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mixtures suggests that reaction in our case occurs pref- 
erentially via 8 or else that 7 is favorably disposed 
toward rearrangement to 8. 

synthetically to  yield unrearranged olefins, we decided 
to  investigate this approach with the homoadamantyl 
system in connection with the question of the limits of 
Bredt’s rule. This report presents evidence for for- 
mation of bridgehead homoadamantene, and subse- 
quent dimerization, from pyrolysis of l a 3  and l b .  

Decomposition of l a  at 140-175’ (1 mm) provided a 
mixture of bridgehead homoadamantene dimers (10 %) 
(2), 4-h~moadamantene~ (0.3 %) (3), N,N-dimethyl-3- 
amin~methylhomoadamantane~ (43 %) (4a), homo- 
adamantane4 (5 %) (5), and NjV-dimethyl-3-amino- 
h ~ m o a d a m a n t a n e ~  ( I  1 %) (6). 

4 5 6 
a, X = CH, 
b. X = O  

Under the same conditions, l b  yielded an identical 
mixture of dimers (9 %) (2), 4-homoadamantene (5 %) (3), 
N , N -  dimethyl - 0 - (3 - homoadamanty1)hydro~ylamine~ 
(25 %) (4b), homoadamantane (29 %) (5), N,N-dimethyl- 
3-aminohomoadamantane (12 %) (6), and unidentified 
material (about 2 % of the product). 

The dimer mixture (2) (mol wt, vapor pressure 
method: calcd for C22H32, 296.5; found, 298) was 
isolated as a white solid which had sublimed at the 
higher temperatures to cooler portions of the pyrolysis 
flask. Product 2, from both pyrolyses, was found by 
glpc to consist of four components, a (29 %), b (8 %), c 
(3 %), and d (60 %). Preparative glpc provided mate- 
rial from the two major peaks (a and d), which gave 
satisfactory elemental analyses. The presence of a 
cyclobutane structure is supported by laser Raman 
spectral data for the solid dimers a and d (cyclobutane 
deformations at 970-980, 935-940, and 73 1-735 cm-l, 
and cyclobutane ring puckering at 221-256 cm-I). 
The Raman spectra compare favorably to that of ada- 
mantene dimer. The two investigated dimers dis- 
played essentially identical Raman spectra and glpc 
retention times in comparison with the corresponding 
ones from l-adamantylcarbene.6 Both the 2- (7) and 
3- (8) isomers are theoretically possible from these 
eliminations. Since the carbene route would be ex- 
pected to provide only 8, the similarity of the dimer 
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7 8 9 
4-Homoadamantene (3) might be produced in Hof- 

mann elimination by base-catalyzed isomerization or 
hydride shift,’ and in the Cope pyrolysis by reverses 
cycloelimination of 8 to 9 which can act as precursor. 
Note the tenfold increase in yield of 3 from l b  us. la .  

Compounds 4a and 4b are formed by Stevens’~~ and 
Meisenheimer 1, l o  rearrangements, respectively. Two 
similar mechanistic possibilitiesg’ lo have been advanced 
for the nature of the migrating group in the two cases, 
namely carbanion and radical. The radicallo route ap- 
pears to be favored in the Meisenheimer rearrangement. 
These represent unusual rearrangements since we have 
found no prior examples involving migration of a 
secondary or tertiary group. Compound 4a was syn- 
thesized via an alternate route from 3-homoadaman- 
tanecarboxamide by LiAlH, reduction followed by 
methylation with formaldehyde-formic acid. 

Formation of 5 is analogous to the generation of neo- 
pentane as a by-product in the Stevens rearrangement 
of N,N,N-trimethylneopentylammonium iodide. l 1  Ap- 
parently, the reactive intermediates can separate to 
some extent with subsequent abstraction of a proton” 
or a hydrogen atom. 

Compound 6 is probably formed from l a  via sN2 at- 
tack by hydroxide ion. Recent evidence8 indicates 
that N,N-dimethylhydroxylamine, formed from elimina- 
tion, can reduce the amine oxide to the corresponding 
tertiary amine. This is a plausible rationalization for 
the formation of 6 from l b .  

