
636 J.  Org. Chem., Vol. 41, No. 4,1976 Clark and Heathcock 

Acknowledgment. The author would like to thank Dr. 
W. J. Houlihan for his interest and support, Dr. Renate 
Coombs for supplying the mass spectral data, and Dr. S. 
Barcza and his staff for recording the spectra and for help- 
ful discussion in evaluating the data. 

Registry No.-la, 57512-87-5; lb, 57512-88-6; IC, 57512-89-7; 
Id, 57512-90-0; le,  57512-91-1; If, 57512-92-2; 2, 57512-93-3; 3, 
57512-94-4; indole, 120-72-9; 5-chloro-2-pentanone ethylene ketal, 
5978-08-5; methyl indole-3-carboxylate, 942-24-5; 3-indoleacetic 
acid methyl ester, 1912-33-0; 3-methylindole, 83-34-1. 

References and Notes 
(1) For a comprehensive review see W. J. Houlihan, “The Chemistry of Het- 

erocyclic Compounds, Indoles”, Vol. 25, Parts I and Ii, Wiley, New York, 
N.Y., 1972. 

(2) J. B. Stothers, “Organic Chemistry”, Vol. 24, “Carbon-I3 NMR Spec- 
troscopy”, Academlc Press, New York, N.Y., 1972: (a) p 58; (b) p 266. 

(3) The author Is grateful to Dr. W. J. Houiihan for donating a sample of 2- 
teri-butylindole 

(4) R. Romanet, A. Chemizart, S. Duhoux, and S. David, Bull. SOC. Chim. Fr., 
1048 (1963). 

(1958). 
(5) P. E. Peterson, J. P. Wolf. and C. Niemann, J. Org. Chem., 23, 303 

(6) M. Yoshimoti, N. Ishida, and T. Hiraoka, Tetrahedron Lett., 39 (1973). 
(7) A. R. Katritzky, J. Chern. SOC., 2581 (1955). 

Preparation and Reactions of P-Chloro-a,P-Unsaturated Ketones’ 

Robin D. Clark and Clayton H. Heathcock* 

Department of Chemistry, University of California, Berkeley, California 94720 

Received October 17,1975 

P-Chloro-a,P-unsaturated ketones are conveniently prepared by treating P-diketones or @keto aldehydes with 
oxalyl chloride in an inert solvent such as benzene or chloroform. Symmetrical cyclic P-diketones and @-keto al- 
dehydes afford a single P-chloroenone in good yield. Unsymmetrical cyclic P-diketones yield a mixture of isomeric 
0-chloroenones. Acyclic &diketones yield a mixture of E and Z 0-chloroenones. @-Keto esters do not afford 0- 
chloro-a,P-unsaturated esters by this procedure; the only product produced is the enol chlorooxalate. The product 
0-chloroenones are smoothly dehalogenated by silver-zinc couple in methanol and readily couple with lithium 
dialkylcuprates. In contrast to P-alkoxy-a,@-unsaturated ketones, P-chloroenones do not undergo regiospecific 
base-catalyzed alkylation. 

Preparation of 8-Chloroenones. P-Chloro-a,P-unsatu- 
rated ketones have been prepared from P-diketones by re- 
action with phosphorus p h o ~ g e n e , ~  acetyl 
chloride: thionyl ~ h l o r i d e , ~  and phosphorus 0xychloride.~7~ 
Reported yields for this conversion are generally in the 
range 50-70%.8 

In connection with a projected synthesis, we had occa- 
sion to prepare P-chloroenone 2 from cyanodione 1. How- 

0 0 kCN ---t JJJy’” 
1 2 

ever, the presence of the nitrile function caused serious 
complications when we attempted to use standard method- 
ology for this conversion. For example, treatment of 1 with 
acetyl chloride in chloroform6 gives no p-chloroenone 2. 
The only products obtained are acetate 3 (49-61%) and lac- 
tam 4 (29-39%).9 Phosphorus trichloride does afford P- 
chloroenone 2 in 40-50% yield, but it is contaminated by 
substantial amounts of lactam 4. 
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Similar difficulties were encountered when we attempted 
to transform dione 1 into P-bromoenone 5 using phospho- 
rus tribromide in pyridine, a reagent often used to convert 
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P-diketones into @-bromoenones.2 In this case, P-bromo- 
enone may be isolated in only 20% yield, and the major 
product appears to be lactam 4 (isolated in 20% yield). 

These difficulties led us to explore alternate methods for 
accomplishing the conversion of P-diketones to P-haloen- 
ones. In this paper, we report a successful solution to this 
problem, using a method which appears to be generally ap- 
plicable and which, in many cases, gives higher yields than 
do the standard methods.2-6 

Dimedone (6) reacts with oxalyl chloride (2.5 equiv) in 
refluxing chloroform to afford P-chloroenone 7 in 91% 
yield. The only side-product is a small amount of dichloro- 
diene 8 (ca. 2%), and the amount of this material may be 
suppressed by minimizing the reaction time. Application of 
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this method to dione 1 gave @-chloroenone in a distilled 
yield of 76% none of the undesired lactam 4 was detected 
in the reaction product. 

