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the ax ia l  and equatorial alcohols resul t ing f rom the L i A I b  re- 
duction. T h e  infrared spectrum showed hydroxy l  stretching but 
no carbonyl stretching. Since b o t h  the coprostan-4a-ol and the 
coprostan-4/3-ol would y ie ld  the same ketone, coprostan-4-one, 
upon oxidation, the alcohol mix tu re  was no t  separated or pur i f ied 
any further. 

The crude alcohol mix ture (1.4 g, 3.2 mmol )  was dissolved in 
300 ml of  acetone and oxidized a t  19-21' by adding 1.6 ml of 8 N 
chromic acid reagent dropwise dur ing 45 min. The solut ion was 
allowed t o  stand for 3 hr, and then was poured in to  water. T h e  
precipitate was collected and taken up in CHC13. The chloroform 
layer was washed and dried, and the  solvent was evaporated in 
vacuo. The product was recrystallized f rom acetone, y ie ld  of  1.2 g, 
mp and mmp w i t h  authentic sample ( m p  108") 106". 

E q u i l i b r a t i o n  of the  Ketones. Standard solutions of the ke- 
tones were prepared by use of a Met t le r  H20 T balance and cal i-  
brated graduated flasks. Solutions were kept  in a thermostat a t  
25" throughout. The ORD curves for the pure ketones were re- 
corded for solutions in 95% ethanol (previously d is t i l led of f  
N a O E t  to  remove traces of  aldehydes), in a jacketed 1-cmoquartz 
cell a t  26.3-26.4". Solutions of  the ketones were made up in the 
same way, except tha t  0.1 M K O H  in ethanol or about 0.1 M HCI  
in ethanol were used instead o f  ethanol. Equil ibrat ions were a l -  
lowed t o  proceed a t  25" under nitrogen. Concentrations were cho- 
sen t o  give the greatest possible ampl i tude o n  the  recording char t  
o n  the 1" scale (about 60 m g  in 10 ml for 5a-cholestan-4-one; 
about 20-30 m g  in 10 ml for the less soluble 5P-cholestan-4-one). 
ORD curves were measured for the equil ibrat ing solut ion after 3 
hr for the base-catalyzed equilibrations, and after 7 days for the 
acid-catalyzed equilibrations. T h e  ampl i tude of  the Cot ton effect 
and the magnitude of  the rotat ion a t  267 and 307.5 nm was re- 
corded in each case, and the percentage of 5/3-cholestan-4-one in 
the equi l ibr ium mixture was calculated in the  usual manner.24 
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T h e  silver ion  assisted methanolysis of 2, 3, and 4 has been studied. B o t h  rates and products are reported. Com- 
ments are made as t o  the effect of neighboring sites of unsaturation on relat ive reactivities. T h e  effect of complexed 
silver ion  o n  reactivi ty is also discussed. 

The chemistry of cyclopropyl systems of the general 
type 1 has been the subject of several recent studies.2-7 
Herein we report on the chemistry of systems of this type, 

namely, the silver ion assisted solvolysis of 2, 3, and 4. 
Our immediate goal was to  ascertain the reaction path- 
ways available to systems in which the normal disrotatory 
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mode of ring opening is apparently prohibited under sol- 
volytic conditions. We were also interested in the role 
played by neighboring sites of unsaturation, as well as the 
effect of complexed silver ion on the rate of solvolysis of 3 
and 4. 

X v X  -& 
1 

Table I 
Products Obtained in the Silver Ion Assisted 

Solvolysis of 2, 3, and 4 
Compd Products 

2 

5 (22%'0) 
CHXO,, OCH, 

0 

+ others (-10%)" 

2 3 

4 

Results 
Synthesis of the compounds required for this investiga- 

tion is ouitlined in Scheme I. Although the overall yield of 
2 is only 12%, our method of synthesis is much less ardu- 
ous than previously published proced~res .8-~  

Scheme I 

(83%) 

3 (17%) 2 (85%) 

(75%) 
Br - Br 

4 (35%) 
Product studies were carried out by reacting the com- 

pound in question with an excess of silver ion (AgN03) in 
methanol until all starting material had been consumed. 
An internal standard was added and the reaction mixture 
was analyzed via gas chromatography. The results ob- 
tained are contained in Table I. 

