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Figure 1.-The influence of HnS04 concentration, with CUZO 
(0.02 mol), methylcyclohexane (0.2 mol), and hexene (0.2 mol) 
a t  30' (2,2-dimethylpentanoic acid to 2-methyl-2-ethylbutanoic 
acid, 2 : 1). 

hexene. The results are shown in Figure 1. The 
ratio of the product 1 via hydride transfer increased 
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with the increase of Hi304 concentration. At the 
Hi304 concentration of <go%, no reaction occurred. 
It is known that CU(CO)~+ does not exist in the HzSO, 

The influence of the reaction temperature was ex- 
amined in the carbonylation of methylcyclohexane. 
The results are shown in Figure 2 .  The ratio of the 
product 1 via hydride transfer increases with an in- 
crease in temperature. Hox-ever, no reaction occurred 
above 50", since CU(CO)~', which acts as catalyst, can 
not exist in the reaction system above 50" at 1 atm of 
carbon monoxide pressure. 

<SOg;1,.6 

Experimental Section 

The ir spectra were taken as neat samples using a Hitachi 
EPI-S2 spectrometer. 'H nmr spectra were taken on a JEOL 
PS-100 at 100 MHz in CCla solvent. Chemical shifts are given 
in 6 units (parts per million) downfield from internal TMS. 
Glpc analyses were performed using a 3M FFAP column (10% 
on Chromosorb WAW). Elemental analyses were done on a 
Yanagimoto CHN LIT-2. 

Reagent.-Methylcyclohexane, methylcyclopentane, 1,4-di- 
methylcyclohexane, 2-methylpentane, 2-methylbutane, octane, 
2,2,4-trimethylpentane, cyclohexane, 1-hexene, 1-octene, 2- 
propanol, tert-butyl alcohol, 1-hexanol, and 1-octanol were all 
commercial reagents and purified by distillation. 

CunO, CO, and were all commercial reagents, which 
were used without further purification. 

Preparation of copper(1) carbonyl was carried out as described 
in previous papers.1'6 

Carbonylation of Saturated Hydrocarbons.-The mixtures of 
0.2 mol of saturated hydrocarbon and 0.2 mol of olefin (or 
alcohol) were added dropwise during 50 minutes to the copper(1) 

(6) Y .  Souma and H. Sano, Nzhon Kagaku Zasshz, 91, 626 (1970). 
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Figure 2.-The influence of reaction temperature. CurO 
(0.02 mol), 98y0 HzS04 (105 ml), methylcyclohexane (0.2 mol), 
and hexene (0.2 mol) were used. 

carbonyl suspension. Carbon monoxide was soon absorbed and 
reacted with carbonium ion. CO absorption was finished in 1 
to 2 hr, and the reaction mixture was poured over ice-water. 
The products were extracted by benzene. Excess alkali was 
added to the benzene extract. The water phase was acidified 
by concentrated 112804. Carboxylic acids were again extracted 
by benzene and isolated by preparative glpc. The structures of 
products were determined by ir, nmr, and elemental analysis. 

Methylcyclohexanecarboxylic acid was obtained by the car- 
bonylation of methylcyclohexane: ir 2950, 1700 (C-0), 1460, 
1250; nmr 6 1.13 (s, 3 ,  CHaCCOOH), 1.20-1.80 (m, 8, CH2, 
HCH), 1.95-2.24 (in, 2, HCHCCOOH), 11.72 (br s, 1, COOH). 

Anal. Calcd for C8H1402: C, 67.57; H, 9.92. Found: 
C, 67.74; H,  10.20. 

Methylcyclopentanecarboxylic acid was obtained by the car- 
bonylation of inethylcyclopentane: ir 2980, 1705 (C=O), 
1460, 1280, 1200; nrnr 6 1.28 ( 5 ,  3, CHaCCOOH), 1.70 (m, 6 ,  
CHZ, HCH), 2.16 (in, 2 ,  HCHCCOOH), 11.78 (br s, 1, COOH). 

Anal. Calcd for C7H1202: C, 65.60; H,  9.44. Found: C ,  
66.02, H ,  9.57. 

