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(400 MHz, CDClS): 6 (for major diastereomer 8 only) 7.34 (d, J 
= 8.1 Hz, 1 H), 7.07 (d, J = 8.1 Hz, 1 H), 7.05 (d, J = 8.5 Hz, 1 
H), 6.94 (d, J = 7.9 Hz, 1 H), 6.69 (a, 1 H), 6.66 (a, 1 H), 5.08 (8,  
1 H), 4.62 (d, J = 16.4 Hz, 1 H), 4.61 (d, J = 16.3 Hz, 1 H), 4.56 
(br m, wl/z  = 27 Hz, 1 H), 4.42 (a, 2 H), 4.17 (d, J = 16.5 Hz, 1 
H), 4.01 (d, J = 16.4 Hz, 1 H), 3.66 (s, 3 H), 3.64 (d, J = 17.8 Hz, 
1 H), 3.62 (d, J = 13.7 Hz, 1 H), 3.40 (d, J = 14.0 Hz, 1 H), 3.39 
(d, J = 16.5 Hz, 1 H), 2.38-2.1 (m, 2 H), 1.9-0.85 (m), 0.85 (8, 3 
H), 0.78 (d, J = 6.3 Hz, 3 H), 0.70 (8, 3 H), 0.46 (9, J = 11.6 Hz, 
1 H). lSC NMR (100 MHz, CDCIS): 6 (for both diastereomers) 
174.49,174.43,170.97,170.83,170.70,146.36,146.21,146.17,146.13, 
129.&1,129.79,128.65,128.52,128.49,128.37,127.95,127.69,127.58, 
127.48,127.08,125.12,124.56,124.48,124.30,78.08,76.38,74.95, 
74.53,67.81,67.46,59.85,59.68,59.40,59.29,51.46,48.71,48.18, 
48.01,47.75,45.53,45.07,42.31,42.24,42.09,41.81,41.56,40.18, 
35.96,35.82,34.92,34.80,34.68,34.59,34.56,34.49,34.43,32.72, 
32.57,30.95,30.78,29.62,27.59,27.36,27.21,26.43,26.37,26.08, 
25.74,25.58,25.51,23.73,23.49,23.42,17.57,17.38,12.39,12.12. 
IR (neat, thin film on NaCl plate): 2944 (m), 1728 (a), 1497 (m), 
1437 (w), 1260 (8) cm-'. W log c (284 nm) = 3.24 (c 1.58 X lo-' 

Tr8ger's Base Analogue 9. The mixture of diastereomers 
(8/9,0.350 g) was dissolved in warm ethanol (20 mL) with the 
aid of a few drops of dichloromethane. The solution was left at 
r c "  temperature (ca. 26 "C) for a few days after seeding with 
a crystal of 9. The colorless needles were collected, washed with 
cold ethanol, and dried to give 0.045 g of pure 9. Mp: 242-244 
OC dec. R : 0.2,25% ethyl acetate/chloroform. 'H NMR (200 
MHz, CD613); 6 7.27 (dd, J = 8.3,1.6 Hz, 1 H), 7.13 (d, J = 8.3 
Hz, 1 H), 7.02 (d, J = 8.2 Hz, 1 H), 6.94 (dd, J = 8.2, 1.8 Hz, 1 
H), 6.86 (8, 1 H), 6.73 (e, 1 H), 4.95 (8, 1 H), 4.66 (d, J = 16.4 Hz, 
1 H), 4.62 (d, J = 16.5 Hz, 1 H), 4.55 (br m, w1/2 = 30 Hz, 1 HI, 
4.39 (a, 2 H), 4.15 (d, J = 16.5 Hz, 1 H), 4.10 (d, J = 16.5 Hz, 1 
H), 3.66 (8, 3 H), 3.59 (d, J = 14.2 Hz, 1 H), 3.47 (8,  2 H), 3.43 
(d, J = 12.7 Hz, 1 H), 2.38-1.0 (br), 0.87 (8,3 H), 0.81 (d, J = 5.9 
Hz, 3 H), 0.71 (a, 3 H), 0.38 (9, J = 11.8 Hz, 1 H). '% NMR (100 

128.69,128.62,128.53,127.72,127.55,127.16,127.08,1!?.4.61,124.51, 
78.12,74.57,67.54,59.46,59.35,51.48,48.23,48.07,45.59,42.30, 
42.15,41.86,36.03,34.85,34.74,34.54,32.79,30.99,30.98,27.65, 
27.44,26.48,26.42,25.63,23.78,23.54,17.43,12.16. FTIR 2939 
(e), 2864 (m), 1722 (a), 1494 (e), 1444 (m), 1331 (w), 1260 (a), 1223 
(m), 1205 (m), 1150 (a), 1114 (w), 1097 (w), 1066 (w), 1012 (m). 
Deconvolution (with 4 cm-' resolution) showed the following 
carbonyl peaks: 1736,1724,1714 cm-'. UV: log E (283 nm) = 

338 (17), 371 (12), 708 (100). HRMS exact mass calcd for 

ethanol). C D  Atm = +1.67 M-' cm-' (c 1.27 X lo-' M, 0.1% 
CHC&/CHSOH). AnaL Calcd for CuH&Jz08: C, 74.51, H, 7.96; 
N, 3.95. Found C, 74.38; H, 8.12; N, 3.58. 

2,8-Bir(2-acetoxyethyl)-6H,128-S,1 l-methanodibemzo- 
[bfl[l$]diazocine (lO/ll). A mixture of diastereomers 8 and 
9 (0.074 g, 0.104 m o l )  was refluxed with a solution of LAH (0.034 
g, 0.896 "01) in THF (6.8 mL, freshly distilled from LAH) for 
23 h. The reaction mixture was cooled, and finely powdered 
MgSO4-7HzO was added to quench the excess of LAH. The 
mixture was stirred, diluted with ethyl acetate (10 mL), and 
filtered through a bed of Celite. The solvent was removed, and 
the crude product (0.065 g) was stirred with acetic anhydride (1.08 
g, 10.6 "01) and pyridine (0.99 g, 12.5 m o l )  at 27-30 O C  under 
a nitrogen atmosphere for 16 h. Volatiles were removed under 
high vacuum, and the crude product was first purified by flash 
chromatography on silica gel using 25% ethyl acetate/chloroform 
as the eluant. The partially purified product (0.023 g, 62%) was 
further purified by PTLC (silica gel GFW) using 25% ethyl 
acetate/chloroform as the developing agent. The product was 
isolated in 46% yield (0.017 9). 'H NMR (90 MHz, CDClS): 6 
7.03 (s,4 H), 6.75 (s, 2 H), 4.68 (d, J = 16.6 Hz, 2 H), 4.28 (a, 2 
H), 4.20 (t, J = 7.6 Hz, 4 H), 4.11 (d, J = 16.6 Hz, 2 H), 2.81 (t, 

6 170.61,146.34,133.12,127.60,126.95,124.89,66.60,64.54,58.36, 
34.31, 20.66. IR (neat): 2944 (m), 1737 (a), 1668 (m), 1617 (w), 
1497 (e), 1440 (m), 1389 (m), 1368 (a), 1332 (m), 1251 (a), 1209 
(e), 1164 (w), 1143 (w), 1116 (m), 1098 (m), 1065 (a), 1035 (e) cm-'. 