Compounds 8, 10, 11, and 12 were identified by com- 
parison of their ir spectra with those of authentic materi- 
als.ll The structure of 6 was assigned on the basis of spec- 
tral data and a correct elemental analysis.6 Structures 5,  
7, and 9 were assigned on the basis of the various chemi- 

4 

00 
10 (7%)  

0 

11 (2-5%) I2 (2-5%) 
While these products were not rigorously identified, it is 

believed that they consist of a mixture pf 14 and 15. This is 
based solely on infrared evidence. 

cal conversions outlined in Scheme I1 as well as spectral 
evidence.12a The infrared spectra of both 14 and 15 are 
identical with those of authentic materials.lzb 

Scheme I1 

13 14 
y i p t  

7 - 5  

HJPt 
9 -  

H 
15 

Rate studies were carried out in 95% methanol using 
approximately a 20-fold excess of silver ion (AgC104). The 
standard ampoule technique was employed to determine 
pseudo-first-order rate constants ( k l )  which were then 
converted to second-order rate constants (k2) by dividing 
k l  by the initial silver ion concentration. The results are 
contained in Table 11. 

Discussion 
The majority of products obtained in this investigation 

can be rationalized as arising from a cyclopropyl cation 
(16) or a partially opened species ( 17)13 (see Scheme 111). 
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Table I1 
Rate Constants and Activation Parameters of the Silver Ion Assisted Solvolysis of 2, 3, and 4 - 

ComDd TemD. OCb k ,  1. mol-1 min-1 AH*, kcal mol-' AS*, eu k2so (rel) 

4 90.8 5.03 X (&0.01) 30.3 5.7 1 

3 28.3 4.09 X (&0.18) 18.0 -13.2 7 x 104 

2 11.00 3.68 X 10-l (i0.09) 12.9 -23.3 3 x 108 

100.6 1.54 X (rtO.01) 
25.0 4.18 x 10-7" 

42.7 1.69 X 10-l (rtO.06) 
25.0 2.90 X lo-$" 

22.6 9.33 x 10-1 (*0.12) 
25.0 1.12" 

a This is an extrapolated value. b At least two runs were made at each temperature. 

Scheme 111 

16 17 

Az' 1 

1 

I" CH,OH 

COOCH3 

ya Br 

Br 
1 

I yxz 
1 
1 

n 

The origin of the aromatic compounds 10 and 12 finds 
precedence in the experiments reported by V0ge1.l~ A pos- 
sible mode of formation is outlined in Scheme IV. 

Scheme IV 

HBr - 10 + :c, 
Br 

L -I 

It is surmised that 8 and 11 arise from a silver ion oxi- 
dation of 19 and 20, respectively. 

0 0 

0 0 

20 11 

Calculations indicate that in the gas phase these reac- 
tions are thermodynamically feasible.15J6 In addition we 
have also demonstrated that silver ion and a trace of ni- 
tric acid in either methanol or diglyme quantitatively 
converts triene 21 to naphthalene (eq 1). 

21 

It is puzzling, at first glance, as to why such low yields 
of volatile products are obtained when 4 is solvolyzed. One 
must also offer an explanation for the absence of ketal 22 

CH30,, OCHB 

22 

as a reaction product. While 2 and 3 are quite reactive at 
room temperature, 4 requires a temperature of -100" for 
an extended period of time in order to react completely. 
We suggest that under these conditions (acid is produced 
as the reaction proceeds) 22 is unstable. Several reaction 
pathways available to 22 are illustrated in Scheme V. 

Scheme V 

H+ 
22 - - 20 --+ 11 

polymeric material 
3 \ 

COOCH, 

Buchanan has demonstrated that the ketone 23 is un- 
stable at room temperature and rapidly p01ymerizes.l~ 
Thus if 23 is an intermediate in the formation of 11, and 
22 is unstable to the reaction conditions, one can readily 
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explain the low yields of volatile material, as well as the 
absence of k.etal22. 

