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O-Silyl cyanohydrins of f—silyl-«,f—epoxyaldehyde can function as a highly functionalized homoenolate equivalent
vig a tandem sequence involving base-promoted ring opening, Brook rearrangement, and alkylation at the allylic posi-
tion. We named this rearrangement epoxysilane rearrangement. Based on results of mechanistic studies involving com-
petitive experiments using diastereomeric cyanohydrins, we propose a reaction pathway involving a silicate intermediate
formed by a concerted process via an anti-opening of the epoxide followed by the formation of an O-Si bond. Moreover,
results of mechanistic studies on the rearrangement led to a conceptually novel approach to the chirality transfer in
which epoxide chirality can be transferred into carbanion. We demonstrate the usefulness of the rearrangement through
application to the following reactions: (1) reaction of y—p—toluenesulfonyl-c,f—epoxysilane with alkyl halides and alde-
hydes followed by treatment with n-Bu,NF, which affords o, f—unsaturated aldehydes (2) reaction of y—phosphonio—c,
—epoxysilane with aldehydes, which affords dienol silyl ether derivatives (3) reaction of an enoate bearing an eposysilane
moiety at the a—position with lithium enolate of 2—chloroacetamide, which affords highly functionalized cyclopropane

derivatives.
Key words——Brook rearrangement; tandem reactions; epoxide; chirality transfer
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5a,b & 3 (L A F )L ® THF {F#RIZ —80°C T
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70 kAt THRF T ROBB Brook {7 ANE Z
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ﬁ@$ﬁ%%$%%’aif ook AbE TR

F ROMBRMPHEMITEITL TNWE T EZ2RBL
TW3 (Fig. 1). 512, 6 LSO 7 IV F )L biRD
L BHINBNEVNS TR, Zo%OBEERESH

ZHNCHET L TS ARSI EZ2/RL T
%, FIT, RRIGHIARFERE RN B AER D
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Fig. 1. Base-promoted Ring-opening of O-Silyl Cyano-

hydrins of f-Silyl-a,f—epoxyaldehyde
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Table 1. Tandem Base-promoted Ring-opening/Brook Rearrangement/Allylic
Alkylation of O-Silyl Cyanohydrins of £-Silyl-a, f-epoxyaldehyde
0SiMe,But
O |.H
Bu'Me,Si CN RX (1.2 eq) - t
- LDA (1.1 €q) OS‘IQMezBu
THF ButMe,Si0” X CN
OSiMe,But -80°C, 5 min H
O |.CN 6
Bu'Me,Si H
5b
From Sa From Sb
RX
Yield (%) E:Z Yield (%) E:Z
Mel 82 2.5:1 84 22.0:1
Etl 76 29:1 74 28.0 : 1
i-Prl 58 2.8:1 74 31.0:1
PhCH,Br 86 2.7:1 98 47.0 : 1
CH,=CHCH,Br 83 34:1 87 40.0 : 1
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673, £G5S IE (Z2)-6 NEEANTERT 5.
3) HREERD S 6 AT HEFEICBNT 8 #HEH
T LMD D B0, TOHE E/Z ORI
o wn, P2 MR & LT Scheme
SICRTEOBREEEZEZ . Tabb, HENR
i7" 0k At/ TARF S ROBBRKISNICE > TER
LIEFdF RAF N1 BRETFEEGRIES L
ko, HEMOT U — ik (B)-9 & (Z2)-
I MRS N, ZD, WHEIT C4-SifsEE DYk
TN BHENDIHDTHS. > Ur—1h
(E)-91%, 5a @ syn iEE L <13, 5b O anti fii#E
WCEOEREN, (Z2)-91%, 5a D anti PiEELS L <
1%, 5b O syn g2 THRKRINS. TD®%, W
ZMIT C4-Si DY, 7 U VRN Z 5 7291213,
C4-Si fEfr & “HHED O n WD AT I SN N
b5, C3-CAREEMEERL, (E)9Fa> 7+
A—=ary (E)9a,b%, (Z2)913a>T7+A—
3> (Z)9a,bZHW5. LT, (E)9a& (Z2)-
9a N5 (Z2)-673, (E)-9b & (Z)-9b 53 (E)-

