DIMERIZATION OF DIFUNCTIONAL ARYL IMINES

1.4 g (93%) of the remaining crystalline product was shown to
be the mixture given in Table IX. Recrystallization (EtOH-
hexane) gave 1.3 g (87%) of the product, mp 52-54°.

1-(2-Phenylethylsulfonyl)-2-(ethylenimino)propene.—To 1.1 g
(0.0043 mol) of & mixture of 369, cis- and 649, trans-1-(2-phenyl-
ethylsulfonyl)-2-(ethylenimino)propene in 50 ml of THF was
added 6.0 g (0.11 mol) of KOH. After stirring, filtration, and
concentration, the mixture (1.0 g, 919,) given in Table IX was
present. Recrystallization (EtOH-hexane) gave 0.80 g (73%)
of product, mp 60-61°.

Infrared Data.®—The 3-propynyl sulfides exhibit the charac-
teristic strong carbonh~ydrogen stretch at 3300 cm™! and a very
weak carbon-carbon triple bond stretch in the 2100-2200-cm ™!
region. The corresponding 3-propynyl sulfones and sulfoxides
show in addition to the acetylenes carbon-hydrogen stretch and
the carbon-carbon triple bond stretch, the characteristic strong
sulfone absorption in the 1300-1350- and 1120-1150-cm~* re-
gions and the strong sulfoxide absorption in the 1020-1060-cm ™
region, respectively. The 1-propynyl sulfides exhibit a weak
carbon-carbon triple bond stretch at 2180 em™. The corre-
sponding sulfones and sulfoxides, however, show a very strong
band at 2180-2200 cm~!. The ethylsulfonylpropadiene and
ethylsulfinylpropadiene exhibit a strong carbon-carbon double~
bond stretch in the 1940-1980-cm—t region which appears as a
singlet. As previously published® the p-tolylsulfonylpropadiene
shows a strong doublet at 1960 and 1920 cm™t. The conjugated
ethylenimine adducts exhibit strong olefinic absorption in the
1560-1640-cm 1 region in addition to the characteristic sulfone
and sulfoxide bands which are shifted slightly lower. The non-
conjugated ethylenimine adducts exhibit similar absorptions

(168) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,”
Wiley, New York, N. Y., 1962,
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as the conjugated adducts with the olefinic band shifted ~50
em~? higher in the nonconjugated adduct from that in the con-
jugated.

Registry No.—1, Z = SOEt, 25557-97-5; 1, Z =
S0.Et, 25557-98-6; 1, Z = SO,CH,CH,-p, 25557-99-7;
2, Z = SOEt, 25558-40-1; 2, Z = SO.Et, 13894-33-2;
2, Z = S0203H4CH3-p, 25558-42-3, 2, Z = SO2CH2-
CeHs, 25558-43-4; 2, Z = SOzCH20H205H5, 25558-44.-
5; 3, Z = SOEt, 25558-45-6; 3,Z = S0.Et, 13894-50-
3; 3, Z = S0,CeH,CHp-p, 25558-47-8; 3, Z = 80,-
OHzCeHﬁ, 25558-4.8-9; 3, Z = SOzCHgCHgCeHs,
25558-49-0; HCECOH2SR, R = CHzCHgOsHs,
25558-00-3; CH,C==CSR, R = CH,CHj;, 22582-35-0;
CH;C=CSR, R = CH,CH,CH; 25558-02-5; 1-
benzylsulfonylpropyne. 25558-03-6; 1-(2-phenylethyl-
sulfonyl)propyne, 25558-04-7; 3-ethylsulfinylpropyne,
25558-05-8; l-ethylsulfinylpropyne, 25558-06-9; ethyl-
sulfinylpropadiene, 25558-07-0; c¢is-1-ethylsulfonyl-2-
(ethylenimino)-1-butene, 25558-50-3; trans-1-ethylsul-
fonyl-2-(ethylenimino)-1-butene, 25558-51-4.
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Irradiations of aryl imines which have a nitrile, amide, double bond, or hydroxyl group suitably positioned for

interaction with the imine give the meso- and di-1,2-diamines resulting from reductive dimerization.
In the case of 2-cyanocethylamine-N-benzylidene, the mech-

jugated diimines give polymeric products.

Noncon-~

anism involves initial formation of a-hydroxy radicals by transfer of a hydrogen atom from the aleoholic solvent
to the benzaldehyde sensitizer, sequentially followed by production of a-amino radicals by hydrogen transfer

from the a-hydroxy radical to the imine and dimerization of the e-amino radicals.

One anil and three imidates

were found to be unreactive under the specified photolysis conditions.

Recent studies of the photochemistry of imines sug-
gest that many of the reported reactions actually do not
involve a photoexcited state of the imine. Aryl imines
have been shown to undergo reduction’? and reductive
dimerization® on photolysis via an «-amino radical
formed by hydrogen atom transfer to the imine from
an a-hydroxy radical initially formed by abstraction of a
hydrogen atom from the solvent by the sensitizer.
Padwa, Bergmark, and Pashayan have noted the
potential generality of this type of reaction for imines in
the presence of added or adventitious sensitizers.?
However, intramolecular reactions not usually ex-
plicable in terms of an a-amino radical are observed in
some imine photolyses.45
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We have investigated the photochemistry of some
acyclic imines which have a second functional group
suitably situated for intramolecular reaction with the
imine. Although the photochemistry of analogous
olefins and ketones suggests that intramolecular reaction
might be expected,® only reductive dimerization involv~
ing conversion of the imine to a substituted 1,2-diamine
is observed.
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On photolysis with light from a high-pressure
mercury lamp passed through a Pyrex filter, degassed
ethanol solutions of the imines la—f give a 50-709%,
yield of the 1,2-diamines 2a—f expected for reductive
dimerization. For 2a and 2d, only meso-diamines are

hv
CsH;CR=N—R' —> C:H;CR—NHR'
1

CeH;CR—NHR/’

2
a, R = H, R’ = (CH.)CN
bR = H, R’ = (CH,).CH==CH,
¢, R = H, R’ = (CH,);NHCOCH;
d, R = H, R’ = (CH,;):NHCOCH;
e, R = H, R = (CH,)CH(OH)C:H;
f, R = CH; R’ = (CH,),CN

isolated but comparable amounts of dI and meso
compounds are obtained for 2b and 2¢. For 2e and 2f,
stereochemistry is not assigned; the instability of 2e
precluded preparation of an analytical sample.

