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The rearrangement of a pentacyclodecyl cation (l,l-bishomocubyl) has recently been 

reported (2). Rearrangement of a related pentacyclodecyl system [1,3-bishomocubyl--* 1,4- 

bishomocubyl (3)) occurred on treatment of a perchlorodiketone with phosphorus pentachloride 

(k), probably via a carbonic ion mechanism (5). In view of the general interest in the 

carbonium ion rearrangements of these strained polycycl?c systems we wish to report the 

synthesis of syn-, 1, and anti-pentacyclo~5.3.0.02~5.03'9.04'8~decan-6-ol, 6 (1,3-bishmo- -) 

cubyl systems) and the acetolysis of their tosylates, 2 and 1. We also would like to point 

out that these solvolysis reactions are best explained by invoking bridged carbonium ion 

intermediates. 

The z-alcohol, &was synthesized by the acetone photosensitized ring closure (6) of 

e, syn-tricyclo[5.2.1.02'6)deca-3,8-dien-5-ol, 1, (7) in 2O$ yield, m.p. 175-176" (a-10). 

1 X=OH, Y=H 1 X=0& Y=H lo & X=OH, Y=E 
2 X=H, Y=OH i X=UDs, Y=H 12 X=cm, Y=H 

j_ X=OAc, Y=H lJ X=OAc, Y=H 
6 X=H, Y=OH 2 X,Y=O 
1 X=H, Y=oTs 
8 X=H, Y-OAc 
2 X,Y=O 
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The mar spectrum of zuas in agreement with the assigned structure ('Bble I). The muis 

1 -4.04b'c(o.g5)d -3.2 to -2.47- )f -2.28g(- )f -1.66h, -1.39h(2.1) 

6 -4.28i (1.0) -3.0 to -2.5e(7.9) -2.0791.1) -1.62j, -1.215(2.0) 

11 -4.07c (1.0) -3.1 to -2.3e(8.0) -2.13g(1.0) -i.38g (2.0) 

%Dc13 solution. “Ppm frcm internal WS (4). %road singlet. dRelative peak 

areas in parentheses. el&ltiplet. fTotal relative area, 9.0. gSinglet. %xq~~- 
metrical do&let, 

J = 11.1 cps. 

spectnxa gave a wnt 

structure (Xl). 

J = Il.2 cps. I Triplet, J = 1.4 cps. hnsym?trical doublet, 

peak at m/e 148 and a cracking pattern characteristic of the assigned 

Irradiation (6,8) & either e, anti-tricyclo[5.2.1.0 2'61deca-j,8-dien-5-01, 2, 

or end0 syn-tricyclot5 2 1 02j6 -) . . . ldeca-3,8-dien-10-01, g, (7) in acetone solution gave the 

anti-alcohol, 6, m.p. 164-l&‘, in 31s and 29$ yields respectiPe3.y. The mm ('ltrhle I), 

infrared, and mass (XL) spectra were consistent with the assigmed structure. 

The tosylates, b, m.p. 64.5-65.5", and, 7, m.p. 7%-78.5", prepsred by the method of 

Tipson (12). gave infrared, nmr, and mass spectra which were consistent with the assigned 

structures. The acetates, 2 and g, liquids, also exhibited the expected spectral properties. 

A mixture of alcohols, 3 and 5, m.p. 173-17&O, obtained by lithium aluminum hydride 

reduction (1) of pentacyclo15.3.0.0 2'5.031y.04'8]decan-6-one, 2, (13) was shownby nmrto 

consist of 80$ syn-2 and 20$ anti-6 (14). -_ Equilibration (15) of the alcohols, 1 and 5, 

starting frau the anti-isomer , 5, at 120' gave a mixture of 37$ syn-2 and 63% anti-6 as -- 

analyzed by rxsr. The equilibration and hydride reduction results are in ~eement with 

predictions based on molecular models which indicate that non-bonded interactions of a 

substituent in the s position are greater than in the anti position (16). 
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The solvolysis rate data for tosylates (4 and 1) in unbuffered acetic acid are 

summarized in Table II (18). 