To  test the generality of the procedure, we have carried 
out the reaction on a variety of other p-diketones and p- 
keto aldehydes. The results are summarized in Table I. 
Note that the procedure seems to be generally applicable 
for the conversion of cyclic p-diketones into p-chloroenones 
in good yield.1° The sole cyclic @-diketone which has given 
us anomalous results is methyldimedone (15). Under our 
normal reaction conditions (2 equiv of oxalyl chloride, 180 
min reflux, 5.7 mmol of 15 per ml of benzene), chloroenone 
16 is produced in only 50% yield. The remainder of the 
product is the crystalline bisoxalate 39. Under more dilute 
conditions (2 mmol of 15 per milliliter of benzene), 0-chlo- 
roenone 16 is produced in 34% yield, accompanied by the 
crystalline chlorooxalate 40. While one might reasonably 
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expect compounds 39 and/or 40 to be intermediates in the 
conversion of 15 into 16, their isolation and stability in this 
case is somewhat surprising. We have not encountered 
analogous products with any of the other p-diketones we 
have studied. Decomposition of 40 can be effected with 
HC1 in benzene, but under these conditions chloroenone 16 
is substantially converted into dichlorodiene 41. 

16 41 
40 

The single acyclic p-diketone studied (29) afforded a 1:l 
mixture of stereoisomeric @-chloroenones 30 and 31 in 50% 
yield. As a method for preparing 30 and 31, this procedure 
is competitive with Julia’s method in which 2-chloropro- 
pene is treated with acetyl chloride and AlC13 (57%).11 The 
structures of isomers 30 and 31 are readily assigned on the 
basis of their lH NMR spectra (see Experimental Section). 
Unsymmetrical @-diketones such as 19 and 26 give good 
yields of @-chloroenones, but the reaction is not regioselec- 
tive. 

@-Keto aldehydes apparently react to yield a single p- 
chloroenone. The reaction is regiospecific and stereospecif- 
ic. The chlorine appears to be cis to the carbonyl group in 
both examples we have studied (32 --r 33, 34 35). The 
stereostructure shown in Table I was assigned on the basis 
of lH  NMR arguiments.12 

So far, we have been unsuccessful in transforming @-keto 
esters into (3-chloro-a,@-unsaturated esters with oxalyl 
chloride. Ethyl 2-oxocyclohexanecarboxylate (42) yields 

only the high-boiling chlorooxalate 43, which reacts with 
methanol to give the mixed oxalate diester 44. Attempts to 

0 

44 
convert 43 into a vinyl chloride by reaction with anhydrous 
HC1 in CHCl3 were unsuccessful. 

Reduction of &Chloroenones. We have also studied 
the reduction of @-chloroenones to a,@-unsaturated ketones 
(e.g., 7 + 45). Crossley and Renouf reported in 1907 that  

7 ’  45 

such reductions may be accomplished by utilizing acid- 
washed zinc dust in methanol.l8 Frank and Hall reported 
in 1950 that  acceptable yields in this reduction are ob- 
tained only when potassium iodide is also added to the re- 
action m i ~ t u r e . ~  Thus, these workers reduced 7 to 45 by 
using 5 equiv of zinc dust and 1 equiv of KI in methanol. 
Using these conditions, we found that chloroenone 2 and 
bromoenone 5 are slowly reduced to enone 46 in yields of 
40-5@70. Conia’s zinc-silver couplelg gave comparable re- 

A 
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46 

sults-slow reduction, ca. 50% yield of 46. In contrast, we 
found that a zinc-silver couple prepared from acid-washed 
zinc dust causes a rapid reduction of 5, affording 46 in high 
yield (81% distilled). 

In order to optimize the conditions for this reduction, a 
series of experiments were carried out on chloroenone 7. 
Reaction aliquots were analyzed by GLC, using peak areas 
to monitor the percent reduction as a function of reaction 
time. It was first established that potassium iodide is not 
necessary for facile reduction; in fact, reduction is some- 
what more rapid in its absence. Secondly, it was estab- 
lished that the manner in which the zinc dust is washed 
with dilute acid is essential to the formation of an active 
couple. Optimum results are obtained when the zinc is 
treated with 10% aqueous HCl with occasional shaking for 
4-5 min. Finally, the amount of silver used in preparing the 
couple is important. The couple is prepared by adding the 
acid-washed zinc dust to a hot solution of silver acetate in 
acetic acid, and the most effective reagent is obtained when 
30-40 mg of silver acetate per gram ofzinc dust is used (see 
Table 11). 