M, 2% CHCla/CHSOH). 

MHz, CDClS): 6 174.45, 170.97, 170.85, 146.45, 146.31, 129.89, 

3.23 (C 1.27 X lo-' M, 0.1% CHClS/CH,OH). LRMS 293 (22), 

CuHa2Os 708.4139, found 708.4154. [u]=D = +144.3' (C 0.07, 

J = 7.1 Hz, 4 H), 2.02 (a, 6 H). "C NMR (22.5 MHz, CDClS): 

U V  log c (282.5 nm) 3.23 (C 9.79 X M, 1.2% CHClS/ 

OO22-3263/92/ 1957-6981$03.OO/O 

CHSOH). [u]=D = +83.2' (C 0.84, CHCls). C D  A€= = -2.12 
M-' (C 2.12 X lo-' M, 1% CHCla/CHSOH). LFtMEk 43 (M), 

CaHBN204 394.1893, found 394.1862. 
274 (77), 334 (40), 394 (100). HRMS: exact  ma^ calcd for 

Spectral Data on Authentic 10/11 (Racemic). 'H NMR 
(90 MHz, CDClS): 6 7.04 (e, 4 H), 6.75 (s,2 H), 4.67 (d, J = 16.6 
Hz, 2 H), 4.27 (a, 2 H), 4.18 (t, J = 7.2 Hz, 4 H), 4.10 (d, J = 15.4 
Hz, 2 H), 2.79 (t, J = 7.2 Hz, 4 H), 2.00 (8, 6 H). '% NMR (22.5 

66.60,64.54, 58.36, 34.31, 20.66. IR (neat): 2944 (m), 1740 (a), 
1665 (w), 1617 (w), 1497 (e), 1440 (m), 1389 (m), 1365 (m), 1332 
(m), 1242 (e), 1209 (e), 1164 (w), 1143 (w), 1113 (m) an-'. W 

MHz, CDClS): 6 170.61, 146.34, 133.12, 127.60, 126.95, 124.89, 

log c (283 m) = 3.24 (C 2.16 X lo-' M, 2% CHCl,/CHSOH). 
LRMS: 43 (35), 274 (741,334 (40),394 (100). HRMS: exact maM 
calcd for C%H&1204 394.1893, found 394.1880. 

Spectral Data on Pure Enantiomer 11. 'H NMR (90 MHz, 
CDClS): 6 7.03 (e, 4 H), 6.75 (e, 2 H), 4.67 (d, J = 16.6 Hz, 2 H), 
4.27 (8, 2 H), 4.20 (t, J = 7.3 Hz, 4 H), 4.12 (d, J = 16.6 Hz, 2 H), 

CHCIS). C D  Aczes = +5.62 M-' cm-' at 298 K (c 5.12 X lo* M, 
2.81 (t, J 

0.4% CHClS/CHSOH). UV: log c (283 nm) 
M, 0.4% CHClB/CHaOH). 

7.3 Hz, 4 H), 2.03 (8, 6 H). [ U ] ~ D  = -196" (C 0.61, 

3.25 (C 5.12 X lad 
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Carbon functiondimtion of anions generated by conju- 
gate addition of organmpper reagents to a,/3-uusaturated 
carbonyl compounds has found wide use in organic syn- 
thesis." One subset of these reactions, cycloacylations, 
has provided an efficient synthetic route to highly func- 
tionalized cyclic compounds. Most notable among these 
is an account detailing the formation of dimethyl cyclo- 
hexanone-2,4-dicarboxylates by addition of lithium di- 
alkylcuprates to methyl cr0tomte6 and three reports de- 
scribing conjugate addition-cycloacylations to form sub- 
stituted cyclopentenoness and cy~loalkanones.~1~ One of 
these reports7 has described the preparation of (2-5-sub- 
stituted 2-oxocyclopentanecarboxylate esters by cuprate 
addition to dimethyl (El-2-hexenedioate and applied this 
technology to the synthesis (f)-mitsugashiwalactone. 
Since we required access to 2-ox~clohexanecarboxylata 
esters bearing substitution at (2-6, we were interested in 
the possibility of adapting this conjugate addition-Di- 

(1) Undergraduate Research Participant, 1991-1992. 
(2) Chapdelaine, M. J.; Hulce, M. Org. React. 1990,38,22&663. 
(3) Perlmutter, P. Conjugate Addition Reactions in Organic Syn- 

thesis; Pergamon Press: New York, 199% pp 218-225,347-360. 
(4) Posner, G. H. Chem. Rev. 1986,86,831-844. 
(6) O h n ,  T.; Rahman, M. T.; Ullenius, C. Tetrahedron Lett. 1977, 

76-78. 
(6) Crimmins, M. T.; Maecarella, S. W.; Dehch,  J. A. J. Org. Chem. 

1984,4S, 3033-3035. 
(7) (a) Nugent, W. A.; Hobba, F. W., Jr. J.  Org. Chem. 1988, 48, 

6364-5366. (b) Nugent, W. A.; Hobba, F. W., Jr. J.  Org. Chem. 1986,51, 
3376-3378. 

(8) Tada, M.; Taknhaahi, T. Chem. Lett. 1978, 276-278. 
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Chart I. Cyclization Substrates 

0 
II 

0 
G O E t  II E E t  

COzEt CO2Et 

1 2 

Me 
3 4 R',R' P Me 

5 R',R' = -(CH2)4- 

Table I. Yields of Six-Membered Cyclic @-Keto Esters 
Prepared from 1 and the Methylation Products 
RMgCl 
CuCl 

1 - 
THF, -2O'C 

R R 

6-10 11-15 

R keto-enol(W) methylationn (%) 

Me 6 (W 11 (70) 
Et 7 (86) 12 (68) 
Bu 8 (96) 13 (69) 
Ph 9 (92) 14 (70) 
CH=CHZ 10 (80) 15 (68) 

a Yield refere to ieolated yield of tram alkylation product. The 
cia product was also formed in 57% (GC). 

eckmann strategy for the synthesis of these compounds. 
Furthermore, since six-membered cyclic &keto esters 
constitute a useful family of synthetic building blocks, it 
would be of general interest to further evaluate the influ- 
ence of steric and electronic factors on the reaction. This 
paper describes a conjugate addition-Dieckmann con- 
densation sequence for the preparation of these targets. 

