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A new synthesis of cyclopentenones, involving an Rh(I1)-catalyzed, intramolecular carbon-hydrogen insertion 
of diazomethyl ketones derived from a,p-unsaturated acids, is described. 

After early, isolated observations of cycloalkanone pro- 
duction on thermal, metal-induced a-diazo ketone decom- 
position1 there was introduced in 1968 a facile method of 
cyclopentanone synthesis, based on the decomposition of 
diazomethyl ketones under transition-metal catalysis 
leading to intramolecular carbon-hydrogen insertion of the 
resultant, transient a-acylcarbene-metal complexes? Over 
the years this procedure of a-diazo ketone - cyclo- 
pentanone conversion has found wide use in organochem- 
ical ~ynthesis .~ As the following discussion will illustrate, 
the scope of this method of synthesis of cyclic compounds 
has been broadened by a study of the decomposition be- 
havior of diazoketones derived from a,P-unsaturated acids: 
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Preparation of a$-Unsaturated Acids. Commer- 
cially available senecioic acid (la) and acids 2a-6b were 
utilized in the study. The latter five carboxylic acids were 
prepared in the following manner. 

H H 

1 2 3 

4 5 6 
a, R =OH; b. R = CI: c. R = CHN2; d. R = OEt 

Exposure of a cis-trans mixture of 2,6-dimethylcyclo- 
hexanone to a Reformatsky reaction and 0-acylation of 
the resultant hydroxy esters with acetyl chloride and 
N,N-dimethylaniline led to diesters 7a and 7b. Eth- 
oxide-induced elimination of acetic acid converted the two 
substances into olefinic esters 2d and 3d, respectively, 
whose alkaline hydrolysis produced acids 2a and 3a, re- 
spectively. 

7a, R = Me, R' = I1 
b, R = H. R = Me 

8 9 

The synthesis of acid 4a emanated from 2,6-dimethyl- 
2-cyclohexenone (8) ,5  prepared from 2,6-dimethylcyclo- 
hexanone by its transformation into the trimethylsilyl enol 
ether, halogenation thereof with N-bromosuccinimide and 
dehydrohalogenation of the resultant 2-bromo-2,6-di- 

(4) Benzocycloalkanone formation on decomposition of o-alkylaryl 
diazomethyl ketones (Le. diazo compounds derived from aromatic 
equivalents of the or,p-unsaturated acids) is p r e ~ e d e n t e d . ' ~ ~ ~ ~  For the 
simplest example thereof (the i - ii transformation) see the Experimental 
Section. 

dc"] ~ 

I I 

(5) (a) Trost, B. M.; Salzmann, T. N.; Hirol, K. J.  Am. Chem. SOC. 
1976,98,4887. (b) Marino, J. P.; Jabn, J. C. J.  Am. Chem. SOC. 1982,104, 
3165. (c) Cory, R. M.; Burton, L. P. J.; Chan, D. M. T.; McLaren, F. R.; 
Rastall, M. H.; Renneboog, R. M. Can. J .  Chem. 1984,62, 1908. 

0 1990 American Chemical Society 



312 J. Org. Chem., Vol. 55, No. 1, 1990 

methylcyclohexanone with lithium carbonate in di- 
methylformamide. Once again, a Reformatsky reaction, 
followed by an 0-acylation, yielded a @-acetoxy ester (9), 
whose @-elimination provided dienoic ester 4d. Its diene 
stereochemistry was established by NOE difference IH 
NMR spectroscopy revealing the proximity of the olefinic 
methyl group to the olefinic a-keto hydrogen of ester 4d. 
Alkaline hydrolysis of the ester gave acid 4a. 

A Reformatsky reaction on 4-tert-butylcyclohexanone 
and subsequent acetylation afforded diester 10, whose 
base-induced elimination of acetic acid yielded olefinic 
ester 5d. Alkaline hydrolysis of the latter led to acid 5a. 
The same four-step procedure (via esters 12 and 6d) caused 
the transformation of ketone 1 l6  into acid 6a. The ster- 
eochemistry of the exocyclic double bond of dienes 6a and 
6d was based on the assumption of the 12 - 6d elimina- 
tion proceeding in the direction of the sterically least en- 
cumbered product. 

Ceccherelli et al. 

1 0  1 1  1 2  

Diazo Ketone Decompositions. Treatment of the 
sodium salts of acids la-6a with oxalyl chloride produced 
acid chlorides lb-6b, whose exposure to diazomethane and 
triethylamine afforded diazo ketones lc-6c. Interaction 
of acyl chloride 6b with ethyl diazoacetate produced a- 
diazo-@-keto ester 13.' Decomposition of the a-diazo- 
carbonyl compounds was accomplished in 47-6570 yield 
by their slow addition to a stirring suspension of dirhodium 
tetraacetates in methylene chloride. 

