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Abstract: Carbomethoxypropionyl cyanide reacts regioselectively with a variety of enolates to provide
C-acylation products in high yield. © 1998 Elsevier Science Ltd. All rights reserved.

The preparation of 1,3-diketones and 1,3-ketoesters by the C-acylation of ketone enolates is an
important synthetic method which has been well studied and summarized in several reviews.! A variety of
factors play a role in the efficient preparation of p-dicarbonyl compounds, including the regioselectivity of C-
acylation (using asymmetric ketone precursors), the generation of diacylation products, proton exchange
between starting material enolate and the more acidic 1,3-diketone products, and the generation of both O-
acylation and C-acylation materials. Numerous carboxylic acid derivatives including anhydrides, acid
chlorides, dialkyl carbonates, dialkyl oxalates, and methyl methoxymagnesium carbonate have been used as
dcyldtmg agents;2 however, these reagents can produce either low product yields or a mixture of O- and C-

icult to separate from one another because of their similar nolaritv.3 In
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dicarbonyl compounds and their synthetic accessibility through a variety of methods,> acyl cyanides are not
commonly used as acylating reagents in organic synthesis.

In an effort to prepare antigen precursor 2, for use in the development of an antibody-catalyzed
herbicide degradation system, we required the introduction of a B-—ketoester functionality into decalone
derivative 1. Traditional acylation methods using succinic anhydride failed to give either C- or O- acylation
products when reacted with the enolate of 1, due to steric hindrance caused by the cis-methyl fusion of the
bicyclic ring system. Reaction of the enolate of 1 with 3-carbomethoxypropiony! chloride afforded almost
exclusively the corresponding enol ester, even when reverse addition was performed. Other acylating
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cyanoIormate YV we prepared carbomethoxypropionyl cyanide from 3-carbomethoxypropionyl chloride by

reaction with copper cyanide.” Condensation of the enolate of 1 with carbomethoxypropionyl cyanide
provided 2 as the exclusive product in 88% isolated yield. Based on this remarkable result, we decided to
investigate the scope of the method, by reacting carbomethoxypropionyl cyanide with several other ketone
substrates (Table). In all cases, good to excellent yields were achieved. A general procedure follows
(Method A):

A solution of the ketone 1 (0.2 mmol) in THF (1 mL) was added dropwise to lithium diisopropylamide

t
F@dmL)at-78 °C. The eg_ll[ip_g mixture was stirred for 1 h at -78 °C to ensure comnlet

After stirring for another 10 min, the reaction mixture was quenched by the addition of water. The mixture
was extracied with EipO (2 x 15 mL) and ihe combined organic iayers were washed with waier (10 mL) and
dried over anhydrous MgS0O4. The soivent was removed in vacuo and the crude product was purified by
flash chromatography (20% CH,Cl, in hexane) to provide 2 (88% yield).8

According to both NMR and GC analysis of the reaction mixtures of Entries 1-5 (Table),%-!! neither O-
acylation nor diacylation occurred. Although a more complicated product distribution can potentially arise
with unsaturated ketone 5a, due to y—deprotonation, only the kinetically favored C-acylation product 5 was

obtained. Similarly, we found that when frans decalone was used as substrate, ester 4 was selectively

formed as a result of kinetic enolization.12 Exces s base, which 1 pically reamred when other acylating
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of LDA. Interestingly, unlike the corresponding reactions with acyl chloride or anhydride electrophiles,
acyiation with carbomethoxypropionyi cyanide was a facile reaction, occurring rapidly even ai -78 °C.

To examine the feasibility of this method for enolates generated under thermodynamic control, reaction
of carbomethoxypropionyl cyanide with 1,3-cyclohexanedione was examined (Entry 5). Using a one-pot
method (Method B), the diketone was treated with 1.2 equivalents of triethyl amine and 1.1 equivalents of
acyl cyanide at 0 °C for 0.5 h. No starting material remained after 0.5 h and analysis of the recovered
material indicated that C-acylation had preferentially occurred to yield 7 as the sole product.!3 This method is
a clear advantage over the altcrnative two-step synthesis involving enolate acylation with  3-

loride followed by subsequent treatment of the crude enol ester with triethyl amine
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a All products were recovered exclusively in the enol form (as determined by TH NMR), except 4 (3:2
keto/enol tautomers) and 5 (keto form). P Isolated yield after column chromatography. ¢ Acylation occurred
exclusively at the carbon center, as determined by comparison with authentic enoi ester obtained by
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treatment with 3-carbomethoxypropiony! chioride.

