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ABSTRACT: Stereoselective vinylogous Mukaiyama aldol ’g_( &
reactions using the Z E-vinylketene silyl N,O-acetal possessing R-CH(OR'); Me Me
a chiral auxiliary, derived from (E)-3-pentenoic acid and L- M TRC RMN o}
valine, have been achieved. The reaction proceeded smoothly to THSO \(n; CH,Cly - 3 \[g
give a syn adduct in high stereoselectivity. Since the products -78°C syn

possess structures including J-alkoxy-y-methyl-a,f-unsaturated

imide, this reaction would be applicable to synthesize polyketides in a short procedure.

Remote asymmetric induction has been studied as a
challenging problem; however, only a limited number of
methodologies have been developed.” The stereoselective
vinylogous Mukaiyama aldol reaction (VMAR) of acyclic
vinylketene silyl N,O-acetal should be a powerful method to
synthesize natural products because it would afford a polyketide

because the diene of 3 directs far from the chiral auxiliary.
Actually, in the reaction with aldehyde (Scheme 2), a-methyl-

Scheme 2. Previous Work on Vinylogous Mukaiyama Aldol
Reactions Using Vinylketene Silyl N,0-Acetals

skeleton.” In particular, the reaction with acetal would provide i &j n-CsHyi—CHO ’Q_\
the protected polyketide structure, which could afford access to R, ——————— Gy v\/lm;( (3)
shorter synthetic routes to natural products. However, few me 2 Ot Y

- . TBSO 0 0
precedents of the stereoselective vinylogous Mukaiyama aldol 5 H s
reaction affording syn-6-hydroxy-y-methyl-a,f-unsaturated car-
boxylate have been reported,3 while the reaction providing anti- ’ﬁ_\ n-CsHy—CHO ’g_\

H TiCly (1 equiv)

0-hydroxy-y-methyl-a,f-unsaturated carboxylate has a few A2 N_O —————— ey, 4)
precedents.” Recently, we have reported the stereoselective TB;“O I e \l/vjl: \‘_[1;
vinylogous Mukaiyama aldol reaction with acetal by usmg chiral 7 8 dr4:1

EE-vinylketene silyl N,O-acetal 1 (Scheme 1, eq 1).” The

Scheme 1. Remote Asymmetric Induction Reactions Using
Vinylketene Silyl N,0-Acetal and Acetal

Previous work

missing dienol ether 7 afforded adduct 8 in low yield with
moderate stereoselectivity (eq 4), while C2-methyl- possessmg
§ providing 6 in excellent selectivity and yield (eq 3).° These
results encouraged us to search for an effective vinylketene silyl

Mi’g_\ s Me‘g_\ N,O-acetal possessing the terminal methyl group and a chiral
Y R-CH(OR'); SN0 auxiliary.
Me 2 b BFOEt, Ie :[JI/ ! At first, a stable dienol ether attaching the TBDPS group was
TBSO i o 2 (dr up to >20:1) submitted to the vinylogous Mukaiyama aldol reaction in the
Tiiis work presence of various Lewis acids (Table 1). Both TiCl, and
. RCHOR) Me ?nCl4 galve a:id;l;lcg inhgooc}I1 yi}elld c;m}t}l; IOOV\]IS stere&)s;ﬁ:éisi%
Xy 2R A~ KN (2] entries 1 an . On the other hang, BF;-OEt, an
M"/ﬁ m provided adducts in high yield, but stereoselectivities were
3 4 moderate (entries 3 and 4). When TBS-attaching dienol ether

reaction proceeded to give a syn adduct having a poly-
propionate skeleton in a stereoselective manner. Herein, we
present the stereoselective Mukaiyama aldol reaction using Z,E-
vinylketene silyl N,O-acetal with acetal to yield a syn adduct
(Scheme 1, eq 2).

Asymmetric induction using C2-methyl-missing dienol ether
3 is more difficult than that with vinylketene silyl N,O-acetal 1

-4 ACS Publications  © 2016 American Chemical Society

250

was employed, the yield of adducts was moderate due to
generation of adducts at the C2 position; however, the
stereoselectivity increased (entry S). Treatment of 3b in the
presence of TMSOT{ provided 4 in better yield with
comparable stereoselectivity (entry 6). Therefore, TBS as the
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Table 1. Vinylogous Mukaiyama Aldol Reaction with
Benzaldehyde Dimethyl Acetal and TBDPS or TBS Dienol

Ether
’ﬁ_\ PhCH(OMe), "’g_\
_ Lewisacid Me 3
N, QO
Mew 71’ XY
CH.Cly
s.o i OMe 0 o
4
entry Lewis acid Si yield (%) dr® (4:isomers”)
1 TiCl, TBDPS a 70 51:49
2 SnCl, TBDPS a 68 48:52
3 BF;-OEt, TBDPS a 92 72:28
4 TMSOTf TBDPS a 93 69:31
S BF;-OEt, TBS b S1 79:21
6 TMSOTf TBS b 59 78:22

“Determined by 400 MHz 'H NMR. I’Including other three isomers.