/ -+, 

R R '  

1 3  1 4  lSa ,  R = Me, R' = H 
b. R = H. R' = Me 

In this fashion diazo ketones IC, 2c, and 3c were 
transformed into cyclopentenones 14 (59%), 15a (47%), 
and 15b9 (53%), respectively. The 13C NMR spectral 
characteristics of isomers 15a and 15b differentiate the two 
substances. Thus, for example, the secondary methyl 
group and C(6) of ketone 15a are shielded (vs 15b), re- 
vealing the axiality of the methyl side chain, and the an- 
gular methyl function of the same compound is deshielded 
(vs 15b), showing the 6-effect from the secondary methyl 
group. 

Decomposition of diazo ketones 4c and 5c led to the 
formation of cyclopentenones 16 (53%) and 17 (57%), 
respectively. The stereochemistry assignment of the latter 
bicycle rests on interpretation of the 13C NMR spectrum 
of the ketone. The carbon shifts of C(5) and C(6) reflect 
a chair-like cyclohexane holding an equatorial tert-butyl 
group, a condition compatible only with a H(3a)-H(5) cis 
relationship. 

The diazo compounds 6c and 13 were transformed into 
ketones 18a (65%) and 18b (55%), respectively. The 

(6) Fringuelli, F.; Pizzo, F.; Taticchi, A.; Halls, T. D. J.; Wenkert, E. 
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1 6  17 18a, R = H 
b, R = CO2EI 

stereochemistry assignment of ketones 18 is founded on 
the carbon shift similarity of relevant carbons with like 
centers in models 6d and 17. The 13C NMR spectral 
characteristics of keto ester 18b and its H(3)-H(3a) cou- 
pling constant of 3 Hz show its carboethoxy group to be 
oriented equatorially. 

Conclusion 
As in the case of the earlier cyclopentanone s y n t h e s e ~ , ~ ~ ~  

the carbenoid insertion process may involve carbon-hy- 
drogen bonds at  the site of methyl (e.g., IC decomposition), 
methylene (e.g., 5c and 6c decompositions), and methine 
(e.g., 2c, 3c, and 4c decompositions) units. Despite the 
greater distance between the carbenoid center and the 
carbon-hydrogen inserting system than in cyclopentanone 
s y n t h e s i ~ , ~ ? ~  the cyclization takes place. However, the 
proximity constraint manifests itself in terms of high 
stereoselectivity (in cases of the carbon-hydrogen inserting 
unit being part of a ring system) by a strong preference 
of the carbenoid moiety for equatorial carbon-hydrogen 
bonds (as in the reactions of diazo compounds 5c, 6c, and 
13). In conformationally flexible, methine-inserting sys- 
tems, as diazo ketones 2c, 3c, and 4c, the methyl group 
at  the reacting site must assume an axial orientation, in 
order to bare an equatorial hydrogen toward the carbenoid 
carbon. 

The experimental results of the present study constitute 
the discovery of a simple method of synthesis of cyclo- 
pentenones, one capable of furnishing rapid access to 
substances of fair structure complexity (e.g., the angularly 
methylated bicycles 15 and 16). 

Experimental Section 
Melting points were obtained on a Reichert micro hotstage and 

are uncorrected. Infrared spectra of chloroform solutions were 
observed on a Perkin-Elmer 1320 spectrophotometer. 'H and 13C 
NMR spectra of CDC13 solutions were recorded on a Bruker AC 
200 spectrometer operating at 200.1 and 50.3 MHz, respectively, 
in the Fourier transform mode. The carbon shifts are in parts 
per million downfield from Me4Si; 6(Me4Si) = 6(CDC13) + 76.9 
ppm. Elemental analyses were performed on a Carlo Erba Model 
1106 elemental analyzer. Column chromatography was executed 
on 0.063-0.200 mesh Merck silica gel. All reactions were carried 
out under nitrogen, and all extracts were dried over Na2S04. 
2,6-Dimethyl-2-cyclohexenone (8). 2,6-Dimethylcyclo- 

hexanone (25.9 g, 0.20 mol) was added over a 0.5-h period to a 
stirring solution of 24.0 g (0.24 mol) of trimethylsilyl chloride and 
27.5 g (0.26 mol) of triethylamine in 100 mL of anhydrous di- 
methylformamide, and the mixture was then refluxed for 48 h.'O 
Hexane (200 mL) was added, and the mixture was washed with 
saturated sodium bicarbonate and 1.5 M hydrochloric acid so- 
lutions. Further washing with water WBS followed by evaporation 
of the organic solution. Distillation of the residue at 52-58 "C 
(10 Torr) yielded 30.5 g of colorless, liquid 2,6-dimethyl-l-[(tri- 
methylsilyl)oxy]cyclohexene: 'H NMR 6 0.19 (s, 9, SiMe,), 1.04 
(d, 3, J = 7 Hz, &Me), 1.2-2.1 (m, 7, CH, methylenes), 1.55 (s, 
3, 2-Me). 