IZHEH> TWbHDTHIUT, (2)-9INS5DHEMN (E)-
INSEDE Z-RDAERENE <2 5IXTTH 5.
5b LHB L T S5a s DR Z-RD AR E W
ZEMS, BLIOEEMNELTL, THRFIR
OHERIIBREINS T O b > &YW S NS RE-#E
EOOWAMICEBE L2 7+ A= 3 &kt
%, WO anti FBETHETL TWDITT TH 5.
5a, b OBABRIIGAY anti FLEETHETL TWDH DM,
syn HEECHEITL TWEOMER/RET S0, 07
ATLAY—MTOBGEREZITO 2 LITLE.
syn FEECHEITL TWABEGE, Sahn o DEBIRET
4o 7o b ERUEICH DN MUV
(A value=0.2) THZDIZXHL, 5b 5 DEBIR
BETIIVIARFED A Z1 OTBS £ (OTMS £ A
Value=0.74) Thsd (Fig.2). L7=N>T, 52D
Fs5b XOBKIEENENWEEZLGNS., HIC
anti fHEED GG 5b D AN, KN E L5,
ZZT, 52:5b DEAEY (1.0:1.0) 120.5 4=
DIATAFIVOFELET, 0.5 458D LDA Z I
Z, —80°C TSHRMMIGI®ZETS, 35%D A
FILEAR 6 R=Me) & EHIT, 5 40% DILET
EINEN, ZDHIZ5a:5b=1.00:0.70 TH > /=

6 MEKRT S, (E)-9a,b, (Z)9a,bD>5%5, (Z)- (Table 2). Z DFERIZ Sb DA MRISED E W E W
92 IZDONVTOH, REAFLEOFL—2 32N DT EERLTHBD, antiEECHEITL TS I &
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Fig. 2. Mode of Base-induced Ring Opening of Epoxide 5
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10b ® 1.0 : 1.0 DIEEMIT 0.7 ¥ ED I T{LAF))
DEETF, 0.7 %&ED LDA 214, —80°C T5%
MRS ED A, AFIVED (E)-6: (E)-
11=3.1: 1 QHETEKL, RRIGOEEZ 5b1F
18%, 10b 13 40% QUK TEIIL L /= (Table 3). Z
DZEMS, 5Sb DFN10b XD BT Ok AL
HNEND T ENHS MRS 2.

LinL, TBDPS ENnI EWnzw, B\EMED
<BEDNRBEEICR > TWBuJREH BRI T/
W, Z2IZT, HEOMIEHIELALSE, FEOK
TV, TS5 LT Lz LDA XD /hE T
i3 & U T lithium diethylamide (LiNEt,), &5
W & U T lithium 2,2,6,6-tetramethylpiperidide
(LTMP) ZHWTKRIEZ{T>7& I %, LiINEt, T
1 (E)-6: (E)-11=32:1T»V, LDA ZHW/=
G EHBRUTREREVWEAS NN D 2.
LTMP % H W 5838 st o Z 0 L,
(E)-6: (E)-11=15:1T®»>7-. LTMP ZHW\/=
BEWENNS KBAHHEBIIHAS M TIERWD, 2
B EBEENMIEL BB IS TRIGHDZEN
WATZEVWSHEHMIASNT, THRFIRD o
RO VI HEDEE PR T 2B O VAREE & 755
TWaEWSHEEEIIAEESINS. LEN->T, I
70 kAL TRFS RO EFBFICEESE-7 1

Table 2. Competitive Reaction between 5a and 5b

. iMe,B t
o O§||_|M928Ut o OSICNeZ u
i . Bu'Me,Si H
Bu'Me,Si CN 5a.b
5a CH3| (05 eq)
LDA (0.5 eq) .
i t OSiMe,But
o O‘S‘(I:thezBu : . e 2
) -80 °C, 5 min | .
BulMe,Si H BulMe,Si0” ™ CN
5b H
6
5a:5b = 1.00:1.04
5 6
HMPA
Yield (%) Yield (%) E:Z
(-) 40 1.00 : 0.70 35 6.6 :1
(+) 67 1.00 : 0.76 26 25.0:1
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Table 3. Competitive Reaction between 5b and 10b

_ . OSiMe,But
o Oscl:lv'!lezBu - CH3
5 ) Bu'Me,SiO CN
Bu'Me,Si H CH3l (0.7 eq) gp (E)-6
5b base (0.7 eq) R .
THF OSél\{l_iezBu‘
; t -80 °C, 5 min 3
o PSMe-Bu BuPh,SI0” " CN
4 : § (-1
Bu'Ph,Si 10b H
Yield (%) Yield (%)
base (E)-6/(E)-11
(E)-6 (B)-11 5b 10b
LDA 22 3.1 18 40
LiNEt, 19 3.2 24 39
LTMP 22 15 1.5 19 30

