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In connection with our continuing studies on the synthesis of nonbenzenoid aromatic systems incor- 

porating small-rings we have studied the crossed photocycloaddition of 2-cyclopentenone to cycloheptene? 

The photoinduced cycloaddition of simple alicyclic enones to cyclic and acyclic alkenes is a reaction of 

broad synthetic utility and the mechanism of this reaction has attracted widespread interest. 5 It is gen- 

erally assumed that the new carbon carbon bonds are formed in a sequential rather than concerted 

fashion. This contention is supported by Corey’s observation that stereochemical integrity is not main- 

tained and the same mixture of photoadduots is obtained with cyclohexenone regardless of whether cis - 

or trans-2-butene is used as a substrate. 
5d 

By implication the two reactions proceed through a discrete 

and common intermediate since the intervention of excited alkenes in such cycloaddition reactions is im- 

probable. Furthermore it has been argued that development of a trans fusion in that portion of an adduct 

arising from a cis oycloalkene is diagnostic of a stepwise cyclization process, although few examples of - 

such reactions have been reported to date. 5e, f, g At this time we wish to report our results on the photo- 

addition of cyclopentenone to cycloheptene where it has been found that substantial amounts of the two 

isomers with the seven-membered ring fused trans to the four-membered ring are formed 

Four isomeric 2-cyclopentenone-cycloheptene adducts are obtained when 2-cyclopentenone is ir- 

radiated 6a in neat cycloheptene and may be separated on a preparative scale by glpc [column (b) or (c)] 

6173 
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FIGURE I 

The infrared spectra of 1-4 were determined neat on a Beckman-IR 7 epectrophometer. The sample of 1 
contained 6% of isomer 2 and 7% impurities; 2 contained 4% of isomer 1; isomer 2 contained 5% of isomer 
2; 4 contained 5.5% of isomer 3 and 5% of isomer 2. 
-______---------------------~~~~~~~~~~~~~~~---~~~________~____~~~~_~____ 
The relative amounts of & 3 3 and 3 (numbered in order of their emergence from the columns) are 

4.0: 22: 6.7: 1.0, respectively. For purposes of comparison and identification the infrared spectra of 

the four ketones are recorded in figure I 6b 
That the ketones 1_-& are isomeric was established by 

mass spectroscopy (m/e=l76). 6c The absence of signals in the vinyl proton region of the nmr spectra 
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(220 ~IIz)‘~ when coupled with the infrared data (nonconjugated 0) attests to the presence of the 

cyclobutane ring in all four isomers. 

The w 7 -4 fused tricycle c7.3.0. O2 ’ * ldodecanones 1 and 2 were easily identified since they afford 

the same tricyclic hydrocarbon upon Wolff-Kiehner reduction. The reduction products from 1 and 3 

were shown to be identical by glpc enhancement techniques [columns (d) and (e)17 under conditions where 

the corresponding reduction products of z and 4 can be separated. Their infrared spectra are also 

identical and are reassuringly different from the infrared spectrum of the reduction product of 5 the 

major product. At this stage it remained to differentiate 1 from 2 and to determine which member of 

the remaining isomeric pair, namely 2 and 4, has cis, trans, cis and which “all cis” stereochemistry. - -- 

We have resolved the latter and more complex of these stereochemical problems and demonstrated 

that 2 has cis, a cis stereochemistry by indirectly correlating its structure with that of 
2,6 tricycle b. 3.0.0 ldecanone-3 (5J ao sdduct of 2-cyclopentenone and cyclcpentene. 

5a 
The structure 

of 3 had been related to the cyclopentenone dimers 5 and 1 by Eaton* through reduction to a common 

hydrocarbon. In turn the dimers 6 and 1 were converted to cis, trans, cis-1,2,3, I-tetracarbomethoxy- - 

cyclobutane (6J the structure of which had been established without ambiguity in our laboratories. 
9 
With 

the structure of z confidently established we were safe in assuming that the remaining 2-cyclopentenone 

cycloheptene adduct, formed in lowest yield, has the “all cis” structure 4. 
10 

-- 

co+ CO&H3 

a C02CH3 

lob - 

The correlation of 2 with 5 was accomplished in the following manner: addition of a two molar ex- 