Using a zinc-silver couple prepared from 30 mg of 
AgOAc per gram of Zn, the reduction of 7 to 45 is effective- 
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Table I 
Preparation of 0-Chloroenones 

Starting 
0-dicarbonyl Amount of Reaction 

compd (COCI),, equiv time, min Product (70 yie1d)a 

1 

A. 6 

h, 
9 

11 

ho 13 

ho 15 

p 17 

+io 19 

d 22 

4 24 

(Y 26 

2.5b 

2.0 

2.5 

2.5 

2.5 

2.0b 

2.0 

2.0 

2.0 

2.0 

2.0 

60 

20 

13 

120 

60 

180 

15 

15 

15 

15 

15 

(73) 
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Table I 
(Continued) 

Starting 
P-dicarbonyl Amount of Reaction 

compd (COCI),, equiv time, min Product (% yie1d)a 
______-._ -- 

Ll 
29 

32 

34 

2.0 

2.0 

1.0 

15 

1 5  

1 5  

a Yields are distilled yields. b These reactions were carried out in benzene; all others were carried out in chloroform. 
c See text. 

Table I1 
Reduction of 0-Chloroenone I 

mg of % 45 mg of % 45 

of Zn 5 min of Zn 5 min 
AgOAcIg in AgOAck in 

0 3 30 85  
4 18 35 81 

20 67 40 79 
25 75  

ly quantitative in 15-20 min at room temperature. If acid- 
washed zinc dust is used, without being converted into the 
silver couple, the reduction requires more than 24 hr. 

In order to  explore the generality of the reduction proce- 
dure, a number of other 0-chloroenones were reduced using 
the foregoing optimum conditions. Results are summarized 
in Table 111. I t  is clear from Table I11 that this method of 
reductive removal of a halogen from a P-haloenone is wide- 
ly applicable and constitutes a reliable synthetic method. 
Several generalizations may be made. &Haloenones which 
have an alkyl group at the a! position reduce much more 
slowly than those with hydrogen a t  this position. (14 vs. 10, 
16 vs. 7). fl-Bromoenones reduce much more rapidly than 
@-chloroenones (5 vs. 2). In general, a-alkyl-/3-chloroenones 
require on the order of 24 hr for complete reduction, while 
a-protio-0-chloroenones require only 15-60 min. One p- 
chloroenone, compound 28, showed no signs of reducing a t  

IC1 0 c1 0 

C HJOH 
24 hrs  

27 28 
2 : l  

56 28 
2 : l  

all, even after 24 hr. The reduction of this substance was 
actually carried out on a 2:1 mixture of 27 and 28. After 24 
hr, the reaction product consisted of a 2:l mixture of 56 
and 28. 

Reduction of a-(chloromethy1ene)cyclohexanone (33) re- 
sulted in complete reduction to 2,6-dimethylcyclohexanone 
(55). Analysis by GLC showed that the product a-methy- 
lenecyclohexanone is reduced a t  a rate comparable to  that 
for 33 itself. 

I t  was found that dried zinc-silver couple is not nearly as 
effective as the freshly prepared couple. Furthermore, we 
noted that reduction of crude (undistilled) chloroenone re- 
sults in substantial overreduction of the product enone, 
presumably owing to the acidity (HCl) of the undistilled 
chloroenone. We also investigated the Zn(Ag)-CHSOH re- 
duction of several other halides. o-Bromobenzoic acid, p -  
bromoethylbenzene, dichlorodiene 8, and 1-chloro-4-meth- 
ylcyclohexene were not reduced by the reagent in 24 hr. 

Reaction of j3-Chloroenones with Organocuprates. 
Having a number of pure /?-chloroenones in hand, we brief- 
ly investigated their reaction with lithium dimethylcu- 
prate. Compound 33 reacts smoothly with 2 equiv of Li- 
CuMe-2 to  give 2-isopropyl-6-methylcyclohexanone (57) in 
90% yield. Under the same conditions, the 2:l mixture of 27 

0 c1 0 w~ + LiCuMe2 - 
33 57' 

and 28 affords a 2:l mixture of 2-tert-butylcyclohexanone 
(58) and enone 59.20 A similar reaction with the a-(chloro- 
methy1ene)octalone 35 resulted in exclusive alkylation of 
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Table 111 
Reduction of P-Chloroenones 

Clark and Heathcock 

Reaction Reaction 
time, time, 

0-Chloroenone min Product (% yield)a P-Chloroenone min Product (% yieldp 

(75) 

(77) 

51 

1560 
52 

60 4 (85)d 
53 

1440 NR 

a Isolated yield. b This reaction was carried out at 0" C. At room temperature, compound 10 reacts with methanol. c This 
reduction was incomplete after 37 hr;  yield is by GLC. d Compounds 20 and 2 1  were reduced as a 70:30 mixture. The re- 
duction products 53 and 54 were formed in 85% yield in a ratio of 70:30. e See text. 

c1 0 @ + (f 2LiCuMe2, 

U U 
58 59 

the double bond exocyclic to the ring, affording the isopro- 
pyl enone 60. Similar alkylations of 1,3-dicarbonyl enol 

H 

35 60 

ethers,22 enol and enol acetatesz3 have been re- 
ported previously. However, alkoxy1 (and presumably acyl- 
oxyl) groups cause the Eo for an enone to be more nega- 
tive,21b while halogens probably cause Eo to  be less nega- 
t i ~ e . ~ ~  Thus, in cases such as 35, where there are two enone 
systems, greater selectivity is indicated. 

