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F3CC02H afforded acetate 5b, which was different from 
the acetate 5d prepared in the same fashion from aldehyde 
4a. The stereochemistries of aldehydes 3a and 4a require 
the diastereomeric centers to arise during the Claisen re- 
arrangement, Preferentially having the acetaldehyde p u p  
trans to the bicyclic substituent appended to the five- 
membered ring. The C8-aH stereochemistry in aldehyde 
4a was assigned by analogy. Previous studies on the tan- 
dem Cope-Claisen rearrangement have demonstrated that 
the lower energy Cope transition-state product is trapped 
by the Claisen rearrangement.lc Thus, 4a would be ex- 
pected to have formed by the Cope chairlike transition 
state followed by a Claisen rearrangement providing the 
cis substituents. 

Occasionally, aldehydes 5a and 5c were obtained as 
minor byproducts in the tandem rearrangement. These 
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aldehydes could be generated as the sole products of 
stepwise rearrangements. Thus, thermolysis of ester 2a 
(363 "C, 40 s, evacuated ampule) yielded ester 6a in 78% 
yield, arising from Cope rearrangement and double bond 
isomerization. The initial Cope rearrangement product 
could never be detected, in spite of attempts to eliminate 
suspected fortuitous acid. Transformation of ester 6a to 
vinyl ether 6b, accomplished as described previously, 
followed by Claisen rearrangement (365 "C, 10 s, or 220 
"C, 18 min; evacuated ampule) afforded a mixture of al- 
dehydes 5a/5c (95/5) in 95% yield, whose structures were 
confirmed by conversion to acetates 5b and 5d, respec- 
tively. 

Ozonolysis of aldehyde 3a (03, CH2C12, -50 "C; DMS) 
provided tricarbonyl compound 3b in 70% yield. Epim- 
erization of 3b (NaOCH3/HOCH3, 25 "C) gave rise to a 
mixture of diketo aldehydes 3b/3c (1/4), free from aldol 
products, from which 3c could be isolated (69% yield). 
Subjection of tricarbonyl3c to a modified McMurry re- 
action8 (TiC13, Zn/Ag, DME, no dilution, reflux) provided 
(&)-9,ll-dehydroestrone methyl ether (7a) in 56% yield, 
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whose spectroscopic data was in accord with literature 
values.% Formation of the more strained 8-is0-9,ll- 
dehydroestrone methyl ether (from 3b) occurred in only 
15% yield. The selectivity of the olefin-forming reaction 
is viewed as proceeding by initial ketyl formation at  the 
aromatic ketone, which would be expected to have the 
lowest reduction potential of the three carbonyl groups. 

(8) McMurry, J. E.; Fleming, M. P.; Kees, K. L.; Krepski, L. R. J. Org. 
Chem. 1978,43,3255. 
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Finally, ketone 7a was converted (K/NH3; Cro3)' to 
(&)-estrone methyl ether (7b) whose spectroscopic prop- 
erties (except optical rotation) were identical with those 
of a sample of (+)-estrone methyl ether.l0 Estrone methyl 
ether has been converted to estrone." 
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proton and the adjacent methylene protons requires comment. Powles 
and Strange', have derived the equation J(180 - $) = 2.54 + al cos (180 
- $) + a, cos 2(180 - $) + 0.69 cos 3(180 - #I) for the vicinal coupling 
constant aa a function of dihedral angle (180 - @). With use of al + a, 
= 5.7 aa a mean value and J(180°) = 8.3 Hz and J(60°) = 0.1 Hz as 
determined by Alexander and Pople14 for acetaldehyde, the value of al 
= 2.3 provides all positive coupling constants with J(l80O) = 8.9 Hz and 
J(6Oo) = 0.4 Hz (reported,', 0.5 Hz). The average conformation has the 
spl H bisecting the methylene protons within approximately loo (J(70') 
= 0.1 Hz, J(5Oo) = 0.6 Hz). These numbers are at the resolution 
threshold of the 5OO-MHz NMR spectrometer (5600 Hz/l6K data points 
= 0.35 Hz/dp). AU such coupling constants for aldehydes reported herein 
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Stereochemistry of Trifluoroacetolysis and 
Brominolysis of the Cyclohexyl-Tin Bond 

Summary: (cis- and trans-4-methyl- and 4-tert-(butyl- 
cyclohexyl) triisopropylstannanes have been synthesized 
and fully characterized. Trifluoroacetolysis of these com- 
pounds proceeds stereospecifically with retention of con- 
figuration at  carbon. Electrophilic bromination is char- 
acterized by a fine energetic balance between inversion and 
retention pathways, with the former favored for the 
equatorial carbon-tin bonds and the latter for axial car- 
bon-tin bonds in these triisopropylstannanes. Bromina- 
tion under free-radical conditions yields a statistical 
mixture of the cis- and trans-4-alkylcyclohexyl bromides, 
a result appropriate for bromine atom transfer to a 4-al- 
kylcyclohexyl free radical. 