cess of diazomethane to 2 in the presence of boron irifluoride 
lla 

etherate gave a homologous ketone 2 

which was isolated by glpc [column (a)]?’ The expanded ketone 2 while isomeric (m/e=164) is not 

identical to either of the photoadducte 10 of 2 -cyclohexenone and cyclopentene obtained earlier by Corey - 

and co-workers and in the absence of definitive data assigned structures 10a and lob by analogy with - - 

related reactions. 5d While 2 differs from &@ and m the hydrocarbon obtained as the major product 
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on reduction of 2 is identical to that obtained on reduction of the mixture of photoadducts 10. It was - 

established by Corey that either J& or 1ob, probably the former with the trans 6-4 fused ring juncture 

and presumably the less stable isomer is epimerized to the alternate isomer upon treatment with 

alumina. 5d Isomerization also occurs under the basic Wolff-Kishner conditions and explains why a 

single product is obtained upon reduction of mixtures of 10a and lob. - - It may be concluded from these 

data that the diazomethane homologization of 5 occurs with introduction of the methylene group beiween 

the carbonyl group and the cyclobutane ring to give 2. Of course bonds (b), (c) and (d) are unaltered by 

conversion of 2 to 2 and thus the stereochemistry at these sites must be the same in 5 and 2 as well as 

in 10a and lob. - - 

While we write the geometry of bond (a), the site of 1) insertion”, in an ambiguous manner it is 

known that the diazoalkane-carbonyl reaction proceeds with retention of configuration, llb 
and therefore 

the implied cis, trans, cis stereochemistry of ketone 2 is undoubtedly correct. The stereochemistry - 

of bonds (b), (c) and (d) in 10a and lob has been defined and certainly the assumption that lob is more - - - 

stable than 3 is valid. Thus the complete structures of the major (more stable) and minor photoad- 

ducts of 2-cyclohexenone and cyclopentene isolated by Corey are established. 13 
Our conclusions corrob- 

orate Corey’s original proposal regarding the structures of these products . 5d 
In any case the validity 

of our subsequent stereochemlcal arguments regarding the structures of 2 and 4 is not contingent upon 

any of the assumptions regarding the stereochemistry of bond (a) in 2, J& or &O&. 

Clearly the orientation of bonds (b), (c) and (d) in the Corey ketones E precludes formation of an 

“all I&P -- fused c7.3.0. 02’8]iricyclic system from g (either e or 1ob) by diazomethane homologiza- 

tion regardless of the position of ‘I insertion” or stereochemistry of the process. More specifically 

11 12 13 14 - - - 

only four C12 homologs may be formed upon treatment of the CI1-ketones g with diazomethane, namely 

It was established by glpc [columns (a), (d) and (e)] that one -product is formed 11, 12, 13 and &4_. - 

upon treatment of homogeneous samples of E provided limited amounts of diazomethane and catalytic 

amounts of aluminum chloride are used. 
llc This compound while not characterized completely was 

shown to have the desired molecular weight (m/e 178) and upon reduction gave a hydrocarbon (m/e 164) 



which is different [columns (d). (e) and (f)]7 from that obtained from ketones 1 and 3; bowever, infrared 

and glpc data [columns (d) and (e)]’ confirm that this product is identical to the hydrocarbon obtained 

from & It follows that 2 must have Le cis, trans. cis stereochemistry and that 4. the photoadduct ob- 

tained in lowest yield from 2 -cyclopentenone and cycloheptene must be the cis, c& cis isomer. Except - 

for the distinction between the structures 1. and?. the stereochemistry of the cycloaddition 1-4 is then 

defined. 

The expanded ketone obtained from 10 cannot have structure 12 since reduction would lead to the same - - 

trans 7-4 fused hydrocarbon obtained from 1 and 2. In contrast 11 could epimerize and give the ob- - 

served cis. trans, cis tricyclic hydrocarbon and therefore cannot be rigorously excluded; however this 

alternative is unlikely since 11 could only be formed by homologization of what certainly is the less - 

stable epimer (1oa) and the more stable epimer 3 was employed. Of the remaining structures 13 and 

14 - for the expanded ketone obtained from lob, the latter appears more reasonable on the basis of ex- 

perienoe gained in the conversion of 3 to 2. It should be noted that these speculations with regard to the 

structure of the homologization product obtained from 10 have no bearing on the validity of our previous - 

stereochemical arguments. 
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