N-Bromosuccinimide (20.5 g, 0.11 mol) was added in small 
portions to a stirring solution of 20.5 g (0.10 mol) of the silyl ether 
in 500 mL of tetrahydrofuran at 0 "C, and stirring was continued 

(10) Cf.: Blanco, L.; Amice, P.; Conia, J. M. Synthesis 1976, 194. 
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for 0.5 h.l0 A saturated NaHCO3-NaC1 solution (200 mL) was 
added, and the mixture was extracted with ether. The extract 
was washed with water, dried, and evaporated. The residue, 22.5 
g of unstable, pale yellow, viscous liquid 2-bromo-2,6-dimethyl- 
cyclohexanone ['H NMR 6 1.10 (d, 3, J = 6 Hz, 6-Me), 1.1-2.6 
(m, 6, methylenes), 1.80 (s, 3, %Me), 3.40 (m, 1, H-6)], was used 
in the next reaction without purification. 

A solution of 22.3 g of the bromo ketone in 50 mL of di- 
methylformamide was added dropwise over a 15-min period to 
a stirring suspension of 32.0 g (0.43 mol) of lithium carbonate in 
150 mL of dimethylformamide, and the mixture was refluxed for 
15 h. It then was filtered, and the precipitate was washed with 
ether. Water, 250 mL, was added to the combined filtrate and 
washings, and the mixture was extracted with ether. The extract 
was washed with water, dried, and evaporated. Chromatography 
of the residue and elution with 50:l hexane-ethyl acetate gave 
8.3 g (60% three-reaction yield) of colorless, liquid ketone 8;6 'H 
NMR 6 1.14 (d, 3, J = 7 Hz, 6-Me), 1.6-2.5 (m, 5,  CH, methylenes), 
1.76 (br s, 3,2-Me), 6.70 (m, 1, H-3); 13C NMR 6 14.8 (6-Me), 15.6 
(2-Me), 24.9 (C-4), 30.9 (C-5),41.2 (C-6), 134.6 (C-2), 143.9 (C-3), 
201.6 (C=O). 

Anal. Calcd for C8Hlz0: C, 77.38; H, 9.74. Found: C, 77.31; 
H, 9.85. 
General Procedure. Reformatsky Reaction." A stirring 

mixture of 10 mmol of ketone, 12 mmol of ethyl bromoacetate, 
and 18 mmol of zinc dust in 40 mL of dry dioxane was placed 
into a sonication apparatus. After initiation of the sonication, 
2 mmol of iodine was added, and the exothermic reaction was 
terminated after 0.3-3 h. The mixture was filtered through a 
Celite pad, and the filtrate was poured into 200 mL of ice water. 
The organic mixture was extracted with methylene chloride, and 
the extract was dried and evaporated. Chromatography of the 
residue and elution with 201 hexane-ethyl acetate yielded hydroxy 
ester which was acetylated as follows. 
Diesters.', A solution of 10 mmol of hydroxy ester, 180 mmol 

of acetyl chloride, and 360 mmol of N,N-dimethylaniline in 100 
mL of chloroform was refluxed for 12 h. The mixture was poured 
into 300 mL of ice water, and the organic layer was concentrated 
to a 10-mL volume. Ether (100 mL) was added, and the solution 
washed with 10% hydrochloric acid and water, dried, and evap- 
orated. Chromatography of the residue and elution with 50:l 
hexane-ethyl acetate led to the diester. 
Ethyl (l~-acetoxy-2~,6~-dimethyl-l-cyclohexyl)acetate 

(7a): colorless liquid (51%); 'H NMR 6 1.01 (d, 6, J = 6 Hz, 2-Me, 
6-Me), 1.24 (t, 3, J = 7 Hz, ethyl Me), 1.3-2.1 (m, 8, methylenes, 
methines), 2.02 (s, 3, acetyl Me), 3.42 (9, 2, COCH,), 4.11 (4, 2, 
J = 7 Hz, OCH,). 

Anal. Calcd for C14H2404: C, 65.60; H, 9.44. Found C, 65.58; 
H, 9.47. 

Ethyl (l~-acetoxy-2@,6a-dimet hyl- 1-cyclohexy1)acetate 
(7b): colorless liquid (33%); 'H NMR 6 0.92,0.94 (d, 3 each, J 
= 6 Hz, methyls), 1.1-2.7 (m, 8, methylenes, methines), 1.24 (t, 
3, J = 7 Hz, ethyl Me), 2.08 (s, 3, acetyl Me), 2.98 (br s, 2, COCH,), 

Anal. Calcd for C&& C, 65.60; H, 9.44. Found: C, 65.65; 
H, 9.39. 

Ethyl ( 1~-acetoxy-2,6~-dimethyl-2-cyclohexen-l-yl)acetate 
(9):13 colorless liquid (54%); 'H NMR 6 1.06 (d, 3, J = 6 Hz, 6-Me), 
1.12 (t, 3, J = 7 Hz, ethyl Me), 1.4-2.4 (m, 5,  CH, methylenes), 
1.68 (s, 3, 2-Me), 2.04 (s, 3, acetyl Me), 3.10 (br s, 2, COCH,), 4.12 
(q,2, J = 7 Hz, OCH,). The diester was used without purification 
in the next reaction. 