Sir: The demonstration by Jensen and Davis,l and sub- 
sequently 0them,28 that electrophilic bromodestannylation 
could have a preferred inversion pathway (e.g., I) has added 
a new dimension to our concepts of aliphatic electrophilic 
subsitution (SE2), particularly when it is recalled that re- 
tention of configuration uniformly characterizes the fa- 
vored pathway for bromo- and protiodemercuration of 
alkylmercurials (e.g., I1 and III).4 In this latter context, 

(1) Jensen, F. R.; Davis, D. D. J. Am. Chem. SOC. 1971 93, 4048. 
McGahey, L. F.; Jensen, F. R. J. Am. Chem. SOC. 1979,101,4397. 

(2) Rahm, A.; Pereyre, M. J. Am. Chem. SOC. 1977 99, 1672. 
(3) Gielen, M.; Fosty, R. J. Chem. Res., Miniprint 1977 2373. 
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Table I. Stereochemistry of Bromodestannylation of Cyclohexylstannanes 

preferred 
R m B r  

substrate, R entry conditions trans cis i-C,H,Br stereochemistryC 

trans-4-methyl 1 MeOH/O %/dark 11' 14' 75a inversion (56%) 

cis-4-methyl 2 MeOH/O "C/dark 1 0  1 6  74 retention (61%) 

retention (66%) cis-4-methyl 3 MeOH/O "C/dark/NaBr 1 0  20 70 

trans-4-tert-butyl 4 MeOH/O "C/dark 1 5  25 60 inversion (63%) 

retention (60%) 

retention (54%) 

1 7  73)b 

1 7  70) 

(10 

(13  

( 2  equiv) 

1 9  67) 
cis-4-tert-butyl 5 MeOH/O "C/dark 10 15 75 

1 6  72) 
cis-4-tert-butyl 6 CH,CN/20 "C/dark 3.0 3.5 93.5 

(14 

( 1 2  

trans-4-methyl 7 C, H,Cl/ligh t / 20 "C 17.5 16.5 66 none "~ - 

none 

none 

(15.0 15.0 70) 

1 5  70) (15 
cis-4-methyl 8 C,H ,Cl/light/ 20 C 16.6 16.4 67 

trans-4-tert-butyl 9 C,H,Cl/light/lO "C 19.5 20.5 60 - "  

none 
(18 18 64)  

(13 13 74)  
cis-4-tert -butyl 10 C,H,Cl/light/ 20 "C 1 4  1 5  71 

cis-4-tert-butyl 11 C,H,Cl/hydroquinone/ 14.8 15.2 70' none 

' Bromide distributions (f 2%) based on capillary VPC examination and comparison with authentic  sample^.'^ 
for  response factors. 
NMR spectrum. These latter values must be regarded as less precise but serve as confirmation. Distributions of alkyl 
bromides are in general agreement withthe proportions of the two product trialkyltin bromides on  the basis of 'I9Sn NMR 
intensities. There was always a small amount of unreacted cyclohexylstannane, whose lr9Sn signal demonstrated its 
unchanged nature. 

dark 

Corrected 
Values in parentheses for  each entry are based on  comparisons of like-signal intensities in the 13C 

cyclohexylmercurials featured pr~minently,~ and in view 
of the necessity to provide much additional data on des- 
tannylation,' comparative studies of cyclohexylstannanes 
and -mercurials would appear to be especially instructive. 
With respect to protonolysis, retention is the preferred 
course for alkylmercurials (e.g., 111 below) when highly 
competitive radical isomerization can be ~ontrolled,~ but 
the stereocourse for protolytic destannylation is unknown. 

r l* 

c J 

I1 I 

I I1 

(cis- and trans-Cmethyl- and 4-tert-butylcyclohexyl)- 
triisopropylstannanes were obtained isomericdy pure and 
fully characterized by elemental analyses and 'H, 13C, and 
l19Sn NMR spectra. The cis isomers were obtained by 
reaction of the pure trans-4-alkylcyclohexyl tosylates with 
(triisopropyltin)lithium,6 such displacement proceeding 
with strict inversion of c o n f i a t i o n  at carbon.' The trans 
stannanes resulted from a sequence of protolytic dephe- 
nylation and isopropylation of the pure (cis- and trans- 

(4) See, for example, Sayre, L. M.; Jensen, F. R. J. Am. Chem. SOC. 
1979,101,6001 and references therein, especially ref 3. 

