allylic Alkylation Catalyzed by 29-Pd Complex

[Pd(n3-C3Hs)Cll

ph  OAc @ mow MeO,C_ _ COzMe MeO,C._ CO-Me
M i Y I *‘J/\/\
- +
P " R e s 3 5

CHQ(COQMG)Q Ph
BSA, LiOAc 65a : R=Ph 65b : R=Ph
THF, 66 °C 66a : R=Me 66b : R=Me

R time, h % yield regioselectivity % ee

Ph 8 78 65a:65b=5:1 88

Me 6 80 66a :66b =3 :1 90

R IEE VR TR, PR TH 257 V0 L8R On—0o-n I X ) AR §
hrzw (K11) | BIREREBUZ/ KT D0 A8k h RO g, REBEEOEZ Y 5 SIKLF
THIENHONTVDY,

[Pd]
Ph OAc (P Ph: i Ph Nu
S Y, R
PR P R P R

/ n—0—T

Ph
ph/'\/\R achiral c-allylpalladium ¥
[Pd] L
N
[Pd]
RO o] Ph‘ . Ph  Nu

= u =
= U 3
PNR Ph/‘\/\R PNR

Figure 11. Isomerization of Allylpalladium Complex

OQMBAFERM T2V & T o0h &I EZZ 5D (M2, i, i) 2% iTid 7=
HEBOYARBEE 2 X ) KA OBCEDIHT &N S 720, 145 SIS AT 2 L E 2 5 & KK
GBSO WCHIATE D, F 7, MERFUIE D72 & RMALEAILETH 722 &

S RIS BT, BESVARIIC BBV 20 B IS RS CH 2 20 EE R D,
s




C
Ph Og
\ 0 Ph

I

— ;P‘OO R}':Ph T
Nucleophile R @) / O
A Nucleophile ﬁ// A
B

B

Figure 12. Possible Mechanism of Enantioselective Allylic Alkylation with 65 or 66

Kic, 7RF IV ERMAEHCTHRI Lz, 70F IV ERBAIEH W T VT L%l

e T HARF T ) MBS X, 7 MK FEORIND 2% 63, FETAHREAOT T *
SVEEGEIEHT A2LEND L, FHESIZe-TEFNT I F-B-7F N T AT )IV6T% RKEH L LTK
IBEATV94% eeD iV ERMEZ R L T2 (X13) 7,

lto (1999)
o) [Pd(n3-C3Hs)Cl]o o)
" CO-Me (R)-BINAP - o8 CO-Me (13)
NHAC Pl asfe. o KRG
67 68 67a

87%, 94% ee

IF. TEFNV I raAFY ) 69 % KA LTRIBE 1T o 7225, A 3iH69a D EIN i
36% eell T E ol (AX—0414) o FEOHHCTKBATHDL «-TEPTIF-B-7 b
IATNV6T, TIEHWVWTRILEIT o728 T A, 67allB\VTIid97% ee. T1allB > TIiL96% ee D
BRI O e, BUE, AAFEOBEMI E AT TH 5,
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69

COsMe
Me

NHAc
67

COQMG
NHACc
71

[Pd(n’~C3Hs)Cl]o (2.5 mol %) O O

/\/OAC 29 (10 mol %)
NaH, toluene, -30 °C, 10 h

-
70 69a

60%, 36% ee

0
[Pd(n’~C3H5)Clls (0.25 mol %)
Ph.__~_OAc 29 (1.0 mol %) X Me/“\‘,QCOZMe
o LiH, THF, -30 °C, 3 h i * "NHAc
y y b Ph—//—-

68 67a
90%, 97% ee

[Pd(m3~C3Hs)Cl]o (0.25 mol %) O
- m)k

Ph._~_OAc 29 (1.0 mol %) ~COzMe
LiH, THF, -30 °C, 6 h “NNHAC

P

68 71a
88%, 96% ee

Scheme 14. Enantioselective Allylation of Prochiral Nucleophiles

b, AEOQEAL Y F UV RAT 74 P29 T ) VB IEBOARFEM & L THEHTS
A xRN L7z, REOBHEMICRAZIH 200, 70X 7 2 RKEH O KpicBw T
FEVWINVOBEREEZ G52 Twb, Zhid, VRRA7 74 b OENMNTF L LTOH 2T HEM
ERRLZD DT, 41k, VRAT 74 MHE) VRN T OB 7228 R & LCThE4 2l K
IMCIEH SN L Z LT & %,




HEE AYOEA YFrIRAT A NERM A LT 5 HEER A7 Pauson-Khand fUE &
AT Pk I WALED kA

Pauson-Khand Ut d o 7 a5 7 VikEkz 1| KRB TAERTEA A e TH b, L
L. FOAFIe~DREIZ, AFEvbFrasmall FHW T MEDIT{HR 52wk
v (14, 15) *%,

Kerr (1995)
H OH
O%CCO__}COCOCO 5 { brucine N-oxide (6 equiv) _ 0O - (14)
| ] THF'HZ2-°C
CO co

76%, 44% ee
Greene (1999)

OC, ;;; CO o
DG~ Co——Co—CO ’E 3
p p toluene, 80 °C (15)

\N/ Ph

’) 54%, 16% ee
PH” “Me

BiL, Chung I X DARR 774 MABfEE L CRIBIEICARI TH L Z G sn:

(16) Vo 2T T, EEDKFAT 74 M & UL YA 7 Pauson-Khand 5UG ASFEH T X
ez T,

Chung (1994)

Co,(CO)g (3 mol%),
P(OPh)3 (10 mol%)

. BOC TN (16)
CO (8 atm), DME, EtO,C

120 °C, 24 h
% 82%

EtO.C

I

EtO,C

*W&IL, Buchwald® i3 ¥ / & v k% il & 3 2 A7 Pauson-Khand ! K 2T L T %9,
Buchwald (1996)

Q /i
EtO, Ti complex (7.5 mOI%) EtO?C)OZ?:
EtO-C
EtO.C \—== i 5

Ph 14 psig CO, 90 °C
toluene 92%., 94% ee

Ti complex

25




6 mol % MDCo(CO)gE 10 mol DY HRAT 74 P29 HRNTEHAEHMBRL, WED B
REBHAT, 72V T7E2FL o728 VRV A YT3EDRILET 120N, JAEAFILFH
Bahhdhol (AF—A415) o LoL, 15c&HKL L7250 RIS IC BT 32% ee TG §
LARWT6ON B O NIz, BINBICIIGEBEORM S H LA, M) 72 VKA T 7 1 b Bl
y LA (16 3RE. 120 °C) TR, AL SN QKHE. 60 °C) TRIDETLTE
D, VEAT7 74 ORI BIT LBl L L CofRgtke Hik4 2 &2 T&E 72,

29 (10 mol%)

Coo(CO)g (6 mol%) O
P + e

CO (1 atm), DME Ph
72 73 60 °C, 48 h

74
98%, 12% ee

. 20a (10 mol%)
Et0,C C C0,(CO)g (6 MoI%) EtO,
- X L
T CO (1 atm), DME EtO,C
EHo 60 °C, 28 h
75 76

96%, 32% ee

Scheme 15. Enantioselective Pauson-Khand reaction Catalyzed by 29-Cobalt Complex




p ROEAVIMERUSIZ, AL 71 IS REMKR LT VT FEEZERSKT 2 )
b LTAHTHS (13) o

CHO

H» / CO, chiral ligand CHO
/= 2 9 7 Ph)\ P T
Ph Rh(acac)(CO)»,

Fig. 13 Enantioselective Hydroformylation Catalyzed by Rhodium(l) Complexes

KA L 74 v EEETDHEE, BETHTUTE FIZE Al L Al 2 FE AR T 5
WREMEDSH B A, Z DN BRI B F-1C & » THIEH S WS D ReM2H 5, & kil 3
MLRIBIE X I VAR 774 b OFHAMS MO TR SN TH L 25, (L ERME, 7K
BIRME DR SELPNIE R (K14) 7

Takaya (1992) Takaya (1993) Chan (1998) O Bakos (1997)
O o
N i
OP(OAr), PPh, w (RO)2PO  OP(OR)2
I ! OP(OAr)2 ' ‘ OP(OR) h R,R=(S)-binaphthy!
At 355yl R,R=(S)-binaphthyl (¢ trans) O % 15:1;91% ee
16:1; 49% ee 7:1;94% ee

32:1,69% ee
Fig. 14 Phosphite Ligands

ACTYAL V¥ IR AT 74 F29%3.3 mol %, Rh(acac)(CO)2 % 3 mol %M\ 70RED Al
KFREKRFEDLNDRE T AFHATICTARE FuR VI MERIBE#RE Lz (R —2416)
ATV BT HE, SIERIT7 IV 7 F718& HEHRI 7 V7 v FT19D LK IZ13:1TH -
RNI8D I F ¥ F A BRVEIII8RI L L F o7z, REEE = V80X HH L 2 &, (LB BN
30:USEL 22T, AFPRIIENS D TH o7z, TF ¥ FHBIRWOM AL HOBETH S,

29 (3.3 mol %)
Rh(acac)(CO), (3 mol %) CHO
%)\

- (3 CHO
P CO:Hps=1:1,70atm Ph/\/
o benzene, 60 'C, 48 h 78 79 b=
Sk 38%ee 13 : 1
29 (3.3 mol %) CHO
Rh(acac)(CO)s (3 mol %) )\ CHO
Ao, - AcO T A0
CO:Ho=1:1,70atm
80 benzene, 60 °C, 48 h 81 82
77% 26%ee 30 : 1

Scheme 16. Enantioselective Hydroformylation Catalyzed by 29-Rh(l) Complex
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moE PR YERALT R B AR SOL O B 5

mi AL I YR ORKEN & A
Oyt FRE A & F 4 ') Y ELAL -3 Pfaltz 5

nkIa) vEMNFERBME L, ERE,

EvansH IC & VB SN THHBICE

Pfaltz (1986)

Masamune (1990)

BT D—2TH L, R ERMLZE
AFFHV ) STEE 2 ANRRF L — Mg
AL, BMVERE ISR HR#ELL
HAA F NI R VB REERDR) R 12 e
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Scheme 17. Representative Asymmetric Reactions Catalyzed by Bis(oxazoline)-Copper Complexes
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Figure 16. Bis(oxazoline) Ligands
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Figure 17. Design and Synthesis of Chiral Bis(oxazoline) Ligand
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Scheme 17. Synthesis of cis-2-Amino-3-methyl-3-phenyl-1-indanol
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Scheme 18. Synthesis of cis-2-Amino-3-methyl-3-phenyl-1-indanol
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Table 6. Stereoselective reduction of 91
Me Me Me

wPh _ wPh wPh
reduction
NOH - NOH 4 NOH
0 OH OH
91 92a 92b
reduction conditions % yield 92a :92b
NaBH4, EtOH, rt 96 29
NaBH4, EtOH, 0 °C 91 3:1
BH3-THF, THF, 0 °C 50 2¢9
NaB(O>CCHg)zH, AcOH, rt 50 @54
LiB(CoHs)3H, THF, -30 °C 95 81
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AV TUE NI =TV h 5 RS L94E R HXEE OREIR, FRERF FH V) Y
793, 95SNFELNOEAEERRICTHIE L 72,

Me
e Ph 1. BHS‘THF
NOH reflux .
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4.1% NOE

0%

OH 61%
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Melnph 1. BHg THF Hgz ") 0%

NOH reflux . 2
2. recrystallization e 3.7% NOE

OH

92b

Scheme 19. Synthesis of cis-2-Amino-3-methyl-3-phenyl-1-indanol
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Scheme 20. Synthesis of Bis(oxazoline) Ligands
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Table 7. Enantioselective Diels-Alder Reaction Catalyzed by Bis(oxazoline)-Cu(Il) Complexes

\j\NJOLo : @ Cu(OTi) (10 mol %) ZA/H S J?
% oo ligand (11 mol %) 0 NJ( H I\II\/O
100 CH2Cl 101 endo P 102 exo
temp time Yyield endo
entry Ligand o0 h % endo:exo?  %ee?  config.°
1 84 -60 8 95 49 : 1 98 S
2 84 -15 2 97 40 : 1 89 5
% 97 -60 72 96 ; 98 S
Gk e % 50 9 90 Yo L 8 R
5 98 -15 4 96 1611 20 R
6 99 -15 7 98 49 : 1 24 R

4 Determined by '"H-NMR. ? Determined by HPLC (Daicel Chiralcel OD). ° Determined by
comparison of known optical rotation.

©$ 9© @%D

84 =H 98 = H
97 = Me 99 = Me
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IR L BN -84 F W2 AL 49:1 DT v F#IRME, 98% ee T SELE O IMERILA(101)
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IV FERETI8% ee) IZVEHLT %0 N N7 Y IIVOMRKIPEIFTEX LM FITEH W L
S3BBDAFIHE T I > FE101A3 5 N7odt, RIS ICERMEZELE (=2 ) —38)
i BUCHELICER Y g R R 2 2 AL T98% Vi 7z & &-50 «CTRUBATHELT L. 88% D

AFEPRTREE O EIbE S, e (Y —4) o 72, BT84 W X0k
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Figure 18. Mechanism of Diels-Alder reaction
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Scheme 21. Phosphino-oxazoline Ligands in Asymmetric Synthesis
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Figure 20. Design of Phosphrus-oxazoline Ligand
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Scheme 22. Synthesis of Phosphino-oxazoline Ligands
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Table 8. Enantioselective Allylic Alkylation Catalyzed by Palladium Complex with 108

& o
[Pd(n CgH5)C|]2 (2.5 mol %o) MeO,C CO,Me

K\/OiAc 108 (10 mol%) K\I | o,
RS HoC(COoMe), (0.66 mmol) PH X" "Ph PthNu.§©

37 base (0.66 mmol), additive 38

0.22 mmol solvent, rt 96 My Pn
entry base, additive (mol%) solvent time, h % yield % ee?
1 BSA, AcOLi (10) THF 7 92 95
o BSA, AcOLi(10) CH,Cl» 5 96 96
3 BSA, AcOLi(10) toluene 8 93 96
4 BSA, AcOLi(10) CH4CN 5 94 99
5 BSA, AcOLi(100) CH3CN 5 95 98

4Determined by HPLC analysis using Daicel Chiralpak AD (hexane : i-PrOH =20 : 1, flow 1.0 mi/min).
BSA : N, O-bis(trimethylsilyl)acetamide

VRATZ 74 PERALF29% V2B I Tdh - - THR R 8 & L7c & 295% DA FFINHE A
Bonsh (o bY—1) . TEFPYVEERETLHI L TREMFEHWAZE Z299% D
REWNREEET LI LN TEL (VM) —4) o FERRY T 7 200 ME KIS ISEEE LT
Bhdol (¥ M) =5) , ERLLEEMNFI08, 112, 1151220 TEY B —4DORHTH
BRRET L7ce (AF—423) o

OAc  [PdMB-CsHs)Cll» (2.5 mol %) ~ MeO20 COMe
M ligand (10 mol %)
P X" Ph - P X" ph

- H,C(COsMe)s , BSA, LiOAC 38
CH3CN, t

@\r@ ©\.ro b

a -

PhoP N, g:@ PhP N (PhO),PO NQ@
Me” = Me*” *

Me” =
Ph Ph
108 112 s "
98%, 99% ee 88%, 56% ee 96%, 98% ee

Scheme 23. Enantioselective Allylic Alkylation Catalyzed by Palladium Complex with
Phosphino-oxazoline Ligand
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Figure 21. Structure of 108 and 112
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NHBn
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Scheme 24. Enantioselective Allylic Substitution Catalyzed by Phosphino-
Oxazoline Palladium Complex
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Figure 22. X-ray structure of palladium complexes
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Figure 23. Mechanism of Enantioselective Allylic Substitution
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Table 9. Asymmetric Hydrosilylation of Ketones with 108-Rh(l) Complexes

