This article was downloaded by: [North Carolina State University]

On: 24 December 2012, At: 01:36

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

A Convenient Synthesis of
Masked pB-Ketoaldehydes

by the Controlled Addition

of Nucleophiles to
(Trimethylsilyl)ethynyl Ketones

S. M. Bromidge %, D. A. Entwistle b , J. Goldstein b
&B. S. Orlek ?
% Smith Kline Beecham Pharmaceuticals, Medicinal

Research Centre, Coldharbour Road, The Pinnacles,
Harlow, Essex, CM19 5AD, England

b Imperial College of Science and Technology, Prince
Consort Road, London, SW7 2AZ, England
Version of record first published: 23 Sep 2006.

To cite this article: S. M. Bromidge , D. A. Entwistle , J. Goldstein & B. S. Orlek
(1993): A Convenient Synthesis of Masked p-Ketoaldehydes by the Controlled Addition
of Nucleophiles to (Trimethylsilyl)ethynyl Ketones, Synthetic Communications: An
International Journal for Rapid Communication of Synthetic Organic Chemistry, 23:4,
487-494

To link to this article: http://dx.doi.org/10.1080/00397919308009803

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397919308009803
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [North Carolina State University] at 01:36 24 December 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [North Carolina State University] at 01:36 24 December 2012

SYNTHETIC COMMUNICATIONS, 23(4), 487-494 (1993)

A CONVENIENT SYNTHESIS OF MASKED B-KETOALDEHYDES
BY THE CONTROLLED ADDITION OF NUCLEOPHILES
TO (TRIMETHYLSILYL)ETHYNYL KETONES

S. M. Bromidge*, D. A. Entwistle¥, J. Goldstein* and B. S. Orlek

SmithKline Beecham Pharmaceuticals, Medicinal Research Centre,
Coldharbour Road, The Pinnacles, Harlow, Essex CM19 SAD, England.

#]mperial College of Science and Technology, Prince Consort Road,
London, SW7 2AZ, England.

ABSTRACT : The controlled addition of nucleophiles to (trimethylsilyl)ethynyl
ketones provides a facile route to f—ketoacetals, PB-alkoxy-o,B~unsaturated
ketones or vinylogous amides depending on the choice of reaction conditions.

B—Ketoaldehydes are important intermediates that are widely used in
heterocyclic synthesis.! Masked equivalents such as B—ketoacetals,2 p-alkoxy-
o,B-unsaturated ketones® or vinylogous amides® are often preferred due to
greater ease of handling and the scope they provide for regio-control of reaction.

A well established route to B-ketoacetals is the addition of alcohols to terminal
ethynyl ketones, a procedure that invariably yields the acetal without isolation of
the mono-addition product.5 A limitation on this approach, however, is the
difficulty associated with the preparation and handling of terminal ethynyl

ketones.6a, 7

*To whom correspondence should be addressed
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(Trimethylsilyl)ethynyl ketones are more stable than the parent ynones, but a
review of the literature revealed that their reactions with nucleophiles have
received scant attention. A rteport by Wilbur and Wilbur8 appeared during the
course of our own studies claiming the first example of a one-pot synthesis of
vinylogous amides involving the direct reaction of primary or secondary aryl
amines with (trimethylsilyl)ethynyl ketones. These additions were carried out
using one equivalent of base in solvents such as benzene, DMF, m-cresol or
N,N-dimethylacetamide at 90-1100C and it was claimed that the presence of
methanol or ethanol was essential for desilylation and amine addition. There are,
in fact, earlier reports of this reaction in the Russian literature with the addition of
one to two equivalents of simple alkyl amines to 4-trimethylsilylbut-3-yne-2-one,
or to 3-trimethylsilylpropynal, reported to give vinylogous amides in moderate
yields.210  The reactions were carried out at room temperature either in the
absence of solvent or in diethyl ether or hexane and although the authors?
postulated a mechanism that required an equivalent of base to promote

desilylation the actual amounts used were not consistent with this theory.

e} @]
i i, AL ome i, '
R/U\Cl o R™ N w X
(83-99%) Me (60-90%) ™S
1a-¢ 2a-c 3a-c
a R= Ph iii l(Table 1)
b R=CHex o
R="B
¢ R-"By A
NR',
da<

Scheme 1 Reagents and conditions: i, NHMeOMe.HC), pyridine;
ii, LICECTMS; iii, 2eq. NHR" > ,THF



Downloaded by [North Carolina State University] at 01:36 24 December 2012

MASKED S-KETOALDEHYDES 489

Table 1 Addition of Nitrogen Nucleophiles to 3a

Nucleophile osft;:;g::;a Yieldb Conditions
oy 0
N-methylaniline ph>\—\-N :r:: | 40% :Zﬂl:lrs
S P PR T
N-methyl K 95% 2h
ben_zr;leam)ilnc Pth{fph ’ reﬂflsx
(8]
Succinimide P:hNt; 90% 2
J (KO'Bu added)
N,O-dimethyl E 37% 5 hr
hy’dr(-)x;rll:mi)rlle Ph}\"‘f: ;e ’ rcflui

aThe stereochemistry of the adducts was determined by !H nmr. With the
exception of the entry marked with an asterix, which was cis presumably due to
intramolecular hydrogen bonding, all the adducts were exclusively trans.
bReactions were carried out with 2eq. of the nucleophile in THF, Products were
isolated by evaporation of the reaction mixture followed by aqueous work-up and
chromatography on silica.