FHAED MR INTBD, Z0HEERTr 1%L
DOEBIEDARANT NS WERER L GV EEZEZ BN
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ZEITL b LURMEENE UL, ARIGIZBN
T8 #MMET, > U4 — MK 9D SHENIC
TIVFIEREITFTL TWB Z &k, (E Z)-12
BETNTNHETUEL 8 2R EIVHEDE, 54
BRIZITMEATFINEMATEZ A, B ERIZEA
EZ->TWwiamo 7= (Scheme4). L7z2> T8
EREHL TWSaTHEEIERRIF T E R,

P EOEBIEREMEZTIRFL VT VERMDK
JOHEREIIR DK D178 D. anti BBEIC K D THRF >
ROBERE O-SifEH OBENIHEMITE Z > T
U — bk (E, Z)-9a, b BRI, DAWT
BRI VFIUEEN D, HLLET7UILT=F
D8 ERHEL, YIFIMEEINS.
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REWREZ, U7 — MK DS HERNDAL
REEAIZ T IVFIUEDEE Z > Thiug, TRF
ROFFTYTF 42N F EETHIENT
ELHDOTIEBWNEEZ =, &I, HFEEMER
S5a Z W THA DEBETNDIIVbEBREFL 2
N, /BoNZ6IITRICT IR o7, ZOREE
W7 IVFIACH] & O RISIDFHR RN B N2 &5 A

, . 1.LDA (1.1 eq) .
/Ié-l\jjl_'MezBU 2. CH3l (1.2 eq) H OSiR;
Bu'Me,Si0” X" “CN THF RSSio/E\/LCN
(E.2)12 60 1] S (E2)8

OSiMe,But
H\ CH32
— BuMe,SiO CN
(E.2)-6

(E)12— (E)-6
(2)12 — (2)-6

Scheme 4.

S5NEDT, RKEFHEORIGE S THNBEET S
ZEEL, BEI®ENIVNZF % [2,3]-Wittig
AL CHiE T2 2 & &2Mmat Lz, AEEL T2
7 FI)ViEEAK 13a 2 AV, [2,3]-Wittig #0712 F W
5N5EE - RINISEEETH S THF 1, —80°C F,
n-BuLi TYH L/=& 25, 46% DIE T Wittig #x
Pk 14 % 5 2727, 58221 3{bl 7z (Table
4)., LML, RIGEZEETITD & 7% ee T 14 235
S5N7DT, BNOI—TIVRIEETHRFLEZEZ
A, 1L 4-UFFH >, FRTRIGSEEZHE, 1F
FEEBENITS > FAY—BRERTEHMENESND
ZENMok, ZOMBRIIARFIROFIU T
+ %, Brook #5fZFIH L CTHIVNZF U ITHE T
ELHZELEEERLTHBY, FIiLLWAFHEOHERE
BELEZHDEZEZTNS,
PT7ATLAY— 13b O EBFRRICHETL 2
2 (Table 5), FHIREKIF, FADOPT AL T
FIX—Mo/HoN 5 E-RE Z-ROARFHLIZEN
WWIF > FAY—DRBRICHD, BaMmbigoind
E-AE 13b 5 E6N % E-K, BahbsEohns
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Table 4. Tandem Epoxysilane Rearrangement/ [2, 3]-Wittig Rearrangement of 13a
n-BuLi R3SiO NN Nap
o (2.0 eq) (S,E)-14
A I —¢ 50 * 1o
BuMe,Si” Nap Smin ™3 SN\
X
13a Nap

(R2)14
. o Recovered . ee (%)?
Entry Solvent Temperature Yield (%) SM® (%) E:Z 5 7
1 THF —80° to —75°C 46 45 53:1 0 0
2 THF —35° to —30°C 88 — 2.4:1 0 0
3 THF 25° to 30°C 80 — 1.2:1 7 0
4 Et,O —80° to —75°C 0 94 — — —
5 Et,O —35° to —30°C 45 35 1:9.5 81 74
6 Et,O 25° to 30°C 72 — 1:6.8 84 80
7 1, 4-dioxane 25° to 30°C 85 — 1:2.6 96 74
8 1, 4-dioxane 50° to 60°C 82 — 1:2.6 91 82

a) SM=starting material. b) Corrected for ee of the starting material (90% ee).