Results and Discussion 
Diethyl (E)-2-heptenedioate (1) and diethyl (E)-2- 

methyl-2-heptenedioate (2) were prepared from ethyl 5- 
hexenoates using a sequence involving (1) ozonolysis and 
(2) Wittig olefination with (carbethoxymethy1idene)tri- 
phenylphoephorane or (carbethoxyethylidene) triphenyl- 
phosphorane, respectively. Diethyl (E)-3-methyl-2- 
heptenoate (3) was prepared by Wadsworth-Emmons re- 
action'O of ethyl Cacetylbutyrate with triethyl phosphon- 
uacetate. Diethyl (@-6,6dimethyll-2-heptenedioate (4) and 
ethyl (E)-(4-(ethoxycarbonyl)-3:butenyl)cyclopentane- 
carboxylate (5) were prepared from ethyl isobutyrate and 
ethyl cyclopentanecarboxylate, respectively, by (1) alkyl- 
ation" with 4-bromo-1-butene, (2) ozonolysis, and (3) 
Wittig olefiiation. 

The results of our study of the conjugate addition-Di- 
eckmann cyclization of 1:l RMgX-CuC1 and diethyl 
(El-2-heptenedioate (1) are given in Table I. Addition 

(9) Degenhardt, C. R. J. Org. Chem. 1980,45, 2763-2766. 
(10) Bdnevich, J. Can. J. Chem. 1988,61,1063-1059. 
(11) Beckwith, A. L. J.; Lawrence. T. J. Chem. SOC.. Perkin Tram. 2 

1979, 1535-1539. 

Table 11. Optimiution Studiem of the Conjugate 
Addition-Dieckmonn Reaction 

yield of 8 

37-506 
45-&db 

41 
64 
96 

condne" (%I 
n-BuLi (5.0 equiv), CUI (2.5 equiv), EhO-hexane 
n-BuLi (2.7 equiv), CuCN (1.5 equiv), EhO-hexane 
n-BuMgBr (2.5 equiv), CuCl (2.6 equiv), THF 
n-BuMgBr (5.0 equiv), CuCl (5.0 equiv), THF 
n-BuMgBr (6.0 equiv), CuCl (6.0 equiv), THF 

O T h e  number of equivalenta used ia relative to diethyl (E)-2- 
heptenedioate. All reactione were run at -20 OC for 30-60 min. 
Stoichiometry was similar for other RMgX-CuCl except when R = 
vinyl, where 12 equiv of the reagent was necemary. More equiv- 
alenta of these reagenta did not significantly improve the yields. 

Addition-Dieckmonn Reaction 
Scheme I. Substitution Effectr in the Conjugate 

2 or 3 RMgCl - No 
Reaction CuCl 

4 MeMgCI, CuCl 
THF, -2O'C 

lire 
16 R',R' = Me (88%) 
17 R',R' = -(CH2)4- (88%) 

a 1 0 2 E t  
Me 

18 (33%) 
19 (62%) 

NaOEt, CH3I 
EtOH, 20'C 

Me 

of the diester to an excess of the organocopper reagent 
afforded the six-membered cyclic &keto eaters as ketu-enol 
mixtures.12 Alkylation of these enolic products subse- 
quently afforded the quatemized keto esters which were 
more easily characterized. 

A summary of reaction optimization studies for R = Bu 
is given in Table II. The best results were obtained using 
6 equiv of the organocopper reagent relative to the diester; 
attempts to use less of the organometallic agent resulted 
in dramatically lower yields.13J4 Other organocopper 
reagents were also explored but proved less satisfactory. 
Cuprates generated from n-butyllithium and either cop- 
per(I) iodidels or copper(1) cyanidel8 were difficult to 
generate reproducibly and yielded varying amounts of the 
alcohol resulting from 1,a-addition to the ester carbonyl. 
Consequently, lower yields of the cyclized product were 
realized. 

(12) Studiw have shown that the 2-ox~clohexan~borylata eatam 
favor the enolic form more than the fivemembered cyclic analogues; BBB: 
(a) Rhoads, S. J.; Pryde, C .  J. Org. Chem. 1966, 30, 3212-3214. (b) 
Rhoads, 5. J. J. Org. Chem. 1966,31, 171-174. (c) Stark, H. Monatuh. 
Chem. 1969,100, 1246-1249. 

(13) A similar stoichiometric requirement has been reported for a 
related reaction in: Saito, S. Hirohara, Y.; Narahara, 0.; Moriwake, T. 
J. Am. Chem. SOC. 1989,111,4533-4535. 

(14) With the exception of phenylmagnwium bromide, Grignard 
reagenta incorporating a double bond were generally found to require 
8-12 equiv of the cuprata for acceptable yields. Additional examplea 
applied to the synthesis of functionalbad fused-ring sptam will be the 
subject of a future publication. 

(15) (a) How, H. 0.; Reapeas, W. L.; Whitmidee, G. M. J. Org. Chem. 
1966, 31, 3128-3141. (b) Po", G. H. Org. React. 1972, 19, 1-113. 

(16) (a) Lipahutz, B. H.; Wilhelm, R. 5.; Kozloweki, J. A.; Parker, D. 
J. Org. Chem. 1984,49,3928-3938. (b) Lipah&, B. H. TetrahedronLett. 
1988,24, 127-130. 
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in scale, provides a versatile route to six-membered cyclic 
B-keto esters in 280% yield from 1. 

In summary, we have developed and optimized a tandem 
conjugate addition-Dieckmann condensation reaction for 
the preparation of six-membered cyclic 0- keto eatem from 
1:l FtMgX-CuCl reagents and (E)-2-heptenedioate eaters. 
Though the initial ,%addition is highly sensitive to sub- 
stitution on the unsaturated ester, the procegs allom for 
the efficient preparation of an important class of synthetic 
building blocks bearing an ethoxycarbonyl group on the 
more hindered a-carbon of a C-3-substituted cyclo- 
hexanone. Applications of this reaction to the synthesis 
of ring structures indigenous to a number of natural 
products are currently underway. 

Experimental Section 
THF was dietilled from LiAlH, prior to use; all other solvents 

and reagents were ueed as received from the vendore. Temper- 
ature conditions were achieved using dry i-lvent batk CCl, 
(-20 "C), acetone (-78 "C). All reactions were run under dry Nz. 
Unlese otherwise indicated, the 0 . 5 1  M HCl, W C 1 ,  NaHC08, 
Na&08, and NaCl used in workup procedures refer to aqueous 
solutions. Reactions were monitored by one of the following 
methods: (1) TLC on hard layer silica gel GF platw (Analtech 
no. 21621) with UV or phosphomolybdic acid detection or (2) 
capillary GC with FI detection (SE30 column, 6-m X 0.26-mm 
i.d., 0.25- film thicknese) programmed between 60 and 300 OC. 
Preparative chmmtqraphc  sepnrabons were performed using 
one of the following methode: (1) PTLC on 2O.cm x silica 
gel GF (2OOO pm thick") platee (Analtech no. 02016) or (2) flaeh 
vacuum ChromatographyZB on silica gel (Grace, grade 62, -200 
meah) mixed with Sylvania 2282 phosphor and slurry packed into 
Vycor columne. Band elution, in all caeee, was monitored using 
ahand-heldWlamp. M e l t i n g p o i n t s a r e u n m  IRspectra 
are referenced to polystyrene. IH NMR and NMR spectra 
were measured at 300 and 76 MHz, respectively. MS (EI/DP) 
and HRMS (EI/DP) were obtained at 70 eV. 