1. [Rh(COD)Cl]2 (1.0 mol%)
0 108 (4.0 mol%) OH

Ph2SiH2, toluene, 23 °C /k |
R1)J\R2 R1 y RZ ph2P N/,,
2. 1M HCI, acetone, 23 °C :

108 M Ph

Williams'results | Saigos fesults ;w5 wiliams. (1996)
entry  ketone time,h %, yield %ee| %,vyield %ee | %, yield % ee

o)
1 KJL\ 20 90 93 86 82 84 94 ﬂ\q>
P PhoP
O 2
iPr

2 [:::I:%:] 24 93 93 70 59 97 92

0 K. Saigo. (1997)

3 [:::[:f} 24 95 72 85 50 [:;:l\r/o

(©) thP ’\J,“

4 Pw‘§w/ﬂ‘Me 32 90 46 83 22 Me™ e
0
g, o
24 92 85 90 52

n
=5

TEMNT2 /) 01T M50y % FHE Lok 2I390% U EORFIEIES N2 (= b
V=10 2) J 1A VT Y RUBIKR Y Py TRBEVWZ F U F 4 BIRBIC L Yo7 (22 b
V=3=5) ¢ WTFhOBELHEMS OME L7l L FARETH - 7255, Williams > Ofih: F %
M7 b SO BBEBER TS LD b otz AR TISIZAFL KT WAL BB BV T
%Eﬁ)'@%%:tﬁﬂ?ﬂz‘éénto
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EXPERIMENTAL SECTION

Chapter 1 section 2

General. Melting points were determined on Buchi 535 digital melting point apparatus
and are uncorrected. Infrared (IR) spectra were recorded on a Jasco FT/IR-5300
spectrometer. NMR spectra were recorded on a JEOL JNM-EX 270 ('H at 270 MHz and
13C at 67.8 MHz ) or a JEOL JNM-AL 400 ('H at 400 MHz and !3C at 100 MHz)
spectrometer, with tetramethylsilane ( & 0.0, 1H) as an internal standard. Electron impact
(EI) mass spectra were obtained on a JEOL JMS-DX 303 spectrometer, operating with an
ionization energy of 70 eV. Fast atom bombardment (FABMS) mass spectra were obtained
on a JEOL JMS-HX 101 spectrometer. Optical rotations were measured on a Jasco DIP-
370 digital polarimeter. Benzene, ether, THF, toluene were distilled from
sodium/benzophenone. Dichlorometane, DMF, DMSO, MeCN were distilled from CaH».
Column chromato-graphy was performed on Merck silica gel 60, 70-230 mesh.

2,2-Diphenyl-4-pentenoic acid (12)

‘ CO,H ‘ CO,H
n-Buli, THF
O CH,=CHCH,Br O
96%
11 12

To a solution of diphenylacetic acid 11 (20 g, 94.4 mmol) in THF (300 ml) was added
n-BuLi in hexane (2.57 M, 198 mmol, 77 ml) with dropping funnel over 30 min at 0 °C

under argon atmosphere. After stirring for 30 min, to this pale yellow solution was added
allyl bromide (6.8 ml) over 10 min. After stirring for 2 h, quenched with sat. NH4Cl (50
ml), concentrated in vacuo and the whole was diluted with AcOEt (200 ml) and 10% aq.
HCI (50 ml), the layers were separated and the organic phase was washed with H,O (100
ml), and sat. NaHCO3 (100 ml), HoO (100 ml) and brine (100 mlx2), and dried over
anhydr. NapSO4. Filtration and evaporation in vacuo furnished 2,2-diphenyl-4-pentenoic
acid 12 (21 g, 96%) as a white solid.

'H-NMR 270 MHz, (CDCl3) & 3.10 (d, J = 7.2 Hz, 2H, CH,=CHCH>), 4.81-4.88 (m,
2H, CH=CHCH)y), 5.48-5.58 (m, 1H, CH,=CHCH3), 7.21-7.40 (m, 10H, ArH), 13.5
(brs, 1H, CO2H). IR neat v 2952, 1751, 1711, 1640, 1495, 1441, 1021, 899 cm-!. EI-
LRMS m/e 251 (M+1). EI-HRMS calcd for Ci17H 1607 252.1413, found 252.1424-
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Methyl 4,4-diphenyl-3-0xo0-6-heptenoate (13)

O co.p 1. SOCl,, DMF
5 benzene

/ 2. LDA, CH;CO,Me
THF, -78 °C

90%

12
To a solution of 12 (20.6 g, 0.082 mol) in benzene (100 ml) was added thionyl chloride

(9.0 ml, 0.122 mol), followed by DMF (0.04 ml). After heating at 80 °C for 2 h, the
volatiles were removed in vacuo to give the acid chloride as a colorless oil. The crude
product was used without further purification. n-BuLi in hexane (2.46 M, 49.2 ml, 0.18
mol) was added to a solution of diisopropylamine (27 ml, 0.2 mol) in THF (160 ml) at -78
°C and the mixture was stirred at -78 °C for 30 min. Methyl acetate (14.2 ml, 0.18 mol)
was added dropwise to the solution at -78 °C. After stirring for 1 h at -78 °C, the acid
chloride in THF (25 ml+5.0 ml) was added, and the mixture was stirred at -78 °C for 3 h.
The reaction was quenched with sat. NH4Cl (100 ml) and concentrated in vacuo. The
whole was diluted with AcOEt (150 ml), the layers were separated and the organic layer
was successively washed with sat. NH4Cl (100 ml) and brine (100 mlx2), and dried over
anhydr. NapSOy4. Filtration and evaporation in vacuo furnished the crude product (26.4
g), which was purified by column chromatography (SiO; 150 g, 15:1 hexane-AcOEt) to
give 13 (26 g, 90 %) as an orange oil.

'H-NMR 270 MHz, (CDCl3) 8 3.11 (d, J = 7.2 Hz, 2H, CH,=CHCH>), 3.41 (s, 2H,
CHj), 3.62 (s, 3H, OCH3), 4.82-4.89 (m, 2H, CH»=CHCHj3), 5.46-5.61 (m, 1H,
CH»=CHCH3), 7.20-7.40 (m, 10H, ArH), 12.5 (s, enol-H). IR neat v 2952, 1751,
1711, 1640, 1495, 1441, 1021, 899 cm!. EI-LRMS m/e 308 (M*1), 207, 165, 129. EI-
HRMS caled for CogH0O3 308.1413, found 308.1424.

Methyl 2-diazo-4,4-diphenyl-3-0x0-6-heptenoate (14)

CO,Me
W £ MSNs, Et3N

CHZCN
95%

Triethylamine (20.0 ml, 0.15 mmol) was added to a mixture of 13 (25 0 g, 74.6 mmol)
and methanesulfonylazide (13.3 g, 110.0 mmol) in MeCN (150 ml) at 0 °C. After stirring
at room temperature for 18 h, the mixture was diluted with AcOEt (300 ml) and the whole
was successively washed with 10% aq. NaOH (100 mlx2), H»O (200 ml) and brine (200

mlx2), and dried over anhydr. Na;SOy. Filtration and evaporation in vacuo furnished the
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crude product (28 g), which was purified by column chromatography (SiO3 200 g, 20:1

hexane-AcOEt) to give 14 (26.7 g, 95%) as a yellow solid.
IH-NMR 270 MHz, (CDCl3) & 3.16 (d, J = 6.9 Hz, 2H, CH,=CHCH>), 3.71 (s, 3H,

OCH»), 4.77-4.85 (m, 2H, CH,=CHCH3), 5.48-5.60 (m, 1H, CH,=CHCH3), 7.28-7.43
(m, 10H, ArH), 12.5 (s, enol-H). IR neat v 2955, 2120, 1744, 1688, 1640, 1495, 1435,

1298, 899 cm-!- EI-LRMS m/e 335 (Mt!1, 78.1), 307 289, 154. EI-HRMS calcd for
Cy0H1903N7 335.1396, found 335.1407.

Methyl (35)-2-hydroxy-3-allyl-3-phenylindenecarboxylate (15)

co,Me Rho(S-PTTL)4
(1.5 mol %)

.

CH,Cly, 0 °C

15 COQMG

To a solution of 14 (26 g, 79 mmol) in CHCl; (150 ml ) was added Rhp[S-PTTL]4 (100

mg, 1.5 mol%) at 0 °C under argon atomosphere. The reaction mixture was stirred for 24
h, the solvent was removed in vacuo, and residure was purified by column chromatography
(silica gel 150 g, 10:1 hexane-AcOEt) to give 15 (25 g, 98%) as a blue solid.
IH-NMR 270 MHz, (CDCl3) 8 3.16 (d,J = 6.9 Hz, 2H, CH,=CHCH>), 3.71 (s, 3H,
OCHa3), 4.77-4.85 (m, 2H, CH=CHCH3), 5.46-5.61 (m, 1H, CH=CHCH)), 7.28-7.43
(m, 10H, ArH), 12.5 (s, enol-H). IR neat v 2926, 1742, 1661, 1593, 1379, 1255, 903
cm-!. EI-LRMS m/e 306 (M+1, 34.7), 274, 265, 233, 205. EI-HRMS calcd for
CooH 1803 306.1256, found 306.1235.

(S)-1-Allyl-1-phenylindan-2-one (9)

aq. DMSO y

110°C
15 CO,Me 99% 9

A solution of 15 (25 g, 83.3 mmol) in ag. DMSO (100 ml) was heated at 130 °C for 10

min. The mixture was diluted with AcOEt-benzene (3 : 1, 300 ml) and H,O (200 ml), and

the layers were separated. The organic layer was washed with H,O (200 ml), brine (150

ml) and dried over anhydr. NapSOg4. Filtration and evaporation in vacuo furnished the

crude product, which was purified by column chromatography (SiO; 100 g, 20:1 hexane-
AcOEt) to give 9 (24.7 g, 99%) as an orange oil. The ee was determined by HPLC

analysis using a Daicel Chiralcel OD column with 10% 2-propanol in hexane (0.5 ml/min)
as eluent.

[0]p26 -69° (¢ 1.22, CHCl3)




IH-NMR 270 MHz, (CDCl3) & 2.87-2.94 (m, 2H, CHy=CHCH>), 3.42 (d, J = 22.5 Hz,
IH, CH,Ph), 3.60 (d, J = 22.5 Hz, 1H, CHyPh), 4.99-5.10 (m, 2H, CH,=CHCH>),
5.42 (m, J = 8.0, 10.0, 14.0, 17.2 Hz, 1H, CHy=CHCHy), 7.18-7.41 (m, 9H, ArH).
13C.NMR 67.8 MHz, (CDCl3) & 169.5, 149.4, 144.1, 138.1, 130.0, 128.0, 127.7,
126.6, 126.2, 125.2, 123.7, 72.8, 53.5, 22.9. IR (CHCl3) v 2876, 1751, 1023, 899 cm-
I EI.LRMS m/z 248 (M+H)* 207, 179. EI-HRMS m/z calcd for C1gH160 248.1201,

found 248.1186.

(1S,2R)-1-Allyl-1-phenylindan-2-0l (17b)

h
LiAlH,, ‘AmOH

THF, -78 °C

17b
To a suspension of LiAlH4 (7.8 g, 0.2 mol) in THF (300 ml) was added a solution of ¢-

AmOH (67.5 ml, 0.61 mol) in THF (100 ml) at O °C under an argon atmosphere. This
suspension was refluxed for 1 h, the mixture was cooled to -78 °C and 9 (24 g, 97.2
mmol) in THF (50 mix2) was added dropwise, the solution was stirred at O °C for 15 h.
This suspension was poured into ¢. HCI (20 ml) and Etp0O (200 ml) at O °C. The organic

phase was separated and concentrated in vacuo and extracted with AcOEt (100 mix2) and
washed with HpO (200 ml) and brine (200 mlx2), and dried over anhydr. NaSOy.
Filtration and evaporation in vacuo furnished the crude product, which was purified by
column chromatography (SiO; 100 g, 10:1 hexane-AcOEt) to give 17b (23.1 g, 96%) as a
colorless oil.

[a]p23 -72° (¢ 1.51, CHCly)

'H-NMR 270 MHz, (CDCl3) 8 1.09 (d, 1H, J = 7.3 Hz, CHOH), 2.72 (dd, J = 6.2, 16.1
Hz, 1H, CH,Ph), 2.80 (dd, J = 8.8, 14.7 Hz, 1H, CH;Ph), 2.87-2.94 (m, 2H,
CH,=CHCH3), 441 (q, J = 6.8 Hz, 1H, CHOH), 501 (d, J = 9.9 Hz, 1H,
CH»=CHCHy), 5.08 (d, J = 17.2 Hz, 1H, CH=CHCHj»), 5.65 (m, J = 5.9, 8.8, 9.9,
17.2 Hz, 1H, CH=CHCHjy), 7.15-7.40 (m, 9H, ArH). 13C-NMR 67.8 MHz, (CDCIl3) &
169.5, 149.4, 144.1, 138.1, 130.0, 128.0, 127.7, 126.6, 126.2, 125.2, 123.7, 72.8,
53.5,22.9. IR (CHCIl3) v 3432, 2921, 1738, 1638, 1599, 1444, 987 cm-!. EI-LRMS
m/z 248 (M+H)* 207, 179. EI-HRMS m/z calcd for CjgH 60 248.1201, found
248.1186.

(1S,2R)-2-Acetoxy-1-allyl-1-phenylindane
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wPh
-nOAC

Ph Ac,0, pyridine, DMAP
«1OH CH2C|2

17b
To a solution of 17b (23 g, 92 mmol) in CH>Cl, (150 ml) was added Et3N (38.5 ml,

0.13 mol) and Ac20 (9.8 ml, 0.11 mol) and DMAP (200 mg, 42 mmol) at 0 °C. After
stirred for 5 h and quenched with crushed ice, the organic phase was separated, and
washed with 10% aq. HCI (50 ml), H,O (100 ml), and sat. NaHCO3 (100 ml) and HO
(100 ml) and brine (100 mlx2), dried over anhydr. MgSQOg4. Filtration and evaporation in

yacuo furnished the crude product, which was purified by column chromatography (S102
100 g, 10 : 1 hexane-AcOEt) to give (1§, 2R)-2-Acetoxy-1-allyl-1-phenylindane (25.7 g,
96%) as a colorless oil.

[a]p23 -47.3° (¢ 2.01, CHCl3)

ITH-NMR 270 MHz, (CDCl3) & 1.60 (s, 3H, OAc), 2.81 (dd, J = 8.7, 14.2 Hz, 1H,
CH,Ph), 2.89 (dd,J = 4.4, 16.6 Hz, 1H, CH,=CHCH>), 3.05 (dd, /= 5.5, 14.2 Hz, 1H,
CH»=CHCHjy), 3.35 (dd, J = 6.7, 16.6 Hz, 1H, CH,Ph), 4.98 (d, J = 10.2 Hz, 1H,
CH»=CHCHy), 5.05 (d, J = 17.1 Hz, 1H, CH>=CHCH3), 5.55 (m, J = 4.4, 5.5, 10.2,
17.0 Hz, 1H, CH,=CHCH3), 5.56 (dd, J = 4.4, 6.7 Hz, 1H, CHOAc), 7.09-7.29 (m,
9H, ArH). 13C-NMR 67.8 MHz, (CDCl3) § 169.5, 149.4, 144.1, 138.1, 130.0, 128.0,
1257, 126.6, 126,22, 135.2, 123.7, 728,335, 22.9; "IRACHCK Y v 3432292 1, 1738,
1638, 1599, 1442, 987 cm-!. EI-LRMS m/z 292 (M+H)*251, 209, 43. EI-HRMS m/z
caled for C1gH 160 248.1201, found 248.1186.