,411 identifications of 1,4-dimethylcyclohexanecarboxylic acid, 
2-methylpropionic acid, 2,2-dimethylpentanoic acid, 2,2-di- 
niethylbutanoic acid, 2-methyl-2-ethylbutanoic acid, and t-Cg 
acid were made by comparison of retention time and "spiking" 
with authentic samples. Authentic samples were prepared by 
the carbonylations of olefins' or alcohols .z 

Registry No.-Cu(C0)3+, 28990-05-8. 
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The synthesis of tetracycl0[3.3.0.0~~~.0~~~]octane (1) 
attracted our attention for several reasons. Since 1 is 
believed to  be formed as a coproduct of the intramolecu- 
lar insertion of 2-carbenatricyclo [3.2.1.03*G]octane (2),2 

(1) NSF Graduate Trainee, June 1971-Sept 1972. 
(2) P. K. Freeman, V. K. 31. Rao, and G. E. Bigam, Chem. Commun., 

611 (1965). 
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an alternative synthesis is desirable to reinforce the 
spectroscopic and chemical evidence previously re- 
ported. I n  addition, the novelty of this tetracyclic 
hydrocarbon makes i t  of considerable interest in our 
continuing program devoted to the chemistry of small 
polycyclic ring systems, and the facile hydrogenolysis 
of 1 provides yet the best route to tricyclo[3.3.0.03J]- 
octane (3),2,3 an unusual molecule (symmetry point 

1 3 

group Dd) whose physical and chemical properties are 
of continuing i n t e r e ~ t . ~  

Previous synthetic efforts to prepare tetracyclooctane 
1 included generation of bivalent intermediate 4, the 
projected intramolecular addition to have yielded 1 
directly. Unfortunately, only products arising from 
hydrogen migration ( 5 )  and endo C-3 C-H insertion (6) 
were ~ b s e r v e d . ~  

5 6 

The photochemical synthesis we wish to describe 
relies on the intramolecular [$& + ,$I cycloaddition6 
of diene 7. This method was chosen for formation of 
1 because of the success of similar reactions17t8 the 
proximity of the two olefinic functions in 7,$  and the 
lack of a reasonable synthesis of alternative photolytic 
precursor 8. 

7 8 

(3) P. K. Freeman, R. B. Kinnel, and T. D. Ziebarth, Tetrahedron Lett., 
1059 (1970). 

(4) R. R. Sauers and K. W. Kelly, J. Org.  Chem., 36, 3286 (1970); W. T. 
Borden, V. V. M. Cabell, and T. Ravindranathan, J. Amer. Chem. Soc.,  
98, 3800 (1971); R. R. Sauers, K. W. Kelly, and B. R.  Sickles, J. Ow. Chem.. 
87, 537 (1972). 

( 5 )  P. K. Freeman and K. B. Desai, J. Org. Chem., 86, 1554 (1971). 
(6) R. B. Woodward and R. Hoffman, Angew. Chem., Int .  Ed. Engl., 8,  

781 (1969). 
(7) W. Eberbach and H. Prinzbach, Helu. Chim. Acta, 60, 2490 (1967); 

J. Meinwald and B. E. Kaplan, J. Amer. Chem. Soc., 89, 2611 (1967); 
J. Meinwald and G. 7V. Smith, ibid., 89, 4923 (1967); R. Srinivasan and 
K.  H. Carlough, ibid. ,  89, 4932 (1967); S. Moon and C. R. Gana, Tetra- 
hedronlett., 6275 (1968). 

(8) Subsequent t o  the initiation of our study, G. Kaupp and K. Krieger, 
Angew. Chem., Int .  Ed. Engl., 719 (1972), have reported the observation 
of an  analogous photoisomeriaation of the 3,7-diphenyl derivative of 7. 

(9) Dreiding models indicate a CpCe internuclear distance of 2.56 b. 

Synthesis of key intermediate 7 was accomplished as 
Monoepoxidation of cis,&-1,3- shown in Scheme I. 

SCHEME I 
OH 

9 10 11 

12 

cyclooctadiene (9) and subsequent treatment of 10 with 
lithium diethylamide in ether yields alcohol 11 by 
transannular carbene or carbenoid insertion. 10-12 For- 
mation of acetate 12 by treatment of 11 at reflux with 
acetic anhydride, followed by gas-phase pyrolysis, 
yields required diene 7 in an overall yield of 45%. 