The products are identified by a combination of
spectral and chemical methods. In addition to the ir,
nmr, and uv spectra expected for 2a-f, mass spectrom-
etry establishes the molecular weight and shows the
major fragmentation to be the expected « cleavage.”
Authentic meso-diamine 2a was synthesized by reaction
of meso-1,2-diamino-1,2-diphenylethane with acrylo-
nitrile and is identical with the photoproduet. Lithium
aluminum hydride reduction of 2a gives the same tetra-
amine as does hydrolysis of meso 2¢ and, establishing
the stereochemistry of the latter, aluminum amalgam
reduction of 1a and 1d also gives the meso-diamines 2a
and 2d.%8

On the basis of previous work,'—2 the pathway for
conversion of 1 to 2 could be anticipated to involve
hydrogen transfer from an o-hydroxy radical, formed
by abstraction of hydrogen from the solvent by a
sensitizer, to the imine followed by dimerization of the
relatively stable a-amino radicals. The sensitizer in
the photolyses of 2a—e would be benzaldehyde, either
present in trace amounts as in the imine or formed during
the irradiation. The contrast of the high sensitizer
efficiency of m-methoxyacetophenone, which does not
abstract hydrogen readily, has been used as a test for
“‘chemical sensitization” by Monroe and Wiener.®
Consistent with the expected mechanism, the conver-
sion of la to 2a is efficiently sensitized by benzaldehyde
but not by m-methoxyacetophenone (Table I). An
attempt to intereept the e-hydroxy radicals with
2-mercaptomesitylene!® and thus increase the probabil-
ity of observing photoreactions of the imine la was
unsuccessful. In fact, retardation of the reductive
dimerization, as expected if a-hydroxy radicals are
involved in the reaction, was observed (Table I).

Photolyses of ethanol solutions of ethylenediamine-
N,N'’-dibenzylidene [1, R = (CH,)sN=CHCH;] and
propylenediamine-N,N’-dibenzylidene [1, R = (CH,)s-
N=CHCH;] gave polymeric products,*! thus providing

(7) H. Budzikiewicz, C. Djerassi, and D, H, Williams, ‘“Interpretation
of Mass Speoctra of Organic Compounds,” Holden-Day, 8an Francisco, Calif.,
1964, p 63.

(8) R. Jaunin, Helv. Chim, Acta, 89, 111 (1956).

(9) B. Monroe and 8. Weiner, J, Amer, Chem. Soc., 91, 450 (1969).

(10) 8. G. Cohen, D, A, Laufer, and W, V. Sherman, {bid., 86, 3060 (1964).

(11) Polymer formation on photolyses of & number of diimines has pre-
viously been reported by M, P. Cava, ‘‘Report by The Ohio State University
Research Foundation,” cited in Sci-Tech Aerosp. Rep., 4, 1614 (1966).

In the present case, attempts to detect the reduced amine or products
of [3.3) rearrangements were not successful,

BEAk AND PAYET

TaBre I

EFFECTS OF ADDED SENSITIZERS AND INHIBITORS ON THE
Puorovyses orF 2-CYANOETHYLAMINE-N-BENZYLIDENE (1a)
% 2-cyanoethylamine-N-benzylidene remaining

Time, kv, in the presence of

hr Blank PhCHOQO?* MAP? MMS®
0.5 56
1 96 3 89 100
2 74 73
3 54 0 65 94
4 38 30 92
9 81

15 59

¢ 1:1 M benzaldehyde; benzaldehyde absorbs 509 of incident
light. *m-Methoxyacetophenone absorbs 959, of incident light.
¢0.1 M 2-mercaptomesitylene relative to imine; 2-mercapto-
mesitylene absorbs 59, of incident light.

further support for the formation of 1,2-diamines by
dimerization of o-amino radicals® rather than by
combination of a-amino radicals with an imine group.

Solutions of 1a-d, 1f, and the 1,2-diimines in alkane or
benzene solvents do not show reactions upon irradiation.
Presumably because the alcohol function served to
provide a hydrogen atom for a trace of sensitizer, the
aleohol imine le gives a low yield of 2e under these
conditions.

Experimental Section!?

2-Cyanoethylamine-N-benzylidene (la).—A benzene solution
of 15 g (0.21 mol) of 3-aminopropionitrile!® and 22.2 g (0.21 mol)
of benzaldehyde was heated at reflux for 6 hr. The benzene
was evaporated and the residue was distilled to give 27.9 g
(849, of 1la:  bp 128° (2.0 mm); uv max (95% ethanol) 248 mu
(e 1.68 X 10%); uv shoulder 280 mu (e 1.70 X 10%), 288 (1.11 X
10%); ir (neat) 2210 (C=N)and 1620 ¢cm~* (C=N); nmr (CDCl;)
5 8.17 (s, 1, CH=N), 7.79-7.15 (m, 5, ArH), 3.64 (t, 2, J =
6.8 Hz, CH,); mass spectrum (70 eV) m/e (rel intensity) 158
(38, molecular ion), 118 (100), 104 (20), 91 (74), 77 (20). A
series of molecular distillations gave analytically pure la.

Anal. Caled for CieHieN2: C, 75.92; H, 6.37; N, 17.71.
Found: C,76.07; H,6.57; N, 17.65.