Another approach to bridgehead homoadamantene 
via ester pyrolysis is presented elsewhere. l 2  
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Fate of 1-Adamantylcarbene, Evidence for the 
Formation of the Bridgehead Olefin, 
3-Homoadamantene 
Sir: 

We wish to describe a new method involving carbene 
ring expansion for the generation of “antbBredt” ole- 
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fins' in bridged systems. Specifically, the thermal de- 
composition of the tosylhydrazone salts Ia and Ib, ex- 
pected to proceed via carbene 11,2 gave among the 
products C22H32 isomers which we believe to be dimers 
of 3-homoadamantene (111). 

ck 1 
I1 

I11 

Methyl 1-adamantanecarboxylate was treated with 
sodium bis(2-methoxyethoxy)aluminum hydride3 for 
9 hr at --67 to -70" in tetrahydrofuran and the crude 
1-adamantanecarboxaldehyde was converted into the 
corresponding to~ylhydrazone~ (70 % yield, based on the 
ester) following a general pr0cedure.j The lithium 
(Ia) and sodium salts (Ib) of the tosylhydrazone were 
prepared with butyllithium and sodium hydride, re- 
spectively, in tetrahydrofuran at -30 to  -50" for 1 hr 
followed by slow warming to room temperature.'j 
After evaporation of solvent under vacuum, the salt 
(Ia or Ib) was ground and dried (75-85" at 0.1 mm).8 
Pyrolysis of either Ia or Ib was conducted in a Pyrex 
tube at 240-260" (2 mm) under nitrogen: and the prod- 
ucts were collected at - 195°.9310 Chromatography on 
basic alumina gave a hydrocarbon mixture (ca. 30% 
yield) eluting with pentane, as well as variable amounts 
(up to 44%) of the azine (VI).4 

The hydrocarbon mixture was shown (glc and glc- 
mass spectrum) to  consist of 5 % adamantane, 10 % 1- 
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(10) Decomposition of Ib on a solid support (Chromosorb W) as 
described9 gave homoadamantane (50% yield) as the main product. 
While the formation of homoadamantane can be rationalized by a 
carbocationic mechanism (with hydride abstraction), it is remarkable 
that such a "protic medium mechanism"" takes place on a support 
usually considered inert, with both the support and the salt (Ib) carefully 
dried. 8 39 
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ref rences cited therein. 

(1959). 

for this compound. 

methyladamantane, 12 % homoadamantane (also iso- 
lated by preparative g l ~ ~ ~ ) ,  and 73 % l 2  of five "dimeric" 
C&32 hydrocarbons (mol wt = 296.250283 by mass 
spectrometry; calcd 296.250389). No peak with mol 
wt = 148 corresponding to  I11 or to 3,5-dehydrohomo- 
adamantane (product of carbene insertion into a 
neighboring C-H bond) was found by glc-mass spec- 
troscopy. 

The 60-MHz 'H nmr spectrum of the dimer mixture 
consists of three rather broad peaks centered at 6 -1.5, 
-1.8, and -2.0 ppm. Olefinic and high field cyclo- 
propane resonances were not observed. 

The five C22H32 isomers (A : B : C : D :E relative yields 
5 : 7 : 14 : 16 : 58, respectively) were well separated by glc 
(relative retention times: 0.40:0.50:0.60:0.75: 1.00, 
respectively, on a 1.5 m X 3 mm 5% carbowax 20 M 
column at 208"). The glc mass spectra of all isomers 
showed base peaks at mje 296 (M .+) and strong peaks at  
mje 239 and 135 with different intensity ratios for dif- 
ferent isomers. 

Possible structures for these dimers include IVa and 
b and Va and b (dimers of 111), VI1 (dimer of II), and 
VI11 (adduct of I1 and 111). The lack of nmr features 
expected for VI1 rules out this structure for the major 
components (C, D, and E) of the dimer mixture, and 
renders VI11 less likely. Additional evidencela rules 
out this structure as well. 

IVa, cis 
b. trans 

\'a, cis 
b, trans 

VI VII 

IX 

We were able to isolate small amounts of com- 
pounds C, D, and E by preparative glc. Their laser 
Raman spectra of CCI, solution exhibited characteristic 
cyclobutane deformation bands in the 900- 1000-cm-' 
region:13 959 and 975 cm-1 (C); 930, 956, and 970 
cm-I (D); 933, 950, 964, and 976 cm-l (E). Due to 
their low concentration in the reaction mixture, the 
other two C22H32 products were not characterized fur- 
ther. 