TABLE

In conclusion, carbomethoxypropionyl cyanide is a useful acylating reagent for the generation of 1,3-
diketone systems. The reaction appears to be of general utility for a variety of ketone enolates, being highly

selective for the formation of C-acylation products in high yields.
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0il (0.95 g, 67%): IR (cm') 2225, 1727; 'TH NMR (CDCl3) § 3.72 (s, 3H); 3.07 (t, J = 6.6 Hz, 2H), 2.74
tJ= 66Hz, 2H), I3C NMR (CDC]}) 8 175.2, 171.3, 113.0, 52.3, 39 8 27.0.

. 2: 'H NMR (CDCl3) § 15.70 (s, 1H), 5.72 (m, 2H), 5.01 (s, 1H), 3.70 (s, 3H), 2.78 (t, J = 6.6 Hz,

2H), 2.72-2.61 (m, 2H), 2.30 (1, J = 6.6 Hz, 2H), 2.25 (s, 3H), 1.88-1.76 (m, 1H), 1.49-1.39 (m, 1H),
1.21 (s, 3H), 1.02 (s, 3H); 13C NMR (CDCl3) & 201.3, 181.7, 173.4, 133.5, 129.9, 126.9, 122.3,

105.0, 51.8, 44.8, 38.0, 32.5, 29.9, 27.8, 2i.1, 20.2, 17.8, i4.5
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2.30 (m, 3H), 2.10-1.97 (m, 1H), 0-1.80 (m, 1H), 1.32-1.20 (m, 2H), 0.92 (s, 9H); 13C NMR

(CDCl3) 8 200.7, 179.0, 173.5, 106.4, 51.8, 44.4, 323, 31.4, 27.7, 27.3, 24.8, 22.7.

5: TH NMR (CDCl3) § 5.82 (s, 1H), 3.65 (s, 3H), 3.38 (s, 1H), 3.00-2.38 (i, SH), 1.95 (s, 3H), 1.99-
1.93 (m, 1H), 1.09 (s, 3H), 1.03 (s, 3H); 13C NMR (CDCl3) d 204.9, 194.7, 172.8, 162.5, 123.4, 69.9,
51.7, 43.4, 40.2, 36.1, 28.6, 27.4, 25.9, 24.5.

6: 'TH NMR (CDCl3) 8 15.91 (s, 1H); 7.90 (d, J = 7.4 Hz, 1H); 7.39-7.18 (m, 3H); 3.71 (s, 3H), 2.88

b
(twny gvarlanning t J = 6§64 Hz Al—l\ 272262 (m. 4H): l%(‘ NMR ((‘ﬁf“h.\ & 1072 1772 177 ’7
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overlapping t, J He, (m, 4H); NMR (CDCl3) 8 197.3, , 173,
1403, 131 .6, 1?0,6, 127.5, 126.8, l25=6; 105.6, 51.8, 32.0, 28.2, 28.0, 21.9.

Compound 4 was a complex mixture of cis and trans fused bicycles, in enol and keto forms: 'H NMR
(CDCl3) 8 15.87 (s, 0.7H, enol H), 3.69 and 3.66 (s, 3:2 ratio, 3H), 3.57 and 3.52 (d, J = 5.9, 3:2 ratio,
0.3H, diketone H), 2.90- 2.50 (m, 4 H), 2.48-0.88 (m, 14H); 13C NMR (CDCls, peaks assigned to trans

fused enolic form) & 199.5, 182.5, 173.5, 105.5, 51.8, 46.6, 39.3, 33.6, 32.1, 29.7, 27.9, 27.0, 26.4,

25.9, 23.5.

7- 1H NMR (CDCI) 8 17.60 (hr s, 1THY. 372 (s 3H). 338 (¢, J = 590 Hz 2H) 263 (t J =159 Hz 2H)
7. 'H NMR (CDCl3) § 1760 (brs, 1H),3.72 (s, 3H), 338 (+, J =59 Hz, 2H), 2.63 {t, J = 5.9 Hz, 2H),
2.82-2.35 (m, 4H), 1.98 (m, 2H); !3C NMR (CDCl3) & 204.4, 196.8, 195.3; 173.2, 113.2, 51.7, 38.5,

36.4, 32.4, 27.8, 19.1.

. Montes, I. F.; Burger, U. Tetrahedron Lett. 1996, 37, 1007. Note: This reaction is presumed to occur

through an acy! cyanide intermediate.

. Enol ester: 'H NMR (CD(,lg) 8 5.30 (m, iH), 3.69 (s, 3H), 2.77-2.62 (m, 4H), 2.18-2.05 (m, 3H),

m, 7H); 13C NMR (CDCl3) & 172.5, 170.8, 150.4, 113.9, 51.8, 43.1,
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1.76-1.56 (m, 4H), 1.53-0
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