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Clark, et al.,3 have found that in the breakdown of 2- 
methylnaphthalenediol 1,4-diphosphate’ (Synkavit, V) 
under similar conditions, the product contains 50y0 
orthophosphate, 15% pyrophosphate, and 35% tri- 
metaphosphate. We have found in the presence of 
added phosphate in DMF solution that Synkavit (V) 
gives only phosphate and pyrophosphate (see Table I). 
I t  has also been reportede that when a quinol phosphate 
reacts in the presence of P32-labeled inorganic phos- 
phate, no radioactivity is detectable in the pyrophos- 
phate, and that this observation rules out any simple 
nucleophilic attack by inorganic phosphate on meta- 
phosphate. We have run the same reaction with both 
quinol monophosphate (I) and diphosphate (V) in the 
presence of OI8-labeled tetrabutylammonium phos- 
phate and found that Ols-labeled pyrophosphate is 
formed in good yield. 

These results are presented in Table 11. 

TABLE I1 
0 ’ 8  IN PHOSPHATE AND PYROPHOSPHATE FROM OXIDATIVE 

HYDROLYSIS OF QUINOL PHOSPHATE IN DRY DMF“ 
Atom % excess Atom % excess Atom % excess 

Quinol 0 1 8  in added 0 1 8  in product 0 1 8  in product 
phosphate phosphate phosphate pyrophosphateb 

I 11.1 5 . 1  3 . 9  
V 21.4 12 .8  8.0 

Pyrophosphate isolated as zinc 
salt a t  pH 3-4. Oxygen isotopic analyses of phosphate and 
pyrophosphate by method of Anbar and Guttmann.’ 

I t  is apparent from Table I1 that 0 ’ 8  enrichment of 
the-phosphate a t  the end of the reaction is considerably 
lower than a t  the start, indicating dilution by un- 
labeled inorganic phosphate. This phosphate must be 
formed in the course of the reaction, by C-0 bond fis- 
sion. 

The 0I8-enriched pyrophosphate in the product 
must be formed by phosphorylation of the total 
amount of inorganic phosphate by a “metaphosphate” 
intermediate formed by P-0 bond fission. There 
appear, therefore, to be two parallel reaction pathways 
for. the breakdown of a quinol ,phosphate in the pres- 
ence of bromine in DMF solution, each involving bond 
fission in a different position. 

The following tentative mechanism is suggested for 
the reactions of the monophosphate. 

a Conditions as in Table I .  
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The quinonoid intermediate I1 which has not been 
isolated, is similar to those suggested8 for the bromina- 
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tion of phenols. The step converting I1 to I11 is a 
halide ion cleavage of an alkyl ester phosphate with 
attack on carbon similar to those founds for certain 
secondary and tertiary alkyl phosphates. Interme- 
diate I11 has not been isolated since it is converted t o  
the quinone IV on work-up. A quinonoid intermediate, 
the dimethyl ketal of p-benzoquinone, has been isolated 
by. Durckheimer and Cohen’O from the breakdown of 
hydroquinone phosphate in methanol solution, using 
ceric ammonium nitrate as oxidizer. In D,MF solu- 
tion the “metaphosphate” intermediate formed by 
P-0 bond fission may be transiently bound to the sol- 
vent as an imidoyl phosphate. Enol phosphates 
of acid amides of this type have been prepared by 
Cramer . 

From the amount of pyrophosphate produced (see 
Table I )  in the breakdown of compounds I and V, 
it appears that in DMF solution, the extent of P-0 
bond fission is about 30%. This is of the same order as 
the P-0 bond fission of I in water. 