($)-1-Allyl-1-phenylindan-2-one (20)

1. 0, then PhyP
““Ph 2 NaC|O2, Na PO4

"OAC 3 ppA 65°C

To a solution of (1S, 2R)-2-Acetoxy-1-allyl-1-phenylindane (25 g, 81.2 mmol) in
CHCl; (800 ml) was bubbled with O3 at -78 °C, after the colorless solution turned to blue
solution, and triphenyl phosphine (25.6 g, 97.4 mmol) was added slowly at -78 °C. The
mixture was allowed to warm to room temperature and stirred for 8 h. The solvent was
removed in vacuo, the residure was dissolved in hexane-benzene (5 : 1, 500 ml), filtration
and evaporation in vacuo furnished the crude product, which was purified by column
chromatography (SiO; 100 g, 10 : 1 hexane-AcOE) to give (1S, 2R)-2-Acetoxy-1-etanal-
I-phenylindane (24.2 g, 96%) as a colorless oil.

[@]p?3 -50.3° (¢ 1.01, CHCI3)
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IH-NMR 270 MHz, (CDClI3) 8 1.66 (s, 3H, OAc), 2.97 (dd, J = 4.6, 16.6 Hz, 1H,
CH,Ph), 3.07 (dd, J = 2.5, 16.3 Hz, 1H, CH,=CHO), 3.39 (dd, J = 2.6, 16.3 Hz, 1H,
CH,=CHO), 3.40 (dd, J = 6.6, 16.7 Hz, 1H, CH,Ph), 5.60 (dd, J = 4.6, 6.6 Hz, 1H,
CHOAc), 7.09-7.35 (m, 9H, ArH), 9.65 (t, J = 2.6 Hz, 1H, CHO). !3C-NMR 67.8
MHz, (CDCl3) 8 169.5, 149.4, 144.1, 138.1, 130.0, 128.0, 127.7, 126.6, 126.2, 125.2,
123.7, 72.8, 53.5, 22.9. IR (CHCl3) v 2957, 1732, 1445, 1375, 1242 cm"l. EI-LRMS
m/z 292 M+H)*-251, 209, 43. EI-HRMS m/z calcd for C1gH 160 248.1201, found
248.1186.

To a solution of (1S, 2R)-2-Acetoxy-1-etanal-1-phenylindane (24 g, 77.3 mmol) in ¢

-BuOH (150 ml) was added 2-Methyl-2-butene (66.7 ml) at 0 °C, and to this solution was
added dropwise to a mixture solution of NaClO; (10.4 g, 0.12 mol) and NaH,PO4 (13.8
g, 0.12 mol) in H2O (100 ml), and stirred for 3 h at 0 °C. The solvent was evaporated and
the resulting mixture was diluted with CH>Cl» (120 mIx2). The organic layer was washed
with 10% aq. NaOH (50 ml). The aqueous layer was then acidified with 10% HCI (100 ml)
and extracted with AcOEt (100 ml), and washed with H>O (100 ml) and brine (100 ml),
and dried over anhydr. NapSOg4. Filtration and evaporation in vacuo furnished the product
to give (1S, 2R)-2-Acetoxy-1-phenylindanecarboxylic acid (23.6 g, 94%) as a colorless
oil.
[0]p20 -19.8° (¢ 1.68, CHCI3)
'H-NMR 270 MHz, (CDCl3) & 1.67 (s, 3H, OAc), 2.90 (dd, J = 7.9, 15.8 Hz, 1H,
CHaPh), 321 (4 F = 163 " Hz, 1H, CHo=COH), 322" {dd =069 ~13.8 Hz; 1H;
CHaPh), 337 (d, " F=16.5"Hz, THCHh=LODXH) S.87-(8 J'= 7.6 Hz, 1H/ CHOAC),
7.09-7.60 (m, 9H, ArH). 13C-NMR 67.8 MHz, (CDCl3) § 169.5, 149.4, 144.1, 138.1,
130.0, 128.0, 1277, 1266, 1262, 125.2,123.7,°72.8, 535, 229, IR (CHCI3) v 3027,
2976, 1740, 1601, 1445, 1375 cm-!. EI-LRMS m/z 311 (M+tH)*-250, 219, 154 EI-
HRMS m/z caled for Cj9H {904 311.1283, found 311.1297.

A mixture of (1S, 2R)-2-Acetoxy-1-phenylindanecarboxylic acid (23.5 g, 80 mmol) and
PPA (30 g) was stirred at 65 °C. After proceeded to completion at 1 h, the reaction was
quenched with ice cold water. The resulting mixture was diluted with AcOEt (200 ml), the
layers were separated and the organic layer was washed with HyO (100 mix2), and sat. aq.
NaHCO3 (100 ml), H,O (100 ml), brine (100 ml), and dried over anhydr. NapSOg.
Filtration and evaporation in vacuo furnished the crude product, which was purified by

column chromatography (SiO; 100 g, 15 : 1 hexane-AcOEt) to give 20 (18.8 g, 80%) as a
colorless oil.

[a]p?3 -57.2° (¢ 1.54, CHCl3)
'H-NMR 270 MHz, (CDCl3) & 1.71 (s, 3H, OAc), 2.74 (d, J = 18.5 Hz, 1H, CH,CO),
3.07 (d, J = 18.5 Hz, 1H, CH,CO), 3.10 (dd, J = 3.7, 16.8 Hz, 1H, CH,Ph), 3.48 (dd, J
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= 6.3, 16.8 Hz, 1H, CH,Ph), 5.42 (dd, J = 4.0, 5.9 Hz, 1H, CHOACc), 6.86-7.86 (m,
8H, ArH). 13C-NMR 67.8 MHz, (CDCl3) & 169.5, 149.4, 144.1, 138.1, 130.0, 128.0,
199.7.:126.6,:126.2, 1252, 123.7, 728, 53.5, 22.9,  IR:(CHCI3) v:3416, 2957, 1717,
1601, 1460, 1373.cm-!. EI-LRMS m/z 293 (M*tH)*233, 219, 154 EI-HRMS m/z calcd

for C19gH1703293.1178, found 293.1182.

(1S,2R)-Spiro[2-acetoxyindane-1,3'-indan-1-0l] (21)

93%

A solution of 20 (22.6 g, 77.1 mmol) in EtOH (200 ml) was added to a solution of
NaBH4 (3.3 g, 85 mmol) in EtOH (200 ml) at -78 °C. The reaction mixture was stirred for
15 h at -78 °C. To the whole mixture was added brine (200 ml), and the solvent was
evaporated in vacuo and the resulting mixture was diluted with AcOEt (200 ml), the layers
were separated and the organic layer was washed with brine (100 ml), and dried over
anhydr. Na»SOy4. Filtration and evaporation in vacuo furnished the crude product, which
was purified by column chromatography (SiO; 100 g, 5 : 1 hexane-AcOEt) to give 21
(21.1 g, 93%) as brown solid.

[a]p2© -131° (¢ 1.50, CHCI3) 100 % ee: recrystalized from cyclohexane.

IH-NMR 270 MHz, (CDCl3) 8 1.71 (s, 3H, OAc), 1.97 (dd, J = 8.3, 13.2 Hz, 1H,
CH>Ph);. 2.83 (dd, J = 6.6,- 13.2 Hz, IH»CHYPh), 304 (d, S = 172 Hz, 1H;
CH,CHOH), 3.49 (dd, J= 5.9, 17.2 Hz, 1H, CH,CHOH), 5.43 (dd, J = 2.0, 5.9 Hz,
1H, CHOH), 5.44 (t, J = 7.9 Hz, CHOAc), 6.96-7.48 (m, 8H, ArH). 13C-NMR 67.8
MHz (CDCl3) 6 169.5, 149.4, 144.1, 138.1, 130.0, 128.0, 127.7, 126.6, 126.2, 125.2,
123.7, 72.8, 53.5, 22.9. IR (CHCIl3) v 3409, 2953, 1732, 1605, 1429, 1373 cm-!. EI-
LRMS m/z 293 (M+H)*234, 217 EI-HRMS m/z calcd for C19H 703 293.1178, found
293.1201.

(1S,2R)-2-Acetoxy-2,3-dihydro-1,1'-spirobiindene (22)

TsOH

benzene
“OAC reflux

21
To a solution of 21 (20 g, 73.3 mmol) in benzene (200 ml) was added p-TsOH (7.3
mmol), and was stirred at 80 °C for 6 h, and cooled at O °C to this solution was added

NaHCO3 and stirred another 30 min, the organic phase was separated and was washed
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with HoO (150 ml), brine (150 ml), and dried over anhydr. NaSOg4. Filtration and
evaporation in vacuo furnished the crude product, which was purified by column
chromatography (SiO> 100 g, 15 : 1 hexane-AcOEt) to give 22 (19.8g, 95%) as colorless
oil.

[a]p26 -165° (¢ 1.32, CHCl3) 'H-NMR 270 MHz, (CDCl3) & 1.71 (s, 3H, OAc), 1.97
(dd, J = 8.3, 13.2 Hz, 1H, CH,Ph), 2.83 (dd, J = 6.6, 13.2 Hz, 1H, CH2Ph), 3.04 (d, J
= 17.2 Hz, 1H, CH,CHOH), 3.49 (dd, J = 5.9, 17.2 Hz, 1H, CH,CHOH), 5.43 (dd, J =
2.0, 5.9 Hz, 1H, CHOH), 5.44 (t, J = 7.9 Hz, CHOAc), 6.96-7.48 (m, 8H, ArH). 13C-
NMR 67.8 MHz, (CDCl3) 8 169.5, 149.4, 144.1, 138.1, 130.0, 128.0, 127.7, 126.6,
126.2, 125.2, 123.7, 72.8, 53.5, 22.9. IR (CHCl3) v 2975, 1742, 1460, 1372, 1240 cm-
I, EI-LRMS m/z 276 (MtH)*.233, 217, 154 EI-HRMS m/z calcd for Cj9gH 602

276.1150, found 276.1180.

(1R,2R,2'R,3S)-2'-acetoxy-2,3-epoxy-1,1'-spirobiindane (26)

To a solution of 22 (19.5 g, 66.1 mmol) in CH,Cl> (200 ml) was added mCPBA (99.2

mmol) at 0 °C and the mixture was stirred for 4 h at O °C, the reaction was quenched by
addition of sat. aq.NapS,0O3, and was stirred for 30 min. The organic phase was separated
and was washed with HoO (100 ml), sat. ag. NaHCO3 (100 mlx2), HyO (100 ml), brine
(100 mlx2), and dried over anhydr. NapSOy4. Filtration and evaporation in vacuo furnished
the crude product, which was purified by column chromatography (SiOz 100 g, 5 : 1
hexane-AcOEt) to give 26 (18.8 g, 94%) as a colorless solid.
[0]p20 -165° (¢ 1.32, CHCIl3) 'H-NMR 270 MHz, (CDCl3) 8 1.71 (s, 3H, OAc), 1.97
(dd, J = 8.3, 13.2 Hz, 1H, CH,Ph), 2.83 (dd, J = 6.6, 13.2 Hz, 1H, CH;Ph), 3.04 (d, J
= 17.2 Hz, 1H, CH,CHOH), 3.49 (dd, J = 5.9, 17.2 Hz, 1H, CHCHOH), 5.43 (dd, J =
2.0, 5.9 Hz, 1H, CHOH), 5.44 (t, J = 7.9 Hz, CHOAc), 6.96-7.48 (m, 8H, ArH). 13C-
NMR 67.8 MHz, (CDCl3) 6 169.5, 149.4, 144.1, 138.1, 130.0, 128.0, 127.7, 126.6,
126.2, 125.2, 123.7, 72.8, 53.5, 22.9. IR (CHCl3) v 2975, 1742, 1460, 1372, 1240cm"
L EI-LRMS m/z 276 (M*+H)+.233, 217, 154 . EI-HRMS m/z calcd for C19H {602
276.1150, found 276.1180.
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7.3 Hz, 1H, ArH), 7.4 (d, J = 6.9 Hz, 1H, ArH), 7.5-7.7 (m, 6H, ArH). 13C-NMR
67.8 (CDCl3) 6 145.2, 142.3, 128.3, 128.2, 128.7, 127.3, 127.1, 126.3, 125.1, 123.8,
82.5, 73.1, 68.2, 44.5, 40.3, 39.0

IR (CHCl3) v 3588, 1215, 1478, 776, 758, 496, 469, 455, 448, 436, 417, 401 cm-!.
FAB-LRMS m/z 252 (M*1)*FAB-HRMS m/z calcd for C;7H 607 252.1013, found
252.1106
trans,trans-3

mp. 55-57 °C

[a]p 26 -89.7° (¢ 1.3, CHCl»)

IH-NMR (CDCl3) 8 3.09 (d, J = 16.8 Hz, 2H, CH,Ph), 3.40 (dd, J = 16.7, 4.6 Hz, 2H,
CH;,Ph), 4.25 (m, 2H, CHOH), 7.1 (d, J = 8.8 Hz, 2H, ArH), 7.42-7.2 (m, 6H, ArH).
I3C-NMR (CDCl3) & 143.2 141.1, 128.4, 126.9, 126.7, 125.6, 76.0, 73.0, 39, 26.9.

IR (CHCl3) v 3589, 1218, 1098, 735, 669, 650, 625, 436, 417 cm"!

FAB-LRMS m/z 252 (M+1)*FAB-HRMS nv/z calcd for C;7H 607 252.1013, found
252.1106

(-)-2,2'-Dihydroxy-1,1'-spirobiindanedione (8)

cis,trans3 trans,trans-3 8

To a solution of mixture of cis,trans-3 and trans,trans-3 (5.2 g, 17.7 mmol) in CH,Cl»
(30 ml) at 0 °C, was added Dess-Martin periodinane (24 g, 53.1 mmol). After 10 h of
stirring at this temperature, the reaction was quenched by sat. Na»S,03 (20 ml). The whole
mixture was poured into ice cooled two-layer mixture of EtpO (100 ml) and water (50 ml),
and layers were separated. The aqueous layer was extracted with AcOEt (100 ml), and the
combined organic layers were washed with sat. NaHCO3 (100 ml), HoO (100 ml), and
brine (100 ml), and dried over anhydr. NaySOy. Filtration and evaporation in vacuo gave
the crude product, which was purified by column chromatography (SiO, 50 g, 10 : 1 g
hexane-AcOEt) to give 8 (4.6 g, 89%) as colorless solid. s
[0]p 24 -116° (¢ 1.12, CHCl3)
'"H-NMR 270 MHz, (CDCI3) & 2.89 (d, J = 6.6 Hz 4H, CH,Ph), 7.25-7.13 (m, 8H,
ArH). 3C-NMR 67.8 MHz, (CDCl3) 8 150.1, 129.1, 127.9, 126 b, 126:5,-125.7,124.5;
1242, 49.4, 44.1. IR (CHCl3) v 4214, 2402, 1522, 1219, 739 cm-!. FAB-LRMS m/z
248 (M+1)*FAB-HRMS m/z calcd for C17H 1207 228.1013, found 228.1106.
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(15,25,25')-(-)-2,2'-Dihydroxy-1,1'-spirobiindane-2,2'-diol (cis,cis-3)

8 cis,cis-3
To a solution of DIBAL-H (55 ml , 54.4 mmol) in THF (100 ml) cooled at -78 °C, was
added n-BuLi in hexane (2.46 M, 22.0 ml, 54.4 mmol), and stirred at O °C for 1 h. To this
solution was added 8 (4.5 g, 18.1 mmol) in THF (100 ml) at -78 °C. After 16 h of stirring
at 0 °C, the reaction was quenched by sat. NH4Cl (50 ml). The whole mixture was poured

into ice cooled two-layer mixture of EtpO (100 ml) and 10% aq.HCI (50 ml), and layers
were separated. The aqueous layer was extracted with AcOEt (100 ml), and the combined
organic layers were washed with HO (100 ml), and brine (100 ml), and dried over
anhydr. NapSOy4. Filtration and evaporation in vacuo gave the crude product, which was
purified by column chromatography (Si07 30 g, 2 : 1 hexane-AcOEt) to give cis,cis-3 (3.6
g, 82%) as colorless solid.

mp 96-98 °C

[a]p 26 -107 (¢ 1.22, CHCI3) recrystalized from benzene

I'H-NMR 270 MHz, (CDCl3) 8 3.19-3.37 (m, 4H, CH,Ph), 4.77 (1, J = 7.6 Hz, 2H,
CHOH), 6.87 (d, J = 6.9 Hz, 2H, ArH), 7.28-7.15 (m, 6H, ArH). 13C-NMR 67.8 MHz,
(CDCl3) & 146.3, 140.8, 127.7, 127.4, 124.70, 124.0, 85.0, 65.2, 40.7.

