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Stereoselective Cross-Aldol Reactions of Silyl Enol Ethers
with Acetals Catalyzed by Iodotrimethylsilane®
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Synopsis. Iodotrimethylsilane catalyzes effectively
erythroselective aldol type condensation of silyl enol ethers with TasLe 1. REACTIONS OF SILYL ENOL ETHERS (2) WIiTH ACETALS (3) AND
acetals. ORTHOFORMATES (6) CATALYZED BY IODOTRIMETHYLSILANE (1)
IN DICHLOROMETHANE AT — 78 °C
Recently, much attention has been focused on the Silst’lllee:lol or:};elei:; :?cac;iqn Product Yield%
. . . . € 1me/min
stereoselective aldol condensations? in relation to . [threo
syntheses of acyclic f-hydroxy ketones as a structural QSiMe,  PRGHC(OMe), 2009
. . TSN (2) (3a) \_CHPh 87
unit of natural macrolide antibiotics.®» We have found Q (T OoMe (4m) ©9/ 1)
previously that iodotrimethylsilane is an efficient 2a Ph(CH,),CH(OEY), 3 O
. . . . i
catalyst for the regiospecific allylation of acetals with (3b) (\/QH(CH,),Ph %0
allylsilanes.? As an extension of the work, we report - CH.(CHyCHOM, 3 O ®3/17)
here .that highly nucleophilic s?lyl en_ol ethers (2), lilfe 3(3‘:)“ : ("\,CH(CH,),CH, 70
allylsilanes, undergo the reaction with acetals (3) in L1 &M (70/30)
the presence of a catalytic amount of iodotrimethyl- 2a PhCH-CHCH(OMe), 50 O
silane (1), prepared from hexamethyldisilane and iodine e m/gzmmph 8:/220
at ambient temperat-ureﬁ’ to afford erythro-selective 8- 2a CH,CH,CH(OCH,P), 9 O ¢ (60720}
alkoxy ketones (4) in excellent yield. (Eq. 1). /"\,CHCH,CH, 65
1
LI 6cH,ph
osiMe . or® 2a (CH,),C(OMe), 50
3 1 I}
Rlc':~cnzn3 + R\/c(oas)zw 1¢|:|CR2R3('2R4R5 + RGOSLMe3(1) (3e) /\/(,}(CH’)’ 90
R® CHyCly L omMe
) 3 2a CH(OMe), 6 O
4 5 (6a) Aemione, 81
Results and Discussion OSiMe, 3a o0 oy’ H,
. L .. ! ! ,CPh 89
The essential feature of the reaction is rather similar N @)

. . . . ( VoMme @b (95 5)
to the trimethylsilyl triflate-catalyzed reaction,® and the N

results are listed in Table 1.
In all cases, the reaction of 2 with a variety of 3

(CH),CHCH,(OMe), 25 O
(\,('JHCH,CH(CH,), 70

var . \ OMe (79/21)
proceeds very sn}oo'thly and completes within 30 min % 3b 0 O
at —78 °C.” It is important to note that the reaction ("\,CH(CH,),Ph 87
mixture should be hydrolyzed by a saturated hydrogen : \/' OFt (86/14)
sodium carbonate solution at —78 °C. One of the 2b 34 60 O
important features of the present reaction is the (\/‘,’;C*I:CHP" 8:2
. . 1
erythro selective aldol condensation. For example, " 5 Y oMe @9/
reactions of benzaldehyde dimethyl acetal (3a) with silyl c(cHy o
enol ethers, 2a and 2b, derived from cyclopentanone (\'/c')Me“
and cyclohexanone, gave mixtures of erythro and threo » 6a 60 \o/
derivatives in a ratio of 99 : 1 and 95 : 5, respectively. _A_CH(OMe), 80
(Eq. 2). L/
OSiMe, 3a 55 o OMe
s 1
CE,MeJ 1(cat.) o ?Me A . C,H,CCH (CH,)CHPh 84
SCH + PhCH(OMe), — Cuph (2) (2e) (57/43)
oy 3 i) 2¢ 3e 60 o OMe
2'n : CH,CCH(CH)G(CHY), 86
2a, n=3 4a, 87%; Erythro:Threo = 99:1 OSiMe, 3a 40 O OMe
Jil 1
b, n =4 b, 89%; Erythro:Threo = 95:5 Ph/\ (2d) PhCCH,CHPh 90
2d 3¢ 50 O OMe
On the other hand, 3-trimethylsiloxy-2-pentene (2c, PhOCH,CH(CH,),CH, 90
E :Z=21 :79), prepared by Et;N/Me;SiCl in DMF,® 2 3e 50 O OMe
. : S PhCCH,C(CHy), 84
gave a 57 : 43 mixture of erythro and threo derivatives. 2a ‘a @ O
(Eq. 3). PhOCH,CH(OMe), 88
2d CH(OE), 60 o
SiMe, 1 Meo @ PhCCH,CH(OEY), 87
P + PhCH(OMe), —oii ™ Phc“‘,:“‘gczﬂs (3) 2) Yields after isolation by TLC.  b) Determined by NMR.  Erythro and threo
2 843 CHy derivatives (4) were characterized by comparing the vicinal coupling constants
( Jup).  Observations that Jyy.,, 0f ¢.2. 4b (13 Hz) is greater than j,mm, (4 Hz) is
2c 3a 4c in accordance with other erythro-threo systems.®1? ¢) At —35°C

E:Z2 = 21:79 Erythro:Threo = 57:43
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It is notable that orthoformate (6) reacts with 2 by
catalysis of 1 to give f-keto acetal (7). No further
reaction with the resulting B-keto acetal occurred.
Apparently, the reaction of 7 with 2 is slower than the
reaction of 6.

?siMe 3
ric=cr?R’ + ne(or'),

2 6 7 5

[o]
]

1(10 mols) 1
———= R"CCR

4)
Rlcu(or!), + rosive,

From the mechanistic point of view, it is interesting
that reactions with a,8-unsaturated acetals catalyzed by
1 proceed very selectively on the acetal carbon (see
Table 1). This fact suggests strongly that a silyloxonium
ion A, not a carbenium ion like B, is the most important
intermediate in the reaction.

“OR - + +
pnca=cucu+ - Me 35i0R [ PhCH=CHCHOR =——s PhCH-CH=CHOR ]
OR —_

1
SiMe3

Experimental

Reactions Summarized in Table 1. The following pro-
cedure is typical. To a mixture of 2 (1.2 mmol) and 3 (or 6)
(1.0 mmol) in dry dichloromethane (2 ml) was added iodotri-
methylsilane (0.02 g, 0.1 mmol) by a syringe under nitrogen at
—78°C. The reaction mixture was stirred for given condi-
tions in Table 1 and hydrolyzed with a saturated solution of
hydrogen sodium carbonate at —78 ° C.After usual work-up,
the crude product was purified by preparative thin-layer

NOTES
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chromatography on silica gel.?
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