Table 5. Tandem Epoxysilane Rearrangement/ [2, 3]-Wittig Rearrangement of 13b
HO —/\
n-BuLi R3SiO Nap
0 (2.0 eq) (RE)-14
Qo] B
BuMe,Si : Nap 5min  RsSiO HO, \
13b W_\
Nap
(S,2)-14
. o Recovered . ee (%)%
Entry Solvent Temperature Yield (%) SM® (%) E:Z £ 7
1 THF —80° to —75°C 54 36 E 0 —
2 THF —35° to —30°C 91 — E 0 —
3 THF 25° to 30°C 90 — 154 :1 5 0
4 Et,0 —80° to —75°C 0 84 — — —
5 Et,0 —35° to —30°C 51 41 12.0:1 90 36
6 Et,O 25° to 30°C 71 — 26:1 91 58
7 1, 4-dioxane 25° to 30°C 92 — 8.1:1 97 45
8 1, 4-dioxane 50° to 60°C 81 — 53:1 96 49

a) SM=starting material. b) Corrected for ee of the starting material (91% ee).

Z-tk&E 1B 5ESNDS Z-RkbEhEFNTF > F
FRY—DBERICHDENIRERTH D, ARIEDE
72 SRR IC D W CHIEMRSI T TH 5.

5. TRFIITUEMDERRIEE L TDER
IRFIITOBEEMICAINNZA > EFES
BBZEICLD Brook irf kL T -2 o+
TUNT ZARERTZEVND TARFT T ViR
i, TOMIZBIEL OERRKIGICERTEETH 5.
51. 778042 p-7=AFffixLLTOT
RFSF0 B~ T LT B RDE k%

EL T Wittig ¥ 7O SN TNV D
n, ZOHE, EERT b2 H20ETIVTE RIZ
REIND. —FH, 7r70LbA 27 =F %
KERWNTNOTY IV RENSEHRT S HED N
SOMBEINTVSEMN, 2 20 IE7 VT ER
HERAETLIEEDEEETH 2720, LERRE
REEMNBEINTVWS., bhbiud, BEEnaesxs
p—NIVI D ZI)VRZIVIEZEG T 5 15 DRI /R 51
T, 7rObA 2 -7 =4 EMitk & U THRE
LZEERWHLEZ. 1527 )0V FIVELRIOGEE T
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—80°C 125 T NaHMDS THLHE L 7if 1% n-Bu,NF
KROLY ) =) EMmAlzEl?, U2 iRy b THIEG
THHEETINTE R 16a-e 2555 EMTE/2
(Table 6). HHERIENZ &1, P OFTHDPIZT
WHBEEFTHZNOT AT IVFIVERNTHIL
RESKIBDHET Lz, LY =)V ORI n-Bu,NF
DIKBTOEMBEDH EERIKIEZFRLT S p-
TolSO; OREMEDIK FEZEKLEZHDT, HMmL
IBWEINRDOKRIERE T 2B\, £/, NOor >
{7 IVFINDORDDIZTIVTE REHWTH BER
<H#EFTL, y-EROFT-of- AT IVTE RN
Bon/z. £, 1537000 F )7y a—)bin
SR WL 0NTTT7 10 —IZK 288
LIZ) BB ATRE TH DR T RIIHI G~ 17 rTRE /R 4%
HitamThHr I ENG, YO BT ZF
EEMAGAEE & U TEBBURAN DI IR SN 5.

52. Wittig AREMELLTOIARFLL S
LRI, RARS AR EEA L

TUHEL, 7ITFERHDINVIERT M ERIESIEN
X, Wittig ¥ 7ORIRNICED T /=)L) )b
I—F )RR TELD TRV EDFHH
R0z, Wittig id# 17 (X=Cl, Br, ) ® H#Eks
IR TH o208, bU T A DAY > )R
F— NAER 1T (X=0Tf) 73E& & U THEERE
T, BRTOREIMRETELZEERNVWHL.
17 ORI E LT r-Buli 2 05 2 & THE
WEfTL, MR BT =)V U IT—TF)L 18

Table 6.

o)
‘BuMeZSi/<l/\SOZToI

15

%45 Z27- (Table 7).

