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and extracted with three 25-ml portions of diethyl ether, The com- 
bined ethereal extracts were extracted with three portions of 25 ml 
of saturated N a H C a .  The combined NaHC03 extracts were acidi- 
fied at  0' with 6 M NCl, and the precipitate (0.154 g) was removed 
by filtration. The filtrate was saturated with NaCl and extracted 
twice with 25-ml portions of diethyl ether. Drying the combined 
ether extracts over anhydrous MgS04, and concentration on the 
rotary evaporator, gave an additional 0.037 g of product, making 
the total yield 0.191 g (30.7%). Recrystallization from benzene gave 
crystals, mp 117-118' (lit?l 117.5-118'). 

trans-4- tert-Butylcyclohexanoie Acid (3). Hydrolysis of 
0.565 g (2.85 mmol) of the pure methyl ester of 3 by the procedure 
described for the methyl ester of 2 gave 0.202 g (35.4%) of 3, mp 
173-174' (lit>l 174-175'). 
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We and others have recently reported on the chemistry 
of various tricyclic dihalocyclopropanes.1-8 Continued in- 
terest in this area has led us to study monohalo tricyclic 
systems of the general type 1. We now wish to report on the 
chemistry of 11-bromotricyclo[4,4.1.01~6]undeca-3,8-diene 
(2). When 2 is treated with methanolic silver nitrate at  
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Compound 3 was readily identified as naphthalene by 
comparison of its nmr and infrared spectra with authentic 
material. The nmr spectrum of 5 was identical in all re- 
spects with that of the 1,6-rnethano[l0]annulene published 
by VogeLg 

The structure of the tetraene 4 was assigned based on 
spectral data.loa The nmr of 4 exhibits absorption at 0.68 
ppm (J = 9 Hz, 1 proton], 2.63 ppm ( J  = 9 Hz, 1 proton), 
2.75-3.15 ppm (complex absorption, 4 protons), 5.32 pprn 
(broad singlet, 2 protons), 5.77 ppm (broad singlet, 2 pro- 
tons), and 6.62 ppm (doublet of doublets, 2 protons). The 
low-field absorptions at  5.77 and 6.62 ppm are virtually 
identical in line shape and nearly identical in field position 
with the low-field absorptions reported by Vogel for the 
triene 8.lobJl 

YH 
6.53 P P ~  

5.81 ppm 
8 

While the volatile products obtained from 2 are quite 
different from those obtained from 6, the rates of silver ion 
assisted solvolysis are similar (Table I). 

If one assumes that the rate-determining step in the sol- 
volysis of each compound is the formation of a cyclopropyl 
cation, then any difference in rate between the two com- 
pounds should be a reflection of the difference in ground- 
state energy between the two. Implicit in this argument is 
the assumption that the cyclopropyl cation is planar and 
the further assumption that the effect of the a-bromo sub- 

Table Ia 

Ag+ -Assisted Solvolysis of 2 and 6 
a te  Constants and  Activation Parameters of the 

* 
A H  , * 

kcal/ A S  , 
ComPd * C  k ,  I .  m o l -  ' sec-  * kre ,  (25" ) mol  e" 

1 2 

looo, three volatile products are obtained in a combined 
absolute yield of approximately 10% (Scheme I). The re- 
maining, nonvolatile reaction product consists of apparent- 
ly polymeric, intractable material from which we have not 
been able to isolate characterizable material by the usual 
separation techniques. 