(5) For this aspect, see Jensen F. R.; Rickborn, B. "Electrophilic 
Substitution of Organomercurials"; McGraw-Hill: New York, 1968. 

(6) Kitching, W.; Olszowy, H. A.; Drew, G. M. Organometallics 1982, 
1, 1244. 

(7) (a) Kitching, W.; Olszowy, H. A.; Waugh, J.; Doddrell, D. J. Org. 
Chem. 1978,43,898. (b) San Fillipo, J.; Silberman, J.; Fagan, P. J. J. Am. 
Chem. SOC. 1978, 100, 4834. (c) Kitching, W.; Olszowy, H. A.; Harvey, 
K. J.  Org. Chem. 1982,47, 1893 and references therein. 

4-alkylcyclohexyl) triphenyl~tannanes.~~ 
Trifluoroacetolysis (eq 1) resulted when the stannanes 

- R-' t 
R&Sr? TF3COOD a oxane 

00 'C 2-10 days 

R' = i-C,H, 
CF3CdCd3 - orgapo'lr xe'ates (1) 

U 

(ca. 1 M) were treated with CF3COOD (ca. 2 M) in dioxane 
at  100 "C (sealed ampule). The reaction progress was 
monitored directly by 2H, l19Sn, and 13C NMR spectra of 
the reaction mixture, and it was established that isomer- 
ization of starting materials or products was not a problem. 
By comparison with the 2H NMR shifts of authentic 
propane-2-d and mixtures of cis- and trans-4-tert-butyl 
and cis- and trans-4-methylcyclohexane-1 -d (2Hz0 quench 
of the corresponding Grignard reagents), and "spiking" of 
the reaction mixture with these authentic samples, the *H 
signals of the product mixture could be assigned with 
certainty.6 Trifluoroacetolysis of trans-4-methyl-, 
trans-Ctert-butyl-, and cis-4-methylcyclohexyl-substituted 
stannanes led to propane (6570%) and the 4-alkylcyclo- 
hexane-1-d (ca. 35-30%), whereas with (cis-4-tert-butyl- 
cyclohexyl)stannane, the proportion of propane was now 
much higher (ca. 92%). 2H NMR shift comparisons6 es- 
tablished that in all cases the 4-alkylcyclohexane-1-d 
produced was the geometric isomer corresponding to the 

(8)  See Kitching, W.; Atkins, A. A.; Wickham, G.; Alberts, V. J. Org. 
Chem. 1981,46, 563, for another study of 2H-substituted cyclohexanes. 
The procedure for obtaining the 2H NMR spectra was as follows: the 
reaction mixture (ca. 0.4 mL) was added to chloroform (1.5 mL) con- 
taining one drop of deuteriochloroform for referencing. The shift of 
CZHC13 was set at 6 7.24. Under these conditions the *H shifts were as 
follows: trans-4-methylcyclohexane-l-d, 6 1.44; cis-4-methylcyclo- 
hexane-I-d, 6 0.93; trans-4-tert-butylcyclohexane-l-d, 6 1.38; cis-4-tert- 
butylcyclohexane-I-d, 6 0.84; propane-2-d, 6 1.09. 
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starting stannane. Trifluoroacetolysis of cyclohexyltri- 
isopropylstannanes thus proceeds stereospecifically with 
retention of configuration. (We estimate that <2% of the 
deuterated cyclohexane of opposite configuration would 
have been detected easily under our accumulation con- 
ditions.) 

The cis-4tert-butylcyclohexylstannane would adopt to 
an overwhelmingly extent a conformation with an axial 
Sn(i-C3H7)3 group? and although the retention course is 
essentially exclusive, axial approach of the electrophile is 
apparently impeded, as judged by the greater proportion 
of isopropyl group cleavage. This would suggest that the 
conformationally “mobile” (cis-4-methylcyclohexy1)stan- 
naneg would react very largely via the conformer with an 
equatorial Sn(i-C3H7)3 group. The significant steric re- 
quirement of the axial transition state for trifluoro- 
acetolysis (e.g., IV) has a counterpart in protolytic de- 
mer~uration.~ 

IV 
Bromination of these stannanes was examined under 

varying (Table I) and product distributions 
were established by capillary VPC and 13C and “Sn NMR 
examination of the reaction mixtures. Isomerization of 
starting stannanes or product bromides was not a com- 
plication. The results are in Table I. 