0 

dl 23 

Recently, Reese reported on the silver ion assisted sol- 
volysis of 1O,l0-dibromotricyclo[4.3.1 .01,6]decane (2Q4 
(see eq 2). The major product, 26, can be explained as re- 

25 

CHBr 0 

27 (1%) 

sulting from fragmentation of the protonated intermediate 
29.18 No products of this type were obtained in the solvol- 

OH 0" 
28 29 

ysis of 2, 3, or 4. This can be readily rationalized if one 
peruses the heats of reaction for the conversions contained 
in Table III.l9 As pointed out by Warner, the feasibility or 
net exothermicity of the conversion of a tricyclic cyclopro- 
pyl system to a bicyclic bridgehead olefin via a disrotatory 
ring opening depends on the magnitude of the strain ener- 
gy inherent in the olefinic system in question as well as 

Table I11 
Calculated Heats of Reaction for the Conversion 
of Several Bicyclic Systems to the Corresponding 

Monocyclic Olefin 

Reaction AH, kcal mol -1 

CII (eq 3)  -14.50 

-10.10 

-2.20 

the exothermicity of the conversion listed in Table III.3 
For example, Warner calculates a strain energy of ap- 
proximately 20 kcal in 31. However, the exothermicity 
calculated in eq 4 is 29 kcal. Thus a net exothermicity 
of 9-10 kcal is calculated for the conversion of 30 to 31. 

30 31 
Using a similar treatment one calculates the conversion of 
25 to 28 to be endothermic by 9-10 kcal and the conver- 
sion of 2 to 32 to require an activation energy of approxi- 
mately 20 kcal/mol-1.20a Compounds 2, 3, and 4 therefore 

do not undergo reactions similar to 25 since lower energy 
reaction pathways are available. 

OH 
32 

It now remains to explain the differences in relative 
rates observed in the solvolysis of 2, 3, and 4. Le Bel has 
reported on the solvolytic behavior of the bicyclic tosy- 
lates 33 and 3LZ0b It  was found that 33 was three times 

4 4 
\L OTs \ L O T S  

33 34 
more reactive than 34 at 25". This corresponds to a differ- 
ence in AG* of 0.65 kcal/mol-l. This difference can be as- 
cribed solely to an inductive effect. The disposition of the 
double bond in 34 in relation to the leaving groups is simi- 
lar to that found in 3. However, the difference in AG* be- 
tween 2 and 3 is 2.10 kcal/mol-l. The difference between 
these values [(2.10-0.65) = 1.45 kcal/mol-l] is then a 
measure either of distabilization of the transition state in 
the ionization of 3 due to complexing of silver ion with the 
site of unsaturation21 or relief of steric strain in the tran- 
sition state in the ionization of 2 or some combination of 
these two factors. If the effect is completely inductive, 
then one would predict a difference in AG* between 3 and 
4 of 4.2 kcal/mol-l ( e .g . ,  2 x 2.1 kcal/mol-l). This differs 
from the observed value by 2.4 kcal, a factor of -60 in 
rate.24 

If, on the other hand, the difference in rate was due to 
relief of steric strain plus the normal inductive effect of 
two uncomplexed double bonds, one calculates a differ- 
ence in AG* between 3 and 4 of 2.75 kcal/mol-l [1.45 + 
(2)(0.65)] which differs from the observed value by 3.9 
kcal/mol-l, a factor of -750 in rate. The former explana- 
tion thus seems more palatable. Perhaps the deviation be- 
tween the observed and calculated rates for 4 (a factor of 
20-60) is a result of the conformation of the system which 
allows for a more stable silver-olefin complex and more 
efficient electron withdrawal by silver ion. 

It should also be noted that rate and product studies in- 
dicate no participation by double bond in either 3 or 4. 