Ethyl (1~-acetoxy-4~-tert-butyl-l-cyclohexyl)acetate (10): 
colorless liquid (90%); 'H NMR 6 0.84 (s, 9, methyls), 1.0-2.5 (m, 
9, CH, methylenes), 1.22 (t, 3, J = 7 Hz, ethyl Me), 1.98 Is, 3, acetyl 
Me), 3.00 (9, 2, COCH,), 4.10 (q, 2, J = 7 Hz, OCH,); 13C NMR 
6 14.3 (ethyl Me), 22.2 (acetyl Me), 23.9 (C-3, C-5), 27.6 (t-Bu 
methyls), 32.3 (t-Bu C), 35.7 (C-2, C-6), 37.0 (a-C), 47.4 (C-4), 60.0 

Anal. Calcd for C16H2804: C, 67.58; H, 9.92. Found C, 67.48; 
H, 9.99. 

4.09 (4, 2, J = 7 Hz, OCHZ). 

(OCHJ, 81.7 (C-l), 169.8 (C=O), 170 (C=O). 
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Ethyl (l&acetoxy-6-methyl- 1,2,3,4,4aa,5,8,8aL?-octahydro- 
1-naphthy1)acetate (12): colorless liquid (82%); lH NMR 6 1.21 
(t, 3, J = 7 Hz, ethyl Me), 1.2-3.0 (m, 12, methylenes, methines), 
1.63 (br s, 3, 6-Me), 2.02 (s, 3, acetyl Me), 2.63, 2.85, 3.30, 3.52 
(4-line AB, 2, COCH,), 4.11 (4, 2, J = 7 Hz, OCH2), 5.2-5.5 (m, 

Anal. Calcd for C17HXO4: C, 69.36; H, 8.90. Found: C, 69.41; 
H, 8.82. 
General Procedure. a,&Unsaturated Esters.', A solution 

of 10 mmol of diester and 10 mmol of sodium ethoxide in 130 mL 
of anhydrous ethanol was kept at 40 "C for 12 h and then reduced 
to a 50-mL volume by vacuum distillation. It was poured into 
150 mL of water and extracted with chloroform. The extract was 
washed with water, dried, and evaporated. Chromatography of 
the residue and elution with 50:l hexane-ethyl acetate produced 
olefinic ester. 
Ethyl (2~,6~-dimethyl-l-cyclohexylidene)acetate (2d): 

colorless liquid (90%); 'H NMR 6 1.19,1.21 (d, 3 each, J = 7 Hz, 
methyls), 1.2-1.9 (m, 6, methylenes), 1.26 (t, 3, J = 7 Hz, ethyl 
Me), 2.4-2.6 (m, 1, H-2), 3.8-3.9 (m, 1, H-6), 4.12 (q,2, J = 7 Hz, 
OCH2), 5.59 (s, 1, olefinic H); 13C NMR 6 14.0 (ethyl Me), 15.5 
(C-4), 20.9 (2-Me), 22.3 (6-Me), 30.3 (C-6), 31.7 (C-3 or C-5), 32.2 
(C-5 or C-3), 38.4 (C-2), 59.0 (OCH,), 114.5 (a-keto CH), 166.1 

Anal. Calcd for C12Hm02: C, 73.43; H, 10.27. Found C, 73.46; 
H, 10.24. 
Ethyl (2a,6~-dimethyl-l-cyclohexylidene)acetate (3d): 

colorless liquid (88%); 'H NMR 6 1.08,l.lO (d, 3 each, J = 7 Hz, 
methyls), 1.28 (t, 3, J = 7 Hz, ethyl Me), 1.3-2.0 (m, 6, methylenes), 
2.3-2.6 (m, 1, H-2), 3.8-4.1 (m, 1, H-6),4.15 (q,2, J = 7 Hz, OCH,), 
5.51 (s, 1, olefinic H); 13C NMR 6 14.1 (ethyl Me), 18.2 (2-Me or 
6-Me), 18.5 (6-Me or 2-Me), 20.6 (C-4), 30.8 (C-6), 33.1 (C-5), 33.5 
(C-2), 37.2 (C-3), 59.2 (OCH,), 110.4 (a-keto CH), 169.0 (C-l), 170.5 
(C=O). 

Anal. Calcd for C12Hm02: C, 73.43; H, 10.27. Found: C, 73.38; 
H, 10.34. 
Ethyl (2,6-dimethyl-2-cyclohexen-l-ylidene)acetate (4d): 

colorless liquid (76%); 'H NMR 6 1.06 (d, 3, J = 7 Hz, 6-Me), 
1.25 (t, 3, J = 7 Hz, ethyl Me), 1.5-2.5 (m, 4, methylenes), 1.78 
(br s, 3, 2-Me), 3.8-4.0 (m, 1, H-6),4.12 (4, 2, J = 7 Hz, OCH,), 
5.62 (s, 1 olefinic a-keto H), 5.9-6.0 (m, 1, H-3); 13C NMR 6 14.3 
(ethyl Me), 18.0 (6-Me), 20.3 (2-Me), 21.6 (C-4), 28.0 (C-5), 28.7 
(C-6), 59.5 (OCH2), 111.6 (a-keto CH), 131.1 (C-2), 134.6 (C-3), 

Anal. Calcd for C12H1802: C, 74.19; H, 9.34. Found C, 74.10; 
H, 9.40. 