These apparent discrepancies led us to investigate this reaction further, We
obtained moderate to high yields of vinylogous amides 4 by simply treating the
(trimethylsilylethynyl ketones 3 with two equivalents of a variety of amines in

dichloromethane or THF (Scheme 1). The versatility of this approach was

established by its successful extension to a variety of nitrogen nucleophiles and
representative examples of these additions to 1-phenyl-3-trimethylsilylprop-2-

yne-1-one 3a are shown in Table 1.
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The (trimethylsilyl)ethynyl ketones 3 were readily prepared® by the addition of
lithtum (trimethylsilyl)acetylide to N-methyl-N-methoxyamides 2, which are
themselves derived!! from the corresponding acid chlorides 1 (Scheme 1).

It has also been reported that the addition of alcohols to (trimethylsilyl)ethynyl
ketones using either wiethylamine or sodium alkoxide as base yields
B—ketoacetals.8.9:12 However, attempts by Wilbur and Wilbur to control the
addition by the use of ane equivalent of methanol in the presence of tricthylamine
resulted in polymerisation.8 We have discovered that, by judicious choice of base
and reaction conditions, it is possible to isolate either the B-alkoxy-o,p-
unsaturated ketones 5 or the P-ketoacetals 6 in good yields (&herr_x_g 2).
Interestingly, generation of the B-alkoxy-o,B-unsaturated ketones 5 using low
concentrations of methanol in THF was sensitive to the nature of the base. Under
each set of conditions used, nucleophilic bases such as quinuclidine or DABCO
afforded better yields of the monoadduct 5a than triethylamine, which required
longer reaction times and gave significant amounts of side products. The
hindered non-nucleophilic Hunigs base (N-ethyldiisopropylamine) produced no
reaction or a slow desilylation followed by decomposition. In contrast, with

methanol as solvent we obtained good yields of the acetal 6a irrespective of the

base used (Table2).
0] 0
0
BASE OR OMe

RO —_— RT N R

X MeOH OMe OMe

room temp.
Sa-c 6aCc

3ac X=TMS ;' Borax
7a-c X=H (51-84%)

Scheme 2
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Table 2 Products from Addition of Methanol to 3a under Various Conditions?

2-3 eq. MeOH 8 eq. MeOH MeOH solvent
BASE in THF, in THF, 2 eq. base,
0.2 eq. base 2 eq. base overnight
Quinuclidine 5a (67%) Sa (96%) 62a (83%)
Triethylamine Sa (22%) Sa (74%) 6a (79%)
Hunigs base . Slow
(NEtiPrz) No reaction desilylation 6a (99%)

4A]l reactions were carried out at room temperature and monitored by tlc, mono-
additions were generally complete within one hour, other reactions were left
overnight. The products were isolated by evaporation of the reaction mixture
followed by aqueous work-up and distillation under reduced pressure.

This reaction was extended to a range of model (trimethylsilylethynyl
ketones 3a-c and to the corresponding unsubstituted ethynyl ketones 7a-¢, which
were readily obtained from 3a-c by treatment with aqueous borax in methanol.13
This is the first reported example of a single Michael addition of methanol to a
terminal ethynyl ketone, and the optimum general conditions for the additions are
shown in Table 3.

The observations that nucleophilic bases give best resuits for the controlled
additions and that (trimethylsilyl)ethynyl ketones 3 and unsubstituted ethynyl
ketones 7 react in a similar manner have led us to propose the mechanism shown
in Scheme 3. It seems likely that desilylation is the initial step, followed by
reversible nucleophilic addition of the amine facilitating methanol addition.14
However, when methanol is used as solvent with non-nucleophilic bases, such as
Hunigs base, it is more plausible that the acetal 6 is formed by base-assisted

addition of methanol.
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Table 3 Products from Addition of Methanol to Ethynyl ketones
Under Optimum Conditions2

X=TMS X=H
SUBSTRATE 2eq. DABCO 2eq. Hunigs 2eq. DABCO
30eq. MeOH, MeOH sol., 10eq. MeOH,
1hr. overnight 10 min.
o
Ph . 5a (89%) 6a (99%) Sa (75%)
AN
3a,7a X
o}
*He N 5b (68%) 6b (79%) 5b (68%)
~
3,76 X
O
"Bu N Sc (82%) 6c (83%) Sc (67%)
3¢, 7¢ X

2All reactions were carried out at room temperature, The products were isolated
by evaporation of the reaction mixture followed by aqueous work-up and
distillation under reduced pressure.

3a-¢

0]

~
/v H— OMe
Ot
NR,
+

R/U‘ —— /lg__éy « "OMe
OMe NR3

Sa-c

Scheme 3 Proposed Mechanism for Mono-addition of Methanol to 3a-¢
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In conclusion (trimethylsilyl)ethynyl ketones are readily available, versatile

intermediates, which can be transformed easily into B-alkoxy-o,f—unsaturated

ketones, B-ketoacetals or vinylogous amides depending on the choice of reaction

conditions. The nucleophilic addition of methanol to terminal ethynyl ketones

can also be controlled to yield the mono-adduct.
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