(Carbethoxymethylidene)triphenylphoephorane,~ (carbeth- 
oxyethylidene)~phenylphoephorane,~ ethyl 6-hexenoate,8 ethyl 
2,2-dimethy1-6-herenoate," and ethyl l-(3-buteny1)cyclo- 
pentanecarboxylate" were prepared and purified by literature 
methods or adaptations thereof. The physical and spectral data 
for ethyl 1 - ( 3 - b u t e n y l ) c t a n ~ ~ ~ l a t e  follow: bp 92-94 
OC (2 "Hg); IR (thin film) 3060,1722,1639,1381,1176,990, 
906 cm-'; 'H NMR (CDCla) 6 6.79 (ddt, 1 H, J = 17.1, 10.3, 7.1 
Hz), 4.98 (d, 1 H, J = 17.1 Hz), 4.92 (d, 1 H, J - 10.3 Hz), 4.12 
(q, 2 H, J = 7.2 Hz), 2.13 (m, 2 HI, 1.96 (m, 2 H), 1.70 (m, 2 H), 
1.63 (m, 4 H), 1.48 (m, 2 HI, 1.26 (t, 3 H, J = 7.2 Hz); lac NMR 
(CDCl) 6 177.6,138.6,114.3,60.2,63.8,38.4,36.0,30.3,24.9,14.2; 
HRMS m/e for ClaHmO2 calcd 196.1463, found 196.1461. 

A d  Calcd for CamOa: C, 73.46, H, 10.20. Found: C, 73.44, 
H, 10.22. 

Representative Osonolyrir-Wittig P d u r e .  Diethyl 
(B)-2-Heptenedioote (1). A 500-mL CHaC12 solution of 14.2 g 
(100 "01) of ethyl bhexenoata was cooled to -78 OC and hated 
with ozone until the solution turned a light blue color. T h e  
reaction was quenched at -78 O C  with 8.46 g (10.0 mL, 136 "01) 
of dimethyl d d e ,  warmd to rt, stirred for 3 4 and concentrated 
in vacuo. To the resulting light yellow oil was added 250 mL of 
benzene and 40.0 g (116 -01) of (carbethoxymethylidene)tri- 
phenylphoephorane. The solution wa8 refluxed for 12 h and then 
cooled and concentrated in vacuo to afford a tan semisolid maw. 
The residue was placed on top of a 10-cm X 10-cm plug of silica 
gel in a sintered glass frit, and 2 L of 16% ether in hexane was 
poured through under aspirator vacuump Concentration of the 
filtrate afforded the crude dieater as a light yellow oil. This crude 
product was diluted with ether, Weehed with NaHCa, NaCl, dried 

Substitution on the diester cyclization subatrates waa 
found to be extremely important to the success of the 
reaction. Methyl substitution on the a or 0 poeitions of 
the acrylate moiety completely suppressed the initial ad- 
dition reaction, and starting material waa recovered. 
Though additions of organocopper reagents to substituted 
acrylate esters are ~ ~ o w ~ : ~ ~ J ~ ~ J ~  the current observation 
must derive in part from a combination of steric and 
electronic effects. while &substitution would impede 
approach of the organometallic reagent to the double bond, 
both a- and &substitution would tend to change the 
electronic character of the double bond making it more 
electron-rich and lesa susceptible to attack by the organ- 
ocopper species. By comparison, when substitution waa 
intmddatothesaturatedeater,thereactionwasslowed 
but yields of the cyclization products 16 and 17 were not 
significantly reduced. These results are summarized in 
Scheme I. 

Methylation of the purified keto-enol products (1.5 
equiv of NaOEt, 5.0 equiv of MeI, EtOH, 20 "C, 12 h) gave 
a preponderance ( S O % )  of the alkylation product having 
the methyl group trans to the C-6 R group.'* The 
93:7:trace mixture of trans-cis-polyalkylatd producta 
obtained in the methylation of 6 is markedly better than 
the 80.61275 mixture reported previously'" though this 
earlier report utilized more vigorous conditions (1 equiv 
of NaH, 2 equiv of MeI, DMF, 60 OC, 72 h). &Keto esters 
bearing no C-3 substituents were generally alkylated in ca 
70% yield while the more hindered 3,3-dimethyl and 
spirocyclopentyl cyclization products (16 and 17) afforded 
33% of 18 and 62% of 19, respectively. The latter result 
clearly illustrates the reduced steric demand (cyclohexane 
l,&diaxial interaction) of the spiro five-membered ring 
relative to a geminal dimethyl substituent. 

