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We have observed photocycloaddition of 6 aromatic aldehydes and ketones
across the carbon-carbon double bond of dimethyl-N-{2-cyano-2-propyl)-
ketenimine (II) to give im#noSxetsnes (III and IV). This resction is an

extension toa cumulative double bond system of the previously well-known light-

induced additions of aldehydes and ketones to simple o:>leﬁ.ns-l'k
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The photoreactions were run in sealed Pyrex test tubes containing degassed
1887
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benzene solutions of the carbonyl compound and 1w’ (ca. .3 M in each). The
reaction mixtures were irradiated with a §50-watt, medium pressure, Hanovia
lswp, at 7-12°C., for periods of 10 to 40 hours. The ketenimine (II) is rea-
sonably stable under these conditions5 with only 8.#% decomposition to tetra-
methylsuccinonitrile being observed after 20.0 hours of direct photolysis.
There was no adduct formation in the dark in any of the systems that were
studied.

The product compositions were determined by n.m.r. analyses of the crude
reaction mixtures. The singlet wethyl patterms of the keteniline,6 tetrameth-
ylsuccinonitrile,6 and the adducts lend themselves to fairly easy interpreta-
tion. The peaks due to the p-adducts vere identified after isolation of these
adducts by Florisil chromatography. The Q-adducts are not isolable in this
wanner since they readily hydrolyze to their corresponding amides on Florisil.
The a-adduct of fluorenone and II was isclated by direct crystallization of
the reaction mixture and its n.m.r. spectrum was used in @etermining the prod-
uct composition of the crude reaction mixture.

The assigned adduct structures are supported by the aualyses7 of the
isolated photoproducts of II with p-chlorobenzaldehyde (m.p. 119.5-120.5°C.
Caled. for C).H) N,0C1: C, 65.09; B, 6.19; N, 10.12; ¢1, 12.81. Found: C,
65.19; H, 6.22; N, 10.27; Cl, 12.84.), benzaldehyde {m.p. 141.2-142.5°C.
Calcd. for cpnlaxzo: ¢, 7h.35; H, 7.b9; N, 1L.56. Found: C, 7h.22; H,

7.68; N, 11.40.), benzophenone {m.p. 103.0-1C4.0°C. C(aled. for C, B, N 0:

¢, 79.-21; H, 6.97; K, 8.80. Found: C, 79.31; H, 6.99; N, 8.51.), and
fluorenone (m.p. 134-7°C. Caled. for CoH N.0: €, 79.72; B, 6.57; N, 8.85.
Found: C, 79.58; H, 6.42; N, 8.98.). All of these adducts display a strong
band in the infrared hetween 5.76 and 5.80; which is ascribed 5c the imine
band shifted dcwn from its normal position arcund D.Oug wecause ¥ ring
strain.

The amides resulting from Florisil chromatograrhy hydroclyses of the
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a-adducts of IT and benzophenone (m.p. 170.0-171.0°C. Caled. for Uy By M0,
c, T4.97; H, 7-19; N, 8.33. Pound: C, 7h.78; H, 7.09; N, 8.13.) and IT and
fluorenene (m.p. 186.6-187.5°C. Caled. for C B M 0,: Cy 75.%2; H, 6.63;
W, 8.38. Found: C, 75.6k; H, 6.67; W, B.6T.) vere easily ideatified by
their n.m.r. patterns and their characteristic infrared lpectra.a

The p-adducts of II with p-methoxybenzaldehyde and acetophenone (the p-
adduct structure is assigned because they vere not hydrolyzed by Florisil
chromatography) display this seme band in the infrared, and their n.m.r.
spectra vere utilized in determining the product compositions of the crude
reaction mixtures. These adducts were not analyzed nor characterized further.
The a-adduct of II with acetophenone was not isolated although the corres-
ponding amide resulting from Florisil chromatography hydrolysis was obtained
in impure form.

