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(11) Crude yields of chromatographically pure products were uniformly quan-
titative; the yields reported in this paper are for distilled or recrystallized
products. All of the reactions reported herein have been carried out many
times with completely reproducible results.

(12} A. McKillop, B. P. Swann, and E. C. Taylor, J. Am. Chem. Soc., 95, 3340
(1973).

(13) This is true both for 0.1 and 1.0 molar scale reactions.
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Propellanes. 12. A Bridgehead Olefin Transoid in
a Six-Membered Ring. Formation of a

Stable Cyclopropanone

Sir:

A surge of interest! in the production and fate of bridgehead
olefins has followed Wiseman’s demonstration that these
olefins are similar in strain energy and reactivity to their cor-
responding trans cycloolefins.2 As expected, most work has
been limited to cases where the bridgehead double bond is
transoid in a ring of 27 carbons. While effort has been ex-
pended on the synthesis of examples of bridgehead double
bonds transoid in six-membered rings,? no energy comparisons
have been possible. We now report data which allow some
perspective on the energetics of bridgehead olefin forma-
tion.

Our approach® to bridgehead olefins has been through the
solvolysis of tricyclic cyclopropyl halides (i.e., propellanes);
others have also utilized this route.” An obvious potential
precursor for a bridgehead olefin transoid in a six-membered
ring is 9,9-dibromo[3.3.1]propellane (9,9-dibromotricy-
clo[3.3.1.0" *Inonane, 1),5 although one would expect relatively
more cyclopropyl product than in the earlier cases we repor-
ted*b< (eq 1).

Br
/)
Br Br Br SOH/;B oS
— I+ 3 Be > By (D
1 2

Solvolysis of 1 (HOAc, 0.012 M NaOAc, 125 °C) pro-
ceeded with a rate constant of 3.1 X 10~7 s~!, some 6200 times
slower than acetolysis of 5. Unfortunately, however, 2 mol of
acid was produced, indicating that both bromines had been lost.
We pursued this no further, since our experience with 6a in-
dicated we were probably seeing HOAc¢ addition to the cy-
clopropane ring followed by solvolysis; with 6a, addition took
place six times faster than the solvolysis of 1.

% B % l, CHBr
6a, X =Br
b,X=Cl

Silver assisted hydrolysis of 1 in aqueous acetone proved
more fruitful. In 90% aqueous acetone, 1 reacted eight-ten
times slower than 6a, but two-three times faster than 6b. The
products isolated from hydrolysis (buffered to allow isolation
of 9) are shown in eq 2.

COOH COOH

90% aqueous > ==0

————

1 AgClO; (5 equiv? +
pyridine (5 equiv)
2 h. room temp 7 8
2% 14%
0 0
+ + )
9 10
1.2% 21%

Thus the acid mixture of 7 and 8 was the major product.
Catalytic hydrogenation (Pd/C, EtOH) gave pure 7.7 The
olefinic resonance of 8 indicated its presence; the 13C NMR
of the mixture showed nine peaks not attributable to 7, in-
cluding two olefinic carbons (8 151.9, 122.2). The diazo-
methane-derived esters showed separate resonances at 6 3.62
(7-OCH3) and & 3.67 (8-OCHy3). Cyclopropanone 9, which led
to primarily 7 when treated under unbuffered hydrolysis
conditions or when shaken with aqueous base, was identified
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on the basis of its ir (CCl,) carbonyl absorption at 1824 cm™!,
its mass spectrum (Calced for CoH |,0: m/e 136.0888. Found:
m/e 136.0883. Calcd for CgH,: m/e 108.0939. Found (P —
CO, rel. intensity 1.2): m/e 108.0938. Calcd for C;HsO: m/e
108.0575. Found (P — C,Ha, rel. intensity 1.0): m/e 108.0575),
and its 3C NMR!2 (CDCl): 6 174.1, 32.8, 30.7, 30.4.13.14
Compound 10 showed Apax 250 (log € 4.23) nm (lit.16 250 (log
€ 3.95)); also caled for CgH;,0: m/e 136.0888. Found: m/e
136.0886.

The mode of product formation is shown in Scheme 1. Thus
ionization of 1 to partially opened ion 11'7 is followed by col-
lapse at Co(kc) to give 4 (S = H), or at C; (Cs, kp) to give 3
(S = H). Dehydrobromination of 4 gives 9. While acid for-
mation may funnel through 9, we show the alternative proto-
lysis of the cyclopropane ring of 4. lon 13 may be derived from
4 either directly or via 14; production of the cis acid (7) is ex-
pected.*<'® The less favored formation of unsaturated acid 8
can involve the alternate direction of protolytic cleavage of the
C,-Cy bond with concomitant elimination to aldehyde 15;
Tollens oxidation by Ag* then produces 8.'° Bridgehead olefin
3 suffers a fate similar to those derived from 54bd and 6.4

While the small amount of 10 formed fits prior expectations
for the mode of reaction of 11, the absence of typical bridge-
head olefin products 12 and/or 16 was worrisome. Hydrolysis
in less aqueous media would be expected to enhance frag-
mentation to 16;% indeed Ag™ assisted solvolysis of 1in 99%
aqueous acetone produced roughly equal amounts of 10 and
16 ('"H NMR 4 5.80 (s); ir vc—o at 1690 cm~!. Calcd for
CoH,30Br: m/e 216.0150. Found: m/e 216.0156). Addition-
ally, the Ag™* assisted acetolysis of 1 gave a derivative of 12
(18), as shown in eq 3. The spectral identification of 17 was
made secure via its base catalyzed conversion to 7. Similarly,
18 was converted to 12, and subsequently 10.

Br_ _OAc Br H
AcO
lequiv of AgClO,
1 HOAc¢/Ac,0 + @
0.5h, room temp 17 OAc
28% 18
2%

In 90% aqueous acetone, the ratio kp/kc, as measured by
the percent bridgehead olefin products divided by the percent
cyclopropyl products, is 0.024 for 1, 2360 for 5, and 1.8 for 6a.
The difference between the bridgehead olefins derived from
1 and § is that the former is transoid in a six-membered ring,
while the latter is transoid in a seven-membered ring; both are
cisoid in six-membered rings. The energy required to produce
the kp/kc change—roughly 6 kcal/mol—is a first approxi-
mation to the energy difference between transoid seven and
transoid six bridgehead olefins which bear a halogen substit-
uent (the difference for alkyl or hydrogen substituted ones
should be greater). Similarly, the difference between analogous
cisoid seven and cisoid six bridgehead olefins (5 vs. 6a) is cal-
culated to be ca. 3 keal/mol.
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Stabilization of Aryldiazonium Ions by Crown
Ether Complexation

Sir:
Despite an early beginning, the chemistry of aromatic dia-
zonium compounds remains in vogue as additional synthetic
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