Experimental Section25 
1,2,3,4,5,8-Hexahydronaphthalene. The procedure of Huckel 

and Worffel was employed with the exception that the reaction 
was carried out a t  -33".26 A yield of 67 g (83%) of material was 
obtained. An nmr spectrum of the product exhibited absorption 
at 5.45 (singlet, 2 protons), 2.40 (singlet, 4 protons), and 1.22-2.05 
ppm (multiplet, 8 protons). 
11,ll-Dibromotricyclo[4.4.1 .O1 *6]undec-3-ene (3). Compound 3 

was synthesized according to previously published procedures.10 
It was obtained in a 17% yield. Its properties were identical with 
those reported.10 
1,4,5,8-Tetrahydronaphthalene. The material was prepared in 

a 75% yield according to  the method of Huckel and Schlee, mp 
53-55" (lit. mp 53").27 An nmr spectrum of the compound exhib- 
ited absorption at 5.54 (singlet, 4 protons) and 2.44 ppm (singlet, 
8 protons). 
11,11-Dibromotricyclo[4.4.1 .O1zg]undecane (2). Compound 3 

was reduced catalytically at atmospheric pressure [hydrogen, 5% 
rhodium on alumina, ethyl acetate-ethanol (1:1)] to afford 2 in an 
85% yield. Its properties were identical with those previously re- 
ported? 
Silver Ion Assisted Methanolysis of 3. Compound 3 (1 g, 3.26 

mmol) and silver nitrate (2 g, 12.5 mmol) were dissolved in 100 
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ml of methanol and refluxed for 2 hr. The reaction mixture was 
filtered to remove silver bromide, and water (150 ml) was added 
to the filtrate. The aqueous layer was extracted with 3 X 25 ml 
portions of pentane. The pentane extracts were combined and 
dried, and solvent was removed to afford 0.85 g of a yellow oil 
which was subjected to vpc analysis on a 2 ft x 0.25 in. 5% Car- 
bowax 20M column. Four major components (7-10) were shown to 
be present. They were all collected. Both compounds 10 and 8 
were identified by comparison of their infrared and nmr spectra 
with spectra of authentic materials. An nmr spectrum of com- 
pound 7 exhibited absorption at 0.90-2.56 (complex absorption, 
12 protons), 3.17 and 3.24 (two singlets, 6 protons), and 5.34 ppm 
(broad singlet, two protons). Compound 9 exhibited infrared ab- 
sorption at  3010, 1720, and 1615 cm-I. In runs in which yields 
were determined an internal standard (biphenyl) was added di- 
rectly to the reaction mixture after all starting material had been 
consumed. The reaction mixture was subjected to vpc analysis 
without further work-up (see text for a tabulation of yields). 

Catalytic Hydrogenation of 9. Compound 9 was reduced at 
atmospheric pressure (hydrogen, PtOz, ethanol). The usual work- 
up afforded a crude product which was subjected to vpc analysis. 
One major component (>go%) was in evidence. The material was 
collected and its infrared spectrum was measured; it was identi- 
cal with that of compound 15. 

Catalytic Hydrogenation of 7. Compound 7 was reduced (hy- 
drogen, R O Z ,  ethanol) to afford material which had an infrared 
spectrum identical with that of 5 .  

Silver Ion Assisted Methanolysis of 4. Compound 4 (5 g, 16.4 
mmol), silver nitrate (11.2 g, 65.6 mmol), and 100 ml of methanol 
were placed in a high pressure apparatus and heated at  100" for 
20 hr. The reaction was worked up in the usual manner to afford 
1.2 g of crude material that was subjected to gas chromatographic 
analysis on the Carbowax column mentioned previously. Two vol- 
atile components were present and both were collected. The first 
to elute was identified as naphthalene (12) and the second was 
identified as benzotropone (11) .  In both cases the structures in 
question were assigned by comparison of infrared spectra with 
spectra of authentic materials. Yields were determined in the 
same manner as reported for thesolvolysis of 3. 

Silver ion Assisted Methanolysis of 2. For complete experi- 
mental details see ref 6. 

Kinetic Procedures. The standard ampoule technique was em- 
ployed in all kinetic runs. All ampoules were wrapped in alumi- 
num foil. Solvents were rigorously purified and used immediately 
after preparation. The concentration of silver ion (-20-fold ex- 
cess in each case) was determined uia titrametric methods. In all 
runs except the solvolysis of 2 at least six points were taken (four 
points in the case of 2 at 22.6"). Reactions were followed by deter- 
mining (vpc) the amount of starting material remaining at  a 
given time. Biphenyl was employed as the internal standard. All 
reactions were followed to 90% completion. Pseudo-first-order rate 
constants were determined using a least-squares computer pro- 
gram. 
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