(9) L. Zervas and I .  Dilaris, J .  A m .  Chem. Soc., 77, 5354 (1955) 
(10) W. Durckheimer and L. A. Cohen, ibid., in press. 
(11) F .  Cramer, Angew. Chem., 73, 236 (1960). 
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Ring Closure to the Bicyclooctyl System in the 
Solvolysis of 3-(A 2-Cyclopentenyl)propyl 

Brosylate 1v 
Sir: 

In recent years the investigation of cyclizations of 
unsaturated sulfonate esters under solvolytic conditions 
has been fruitful both from a theoretical and from a 
synthetic viewpoint. Confirming evidence for the 
unique stability of the 2-norbornyl cation was obtained 
from solvolytic studies on 2-(A3-cyclopenteny1)ethyl 
sulfonates, while similar studies have contributed 
evidence concerning nonclassical cations of the bicyclo- 
[3.2.l]octyl and bicyclo [2.2.2]octyl systems4 Even 
the acetolysis of 5-hexenyl p-nitrobenzenesulfonate 
yielded interesting data concerning the character of the 
cyclohexyl carbonium In this communication we 
wish to describe some of our results concerning the 
solvolysis of 3- ( A2-cyclopenteny1)propyl brosylate (I) 
and the related compounds 2-(A2-cyclopenteny1)ethyl 
brosylate (11) and 3-cyclopentylpropyl brosylate (111). 

m o w  r O B S  m o m  
r I1 111 

The alcohols corresponding to the brosylates were 
prepared by standard techniques and had properties 
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of the American Chemical Society, Philadelphia, Pa . ,  April, 1961 

(2) This work was supported in part by the Petroleum Research Fund, 
administered by the American Chemical Society (Grant No 1272-A4) 

(3) R .  G Lawton. J .  A m .  Chem. Soc , 88, 2399 (1961); P D Bartlett 
and S. Bank, ibid , 88,  2591 (1961). 
(4) (a) G. Le Ny, Compt. r e n d ,  961, 1526 (19601, (h) S. Winstein and P 

Carter, J .  A m .  Chem. Soc., 88,  4485 (1961). 
(5) P .  D. Bartlett, A n n ,  868, 45 (1962); P D. Bartlett, W D Closson, 

and T J. Cogdell, paper presented at the 100th Annual Meeting of the 
National Academy of Sciences, Washington, D.  C . ,  April. 1963. 



1888 COMMUNICATIONS TO THE EDITOR Vol. 86 

identical with those listed in the literature.6 These 
were converted to brosylate esters in the usual way; 
brosylates I and I1 were oils which liberated 96 to 98Q/o 
of the theoretical amount of sulfonic acid on acetolysis, 
while I11 melted a t  4 0 4 1  O and gave the correct analysis 
for carbon and hydrogen content. 

Good first- 
order kinetics were obtained in all cases; in particular, 
acetolysis of I was very reproducible and free of drift. 

TABLE I 
SOLVOLYTIC RATE CONSTANTS (SEC. -l X 105) 

Kinetic data are presented in Table I. 

97% formic 
Solvent Ethanol (SO") Acetic acid (80')" acid (70") 

kl for I 13 .8  f 1 . 0  1 .55  f O . O S b  2 5 . 7  f 3 . 5  
k, for I1 7.16 & 0 . 3 3  0.278 f 0.010 . .  
kl for 111 13.4 f 1 . 0  0,411 f 0.012" 1 .32  i 0 14 

a Containing 0.036 M sodium acetate, 0.030 M brosylate. 
At 70°, kl = (5.70 f 0.05) X sec.-l; a t  loo", k, = 

At 70°, kl = (1.47 f 0.03) X 

The products of acetolysis, and in the case of I, 
formolysis, were reduced with lithium aluminum hy- 
dride and analyzed by vapor phase chromatography, us- 
ing 1,2,3-tris(2-cyanoethoxy)propane as the stationary 
phase. Components were identified by comparison of 
retention times and infrared spectra with those of 
authentic samples. On acetolysis in the presence of 
excess sodium acetate, I1 and I11 yielded only the cor- 
responding acetates. On the other hand, I yielded a 
complex mixture of acetolysis products. After reduc- 
tion, this mixture consisted of 20% cis-bicyclo [3.3.0]- 
oct-2-ene (IV), 25% cis,trans-bicyclo [3.3.O]octan-2-01 
(V), 1 .7y0 cis&-bicyclo [3.3.O]octan-2-01 (VI) ,  O.Syo 
cis-bicyclo [3.3.0]octan-l-ol (VII), 11% exo-bicyclo- 
[3.2.1]octan-8-01 (VIII), and 41.7% uncyclized alcohol. 
In  formic acid (in the presence of excess sodium for- 
mate), the products of I were entirely cyclized, and, 
after reduction, consisted of 1.6% IV, 4.6% VI, 4.5% 
VII,  66% V, and about 23% VIII. The vapor phase 
chromatographic peaks due to V and VI11 overlap 
slightly and the relative amounts of these two corn- 
pounds may be somewhat in error. 