The current synthetic approach to the title compounds 
compares quite favorably with methods reported previ- 
ously. Dieckmann condensation of diethyl 3-methyl- 
heptanedioate ia known to give a mixture of products fa- 
voring the 4-methyl over the 6-methyl keto e~ter . '~  Cy- 
clocondensation of ethyl acetoacetate and ethyl crotonate, 
conversion of the resulting dione to the enol chloride, and 
hydrogenation have afforded 6 on a large scale but in only 
19% overall yieldam More recently, &addition of various 
organocopper reagents to 2-(methoxycarbonyl)-2-~yclo- 
hexen-l-one has provided a number of CG-Subetituted keto 
esters in 4341% yield.21 Similarly, copper(1)-catalyzed 
addition of an alkylmagnesium iodide to 4,4-dimethyl-2- 
cyclohexen-l-one followed by quenching with methyl 
chloroformate hae also furnished a keto ester derivative 
in 60% yield.22 Our procedure, while somewhat limited 

~~~~~ 

(17) See for example: (a) Beckwith, A. L. J.; Eaaton, C. J.; Lawrence, 
T.; Serelis, A. K. Auet. J. Chem. 1983, 36, 545-666. (b) Eliel, E. L.; 
Hitchins, R. 0.; Knoeber, M. Organic Syntheses; Noland, W. E., Ed.; 
Wiley: New York, lQS8, Collect. Vol. VI, pp 442-445. 
(18) (a) Z i e r m a n ,  H. E. J.  Org. Chem. 1955, 20, 549-667. (b) 

Zimmerman, H. E. J. Am. Chem. SOC. 1916, 78,1166-1173. (c) Corey, 
E J.; Snwn, R A. J. Am. Chem. Soc. 1958,78,6269-627& (d) Boeckman, 
R. K., Jr. J. Org. Chem. 1973,38,44604462. (e) Paquetta, L. A.; Wie- 
deman, P. B; Bulmau-Page, P. C. J. Org. Chem. 1988,63,1441-1450. (0 
Piers, E.; Llinas-Brunet, M. J. Org. Chem. 1989,64,1483-1484. 
(19) (a) Einhom, A.; Klagee, L. Chem. Ber. 1901,34,3793-3798. (b) 

Chakravarti, R. N. J.  Id. Chem. SOC. 1944,21, 322-330. 
(20) Mukherjee, 5. J. Id. Chem. SOC. 1962,39,347-352. 
(21) (a) Bruhn, J.; Heimgartner, H.; Schmid, H. Helv. Chim. Acta 

1979,62,2830-28&4. (b) Piers, E.; Tse, H. L. A. Tetrahedron Lett. 1984, 
25,3155-3168. (c) Majetich, G.; Song, J.-5.; Ringold, C.; Nemeth, G. A.; 
Newton, M. G. J. Org. Chem. 1991,56,3973-3988. 
(22) Jackeon, W. P.; Iay, 5. V. J. Chem. SOC., Perkin Tram. 1 1981, 

1516-1619. Intermolecular capture of the organompper enolate by 
methyl cyanoformate has been reported in the preparation of a 2-0.0- 
cyclopentanecarboxylata derivative; nee: Hashhob, 5.; Kaw, S.; Shi- 
noda, T.; Ikegami, S. Chem. Lett. 1989, 1063-1068. 

(23) Leopold, E. J. J.  Org. Chem. 1982,47, 4592-4693. 
(24) (a) Maercker, A. Org. React. 1966,14,270-490. (b) Fieaer, L. F.; 

Fieeer, M. Reagents for Organic Synthesis, Wiley: New York, 1967; Vol. 
1. DD 112-114. 
I 

(26) lsleri 0.; Gutmanu, W.; Montavon, M.; Rtiegg, R; Ryeer, 0.; Z d k ,  
P. Helv. Chim. Acta 1917,40, 1242-1249. 
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necked round-bottomed flask equipped with magnetic stirring, 
an addition of funnel, and a septum was added 10 mL of 3 M 
methylmagneaium chloride in THF (30.0 mmol). This waa diluted 
with 40 mL of dry THF, and the flaek was cooled to -20 OC. To 
this solution was added 3.17 g (32.0 mmol) of anhydrous CuC1, 
and the resulting mixture was stirred at -20 "C for 1 h. A 10-mL 
THF solution of 1.07 g (5.00 mmol) of 1 was then added dropwise 
during 15 min. The reaction was stirred at -20 OC until TLC 
indicated the complete consumption of starting material. The 
reaction mixture waa tmmferred by camula toav igody  stirred 
solution of NH,Cl at 0 OC and stirred until a bright blue color 
appeared. The mixture was extracted with ether (3X), and the 
combined ether layers were washed with NaCl ( lx) ,  dried (Mg- 
SO4), and concentrated in vacuo to yield a light yellow oil. The 
crude product was purified on two 20-cm X 20-cm PTLC platen 
eluted with increasing concentrations of ether in hexane: 0.77 
g (4.20 mmol, 84%); 3 2  keto-enol; IR, 'H NMR, and MS matched 
those reported" previously. 

Ethyl s-ethyl-2-oxocyclohexan~boxylate (7): 0.86 g (4.30 
mmol,86%); 2 3  keto-enol; IR (thin fi) 1750,1718,1648,1610 
cm-'; 'H NMR (CDC13) 6 12.37 (8, 0.3 HI, 4.20 (m, 2 H), 3.10 (d, 
0.7 H, J = 11.5 Hz), 2.52-1.93 (complex, 5 H), 1.69 (m, 2 H), 1.42 
(m, 2 H), 1.28 and 1.25 (2 t, 3 H, J = 6.8 Hz), 0.91 and 0.87 (2 
t, 3 H, J = 7.3 Hz); '% NMR (CDC13) 6 206.4,172.9,172.3,169.9, 
103.0,63.4,60.8,60.0,42.4,41.1,33.2,29.1,28.3,27.5, 27.1,24.8, 
24.6, 17.1, 14.2 (2), 12.4, 10.8; HRMS m/e  for CllH18O3 calcd 
198.1266, found 198.1249. 

AnaL Calcd for CllH1803: C, 66.67; H, 9.09. Found C, 66.46; 
H, 9.13. 

mmol, 96%); 1:l keto-enol; IR (thin film) 1750,1720,1652,1618 
cm-'; 'H NMR (CDC13) 6 12.39 (s,0.5 H), 4.22 (m, 2 H), 3.11 (d, 
0.5 H, J = 11.4 Hz), 2.48 (m, 1 H), 2.36-2.12 (complex, 2 H), 2.03 
(m, 1 H), 1.69 (m, 2 H), 1.56-1.18 (complex, 10 H), 0.90 (m, 3 H); 