Scheme 3. Preparation of Vinylketene Silyl N,0-Acetal 3e

PivCl, Et;N

THF Me

/‘\/\ QC 2h T
Me COOH ——— N__O
9 then n-BuLi, 10 Me” "1
0°Ctort,19h 11 O ©

87% ]

NaHMDS i
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-78°C,3h .10 |
82% after

recrystalization

ray crystallography as shown in Figure 1. The side view of
crystal 3e shows that the chiral auxiliary lies at an angle of 40°

silyl group and TMSOTf as Lewis acid were employed in
further studies.

Next, various chiral auxiliaries have been examined (Table 2).
Oxazolidone possessing a benzyl group and cyclohexyl group

Table 2. Vinylogous Mukaiyama Aldol Reaction with
Benzaldehyde Dimethyl Acetal and TBS Dienol Ether

RE BR2 pncrome), R B
£ A N o—DE0E L I N__O
Me™ T Y - M T
TBSO O 22 OMe 0O o
3 -78°C 4
entry R! R? yield (%) dr® (4:isomers”)
1 i-Pr Hb 59 78:22
2 Bn Hec 27 79:21
3 Cy Hd 47 80:20
4 i-Pr Me e 86 94:6°
5 i-Pr Ph f 74 69:31
6 Bn Me g 46 64:36
7 Bn Phh 46 69:31

“Determined by 400 MHz 'H NMR. bIncluding other three isomers.
“Determined by HPLC.

afforded adducts in comparable stereoselectivity with a reduced
yield due to reaction at the C2 position (entries 2 and 3). When
SuperQuat,” the oxazolidone possessing isopropyl group at the
C4' position and the dimethyl group at CS’ position, was
employed as the chiral auxiliary, the reaction proceeded at the
C4 position of the diene of 3e and adduct 4 was obtained in
high yield and high stereoselectivity (entry 4). SuperQuats
possessing a diphenyl group at the C5’ position® and a benzyl
group at the C4' position reduced the yield and selectivity
(entries S, 6, and 7). Therefore, the best conditions were
determined to include 3e as the vinylketene silyl N,O-acetal and
TMSOTTf as the Lewis acid.

Vinylketene silyl N,O-acetal 3e was prepared from (E)-3-
pentenoic acid 9° (Scheme 3). Carboxylic acid 9 was converted
to mixed anhydride, which was reacted with lithiated
oxazolidone 10 to obtain imide 11. Treatment of imide 11
with NaHMDS in the presence of TBSCI afforded Z,E-diene 3e
in a stereoselective manner. The stereochemistry of the diene
was determined by NOE correlation between H3 and a methyl
group of TBS as well as the coupling constant between H3 and
H4 (J = 15.0 Hz). Crystalline 3e was also characterized using X-
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Figure 1. ORTEP drawing of 3e. (A) Front view; (B) side view.

with the diene chain (Figure 1B). The isopropyl group at the
C4' position of the oxazolidone ring directed the TBS group
into the opposite side of the diene. Additionally, one of the
methyl groups at the CS’ position further pushed the TBS
group down. As a result of the steric repulsion, one of the
methyl groups of TBS was directed below the diene chain. The
NOE correlation between H4' and one of the methyl groups of
TBS as well as between H3 and another methyl group of TBS
indicated that it would be possible that the conformation in the
crystal would be taken in the CDCl; solution (Scheme 3).
Next, we performed the vinylogous Mukaiyama aldol
reaction using chiral vinylketene silyl N,O-acetal 3e with
various acetals (Table 3). Reactions with 4-bromobenzaldehyde
dimethyl acetal and dibenzyl acetal gave 4i and 4j in high yield
with high stereoselectivity (Table 3, entries 2 and 3). p- and m-
Methoxybenzaldehyde dimethyl acetal also afforded 4k and 41
in high yield with good and high stereoselectivity, respectively
(entries 4 and S). However, p-nitrobenzaldehyde dimethyl
acetal produced 4m in low yield and moderate stereoselectivity
due to slow generation of an unstabilized cation (entry 6). In
the case of aliphatic acetals, reactions proceeded smoothly in
the presence of molecular sieves 4A removing moisture and a
proton and provided 4 in high yield and high stereoselectivity
(entries 7 to 11)."° Both a linear alkyl chain including methyl
and ethyl groups and a branched alkyl group as well as both
dimethyl acetal and dibenzyl acetal gave syn adduct 4. Dibenzyl
acetals derived from o,f-unsaturated aldehydes including a di-
and trisubstituted olefin afforded protected allylic alcohols in
high yield with high stereoselectivity (entries 12 and 13).
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Table 3. Vinylogous Mukaiyama Aldol Reaction with 3e and

Various Acetals
Me Me
= Me acetal -.Me
TMSOTf
(o]
o]