Alkylation of 8-Chloroenone Enolates. Finally, we 
have examined the kinetic alkylation of p-chloroenone 14, 

in analogy to the kinetic alkylation of &diketone enol 
ethers reported by Danheiser and Stork.26 However, in the 
case of chloroenone 14, we find proton transfer to  compete 
very effectively with alkylation, even using allyl bromide as 
the electrophile. Thus, when 14 is converted into its kinetic 
enolate by lithium' diisopropylamide (LDA) in THF, fol- 
lowed by alkylation with allyl bromide at  -78O, a mixture 
of monoalkylated and dialkylated chloroenones (61 and 62) 
and recovered 14 is produced in a ratio of 30:25:45. Using 
inverse addition of preformed enolate to allyl bromide at 
r 7 8 O  gave slightly more monoalkylation (61:62:14 48:22: 

30), but  the results were still not satisfactory. When the al- 
kylation is carried out at Oo, with HMPT as cosolvent, ei- 
ther normal or inverse addition gave mixtures of mono- 
and dialkylated products, also containing the product of 
thermodynamically controlled enolization, 63. The rapid 
proton transfer observed with 8-chloroenones, in contrast 
to the exclusive monoalkylation observed with analogous 
enol ethersF6 is probably due to the greater acidity of the 
chloroenones. 
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Experimental Section 
All melting and boiling points are uncorrected. Nuclear magnet- 

ic resonance (NMR) spectra were determined on a Varian T-60 
spectrometer (in 6 units with tetramethylsilane as internal refer- 
ence). The infrared (ir) spectra were recorded on a Perkin-Elmer 
137 infrared spectrophotometer, Mass spectra (MS) were obtained 
on a MS-12 mass spectrometer. Mass spectra are given as mle with 
the relative intensity in parentheses. Microanalyses were per- 
formed by the University of California Microanalytical Laborato- 
ry, Berkeley, Calif. Preparative and analytical gas-liquid chroma- 
tography (GLC) was carried out on an Aerograph Model A 90-P3 
gas chromatograph using the following stainless steel (10 f t  X 0.25 
in.) columns: column A, 15% NPQS: column B, 5% SE-30; column 
C, 10% NPGS; column D, 10% FFAP. 
3-Acetoxy-2-(2-cyanoethyl)-5-methylcyclohex-2-en-l-one 

(3). Acetyl chloride (3.3 g, 42 mmol) was added to a suspension of 
dione I*' (5.0 g, 28 mmol) in chloroform (30 ml). The mixture was 
refluxed for 2 hr, evaporated, taken into ether, and filtered from a 
white solid. Evaporation of the ether filtrate gave 3.74 g (61%) of 
acetate 3 as a colorless oil: ir (film) 4.44, 5.67, 5.95, 8.40, 8.78, 9.52 
p; NMR (CC4) 6 1.08 (d, 3 H), 2.33 (s,3 H), 2.00-2.60 (m, 9 H). 

Anal. Calcd for Cl~H1603N: C, 65.14; H, 6.83. Found: C, 64.93; 
H, 6.97. 

The white solid from above (1.44 g, 28.8%) was the known bicy- 
clic lactam 4.28 Recrystallization from chloroform-petroleum ether 
gave light yellow needles, mp 191-193' (lit?8 mp 198-199'): ir 
(Niijol) 5.91, 6.11 p; NMR (pyridine) 6 0.85 (d, 3 H), 2.00-2.70 (m, 
9 H). 

3-Bromo-2-( 2-cyanoethyl)-5-methylcyclohex-2-en-l-one 
(5). To a solution of diketone 1 (73.5 g, 410 mmol) in chloroform 
(700 ml) and lutidine (75 ml) was added phosphorus tribromide 
(62 ml, 660 mmol) and the resulting solution was refluxed for 3 hr. 
Water was slowly added to the cooled solution, the chloroform 
layer was separated, and the aqueous layer was washed with ether. 
The combined organic layers were washed with water, dried, and 
evaporated to a half-solid residue. Trituration with ether gave 14.6 
g (20%) of crystalline lactam 4. The ether was evaporated and the 
residue distilled to give 19.4 g (20%) of bromoenone 5 (bath tem- 
perature 135', 0.2 mm) as a colorless oil: ir (film) 4.50, 6.00,6.19 p; 
NMR (CC14) 6 1.05 (d, 3 H), 2.00-3.00 (m, 9 H). 