'% NMR (CDC13) 6 206.4, 172.8, 172.2,169.9, 103.1,63.7,60.8, 
60.0,41.1,40.9, 34.4,33.9,31.3, 30.0, 29.1, 28.9, 28.6,25.3, 24.7, 
22.6 (2), 17.1, 14.2 (2), 14.1, 13.9; HRMS m / e  for Cl&& (M+ 
+ 1) calcd 227.1647, found 227.1649. 

Anal. Calcd for C13H& C, 69.03; H, 9.73. Found C, 68.79; 
H, 9.71. 

Ethyl 2-oxo-6-phenylcyclohexanemrboxylate (9): 1.13 g 
(4.60 "o l ,  92%); mp 39-41 O C ;  7:3 keto-enol; IR (thin film) 3090, 
3070,3036,1750,1720,1652,1625,765,705 cm-'; 'H NMR (CDCU 
6 12.57 (e, 0.3 H), 7.44-7.10 (complex, 5 HI, 4.02 (m, 2.7 H), 3.38 
(m, 0.3 H), 3.66 (d, 0.3 H, J = 12.0 Hz), 3.38 (at, 0.7 H, J = 12.0, 
3.9 Hz), 2.57 (dm, 0.7 H, J = 15.6 Hz), 2.32-1.50 (complex, 7 H), 

173.6,172.4,168.7,146.4,142.2,128.6,127.9,127.5,127.0 (21,125.6, 
100.1,63.7,60.7,60.0,47.6,41.1, 38.7,33.0,31.6, 29.2, 25.4, 17.2, 
13.9, 13.8; HRMS m / e  for C15Hl8O3 calcd 246.1256, found 
246.1251. 

AnaL Calcd for C&8O3: C, 73.17; H, 7.32. Found: C, 73.14; 
H, 7.35. 

Ethyl 6-ethenyl-2-oxocyclohexan~boxyla~ (10). [Note: 
the reaction sequence run with vinylmagneaium bromide required 
12 equiv of R M ~ X - C U C ~ ~ ~ ] :  0.78 g (4.00 mmol, 80%); 3 2  keto- 
enol; IR, 'H NMR, '% NMR, and MS matched those reporteda1' 
previously. 

Ethyl 3P,6-trimethyl-2-oxocyclohe.anecarbo.ylat (16): 
0.93 g (4.39 m o l ,  88%); 7:3 keto-enol; IR (thin film) 1738,1700, 
1635, 1600, 1365 cm-'; 'H NMR (CDClS) 6 12.65 (8, 0.3 H), 4.23 
(m, 2 H), 3.26 (d, 0.7 H, J = 12.2 Hz), 2.69 (m, 0.3 H), 2.22 (m, 
0.7 H), 1.80-1.57 (complex, 3 H), 1.39 (m, 1 H), 1.29 (m, 3 H), 
1.19 (a, 3 H), 1.18 and 1.07 (2 s , 3  H), 1.07 and 1.03 (2 d, 3 H, J 
= 6.6 Hz); 13C NMR (CDC13) 6 210.3, 178.4, 173.4, 170.2, 101.6, 
61.3,60.7,60.1,44.4, 39.2,37.1,36.8,33.3, 28.8, 27.4, 27.3, 26.7, 
26.1, 25.1, 24.8, 21.0, 14.2 (2); HRMS m / e  for Cl2HmO3 calcd 
212.1412, found 212.1419. 

Anal. Calcd for C12HmO3: C, 67.92; H, 9.43. Found C, 67.66; 
H, 9.54. 

Ethyl &methy1-69xospiro[ab]decane-7-carboxylate (17): 
1.05 g (4.41 mmol,88%); 4 1  keto-enol; IR (thin f i b )  1736,1700, 
1635, 1600, 1365 cm-'; 'H NMR (CDCl3) 6 12.67 (e, 0.2 H), 4.23 

(26) FrHter, G.; Ghther, W.; MiUler, U. Helv. Chim. Acto 1989, 72, 

Ethyl 6 - b u t y l - 2 - o X ~ y C l O h e ~ b o ~ l a t e  (8): 1.09 g (4.80 

1.04 and 0.93 (2 t, 3 H, J 7.1 Hz); "C NMR (CDClJ 6 205.4, 

1-1851. 

(MgSO,), au~centrated in vacuo, and f " a t e d  through a lbcm 
Vigreux column (1.5-cm i.d.) at reduced pressure to afford 1 as 
a colorless oil: 15.1 g (71 mmol,71%); bp 80-86 OC (0.6 "Hg); 
928 EZ; IR (thin fii) 1740,1720,1658,1370 cm-'; 'H NMR 
(CDCld 6 6.90 (dt, 1 H, J = 16.7,7.4 Hz), 5.81 (dt, 1 H, J = 15.7, 
1.5 Hz), 4.15 (q, 2 H, J = 7.2 Hz), 4.07 (q, 2 H, J = 7.2 Hz), 2.30 
(t, 2 H, J = 7.4 Hz), 2.22 (dq, 2 H, J = 7.4, 1.5 Hz), 1.76 (quintet, 
2 H, J = 7.4 Hz), 1.25 (t, 3 H, J = 7.2 Hz), 1.22 (t, 3 H, J = 7.2 
Hz); '9c NMR (CDCls) d 173.0,166.4,147.7,122.1,60.3,60.1,33.4, 
31.3, 23.2, 14.2, 14.1; HRMS m / e  for CllHl8O4 calcd 214.1205, 
found 214.1202. 

Anal. Calcd for C11HlaO4: C, 61.68; H, 8.41. Found: C, 61.57; 
H, 8.40. 

Diethyl (E)-2-methyl-2-heptenedioate (2): 9.42 g (41 mmol, 
41%); 955 EZ; bp 92-94 OC (0.5 m H g ) ;  IR (thin film) 1738, 
1712,1650, 1370 cm-'; 'H NMR (CDCl3) 6 6.73 (t, 1 H, J = 7.3 
Hz),4.18 (q, 2H, J =  7.1 Hz), 4.13 (q,2 H, J =  7.1 Hz), 2.33 (t, 
2 H, J = 7.3 Hz), 2.23 (q, 2 H, J = 7.3 Hz), 1.83 (8, 3 H), 1.79 (m, 
2 H), 1.29 (t, 3 H, J = 7.1 Hz), 1.26 (t, 3 H, J = 7.1 Hz); '% NMR 
(CDCU 6 173.1,167.9,140.6,128.6,60.4,60.2,33.6,27.8,23.7,14.2, 
14.1, 12.3; HRMS m / e  for C12Hm0, calcd 228.1361, found 
228.1356. 

Anal. Calcd for C12HpO4: C, 63.16; H, 8.77. Found C, 63.08; 
H, 8.74. 

Diethyl (E)-6,6-dimethyl-2-heptenedioate (4): 12.6 g (52 
m o l ,  52%); 937 E:& bp 127-128 OC (0.8 "Hg); IR (thin film) 
1720,1652,1385,1365 m-'; 'H NMR (CDClS) 6 6.94 (at, 1 H, J 
= 15.7,6.8 Hz), 5.81 (d, 1 H, J = 15.7 Hz), 4.16 (q,2 H, J = 7.1 
Hz),4.12(q,2H,J=7.1Hz),2.14(m,2H),1.68(m,2H),1.26 
(m, 6 H), 1.19 (8, 6 H); 13C NMR (CDCl3) 6 177.2, 166.5, 148.5, 
121.3,60.3,60.1,41.8,38.6,27.8,25.0,14.2,14.1; HRMS m / e  for 

Anal. Calcd for c&&4: C, 64.46; H, 9.09. Found C, 64.26; 
H, 9.12. 

Ethyl (E)-(4-(ethoxycarbonyl)-3-butenyl)cyclo~ntane- 
carboxylate (5): 11.3 g (42 mmol,42%); 937 EZ; bp 98-99 OC 
(0.1 "Hg); IR (thin film) 1720,1662,1380,1372 cm-'; 'H NMR 
(CDC13) 6 6.93 (dt, 1 H, J = 15.7,6.9 Hz), 5.80 (d, 1 H, J = 15.7 
Hz), 4.17 (q, 2 H, J = 7.1 Hz), 4.13 (q, 2 H, J = 7.1 Hz), 2.13 (m, 
4 H), 1.76 (m, 2 H), 1.64 (m, 4 H), 1.47 (m, 2 H), 1.28 (t, 3 H, J 

166.5, 148.5, 121.3, 60.3, 60.1, 53.6, 37.2, 36.0, 28.8, 24.9, 14.2; 
HRMS m / e  for CJIUO4 calcd 268.1674, found 268.1668. 

AnaL Calcd for C1&U04: C, 67.16; H, 8.96. Found C, 67.08; 
H, 8.99. 