Acetophenone-N-(2-Cyano )ethylimine (1f).—A xylene solu-
tion (40 ml) of 2.65 g (0.02 mol) of acetophenone, 1.57 g (0.02
mol) of aminopropionitrile,’® and 0.5 ml of 489, HBr was heated
at reflux for 34 hr. Vacuum distillation gave 1.5 g (409;) of 1f:
bp 185° (0.4 mm); uv max (95% ethanol) 242 mu (e 1.07 X
104); ir (neat) 2220 (C==N); nmr (CDCl;) & 8.0-7.2 (m, 5,
ArH), 3.65 (%, 2, J = 6.5 Hz, CH,), 2.77 (%, 2, J = 6.5 Hz, CHy),
and 2.24 ppm (s, 3, CH,); mass spectrum (70 eV) m/e (rel
intensity) 172 (15, molecular ion), 132 (19), 91 (51), 77 (100).
A series of molecular distillations gave a colorless liquid.

Anal. Caled for CyHpNa2: O, 75.71; H, 7.02; N, 16.27.
Found: C,75.17; H,7.02; N, 16.57.

3-Butenylamine-N-benzylidene (1b).—Benzaldehyde, 4.5 g
(0.043 mol), 3-butenylamine,'¢ 3.0 g (0.043 mol), obtained from 4.5
g of 3-butenylamine hydrochloride, and sodium sulfate, 2 g, were
shaken in ether (150 ml) for 11 hr at 25°. After the sodium

(12) All melting points (corrected) were taken on a Biichi capillary melt-
ing point apparatus. Ir spectra were run on Perkin-Elmer Model 521 and
137B ir spectrometers, and uv spectra were obtained on a Cary 14 uv—visible
spectrometer. Varian Associates T-60, A-60A, A-56/60A, and HA-100
spectrometers were used to determine the nmr spectra, and chemical shifts
are reported in & (parts per million) relative to the internal standard TMS
(TMS). The mass spectra were measured on an Atlas CH4 mass spectrom-
eter and relative intensities are reported as per cent of the base peak of the
mass spectrum. Preparative tle plates (2000 mu) were made of Merck
silica gel (PFu4). Elemental analyses were provided by Mr. J. Nemeth
and associates,

A Hanovia Type L, 450-W, high-pressure quartz mereury-vepor immersion
lamp fitted with & Pyrex filter was used for most photolyses. A Hanovia
23-W, Type 8C-2537, low-pressure Vycor mercury immersion lamp was em-
ployed for irradiations with <300-mp light. .

(13) 8. R. Bug, J. H, Ford, and E. C. Wise, J. Amer. Chem. Soc., 67,
92 (1945).

(14) J. D. Roberts and R. H. Mazur, 1bid., 18, 2509 (1951).
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sulfate had been removed, fresh sodium sulfate was added and
the mixture was heated at reflux for 40 hr. Low-boiling com-
ponents were removed by distillation at atmospheric pressure
and the residue was vacuum distilled three times to give 3.6 g
(54%) of 1b: bp 75-80° (0.18 mm); uv max (95% ethanol)
248 mpu (e 2.05 X 10%); uv shoulder 270 mu (¢ 1.71 X 10%),
and 279 (1.09 X 108%); ir (neat) 1656 (C=C) and 1647 cm™
(C=N); nmr (CDCL) & 8.21 (¢, 1, J/ = 1 Hz, CH=N), 7.52
(m, 5, ArH), 5.83 (m, 1, C=CH-), 5.07 (m, 2, CH,=), 3.65
(t,d, 2,J = 7.5, 1 Hz, -CHy—N==), and 2.46 ppm (m, 2, J =
7.5 Hz, =CCH,-); mass spectrum (70 eV) m/e (rel intensity)
159 (18 molecular ion), 118 (65), 104 (10), 91 (100), 77 (15).

Anal. Caled for CuHiN: C, 82.97; H, 8.23; N, 8.80.
Found: C,83.22; H, 8.08; N, 8.62.

N-Acetyl-N'-benzylidene-1,3-propanediamine (1¢).—Benzalde-
hyde, 6.7 g (0.064 mol), and N-(3-aminopropyl)acetamide,
7.3 g (0.064 mol), were heated at reflux in benzene (50 ml) for
26 hr. The benzene and unreacted benzaldehyde were removed
by vacuum distillation, and the residue was purified by a series
of molecular distillations to give a clear oil. Cooling gave a
white solid which was recrystallized from ether to give 2.3 g
(179%) of 1¢: mp 61.5-62.5°; uv max (95% ethanol) 248 mu
(e 1.62 X 10%); uv shoulder 279 mp (¢ 1.41 X 10%) and 288 (9.0 X
10?); ir (CHCl;) 3450, 3320 (NH) and 1650 em~! (C==0 and
C==N); nmr (CDCl;) 3 8.24 (¢, 1, J = 1 Hz, CH=N), 7.80-
7.25 (m, 5, ArH), 6.80 (broad, 1, CONH), 3.66 (¢, d, 2, J =
6, 1 Hz, CH~-N), 3.33 (m, 2, N-CH,;-), 1.95 (s, 3, CHs), and
1.94 ppm (quintet, 2, J = 6 Hz, C-CHs-C); mass spectrum
(70 eV) m/e (rel intensity) 204 (13, molecular ion), 145 (32),
132 (100), 118 (43), 91 (34), 43 (48). .

Anal. Caled for C2HigN:0: C, 70.56; H, 7.90; N, 13.71.
Found: C,70.71; H,7.81; N, 13.95.

N-Benzylidene-N’-benzoyl-1,2-ethanediamine (1d).—N-(2-
Aminoethyl)benzamide, 2.85 g (0.018 mol), and benzaldehyde,
1.84 g (0.018 mol), were heated at reflux in benzene (40 ml) for
12 hr. The benzene was evaporated to give a brown-white
solid which was recrystallized from benzene to give 3.17 g
(70%) of 1d: mp 128-130°; uv max (95% ethanol) 244 mpy
(¢ 2.56 X 10%); uv shoulder 215 mu (e 1.60 X 104), 280 (2.64 X
10%), and 290 (1.12 X 10%); ir (neat) 3440 (NH), 1650 (C=0),
and 1640 em™! (C=N); nmr (CDCL) 5 8.34 (s, 1, CH=N),
7.86~7.15 (m, 10, ArH), 6.80 (broad, 1, CONH), and 3.80 ppm
(m, 4, CHo~CH,); mass spectrum (70 eV) m/e (rel intensity)
252 (41, molecular ion), 131 (43), 118 (58), 105 (83), 91 (49),
78 (100), 77 (66).