(9.80 f 0.04) X 
lo-' set.?; a t  l o O D ,  kl = (2.63 f 0.04) X 

set.-'. 
set.-' 

IV H OH vrr 
v VI VI11 

I t  is obvious from the kinetic and product data that 
the bridged ion IX7 is not readily accessible from I1 in 
acetic acid solution. The fact that the rate of acetol- 
ysis of I1 is actually slower than that of I11 is not sur- \a 

IX 
prising, and is probably due both to a somewhat greater 
amount of steric hindrance a t  C-1 and a modest induc- 

(6) 3-(A2-Cyclopentenyljpropanol: M. Julia and F. Le Goffic. Compt. 
r e x d  , 266, 714 (1962); 2-(A2 cyclopenteny1)ethanol: C. R. Noller and R .  
Adams, J .  A m  Chrtn. Soc. ,  48, 2444 (1926): 3-cyclopentylpropanol: ibid., 
48, 1080 (1926). 

(7)  S Winstein. F. Gadient, E. T. Stafford, and P. E.  Klinedinst, Jr., 
r b i d . ,  80,  5895 (1958). 

tive effect of the double bond in 11. I t  has been ob- 
served that 4-pentenyl and trans-4-hexenyl p-nitro- 
benzenesulfonate both solvolyze in acetic acid a t  about 
75Y0 of the rate of the n-hexyl sulfonate ester.5 

In the case of I i t  is clear that intramolecular parti- 
cipation of the double bond competes with the normal 
process of solvolysis in acetic acid, and takes over com- 
pletely in the more highly ionizing formic acid. In 
ethanol, a relatively nucleophilic solvent, the effect 
probably disappears, as evidenced by the identical rates 
of ethanolysis for I and 111. 

The amount of rate enhancement and the degree of 
cyclization of I are extremely similar to those observed 
in the case of 2-(A3-cyclohexeny1)ethyl brosylate.*b 
Ignoring ground state energy differences between the 
two unsaturated brosylates, this suggests that the inter- 
mediate ion produced by cyclization of I might be very 
roughlyof the same stability as the bicyclo [2.2.2]oct-2-yl 
nonclassical ion.8 However, the pattern of cyclization 
products obtained from I cannot be rationalized on the 
basis of a single intermediate carbonium ion. The 
cyclized substitution products obtained from I are the 
same as those obtained by solvolysis of cis-4-cycloocten- 
1 -yL9 cis,trans-bicyclo [3.3.0]oct-2-y1, and exo- bi- 
cycle [3.2.1 ]oct-8-yll1 sulfonate esters, although the 
relative amounts of each product vary greatly among 
the different cases. Of critical importance is the fact 
that little or none of the epimer of VI11 (endo-bicyclo- 
[3.2.l]octan-8-01, X)  is formed. If I merely cyclized 
to a mixture of ions XI and XII ,  one would expect to 
obtain both possible products from XII ,  inasmuch as 

a + 
XI 4 XI1 

one does obtain all those corresponding to XI.  A 
scheme similar to one suggested by Foote and Wood- 
ward for the acetolysis of exo-bicyclo [3.2.1 loctan-8-yl 
tosylate" would most simply explain our results and is 
shown below. q + V + V I I  .t'\, 

r - II 
X I  - V + V I  

In terms of this scheme, the bridged ion would produce 
only V and VIII, while X1 would yield V and VI. The 
tertiary derivative, VII, formed by hydride ion migra- 
tion, and the elimination product, I V ,  probably also 
arise from XI.  Whether the bridged ion, ion XI,  or a 
mixture of the two is the initial ionization product of I 
has not yet been determined. 

(8) H. L. Goering and M. F. Sloan, ibid. ,  88 ,4397 (1961), H M. Wal- 
borsky. M. E. Baum, and A A. Youssef, ibid., 88, 988 (1961) 
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(11) C. S. Foote and R .  B Woodward, Telrahedron, 90, 687 (1964) 
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