53. T/I—PAOHEEFMCELDT=ALR
ECEDTRFL T UERAY ITARFITT
Daffil7 A aEREIRDIHIEELT, M7
Ok ABAZ, afficZdhF oI 08E2HT 2
T/ T— NFERITHT 2 sREEH O %A iz v
HTEMTE, FHZ0EE, RKEAELTT
L— b DX S0 FHNREL - REFH & AL,
EEICERERRMMEESNZRBRIEEDNES NS DT
IMWInEE R T, Fix DREL - SRETFHIZBRE L 72
W oo 7IROLIT/L—bEHAVES
BROINVERNGE SN, HIERND > ZAERYIC
ZEREMES 7 07 0N 2 iEEK 20a-e NG SN
(Table 8).

6. HHYIC

DEDXSiIzhbibiud, 71 EZ0RMEEFIHL
EHLWKBRTHAEIRF IO I VM EFHAL,
Z DSOS Z R L 72, S 51T, JeAEE
BIRFLREAWTEOARETZNIIVNZA I
HEIHEND, HILWIATOLRERIGZERIEL,
fli 2 DEE & AW THBRILFRITHE AR ORAN & B
FL7z. %S SICFFMBAFIRGHEE O MR &
WOWTHRFHL TWERZNEEZTNS,

HEE AU, RERFERFREEE RS
MFERAEE G LR ETITDNDBDTH D,
IR WIEFEE 2150 £ L2 RE  BEdRITER<

One-pot Synthesis of 16

1. RX (1.0 eq)

NaH
THF

MDS (1.0 eq)
M\R

2. n-BuyNF (1.0 eq)

EtOH (3.0 eq)

16a-e

RX

Conditions Yield (%)

BrCH,Ph

ICH, (CH,) CH;

BrCH,CH=CH (CH,) ,CH,

ICH,CH,CH,CH,0SiMe,But

—_ N = N = N = N e

ICH,CH,CH,CO,Et

—80°
—80°
—80°
—80°
—80°
—80°
—80°
—80°

—80°C 5 min; then RX

—80°
—80°

to —60°C, 30 min 85
to —70°C, 15 min
to —50°C, 40 min
to —70°C, 20 min
to —50°C, 30 min
to —70°C, 15 min
to —40°C, 45 min
to —70°C, 15 min

84
82
68
74

to —40°C, 45 min
to —70°C, 20 min
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Table 7. Reaction of 17 with Aldehyde
° ot OSiMeszBut 5
+ OTf 1. n-BuLi t -
tBuMezsi/Q/\PPhs 2. RCHO 'WRPU MeZSIO/\/\H/
17 (218 H (E)-18
Entry R Conditions Yield (%) Z/EY
1 n-CsHy, A 77 4.4
2 n-CsH,, B 60 8.0
3 (CH;),CH A 68 10.6
4 (CH,),CH B 58 8.0
5 c-C¢H A 69 6.6
6 c-CeHy, B 48 9.1
7 (CHS)+C A 50 Z only®
8 (CH3),C B 42 Z only®

@) condition A : 1. 15° to 20°C, 3 min, 2. 15° to 20°C, 5 min in THF, condition B : 1. —40° to
—35°C, 3 min, 2. —40° to —30°C, 25 min in CH,Cl,. b) The ratios of 3E/3Z were almost 1.0.

¢) 3Z isomer was formed exclusively.

Tabla 8. Reaction of 19 with the Lithium Enolate of N, N-
Diethylchloroacetamide
_~COEt _ COEt
0 CICH(R)CONE®t, 7
LDA == CONEt,
SiMe,But THF _ t
19 -80°C to-70°C OSIMezBU 20a-e
R Yield (%)
a H 100
b Me 82
[¢ n-Bu 67
d Ph 74
e Cl 86
B LT, £k, HFEMAFOEEEK, X

ThY
¥

Mt G AT 217 > TIRW 2 U SR 227 )11 38

FECDIL R RES B, Bk =1L, JIIRE E &
+, BHES, mESETo TEHWEILAEKRFEH
SRRV EVIFE LB > ¥ — (N-BARD) (ZJEk#
WizLET. 2B, A0 H AR EH
(FENNFEWFZEBIRR) 1T K BBRICK DI NiDd
DTHO, FEHBMLET.

D

2)

3)
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