Ethyl (4- tert -butylcyclohexylidene)acetate (5d): colorless 
liquid (64%); 'H NMR 6 0.88 (s, 9, t-Bu methyls), 1.1-2.4 (m, 8, 
CH, methylenes), 1.28 (t, 3, J = 7 Hz, ethyl Me), 3.7-4.0 (m, 1, 
eq H-6), 4.08 (4, 2, J = 7 Hz, OCHJ, 5.56 (br s, 1, a-keto H); 13C 
NMR 6 14.1 (ethyl Me), 27.4 (t-Bu methyls), 28.3 (C-6), 29.0 (C-5 
or C-3), 29.3 (C-3 or C-5), 32.2 (t-Bu C), 37.7 (C-2), 47.7 (C-4), 
59.1 (OCH,), 112.7 (a-keto CH), 162.9 (C-l), 166.4 (C=O). 

Anal. Calcd for C14HNOs C, 74.96; H, 10.78. Found: C, 75.02; 
H, 10.71. 
Ethyl (6-methyl-1,2,3,4,4aa,5,8,8a@-octahydro-l- 

naphthy1idene)acetate (6d): colorless liquid (94%); 'H NMR 
6 1.1-2.3 (m, 11, methylenes, methines), 1.28 (t, 3, J = 7 Hz, ethyl 
Me), 1.62 (br s, 3, 6-Me), 3.8-4.1 (m, 1, eq H-2), 4.15 (q, 2, J = 
7 Hz, OCH,), 5.3-5.6 (m, 1, H-7), 5.58 (br s, 1, a-keto H); 13C NMR 
6 14.1 (ethyl Me), 22.9 (6-Me), 26.8 (C-3 or C-8), 27.9 ((2-8 or C-3), 
30.3 (C-2), 34.0 (C-4), 39.1 (C-5), 40.3 (C-4a), 43.8 (C-8a), 59.2 
(OCH2), 112.2 (a-keto CH), 119.5 (C-7), 135.6 (C-6), 164.4 (C-l), 
166.8 (C=O). 

Anal. Calcd for Cl,H,202: C, 76.89; H, 9.46. Found C, 76.79; 
H, 9.52. 
General Procedure. a,p-Unsaturated Acids. A solution 

of 10 mmol of a,@-unsaturated ester in 150 mL of 6% methanolic 
potassium hydroxide was kept at 40 "C for 12 h and then reduced 
to a 60-mL volume by vacuum distillation. It was poured into 
140 mL of water and extracted with chloroform. The aqueous 
solution was acidified with 2% sulfuric acid and extracted with 
chloroform. The extract was washed with water, dried, and 
evaporated. Chromatography of the residue and elution with 25:l 
chloroform-ethyl acetate afforded the a$-unsaturated acid. 

1, H-7). 

(C-l), 170.1 (C=O). 

159.8 (C-l), 166.9 (CEO). 
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(2a,6@-Dimethyl-l-cyclohexylidene)acetic acid (2a): col- 
orless, crystalline solid; mp 77-79 "C (C6H14-Et20) (83%); 'H 
NMR 6 1.21 (d, 6, J = 7 Hz, methyls), 1.3-1.9 (m, 6, methylenes), 
2.5-2.7 (m, 1, H-2), 3.8-4.0 (m, 1, H-6), 5.63 (s, 1, a-keto H). 

Anal. Calcd for C10H1602: C, 71.40; H, 9.59. Found: C, 71.35; 
H, 9.64. 

(2a,6j3-Dimethyl-l-cyclohexylidene)acetic acid (3a): col- 
orless, crystalline solid; mp 50-53 "C (C6H14-Et20) (78%); 'H 
NMR 6 1.03, 1.13 (d, 3 each, J = 7 Hz, methyls), 1.4-2.0 (m, 6, 
methylenes), 2.4-2.6 (m, 1, H-2), 4.1-4.3 (m, 1, H-6), 5.51 (s, 1, 
a-keto H). 

Anal. Calcd for C10H1602: C, 71.40; H, 9.59. Found: C, 71.36; 
H, 9.67. 

(2,6-Dimethyl-2-cyclohexen-l-ylidene)acetic acid (4a): 
colorless, amorphous solid (80%); 'H NMR 6 1.07 (d, 3, J = 7 Hz, 
6-Me), 1.5-2.5 (m, 4, methylenes), 1.80 (s, 3, 2-Me), 3.8-4.1 (m, 
1, H-6), 5.68 (s, 1, a-keto H), 6.0-6.1 (m, 1, H-3); 13C NMR 6 18.0 
(6-Me), 20.2 (2-Me), 21.6 (C-4), 27.9 (C-6), 28.6 (C-5), 111.1 (a-keto 

Anal. Calcd for CloH1,O2: C, 72.26; H, 8.49. Found C, 72.18; 
H, 8.55. 