IR (CHCl3) v 3588, 1215, 778, 762, 737, 665, 499, 468, 456, 443, 435, 411 cm-!. FAB-
LRMS m/z 252 (M*+1)+FAB-HRMS m/z calcd for C17H 607 252.2013, found 252.1106

Representative procedure for the preparation of diphosphite

To a solution of 1,1'-spirobiindane-2,2'-diol (120 mg, 0.43 mmol) in THF (1.0 ml) and
was added pyridine (0.22 ml, 2.7 mmol) at 0 °C. To this solution was added slowly
diphenyl phosphorochloridite (228 mg, 0.9 mmol) in THF (2.0 ml) at 0 °C under Ar
atomosphere for 10 min. This reaction mixture was treated with ice, followed by stirring
for 30 min and then diluted with AcOEt (20 ml). The organic phase was washed with sat.
NaHCO3 (15 ml), HpO (15 ml), and brine (15 mlx2), dried over anhydr. NapSOy, filtration

and evaporation in vacuo. The residure was purified by column chlomatography (silica gel

10 g, hexane / ethyl acetate = 20 / 1, 1% triethylamine) to afford 1,1'-Spirocyclic
diphosphite (289 mg, 98%) as a cloudy oil.




(1S5,25,258')-2,2'-bis(diphenylphosphythyl)-1,1'-spirobiindane (29)

-1 OP(OPh),
OP(OPh),

cis,cis-3
98% yield
[a]p 23 46 ° (¢ 1.2, CHCl3)
IH-NMR 270 MHz, (CDCl3) 8 3.24 (dd, J = 14.9, 7.9 Hz, 2H, CH,Ph), 3.7 (dd, J =
14.9, 9.9 Hz, 2H, CH;Ph), 5.42 (ddd, J = 17.7, 8.9, 7.9 Hz, 2H, CHOP), 6.58 (d, J =
8.3 Hz, 2H, ArH), 7.3-6.9 (m, 26H, ArH). 3!P-NMR (CDCl3) 6 129. 13C-NMR 67.8
MHz (CDCl3) 6 152.2, 144.3, 141.4, 129.7, 129.4, 128.0, 127.6, 124.6, 124.0, 123.6,
123.5, 120.3; 120.1, 84.7, 77.5, 64.5, 38.9
IR (CHCI3) v 3073, 3042, 3011, 2926, 1593, 1491, 1200, 1165, 1047, 1013, 984, 955,
858, 781, 772, 756, 737, 691, 662, 613 cm'!. FAB-LRMS m/z 685 (M+1)*FAB-
HRMS m/z calcd for C41H3406P> 684.6522, found 684.6501

(1R,2S5,2R")-2, 2'-bis(diphenylphosphythyl)-1,1'-spirobiindane (32)

won (PhORPCI, pyridinc;
-10OH THF’ O oC

.1 OP(OPh),
-1 OP(OPh),

cis,trans3

98% vyield

[a]p 23 -50.7 (¢ 1.2, CHCly)

'H-NMR (CDCl3) § 3.17 (dd, J = 16.7, 2.5 Hz, 1H, CH,Ph), 3.31 (d, J = 8.58 Hz, 2H,
CHj,Ph), 3.56 (dd, J = 16.6, 6.1 Hz, 1H, CH,Ph), 5.43 (dd, J = 17.3, 8.7 Hz, 1H,
CHOP), 5.88-5.94 (m, 1H, CHOP), 6.57 (d, J = 8.3 Hz, 1H, ArH), 6.62 (d, J = 8.2
Hz,1H, ArH), 6.9-7.4 (m, 26H, ArH). 3!P-NMR 6 129.7, 129.3. I3C-NMR (CDCl3)
152.3, 152.1, 152.0, 144.7, 142 3, 142.1, 140, 130, 129.7, 129.6, 129.5, 129.4, 127.9,
1238, 1273, 127:2; 1268, 1247, 124.2, 1241 ~123:8,.123.3,:123:5:1123:4, 120:2,
120.1, 82.8, 74.9, 67.4, 40.8, 39.0

IR (CHCI3) v 1593, 1491, 1229, 1200, 1165, 1047, 983, 955, 858, 781, 772, 756, 737,
613 cm'!. FAB-LRMS m/z 685 (M*!)*FAB-HRMS m/z calcd for C41H340¢P>
684.6522, found 684.6488.
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(1R,2R,2R")-2,2'-bis(diphenylphosphythyl)-1,1'-spirobiindane (33)

OH (PhO)XPCI, pyridine
MOH THF 0 °C

OP(OPh),
-1 OP(OPh),

trans, trans-3

98% yield

[a]p 24 -67° (¢ 0.78, CHClR)

'H-NMR (CDCl3) 8 3.24 (d, J = 17.2 Hz, 2H, CH,Ph), 3.45 (dd, J = 17.2, 4.3 Hz, 2H,
CH>Ph), 5.37 (dd, J = 9.6, 4.3 Hz, 2H, CHOP), 6.45 (d J = 8.3 Hz, ArH), 7.26-6.94
(m, 26H, ArH). 3!P-NMR (CDCl3) § 127.7. 13C-NMR (CDCl3) 6 152.3, 152.2, 151.9,
1518, 1428, 141.6, 129.6, 1294, 127.7, 126.6, 124.5, 123.6, 123.5, 120.1, 112.0,
119.8, 77.7, 70.7, 40.5

IR (CHCl3) v 1732, 1593., 1491, 1226, 1200, 1164, 1003, 981, 856, 779, 773, 758, 422
cm !, FAB-LRMS m/z 685 (M+1)*FAB-HRMS m/z calcd for C41H3406P, 684.6522
found 684.6501.

(S)-(-)-cis,cis-2,2'-Spirobiindane-1,1'-diyl phenyl phosphite (31)

cis,cis-3 31
To a solution of PCI3 (82.4 mg, 0.6 mmol) in THF (1.0 ml) was added slowly cis,cis-3
(100 mg, 0.4 mmol), pyridine (158 mg, 0.15 mol) in THF (2.0 ml) at -78 °C under Ar
atomosphere. This reaction mixture was stirred for 30 min, and then to this suspension
was added Et3N (61 mg, 0.6 mmol), solution of Phenol (68 mg, 0.72 mmol) in THF (2.0

ml) at -78 °C under Ar atmosphere. This reaction mixture was stirred for 1 h. This reaction

mixture was treated with ice, followed by stirring for 30 min, and then diluted with AcOEt
(20 ml), and washed with sat. NaHCO3 (15 ml) and H>O (15 ml) brine (15 ml), dried over
anhydr. NapSOy, filtration and evaporation in vacuo, the residure was purified with column
chlomatography (SiO2 hexane / benzene = 40 / 1, 1% triethylamine) to afford
spiromonophosphite 31 (168 mg, 98%) as a white solid.

mp. 64-65°C

[a]p 22 -45.6 (¢ 1.12, CHClR)

'H-NMR (CDCl3) § 3.52 (d, J = 16.8 Hz, 1H, CHaPh). 3.93 (dd.J = 173,315 Hz,
IH, CH,Ph), 4.02 (d, J = 7.58 Hz, 1H, CH,Ph), 4.20 (dd, J = 16.17, 7.26 Hz,1H,
CH,Ph), 5.47 (m, 2H, CHOP), 6.9 (d, J = 7.59 Hz, 1H, ArH), 7.81-7.73 (m, 10H,
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ArH). 31P-NMR (CDCl3) & 118.4 13C-NMR (CDCl3) § 152.6, 152.5, 144.6, 144.2,
141.3; 1391, 129:6,. 1280, 1279, 123, 1271, 1254, 1251124 .1, 1254, 123.1,
120.1, 119.8, 75.8, 75.0, 62.6, 62.5, 39.8, 39.0, 38.9

IR (CHCl3) v 1595, 1491, 1458 1429, 1229, 1204 1183, 1167, 1129, 1024, 995, 768,
756, 737 cm'l. FAB-LRMS m/z 685 (M+1)*FAB-HRMS m/z calcd for CogH|9O3P
684.6443, found 684.6501.

Chapter 1 Section 2.

<General procedure for asymmetric allylic substitution>

BSA method

To a solution of 29 (7.9 mg, 11.6x10-3 mmol) in THF (0.3 ml) was added [Pd(n3-
C3Hs)Cl]; (2.0 mg, 5.5x10-3 mmol) under an argon atmosphere at room temperature.
After stirring at 40 °C for 1 h., this solution was treated with a solution of 1,3-diphenyl-2-
propenyl acetate 37 (28 mg, 0.22 mmol) in THF (0.6 ml) at room temperature. After 30
min a solution of dimethyl malonate (90 mg, 0.66 mmol) in THF (0.6 ml) and anhydr.
LiOAc (2.0 mg, 10 mol%), and N,O-bis-(trimethylsilyl)acetamide (BSA) (134.4 mg, 0.66
mmol) were added sequentially. The mixture was stirred at room temperature for 3 h until
1,3-diphenyl-2-propenyl acetate completely disappeared as indicated by TLC. The yellow
reaction mixture was quenched with adding 10% aq. HCI (0.1 ml) and Et;0 (10 ml). The
organic phase was separated, washed with HyO (10 ml) and brine (10 ml), dried over
anhydr. NapSOy4 _and evaporated. The residure was purified by column chromatography
(silica gel 10 g, hexane / ethyl acetate = 10 / 1) to afford the 38 (28.6 mg, 98%) as a
colorless oil. The ee was determined by HPLC analysis using Daicel Chiralpak AD
(hexane : i-PrOH = 20 : 1, flow 1.0 ml/min, retention time = 16 min (R), 20 min (S) [a]p

23 .19.9 (¢ 0.98, CHCl3) 99% ee.

LiH method

To a suspension of LiH (2.6 mg, 0.66 mmol) in THF (0.6 ml) was added dimethyl
malonate (90 mg, 0.66 mmol) at 0 °C and stirred for 1 h at room temperature. A solution of
Pd-chiral ligand complex prepared from 29 (7.9 mg, 11.6x10-3 mmol) and [Pd(n3-
C3Hs)Cl]s (2.0 mg, 5.5x10-3 mmol) was treated with 1,3-diphenyl-2-propenyl acetate 37
(28 mg, 0.22 mmol) in THF (0.6 ml) for 30 min and to this solution was added a solution
of lithium malonate and stirred for 3 h. TLC indicated that 1,3-diphenyl-2-propenyl acetate
was consumed. The yellow reaction mixture was quenched with adding 10% HCI (0.1 ml)
and EtpO (10 ml). The organic phase was separated, washed with HpO (10 ml) and brine

(10 ml), dried over NapSQy, filtration and evaporation in vacuo. The residure was purified
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by column chromatography (silica gel 10 g, hexane / ethyl acetate = 10/ 1) to afford the 38
(27.8 mg, 98%) as a colorless oil.

(S)-Methyl 2-carbomethoxy-3,5-diphenyl-4-pentanoate (38)

[a]p 23 -19.9 (¢ 0.98, CHCIl3) 99% ee. Daicel Chiralpac AD (hexane : i-PrOH = 20 : 1,
flow 1.0 ml/min, retention time = 16 min (R), 20 min (S)

'H-NMR 270 MHz, (CDCI3) & 3.52 (s, 3H, CH3), 3.71 (s, 3H, CH3), 3.95 (d, J = 10.9
Hz, 1H, CH), 4.27 (dd, J = 8.6, 10.9 Hz, 1H, CH=CH), 6.35 (d, J = 10.9 Hz, 1H,
CH=CH), 6.48 (d, J = 15.7 Hz, 1H, CH=CH) 7.15-7.4 (m, 10H, ArH). 13C-NMR 67.8
MHz, (CDCl3) o 168.2, 167.7, 140.2, 136.8, 131.8, 129.1, 128.7, 128.4, 128.1,. 1278,
127.5, 127.1, 126.6, 126.3, 124.8, 57.6, 52.6, 52.4, 49.2. IR (CHCl3) v 3060, 2950,

1740, 1430, 1260 cm-!.

Ethyl 2-acetamido-2-carboethoxy-3,5-diphenyl-4-pentenoate (45)

[a]p 25 -52.1 (¢ 0.88, CHCl3) 91% ee.

'H-NMR 270 MHz, (CDCl3) & 1.16 (t, / = 7.0 Hz, 3H, CH3), 4.0-4.4 (m, 4H, CH»),
4.78 (d, J = 7.2 Hz, 1H, CH), 6.3 (d, J = 16.1 Hz, 1H, CH), 6.58 (s, 1H, CH), 6.77
(dd, J = 7.3, 15.7 Hz, 1H, CH=CH) 7.15-7.4 (m, 10H, ArH). 13C-NMR 67.8 MHz,
(CDCl3) & 168.94, 167.5, 167.1, 138.3, 137.5, 132.4, 129.6, 128.7, 128.4, 128.3,
124.4, 127.1, 1263, 68.2, 62.3,:52.3, 23.1, 139, 138. IR (CHCl3) v 3280, 2970,
1740, 1650, 1510, 1240, 1195, 1060 ¢m-!

47 : ee was determined by Daicel Chiralcel OD, 200:1, hexane/iPrOH)

[a]p26 -21.1° (¢ 1.32, CHCl3) 'H-NMR 270 MHz, (CDCl3) 6 1.78 (s, 1H, NH), 3.77-
3.79 (dd, J =, 13.2 Hz, 2H, CH,Ph), 4.39 (d, J = 7.4 Hz, LHOCH), 6.31 (dd;: ra
15.9,7.4 Hz, 1H, CH), 6.58 (d, J = 15.9 Hz, 1H, CH), 7.2-7.48 (m, 15H, ArH).

48 : ee was determined by Daicel Chiralcel OJ, 9:1, hexane/iPrOH)

[a]p26 -33.1° (¢ 1.32, CHCl3) 'H-NMR 270 MHz, (CDCl3) 6 2.32 (s, 3H, CH3), 4.99
(d, /=, 7.1 Hz, 2H, NH), 5.11 (t, J = 6.8 Hz, 1H, CH), 6.1 (dd, J= 15.9, 6.8 Hz, 1H,
CH), 6.35 (d, J = 15.9 Hz, 1H, CH), 7.2-7.68 (m, 12H, ArH).

49 : ee was determined by Daicel Chiralcel OJ, 9:1, hexane/iPrOH)

[a]p?> -32.3° (¢ 1.32, CHCl3) 'H-NMR 270 MHz, (CDCI3) 6 4.86 (d, J = 7.9 Hz,1H,
CH), 5.23 (d, J = 4.7 Hz, 1H, NH), 5.11 (t, J = 6.8 Hz, 1H, CH), 6.374dd, J = 159,
1.8 Hz, 1H, CH), 6.68 (d, J = 15.9 Hz, 1H, CH), 7.2-7.68 (m, 12H, ArH).