Anal. Calcd for C10H12ONBr: C, 49.58; H, 4.96; N, 5.78; Br, 
33.05. Found: C, 49.38; H, 4.93; N, 5.59, Br, 33.28. 

General Procedure for the Synthesis of Chloroenones. 3- 
Chloro-5,5-dimethylcyclohex-2-en-l-one (7). To a suspension 
of dimedone 6 (15.0 g, 107 mmol) in chloroform2B (40 ml) was 
added slowly oxalyl chloride (27.2 g, 214 mmol). The addition was 
accompanied by vigorous evolution of gas. After stirring at room 
temperature for 10 min, the slurry was refluxed for 20 min to give a 
yellow solution which was evaporated and distilled to give 15.7 g 
(92%) of chloroenone 7 as a colorless liquid, bp 72' (5 mm) [lit? bp 
105' (20 mm)]: ir (film) 5.95, 6.17 p; NMR (CCld) 6 1.10 (8, 6 H), 
2.20 (a, 2 H), 2.78 Id, 2 H), 6.13 (t, 1 H); MS mle (re1 intensity) 160 
(6), 158 (191,104 (32), 102 (loo), 79 (17),77 (11),67 (48). 

Anal. Calcd for CSHIIOCI: C, 60.56; H, 6.94; C1, 22.37. Found: C, 
60.36; H, 6.79; C1,22.38. 
3-Chloro-2-(2-cyanoethyl)-5-methylcyclohex-2-en-l-one 

(2). Dione 1 (35.0 g, 196 mmol) in benzene (100 ml) was treated 
with oxalyl chloride (62.5 g, 493 mmol) according to the general 
procedure described above. After a 60-min reflux, the solvent was 
evaporated and the residue was distilled to give 29.1 g (75.5%) of 
chloroenone 2 as a colorless oil, bp 152' (3 mm): ir (film) 4.46,5.95, 
6.17 p; NMR (CC4) 6 1.05 (d, 3 H), 2.00-3.00 (m, 9 H); MS m/e (re1 
intensity) 199 (8),1.97 (27), 172 (16), 162 (loo), 115 (74). 

Anal. Calcd for CloH120NCl: C, 60.90; H, 6.09; N, 7.11; C1, 18.05. 
Found: C, 60.77; H, 6.19; N, 7.06; C1,18.02. 

Other P-chloroerrones prepared using this general procedure had 
the following physical proper tie^.^^ 
3-Chlorocyclohex-2-en-bone (10): bp 63' (4 mm) [lit. bp 78' 

(14 rnm)?' 104' (24 mm32)]. 
3-Chloro-5-methylcyclohex-2-en-l-one (12): bp 52O (1.2 

mm) . 

3-Chloro-2-methylcyclohex-2-en-l-one (14): bp 46' (0.6 
mm), 62' (2 mm) [lit.33 bp 84' (7 mm)]. 

3-Chloro-2-( 3-methyl-%-butenyl)cyclohex-2-en-l -one ( 18): 
bp 110' (2.5 mm). 
3-Chloro-4-(2-propenyl)cyclohex-2-en-l-one (21), 3-chloro- 

6-(2-propenyl)cyclohex-2-en-l-one (20): bp 85' (2 mm). 
3-Chlorocyclopent-2-en-1-one (23): bp 35' (0.7 mm). 
3-Chloro-2-methylcyclopent-2-en-l-one (25): bp 43" (1.6 

mm). 
(Z)-2-Chloroethylidinecyclohexanone (27). 1-acetyl-2-chlo- 

rocyclohexene (28): bp 80' (2 mm). 
Reaction of Methyl Dimedone (15) with Oxalyl Chloride. 

Oxalyl chloride (66.0 g, 460 mmol) waa added slowly to methyl di- 
medone (16,34 35.0 g, 227 mmol) in benzene (40 ml) and the result- 
ing solution was refluxed for 3 hr. The solvent was evaporated and 
the residue distilled to give 19.5 g (50%) of chloroenone 16 as a col- 
orless oil, bp 78' (2 mm) [lit.3S bp 78' (2 mm)]: ir (film) 5.95, 6.11, 
7.50, 7.7 p; NMR (Cc4) 6 1.33 (8 ,  6 H), 1.90 (t, 3 H), 2.28 (9, 2 HI, 
2.65 (4, 2 H); MS m/e (re1 intensity) 174 (7), 172 (24), 118 (32), 116 
(100). 

Anal. Calcd for C~H190Cl: C, 62.61; H, 7.53; c1,20.55. Found: C, 
62.64; H, 7.58; C1,20.29. 

The crystalline pot residue from the distillation (10.0 g) was re- 
crystallized from ethyl acetate to give the bisoxalate 39, mp 159- 
161': ir (Nujol) 5.62, 5.95, 6.80, 9.10 p; NMR (CDC13) 6 1.16 (8 ,  12 
H), 1.73 (t, 6 HI, 2.38 (s,4 HI, 2.57 (q,4 HI. 