TABLE II. ACETOLYSIS RATES OF PERTACYCLODECYL TOSYLATES (4 and I) 

Temp. Rate Constant& * 

(kca?Tmole) 
/W* 

Tosylate ("c) (sec.-l) (e-u.) 

zY.s-it 120.0 + 0.1 2.84 + 0.1.2 x 10 -4 27.6b -5.1C 
110.0 + 0.1 1.10 + 0.04 x 10 -4 

25 2.7 x lob9 d 

anti-7 130.0 0.1 1.19 0.01 x 10 -4 -- + + 

120.0 + 0.1 4.90 + 0.22 x 10-5 27.2e -9.7p 

25 5.5 x lo-lo g 

aRate constants are an average of two runs at each temperature. Reasonably 

good first order kinetics were observed to 75-86 reaction. b + 3.0 kcal./mole. 
'+ 7.6 e.u. d Calculated from data at higher temperatures. Uncertainty factor 

in this value is 3.6. “2 2.3 kcal./mole. f~ 5.8 e.u. gCalculated from data 

at higher temperatures. Uncertainty factor in this value is 2.8. 

Preparative acetolysis of the z-tosylate, 3, in unbuffered acetic acid at 120' for 

10 half-lives, followed by lithium aluminum hydride reduction of the acetate product (19) 

gave the alcohol, 3, with retained stereochemistry as the major product (94% overall yield). 

The nmr spectrum of the crude product showed no anti-isomer 5 by the lack of absorption at 

-4.28 ppm (it is estimated that presence of 5% of 6woul.d have been detected). G.c. analysis 

of the crude product showed a minor product (4% of the mixture by peak area integration) 

which by retention time was tentatively assigned the symmetrical alcohol structure, I& 

(see below). 

Acetolysis of the anti-tosylate, 1, in unbuffered acetic acid at 120" for 10 half- 

lives gave an acetate product which was reduced with lithium aluminum hydride to give an 

alcohol product (752 overall yield) which was shown by nmr and g.c. analysis on two columns 

to be a mixture of 85% pentacyclo[5.3.0.0 2,6.,3>9_,4,8 ldecan-5-01, I&, (1,4-bishcmocubyl) 

and 15s anti-alcohol, 6. A pure sample of alcohol, I& was obtained by recrystallization 

from pentane, m.p. 143-144"; reported m.p. 137-140" (2). The nmr spectrum of 11 (Table I) 
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was consistent with the assigned structure. Oxidation of the alcohol, 11, with chromic 

acid (20) gave pentacycloL5.3.0.0 2,6.03,y.04'81decan-~-one, &, m.p. 119-122"; reported 

m.p. 120-122" (2) and 123' (4b). The nmr spectrum was also in agreement with that previously 

reported (2,21). Isolation of the tosylate from an incomplete acetolysis reaction of the 

anti-tosylate, 1, at 100' (~a. 4C$ solvolysis) and analysis by nmr (singlet at -1.40 ppm for 

the methylene hydrogens) indicated the occurrence of ~a. 30$ internal return to the rearranged 

pentacyclo[~.3.0.02,6.03'y.04,81dec-~-yl tosylate, 12. No evidence (nmr, infrared) for any 

olefinic products was detected in the acetolysis of either tosylate, '; or 7 _. 

The major product acetates, 2 and 2, can be rationalized as arisirg via 1,2-alkyl 

shifts (Scheme I) (22) and by substitution with retention of configuration. We suggest that 

$ OTS 

4 - 

S 

$ H 
1 

D 

Scheme I 

these results are best explained by postulating the bridged carbonivm ions, l_J and 16, as the 

intermediates in these solvolyses of the tosylates, 4 and 1, respectively, especially in the 

. 

FT 
+ 

Q3 
5 
13 - 

case of 4 since the intermediate, I& is symmetrical (23). 

The alternate rationalization of substitution with retention due to anion assistance 

(24) does not appear to be applicable in the present case because of the relative instability 
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. 
of the carbbnim ion and the low baslcity of the anion. Nor does the concept of rapidly 

equilibrating non-bridged ions (25) appear to give a reasonable explanation since one of the 

non-bridged ions frm both tosylates Is the same (assuming a planar sp2 carbonium ion); thus 

the same products would be expected from either tosylate, and such is not the case. The only 

alternative would appear to be an equilibration between the two non-bridged cations at a rate 

which is faster than the c-6 carbon-hydrogen bending vibration, a situation which for all 

practical purposes is the same as a vibrating bridged ion. 

Participation in the solvolysis is also indicated by the enhanced solvolysis rates as 

determined by ccnuparison of the experimental rates with those calculated for unassisted 

solvolysis using the equation developed by Schleyer (26); the rate acceleration of the c- 

tosylate, 2, is 1 x 104 and that of the anti-tosylate, 1, is 3 x lo3 (28). 

The details of this and related work will be presented later. 

Acknowledgment. - The authors wish to thank Professors J. C. Martin, P. v. R. Schleyer, 

and H. C. Brown, and Dr. J. C. Little for numerous helpful ccmments. 
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