Diet hy 1 (E)-3-Met hyl-2 -heptenedionte (3). The general 
procedure of Balsevichlo was used. NaH (3.92 g of a 60% mineral 
oil dispersion, 98.0 "01) was washed with pentane (3X), dried 
under vacuum, and suspended in 150 mL of dry THF. The 
mixture was cooled to 0 OC, and a solution of 22.2 g (99.0 mmol) 
of triethyl phoaphonoacetate in 30 mL of dry DMSO was added 
dropwise during 20 min. The mixture was stirred at  0 OC for 30 
min, and 13.7 g (86.8 mmol) of ethyl 4-acetylbutyrate in 20 mL 
of dry THF was added during 20 min. The reaction was warmed 
to 20 OC and stirred for 20 h and then diluted with 200 mL of 
pentane and washed with NaHC03 (5X). The combined aqueous 
layer was back-extracted with 100 mL of pentane (lx).  The 
combined organic phase was dried (Na&04), the solvent was 
removed in vacuo, and the residue was vacuum distilled (0.5 
mmHg) through a 30-cm jacketed Vigreux column (1.5-cm i.d.1 
to afford the following: fraction 1, bp 66-70 OC, 2.24 g of a 1:2 
E:Z mixture containing an unidentified impurity; fraction 2, bp 
71-72 OC, 1.06 g of a 1:l E 2  mixture; fraction 3, bp 74-75 "C, 
1.85 g of a 2 1  E:Z mixture; fraction 4, bp 7677  OC, 8.66 g (38 
mmol,44%) of a 955 E2 mixture of 5. The E isomer gave the 
following spectral dak IR (thin film) 1738,1715,1648,1370 cm-'; 
'H NMR (CDCl,) 6 5.66 (8, 1 H), 4.14 (m, 4 H), 2.30 (t, 2 H, J 
= 7.4 Hz), 2.17 (t, 2 H, J = 7.4 Hz), 2.16 (8, 3 H), 1.82 (quintet, 
2 H, J = 7.4 Hz), 1.28 (m, 6 H); '% NMR (CDClJ 6 172.9,166.4, 
158.4,116.1,60.2,59.3,39.9,33.3,22.4,18.4,14.1 (2); HRMS m/e  
for C12Hm04 calcd 228.1361, found 228.1362. 
Anal. Calcd for C12HmO4: C, 63.16; H, 8.77. Found C, 63.12; 

H, 8.75. 
Representative Procedure for the  Preparation of Six- 

Membered Cyclic &Keto Esters. Ethyl 6-Methyl-2-oxo- 
cyclohexanecarboxylate (6). To a flame-dried 250-mL three- 

C13H&4 calcd 242.1518, found 242.1512. 

= 7.1 Hz), 1.25 (t, 3 H, J = 7.1 Hz); "C NMR (CDClJ 6 172.2, 
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(m, 2 H), 3.19 (d, 0.8 H, J = 12.2 Hz), 2.69 (m, 0.2 H), 2.42 (dt, 
0.8 H, J = 12.9,4.9 Hz), 1.90-1.46 (complex, 11 H), 1.31 and 1.29 
(2 t, 3 H, J = 7.2 Hz), 1.07 and 1.01 (2 d, 3 H, J = 6.6 Hz); 13C 

55.8, 38.5,38.4, 38.0,36.7,36.5, 34.0, 30.2, 27.3,26.9, 25.8, 25.4, 
24.9,21.0,14.2; HRMS m/e for C14HaO3 calcd 238.1569, found 
238.1577. 

Anal. Calcd for c&&3: C, 70.59; H, 9.24. Found C, 70.82; 
H, 9.39. 

Representative Procedure for  Methylation of the 6- 
Membered Cyclic B - W  Ester Derivatives. (lR*,GR*)-Ethyl 
1,6-Dimethyl-2-oxocyclohexanecarboxylate (1 1). Ethanolic 
sodium ethoxide was prepared by dissolving 0.104 g (4.50 g-atom) 
of sodium metal in 5 mL of absolute EtOH. The solution was 
cooled to 20 OC, a 2-mL absolute EtOH solution of 0.55 g (3.00 
"01) of 6 was added dropwise, and the mixture was stirred for 
30 min. To the resulting yellow solution was added 2.13 g (15.0 
"01) of methyl iodide, and the reaction was stirred at 20 "C 
for 12 h. The crude reaction mixture was concentrated in vacuo, 
diluted with 0.5 M HC1, and extracted (2X) with ether. The 
combined ether extracts were washed with water, N&03, water, 
and NaCl, dried (MgSO,), and concentrated under vacuum. The 
crude product, containing a 937 mixture of trans-cis alkylation 
products (GC analysis), was separated on one 20-cm x 20-cm 
PTLC plate eluted with increasing concentrations of ether in 
hexane to give the pure trans isomer: 0.42 g (2.10 mmol, 70%); 
IR, 'H NMR, 13C NMR, and HRMS matched those reported'" 
previously. 

(1R *,6R *)-Ethyl 6-ethyl-1-methyl-2-oxocyclohexane- 
carboxylate (12): isolated from a 937 trans-cia mixture; 0.43 
g (2.04 mmol, 68%); IR (thin film) 1740,1718,1380 cm-'; 'H NMR 

Hz), 2.45 (dm, 1 H, J = 14.0 Hz), 2.07 (m, 1 H), 1.92 (m, 1 H), 
1.80-1.50 (complex, 2 H), 1.50-1.20 (complex, 2 H), 1.35 (8, 3 H), 
1.25 (t, 3 H, J = 7.1 Hz), 0.94 (t, 3 H, J = 7.2 Hz); 13C NMR 

14.1, 13.2; HRMS m/e for C12HmO3 calcd 212.1412, found 
212.1415. 

AnaL Calcd for C12HmO3: C, 67.92; H, 9.43. Found C, 68.18; 
H, 9.61. 

(1R *,6R *)-Ethyl 6-butyl-1-methyl-2-oxocyclohexane- 
carboxylate (13): isolated from a 955 trans-cis mixture; 0.60 
g (2.07 m o l ,  69%); IR (thin film) 1741,1720,1380 cm-'; 'H NMR 
(CDCld 6 4.13 (9, 2 H, J = 7.2 Hz), 2.71 (dt, 1 H, J = 14.1, 7.3 
Hz), 2.42 (dm, 1 H, J = 14.1 Hz), 2.04 (m, 1 H), 1.88 (m, 1 H), 
1.83-1.50 (complex, 3 H), 1.45-1.08 (complex, 6 H), 1.33 (e, 3 H), 
1.24 (t, 3 H, J = 7.2 Hz), 0.89 (t, 3 H, J = 7.3 Hz); 13C NMR 

22.8, 18.8, 14.1, 14.0; HRMS m/e for C14Ha03 calcd 240.1725, 
found 240.1724. 

Anal. Calcd for Cl,Ha03: C, 70.00; H, 10.00. Found C, 69.96; 
H, 10.13. 

( 1R *,6S *)-Ethyl l-methyl-2-oxo-6-phenylcyclohexane- 