(4-tert -Butylcyclohexylidene)acetic acid (5a): colorless, 
amorphous solid (84%); 'H NMR 6 0.85 (s, 9, methyls), 1.2-2.4 
(m, 8, CH, methylenes), 3.8-4.0 (m, 1, eq H-6), 5.54 (s, 1, a-keto 
H); 13C NMR 6 27.4 (methyls), 28.4 (C-6), 29.4 (C-3 or C-5), 29.7 
(C-5 or C-3), 32.3 (t-Bu C), 38.0 (C-2), 47.7 (C-4), 112.4 (a-keto 

Anal. Calcd for C12Hm02: C, 73.43; H, 10.27. Found: C, 73.36; 
H, 10.32. 
(6-Methyl-1,2,3,4,4aa,5,8,8aj3-octahydro- 1-naphthylid- 

ene)acetic acid (sa): colorless, amorphous solid (92%); 'H NMR 
6 (MeOH-d4) 1.0-2.2 (m, 11, methylenes, methines), 1.62 (br s, 
3, Me), 3.7-4.0 (m, 1, eq H-2), 5.2-5.4 (m, 1, H-7), 5.48 (br s, 1, 
a-keto H). 

Anal. Calcd for C13Hp.02: C, 75.70; H, 8.80. Found C, 75.62; 
H, 8.85. 

General Procedure. Preparation of Diazo Ketones. A 
solution of 10 mmol of a,p-unsaturated acid in 30 mL of methanol 
was neutralized by titration with a 0.1 N methanolic sodium 
methoxide solution to the phenolphthalein endpoint. The mixture 
was evaporated under vacuum, and the residue was dried at  10 
Torr and 100 "C for 1 h. A suspension of the dry salt in 50 mL 
of anhydrous benzene was treated with 30 mmol of freshly distilled 
oxalyl chloride at 0 "C, and the mixture was stirred for 3 h. It 
then was filtered, and the filtrate was evaporated under vacuum. 
A solution of the residue in 100 mL of anhydrous ether was added 
dropwise over a 0.5-h period to a stirring solution of 13 mmol of 
diazomethane and 10 mmol of distilled triethylamine in 50 mL 
of dry ether at 0 "C, and the stirring was continued for 1-3 h. 
The mixture was filtered, and the filtrate was evaporated. 
Chromatography of the residue through a short column of neutral 
alumina (activity 111) and elution with 25:l hexane-ethyl acetate 
produced a diazo ketone, which was used in the next reaction 
without further purification. 

o-(Diazoacety1)toluene (i): rapidly decomposing, pale yellow, 
amorphous solid (68%); 'H NMR 6 2.42 (s, 3, Me), 5.51 (s, 1, 
CHN2), 7.0-7.4 (m, 4, aromatic Hs). 

1-Diazo-4-met hyl-3-penten-2-one (IC): yellow, amorphous 
solid (67%); 'H NMR 6 1.86, 2.32 (s, 3 each, methyls), 5.20 (s, 
1, H-l) ,  5.73 (br s, 1, H-3). 
2-(Diazoacetonylidene)-1fl,3fl-dimethylcyclohexane (2c): 

yellow, viscous liquid (52%); 'H NMR 6 1.18, 1.22 (d, 3 each, J 
= 7 Hz, methyls), 1.3-1.9 (m, 6, methylenes), 2.3-2.5 (m, 1, H of 
methine anti to C=O), 3.8-4.0 (m, 1, H of methine syn to C=O), 
5.18 (s, 1, CHN2), 5.64 (br s, 1, a-keto H). 
2-(Diazoacetonylidene)-la,3~-dimethylcyclohexane (3c): 

yellow, viscous liquid (54%); 'H NMR 6 1.15, 1.17 (d, 3 each, J 
= 7 Hz, methyls), 1.5-2.0 (m, 6, methylenes), 2.4-2.6 (m, 1, H-l), 
4.1-4.3 (m, 1, H-3), 5.30 (s, 1, CHN2), 5.65 (br s, 1, a-keto H). 
3-(Diazoacetonylidene)-2,4-dimethyl-l-cyclohexene (4c): 

yellow, amorphous solid (53%); 'H NMR 6 1.12 (d, 3, J = 7 Hz, 
4-Me), 1.5-2.5 (m, 4, methylenes), 1.80 (s, 3, 2-Me), 4.0-4.1 (m, 
1, H-4), 5.30 (s, 1, CHN2), 5.71 (s, 1, a-keto H), 6.0-6.2 (m, 1, H-1). 
l-(Diazoacetonylidene)-4-tert -butylcyclohexane (5c): 

yellow, amorphous solid (67%); 'H NMR 6 0.88 (s, 9, methyls), 
1.1-2.4 (m, 8, CH, methylenes), 3.7-4.0 (m, 1, allyl eq H syn to 

CH), 131.1 (C-2), 135.6 (C-3), 162.1 (C-I.), 172.7 (CEO). 

