- Notes

Anal. Caled for C1.H21NO3S: C, 59.36; H, 7.47; N, 4.94; S, 11.31.
Found: C, 59.33; H, 7.41; N, 4.84; S, 11.17.

Acylation of 6a with acetyl chloride was attempted under a vari-
ety of standard conditions but all experiments led to recovery of 6a
in high yield. Under more drastic conditions extensive decomposi-
tion of 6a was observed. Steric approach to nitrogen is apparently
strongly hindered because of the neopentyl-like position. NOE: on
a degassed 0.2 M solution of 6a in CDCls.

N-tert-Butyl-0-2-p-tolylsulfonyl-1-phenylethenylhydrox-
ylamine (6b): yield 32%, mp 152-154°, nmr (CDClg) 6 1.17 (s, 9 H,
tert-butyl), 2.38 (s, 3 H, aryl CHj), 5.63 (s, 1 H, NH), 6.83 (s, 1 H,
vinyl H), ~7.20-8.00 ppm (m, 9 H, aryl protons); ir (KBr) 3255,
3085, 1620, 1590, 1365, 1295, 1285, 1127 cm™1,

Anal. Caled for C19H23NO3S: C, 66.06; H, 6.71; N, 4.06; S, 9.28.
Found: C, 65.98; H, 6.62; N, 3.79; S, 9.20.

Reduction of 6a. Using a procedure similar to that described by
Nicolaus, et al.,'1 a 91% yield of pure p-tolylsulfonylacetone, mp
50.5-51.5° (1it.1° mp 52°), was obtained. The spectral data were in
accordance with the structure. tert-Butylamine was detected in
the reaction mixture by gle comparison with an authentic sample.

Esr Experiments. A 0.05 M solution of dibenzoy! peroxide in
benzene was mixed with an equimolar solution of 4a or 4b in ben-
zene, and the mixture was degassed. After 5 min, the esr spectrum
of the spin adduct was recorded: 5a, an = 14.7 G, ag = 2.8 G (1 H);
5b, an = 14.5 G, ag = 4.0 (1 H), 6.0 G (1 H).
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Thermal Rearrangement of Deltacycline to Indan.
A Facile and Deep-Seated Aromatization

John S. Wishnok,* George Groman, Fred Miller, and
Jayant Deshpande

Department of Chemistry, Boston University,
Boston, Massachusetts 02215

Received March 12, 1974

We have been investigating the mass spectral behavior of
deltacyclene (tetracyclo[4.3.0.0%4,037non-8-ene, 1)! and a
series of related compounds and have observed very strong
peaks at m/e 118 and 117 in the mass spectra of many of
these molecules, especially deltacyclene itself and its ther-
mal precursor, the head-to-side norbornadiene dimer
(2).1bc This mass spectral pattern is suggestive of the aro-
matic CoHo isomer indan (3) under similar conditions? and
indicates that deltacyclene rearranges upon electron im-
pact to indan, which then loses hydrogen in apparent anal-
ogy with the mass spectral rearrangement of toluene to the
tropylium ion.3 Since deltacyclene is formed from dimer 2

2 by @

via pyrolysis at ~480°,! the mass spectrum of 2 first of all
indicates that the analogous fragmentation (a retro Diels-
Alder reaction) apparently occurs in the mass spectrometer
and, secondly, raises the possibility that deltacyclene might
undergo pyrolysis to indan.

Accordingly, deltacyclene was pyrolyzed at temperatures
between 480 and 510°. This resulted in a strikingly clean
aromatization to indan (eq 1).

=g

1 3

A number of side products, most with molecular weights
of 118, were also formed, but their total concentration was
low. In a typical experiment, deltacyclene vapor, mixed
with dry nitrogen, was pyrolyzed in a flow system by pass-
ing a stream of nitrogen over a reservoir of starting materi-
al, passing the mixture through a heated Pyrex tube, and
then trapping the products at Dry Ice or liquid nitrogen
temperatures. Product mixtures were initially analyzed on
a gas chromatograph-mass spectrometer combination, and
indan was confirmed as the major product by comparing
the mass spectrum, gas chromatographic retention times,
and nmr spectrum of the product with the corresponding
data for commercial indan. All were indistinguishable.
When the mixture was analyzed on SE-30 or FFAP col-
umns at least eight products could be detected, but un-
reacted deltacyclene (16%) and indan (70%) were by far the
major components, with the next most plentiful product
(also m/e 118) having a concentration of 8% (percentages
are based on total volatile product; see Experimental Sec-
tion). When the dimer 2 was pyrolyzed at temperatures
higher than 480° and, especially, with larger contact times,
the product mixture contained increasing amounts of indan
presumably formed via secondary pyrolysis of deltacyclene;
this system (2 — 3) actually constitutes a fairly good syn-
thesis of indan.