Anal. Caled for CieHisN0: C, 76.16; H, 6.39; N, 11.10.
Found: C,76.04; H, 6.46; N, 10.96.

2-Hydroxy-2-phenylethylamine-N-benzylidene (le).—Benzal-
dehyde, 3.1 g (0.029 mol), and 2-hydroxy-2-phenylethylamine,
4.0 g (0.029 mol), were heated at reflux in benzene (40 ml) for
3 hr. The solution was cooled to give a white precipitate which
was recrystallized from benzene to give 5.7 g (86%) of le:
mp 115.0-115.5°; uv max (95% ethanol) 248 mp (¢ 1.95 X 10%);
uv shoulder 280 mu (¢ 1.87 X 10%) and 290 (1.46 X 10%); ir
(CHCly) 3500 (OH) and 1643 cm~! (C=N); nmr (CDCl,)
5824 (t,1,J = 1 Hz, CH=N), 7.85-7.14 (m, 10, ArH), 4.97
(m, 1, CH-0), 3.76 (m, 2, CH,-N), and 3.22 ppm (broad, 1,
OH); mass spectrum (70 eV) m/e (rel intensity) 225 (1, molecular
ion), 208 (1), 148 (2), 118 (100), 91 (41), 77 (15).

Anal. Caled for Ci:Hi:NO: C, 79.97; H, 6.71; N, 6.22.
Found: C,79.97; H, 6.85; N, 6.35.

5-Hexen-2-one Anil (3).—A benzene solution (40 ml) of 5-
hexen-2-one, 10.0 g (0.01 mol), aniline, 9.5 g (0.01 mol), and
489, HBr, 0.1 ml, was heated at reflux for 10 hr. The solvent
was removed, and the residue was vacuum distilled three times
to give 6.3 g (369,) of pale yellow 3: bp 71-72° (0.2 mm);
uv max (959, ethanol) 221 mu (¢ 1.28 X 10%) and 281 (3.58 X
10%); ir (neat) 1670 (C==C) and 1650 em~* (C==N); nmr (CDCl;)
8 7.4-6.5 (m, 5, ArH), 5.7 (m, 1, =CH-), 5.0 (m, 2, CH,),
2.6-2.1 (m, 4, CH,~CH,), and 1.73 ppm (s, 3, CH;); mass
spectrum (70 eV) m/e (rel intensity) 173 (35, molecular ion),
158 (28), 118 (100), 77 (84), 55 (43). The anil was stored under
vacuum.

Because the anil was too unstable to be characterized by
analysis, it was reduced to 5-(N-phenyl)amino-1-hexene. An
ether suspension (30 ml) of 5-hexen-2-one anil, 1.6 g (0.0094
mol), and lithium aluminum hydride, 3.5 g (0.094 mol), was

(15) 8. R. Aspinall, J. Amer. Chem. Soc., 63, 2160 (1940).
(16) A.J. Hill and 8, R. Aspinall, ibid., 61, 822 (1939).
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heated at reflux for 12 hr. Quenching with moist sodium sulfate
and filtration, concentration, and two vacuum distillations gave
1.33 g (80%) of 5-(N-phenyl)amino-1-hexene: bp 79-80° (0.2
mm); uv max (959, ethanol) 252 mu (¢ 1.4 X 10¢) and 300 (1.8
X 10%); ir (neat) 3350 (NH) and 1640 cm™ (C=C); nmr
(CDCL) 6 7.3-6.4 (m, 5, ArH), 5.8 (m, 1, =CH-), 5.0 (m, 2,
CH==C-), 3.40 (m, 1, CH-N), 3.18 (broad, 1, NH), 2.14 (m, 2,
CH,), 1.56 (m, 2, CH;), and 1.15 ppm (d, 3, J = 6 Hz, CH;);
mass spectrum (70 eV) m/e (vel intensity) 175 (6, molecular
ion), 160 (30), 120 (100), 77 (51).

Anal. Caled for CHyN: C, 82.23; H, 9.78; N, 7.99.
Found: C, 82.22; H, 9.90; N,8.07.

Ethylenediamine-N,N’-dibenzylidene,” N-methylbenzimino-
methyl ether,’®* N-methylbenziminomethyl ether,* N-phenyl-
acetiminomethyl ether,® and N-phenylbenziliminomethyl ether?
were prepared by standard procedures.

meso-1,2-Diamino-1,2-diphenylethane was synthesized by the
method of Staab and Vogtle:22 mp 117-118° (lit.22 mp 118°);
uv max (ethanol) 259 mpu (e 428); ir (CHCL) 3330 ecm ™! (NH);
nmr (CDCls) 8 7.27 (s, 10, ArH), 3.94 (s, 2, CH), and 1.23 ppm
(S, 4, NHQ).

meso-N,N’-Bis(2-cyanoethyl)-1,2-diamino-1,2-diphenylethane
(2a).—Acrylonitrile, 8.1 g (0.15 mol), and meso-1,2-diamino-
1,2-diphenylethane, 1.5 g (0.007 mol), plus 40% potassium
hydroxide, 0.5 ml, were heated at reflux for 60 hr. The mixture
was made strongly basic with 409, sodium hydroxide (20 ml)
and was extracted with chloroform. The extract was dried
(MgS0.) and concentrated to give a viscous oil which was crystal-
lized from 959, ethanol to give 0.2 g (109%,) of 2a: mp 106~
107°; mmp (with 2a from photolysis) 106-107°; ir (Nujol)
3310 (NH) and 2250 ecm~! (C=N); nmr (CDCly) § 7.52-7.15
(m, ArH), 3.85 (s, Ph—-CH), 2.65 (t, J = 6 Hz, CHs), 2.28 (%,
J = 6 Hz, CH,), and 1.65 ppm (s, NH, exchanges in D.0);
mass spectrum (70 eV) m/e (rel intensity) 318 (0.03, molecular
ion), 159 (100), 118 (17), 91 (1), 77 (4).