CH), 166.3 (C-l), 172.6 (C=O). 
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C=O), 5.18 (s, 1, CHN2), 5.64 (br s, 1, a-keto H). 
1-( Diazoacetonylidene)-6-methyl-l,2,3,4,4aa,5,8,8a@-octa- 

hydronaphthalene (612): yellow, amorphous solid (50%); 'H 
NMR 6 1.1-2.1 (m, 11, methylenes, methines), 1.63 (br s, 3, Me), 
3.9-4.1 (m, 1, eq H-2), 5.22 (s, 1, CHN2), 5.3-5.4 (m, 1, H-7), 5.53 
(br s, 1, a-keto H). 
Ethyl 2-Diazo-3-oxo-4-( 6-methyl-1,2,3,4,4aa,5,8,8aj3-octa- 

hydro-1-naphthy1idene)butanoate (13). A solution of acid 
chloride 6b [from 800 mg (3.8 mmol) of acid sa] and 885 mg (7.8 
mmol) of ethyl diazoacetate was kept at room temperature away 
from light for 96 h. Volatile materials were removed under 10 
Torr vacuum at room temperature. Chromatography of the re- 
sidual oil on neutral alumina (activity 111) and elution with 
chloroform furnished 540 mg (46%) of yellow, amorphous diazo 
keto ester 13: 'H NMR 6 1.29 (t, 3, J = 7 Hz, ethyl Me), 1.3-2.2 
(m, 11, methylenes, methines), 3.9-4.1 (m, 1, eq H-2), 4.15 (q,2, 
J = 7 Hz, OCH2), 5.3-5.5 (m, 1, H-7), 5.56 (br s, 1, a-keto H). The 
diazo compound was used in the next reaction without further 
purification. 
General Procedure. Diazo Ketone Decompositions. A 

solution of 2 mmol of diazo ketone in 150 mL of methylene 
chloride was added dropwise over a 6-h period to a suspension 
of 0.04 mmol of dirhodium tetraacetate in 50 mL of methylene 
chloride. The mixture was evaporated under vacuum. Chro- 
matography of the residue and elution with 30:l hexane-ethyl 
acetate yielded the cyclopentenone. 

Indanone (ii): colorless, crystalline solid; mp 38-40 "C (EhO) 
(60%); IR, 'H NMR, and 13C NMR spectrally identical with an 
authentic sample. 

3-Methyl-2-cyclopentenone (14): colorless liquid (59%); 'H 
NMR and 13C NMR spectrally identical with an authentic sample. 
1,4,5,6,7,7a-Hexahydro-Ip,7aP-dimethyl-2H-inden-%-one 

(15a): colorless, viscous liquid (47%); IR ( C 4 )  1680 (s), ( C 4 )  
1605 (s) cm-'; 'H NMR 6 1.18 (d, 3, J = 7 Hz, 4-Me), 1.3-2.0 (m, 
6, methylenes), 1.36 (s, 3, 7a-Me), 2.28 (s, 2, C-1 Hs), 3.0-3.2 (m, 
1, H-4), 5.80 (s, 1, H-3); 13C NMR 6 17.5 (C-6), 19.1 (4-Me), 26.9 
(7a-Me), 33.3 (C-5), 33.9 (C-4), 40.6 (C-7), 43.5 (C-7a), 54.0 (C-l), 
127.3 (C-3), 191.1 (C-3a), 207.4 (C-2). 

Anal. Calcd for CllH160: C, 80.44; H, 9.82. Found: C, 80.40; 
H, 9.87. 
1,4,5,6,7,7a-Hexahydro-4a,7ap-dimethyl-tH-inden-2-one 

(15b): colorless, viscous liquid (53%); IR ( C 4 )  1677 (s), (C=C) 
1607 (s) cm-'; 'H NMR 6 1.0-2.1 (m, 6, methylenes), 1.18 (d, 3, 
J = 7 Hz, 4-Me), 1.28 (s, 3, 7a-Me), 2.18, 2.27, 2.30, 2.39 (4-line 
AB, 2, C-1 Hs), 2.5-2.7 (m, 1, H-4), 5.78 (br s, 1, H-3); 13C NMR 
6 18.2 (4-Me), 21.9 (C-6), 24.6 (7a-Me), 32.5 (C-4), 36.6 (C-5), 40.7 
(C-7), 43.6 (C-7a), 52.5 (C-l), 124.0 (C-3), 192.7 (C-3a), 207.0 (c-2). 

Anal. Calcd for C11H160: C, 80.44; H, 9.82. Found: C, 80.52; 
H, 9.81. 

1,6,7,7a-Tetrahydro-4,7a-dimethyl-2H-inden-2-one (16): 
colorless, viscous liquid (52%); IR ( C 4 )  1682 (s), (C=C) 1620 
(m), 1580 (m) cm-'; 'H NMR 6 1.0-2.0 (m, 4, methylenes), 1.19 
(s, 3, 7a-Me), 1.92 (br s, 3,4-Me), 2.1-2.4 (m, 2, C-1 Hs), 5.80 (s, 
1, H-3), 5.9-6.1 (m, 1, H-5); 13C NMR 6 18.7 (4-Me), 24.1 (C-6), 
25.3 (7a-Me), 33.8 (C-7), 40.5 (C-7a), 51.8 (C-1), 122.0 (C-3), 129.0 
(C-4), 134.6 (C-5), 179.3 (C-3a), 207.5 (C-2). 