Methyl 2-carbomethoxy-2-(2-cyclohexenyl)acetate (59)
[a]p 25 -12.6 (¢ 0.77, CHCl3)
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'H-NMR 270 MHz, (CDCI3) & 1.3-1.45 (m, 1H, CHp), 1.5-1.85 (m, 3H, CH>), 1.95-
209 (m, 2H, CH2Y,"2.85-3.0 (m, 1H, CHY, 3290, TH, =96 Hz, CH), '3.74 (s, 6H,
CH3), 5.53 (dd, J = 2.27 Hz, 10.2, CH=CH), 5.7-6.85 (m, 1H, CH))

Methyl 2-carbomethoxy-2-(2-cyclopentenyl)acetate (61)
[a]p 25 -10.1 (¢ 0.65, CHCl3)

'H-NMR 270 MHz, (CDCl3) & 1.3-1.45 (m, 1H, CHy), 1.93-2.1 (m, 2H, CHy), 2.75-3.0
(m, 1H,CH). 324 (d, 1. J =36 Hz, CH), 3,71 {8, 6H, CH31), 3.52 (dd, J = 2.27, 10.2
Hz, CH=CH), 5.8-6.85 (m, 1H, CH>) -

Chapter 1 Section 3

Palladium complex 54

A solution of [Pd(n3-C3Hs5)Cl]> (5 mg, 0.14 mmol) and 29 (20 mg, 0.029 mmol) in
CHClj (0.5 ml) was stirred at 40 °C for 1 h. To this solution was added AgPFg (7 mg,
0.03 mmol) in THF (0.5 ml) at room temperature. After 30 min, the mixture was filtered
through a pad of Celite and the filtrate was diluted with CH,Cl, (10 ml), washed with brine
(5 ml), dried over MgSOy4 and filtration and evaporation in vacuo. The residure was treated
with hexane. Single crystals suitable for X-ray diffraction were finally obtained by
CH»Cl»-hexane.
[a]p 23 -66.7 (¢ 1.2, CHCI3)
'H-NMR 270 MHz, (CDCl3) § 7.3-6.9 (m, 26H, ArH), 6.58 (d, J = 8.3 Hz, 2H, ArH),
542 (ddd, J = 17.7, 8.9, 7.9 Hz, 2H, CHOP) 3.7 (dd, J = 14.9, 9.9 Hz, 2H, CH,Ph)
3.24 (dd, J = 14.9, 7.9 Hz, 2H, CH,Ph). 31P-NMR (CDCl3) & 120.1 (d, J = 77.8 Hz)
115.6 (d, J = 77.8 Hz). !3C-NMR 67.8 MHz (CDCl3) § 152.2, 144.3, 141.4, 129.7,
129.4, 128.0, 127.6, 124.6, 124.0, 123.6, 123.5, 120.3, 120.1, 84.7, 77.5, 64.5, 38.9
IR (CHCI3) u 3073, 3042, 3011, 2926, 1593, 1491, 1200, 1165, 1047, 1013, 984, 955,
858, 781, 772, 756, 737, 691, 662, 613 cm-!

Palladium complex 55

A mixture of PdCl; (45 mg, 0.25 mmol) and LiCl (45 mg, 1.06 mmol) was stirred in
H>0 (0.3 ml) for 30 min. The resultant dark brown suspension was treatedwith EtOH (0.5
ml) and then with a solution of 1,3-diphenyl-2-propenyl acetate 37 (107 mg, 0.51 mmol)
in THF (1.5 ml). After cooling to 0 °C, ¢. HCI (0.1 ml) was added and, with stirring, CO
bubbled through the solution. After 5 min, a further portion of ¢. HCI (0.1 ml) was added
and stirring continued for 30 min. The mixture was stirred for a further 7 h under a static
CO atmosphere. After addition of CHCl, (100 ml), the solution was washed with HyO,
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dried (MgSOy4), and evaporated. The resulting solid was suspended in CH>Cl, (200 ml).
After sonication, hexane (40 ml) was added and suspension kept at -14°C for 6 h. Filtration
afforded orange-yellow powder (20.2 mg). To a 29 (12.6 mg) in solution THF was added
orange-yellow powder, and stirred at 40 °C for 1 h, cooled to r.t. and treated with AgPFg
(25.3 mg) in THF ( 0.8 ml). After 30 min, the mixture was filtered through a pad of Celite
and the filtrate was washed with aq. NaCl, dried over MgSOy, filtration and evaporated,
obtained yellow powder.

[a]p 23 -66.7 (¢ 1.2, CHCl3)

'H-NMR 270 MHz (CDCl3) 8 7.3-6.9 (m, 26H, ArH), 6.58 (d, J = 8.3 Hz, 2H, ArH),
542 (ddd, J = 17.7, 8.9, 7.9 Hz, 2H, CHOP), 3.7 (dd, J = 14.9, 9.9 Hz, 2H, CH,Ph),
3.24 (dd, J = 14.9, 7.9, 2H, CHPh). 31P-NMR (CDClI3) 8 120.1 (d, J = 77.8) 115.6
(d,J = 77.8 Hz). 13C-NMR 67.8 MHz (CDCl3) § 152.2, 144.3, 141.4, 129.7, 129.4,
128.0, 127.6, 124.6, 124.0, 123.6, 123.5, 120.3, 120.1, 84.7, 77.5, 64.5, 38.9

IR (CHCI3) v 3073, 3042, 3011, 1593, 1491, 1200, 1165, 1047, 1013, 984, 955, 858,

781, 772, 691, 662, 613 cm"!

<General Procedure of Asymmetric Allylation with Prochiral Nucleophile>

A mixture of [Pd(n3-C3Hs)Cl]2 (0.9 mg, 2.5 mmol) and 29 (3.6 mg) in THF was stirred
for 30 min at 40 °C. Allyl acetate (40.5 mg) was added to the solution. After 10 min, the
solution was added to a suspension of nucleophile and LiH (2.6 mg) in THF at -30 °C.
The reaction was monitored by TLC. After complete consumption, the reaction was
quenched by 10% aq. HCI. The mixture was extracted with AcOEt. The organic layer was
washed with brine, dried over NapSOy4. Filtration and evaporation in vacuo furnished the
crude product, which was purified by column chromatography (SiO7 2.0 g, 2 : 1 hexane-
. AcOE) to give products.

2-Acetyl-2'-propenyl cyclohexanone (69a)

The ee was determined by comparison of the optical rotation.

[a]p 23 79.1 (c 0.89, CHCl3) 'H-NMR 270 MHz, (CDCl3) § 1.11-2.70 (m, 10H, CH»),
2.01 (s, 3H, CH3), 4.90-5.18 (m, 2H, CH), 5.31-5.85 (m, 1H, CH).

67a

The ee was determined by HPLC analysis, OD (hexane/iPrOH=9:1)

[a]p 23 -12.2 (¢ 1.01, CHCIl3) 'H-NMR 270 MHz (CDCl3) & 2.06 (s, 3H, CH3), 2.22 (s,
SH, CH4)3.18 (ddd. . J = 1.2, 7.8, 145 Hz, 1H, CH), 3.34 (ddd, J = 1.2, L7, 145 Hz,
1H, CH), 3.8 (s, 3H, CH3), 5.84 (dt, J = 15.6, 7.5 Hz, 1H, CH), 6.45 (dt, J = 15.6, 1.2
Hz, 1H) 6.88 (brs, 1H, NH), 7.19-7.4 (m, SH, ArH).

71a
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The ee was determined by HPLC analysis, OD (hexane/iPrOH=9:1)

[a]p 23 68.2 (¢ 0.65, CHCIl3) 'H-NMR 270 MHz (CDClI3) 6 1.91 (s, 3H, CH3), 3.35
(ddd, J = 1.4, 7.8, 14.4 Hz, 1H, CH), 3.41 (ddd, J = 1.3, 7.7, 14.4 Hz, 1H, CH), 3.79
(s, 3H, CH3), 5.92 (dt, J = 15.6, 7.5 Hz, 1H, CH), 6.41 (d, J = 15.6 Hz, 1H), 7.20 (brs,
1H, NH), 7.20-7.92 (m, 10H, ArH).

Chapter 2
2,2-Diphenylpropanoic acid (87)

‘ COH 1 BuLi, Mel O b aH
. Me
O THF, 0 °C O
99%
11 87
To a solution of diphenylacetic acid 11 (20 g, 94.4 mmol) in THF (300 ml) was added n-
BuL1 (2.57 M, 198 mmol, 77 ml) with dropping funnel over 30 min at 0 °C under argon

atmosphere and the mixture was stirred for 30 min. To this pale yellow solution was added
methyl iodide (8.8 ml) over 10 min and the whole was stirred for 5 min. The solution was
quenched with saturated aqueous NH4Cl (50 ml) and THF was removed in vacuo. The
residure was extracted with AcOEt (200 mlx2) and organic layers were successively
washed with 10% aq. HCI (50 ml), H>O (100 ml), sat. aq. Na;S,03 (100 ml), H>O (100
ml), and brine (100 ml), and then dried over anhydr. Na;SOy. Filtration and evaporation
in vacuo, gave 87 (21 g, 96 %) as a white solid.

mp. 219-220 °C

'H-NMR 270 MHz, (CDCl3) & 7.58-6.97 (m, 10H, ArH), 1.94 (s, 3H, CH3)

Methyl 2-diazo-4,4-diphenyl-3-0x0-6-pentanoate (88)

‘ CO,H 1. SOCl,, benzene

2. LDA, AcOMe, THF
Me -

O 3. MsNg, EtsN, CHCN

87 88
To a solution of 87 (21 g, 88 mmol) in benzene (100 ml) was added thionyl chloride (132
mmol), followed by DMF (0.04 ml). After heating at 80 °C for 2 h, the volatiles were

removed in vacuo to give the acid chloride as a brown oil. The crude product was used

Me

without further purification.

n-BuLi in hexane (2.47 M, 48 ml, 0.18 mol) was added to a solution of diisopropylamine
(27 ml) in THF (160 ml) at - 78 °C and the mixture was stirred at -78 °C for 30 min.
Methyl acetate (14.2 ml, 0.18 mol) was added to the solution at -78 °C. After 1 h at -78 by A
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the acid chloride in THF (30 ml) was added, and the mixture was stirred at -78 °C for 4 h.
The reaction was quenched with sat. aq. NH4Cl (100 ml) and THF was removed in vacuo.
The whole was diluted with AcOEt (300 ml), and the layers were separated and the organic
layer was successively washed with sat. aq. NH4Cl (100 ml) and brine (2x100 ml), and
dried over anhydr. NaSOy4. Filtration and evaporation in vacuo furnished the crude
product, which was purified by column chromatography (SiO; 200 g, 15/1 hexane/AcOEt)
to give 88 (19.9 g, 88%) as an orange oil.

(1S)-1-Methyl-1-phenylindanone (86)

1. Rhg(S‘PTTL)4 (0.05 mol %)

M
COMe = chyc, 0 ~Ph
2. aq. DMSO &

110 °C
86

To a solution of 88 (25 g, 83.3 mmol) in CH,Cl, (150 ml) was added Rhy[S-PTTL]4 (45
mg, 0.05 mol%) at -30 °C under argon atomosphere and warmed at 0 °C. The reaction
mixture stirred for 38 h and concentrated in vacuo. The residure was purified by column
chromatography (silica gel, hexane/AcOEt, 10:1) to give Methyl (35)-2-hydroxy-3-methyl-
3-phenylindenecarboxylate (24.8 g, 98%) as blue solid. A solution of Methyl (35)-2-
hydroxy-3-methyl-3-phenylindenecarboxylate (16.7 g, 83.3 mmol) in aq. DMSO (50 ml)
was heated at 130 °C for 10 min. The mixture was diluted with AcOEt-benzene (3 : 1, 300
ml) and HyO (200 ml), and the layers were separated. The organic layer was washed with
HO (200 ml), brine (150 ml) and dried over anhydr. NapSOg4. Filtration and evaporation
in vacuo furnished the crude product, which was purified by column chromatography
(S102 100 g, 20:1 hexane-AcOEt) to give 86 (24.6 g, 99%) as an orange oil. The ee was
determined by HPLC analysis using a Daicel Chiralcel OD column with 10% 2-propanol in
hexane (0.5 ml/min) as eluent.

[a]p 26 -53.6 (¢ 1.07, CHCI»)
'H-NMR 270 MHz, (CDCl3) & 7.15-7.43 (m, 9H, ArH), 3.68 (d, J = 22.3 Hz, 1H,
CHj), 3.54 (d, J = 22.3 Hz, 1H, CH»), 1.76 (s, 3H, CHj3)

(1R)-1-Methyl-1-phenylindene (89)

M M
a\ Ph NaBH4 ot Ph
(@) OH
EtOH

86
To an ice cooled solution of NaBHy4 (5.0 g, 133 mmol) in EtOH (300 ml) was added
EtOH (50 ml) solution of 86 (24.5 g, 111 mmol). The reaction mixture was stirred for 1
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h, to the solution was added brine (100 ml), and the resulting mixture was stirred for 1 h,
and the solvent was evaporated and the resulting mixture was diluted with AcOEt (200 ml).
The combined organic extracts were washed with brine (100 ml), and dried over anhydr.
NapSOy4. Filtration and evaporation in vacuo furnished the crude product, which was
purified by column chromatography (SiO; 100 g, 10 :1 hexane-AcOEt) to give (15)-1-
Methyl-1-phenylindanol (23.6 g, 93%) as a colorless oil.

[a]p 26 -65 4° (¢ 1.07, CHCly)

TH-NMR 270 MHz, (CDCl3) & 1.76 (s, 3H, CHj), 3.42 (d, J = 22.5 Hz, 1H, CH,Ph),
3.60 (d, J = 22.5 Hz, 1H, CH,Ph), 7.18-7.41 (m, 9H, ArH).

I3C-NMR 67.8 MHz, (CDCI3) & 144.1, 138.1, 130.0, 128.0, 127.7, 1266, 126.2,
125.2, 123.7, 72.8, 53.5, 22.9 IR (CHCI3) v 2876, 1751, 1023, 899 cm-!,

M Me
©§>\\fh 1. MsCl, EtgN, CH.Cl, “Ph
o -0
2. t-BuOK, THF

89
To a solution of (15)-1-Methyl-1-phenylindanol (8.8g, 39.3 mmol) and pyridine (20 ml)
in CH,Cly (50 ml) cooled at 0 °C were added MsCl (45 ml, 1.5 eq) and DMAP (60 mg).
After stirring for 3 h, to this suspention was added crushed ice and stirred for 30 min, and
was added AcOEt (100 ml) and 10% HCI (20 ml). The organic phase was separated,
washed with sat NaHCO3 (50 ml), H,O (50 ml) and brine (50 ml), dried over anhydr.
NapSOy, filtration and evapolation in vacuo. To the residure was added THF (100 ml),

stirred at room temperature, was added BuOK (1.5 eq) and refluxed for 4 h. To the
reaction mixture was added water (50 ml). The organic phase was separated, washed with
sat NaHCO3 (50 ml), HyO (50 ml) and brine (50 ml), dried over Na>SQy, filtration and
evapolation in vacuo. The residure was purified by column chromatography (silica gel,
hexane/AcOEt, 10 : 1) to afford 89 (6.5 g, 80%) as colorless oil.

[a]p 24-213.4 (c 2.38, CHCl3)

'H-NMR 270 MHz (CDCI3) § 7.42-7.04 (m, 9H, ArH), 6.67 (d, J = 5.6 Hz, 1H,
ArCH=CH), 6.46 (d, J = 5.6 Hz, |H, ArCH=CH), 1.64 (s, 3H, CH3). !3C-NMR 67.8
MHz, (CDCl3) 6 153.4, 147.0, 142.9, 142.6, 128.7, 128.4, 126.7, 126.4, 126.1, 125.5,
12391249, 5619 273

IR (CHCl3) v 4214, 3621, 3021, 2402, 1424, 1221, 770 cm"!