Anal. Caled for CooHuNy: C, 75.45; H, 6.96; N, 17.59.

Found: C,75.74; H,7.01; N, 17.52.

meso-N,N'-Bis(3-aminopropyl)-1,2-diamino-1,2-diphenyleth-
ane.—An ether suspension (40 ml) of lithium aluminum
hydride, 3 g (0.08 mol), and meso-N,N’-bis(2-cyanoethyl)-1,2-
diamino-1,2-diphenylethane, 0.279 g (0.0018 mol), was heated
at reflux for 16 hr. The reaction was quenched with moist
sodium sulfate to give, after evaporation of solvent, 0.116 g
(419%,) of a pale yellow oil: uv max (959, ethanol) 249 mu (e
8.4 X 10%); ir (CHCl;) 3450, 3380, 3300 cm™~! (NH); nmr
(CDCL) 8 7.35 (s, 10, ArH), 3.72 (s, 2, benzyl), 2.4 (m, 8,
N-CH,), 1.36 (broad, 6, NH; exchanges in D;0), and 1.41 ppm
(m, 4, C-CHy—C); mass spectrum (70 eV) m/e (rel intensity)
327 (3, M+ 4+ 1), 163 (54), 120 (67), 105 (7), 91 (52), 77 (11),
58 (35), 43 (100). v

A picrate was made in 959, ethanol and recrystallized from
methanol: mp 228-230°; mmp (with picrate of the tetraamine
from hydrolysis of 2¢) 228-230°; the ir spectrum was identical
with that of tetraamine, obtained from hydrolysis of the photo-
dimer 2c.

The tetrabenzamide was made by the Schotten—-Baumann?®
method and was recrystallized from methanol to give pure
material: mp 262-263;° mmp (with tetraamide derived from
the photodimer 2¢) 262-263°; ir (KBr) 3350, 3260 (NH) and
1635, 1620 (sh) em~! (C==0); mass spectrum (70 eV) m/e (vel
intensity) 742 (0.05, molecular ion), 637 (0.1), 460 (5), 371 (16),
267 (2), 249 (24), 146 (37), 105 (100), 91 (5), 77 (31).

Anal. Caled for CHiNOy: C, 77.60; H, 6.24; N, 7.54.
Found: C,77.32; H,6.20; N,7.75.

Aluminum Amalgam Reduction of 2-Cyanoethylamine-N-
benzylidene.—An ether suspension (80 ml) of the eyanoimine,
2.5 g (0.016 mol), and aluminum amalgam,? 3 g (0.01 mol),

(17) M. Rebenstorf, U. 8. Patent 2773098 (1956); Chem. Abstr., b1,
P14802d (1957).

(18) I, Ya, Postovsky and N, G, Nosenkova, J. Gen. Chem. USSR, 27,
595 (1957).

(19) G. D. Lander, J. Chem, Soc., 88, 324 (19803).

(20) G. D. Lander, ibid., 79, 680 (1901).

(21) G. D. Lander, bid., 81, 595 (1902).

(22) H. A. Staab and F. Vogtle, Chem, Ber., 98, 2681 (1965).

(23) R. L. Shriner, R, C. Fuson, and D Y. Curtin, “The Systematic
Identification of Organic Compounds,” 5th ed, Wiley, New York, N. Y.,
1964, p 114,

(24) L. F, Fieser and M. Fieser, “Reagents for Organic Synthesis,”” Wiley,
New York, N. Y., 1967, pp 20-21,
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was allowed to stand for 16 hr. The amalgam residue was re-
moved and triturated with boiling methanol, which was combined
with the original solution and condensed to give 2.12 g of yellow
oil. The nmr spectrum (CDCl;) of the crude product showed
some impurities (8 7.1 and 3.1 ppm) and possibly 59, dl
isomer. Part of the produet was crystallized to give 0.5 g (209%)
of meso-N,N’-bis(2-cyanoethyl)-1,2-diamino-1,2-diphenylethane
2a: mp 106-107°; mmp (with 2a from photolysis) 106-107°;
the ir and nmr spectra were identical with those of 2a from
photolysis.

Aluminum Amalgam Reduction of B-Benzoyl-N’-benzylidene-
1,2-ethanediamine (1d).—An ether-tetrahydrofuran suspension
(250 ml, 2:1, v:v) of N-benzoyl-N'-benzylidene-1,2-ethane-
diamine, 0.54 g (0.002 mol), and aluminum amalgam,? 5.0 g
(0.017 mol), was allowed to stand for 8 hr. The amalgam residue
was collected by vacuum filtration and triturated three times
with boiling methanol. The filtrates were combined, refiltered,
and condensed to give 0.52 g (96%) pale vellow solid which was
recrystallized from methanol to give 0.38 g (709%,) of 2d: mp
207-208°; mmp (with 2d isolated from the photolysis) 207-208°;
uv max (95% ethanol) 220 mp (¢ 2.06 X 10¢); ir (KBr) 3420
(NH) and 1635 cm ! (C=0); nmr (CDCls) 8 7.7-7.2 (m, 20,
ArH), 6.36 (broad, 2, CONH), 3.83 (s, 2, benzyl), 3.36 (m, 4,
N-CH,), 2.60 (m, 4, N-CH;), and 1.7 ppm (broad, 2, NH);
mass spectrum (70 eV) m/e (vel intensity) 507 (1, M+ + 1),
253 (51), 148 (76), 118 (52), 105 (71), 91 (51), 77 (100).

General Photolysis Procedure.—Most irradiations were done
in a Pyrex vessel containing a water-cooled, quartz immersion
well into which were placed the high-pressure lamp and the filter.
Before irradiation the solution was degassed with dry, oxygen-
free nitrogen for a minimum of 30 min. Nitrogen was also
bubbled through the reaction solution during the irradiation.
All photolyses in hexane and alcoholic solvents were monitored
by the disappearance of the ultraviolet absorption of the imine
chromophore.

