400 J. Org. Chem., Vol. 41, No. 2,1976

(7) T. E. Bellas, R. G. Brownlee, and R. M. Silverstein, Tetrahedron, 25,
5149 (1969).

(8) H. H. Wasserman and E. H. Barber, J. Am. Chem. Soc., 91, 3674
(1969). See also J. O. Rodin, C. A. Reece, R. M. Silverstein, V. H.
Brown, and J. |. DeGraw, J. Chem. Eng. Data, 16, 380 (1971).

(9) K. Mori, Tetrahedron, 30, 4223 (1974).

(10) B. P. Mundy, K. B. Lipkowitz, and G. W. Dirks, Synth. Commun., 5, 7
(1975), and references cited therein.

(11) The 2-ethyl-3-methylcyclohex-2-en-1-one was prepared by hydrolysis
and decarboxylation of commercial (Aldrich) 2-ethyl-3-methyl-4-carbo-
ethoxycyclohex-2-en-1-one as described: L. |. Smith and G. F. Rouault,
J. Am. Cheam. Soc., 65, 631 (1943). The decarboxylation reaction did
not accur spontaneously under the reaction conditions reported. How-
ever, acidification of the crude reaction mixture resulted in vigorous ev-
olution of CO; to afford the desired cyclohexenone 1in 84% yield after
one recycling of recovered starting material.

(12) R. K. Muller, D. Felix, J. Schreiber, and A. Eschenmoser, Helv. Chim.
Acta, 53, 1479 (1970), and referencss cited therein.

(13) No attempt has been made to optimize the yields.

Clommunications

Communications

(14) To our knowledge, this reaction represents the first application of the
relatively inexpensive and safe BHa-Me.S reagent for the reductive hy-
droboration of an acetylene. The use of BHg-THF or disiamylborane in
THF offered no advantage in yield or stereoselectivity and was consider-
ably more expensive.

(15) We were unable to effect a separation of the cis and trans olefins 5 and
9 by VPC. However, an assay of the stereoselectivity of the reduction
reactions was possible by an analysis of the corresponding epoxides 6
and 10 which were readily separable (see ref 7). Both 6 and 10 were
contaminated with <1% of the corresponding isomer.

(16) J. G. Buchanan and H. Z. Sable in *‘Selective Organic Transformations'’,
Vol. 2, B. 8. Thyagarayan, Ed., Wiley, New York, N.Y., 1972, pp 8-11.

(17) Although the acetic acid was dried by reaction with acetic anhydride in
the presence of a trace of p-TsOH and every effort maintained to ex-
clude moisture from the reaction mixture during protonolysis of the
vinylborane, the product obtained invariably contained anywhere from a
trace to ~15% of cis-non-6-en-2-one. Reketalization afforded the de-
sired ketal 5.

(18) R. M. Silverstein, J. Chem. Educ., 45, 794 (1968).

Synthetic Photochemistry with the Imide System.
Norrish Type II Cyclization of Alicyclic Imides!-?

Summary: On irradiation a series of N-alkyl-substituted
succinimides and glutarimides readily underwent photocy-
clization to afford ketolactams with ring enlargement by
the two-carbon unit derived from the side chain in moder-
ate yields; the efficiencies of the photoreactions of the ali-
cyclic imides were distinctly larger than that for the aro-
matic counterparts (phthalimides), being comparable with
that for simple ketones; the Norrish type II processes were
proposed as the mechanism and general synthetic utility of
the reaction was discussed.

Sir: In contrast to the extensive studies on photochemistry
of common carboxylic acid derivatives such as esters and
amides, the photochemical behavior of imides has been
scarcely investigated. As part of broadly based studies of
synthetic photoreactions of carbonyl derivatives, we have
recently explored reactions of the excited states of an aro-
matic imide system, phthalimides.®? We now wish to report
a scheme which characterizes the photochemistry of alicy-
clic imides, and to present evidence which indicates its
general synthetic utility.

A series of N-substituted succinimides la-i and glutari-
mides 1j-m were irrddiated* and the results are listed in
Table 1. Each major photoproduct was purified in most
runs by vacuum distillation and identified by its ir, uv,
NMR, and mass spectra and elemental analysis. In all cases
ketolactams having two additional carbons in their rings
were readily obtained in moderate isolated yields, accom-
panied by some elimination products (succinimide or glu-
tarimide, 10-30%). In a representative example, the struc-
tural assignment for 2¢ was based on (i) the presence of a
carbonyl [uv 283 nm (e 27); ir 1700 cm™!] and an amide (ir
1660 mm™1); (ii) the presence of the § {NMR 3.80 ppm
(CgH, m)] and the v [NMR ~2.6 ppm (C, Hs)] carbons,
methyl [1.35 ppm (d)}, and NH (7.05 ppm); (iii) the molec-

