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1,6-CYCLOADDITION OF CHLOROSULFONYL ISOCYANATE TO CYCLOHEPTATRIENE
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Product forrna\tion,l'2 kinetics3 and the prohibitions originally imposed by the
Woodward—Hoffrnann4 selection rules have suggested a 1,2-step-wise electrophilic
cycloaddition of chlorosulfonyl isocyanate (CSI) to certain olefins and allenes. Recently
reported observations which include: (i) the lack of rearrangement noted in the cyclo-
addition of CSI to bridged bi- and tricyclic olefins,s(ii) the stereospecific cycloadducts
formed on addition of CSI to cis- and trans—olefins,é'—{and (iii) the initial formation of
2+2 cycloadducts between CSI and conjugated dienes,s-llcoupled with the refined Wood-
ward-Hoffmann selection rules 2 suggest, in these cases, the clear possibility of a
near-synchronous process. Whether these cycloaddition reactions proceed inter alia
via a 1,4-dipole aligned for bonding? or in a sequential ring closure via an electroni-
cally unsymmetrical transition state13'l4 are to date, unresolved problems. Evidence
is mounting, however, that g-lactam formation may precede rather than follow the
generation of Graf's open 1,4—dipole.1
The formation of such 242 cycloadducts between CSI and olefins, conjugated

dienes and allenes suggested the possibility of similar reactivity between CSI and
conjugated trienes. We should like to report the first such case between CSI and
cycloheptatriene (1) in which the singular 1,6-cycloaddition product (=2__) involves bonding

exclusively to O. 15,16

Thus, stirring equimolar amounts of 1 and CSI in methylene chloride solution
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for 6 hr at ambient temperature afforded the N-chlorosulfonyl iminoether 117 (87%, mp
85-86° from ether); ir (KBr) 6.25 (C=C) and 6.35 y (C=N); uv (95% EtOH) 265 my!8
(¢ 4000); nmr (CDCl3) 6 6.18 and 6.15 (two peaks, 4 =CH), 5.50-5.20 (m, 1, _I_-I_a),

4,25-3.90 (m, 1, Evb) and 3.05-2.25 (m, 2, CI:_IZ). Trace amounts (<€1%) of a second

eat

n
compound (A ~_~ 5.60u ) suggests the presence of N-cyclized product 8/9 but all attempts
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to increase the yield or isolate the product were unsuccessful.

Further support for the structure of 2 was obtained by its hydrolysis with sodium
17 i
hydroxide -acetone -water at -10° to lactone 3 (33%, bp 86-88°/0.2 mm); Kfcll_rg 5.654 5

uv (95% EtOH) 265 mp (¢ 4900); nmr (neat) § 6.10-6.05 (two peaks, 4, =CH), 4.90-4.70
m, 1, ga), 3.70-3.30 (m, 1, gb) and 2.50-2.00 (m, 2, C_I—_Iz).

Admixture of three mole equivalents of thiophenol and é in acetone at -30°
followed by slow addition of two mole equivalents of pyridine in acetone afforded, after
a non-aqueous work-up, 5-carboxamido-7-mercaptopheny1—l,3-cycloheptadiene17(_i_, 37%,
mp 121-1220 from ether-hexane); ir (KBr) 2.97 and 3.15 4 (NH), 6.08 (C=0); nmr
[(CD3)ZCO] 6 7.60-7.15 (m, 5, C¢Hg), 7.00-6.75 (broad mound, 2, NH,), 5.87
(s, 4, =CH), 4.40-4.15 (m, 1, CHCO), 2.65-2.35 (m, 1, CHS) and 2.15-1.90
m, 2, C_I_-IZ). Finally, treatment oféwith DMF for 3 hr at ambient temperature
followed by aqueous hydrolysis led to a chlorocyanocycloheptadiene of probable structure
_5_” {(40%, 86-87°/0.1 mm); ir (film) 4.48 g (CzN); nmr (neat) 6 5.91 (s, 4, =CH),
4.95-4.70 (m, 1, CHCN),3.95-3.70 (m, 1, CHC1) and 3.55-2.30 (m, 2, C_I:Iz). When
éwas allowed to stand for 24 hr at ambient temperature, hydrogen chloride was
evolved. Distillation of the darkened product gave cyanocycloheptatriene g” (bp 38-40°/
0.1 mm), hydrogenation (PtOz, 50 psi, 3 hr) of which afforded the known cycloheptyl-
cyanide (7). 19

Mechanistically, we suggest an elect rophilic, near-synchronous processl3 leading
to 1,2- (g__) and/or 1,6-cycloaddition (9) products). Thermal and irreversible ring open-

ing of either/both would lead to the true,charge-separated dipolar intermediate 10 which

stabilizes itself by recyclization to the thermodynamically more stable 2.
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Experiments to distinguish between these various near synchronous process of
CSI cycloaddition to 2 and 6m systems, and rational extensions to 10 and 14T systems
are currently under investigation.
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