Anal. Calcd for C20H2606: C, 66.28; H, 7.23. Found: C, 66.03; H, 
7.27. 

In a similar reaction of methyl dimedone (10.0 g, 65 mmol) and 
oxalyl chloride (20.6 g, 162 mmol) in benzene (30 ml), the higher 
boiling chlorooxalate 40 was obtained, bp 107' (1.2 mm): ir 
(CHCls) 5,37,5.67,5.95, 6.15 p; NMR was identical with that of bi- 
soxalate 39. 

(Z)-3-Chloropent-3-en-2-one (30) and (E)-3-Chloropent-3- 
en-%one (31). Acetylacetone (29, 5.0 g, 50 mmol) in chloroform 
(15 ml) was treated with oxalyl chloride (12.7 g, 100 mmol) and the 
resulting solution was refluxed for 15 min. Evaporation of solvents 
and distillation gave 2.95 g (50%) of chloroenones 30 and 31, bp 35O 
(6 mm) [lit." bp 42' (11 mm)]. The two isomers were present in a 
5050 ratio by NMR analysis and were separated by preparative 
gas chromatography (column A, 140'). The E isomer 31 had reten- 
tion time 2.2 min: NMR (cCl4) 6 2.16 (s, 3 H), 2.33 (d, J = 1 Hz, 3 
H), 6.43 (9, J = 1 Hz, 1 H). The 2 isomer 30 had retention time 4.0 
min: NMR (cc14) 6 2.08 (d, J = 1 Hz, 3 H), 2.30 (s,3 H), 6.10 (4, J 
= 1 Hz, 1 H). 
(Z)-2-Chloromethylene-6-methylcyclohexanone (33). A so- 

lution of 2-formyl-6-methylcyclohexanone (9.95 g, 71.7 mmol) in 
chloroform (40 ml) was treated with oxalyl chloride (13.6 g, 106 
mmol) under the usual conditions to give 9.23 g (82.6%) of 33, bp 
60' (1.5 mm). Gas chromatography (column B, 150') showed one 
component at retention time 4.0 min: ir (film) 5.92,6.23,6.40,6.90, 
7.75 p; NMR (CCW 6 1.10 (d, 3 H), 1.40-2.80 (m, 7 H), 6.96 (t, J = 
3 Hz, 1 H). 

Anal. Calcd for CsH11OCl: C, 60.57; H, 6.94; C1, 22.40. Found: C, 
60.78; H, 6.90; C1,22.18. 
(Z)-2-Chloromethylene-4a-methyl-4,4a,5,6,7,8-hexahydro- 

naphthalen-2(3H)-one (35). Oxalyl chloride (2.41 g, 19 mmol) 
was slowly added to a cooled (10-16') solution of formyl ketone 34 
(3.58 g, 18.6 mmol) in chloroform (50 ml). After the addition was 
complete, the solution was stirred at room temperature for 15 min 
and then refluxed for 15 min. Evaporation and distillation gave 3.0 
g of yellow oil, bp 125' (1.5 mm). NMR analysis showed a 9 1  mix- 
ture of chloroenone 35 and dichlorotriene 36, which were separated 
by preparative gas chromatography (column C, 200'). Compound 
36 had retention time 2.5 min: ir (film) 6.12, 6.20, 6.40, 9.80 f i ;  
NMR (CC4) 6 1.00 (8, 3 HI, 2.83 (d, 1 H), 5.53 (t, 1 H), 6.10 (8 ,  1 
H), 6.56 (d, J = 2 Hz, 1 HI; MS m/e (re1 intensity) 232 (6), 230 
(351,228 (541,195 (34), 193 (loo), 165 (24), 157 (39). 

Compound 35 had retention time 3.7 min: ir (film) 6.01, 6.20, 
6.30, 7.65,8.00 p; NMR (CC4) 6 1.16 (8,  3 H), 2.93 (d, 1 H), 5.70 (t, 
1 H), 7.05 (d, J = 2 Hz, 1 H); MS mle (re1 intensity) 212 (34, 210 
4100)' 195 (48), 175 (681,105 (70). 

Anal. Calcd for C12H150Cl: C, 68.41; H, 7.1 3. Found: C, 68.16; H, 
7.23. 

Under the usual conditions for formation of the #?-chloroenone 
(2.0 equiv of COClz), compound 34 gave only dichlorotrienone 36 
in good yield. 

Reaction of Ethyl Cyclohexanone-2-carboxylate (42) with 
Oxalyl Chloride. To a solution of ethyl cyclohexanone-2-carbox- 
ylate (5.0 g, 29 mmol) in benzene (20 ml) was added oxalyl chloride 
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(7.9 g, 62 mmol). After 3.5 hr reflux, the mixture was evaporated 
and distilled to give 5.3 g of chlorooxalate 43 as a thick oil, bp 130' 
(1.5 mm): ir (film) 5.43, 5.56, 5.71, 5.80, 8.10 p; NMR was virtually 
superimposable with that of the starting material. 