The q-adduct from IT and fluorencne (V) undergoes both photo (same com-
ditions as above) and thermel (125°C., degassed xyleme solution) decomposition
to 2-cyano-2-propyl 1socyanate (strong band in the infrared at i.hyu) and 9-
1sopropylidene fluorene (isolated). All the p-addwsts are thermal and photo-
stabie. Thus on the basis of the spectral evidense (n.m.r. snd infrared) and
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the reactivity differences, and @ and B structures were assigned to the ad-
ducts.
These results are sumsarized in Table I. It is seen that neither 2-

acetonaphthone nor l-naphthaldehyde give photoadducts with II.9 These two
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compounds alsc do not readily undergo photoreduction. Hammond and Leerna.k.erslo

relate the difficult photoreduction of these compounds to a m-r* configura-
tion for thelr lowest lying triplet states. Those compounds that readily un-
dergo photoreduction have an n-m* configuration for their lowest lying trip-
let atate.lo The similar patterns of photoadduct formation and photoreduc-
tion suggest that the n-r* triplets of the carbonyl compounds are involved
in the photoecycloaddition reactions. Buchi and co-workers favor a similar
mechanism for the photoadditions of aldehydes and ketones to simple olefins.”

The carbonyl compounds with higher triplet energies (Es_ 1_') also tend to
give more tetramethylsuccinonitrile formation. This cbservation can be ex-
plained by a competing triplet energy transfer reaction between excited car-
bonyl compounds and ground state ketenimine. A transfer of triplet energy
to ketenimine to produce an excited ketenimine would result in dissociation
of IT into 2-cyano-2-propyl radicals which on symmetrical recombination pro-
duce tetramethylsuccinonitrile. The quenching of triplet states of aldehydes
and ketones by m systems 1s well knounll and othersllc have pointed out that
the quendhipg rdte is related to the exo- or endothermicity of the energy trans-
fer step.

We have extended this study to several other ketenimine systems and
triplet quenching experiments are in progress to help elucidate the mechan-
ism and explain the steric course of the addition. Studies on the photo and
therwal cleavages of a-adduct V and analogous .ones from other ketenimine
systems are also being pursued.
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TARLE I
Correlation of Photoresstions of Dimethyl-N-(2-cyano-2-propyl)ketenimins with
the Photobehavior of Aromatic Aldehydes and Ketones.

R,RC0 I Photo Products from IT Adduct
. reduction ™ Adducts Structure

Cyclopropyl- b 4 4 100 ] -

phenyl Ketone

Acetophenone 7¥d Yos® 57 k3 a,p

p-Methoxy- 1 ] 66 * 1]

benzaldehyde

p-Chloro- 4 af 6t [

benzaldehyde

Benzaldehyde ‘{2‘l !u. 1.01 50" B

Benzophenone 70d Yos® 5 95 a,p

2-Aceto- 59d lor [ (] -

naphthone

1-Nephth- 574 ol 0 0 -

aldehyde

Fluorenone 533 th 20 80 a

(a) Ground state-triplet excitation energy in keal.

(b) Whether or not compound undergoes photoreduction to pinscol.

(c) Per cent decomposition to tetramethylsuccimonitrile.

(d4) G. N. Levls and M. Kasha, J. Am. Chem. Soc. 66, 2100 (19kk).

(e) C. R. Masson, V. Boekelheide, W. A. Noyes, Jr., ™Pechniques of Organic
Chemistry,"” Ed., A. Weissberger, Vol. II, 2d Ed., Interscience Pub-
lishers, Inc., New York, N. Y., 1956, p. 315-322.

(£) Ref. No. 10.

(g) G. S. Hammond and R. S. Liu, J. Am. Chem. Soc. 85, 77 (1963).

(h) No photoreduction in i-propyl alcohol, W. E. Bachman, J. Am. Chem. Soc.
55, 394 (1933), however, fluorenopinacol photodecomposes to fluor-
enone, C. A. Schonberg and A. Mustafa, J. Chem. Soc. 19k, 67.

(1) Some unidentified products.
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