Photolyses of 2-Cyanoethylamine-N-benzylidene.—A 959,
ethanol solution (425 ml) of the benzylidene 1a, 0.131 g (0.00083
mol), was irradiated for 6. hr. The solution was concentrated
to a volume of 5 ml and cooled to give 639, white solid which
was recrystallized from methanol and was shown to be meso-N ,-
N’-bis(2-cyanoethyl)-1,2-diamino-1;2-diphenylethane (2d): mp
106-106.5°; uv max (ethanol) 259 mu (e 470); ir (Nujol) 3310
(NH) and 2250 em™! (C=N); nmr (CDCl;) § 7.50-7.10 (m, 10,
ArH), 3.82 (s, 2, benzyl), 2.64 (t, 4, J = 6 Hz, CH,), 2.28 (t, 4,
J = 6 Hz, CH,), and 1.65 ppm (s, 2, NH; exchanges in D;0);
mass spectrum (70 eV) m/e (rel intensity) 318 (0.4, molecular
ion), 159 (100), 118 (16), 91 (9), 77 (2); metastables m/e (frag-
mentation) 87.6 (159-118) and 69.6 (118-91).

Anal. Caled for CoHpuNy: C, 75.45; H, 6.96; N, 17.59.
Found: C,75.60; H, 6.80; N, 17.36.

To determine the yield of 2a, 0.130 g of crude photoproduct was
developed (CHCL:) on a preparative tle plate. Elution of the
bands with methanol-chloroform gave 0.098 g (76%) of a viscous
oil whose ir spectrum (CHCl;) was identical with that (CHCI;)
of 2a. Addition of ethanol gave a solid (mp 102-105°).

Experiments were run to determine the effect of sensitizing
and inhibiting agents on the irradiation of 2-cyanoethylamine-N-
benzylidene (la); the data obtained are summarized in Table I.
A 959, ethanol solution (625 ml) of benzylidene la and the
appropriate compound was stirred and degassed for 30 min before
irradiation. A 100-ml portion was then removed, and the re-
maining 525 ml was irradiated for the indicated time. The
solutions were concentrated and their nmr spectra were recorded.
The amount of la remaining was determined from the relative
areas of the benzylidene proton (3 8.17 ppm) and the aromartic
protons (8 7.79-7.15 ppm) in the nmr spectrum.

In one experiment a 959 ethanol solution (525 ml) of 2-
cyanoethylamine-N-benzylidene (1a) 0.541 g (0.00342 mol), and
2-mercaptomesitylene, 0.568 g (0.00376 mol), was irradiated
for 86 hr; the nmr spectrum showed that 469, of the imine la
remained. Tlc and the nmr spectrum of the product indicated
that the imine la, the mercaptan, hydrobenzoin, 1-phenyl-1,2-
propanediol, and the photodimer 2a were present. The product
was then extracted with 8%, hydrochloric acid and water. The
extract was 0.075 g yellow oil whose nmr spectrum (CDCl;)
indicated the presence of the photodimer 2a (50%) and a mixture
of hydrobenzoin (259%) and 1-phenyl-1,2-propanediol (259%).
The nonbasic material was then extracted with 409, potassium
hydroxide and water to remove as much 2-mercaptomesitylene
as possible. The remaining chloroform solution yielded 0.376 g
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of brown tar whose nmr spectrum (CDCl;) indicated the presence
of hydrobenzoin (26%) and 2-mercaptomesitylene (759%;). A
control extraction showed that the imine hydrolyzed under the
extraction conditions. No new photoproducts were found.

Photolyses of 1a in benzene and hexane led only to recovered
la. Photolyses with a low-pressure mercury lamp gave only
unidentified products.

Photolysis of Acetophenone-N-(2-Cyano)ethylimine (1f).—
A 959, ethanol solution (525 ml) of the azomethine, 0.530 g
(0.0032 mol), was irradiated for 35 hr. The ethanol was con-
centrated to give 0.318 g (60%) of a white solid which was re-
crystallized from methanol to give pure 2f: mp 131-133°;
uv max (95% ethanol) 259 mpu (e 457); ir (Nujol) 3280 (NH)
and 2210 cm ™! (C=N); nmr (CDCl;) 6§ 7.45-7.95 (m, 10, ArH),
2.80-2.35 (m, 8, CH:~CH,), 2.10 (s, 2, NH; exchanges in D;0),
1.58 (s, 3, CHs), and 1.49 ppm (s, 3, CH;); nmr (DMSO-ds,
90°) no change in position or relative intensity of 6 1.58 and 1.49
ppm signals; mass spectrum (70 eV) m/e (rel intensity) 346
(0.2, molecular ion), 173 (100), 132 (16), 91 (17), 77 (8); meta-
stables m/e (fragmentation) 100.7 (173-132) and 62.7 (132-91).

Anal. Caled for CpoHyeNy: C, 76.27; H, 7.56; N, 16.17.
Found: C,76.36; H, 7.56; N, 16.39.

Photolyses of 3-Butenylamine-N-benzylidene.—The imine 1b,
0.51 g (0.0032 mol), was irradiated in 959, ethanol (425 ml)
for 10 hr. The ethanol was removed, leaving 0.50 g (98%)
yellow oil whose nmr spectrum (CDCl;) showed two benzyl
peaks at 6 3.76 and 3.68 ppm (area ratio, 1:1). The crude
product was chromatographed on a silica gel column.

From a benzene-2%, ether elutant was isolated 0.21 g (42%)

- pale yellow oil which was crystallized from pentane to give 0.14

g (28%) of meso-N,N’-bis(3-butenyl)-1,2-diamino-1,2-diphenyl-
ethane (2b): mp 40-41°; uv max (95% ethanol) 259 mpu (e
5.1 X 10%); ir (CClL,) 3420 (NH) and 1640 cm~! (C=C); nmr
(CDCl) 8 7.36 (s, 10, ArH), 5.50 (m, 2, =C-CH), 4.80 (m, 4,
CHz=), 3.78 (s, 2, benzyl), 2.34 (m, 4, CH,), 2.17 (m, 4, CH,),
and 1.49 ppm (broad, 2, NH, exchanges in D;0); mass spectrum
(70 eV) m/e (rel intensity) 320 (1, molecular ion), 160 (100),
131 (175), 118 (74), 104 (22), 91 (85), 77 (30).