(35)-3-Methyl-3-phenylindanone (90)

Me M
“Ph O pgc @Ph
O' EtOH

89
To a solution of 89 (6.5 g, 39 mmol) in THF (150 ml) cooled at 0 °C under argon

atomosphere, was added 10% Pd-C (100 mg). This mixture was stirred for 3h under H»

atmosphere. Filtration and evaporation furnished the residure, which was purified by
column chromatography (silica gel, hexane/AcOEt, 10 : 1) to give (1R)-1-Methyl-1-
phenylindane (7.8 g, 96%) as colorless oil..

[a]p 24 -102.4 (¢ 1.6, CHCl3)

'H-NMR 270 MHz, (CDCl3) & 7.26-7.04 (m, 9H, nrh), 2.894(dt, F&2 6.3, 7.6 Hz, 2H,
ArCHy), 2.39 (dt, J = 6.3, 12.8 Hz, 1H, CHj), 2.19 (dt, J = 6.3, 12.8 Hz, 1H, CHy),
1.67(s, 3H, CH3). 13C-NMR 67.8 MHz, (CDCl3) & 150.9, 149.1, 143.6, 129:1, 127.9,
126 6, 126.5, 125.7, 124.5, 124.2, 49.4, 44.1, 30.4, 27.4. IR (CHCl3) v 4214, 3620,
2975, 2402, 1522, 1219, 739 cm-!. FAB-LRMS m/z 193 (M+H)*FAB-HRMS m/z calcd

for C1gH16 (M-H)* 193.1102 found 293.1109

M M
C én‘”h CrO; (20 mol %) ik
f-BUOQH, CH2C|2

O

90

To a solution of (1R)-1-Methyl-1-phenylindane (7.6 g, 36.5 mmol) in CH>Cl, (200 ml)
was added CrO3 (730 mg, 20 mol % ) at 0 °C, and was added dropwise ‘BuOsH (47 ml),
stirred for 8 h. The reaction mixture was quenched with adding sat. NapS,03 (50 ml), The
organic phase was separated and washed with H,O (50 ml), sat. NaHCO3 (50 ml), H,O
(50 ml) and brine (50 ml), dried over anhydr. NapSOg, filtration and evapolation in vacuo.
The residure was purified by column chromatography (silica gel, hexane/AcOEt, 15:1) to
give 90 (5.7 g, 70%) as colorless oil.
[a]p 26 -56.8° (¢ 1.34, CHCls)
ITH-NMR 270 MHz, (CDCl3) & 7.79 (d,J = 7.3 Hz, 1H, ArH),7.56 (t, J = 7.3 Hz, 1H,
ArH) 7.41 (t, J = 7.3 Hz, 1H, ArH), 7.31-7.17 (m, 6H, ArH), 3.00 (d, J =9.0 Hz, 1H,
CHj), 2.87 (d, J = 9.0 Hz, 1H, CH,), 1.84 (s, 3H, CH3). 13C-NMR 67.8 MHz,
(CDClI3) 6 205.8, 162.8, 147.3, 135.8, 135.2, 128.4, 127.7, 126.4, 1262, 1250,
123.3, 55.7, 46.0, 28.3. FAB-LRMS m/z 222 (M-H)*. FAB-HRMS m/z calcd for
Ci6H 50 (M-H)*223.1113 found 223.1109
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(35)-2-Hydroxyimino-3-methyl-3-phenyl-1-indanone (91)

M M
o\ Ph W\
n-BuONO ileh
s NOH
EtQO, c. HOI

o) 0°C,5h
90 91 ©

To a solution of 90 (5.7 g, 25.7 mmol) in EtpO (150 ml) cooled at 0 °C was added ¢. HCI
(10 ml) and was added dropwise nBuONO (3 ml ) at 0 °C, stirred for 5 h. The organic
phase was separated and washed with sat. NaHCO3 (100 ml) and H,O (100 ml), brine

(100 ml), dried over NaySOy, filtration and evapolation in vacuo.. The residure was

purified by column chromatography (silica gel, hexane/AcOEt, 5:1) to give 91 (5.1 g,
80%) as white solid. (At large scale, the residure was crystallized from hexane).

[a]p 24 213.5 (c 0.85, CHCl3)

TH-NMR 270 MHz, (CDCl3) & 8.13 (bs, 1H, NOH),7.74 (d, J = 7.4 Hz, 1H, ArH), 7.63
(t, J = 7.4 Hz, 1H, ArH), 7.45 (t, J = 7.4 Hz, 1H, ArH), 7.34-7.21 (m, 6H, ArH), 2.07
(s, 3H, CH3). 13C-NMR 67.8 MHz, (CDCl3) & 184.8, 154.7, 137 .4, 131.9, 130.5,
123.5, 123.3, 121.9, 121.8, 120.2, 119.1, 43.8, 17.2. EI-LRMS m/z 251(M+H)*.
EI-HRMS m/z calcd for C1¢H3NO, (M+H)* 250.9856 found 251.0963

2-Hydroxyimino-3-methyl-3-phenyl-1-indanol (92a)

M M
PL, Ph LB C H H ol Ph
THF, -30 °C :
O OH
91

92a

To a solution of 91 (5.1g, 20.3 mmol) in THF (50 ml), was added Super-hydride (1.1
g, 1.5 eq) at -30 °C. After this solution stirred for 8 h, quenched with adding sat. NH4Cl
(50 ml), the mixture was concentrated, the residure was extracted with AcOEt (100 ml), the

organic pase was separated, and washed with water (80 ml) and brine (50 ml), dried over
NapSOy, filtration and evapolation in vacuo.. The residure was purified by column
chromatography (silica gel, hexane/AcOEt, 2 : 1) to afford 92a (4.7 g, 88%) as white
solid.(92a : 92b = 8:1).

[a]p28 183.6 (¢ 0.78, CHCI3)

'H-NMR 270 MHz (CDCls) & 8.74 (bs, 1H, NOH), 7.57-6.89 (m, 9H, ArH), 5.71 (s,
1H, CHOH), 4.61 (bs, 1H, OH), 1.94 (s, 3H, CH3).

I3C-NMR (CDCI) & 67.8 MHz, (CDCl3) 6 169.5, 149.4, 144.1, 138.1, 130.0, 128.0,
1277, 12600, 1262, 3352, 123.7, 72.8. 535,230

EI-LRMS m/z 253 (M+H)t.

EI-HRMS m/z calcd for C1gH15NO, (M+H)* found 253.1097.
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2-Amino-3-methyl-3-phenyl-1-indanol (85)

MR Ph 1. BHy THF M&.Ph
NOH reflux _— < NHy
/ 2. recrystallization /

-

:OH OH
92a 85

To a solution of 92a (4 g, 10 mmol) in THF (50 ml) at 23 °C was added BH3-THF (3
eq), and refluxed for 3h. The reaction mixture was quenched with adding sat. NH4Cl (10
ml) at 0 °C, and adding CH,Cl, (100 ml) and 10% aq.HCl (20 ml). The water phase was
extracted with CH,Cl; (100 mlx2) and 15% NaOH (50 ml). The organic phase was
separated, and washed with HyO (50 ml) and brine (50 ml), dried over MgSQy, filtration
and evapolation in vacuo.. The residure was purified by column chromatography (silica
gel, hexane/AcOEt, 1:1) to afford 85 (1.9 g, 80%).
mp. 126-128 °C
[a]p?8 -97.0° (¢ 0.53, CHCI3) recrystallized from iPr,O
I'H-NMR 270 MHz, (CDCl3) 6 1.72 (s, 3H, CH3), 3.45 (d, 1H, J = 5.9 Hz, CHNH>)
5.00 (d, IH, J = 5.9 Hz CHOH), 7.59-7.14A (m, 9H, ArH). 13C-NMR 67.8 MHz,
(CDCl3) 6 148.5, 144.5, 142.7, 129.1, 128.3, 128.0. 1276, £26.5. 11257, 1249 774.5;
65.6, 54.3, 26.7. IR (CHCIl3) v 3101, 2210, 1465, 771 cm !, EI-LRMS m/z 240

(M+H)*. EI-HRMS m/z calcd for C16H17NO (M+H)* found 240.1003.

2-Amino-3-methyl-3-phenyl-1-indanol (94)
by Y 1. BHy THF LR T

NOH reflux = s NH,
2. recrystallization

OH OH
92bh 94

To a solution of 92b (1.3 g, 3.3 mmol) in THF (20 ml) at 23 °C was added BH3-THF (3
eq), and refluxed for 3h, and quenched with adding sat. NH4Cl (10 ml) at O °C, and adding
CH2Cl (100 ml) and 10 % HCI (20 ml). The water phase was extracted with CH,Cl»
(100 mlx2) and 15% NaOH (50 ml). The organic phase was separated, and washed with
water (50 ml) and brine (50 ml), dried over MgSQyg, filtration and evapolation in vacuo..

The residure was purified by column chromatography (silica gel, hexane/AcOEt, 1 : 1) to
afford 94 (650 mg, 85%).

[a]p?8 -63.2 ° (¢ 0.53, CHC3) recrystallized from iPr,O

'H-NMR 270 MHz, (CDCl3) & 1.63 (s, 3H, CH3), 3.50 (d, 1H, J = 5.5 Hz, CHNH>)
4.99 (d, 1H, J = 5.5 Hz CHOH), 7.52-7.06 (m, 9H, ArH). I3C-NMR 67.8 MHz,
(CDCl3) 6 149.2, 147.2, 142.7, 128.9, 128.2, 127.5, 126.0, 126.2, 125.4, 125.1, 74.0,
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67.5, 54.1, 23.0. IR (CHCI3) v 3108, 2120, 1468, 769 cm-!. EI-LRMS m/z 240
(M+H)*. EI-HRMS m/z calcd for C16H17NO (M+H)* found 240.1086.

General procedure synthesis of bisoxazoline
(3aS,3a'S,4R,4'R,8bS,8b'S)-2,2'-Methylenebis[3a,8b-dihydr0-4-methyl-
4-phenyl]-4H-indeno[2,1-d]Joxazole (84)

HUH 2HCI
N
ol NH2 - N N/'.
/ (CHoCl)p, reflux & 4

OH Ph
85 84

To a solution of imidate 96 (2.28g, 9.8 mmol) in (CH>Cl)> (20 ml) at 23 °C was added
85 (3.0 g, 20.1 mmol), and refluxed for 5h, and adding CH2Cl; (50 ml). The organic

phase was separated, and washed with water (50 ml) and brine (50 ml), dried over

NapSOy, filtration and evapolation in vacuo.. The residure was purified by column
chromatography (SiO; 30 g, 1 : 1 hexane-AcOEt) to afford 84 (2.1 g, 81%).

[a]p?4 121.4 ° (¢ 0.53, CHCly)

IH-NMR 270 MHz, (CDCIl3) § 1.72 (s, 6H, CH3), 2.94 (s, 2H, CHp) 4.62 (d, 2H, J =
7.6 Hz, CHCN), 5.84 (d, 2H, J = 7.6 Hz, CHO), 7.45-6.95 (m, 18H, ArH). !3C-NMR
67.8 MHz (CDCl3) 6 159.9, 151.4, 144.1, 138.7, 130.1, 128.6, 127.7, 127.3, 126.2,
126.1, 125.1, 85.9, 82.1, 56.3, 29.9, 28.3. IR (CHCIl3) v 2118, 1468, 769 cm"!- FAB-
LRMS m/z 510 (M+H)*. FAB-HRMS m/z calcd for C35sH3gN>0O> (M+H)* found
510.1086.

(3aS,3a'S,4R,4'R,8bS,8b'S)-2,2'-(1-Methylethylidene)bis[33,8b-dihydr0-

4-methyl-4-phenyl]-4H-indeno[2,1-d]Joxazole (98)
H.N  NH -2HCI

O O
" Me IS A S 0
EtO og N
@:}- NH, 96 \ ‘
OH (CH,Cl)p, reflux Ph "Me Me™ o
94 98

[0Ip27 -179.0 ° (¢ 0.53, CHCl3)

IH-NMR 270 MHz, (CDCl3) § 1.64 (s, 6H, CH3), 3.23 (s, 2H, CHy), 5.72 (d, 2H, J =
7.6 Hz, CHCN), 5.77 (d, 2H, J = 7.6 Hz, CHO), 7.34-6.92 (m, 18H, ArH). 13C-NMR
67.8 MHz (CDCl3) & 160.4, 149.2, 148.7, 139.0, 130.1, 129.9, 128.2, 127.8, 126.2,
126.0, 125.9, 125.0, 85.7, 82.5, 56.2, 28.9, 24.5. IR (CHCIl3) v 2121, 1467, 771 ¢cm-!-
FAB-LRMS m/z 510 (M+H)*. FAB-HRMS m/z calcd for C35sH39gN,05 (M+H)*+ found
510.1114
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(3aR,3a'R,4R,4'R,8bR,8b'R)-2,2'-Methylenebis[3a,8b-dihydr0-4-methyl-
4-phenyl]-4H-indeno[2,1-d]Joxazole (97)

M Me
) Q
\nl/\T y LDA , Mel
N N N, </\©
HMPA, THF
P Me Me Ph

-20 °C

[a]p25 -40.2 ° (¢ 1.27, CHCl3)

'H-NMR 270 MHz, (CDCl3) § 0.79 (s, 6H, CH3), 1.70 (s, 6H, CH3), 4.57 (d, 2H, J =
7.9 Hz, CHCN), 5.76 (d, 2H, J = 7.9 Hz, CHO), 7.29-6.91 (m, 18H, ArH). 13C-NMR
67.8 MHz, (CDCl3) 8 167.2, 151.4, 144.6, 138.7, 129.9, 128.7, 127.6, 127.1, 126.0.
125.9, 125.0, 86.2, 81.4, 56.6, 38.3, 29.4, 23.8. IR (CHCI3) v 2121, 1467, 771 cm-!-
FAB-LRMS m/z 540 (M+H)* FAB-HRMS m/z caled for C37H34N20, (M+H)* found
540.1106.

(3aR,3a'R,4R,4'R,8bR,8b'R)-2,2'-(1-Methylethylidene)bis[3a,8b-dihydr0-
4-methyl-4-phenyl]-4H-indeno[2,1-d]Joxazole (99)

R e LDA , Mel
«N N
/ ‘ HMPA, THF
P Me Me ’Ph

2% R B %

[0]D?2 -136.0 ° (¢ 0.97, CHCl3)

IH-NMR 270 MHz, (CDCl3) & 1.32 (s, 6H, CH3), 1.65 (s, 6H, CH3), 4.71 (d, 2H, J =
1.5 Hz, CHCN), 5.74 (d, 2H, J = 7.5 Hz, CHO), 7.32-6.94 (m, 18H, ArH). 13C-NMR
67.8 MHz, (CDCl3) & 167.7, 149.2, 149.0, 139.1, 129.8, 128.2, V280 1263, 1259,
125.8, 124.9, 85.7, 82.2, 56.3, 38.7, 24.5, 24.3. IR (CHCI3) v 2121, 1467, 771 cm-!-
FAB-LRMS m/z 540 (M+H)* FAB-HRMS m/z caled for C37H34N20O72 (M+H)* found
540.1098.

General procedure of Diels-Alder reaction

To a solution of 84 (6.8 mg, 0.013 mmol) in CH>Cl5 (0.4 ml) was added a Copper(1I)
triflate (4.6 mg, 0.013 mmol) at room temperature, and the mixture was stirred for 1 h. To
this green solution were added 3-(2-propenoyl)-1,3-oxazolidin-2-one 100 (18.2 mg, 0.13
mmol) and cyclopentadiene (34 mg, 0.52 mmol). The resurting solution was stirred at the

indicated temperature for the specified amount of time. The solvent was removed, and then
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purified by column chromatography (SiO; 5 g, 5:1 hexane-AcOEt) to afford 101 (28.5
mg, 98%) as a colorless solid. The ee was determined by HPLC analysis using Daicel
Chiralpak AD (hexane : i-PrOH = 20 : 1, flow 1.0 ml/min, retention time = 16 min (R), 20
min (5).