The photolytic ring closure of diene 7 to title hydro- 
carbon 1 was studied in some detail. Photolysis in 
pentane results in tetracyclic hydrocarbon formation a t  
a rate twice that in ether. However, periodic removal 
of side products is necessary for completion of the re- 
action. Furthermore, attempts to obtain a ratio of 1 : 7 
greater than 0.5 were unsuccessful. Irradiation in 
ether, on the other hand, resulted in a corresponding 
ratio of 1.6, proceeding to this point without filtration, 
and resulted in a higher yield (35% 11s. 8%) of desired 
photoisomer 1. Irradiation in acetone and in the pres- 
ence of benzophenone resulted in rapid loss of starting 
material with no concomitant production of 1, pre- 
sumably owing to bimolecular reactions such as oxetane 
and dimer formation. Attempts to  catalyze the re- 
action by formation of a Cu(1) complex of 713 were un- 
successful. 

Overall, the yield of title hydrocarbon 1 based on 1,3- 
cyclooctadiene is 10%. (The yield can be increased by 
recycling diene 7 recovered from the photolysis if more 
than a single photolysis is performed.) This synthetic 
route has greatly facilitated the investigation of the 
chemistry of 1 currently in progress in our laboratory. 

Experimental Section 

RIicroanalysis was per- 
formed by Chemalytics, Inc., Tempe, Aria. 85282. Infrared 
spectra were obtained using a Beckman IR-8 spectrophotometer; 
the nmr spectra were determined on a Varian Associates HA-100 
spectrophotometer. Vpc analyses and preparative collections 
were performed using an Aerograph RIodel A-90-P gas chromato- 
graph and the columns specified below. 

Preparation of endo-2-cis-Bicyclo[3.3.0] oct-7-enyl Acetate (12). 
-Heating a solution of 3.0 g (2.42 X 10-3 mol) of alcohol 11, 
3.5 g (3.42 X 10-2 mol) of acetic anhydride, and 0.4 g of sodium 
acetate a t  reflux for 2 hr, followed by dilution with ether, extrac- 
tion with 5% Pr’aHC08 until no more COz was evolved, and drying 

All boiling points are uncorrected. 

(10) A. C. Cope, H. H. Lee, and H. E. Petree, J .  Amer. Chem. Soc., 80, 
2849 (1958); A. C. Cope, G. A. Berchtold, P. E. Peterson, and S. H. Shar- 
man, zbid., 82, 6370 (1960). 

(11) J. K. Crandalland L. H.  Chang, J. Org.  Chem., 82,532 (1967). 
(12) J. K. Crandalland L.-H. Chang, J. Org. Chem., 82, 435 (1967). 
(13) No 1: 1 adduct of CuC1-7 could be obtained by the method reported 

(14) J. H. van de Hende and W. C. Baird, J. Amer. Chem. Soc., 86, 
foi the formation of CuC1-1,5-cyclooctadiene complex.*4 

1009 (1963). 
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over sodium sulfate-potassium carbonate, yielded 3.80 g (95%) 
of crude acetate upon removal of solvent a t  reduced pressure. 
This acetate was of sufficient purity (>9970 by vpc analysis on 
a Carbowax 20AI on 70/80 Anakron ABS column and nmr analy- 
sis) to be used in subsequent reactions without further purifica- 
tion: ir (neat) I 3080, 2980, 2860, 2885, 1728, 1615, 1375, 1240, 
1052, 714 em-'; nmr (100 MHz, CCL) 6 5.68 (doublet of doublets 
J = 6, 2 Hz, 1 H), 5.38 (doublet of doublets, J = 6, 2 Hz, 1 H),  
5.01 (doublet of triplets, J = 6, 6 Hz, 1 H),  3.35 (m, 1 H) ,  2.66 
(m, 2 H), 1.96 (s, 3 H) ,  2.2-1.3 (m, 5 H) .  

Anal .  Calcd for CI0Hl4O2: C, 72.26; H, 8.49. Found: C, 
72.40; H,  8.78. 

Preparation of cis-2,7-Bicyclo[3.3.0] octadiene (7).-Acetate 12 
(2.2 g, 0.0132 mol) was pyrolyzed by dropwise addition onto a 
40-cm Pyrex column packed with Pyrex glass beads heated to 
475" in a slow nitrogen flow. The product was trapped directly 
into a receiver cooled to -78", diluted with pentane, washed 
once with water, once with 570 NaHC03, and once with saturated 
NaC1, and dried over anhydrous NazSOa. Subsequent removal 
of solvent by distillation through a 10-em Vigreux column, 
followed by distillation of the residue, yielded 1.12 g (0.0106 
mol, 80% based on acetate lost) of diene 7 and 0.30 g of recovered 
acetate 12. The product was pale yellow; a colorless sample 
having an identical ir spectrum was obtained by chromatography 
on alumina with pentane elution. The ir spectrum of 7 was 
identical with that previously reported? nmr (100 MHz, Cc4)  
6 5.54 (m, 4 H),  3.66 (doublet of multiplets, J = 7.5 Hz, 1 H) ,  
3.1-2.5 (complex multiplet, 2 H), 2.55 (doublet of multiplets, 
J = 7.5 Hz, 1 H) ,  2.04 (doublet of multiplets, J = 15 Hz, 
2 HI. 