Anal. Caled for CwHasNo: C, 82.45; H, 8.81; N, 8.74.
Found: C,82.55; H, 8.89; N, 8.82.

Eluted from benzene-29, ether was 0.17 g (34%) of pale yellow
oil which could not be crystallized. It was assigned the structure
of dI-N,N’-bis-(3-butenyl)-1,2-diamino-1,2-diphenylethane (2b)
on the basis of the following evidence: uv max (95% EtOH) 249
mu (¢ 7.5 X 10%); ir (CCL) 3300 (NH) and 1640 em ™! (C==C);
nmr (CDCl;) 8 7.14 (s, 10, ArH), 5.8 (m, 2, =CH-), 5.1 (m, 4,
CH,=C-), 3.66 (s, 2, benzyl), and 2.7-2.0 ppm (m, 10, CH,
and NH); mass spectrum (70 eV) m/e (rel intensity) 320 (0.4,
molecular ion), 160 (100), 131 (35), 118 (9), 104 (5), 91 (16),
77 (5). A bis benzamide was made of this photodimer: mp
248-249°; ir (KBr) 1640 (C==C) and 1630 cm~* (C=0); mass
spectrum (70 eV) m/e (rel intensity) 528 (0.3, molecular ion),
264 (69), 105 (100), 91 (10), 77 (41).

Photolyses of N-Acetyl-N’-benzylidene-1,3-propanediamine
(1¢).—A 959 ethanol solution (525 ml) of the imine 2¢, 2.0 g
(0.0098 mol), was irradiated for 12hr. The ethanol was removed
and the residue was dissolved in chloroform, dried (Na,SO.),
and concentrated to give 2 g (1009%) of a pale yellow oil whose
nmr spectrum (CDCl;) contained 2 singlets at & 3.82 and 3.68
ppm (relative area 1:1, benzyl) and 2 singlets at § 1.92 and 1.88
ppm (relative area 1:1, CH;). The crude product was chroma-
tographed on a silica gel column.

From the chloroform-59% methanol elutant was isolated 0.76
g (339%,) of a yellow oil which was assigned the structure of meso-
N,N"-bis[3-(N-acetyl)aminopropyl] 1,2-diamino-1,2-diphenyleth-
ane 2¢:  uv max (959 ethanol) 253 mu (e 9.1 X 102); ir (CHCL)
3420, 3300 (NH) and 1653 cm~! (C=0); nmr (CDCl;) & 7.25
(s, 10, ArH), 6.55 (broad, 2, CONH), 3.86 (s, 2, benzyl), 3.19
(m, 4, N-CH,), 2.69 (broad, 2, NH, exchanges in D:0), 2.44
(t, 4, J = 6 Hz, N-CH,), 1.89 (s, 6, CH;), and 1.52 ppm (m, 4,
C-CH,-C); mass spectrum (70 eV), m/e (vel intensity) 410 (0.2,
molecular ion), 205 (48), 146 (3), 105 (8), 100 (30), 83 (22),
91 (16), 77 (8), 58 (21), 43 (100). This viscous oil appeared to
be sensitive to heat and air.

A picrate of the photodimer 2¢ was made in 95%, ethanol and
recrystallized from methanol: mp 226-227°; ir (KBr) 3400
(NH) and 1630 cm ~* (C==0).

Anal.- Caled for CosHoN1Os:  C, 49.77; H, 4.64; N, 16.12.
Found: C,49.72; H,4.59; N, 15.94.
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From the chloroform-109, methanol elutant was isolated
0.41 g (21%) pale yellow oil which was assigned the structure of
dlI-N,N'-bis[3-(N-acetyl)aminopropyl]-1,2-diamino-1,2- diphenyl-
ethane (2¢): uv max 253 mu (¢ 8.1 X 10%); ir (CHCl;) 3420,
3295 (NH) and 1653 em~ (C=0); nmr (CDCl;) 8 7.16 (s, 10,
ArH), 7.00 (broad, 2, CONH), 3.69 (s, 2, benzyl), 3.34 (m, 4,
N-CH,), 2.98 (s, 2, NH, exchanges in D:0), 2.50 (m, 4, N-CH,),
1.93 (s, 8, CH3), and 1.64 ppm (m, 4, C-CH»-C); mass spectrum
(70 eV) m/e (rel intensity) 410 (0.4, molecular ion), 205 (85),
146 (2), 105 (2), 100 (30), 91 (8), 83 (100), 77 (1), 43 (23).
Attempts to make a picrate of 2¢ were unsuccessful.

From the chloroform-5% methanol elutant was also isolated
0.27 g of a yellow oil whose nmr spectrum (CDCl;) was com-
patible with a mixture of the meso and dl photodimers: nmr 8
1.93 and 1.89 ppm (relative area 61.6%,:38.49,). From these
data total spectroscopic yields of 429, meso and 299, dl 2c,
respectively, were calculated.

To obtain the meso-tetraamine, the 1,2-diamine 2¢ (0.106 g,
0.00026 mol) was heated at reflux in 8% hydrochloric acid (25
ml) for 8 hr. The solution was extracted with chloroform, made
basic, and again extracted with chloroform, dried (NasSO.),
and concentrated to give 0.057 g (68%) of meso-N,N’-bis-(3~
aminopropyl)-1,2-diamino-1,2-diphenylethane: uv max (95%
ethanol) 249 mu (¢ 6.9 X 102); ir (CHCIl;) 3450, 3380, and 3300
em ™! (NH); nmr (CDCl,) 87.80 (s, 10, ArH), 3.83 (s, 2, benzyl),
2.4 (m, 8, N-CH,), 1.44 (m, 4, C~CH,~C), and 1.21 ppm (broad,
6, NH, exchanges in D;0); mass spectrum (70 eV) m/e (rel
intensity) 326 (0.2, molecular ion), 163 (13), 120 (10), 91 (6),
77 (2), 43 (100).