101

[a]p27 -179.0 ° (¢ 0.53, CHCly)

'H-NMR 270 MHz, (CDCl3) 6 1.64 (s, 6H, CH3), 3.23 (s, 2H, CHj), 4.37 (d, 2H, exo
adduct), 5.72 (d, 2H, J = 7.6 Hz, CHCN), 5.77 (d, 2H, J = 7.6 Hz, CHO)

(1R,2R,35)-2-(2-Flu0robenzoylamin0)-3-methyl-3-phenyl-1-indanol (110)

o, : 'cOCl Ph, . Me
e F 109 . B3N H

';OH THF, nt ”OH O F
85 110

To a solution of 85 (200 mg, 0.84 mmol) and Et3N (0.6 ml, 4.2 mmol) in THF (5.0 ml)

was added at 0 °C a solution of 2-fluorobenzoyl chloride (133 mg, 0.84 ml) in THF (3.0

ml). After stirring for an additional 3 h, to reaction mixture was added ice. The reaction

mixture was extracted two times with AcOEt (50 ml), H0O (30 ml) and brine (30 ml), and

dried over anhydr. Na;SOy. Filtration and evaporation in vacuo furnished the crude
product, which was purified by column chromatography (silica gel, 2 : 1 hexane-EtOAc) to
give 110 (258 mg, 93%) as a white solid.

mp 121-124 °C

[a]p 23 -102 (¢ 0.96, CHCly)

'H-NMR 270 MHz (CDCl3) & 6.72-7.23 (m, 23H, ArH), 5.63 (d, J =7.92 Hz, 1H, CH-
N), 4.52 (d, J = 7.92 Hz, 1H, CH-0), 1.18 (s, 3H, CH3). 13C-NMR 67.8 MHz, (CDCl3)
0 134.3, 133.9, 133.7, 128.4, 127.5, 56.8, 30.1.

(3aS,8bR)-2-(2-Flu0r0phenyl)-33,8b-dihydr0-4-methyl-4-phenyl-4H-
indeno[2,1-d]oxazole (111)

Ph, _M
et MsCI, E4,N :y: "
"”N — F Nlh.
4 CHyCly, reflux

OH O F Me” “ph
110 111

To a solution of 110 (200 mg, 0.55 mmol) and Et3N (0.4 ml, 2.7 mmol) in CH7Cl, (5.0
ml) was added MsCl (69 mg, 0.61 mmol) at 0 °C. The resulting solution was kept at reflux

for 5 h. To the reaction mixture was added 3 pieces of ice, the reaction mixture was
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extracted two times with AcOEt (50 ml), water (30 ml) and brine (30 ml), and dried over
NazSOy4. Filtration and evaporation in vacuo furnished the crude product, which was
purified by column chromatography (silica gel, 5: 1 hexane-EtOAc) to give 111 (153 mg,
83%) as a yellowish solid.

mp 96-99 °C

[a]p 23 -98 ° (¢ 0.76, CHCl3)

'H-NMR 270 MHz (CDCl3) 6 6.74-7.23 (m, 13H, ArH), 5.63 (d, J = 7.92 Hz, 1H, CH-
N), 4.52 (d, J = 7.92 Hz, 1H, CH-0), 1.18 (s, 3H, CH3). I3C-NMR 67.8 MHz, (CDCl»)
0 134.3, 133.9, 133.7, 133.6, 128.6, 128.5, 128.4, 127.5, 56.8, 30.1.

(3aS,8bR)-2-(2-hydroxyphenyl)-3a,8b-dihydr0-4-methyl-4-phenyl-4H-
indeno[2,1-d] oxazole (108)

@)
Q\f : KPPh, Q\FO

F N o ™
THF, reflux, 4 h Ph,P N...

Me™ “ph
111 108 Me” “pn

To a solution of 111 (150 mg, 0.44 mmol) in THF was added KPPh; in THF (0.5 M,

1.8 ml) at room temperature under argon atmosphere. The resulting solution was kept at
reflux for4 h. To reaction mixture was added ice, and extracted two times with AcOEt (50
ml), and washed with H,O (30 ml), and brine (30 ml), and dried over NaySOy4. Filtration
and evaporation in vacuo furnished the crude product, which was purified by column
chromatography (silica gel, 5 : 1 hexane-EtOAc) to give 108 (190 mg, 85%) as a white
solid.
mp 96-99 °C
[0 23-142 (¢ 0.76, CHCI3)
'H-NMR 270 MHz, (CDClI3) 6 6.72-7.23 (m, 23H, ArH), 5.63 (d, J =7.92 Hz, 1H, CH-
N), 4.52 (d, J = 7.92 Hz, 1H, CH-0), 1.18 (s, 3H, CH3). 13C-NMR 67.8 MHz,
(CDCl3) & 134.3, 133.9, 133.7, 133.6, 128.6, 128.5, 128.4, 127.5, 56.8, 30.1. 31p-
NMR (CDCI3) 6 -5.69.

114
Ph, Me I CN Q\/ Q
s | %
@:}--n NH2 OH 113 y chbﬁ OH NI::.@
% chlorobenzene
OH reflux Me'“Ph
85 114
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To a solution of 2-fluorobenzonitrile (50.8 mg, 0.42 mmol) and 0.1 mmol of ZnCl, in
dry chlorobenzene was added 85 (100 mg, 0.42 mmol). Heating was continued for 20 h.
The mixture was diluted with AcOEt (20 ml), and extracted two times with water (20 ml),
brine (20 ml), dried over anhydr. Na,SOy. Filtration and evaporation in vacuo furnished
the crude product, which was purified by column chromatography (silica geldg, 501
hexane-EtOAc) to give 114 (70 mg, 70 %) as an colorless oil.

[a]p 23 -112 (¢ 0.98, CHCl3)

'H-NMR 270 MHz, (CDCl3) 8 6.74-7.23 (m, 13H, ArH), 5.58 (d, J = 7.86 Hz, 1H, CH-
N), 4.53 (d, J = 7.86 Hz, 1H, CH-O), 1.18 (s, 3H, CH3). 13C-NMR 67.8 MHz, (CDCly)
0 134.3, 133.9, 133.7, 133.6, 129.6, 128.1 125.4, 127.5, 56.8, 30.1.

115

o EtsN -
OH Nu. (PhO),PO  N...
o THF, reflux B
Me™ “pp i

Me™ “ph
114 115

To a solution of 114 (30 mg, 0.2 mmol) in THF (1.0ml) and Et3N (0.1 ml, 1.6 mmol)
was added at 0 °C. To this solution was added slowly diphenyl phosphorochloridite (54
mg, 0.3 mmol) in THF (2.0 ml) at 0 °C under Ar atomosphere and refluxed for 5 h . This

reaction mixture was treated with ice, followed by stirring for 30 min and then diluted with

ethyl acetate (20 ml), The organic phase was washed with sat. aq. NaHCOs3 (15 ml), water
(15 ml) and brine (15 ml), and dried over NapSOy4. Filtration and evaporation in vacuo
furnished the crude produc, which was purified by column chromatography (silica gel Sg,
5 : 1 hexane-EtOAc) to give 115 (10 mg, 30 %) as an colorless oil.

[a]p 26 -65° (¢ 0.6, CHCl»)

'H-NMR 270 MHz, (CDCl3) & 12.1 (brs, 1H, OH), 6.7-7.7 (m, 23H, ArH), 6.18 d, J =
1.92 Hz, 1H), 4.52 (d, J = 7.92 Hz, 1H, CH-O), 1.8 (s, 3H, CH3).

I3C-NMR 67.8 MHz, (CDCl3) & 134.3, 133.9, 133.7, 133.6, 128.6, 128.5, 128.4,
127.5, 56.8, 30.1 3P-NMR (CDCl3) & 142.

<Asymmetric allylic substitution>
BSA method

To a solution of chiral ligand (11.2 mg, 22.1x10"3 mmol) in CH3CN (0.6 ml) was added
[Pd(m 3-C3H5)Cl]2 (2.0 mg, 5.5x10-3 mmol) under an argon atmosphere at room
temperature. After stirring for 1 h at room temperature, this solution was treated with a
solution of 1,3-diphenyl-2-propenyl acetate 37 (28 mg, 0.22 mmol) in CH3CN (0.6 ml) at
room temperature. After 30 min a solution of dimethyl malonate (90 mg, 0.66 mmol) in
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CH3CN (0.6 ml) and anhydr. LiOAc (2.0 mg, 10 mol %), and N,O-bis-
(trimethylsilyl)acetamide (BSA) (134.4 mg, 0.66 mmol) were added sequentially. The
mixture was stirred at room temperature for 5 h until 37 was completely disappeared as
indicated by TLC. The yellow reaction mixture was quenched with adding 10% HCI (0.1
ml) and diethyl ether (10 ml). The organic phase was separated, washed with water (10
ml) and brine (10 ml), dried over Na»SOy, filtration and evapolation in vacuo.. The residue
was purified by column chromatography (silica gel 10 g, hexane / ethyl acetate = 10/ 1) to
afford 38 (28.8mg, 96%) as a colorless oil. The ee was determined by HPLC analysis
using Daicel Chiralpak AD (hexane : i-PrOH = 20 : 1, flow 1.0 ml/min, retention time = 16
min (R), 20 min (S)

LiH method

To a suspension of LiH (2.6 mg, 0.33 mmol) in THF (0.6 ml) was added dimethyl
malonate (90 mg, 0.66 mmol) at 0 °C and stirred for 1 h at room temperature. A solution of
Pd-chiral ligand complex (prepared from chiral ligand (11.2 mg, 22.1x10-3 mmol and
[Pd(n3-C3H5)Cl], (2.0 mg, 5.5x10-3 mmol) was treated with 1,3-diphenyl-2-propenyl
acetate 37 (28 mg, 0.22 mmol) in THF (0.6 ml) for 30 min and to this solution was added
a solution of lithium dimethylmalonate. After 8 h TLC indicated that 1,3-diphenyl-2-
propenyl-2- acetate 37 was consumed. The yellow reaction mixture was quenched with
adding 10% HCI (0.1 ml) and diethyl ether (10 ml). The organic phase was separated,
washed with HyO (10 ml) and brine (10 ml), dried over N a2S0y, filtration and evapolation
in vacuo.. The residue was purified by column chromatography (silica gel 10 g, hexane /
ethyl acetate = 10/ 1) to afford the 38 (27.9 mg, 92%) as a colorless oil.

<Preparation of Pd complex from 108>

A mixture of PdCl, (45 mg, 0.25 mmol) and LiCl (45 mg, 1.06 mmol) was stirred in
H»O (0.3 ml) for 30 min. The resultant dark brown suspension was treated with EtOH
(0.5 ml) and then with a solution of 1,3-diphenyl-2-propenyl acetate 37 (107 mg, 0.51
mmol) in THF (1.5 ml). After cooling to 0 °C, ¢. HCI solution (0.1 ml) was added and,
with stirring, CO was bubbled through the solution. After 5 min, a further portion of c.
HCI solution (0.1 ml) was added and stirring continued for 30 min. The mixture was
stirred for 7 h under a static CO atmosphere. After addition of CH»Cl, (100 ml), the
solution was washed with H»O, dried over MgSOy, filtration and evaporated. The
resulting solid was suspended in CH,Cl, (200 ml). After sonication, hexane (40 ml) was
added and the suspension was kept at -14 °C for 6 h. Filtration afforded orange-yellow
powder, and 108 (12.6 mg) in THF solution was stirred at 40 °C for 1 h, cooled to r.t. and
treated with AgPFg (25.3 mg) in THF( 0.8 ml). After 30 min, the mixture was filtered
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through apad of Celite and the filtrate washed with aq. NaCl, dried over MgSQy, filtration

and evapolation in vacuo, obtained Pd-complex-108.
[0]p2d -116.2 ° (¢ 1.27, CHCly)

'H-NMR 270 MHz, (CDCl3) & 0.79 (s, 3H, CH3), 2.76 (d, 13.9, 6H, CH3), 2.87 (d,
2H, J = 13.9 Hz, CH), 3.16 (d, 2H, J = 12.2 Hz, CH), 3.52 (d, 6H, CH), 3.93 (dd,
10.1, 12.9 Hz, CH), 3.95 (d, J = 9.9 Hz, CH), 4.52 (d, J = 9.1 Hz, CH), 5.12 (m, 1H,
CH), 5.84-5.98 (m, 1H, CH), 7.29-6.91 (m, 18H, ArH). 3!P-NMR (CDCl3) & 20.1 13C-
NMR 67.8 MHz, (CDCl3) § 167.2, 151.4, 144.6, 138.7, 129.9, 128.7, 127.6, 127.1,
126.0, 125.9, 125.0, 86.2, 81.4, 56.6, 38.3, 29.4, 23.8. IR (CHCIl3) v 2121, 1467, 771
cm ! FAB-LRMS m/z 810 (M+H)+FAB-HRMS m/z caled for CsgH4,PNOPdFg (M+H)*
found 810.1201.

Chapter 2 section3
<General Procedure for the Hydrosilylation of ketones. >

To a stirred solution of the 108 (4.0 mol%) in toluene was added [Rh(COD)Cl], (1.0
mol%) in toluene. The yellow solution was stirred for 30 min, the ketone was added.
Diphenylsilane was added dropwise over 1 min. The progress of the reaction was
monitored by TLC. The silyl ether was cleaved by addition of 10% HCI. Stirring was
continued until gas evolution ceased for 1 h. The mixture was extracted with Et,O, and
washed with water, and brine and dried over Na»SQOy. Filtration and evaporation in vacuo
furnished the crude product, which was purified by column chromatography (SiO5 2.0 g,
1:1 hexane-AcOEt) to give alcohol.
acetophenoe : ee was determined HPLC Daicel Chiralcel AD, 20 : 1,hexane/iPrOH)
[a]p 23 -40.1 (c 0.89, CHCI3) 'H-NMR 270 MHz, (CDCl3) ¢ 2.26 (d, 3H,J = 10.9 Hz,
CH3), 2.61-3.46 (s, 6H, CH»), 3.95 (d, J = 10.9 Hz, 1H, CH),7.25-7.4 (m, 5H, ArH)
1-tetralone : ee was determined HPLC Daicel Chiralcel OB-H, 20 : 1, hexane/iPrOH)
[a]p 24 25.1 (¢ 0.79, CHCl3) 'H-NMR 270 MHz, (CDCl3) 6 2.78 (dd, 2H,J = 10.9 Hz,
CHj), 2.61-3.46 (m, 4H, CHj), 3.95 (d, J = 10.9 Hz, 1H, CH), 7.25-7.4 (m, 5H, ArH)
benzalacetone : ee was detwrmined HPLC Daicel Chiralcel OB-H, 20 : 1, hexane/iPrOH)
[a]p 23 -16.1 (¢ 0.65, CHCl3) 'H-NMR 270 MHz, (CDCl3) & 2.26 (d, 1H,J = 5.6 Hz,
CH3), 2.31 (d, 1H,J =5.6 Hz, CH), 2.61-3.46 (d, 6H, CH»), 3.55 (d, J = 5.6 Hz, 1H,
CH), 7.25-7.4 (m, 5H, ArH).
I-indanone: ee was detwrmined HPLC Daicel Chiralcel OB-H, 20 : 1, hexane/iPrOH)
[a]p 2312.6 (¢ 0.79, CHCl3) 'H-NMR 270 MHz, (CDCl3) & 2.73 (dd, 2H,J = 10.9 Hz,
CHy), 2.61-3.53 (m, 2H, CHj), 3.68 (d, J = 10.9 Hz, 1H, CH), 7.25-7.4 (m, 5H, ArH).
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Empiricai Formula
Formula Weight
C_rystal Color, Habit
Crystal Dimensions
Crystal System

Lattice Type

Indexing Images
Detector Position
Detector Swing Angle
Pixel Size

Lattice Parameters

Space Group
Z value
D]

Fooo

#(MoKa)

Diffractometer

X-ray data of

EXPERIMENTAL DETAILS

A. Crystal Data

CasHiOsFsPsPdCl;
1062.03

unknown, unknown
0.00 X 0.00 X 0.00 mm
monoclinic

Primitive

2 oscillations @ 4.0 ininufes
105.00 mm

0.00°

0.100 mm

a= 9.754(2)4
b= 14.674(1) 4
c = 16.555(2) A
B = 100.56(1)°

V = 2329.5(5) A3
P2; (#4)

2

1.514 g/cm3
1076.00

6.86 cm™!