The deltacyclene — indan transformation is reminiscent
of the thermal conversion of norbornadiene to toluene,
which has been postulated to occur vig initial formation of
cycloheptatriene.? The analogous pathway in this system,
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however, appears to require intolerable strain, and the
most straightforward rationalization appears to involve a
sequence such as that shown in eq 2.

-2
Q0

This process requires the breaking of two carbon—carbon
single bonds in addition to two hydrogen migrations, and
the high conversions and low production of side products
are somewhat surprising in this context. An interesting a
priori alternative pathway, the thermally allowedd retro
homo-Diels-Alder reaction to yield acetylene and bicyclo-
[2.2.1]heptadiene, is at best a minor process in this pyroly-
sis, even though it is apparently important in the electron
impact reactions of some closely related molecules.?

The mechanism of the rearrangement of deltacyclene to
indan is under investigation in conjunction with our study
of mass spectral behavior of this series of compounds; de-
tails will be furnished in a later report.

)

Experimental Section

Materials. The norbornadiene dimer . (hexacyclo[9.2.1.02:29.-
03-8,0%.6,05-%]tetradec-12-ene, 2) and deltacyclene were prepared ac-
cording to published procedures.! Indan was purchased from Al-
drich Chemical Co.

Pyrolyses. The pyrolysis of dimer 2 was carried out in an appa-
ratus essentially the same as that described by Katzlb¢ and by
Cannell,!a consisting of a vertical Pyrex tube, 2.5 cm X 1 m, packed
with sections of Pyrex tubing and wrapped with heating tape. The
reactant was dropped into this tube from a pressure-compensated
addition funnel, and the product mixture was collected in a cold
trap at the bottom of the tube. A steady flow of nitrogen was main-
tained during the reaction. Temperatures were measured inside
the apparatus with calibrated thermocouples.

Gas-phase pyrolyses were conducted in a generally similar appa-
ratus but with a small pyrolysis tube (10 mm X 25 cm) held in a
horizontal position. An inlet reservoir was arranged to allow dry
nitrogen to pass directly over a small amount of liquid reactant.
The concentration of reactant in the vapor mixture was controlled
by cooling or warming the reservoir. The outlet was connected di-
rectly to a cold trap which was protected by a Nujol bubbler and a
drying tube. After reaction, the product mixtures were warmed to
room temperature and samples were injected directly into a flame-
ionization gas chromatograph. For experiments with very dilute
vapor, the small amount of product was generally dissolved in
ether prior to gc analysis.

Preparative pyrolyses of deltacyclene were performed in the
large-scale vertical apparatus and the major product was isolated
by preparative gas chromatography; the product from the high-
temperature, longer contact time pyrolysis of dimer 2 was isolated
by fractional distillation. In both cases, the product was identical
in all respects with commercial indan.

In the preparative pyrolyses, the product mixture was typically
a dark brown liquid which was separable into about 80% indan and
20% viscous, high-boiling polymer. Material balances were general-
ly in the range of 80-90%, which corresponded to yields of indan of
65—75%. In the vapor-phase pyrolyses, the total amounts of materi-
al involved were very small (of the order of a few milligrams); so
material balances were difficult to determine. The product
mixtures, however, appeared to contain much less polymeric mate-
rial than those in the preparative liquid pyrolyses; so material bal-
ances in these systems were probably at least as high as in the pre-
parative reactions.

Preparative gas chromatography was done on a Varian Aero-
graph 90-P thermal conductivity instrument using a 5 ft X 0.25 in.
stainless steel column packed with 15% SE-30 on 60/80 Chromo-
sorb W. Analytical gas chromatography was done on a Perkin-
Elmer 990 flame-ionization instrument using 10 ft X 0.125 in. alu-
minum columns packed with 3-5% SE-30 or FFAP on 80/100
Chromosorb W.

Notes
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Tetraalkylammonium fluorides have been used more and
more for different purposes in preparative organic chemis-
try in the last couple of years, for example, for the cleavage
of tert-butyldimethylsilyl ether! or for the fluorination of
fluoroolefins.? Furthermore, it proved to be a useful re-
agent in a number of elimination reactions.-°

Results

We have now found that tetrabutylammonium fluoride
(BuF) has a remarkable capacity to enable intramolecular
cyclizations of the following type to proceed.

RI?H—NH R;C'H— NH
|
| “OR, |
R. R,
1 2

R, = H, CH,,C,H,CH,
Rg = CHg, c‘,H;CH_)

Thus in boiling tetrahydrofuran carbobenzoxyphenylala-
ninamide gives the corresponding hydantoin in over 30%
yield.

CHZCII*I———NH
|
0=(\, _C=0
NH

4

The same reaction could be performed with a series of
carbamates to produce substituted hydantoins in excellent
yields. Extending this reaction to peptides we found that,
e.g., carbobenzoxydipeptides like Z-Leu-Gly-OEt, if ex-
posed to BuF in THF, undergo cyclization with similar
ease.