When this material was refluxed in methanol, a colorless oil was 
obtained which was readily identifiable as the methyl oxalate 44: ir 
(film) 5.68, 5.71 p;  NMR (CC4) 6 3.72 (s,3 H). 

General Procedure for the Reduction of 8-Chloroenones. 
5,5-Dimethylclohex-2-en-l-one (45). Aqueous 10% hydrochloric 
acid (10 ml) was added to zinc dust (Mallinckrodt analytical, 2.1 g, 
31.5 mmol) and the resulting suspension was shaken periodically. 
After several minutes, the supernatant liquid was decanted and 
the zinc was washed with acetone (2 X 10 ml) and ether (10 ml). A 
suspension of silver acetate (60-70 mg) in boiling acetic acid (10 
ml) was added. After the mixture was stirred for 1 min, the super- 
natant was decanted and the black zinc-silver couple was washed 
with acetic acid (5 ml), ether (4 X 10 ml), and methanol (10 ml). To 
the moist couple was added a solution of chloroenone 7 (1.0 g, 6.3 
mmol) in methanol (3 ml). The reduction was exothermic, and 
GLC analysis (column A, 150') showed it to be complete after stir- 
ring vigorously at room temperature for 10-20 min. The zinc was 
filtered off and washed with methanol. The filtrate was evaporated 
and the residue was partitioned between ether and 10% hydrochlo- 
ric acid. The ether layer from five similar runs was dried and evap- 
orated to yield 3.2 g (81%) of enone 45 as a colorless oil, bp 36' (1 
mm): ir (film) 5.95 p; NMR (CC4) 6 1.10 (s, 6 H), 2.30 (m, 4 H), 
5.93 (m, 1 H), 6.80 (m, 1 H). 

Anal. Calcd for CBHIPO: C, 77.38; H, 9.74; Found C, 77.04; H, 
10.09, 
2-(2-Cyanoethyl)-5-methylcyclohex-2-en-l-one (46). Reduc- 

tion of chloroenone 2 (27.6 g, 140 mmol) with the zinc-silver cou- 
ple (63.0 g, 978 mmol) in methanol (120 ml) for 26 hr as above gave 
19.5 g (86.5%) of enone 46 after distillation, bp 92' (0.3 mm): ir 
(film) 4.44, 5.97 p; NMR (cc14) 6 1.10 (d, 3 H), 2.00-2.50 (m, 5 H), 
2.46 (s,4 H), 6.85 (d, 1 H). 

Anal. Calcd for C1OH1sON: C, 73.59; H, 8.03; N, 8.58. Found: C, 
73.28; H, 8.13; N, 8.40. 
2,6-Dimethylcyclohexanone (55). To the zinc-silver couple 

(5.2 g, 80 mmol) was added chloroenone 33 (2.5 g, 15.8 mmol) in 
methanol (10 ml). An exothermic reaction ensued which required 
mediation with an ice bath. GLC analysis (column B, 150') showed 
the reaction to be complete in less than 5 min. The usual work-up 
gave 1.50 g (80%) of colorless oil which was identical (ir, NMR, 
GLC) with an authentic sample of 2,6-dimethylcyclohexanone. 

Reduction of Chloroenones 27 and 28. A 2:l mixture of chlo- 
roenones 27 and 28 (1.0 g, 6.4 mmol) in methanol (2 ml) was treat- 
ed with the zinc-silver couple (1.25 g, 19 mmol) at room tempera- 
ture for 20 hr. Work-up afforded 0.75 g of light red oil. GLC analy- 
sis (column B, 130') showed two peaks at retention times of 4.8 
and 6.6 min, in a 21 ratio. Both peaks were collected by prepara- 
tive GLC and the major peak was (E)-2-ethylidinecyclohexanone 
(56): ir (CC4) 5.91, 6.19 p; NMR (Cc4) 6 1.68 (doublet of triplets, 
J = 7, 1 Hz, 3 H), 2.00-2.60 (m, 4 H), 6.55 (quartet of triplets, J = 
7,2 Hz, 1 H).36 

The minor peak was chloroenone 2 8  ir (CC4) 5.90,6.20 p; NMR 
(CC14) 6 1.53-1.90 (m, 4 H), 2.37 (s, 3 H), 2.00-2.60 (m, 4 H); MS 
m/e  (re1 intensity) 160 (8), 158 (24), 145 (22), 143 (69, loss of meth- 
yl, 35Cl isomer). 

SpectraPo and physical properties of other enones prepared by 
this general method were in complete accord with the assigned 
structures. Furthermore, the synthetic samples of enones 45, 47, 
48,50, and 5426 were identical with authentic samples of these ma- 
terials. 