Entries 1-6 are considered to represent the outcomes 
of electrophilic destannylations not only because of the 
reaction conditions that are known to favor polar pro- 
~esses l -~  but because added sodium bromide, a known 
free-radical suppressor in these systems,1 has a marginal 
effect. Additionally, given the accuracy (f2%) of our 
capillary VPC analyses, the results are quite different from 
those in entries 7-9, the conditions for which are very 
conductive to free-radical production. Although the results 
(entries 1-6) indicate that the energetics of inversion and 
retention pathways are finely balanced, inversion of con- 
f i i a t i o n  is favored for bromodestannylation of equatorial 
C-Sn bonds, but retention is favored for axial C a n  bonds 
in these cyclohexyltriisopropylstannanes. A subtle inter- 
play of steric and solvation effects and electronic differ- 
e n c e ~ ~  between axial and equatorial bonds is presumably 
involved. For example, inverting displacement of an axial 
Sn& group could involve significant interactions with the 
axial 3,5-hydrogens by the leaving tin group, but this effect, 
e.g., V, is not so severe that it prohibits inversion (Table 

r solvent l* 

V 

I). Thus the transition state for these bromo- 
destannylations is not characterized by a large steric re- 
quirement, judged as well by the relative constancy of the 
alkyl group selectivity, i.e., ( k ~ p m g / k ~ ) .  This would 
be consistent with an “earlier” transition state for brom- 

(9) Consider the following A values7c (kcal/mol): (i-C3H7)aSn, 1.10; 
CH3, 1.74; (CH3)3C, >4.5. 
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inolysis than for protonolysis. Rahm and Pereyre2 opined 
that the crucial feature favoring inversion was front-side 
steric bulk on the basis that retention was favored for 
sec-butyltriisopropylstannane, in contrast to overall in- 
version for the trineopentyl derivative. Our results for the 
trans-triisopropylstannanes, Le., predominant inversion, 
suggests the more cautious view’ that other factors may 
be just as important as front-side steric bulk. Further work 
is needed to delineate these factors and their relative im- 
portance. 

Entries 7-10 demonstrate a statistical mixture of cis- and 
trans-cyclohexyl bromides, a result appropriate for bro- 
mine atom transfer to a 4-alkylcyclohexyl free radical. 
Brominolysis of (4-alkylcyclohexyl)mercuric bromides in 
nonpolar solvents proceeds ~imilarly.~ We attempted to 
observe the result for electrophilic destannylation in a 
nonnucleophilic s01vent’~~ (entry 11) by suppressing the 
radical route by hydroquinone and air, but a statistical 
distribution of bromides WM still obtained. While this type 
of result has been attributed3 to competing inversion and 
retention pathways, it may simply indicate a failurelo to 
suppress the radical route. 

The pmsibility that increasing front-side steric bulk may 
result in more specific electrophilic bromodestannylation 
(inversion) is being explored for cyclohexylstannanes and 
full details of this work will be presented at a later date. 
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Substituent Effects in l,fi-Methano[ 101annulene: 
Carbon-13 Nuclear Magnetic Resonance Spectra of 2- 
and 3-Substituted Derivatives 

Summary: The carbon-13 nuclear magnetic resonance 
spectra of a series of 2(a)- and 3(P)-substituted 1,6- 
methano[ 101annulenes have been obtained for relatively 
dilute (0.2 M) solutions in deuteriochloroform. The spectra 
have been assigned and substituent chemical shifts cal- 
culated for all ring positions. The substituent shifts at 
nonproximate sites have been analyzed by the dual sub- 
stituent parameter treatment and appropriate comparisons 
have been made with the corresponding positions in the 
isoelectronic naphthalene systems. Blends of inductive (pI )  
and resonance (pR) effects are remarkably similar for 
corresponding substituent-probe dispositions in the two 
systems. 

Sir: 1,6-Methano[ lOIannulene, fust synthesized’ by Vogel 
in 1964, satisfies the chemical and spectroscopic criteria 
for aromaticity, and if the 1,6 bridge is neglected, I is the 
second member of the (4n + 2)7r annulene series with a 
neutral (4n + 2) carbon f r amew~rk .~ ,~  Fundamental to 

(1) Vogel, E.; Roth, H. D. Angew. Chem., Znt. Ed. Engl. 1964,3, 228. 
(2) Reviews of the synthesis, chemistry, and spectra of the 1,6- 

methano[lO]anndene system are available. For example, see: Vogel, E. 
In ‘Aromaticity: An International Symposium”; The Chemical Society: 
London, 1967; p 113 and references therein. Vogel, E. Roc.  Robert A. 
Welch Found. Conf. Chem. Res. 1968, 12, 215. 
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