Preparation of Tetracyclo[3.3.0.0~~4.0~J]~ctane (1). A. Photol- 
ysis in Pentane.-A stirred solution of 2.45 g (2.29 X mol) 
of diene 7 in 250 ml of olefin-free pentane was purged with nitro- 
gen for 30 min, then irradiated under nitrogen with an unfiltered 
450-W Hanovia high-pressure mercury lamp using a water- 
cooled quartz probe. Monitoring the reaction by vpc on a p,p'- 
oxydipropionitrile on 30/60 Chromosorb P (AW) column in- 
dicated a buildup of a new volatile component a t  the rate of 
about 1% per hour. At the end of 16 hr, however, conversion 
stopped. The solution, somewhat yellow and containing a 
solid material, was passed through a short alumina column, and 
the resulting clear solution was repurged and irradiated again as 
above. The new volatile component again grew at  the rate of 1% 
per hour until it was 3.5'35 of the starting diene after 40 hr total 
irradiation. Further manipulation of the solution as above 
produced no further increase in the ratio of product to  starting 
diene 7. The yield of 1 as indicated by an internal vpc reference 
was 8%. 

The product was isolated by removal of ca. 99% of the pentane 
by distillation through a 40-em spinning band column, followed 
by extraction of the residue with an equal volume of saturated 
AgN03. Vpc analysis of this procedure indicated no loss of 
product relative to  an internal norbornane standard, whereas 
diene 7 was completely removed. The resulting pentane solution 
was subjected to preparative gas chromatography on a p,p'- 
oxydipropionitrile on 30/60 Chromosorb P (9W)  column, the 
single product being identified as desired hydrocarbon 1. Un- 
reacted diene 7 was recovered by dilution of the Agh'03 solution 
with a tenfold volume of water and extraction by pentane. 

B. Photolysis in Ether.-A solution of 2.50 g (2.43 X 10-2 
mol) of diene 7 was taken up in 250 ml of commercial anhydrous 
ether, purged with nitrogen, and irradiated as described above. 
Monitoring the reaction indicated conversion of 7 to  1 at  a rate 
of 0.57, per hour until the ratio of 7: 1 was 38:62 as measured by 
vpc integration. The resulting yellow solution was concentrated 
by distillation of the ether through a 40-em Vigreux column, the 
residue yielding pure 1. The yield as determined by an internal 
norbornane vpc reference was 35%. 
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It has previously been shown that tosylhydrazones 
are converted into alkenes upon treatment with a 
strong base such as lithium aluminum hydride,* lith- 
ium hydridej3 sodium amide,4 or alkyllithium.6 We 
have found that cyclic 1,3 diketones can be converted 
into cyclic 2-enones through treatment of their mono- 
tosylhydrazones with weak base. This new synthetic 
method is a simple, safe procedure for preparation of 
substituted cyclic 2-enones. 

The mechanism for strong base conversion of tosyl- 
hydrazones into alkenes suggested by Shapiro6 is out- 
lined in Scheme I. Since the acidic sulfonamide pro- 

SCHEME I 
H 
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ton (pK, = 8.5)7 is presumably removed first, removal 
of the Q proton with concomitant loss of p-toluene- 
sulfinate anion requires a strong base. 

If the a proton were more acidic than the sulfon- 
amide proton, however, the reaction should proceed 
in the presence of a weak base. Since cyclic 1,3 dike- 
tones have sufficiently acidic Q protons, they would 
be expected to undergo such a reaction. 
5,S-Dimethylcyclohexane-l,3-dione (1, pKa = 5.2)* 

was converted into 5,5-dimethyl-2-cyclohexen-l-one 
(3) in 52% yield on heating the crude monotosylhy- 
drazone (2) in aqueous potassium carbonate solution. 
Enone 3 mas also obtained in 53% yield from purified 
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