Reaction of 8-Chloroenones with Lithium Dimethylcopper. 
2-Isopropyl-6-methylcyclohexanone (57). A solution of chloro- 
enone 33 (5.0 g, 31.8 mmol) in ether was added to a -30' solution 
of lithium dimethylcopper (65 mmol) in ether (100 ml). The mix- 
ture was allowed to warm to room temperature, then was poured 
into aqueous ammonium hydroxide solution. Ether extraction gave 
4.47 g (91.4%) of 57 as a light yellow oil: ir (film) 5.84, 6.89, 7.70 P;  
NMR (CC4) 6 0.80-1.07 (overlapping methyl and isopropyl dou- 
blets from two isomers, 9 H), 1.07-2.40 (m, 9 H); MS mle (re1 in- 
tensity 154 (22). 

Anal. Calcd for C1OH1sO: C, 77.87; H, 11.76. Found: C, 78.02; H, 
11.93. 

2-tert-Butylcyclohexanone (58) and 1-Acetyl-2-methylcy- 
clohexene (59). An ether solution of chloroenones 27 and 28 (1.6 
g, 10 mmol) was added to a -50' solution of lithium dimethylcop- 
per (25 mmol) in ether (25 ml). The mixture was allowed to warm 
to room temperature and was poured into 10% aqueous hydrochlo- 

ric acid and extracted with ether to give 1.7 g of yellow oil. GLC 
analysis (column B, 150') showed two peaks at retention times 5.8 
and 7.0 min, in a 6535 ratio. Both components were collected and 
the major peak was 2-tert-butylcyclohexanone (58): ir (film) 5.83, 
7.40, 7.65 p; NMR (Cc4) 6 0.96 (s,9 H), 1.40-2.40 (m, 9 H). 

The minor peak was the enone 59: ir (film) 5.93, 6.20, 7.40 p; 
NMR (cc14) 6 1.40-1.80 (m, 4 H), 1.82 (t, J = 1 Hz, 3 H), 2.10 (8, 3 
H), 1.90-2.40 (m, 4 H). 
3~-Isopropyl-4a~-methyl-4,4a,5,6,7,8-hexahydronaph- 

thalen-2(3H)-one (60). Reaction of choroenone 35 (2.2 g, 10.5 
mmol) with lithium dimethylcopper (22 mmol), followed by aque- 
ous ammonium hydroxide work-up, gave 1.9 g (88%) of the isopro- 
pyl enone 60 as a colorless oil. GLC analysis (column C, 200') 
showed a single peak at retention time 6.1 min: ir (film) 6.00, 6.16 
p; NMR (cc14) 6 0.80 (d, J = 7 Hz, 3 H, nonequivalent isopropyl 
methyl), 0.93 (d, J = 7 Hz, 3 H), 1.25 (s, 3 H), 5.56 (s, 1 H). 

Anal. Calcd for C14H220: 206.1670. Found: 206.1675. 
This material was unchanged upon prolonged treatment with 

sodium methoxide in methanol or p-toluenesulfonic acid in ben- 
zene. 
3-Chloro-2-methyl-6-(2-propenyl)cyclohex-2-en-l-one (61) 

and 3-Chloro-2-methyl-6,6-di(2-propenyl)cyclohex-2-en-l- 
one (62). To a -78' solution of lithium diisopropylamide (16 
mmol) in THF (3 ml) was added a solution of chloroenone 14 (2.0 
g, 15.8 mmol) in THF (4 ml) dropwise over a 20-min period. After 
10 rnin at -78O, the solution was treated with allyl bromide (2.1 g, 
17.2 mmol) and allowed to warm to room temperature overnight. 
After dilution with ether, the solution was washed with water, 5% 
hydrochloric acid, and brine, dried, and evaporated to 2.62 g of 
reddish oil. GLC analysis (column D, 170') showed three peaks at 
retention times 2,3.7, and 6.2 min, in a ratio of about 45:3025, re- 
spectively. Collection of individual peaks showed the first to be 
starting material 14: MS mle (re1 intensity) 146 (13), 144 (41), 118 
(32), 116 (loo), 88 (66), 53 (64). 

The second peak was the monoallylated chloroenone 61: ir (film) 
3.14 5.97, 6.11, 10.92 p; NMR (Cc4) 6 1.90 (t, J = 1 Hz, 3 H), 
1.80-2.90 (m, 7 H), 4.80-6.00 (complex ABX, 3 H); MS mle (re1 in- 
tensity) 186 (121,184 (39), 149 (191,118 (33), 116 (loo), 81 (50), 53 
(68). 

The third peak was the diallylated enone 62: ir (film) 3.14, 5.97, 
6.11, 10.93 p; NMR (cc14) 6 1.90 (t, J = 1 Hz, 3 H), 1.80-2.90 (m, 8 
H), 4.80-6.00 (complex ABX, 6 H); MS mle (re1 intensity) 226 (2), 
224 (7), 183 (36), 155 (321, 118 (28), 116 (801, 93 (161, 91 (49), 42 
(100). 
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