B. Intensity Measurements

RAXIS-IV
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Radiation | MoKa (A = 0.71070 A)
graphite monochromated

Detector Aperture 300 mm x 300 mm

Data Images 90 exposures @ 20.0 minutes

Oscillation Range 4.0°

Detector Position 105.00 mm

Detector Swing Angle : 0.00°

Pixel Size 0.100 mm

20maz 55.2°

No. of Reflections Measured Total: 4975

Corrections Lorentz-polarization

Secondary Extinction
(coefficient: 5.71210e-07)

C. Structure Solution and Refinement

Structure Solution X Direct Methods (SIR92)

Refinement . Full-matrix least-squares

Function Minimized Lw(|Fo| — |Fe|)?

Least Squares Weights w= ;7-(1;7)- = [¢23(Fo) + %zFoz]‘1

p-factor | 0.0800

Anomalous Dispersion All non-hydrogen atoms
* No. Observations (I>3.000(I)) 3933 §

No. Variables 420

Reflection/Parameter Ratio 9.36

Residuals: R; Rw 0.070 ; 0.092

Residuals: R1 0.070

No. of Reflections to calc R1 3933

Goodness of Fit Indicator 1.73
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1 Max Shift/Error in Final Cycle 0.33

Maximum peak in Final Diff. Map 1.31 e= /A3

Minimum peak in Final Diff. Map -0.83 e~ /A3







X-ray data of

~ EXPERIMENTAL DETAILS

A. Crystal Data

| Empirical Formula Cs1HasFsNOP,PdCl,

| Formula Weight - 1039.15
Crystal Color, Habit | colorless, prismatic
Crystal Dimensions | : 0.20 X 0.20 X 0.20 mm
Crystal System : monoclinic
Lattice Type ' C-centered

No. of Reflections Used for Unit
Cell Determination (26 range) 25 (284-29.8)

Omega Scan Peak Width
at Ha.lf-height 0.28°

Lattice Parameters = 21.830(3) 4
= 14.394(2) A
= 15.418(2) A
= 107.754(9)°

| V = 4613.9(9) 43
| .
|

Space Group ' (2 (#5)

Z value : 4

Dot : 1.496 g/cm? .
| Fooo : , 211200
| #(MoKa) 6.51 cm™!

B. Intensity Measurements

Diffractometer | : | ‘  Rigaku AFCTR (rotating anode)

Radiation | | MoKa (A = 0.71069 A)
o graphite monochromated

. Attenuator - Zr foil (factor = 7.24)
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Temperature
Voltage, Current
Collimator Size

Take-off Angle

Detector Aperture

Crystal to Detector Distance
Scan Type

Scan Rate

Scan Width

2Wrion

No. of Reﬁections Measured

Corrections

Structure Solution
Reﬁnemer;t

Function Minimized

Least Squares Weights
p—factor

Anomalous Dispersion

No. Observations (I>2.000(I))
No. Variables
Reflection/Parameter Ratio
Residuals: R; Rw

Residuals: R1

23.0 °C

50 kV, 100 mA
0.5 mm

6.0°

3.0 mm horizontal
3.0 mm vertical

235 mm

w-26

16.0°/min (in w) (up to 5 scans)
(1.42 4+ 0.30 tan 6)°

55.0°

Total: 5656
Unique: 5510 (R;,: = 0.016)

Lorentz-polarization
Absorption
(trans. factors: 0.9567 - 0.9986)

C. Structure Solution and Refinement

Direct Methods (SIR97)
Full-matrix least-squares

Zw(|Fo| — |Fe|)?

W= sxey = [03(Fo) + B Fo?] L
0.0840

All non-hydrogen atoms

4718

573

8.23

0.035 ; 0.051

0.035

9




No. of Reflections to calc R1
Goodness of Fit Indicator |

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map

- Minimum peak in Final Diff. Map

4718

0.98

0.019

0.32 e~ /A3

-0.36 e~/ A3




\\\\\\\;
7




References

(1) (a) Noyori, R. In Asymmetric Catalysis in Organic Synthesis; John Wiley & Sons, Inc.: New
York, 1994. (b) Whitesell, J. K.; Felmen, S. W. J. Org. Chem. 1977,42, 1662. (c) Ojima, L. Ed.
Catalytic Asymmetric Synthesis, VCH: New York, 1993.

(2) Kagan, H. B.; Dang, T. P. J. Chem. Soc., Chem. Commun. 1971, 481.

(3) Bosnich, B.; Auburn, P. R.; Mackenzie, P. B. J. Am. Chem. Soc. 1985, 107,2033.

(4) (a) Noyori, R.; Miyashita, A.; Yasuda, A.; Takaya, H.; Toriumi, K.; Ito, T.; Souchi, T. J. Am.
Chem. Soc, 1980, 102,7932. (b) Noyori, R.; Miyashita, A.; Takaya, H.; Souchi, T.
Tetrahedron 1984, 40, 1245.

(5) Kumar, A.; Srivastava, N.; Mital, A. J. Chem. Soc., Chem. Commun. 1992, 493.

(6) Keay, B. A.; Nieman, J. A. Tetrahedron: Asymmetry 1996,7,3521.

(7) (a) Chan, A.S. C.; Hu, W.; Pai, C.-C.; Lau, C.-P. J. Am. Chem. Soc. 1997,119,9570. (b) Chan,
A.S.C.;Jiang, Y.Z. Xue, S.; Deng, J. G.; Mi, A. Q. Tetrahedron: Asymmetry 1998, 9,3185.

(8) Gerlach, H.; Helv. Chim. Acta. 1968,51,1587.

(9) (a) Meakin, P.; Jesson, J. P.; Tebbe, F. N.; Muetterties, E. L, J. Am. Chem. Soc. 1971,93, 1797.
(b) Buisman, G. J. H.; Vos, E. J.; Kamer, P. C. J.; van Leeuwen, P. W.N. M. J. Chem. Soc.,
Dalton Trans, 1995, 409. (c) Wink, D. J.; Kwok, T. J.; Yee, A. Inorg. Chem. 1990, 29,

5006. (d) Takaya, H.; Sakai, N.; Nozaki, K.; Mashima, K. Tetrahedron: Asymmetry 1992,
5, 583. (e) van Leeuwen, P. W. N. M.; Buisman, G. J. H.; Kamer, P. C. J. Tetrrahedron:
Asymmetry 1993, 7, 1625. (f) Pringle, P. G.; Baker, M. J,J. Chem. Soc., Chem. Commun.
19911292. (g) Takaya, H.; Nozaki, K.; Sakai, N.; Mano, S. J. Am. Chem. Soc. 1993,115,
7033.
(10) (a) Chan, A.S. C.; Yan, M.; Yang, L-W.; Wong, K-Y. Chem. Commun. 1999, 11. (b) Bakos, J.;
Cserepi-Szucs, S. Chem. Commun. 1997, 635.

(11) Reetz, M. T.; Neugebauer, T. Angew. Chem., Int. Ed. Engl. 1999, 38,179.

(12) (a) Feringa, B. L.; de Vries, A. H. M.; Meetsma, A. Angew. Chem., Int. Ed. Engl. 1996, 35,
2374. (b) Alexakis, A.; Burton, J. V.; Mangeney, P. Tetrahedron: Asymmetry 1997.8, 3193. (¢)

Pfaltz, A.; Knobel, A. K. H.; Escher, I, H. Synlett 1997, 1429. (d) Seebach, D.; Sakai, J.;
Schweizer, W. B. Helv. Chim. Acta, 1993, 76, 2654.

(13) Cram, D. J.; Steinberg, H. J. Am. Chem. Soc. 1954,76,2753.

(14) Keay, B. A.; Nieman, J. A.; Parvez, M. Tetrahedron:Asymmetry 1993, 4,1973.

(15) Watanabe, N.; Ogawa, T.; Ohtake, Y.; Ikegami, S.; Hashimoto, S. Synllet 1997,1171.

(16) Iguchi, T.; Takizawa, H. J. Org. Chem. 1979, 44, 1363. .*

(17) Brown, H, C,; Shoaf, C. J. Am. Chem. Soc. 1964, 86, 1079.

(18) Hill, R. K. Cullison, D. A. J. Am. Chem. Soc. 1973,95,1229.

(19) (a) Trost, B. M.; Dietsche, T. J. Am. Chem. Soc. 1973, 95,8200. (b) Trost, B. M.; Van A

Vranken, D. L. Chem. Rev. 1996, 96, 395.

(20) Trost, B. M.; Murphy, D. J. Organometallics 1985,4, 1143,

(21) Hayashi, T. Pure Appl. Chem. 1988,60,77.
(22) (a) P. V. Matt; A. Pfaltz; Angew. Chem., Int. Ed. Engl. 1993, 32,566. (b) J. Sprinz; G.

82




Helmchen; Tetrahedron Lett. 1993, 34,1769. (¢) J. V. Allen; G. J. Dauson; C. G.  Frost; J.
M. J. Willhams; Tetrahedron 1994, 50, 799.

(23) Pfaltz, A.; Pretot, R. Angew. Chem., Int. Ed. 1998, 37, 323.

(24) Yamaguchi, M.; Shima, T.; Yamagishi, T.; Hida, M. Tetrahedron Lett. 1990, 3 1, 5049.

(25) (a) Yamaguchi, M.; Shima, T.; Yamagishi, T.; Hida, M. Tetrahedron: Asymmetry 1991, 2, 663.
(b) Yamaguchi, M.; Yabuki, M.; Yamagishi, T.; Sakai, K.; Tsubomura, T. Chem. Lett, 1996,
241.

(26) Brown, J. M.; Hulnes, D. L.; Guiry, P. J. Tetrahedron 1994, 50, 4493.

(27) (a) Trost, B. M.; Bunt, R. C. J. Am. Chem. Soc. 1994, 116,4089. (b) Trost, B. M.; Krueger, A.
C.; Bunt, R. C.; Zambrano, J. J. Am. Chem. Soc. 1996, 118, 6520.

(28) (a) Akermark, B.; Zetterberg, K.; Hansson, S.; Krakenberger, B. J. Organomet. Chem. 1987,
335, 133. (b) Evans, P. A.; Brandt, T. A. Tetrahedron Lett. 1996, 37, 9143. (c) Dai,
L.-X.:You, S.-L.; Zhou, Y.-G.; Hou, X.-L. Chem. Commun. 1998, 2765. (d) Fuji, K.;
Kinoshita, N.: Tanaka, K. Chem. Commun. 1999, 1895. (e) Hamada,Y .; Seto, N.; Ohmori, H.;
Hatano, K. Tetrahedron Lett. 1996, 37, 7565.

(29) (a) Pfaltz, A. Acc. Chem., Int. Ed. Engl. 1993, 26,339. (b) Neuburger, M.; Pregosin, P. S.;
Ruegger, H. Helv. Chim. Acta. 1995, 78, 265.

(30) (a) Osborn, J. A.; Ramdeehul, S.; Barloy, L.; Cian, A. D.; Fischer, J.; Kamer, P. C. J.; van
Leeuwen, P. W. N. M. Angew. Chem., Int. Ed. Engl. 1998, 37, 3116. (b) Osborn, J. A.;
Ramdeehul, S.;Dierkes, P.; Aguado, R.; Kamer, P. C. J.; van Leeuwen, P. W. N. M. Angew.
Chem., Int. Ed. Engl. 1998, 37, 3118.

(31) Evans, D. A.; Campos, K. R.; Tedrow, J. S.; Michael, F. E.; Gagne, M. R. J. Org. Chem. 1999,
64, 2994.

(32) Williams, J. M.; Dawson, G.; Coote, S. J. Tetrahedron Lett. 1995, 36, 461.

(33) Ito, Y.; Sawamura, M.; Nagata, H.; Sakamoto, H. J. Am. Chem. Soc. 1992, /74, 2586.

(34) (a) Schmalz, H.-G.; Geis, O. Angew. Chem., Int. Ed. Engl. 37, 911. (b) Pauson, P. L.;
Brunner, H.; Bladon, P.; Eder, R. J. Organomet. Chem. 1988, 355, 449. (c) Kerr, W. J. Kirk,
G. G.; Middlemiss, D. Synlett 1995, 1085. (d) Gimbert, Y.; Robert, F.; Durif, A.; Averbuch,
M.-T.: Kann, N.; Greene, A. E. J. Org. Chem. 1999, 64, 3492

(35) Chung, Y.K.; Jeong, N.; Hwang, S. H.; Lee, Y. J. Am. Chem. Soc. 1994,116,31 35

(36) Buchwald, S. L.; Berk, S. C.; Grossman, R. B. J. Am. Chem. Soc. 1993, 115,4912.

(37) Pfaltz, A.; Pretot, R. Angew. Chem., Int. Ed. Engl. 1998, 37, 323,

(38) Evans, D. A.; Woerpel, K. A.; Hinman, M. M.; Faul, M. M. J. Am. Chem. Soc. 1991, 113,726.

(39) Evans, D. A.; Faul, M. M.; Bilodeau, M. T.: Anderson, B. A.; Barnes, D. M. J. Am. Chem. Soc.
1993, 1715,5328.

(40) Evans, D. A.; Miller, S, S. J.; Lectka, T. J. Am. Chem. Soc. 1993, 115, 6460. o

(41) Ghosh, A. K.; Mathivanan, P.; Cappiello, J. Tetrahedron: Asymmetry 1998, 9, 1.

(42) Hall, J.; Lehn, J. M.; DeCian, A.; Fisher, J. Helv. Chim. Acta. 1991,74, 1.

(43) (a) Matt, P. V.; Pfaltz, A. Angew. Chem., Int. Ed. Engl. 1993, 32, 566. (b) Sprinz, J.;
Helmchen, G. Tetrahedron Lett. 1993, 34, 1769. (c) Allen, J. V.; Dauson, G.od Frost, C.6:
Williams, J. M. J. Tetrahedron 1994, 50, 799.

83




(44) Saigo, K.; Sudo, A.; Yoshida, H. J. Org. Chem. 1997,62, 5508.

(45) (a) Newman, L. M.; Williams, J. M. J.; R. McCague; Potter, G. A.; Tetrahedron:Asymmetry
1996, 7, 1597. (b) Langer, T.; Janssen, J.; Helmchen, G. Tetrahedron: Asymmrtry 1996, 7,
1599. (c) Matt, P. V.; Pfaltz, A. Angew. Chem., Int. Ed. Engl. 1993, 32, 566. (d) Sprinz, J.;
Helmchen, G. Tetrahedron Lett. 1993, 34, 1769. (e) Allen, J. V.: Dauson, G. J.; Frost, C. G.;
Williams, J. M. J. Tetrahedron 1994, 50, 799.

(46) Saigo, K.; Sudo, A.; Yoshida, H. Tetrahedron: Asymmetry 1997, 8, 3250.