Other highly strained anti-Bredt olefins in bridged 
systems are known to dimerize readily. Examples 
include l-norbornene14 and adamantene. l5 In 3- 

(12) The total yield of CzzH32 isomers was 22% based on  the initial 

(13) M. Avram and G. Mateescu, "Infrared Spectroscopy," Wiley- 

(14) R. Keese and E. P. Krebs, Angew. Chem., 83,254 (1971); Angew. 

quantity of tosylhydrazone. 

Interscience, New York, N.Y., 1972, p 159. 

Chem., Int. Ed, Engl., 10, 262 (1971); 11, 518 (1972). 
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homoadamantene (111) the double bond is part of two 
seven-membered rings; I11 should be less strained l6 

than adamantene in which the double bond is part of 
two six-membered rings. Perhaps 111 can be compared 
in its expected behavior with l-bicyclo[3.2.2]nonene 
(IX) which dimerizes slowly (half-life about 25 min at 
Oo) . l7  The strain energies of these bridgehead olefins 
await experimental determination or accurate molecular 
mechanics calculation. 

Hofmann degradation of N,N,N-trimethyl-3-homo- 
adamantylammonium hydroxide, expected to give rise 
to 3-homoadamantene (111) or its 2- isomer, gave a mix- 
ture of at least three C22H,2 dimers,I8 which showed 
identical laser Raman spectra and glc retention times 
with dimers C, D, and E. 

Current investigations in this laboratory show that 
the carbene ring enlargement method is general for the 
synthesis of other bridgehead olefins in bridged systems. l9 
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A Carbene Route to Bridgehead Olefins. 
Bicyclo[2.2.2]oct-1-enel 

Sir: 
Bredt's rule2 which proscribes formation of a double 

bond a t  the bridgehead of polycyclic molecules has 
succumbed to violation in small systems only recently. 
We describe here a new route to anti-Bredt molecules 
which promises great versatility. It is applied here to 
the synthesis of bicyclo[2.2.2]oct- 1 -ene. 

We hoped that gas-phase generation of a molecule 
containing a carbene attached to  the bridgehead position 
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of a small bicyclic system would lead to ring expansion 
and formation of a bridgehead olefin. This approach 
had been tried in solution some years ago by Wilt and 
his collaborators4 but even under conditions thought to 
be aprotic, products of apparent ionic reactions ap- 
peared. When the conditions were made truly aprotic 
no volatile compounds could be isolated. It seemed to 
us impossible that bridgehead olefins could have sur- 
vived the reaction conditions. 

We decomposed tosylhydrazone salt 1 in a flash 
pyrolysis apparatus at 330" thus generating carbene 2 
in the gas phase. We isolated 3-methylenehepta-1,6- 
diene (3,3 1 % yield) as well as compounds of the formula 

- Li+ 
1 2 3 

C1fiH24 (12 yield). At lower temperatures the relative 
yield of the latter compounds increased. The dimeric 
compounds showed no resonances for vinyl hydrogens 
in their nmr spectra and a center cut of the largely un- 
resolved series of peaks on the gas chromatograph 
showed a parent mass of 216.187114 (calcd for ClfiHZ4, 
216.187792). These properties are entirely consistent 
with cyclobutanes formed by dimerization of a bridge- 
head olefin and serve to  exclude the product of formal 
dimerization of 2.5 

The skeleton of triene 3 was established by hydrogen- 
ation to 3-methylheptane which was identified by com- 
parison of infrared spectra with authentic materiaL6 
Examination of the uv (Xz,"x" 224.0 nm, log E 4.1; 
myrcene:' 224.5 nm, log E 4.2; a-myrcene:* 
A::;"""" 224.5 nm, log E 4.3) and nmr [T 3.71 (1 H, 
doublet of doublets), 4.24 (1 H, multiplet), 4.79-5.24 
(6 H, multiplet) and 7.88 (4 H, multiplet)] spectra 
leaves no doubt as to the positions of the three double 
bonds. It is important to note that the nmr spectrum is 
also unequivocal as to the chemical shifts of Ha and Hb. 
Ha appears as an archetypal four-line "A" portion of an 

3 m y r c e n e  a - m y r c e n e  
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hexa-1.5-diene. 

Communications to the Editor 