carboxylate (14): isolated from a W1 trans-cis mixture; 0.55 
g (2.10 mmol,70%); mp 51-52 OC; IR (thin film) 3090,3070,3035, 
1741,1715,1602,1498,1380 cm-'; 'H NMR (CDCl3) 6 7.36-7.16 
(complex, 5 H), 4.04 (m, 2 H), 3.07 (dt, 1 H, J = 14.1, 7.5 Hz), 
2.73 (m, 2 H), 2.54 (dm, 1 H, J = 14.1 Hz), 2.19 (m, 1 H), 1.94-1.68 
(complex, 2 H), 1.24 (8, 3 H), 1.12 (t, 3 H, J = 7.1 Hz); '% NMR 
(CDC13) 6 207.9.170.6, 140.4,128.9, 128.0, 127.2,61.7,61.1,55.3, 
39.8,28.0,25.4,19.1,13.9; HRMS m/e for CleHpO3 calcd m.1412, 
found 260.1410. 

Anal. Calcd for C1&m03: C, 73.85; H, 7.69. Found C, 73.85; 
H, 7.66. 

(lR*,GS*)-Ethyl 6-ethenyl-1-methyl-2-oxocyclohexane- 
carboxylate (15): isolated from a 937 trans-cis mixture; 0.43 
g (2.04 mmol,68%); IR (thin fi) 3060,1730,1709,1632,1368, 
995,911 cm-'; 'H NMR (CDC13) 6 6.09 (m, 1 H), 5.07 (d, 1 H, J 
=10.1Hz),5.03(d,1H,J=16.1Hz),4.16(q,2H,J=7.1Hz), 
2.68 (dt, 1 H, J = 13.7,6.1 Hz), 2.45 (dm, 1 H, J = 13.7 Hz), 2.09 
(m, 3 H), 1.70 (m, 2 H), 1.29 (8,  3 H), 1.28 (t, 3 H, J = 7.1 Hz); 
'% NMR (CDCg) 6 207.2,171.2,137.8,116.6,61.0,60.0,54.0,39.9, 
28.4, 25.5, 19.1, 14.0; HRMS m/e for C12HlBO3 calcd 210.1256, 
found 210.1257. 

Anal. Calcd for C12H18O3: C, 68.57; H, 8.57. Found C, 68.48, 
H, 8.59. 

NMR (CDCl3) 6 208.8, 178.3, 170.2,121.3,102.1, 62.4,60.8,60.1, 

(CDCl3) 6 4.14 (9, 2 H, J = 7.1 Hz), 2.75 (dt, 1 H, J = 14.0, 7.4 

(CDClJ 6 208.5,171.3,61.0,60.9, 51.0,40.0,26.2,25.3,23.8, 18.7, 

(CDC13) 6 208.5, 171.4,61.0,60.9,49.1,40.1,30.9,30.7, 27.0, 25.4, 

( LR *,6R *)-Et hy 1 1,3,3,6-tet ramet hy l-2-oxoc y clohexane- 
carboxylate (18): isolated from a 90.10 trans-cis mixture; 0.23 
g (1.00 mmol,33%); IR (thin film) 1738,1705,1380,1370 cm-'; 
'H NMR (CDC13) 6 4.03 (m, 2 H), 2.00 (m, 1 H), 1.70 (m, 1 H), 
1.54 (m, 3 H), 1.28 (8, 3 H), 1.16 (t, 3 H, J = 7.1 Hz), 1.11 (d, 3 

212.4, 171.5,60.6, 58.8,45.0,41.6, 38.5, 27.8, 26.6 (2), 21.3, 16.8, 
14.0; HRMS m/e for Cl&2&3 calcd 226.1569, found 226.1576. 

Anal. Calcd for c13H&3: C, 69.02; H, 9.73. Found C, 68.92; 
H, 9.88. 

(7R*,8R *)-Ethyl 7,8-dimethyl-6-oxospiro[4.5]decane1-7- 
carboxylate (19): isolated from a 91:9 trans-cis mixture; 0.47 
g (1.86 mmol, 62%); IR (thin film) 1740,1705,1372 m-'; 'H NMR 
(CDC13) 6 4.09 (m, 2 H), 2.20 (m, 1 H), 2.03 (m, 1 H), 1.83 (m, 
1 H), 1.79-1.55 (complex, 10 H), 1.36 (8, 3 H), 1.23 (t, 3 H, J = 
7.1 Hz), 1.15 (d, 3 H, J = 6.7 Hz); '% NMR (CDClS) 6 212.1,171.4, 
60.6, 59.2, 56.3, 41.0, 37.8, 37.7, 36.1, 27.3, 25.2, 24.8, 21.2, 16.8, 
14.0; HRMS m/e for C15H%03 calcd 252.1725, found 252.1716. 

Anal. Calcd for C1aHO3: C, 71.43; H, 9.52. Found C, 71.45; 
H, 9.69. 

Acknowledgment. The authors thank the Oklahoma 
Center for the Advancement of Science and Technology 
(HR1-035) for support of this work. Finally, partial sup- 

for the upgrade of our 300-MHz NMR and NSF grant 
BSS-8704089 for our mass spectrometry facility is ac- 
knowledged with gratitude. 

H, J = 6.8 Hz), 1.06 (8, 3 H), 1.04 (8, 3 H); "C NMR (CDC13) 6 

port by NSF grant DMB-8603864 and OCAST grant 1506 

R&tm NO. 1,126761-W, (2)-1,144192-19-8; 2,144192-2@1; 
(23-2, 144192-21-2; 3, 103621-29-0; (2)-3, 103621-30-3; 4, 
144192-22-3; (2)-4,144192-23-4; 5,144192-24-5; (Z)-S,144192-25-6; 
6, 58019-68-4; 6 enol, 144192-26-7; 7, 144192-27-8; 7 enol, 
144192-28-9; 8,144192-29-0; 8 enol, 144192-30-3; 9,144192-31-4; 
9 enol, 144192-32-6; 10, 73392-80-0; 10 enol, 144192-33-6; 11, 
144192-34-7; cis-11, 144192-35-8; 12, 144192-36-9; cis-12, 

15, 144192-41-6; cis-15, 144192-42-7; 16, 144192-43-8; 16 enol, 
14419244-9; 17,144192-450; 17 enol, 144192-46-1; 18,144192-47-2; 
trans-18, 144192-48-3; 19, 144192-49-4; trans-19, 144192-50-7; 

36-6, Ph&'=CHCO& 1099-45-2; P h w ( M e ) C O &  5717-37-3; 

EtO&CH(CHS)2, 97-62-1; Br(CH&&H=CHz, 516244-7; MeMgCl, 
676-58-4; EtMgC1, 2386-64-3; n-BuMgC1, 693-04-9; PhMgC1, 
100-59-4; CHpCHMgCl, 3536-96-7; CH@ZHMgBr, 1826-67-1; 
n-BuLi, 109-72-8; n-BuMgBr, 693-03-8; CuC1, 7758-89-6; CUI, 
7681-65-4; CuCN, 544-92-3; ethyl cyclopentanecarboxylate, 

144192-37-0; 13,144192-38-1; ~is-13,144192-40-5; 14,144192-39-2; 

Et02C(CH2)3CH<H2, 54653-25-7; Et02C(CH2)&HO, 22668- 

EtO&(CH&OCH3,13984-57-1; EtOZCCHP(O)(OEt)2, 867-13-0; 

5453-85-0. 

Synthesis of Thiiranecarboxylic Esters from 
Cysteine and Cystine Esters 

Terence C. Owen* and Joseph K. Leone 

Department of Chemistry, University of South Florida, 
Tampa, Florida 33620 

Received July 14, 1992 

For many years it was thought that thiiranecarboxylic 
esters (thioglycidic esters, a,fl-epithioeaters, 1) were 
unstable. Attempts to prepare them' had produced inatead 
a variety of isomeric mercaptoacrylates, dithianes, low 
polymers, and desulfurization products. In 1967 it was 
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