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A Convenient Preparation of Aldehyde Enol Acetates
and Aldehyde Enol Trimethylsilyl Ethers
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The generation of ketone enolates has been extensively inves-
tigated in recent years in view of their applicability in organic
synthesis, in particular, of their alkylation and acylation
reactions. On the othzr hand, aldehyde enolates have found
little application in synthesis due to their tendency to undergo
aldol reactions’. Thus, indirect methods for the generation
of aldehyde enolates or their equivalents have been deve-
loped; these methods use anions of imines?, dimethylhydra-
zones?, silyl enol ethers*>°, or enol acetates’. Aldehydes
from which tertiary :arbanions can be formed have been
alkylated under phas:-transfer conditions®.

We were interested in finding an efficient method for the
preparation of aldehyde enol acetates, useful starting mater-
ials for the synthesis of 2-alkenals®.

The classical preparations of ketone enol acetates such as
the transacylation with isopropenyl acetate or the acid-cata-
lyzed O-acylation with acetic anhydride give only poor yields
when applied to aldehydes. Better yields are obtained under
basic conditions (acetic anhydride/potassium acetate) but
these yields {50-60%)' are still not satisfactory. The conco-
mitant formation of gem-diacyloxy compounds in this latter
reaction, probably by addition of acetic acid to part of
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the enol acetate formed, suggested the use of potassium
carbonate as acid scavenger''. In fact, the yields could thus
be improved but performance of the reaction was tedious.
A few years ago it was reported that the strong base potas-
sium hydride can be used to advantage for the rapid and
quantitative metallation of ketones'? without competing
aldol reactions or reductions. Also potassium enolates of
aldehydes have recently been prepared in this manner and
their C-alkylation has been studied'?.

We report here that the Q-acylation of potassium enolates
(2) generated by treatment of aldehydes (1) with potassium
hydride'* in 1,2-dimethoxyethane affords the corresponding
enol acetates (4) in high yields (81-91% of distilled product).

Formation of the enolates 2 generally is complete within
30 min at —30° and in less than 10 min at 0°.

DME H
R—CH-CH=0 + KHM ———  R~C=Cy + H,
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X X
1a-f 2a-f

DME = 1,2-dimethoxyethane

The enolate 2 is then added to excess acetyl chloride in
the same solvent or, better, to an acetyl chloride solution
containing catalytic amounts of 4-dimethylaminopyridine'>.
This latter compound forms a highly reactive 1-acylpyri-
dinium intermediate (3); the yield of 4 may thus be raised
by 5-7% (based on acetyl chloride).
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4a-d (cis/trans = 50/50)

This method is also applicable to the synthesis of 2-chloro-
enol acetates (4e, f; 75% yield) starting from 2-chloro-
alkanals (2e, f).

R H
H
RCloore  —m— k=t
q® oK : a 0Ac
2ef (2)-4e,f

R=n-CgHy, | CoHs

It has to be mentioned that substrates of the latter type
(2e,1) having a sufficiently acidic x-H-atom may also be
converted into the enolates, though less rapidly, by sodium
hydride alone or sodium hydride activated by catalytic
amounts of potassium hydride.

Apart from their conversion to enol acetates, the potassium
enolates 2 are useful starting materials for the synthesis
of aldehyde enol silyl ethers (5) which are important educts!®
of further syntheses such as that of 2-bromoalkanals (by
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bromination)!'® and of cyclopropanols (via Simmons-
Smith reaction) °-2°. Silyl enol ethers (5) are usually prepared
by refluxing the carbonyl compound in a solution of chloro-
trimethylsilane and triethylamine in dimethylformamide, the
yields ranging from 55 to 66%°. We have now prepared
aldehyde enol silyl ethers (5, 1-alkenyl trimethylsilyl ethers)
from the potassium enolates 2 and chlorotrimethylsilane
in 1,2-dimethoxyethane containing a catalytic amount of
triethylamine at —30° to 0° (see Table 2).

” CISI(CHy)y /
e (C,Hg )N/ DME M=t &
R CH..é:%o @ A~ R—CH=CH~~0 Si{CH;)3
d:75%
2b R = n-CeH, 5b (cis/trans = 75/25)
2d R- CeHs 5d (cis/trans 70/30)
CISi(CHy)y/
_H {CoHg)sN/DME CeMs, _ M
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a- oK cl 0Si(CHy)s
2f (2)-5f

The analogous reaction of 2 with hard alkylating agents
such as dimethy! sulfate provides a convenient and high-yield
synthesis of aldehyde enol ethers (e.g. 6d) including their
2-chloro derivatives (6f; see Table 2).

y ([;Zgoxzsoz/
CEHS-CH:.-g%O 0 - CgHg—~CH=CH=~0CH,
2d 6d (cis/trans = u0/60)
[HyCO, SO, /
CBHS‘“?:eEx . DMEB _ CsHs/C=C<H
c - 9K ’ o OCHg
2f (2)-6f

It should be noted that ethers of the type 6d may also
be obtained by acid-catalyzed elimination of methanol from
the corresponding acetals, i.e., by a two-step reaction starting
from the aldehydes, whereas ethers of the type 6f can only

- be obtained from the aldehydes by a multistep procedure?!.

The purity of all products was checked by G.L.C. (10% SE 30
on chromosorb W). The '"H-N.M.R. spectra were recorded on
a Perkin-Elmer R12B spectrometer at 60 MHz.