Table 1
Products of Photolysis of the Cyclic Imides 14
1 2
Compds R, R, R, R, % Mp, °C

n=2
a H H H H 45 139-140
b H H CH, H 42 120-121
c H CH, H H 56  139.5—140.5
d H H C,H, H 31 85—87
e H H CH, CH, 33 109-110
f CH, CH, H H 49 175-176
g H —(CH, },— H 50 192.5-193.5
h H —-(CH,),— H 42 Mixture
i H —(CH, )~ H 38 Mixture

n=3
j H H H H 37 117118
k H H CH, H 52 141-142
1 H H C,H, H 33 149-150
m H ~(CH,),— H 28 220-221.5

a A 60-W low pressure mercury lamp was used for 30 min,
10mM solution in acetonitrile.

ular weight and composition, CH;;NOo (mass m/e 141; el-
emental analysis). Only one isomer (cis), 2g and 2m, was
isolated from 1g and 1m, respeciively, hhereas a mixture of
two stereoisomers, 2h and 2i, were obtained from lh and 1i.

The principal feature of the Norrish type II processes of
the alicyclic imides is not the elimination but rather the cy-
clization forming ketolactams with ring enlargement by the
two-carbon unit derived from the side chain (Scheme I).
Quantum yield of the formation of 2a was 0.64,7 which is
notably larger than that for the reactions of phthalimides,
the aromatic counterparts, by a factor of 50,8 indicating
practical efficiency of the photolysis of the alicyclic imide
system. General synthetic potential of the reaction on the
basis of structural variation of the substrates is as follows.
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Variation of the N substituents (including heteroatoms and
cyclic systems) may lead to a wide variety of products. For
example, N-tetrayydrofurfurylsuccinimide gave the ex-
pected spiro azepinone 5 (mp 96-98°, 27%). In view of their
multifunctionality, these photoproducts will further be
used as synthetic intermediates. By activation due to intro-
duction of heteroatoms into the side chain, extensive type
II processes seem possible involving é (or other) hydrogen
abstraction.? The ring size of the imides (n) could be in-
creased beyond three. In addition, the ring may carry sub-
stituents as desired. For example, 1-ethyl-4,4-dimethylglu-
tarimide readily produced 6 (mp 173-174°, 27%).

0 HH 0 H
N. N
(CH.), 5 H,C
i HC
(0]
2h.i 5 6

Piperylene quenches the formation of 2a from la indica-
tive of a triplet intermediate. A Stern-Volmer plot in ace-
tonitrile (up to 1 mM) is linear with a slope kq7 = 670
M~112 As a plausible mechanism the biradical intermedi-
ate 3 is postulated (Scheme I) which is generally accepted
in the type II processes of ketones as summarized by Wag-
ner.!® Such a biradical would either lead to elimination or
undergo cyclization to form 4 followed by retrotransannu-
lar ring opening!4 giving rise to the ring-enlarged products
2, Since these cyclic imides are starting materials which can
be relatively easily prepared, this method may provide a
novel versatile synthetic entry to otherwise rather unac-
cessible type of compounds including medium-sized and
other various heterocyclic systems. Further synthetic scope
and the mechanism of the photochemistry of the imide sys-
tem are under investigation.
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Organocopper Chemistry.
The Coupling of ( E)-2-Iodo-1-alkenyl Sulfones
with Monocopper(I) Reagents

Summary: Monocopper(I) reagents (2) couple stereospecif-
ically with (E)-2-iodo-1-alkenyl sulfones (1) to form 3-al-
kylated 2-alkyl-1-alkenyl sulfones (3) with retained config-
uration.

Sir: The preparation and some of the reactions of 2-iodo-
and 2-bromo-1-alkenyl sulfones has been the subject of
several recent investigations.}? The stereospecific organo-
copper coupling of vinyl iodides with organocopper re-
agents®* has recently been reported as a method for the
synthesis of alkenes of known configuration. This work
prompts us to report on our preliminary results concerning
the stereospecific coupling of a variety of (E)-2-iodo-1-alk-
enyl sulfones with a variety of monocopper(I) reagents.

Monoalkyl and monoarylcopper(I) reagents couple in
good to excellent yields (Table I) with (E)-2-iodo-1-alkenyl
sulfones and with complete retention of configuration. The
presence of a single isomer is verified by a single set of pro-
ton absorptions in the !H NMR and the absence of absorp-
tions for the isomeric structures. The assignment of config-
uration is based upon 'H NMR chemical shift data and al-
ternate synthesis.?

RSO, R
N _
C=C/ + R"Cu —> \C=C/

H I H/ \Ru