Anal. Calcd for C11H14O: C, 81.44; H, 8.70. Found: C, 81.52; 
H, 8.64. 
5-tert -Butyl-3,3a,4,5,6,7-hexahydro-2H-inden-2-one (17): 

colorless, amorphous solid (57%); 'H NMR 6 0.91 (s, 9, methyls), 
1.Cb3.0 (m, 10, methylenes, methines), 5.83 (br s, 1, H-1); 13C NMR 
6 27.5 (methyls), 28.0 (C-6), 30.8 (C-4), 36.0 (C-7), 41.9 (C-3a), 42.6 
(C-3), 47.1 (C-5), 126.3 (C-l), 184.5 (C-7a), 208.8 (c-2). 

Anal. Calcd for C13H20O: C, 81.20; H, 10.48. Found: C, 81.15; 
H, 10.56. 
Ketone 18a: colorless, viscous liquid (65%); 'H NMR 6 1.C-2.9 

(m, 13, methylenes, methines), 1.64 (br s, 3, Me), 5.3-5.5 (m, 1, 
H-8), 5.74 (br s, 1, H-1); 13C NMR 6 23.1 (Me), 28.2 (C-9), 32.3 
(C-4), 34.0 (C-5), 38.0 (C-6), 39.5 (C-3a, C-5a), 41.2 (C-ga), 42.0 

Anal. Calcd for C14H180: C, 83.13; H, 8.97. Found: C, 83.21; 

Keto ester 18b: colorless, crystalline solid; mp 93-95 "C 

(s) cm-'; lH NMR 6 1.2-2.4 (m, 10, methylenes, methines), 1.28 
(t, 3, J = 7 Hz, ethyl Me), 1.65 (br s, 3,7:Me), 3.0-3.2 (m, 1, H-3a), 

(C-3), 119.2 (C-8), 124.8 (C-l), 133.0 (C-7), 187.0 (C-9b), 208.6 (C-2). 

H, 8.90. 

(C6H14-Et20) (55%);  IR (C-0) 1730 (s), 1698 (s), (C=C) 1608 
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3.04 (d, 1, J = 3 Hz, H-3), 4.22 (9, 2, J = 7 Hz, OCHZ), 5.3-5.5 
(m, 1, H-8), 5.78 (e, 1, H-1); 13C NMR 6 14.0 (ethyl Me), 23.1 
(7-Me), 28.3 (C-9), 32.1 (C-4), 33.1 (C-5),38.0 (C-61, 39.2 (C-5a), 
41.3 (C-9a), 46.3 (C-3a), 59.1 (C-3), 61.3 (OCH2), 119.2 (C-8), 123.3 
(C-I), 133.1 (C-7), 169.0 (ester C=O), 186.3 (C-9b), 200.9 (C-2). 

Anal. Calcd for Cl7Hn0,: C, 74.43; H, 8.08. Found C, 74.52; 
H, 8.01. 
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The title compound is prepared and used for the direct w((l0-camphorsulfony1)oxylation) of various ketones 
and carbonyl compounds with an active methylene group. Its reaction with 2-butanone and 4-methyl-2-pentanone 
yields predominantly the corresponding 1-sulfonyloxy derivatives. The stereoselectivity of the reaction is studied 
by using benzoylacetone, ethyl benzoylacetate, and propiophenone. In some reactions 10-camphorsulfonyl peroxide 
is formed as a byproduct. 

Organic hypervalent iodine reagents are useful in ef- 
fecting direct a-functionalization of ketones and active 
methylene compounds. Groups attached through oxygen 
include hydroxy, methoxy or ethoxy,' acetoxy? phospho- 
r y l ~ ~ ~ , ~  and s u l f ~ n y l o x y ; ~ ~ ~  also, azido6 and sacchariny16 
groups as well as fluorine' and chlorines have been suc- 
cessfully introduced to ketones, @-diketones, and esters of 
@-keto acids. 

Presently there is considerable interest in various a- 
sulfonyloxy ketones because of their potential in organic 
synthesis4 and their photochemical rea~t iv i ty .~  Ap- 
proaches toward their preparation not requiring the 
availability of a-hydroxy ketones and involving enolic 
ketone derivatives have been summar i~ed .~  The direct 
introduction of a tosyloxy or a mesyloxy group to carbonyl 
compounds has been effected by using [hydroxy(tosyl- 
oxy)iodo]ben~ene'~ (1) or [hydroxy(mesyloxy)iodo]- 

with their trimethylsilyl enol ethers affording again a- 
sulfonyloxylated carbonyl compounds.12 The synthetic 
utility of reagents 1 and 2 and also of some analogues of 
1 in which the phenyl group has been changed to penta- 
fluorophenyl or perfluoropropyl has been demonstrated 
further in their reactions with a1kenes,l3-l5 alkynes,'+'* 
trimethylsilyl  aromatic^,^^^^^ thiophenes,21 alkenoic 
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benzene4J1 (2), respectively; the latter reagent can also be 
used as formed in situ from iodosylbenzene, (PhIO),, and 
methanesulfonic acid.5 Both reagents 1 and 2 have been 
shown to react not only with carbonyl compounds but also 

Oa!? o-d,ph 
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