Me
ATy
CH,Cl, o

TBSO R 0
3e -78°C,3h syn 4

entry acetal yield  dr (4:isomers”)
1 Ph-CH(OMe), e 86 94:6

2 p-Br-Ph-CH(OMe), i 93 92:8

3 p-Br-Ph-CH(OBn), j 89 96:4

4 p-MeO-Ph-CH(OMe), k 86 83:17

3 m-MeO-Ph-CH(OMe), 1 92 91:9

6¢ p-NO,-Ph-CH(OMe), m 27 61:39

7 Me-CH(OMe), n 99 82:18

8° Et-CH(OMe), o 90 92:8

9 Et-CH(OBn), p 90 91:9

10¢ i-Pr-CH(OMe), q 84 93:7

11¢ i-Pr-CH(OBn), r 81 93:7

12° (E)-MeCH=CHCH(OBn), s 90 86:14

13° (E)-MeCH=CMeCH(OBn), t 87 97:3

“Determined by HPLC. bIncIuding other three isomers. “0.05 equiv of
TMSOT( was employed. “2 equiv of TMSOTf were employed. “MS
4 A was added.

On the other hand, VMAR with Z,Z-diene 12'' gave a
mixture of four diastereomers including 14 and 15 as major
products in almost equal ratio (Scheme 4). These results
indicated that the reaction Z,Z-diene 12 was converted to 4R
isomers predominantly.

Scheme 4. Vinylogous Mukaiyama Aldol Reaction with Z,Z-
Dienol Ether 12

M
u Ye PhCH(OMe),
= TMSOTS
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Me Me Me Me
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ph\i/al\/\w Xn Ph\%\/\ﬂ' Xn PhMXN Ph\z/n\/\n’ X
MeO o] MeO o MeO 0 MeO o]
de 13 14 15

4e:13:14:15 = 2:2:51:44

Based on X-ray crystallography and NOE of 3e (Figure 1),
the stereoselective vinylogous Mukaiyama aldol reaction with
3e (Table 3), and the reaction with 12 (Scheme 4), we propose
the transition state as shown in Scheme 5. The oxonium cation
derived from the acetal approached from the upper face of the
diene to avoid steric repulsion of the methyl group of TBS
positioned below the diene, which would make the favored
transition state 16 to generate 45,5R-isomer 4. On the other
hand, the VMAR with Z,Z-diene 12 froceeded via two kinds of
favored transition states 17 and 18,'” including the approach of
the electrophile from the upper face of the diene, to afford
4R,5S-isomer 15 and 4R,SR-isomer 14, respectively. It is
interesting that in these transition states the isopropyl group at
the C4’ position and one methyl group at the C5’ position of
the oxazolidone directed the position of the TBS group, which
determined the accessible face of the diene. This unique
stereocontrol system realized the remote asymmetric induction.

Scheme 5. Proposed Transition State

=
[} -
M (o]
Ag_?(ilte RCH(OR), Me
TMSOTT R H

N__O
Me™ 7 %
S ST
o —78°C Xy~ ~oTBS |
3e 16
Me
Me ’Q—"(MB
R.5 o~ NYO
R'O 0 0
448, 5R
R @ Me
Me . Me lg—r”"
—| TR |— ReRay
| RO o o
Xy~ 0oTBS 154R, 58
e 17
Me #Me | RCH(ORY,
s N O | TMSOTE
CH,Cl,
TBSO © -78°C
12 Me Me
R M Me
TR R.5 ?e N, O
—| L=y
Xy~ OTBS R'O o o0
18 14 4R, 5R

In our previous work on the reaction with 1 possessing the C2
methyl group (Scheme 1, eq 1), the electrophile came from the
lower face of the diene to avoid the steric repulsion with the
isopropyl group of the chiral auxiliary. However, the present
reaction, employing the vinylketene silyl N,O-acetal missing the
C2-methyl group, underwent the vinylogous Mukaiyama aldol
reaction from the upper face of the diene to avoid the steric
repulsion with the methyl group of TBS.

Additionally, the one-pot synthesis of 4t from aldehyde 19
was examined (Scheme 6). After preparation of acetals by using

Scheme 6. One-Pot Transformation of Aldehyde 19 to
Adduct 4t

BnOTMS
Me TMSOTF Me
MS4A
Me\)\CHO Me\)\rOBn
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Me
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Moo s O ve
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93%, ds 95:5 at

BnOTMS and TMSOTf (0.2 equiv), 3e was added to the
resulting mixture.” The reaction proceeded smoothly to give 4t
in high yield with high stereoselectivity.

In conclusion, the stereoselective vinylogous Mukaiyama
aldol reaction using vinylketene silyl N,O-acetal derived from
(E)-3-pentenoic acid has been developed. This reaction
proceeded via remote asymmetric induction to give a syn
adduct possessing J-alkoxy-y-methyl-,B-unsaturated imide.
SuperQuat was an effective chiral auxiliary to direct the methyl
group of TBS to cover one face of the diene. It is noteworthy
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that the electrophile approached the C2-methyl-missing
vinylketene silyl N,O-acetal from the face opposite to that of
the C2-methyl-possessing vinylketene silyl N,O-acetal. Products
of this reaction have a polyketide structure so that this reaction
would be useful in natural product synthesis. Synthetic studies
on bioactive polyketides using this reaction are in progress in
our laboratory.
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