1-Acetoxy-1-heptene (4b, Heptanal Enol Acetate): Typical Proce-
dure:

A solution of heptanal (11.4 g, 0.1 mol) in dry 1,2-dimethoxyethane
(10ml) is added to a stirred suspension of potassium hydride!*
(44 g,0.11 mol) in dry 1,2-dimethoxyethane (50 ml) under nitrogen
at —5° Hydrogen evolution is quantitative within 10-12 min.
The enolate solution thus obtained is added by syringe to a
solution of excess acetyl chloride (15.7g, 0.2mol) in 1,2-dimeth-
oxyethane (30ml) containing 4-dimethylaminopyridine (0.6g.
5 mmol). Stirring is continued for 15 min at room temperature.
Then the reaction mixture is slurried into a two-phase ice-water/
pentane system. After separation, the organic phase is washed
twice withsaturated aqueous sodium hydrogen carbonate, then with
water, and dried with magnesium sulfate. The solvent is evaporated
in vacuum, and the residual product distilled in vacuo to give
amixture of cis-4b and trans-4b; yield: 13.1 g (84%): b.p. 83-85°/15
torr (Ref.'?, b.p. 76 79°/10 torr).
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1 Yield b.p./torr LR. (CCly) [cm™ 1] 'H-N.M.R. (CCl4, 60 MHz)
[ ———, 1’ | e formula® e — S -
R X [7] found reported Vo OH, on. [ppm]  JHiu:
a nCHy H 81 63-65°/15 CsH40, )
422 s 700 475 7Hz
b »n-CsH H 84 3-85°%/ ~79°/101° ] ' ; '
n-CsHyy 83-85°/15 76-79°/10 1755 1680 trans 705 530 12.5 Hz
¢ n-CqH;z H 83 92-94°/14 90-94°/10'¢ J
d C¢Hs H 9 90--92°/2 113-115°/1022 1755 1675 cis 7.25 555 8 Hz
trans  7.80 6.25 13 Hz
e nCsH,;, Cl 7§ 110-112°/16 CoH,sCIO, 1765 1680 7.30
{190.7)
f C¢H; Cl 75 99--100°/1 CioHoClO, 1765 1650 7.85
{196.6)

Molecular
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 The microanalyses were in satisfactory agreement with the calculated values: C, +088; H, +031;Cl, +0.12.

Table 2. Aldehyde Enol Silyl Ethers (5) and Enol Fthers (6) prepared

Molecular

'"H-N.M.R. (CCly, 60 MHz)

LR.(CCLy)

Prod-  Yield b.p./torr
uct [6] e e formula® Ve fem™ Y] N ;
found reported OH, o, [ppm] NITRIN
5b 72 81-83°/12 85°/15!# 1655 cis €.05(d of t) 4.35(d of t) 6.1 Hz
trans €.15(d of t) 485(doft) 12.1 Hz
5d 75 60-63°/1 C;1H 6081 1640 cis €35(dof t) 5.25(d of 1) 7.3 Hz
192.3) trans €.90 (d of' t) 595(d of 1) 12Hz
(Z)-51  81° C H,;sCJOST 1650 €.90 - -
(226.6)
6d 76 46-48°/0.2  211-212°/760%* 1640 cis €.00 5.15 7Hz
trans 5.00 575 133 Hz
(Z)-6f 80 64 - 66°/0.2 CoHoCIO 1645 cis 6.70
(168.6) 16355 trans

* The microanalyses were in satisfactory agreement with the calculated values: C, £0.15: H, +-0.07; Cl, +£0.08.

® Yield of crude product. The analytical data were obtained on samples isolated by G.L.C. (coaditions: column packed with SE 30

(10 %) on chromosorb W).

Styryl Trimethylsilyl Ether (Sd, Phenylacetaldehyde Enol Trimeth-
ylsilyl Ether); Typical Procedure:

A solution of phenylacetaldehyde (6.01 g, 0.05mol) in dry 1.2-
dimethoxyethane (5 ml) is added to a stirred suspension of potas-
sium hydride'* (2.2g, 0.055mol) in dry 1,2-dimethoxyethane
(25 ml) under nitrogen at ~ 5°. Hydrogen evolution is quantitative
within 10-12 min. To the enolate solution thus obtained is added,
with stirring under nitrogen at (%, a solution of chlorotrimethylsi-
lane (10.87 g, 0.1 mol) and triethylamine (2.03g. ~0.02mol) in
dry 1,2-dimethoxyethane (50 ml). After the addition is complete,
stirring is continued for 15 min at room temperature. The mixture
is then diluted with pentane (100 ml) and washed with cold aqueous
sodium hydrogen carbonate. The organic layer is dried with
magnesium sulfate, the solvent evaporated in vacuo, and the resi-
dual product distilled in vacuo to give a mixture of cis-5d and
trans-5d; yield: 7.3 g (757); b.p. 60-63°/1 torr.

C;1H,6081 calc. C68.69 HS837

(192.3) found 68.83 8.41

{Z)-2-Chloro-1-methoxy-2-phenylethylene [(Z)-6f]:

To a solution of enolate, prepared as previously from a-chloro-
phenylacetaldehyde (7.73 g, 0.05 mol) and potassium hydride (2.2 g,
0.055mol) in dry 1,2-dimethoxyethane, an excess of dimethyl
sulfate (1.26 g, 0.1 mol) is added with stirring under nitrogen at 0°.
After centrifugation, the liquid mixture is distilled under vacuum
to give 6f; yield: 6.7 g (807); b.p. 64-66°/0.2 torr.

CoHeCIO calc. 64.12 H538  C121.06
(168.6) found  63.97 5.44 21.44
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