140 1.89 X (*0.02) 
2 124 5.03 x 10-'j+0,06) 1 27.6 -4.7 

2 5  3.12 X 

88 2 5  6.97 x 10-9 2 .2  30.3 5.7 
a Silver perchlorate (-20-fold excess) in 95% methanol was em- 

'Phis is an extrapolated value. At least ployed in all solvolyses. 
two runs were made at each temperature. 
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stituent on the stability of the cyclopropyl cation formed 
from 6 will be negligible.12J3 

One might thus expect to observe a larger difference in 
rate between 2 and 6 since the larger bromine substituent 
should increase the ground-state energy of 6 due to in- 
creased steric strain. In fact molecular mechanics indicate a 
difference in ground-state strain energy between 2 and 6 of 
3.78 kcal/mol. This would correspond to a relative rate k6/ 
122 = 600.14 However, it is risky to put too much faith in the 
absolute difference in strain energy between compounds of 
this type calculated in this manner.15 

In addition, the low yields of isolable products preclude 
an unambiguous interpretation of the rate and product 
data. We offer a mechanistic scheme (Scheme 11) as a sug- 
gested mode for the formation of 3-5. Whether or not a cy- 
clopropyl cation (e .g . ,  10) is in fact an intermediate in the 
solvolysis of 2 awaits further experimentation.16 

Experimental Section" 
ll-Bromotricyclo[4.4.1.01~6]undeca-3,8-diene (2). T o  a re- 

f lux ing solut ion of compound 6 (7.9 g, 0.026 mol)  and a small  
amount  o f  AIBN in 125 ml o f  absolute ether was added dropwise 
w i t h  s t i r r ing and under a nitrogen atmosphere 7.6 g (0.33 mol)  of 
tri-n-butyltin hydr ide dissolved in 8 ml o f  absolute ether. Af ter  the  
addi t ion was complete (2  h r )  the reaction mix tu re  was ref luxed a n  
addi t ional  5 hr and then st irred a t  room temperature for 18 hr. 
T h e  solvent was removed under reduced pressure and the  result ing 
solut ion was then distilled. The fraction boi l ing between 90 and 
100' (0.5 m m )  was collected and then sublimed. Recrystallization 
o f  the subl imate f rom methanol afforded 3 g (56%) o f  material, mp 
50-51' (lit.18 mp 51"). T h e  nmr spectrum o f  2 was identical w i t h  
t h a t  reported by Paquette.Ig 

S i l v e r  I o n  Ass is ted Methano lys is  of 2. Compound 2 (3.0 g, 
0.013 mol)  and silver n i t ra te (22.5 g, 0.13 mol)  were dissolved in 
100 ml o f  methanol and heated for 25 hr a t  100' in a glass pressure 
flask. Af ter  the usual work-up the crude reaction mixture was 
subjected t o  gas chromatographic analysis o n  a n  8 ft X y4 in. Hi- 
EFF (DEGS) 15% column. Three major components (3-5) were 
shown t o  be present. These were collected and ident i f ied (see 
text).20 The absolute yields of 3-5 were determined using standard 
gas chromatographic techniques. &-Methylnaphthalene was em- 
ployed as the in ternal  standard. 

K ine t ic  procedures as previously outlined8 were employed. 
E i g h t  po ints  were taken for each run and 1,3-diphenylpropane was 
employed as a n  internal standard. 
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Biologically active steroids of the cardenolide type gener- 
ally occur in plants2 as glycosides and have also been isolat- 
ed from butterflies2 and toad venomsS3 Isolation of the par- 
ent aglycone by acid hydrolysis of the corresponding glyco- 
side is most useful with sugar attachments of the 2-deoxy 
type (cf. ref 1). If the aglycone is bound t o  a 2-hydroxy 
sugar such as D-glucose, acid hydrolysis is much less practi- 
cal. In such cases enzymatic hydrolysis is considerably 
more useful? One of the earliest procedures for acid-cata- 
lyzed cleavage of cardiac glycosides utilized a mixture of 
hydrochloric acid in aqueous acetic acid.5 Another early 
procedure was based on alcoholysis with 2% hydrogen chlo- 
ride in methanol? The Reichstein7 modification of these 
methods utilized an equal volume mixture of 0.1 N sulfuric 
acid-methyl alcohol to hydroiyze odoroside A and we have 


