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Abstmctz Reaction of pentacyclo[5.4.0.0216.~~10.~~~undecane-8,1 1-dione mono(ketene dithioacetal), 
2, with hydrogen at 50 

&l affordmg the correspon 
sig over pall+red charcoal catalyst results in reductive cyclixation. thereby 

g bndged dtthtoketal, 3. The results of similar teactions with other cage and 
noncage lfdione systems point to the need for spatial proximity between reacting centers in order to 
achieve ring formation via this process. 

Introduction: As part of a continuing program that involves the synthesis and chemistry of novel 

polycyclic “cage” systems,1 we have investigated new methods for introducing a methylene (or substituted meth- 

ylene) bridge across the 8.1 l-positions of pentacyclo[5.4.O.@e.~Jo.O~~g]undecane-8.1 I-dione (PCU-8.1 l- 

dione. 1).2 This approach has provided a new synthesis of 1,3_biiomopentaprismane? and it has also been used 

to generate intermediates in a novel synthesis of homopentaprismane-8-carboxylic acid.4 Recent interest in the 

chemistry of dithioacetals~ and of ketene dithioacetalse prompts us to report a new method for introducing a 

“mashed carbonyl” bridge across the 8,llpositions of 1 with cocomitant formation of a substituted hexacyclo- 

[5.4.1.~6.O3~10.~.9.0*~1t]dodecane. 

Results: Reaction of 1 with 2-lithio-1,3-dithiane7 (1 equivalent) at -22 Oc for 15 minutes followed by 

treatment with n-B&i (1 equivalent) resulted in the formation of the cotresponding mono&etene dithi~), 2, 

in 70% yield (Scheme 1). Subsequent hydrogenation of 2 over 5% Pd-C catalyst at 50 psig in a Parr hydrogena- 

tion apparatus at room temperature diiy afforded the corresponding bridged dithioketal, 3, in essentially quan- 

titative yield. The structure of 3 was established via analysis of its proton and 1% NMR spectra and by the fact 

that hydrolysis of the dithioketal moiety in 3 afforded 3-hydroxyhexecyclo[5.4.1.~6.03,10.~9.08.tt]dodecan- 

4-one (4). which has been prepared previously in our laboratory.4 

To our knowledge, the unusual course of hydrogenation of the C=C double bond in 2 that results in the 

introduction of a functionalired methylene bridge across the 8.1 l-positions in 2 is unptecedented9ht an effort 

to explore the potential applicability of thii procedure to other systems which contain ketone C=O groups in close 

mutual proximity, a similar reaction sequence was applied to te~yclii diketone 58 (Scheme 2). Conversion of 5 
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to the corresponding mono(ketene dithioacetal), 6, proceeded smoothly in ca. 60% yield. Catalytic hydrogenation 

of 6 proceeded slowly (36 h at room temperature) to afford the corresponding bridged thioketal, 7. in essentially 

quantitative yield. 
Scheme 1 
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This same reaction sequence was applied to cis,cisoid,cis-tricyclo[6.3.0.~~6]undecane-3.ll-dione (S).o 

Whereas 8 could be converted into the corresponding mono(lcetene dithioacetal), 9, hydrogenation of 9 over 

palladixed charcoal failed to produce 10; only unreacted 9 could be recovered from this reaction. Similarly 

disappointing results were obtained when we attempted to hydrogenate mono(ketene dithioacetal) 12 over 

palladixed charcoal. As was the case for the corresponding attempted catalytic hydrogen&ion of 9. only umeacted 

starting material could be obtained (Scheme 3). 

Next, a somewhat more flexible system, bicyclo[3.3.l]nonane-3.7-dione (14) was converted into the 

corresponding mono(ketene dithioacetal), 15. Subsequent hydrogenation of 15 over palladized charcoal resulted 

in reduction of the C=C bond with concomitant cyclixation. thereby producing the corresponding bridged rhioketal 

(i.e., 16, a substituted adamantane) in 77% yield (Scheme 4). 

At this juncture, we deemed it desirable to attempt to utilixe this.reaction sequence as a means to perform 

ring closure in an acyclic system. To this end, hexsne-2,5-dione was converted into the corresponding mono(lce- 
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tene dithioacetal). 18. Subsequent hydrogenation of 18 over palladized charcoal resulted in reduction of the C=C 

bond without concomitant ring closure, thereby affording 19 (Scheme 5). This tesult demonstrates the require- 

ment of close mutual spatial proximity between the ketene dithioacetal moiety and the distant matting C=O group 

in order for ring closure to occur. 

Dlacuaaion. It seems reasonable to suggest that this reductive cyclixation process proceeds via a discrete 

intermediate which either is trapped by the distant C=O group (thereby affording cyclixed product) or is reduced 

further to afford the corresponding (noncyclic) saturated ketone. The foregoing results point to the need for spatial 

proximity between reacting centers in order to achieve ring formation via this process. 

In order to better understand the effect of proximity between reacting centers on the course of the reduction 

process, a series of model compounds was chosen in which the dithioketene acetal moieties in 2,6.9, and 15 

were replaced by exocyclic methylene groups. The structute of each of these model enones was optimized by 

application of molecular mechanics methods (MM2)10. Then, a new series of structures was generated by reacting 

each enone in turn with atomic hydrogen, and the structure of each of the resulting radicals was optimizd by 

using MM2 methods. The distance between reacting centers, r, in each of the radicals then could be estimated.tta 
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Scheme 5 

s Li 

C>’ u ‘. s’*tj 
,MF,-22% 

2. m6uLi. -78 “C, THF 

3. aqueous NH&4 

ii& 5% Pd-C 

gssc aquoolls EtoH 
18 -?L 

. 
.’ 

I-I 0 

50 peig, 2533 

10 

The value of r obtained for the model enone derived from 9 turned out to be the largest of the four model systems 

studied. This result suggests that. among the four reductive cyclixation processes which have been modeled, the 

least compelling “proximity effect” should be operative for the attempted reductive cyclixadon of 9 to 10. a ptedii- 

tion which is consistent with experimental observations. 

Our results appear to be consistent with the operation of a stepwise process for the reductive cyclimtions 

which have been studied herein. Experiments designed to clarify the natum of the intermediate(s) in these dons 

are underway at present.lth 
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