A picrate was made in 959 ethanol and recrystallized from
methanol: mp 228-229°; mmp (with picrate of authentic 2¢)
228-230°, A tetrabenzamide was made by the Schotten-
Baumann?® method: mp 261-263°; mmp (with benzamide
from authentic tetraamine) 261-263°; ir (KBr) 3350, 3260 (NH)
and 1635, 1620 ¢cm™! (C=0); mass spectrum (70 eV) m/e
(rel intensity) 742 (0.01, molecular ion), 460 (5), 371 (5), 276
(1), 249 (5), 146 (9), 105 (100), 91 (9), 77 (42).

Anal. Caled for CsHwN.Oy: C, 77.60; H, 6.24; N, 7.54.
Found: C,77.32; H, 6.20; N, 7.75.

Photolysis of N-Benzoyl-N’-benzylidene-1,2-ethanediamine
(1d)—A 959, ethanol solution (525 ml) of the imine la, 1.1 g
(0.0044 mol), was irradiated for 26 hr. The ethanol was re-
moved to give an off-white solid whose nmr spectrum (CDCl;)
exhibited only one benzyl peak (5 3.83 ppm). The crude product
was chromatographed on silica gel.

From chloroform-2%, methanol was eluted 0.55 g (509,) of off-
white solid whose nmr spectrum (CDCls) was identical with
that of the meso-1,2-diamine (2d) produced by aluminum amal-
gam reduction. This photoproduct was recrystallized from
methanol to give 0.48 g (44%,) of pure meso-N,N'-bis[2-(N-ben-
zoyl)aminoethyl]-1,2-diamino-1,2-diphenylethane (2d): mp 201—
203°; uv max (95% ethanol) 220 mu (¢ 3.36 X 10%); ir (Nujol)
3390 (NH) and 1630 em™ (C=0); nmr (CDCl) é 7.8-7.2
(m, 20, ArH), 6.7 (broad, 2, CONH), 3.87 (s, 2, benzyl), 3.44
(m, 4, CHj), and 2.67 ppm (m, 6, CH; and NH); mass spectrum
(70 eV) m/e (rel intensity ) 506 (0.005, molecular ion), 253 (100),
180 (14), 179 (15), 178 (12), 148 (53), 133 (8), 132 (3), 119 (3),
118 (8), 106 (10), 105 (42), 91 (8), 77 (17); metastables
(fragmentation) 86.57 (253-148), 74.49 (148-103), 44.41 (253-
106), 56.46 (105-77).

Anal. Caled for CpHaNOp: C, 75.86; H, 6.76; N, 11.06.
Found: C,75.69; H,6.63; N, 11.11.

Photolyses of 2-Hydroxy-2-phenylethylamine-N-benzylidene
(1e).—A 95% ethanol solution (525 ml) of the imine (le), 1.5 g
(0.0067 mol), was irradiated for 10 hr. The ethanol was re-
moved to give a pale yellow solid which was chromatographed on
silica gel.

From chloroform-2%, methanol was eluted 0.86 g (58%) of an
off-white solid 2e: mp 138-155° dec; ir (KBr) 3400 cm™
(NHOH). The solid was recrystallized from chloroform to give
0.08 g (6%) of 2e: mp 199-201° dec; uv max (959 ethanol)
259 my (e 2.4 X 10%); ir (KBr) 3400 em=! (NH); nmr (CDCly)
8 7.3 (m, 20, ArH), 4.5 (m, 2, Ph~CH~0H), 3.9 (m, 2, PhCH-
NH)., 3.6 (m, 8, CH,, OH, NH); mass spectrum (70 eV) m/e
(vel intensity) 452 (1, molecular ion), 345 (11), 226 (100), 209
(17), 208 (80), 121 (2), 120 (19), 119 (3), 118 (16), 117 (30),
106 (8), 105 (11), 104 (4), 103 (10), 91 (45), 77 (10). The fol-
lowing metastables (fragmentation) were found: 193.28 (226-
209), 191.43 (226-208); 70.39 (208-121), 65.81 (208-117),
54.02 (208-106), 39.81 (208-91).
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Attempts to purify or derivatize 2e failed.

Photolyses of ethylene-N,N’-dibenzylidene, propylene-N,N’-
dibenzylidene, N-methyl-O-methyl benzimidate, N-phenyl-O-
methyl acetimidate, and N-phenyl-O-metliyl benzimidate gave
starting materials or polymers which were not characterized.
Attempted sensitization of reactions of the imidates with benz-
aldehyde in ethanol solutions gave recovery of starting materials,
hydrobenzoin, and 1-phenyl-1,2-propanediol.

Results and Discussion

The apparently diverse photoreactions of a variety of
imines may be rationalized by the intermediacy of an
e-amino radical formed by hydrogen atom transfer
from an a-hydroxy radical to the imine.%%%% Such a
rationale is applicable to many of the photoreactions of
nitrogen hetero aromatics? as well as to simple and
substituted imines. Although mechanistic work clearly
needs to be done, it is interesting that almost all of the
presently known imine photochemistry may be rationa-
lized either by the ground-state process of an imine
forming an a-amino radical or by excited-state processes
which find formal analogy in systems having carbon-
carbon double bonds.*®

The nature of the excited species which could be
formed on irradiation of the imines la~f is not entirely
clear. Although striet analogy with the carbonyl group
would suggest n,7* excitation® under our conditions, we
do not observe the expected solvent shift of the shoulders
of the absorption bands at 280-290 mu for 1a on chang-
ing the solvent from 95% ethanol to hexane.** De-
tailed curve analysis of the uv spectrum of the anil of
benzaldehyde has been taken to indicate?® that the
n,7* absorption appears at 360 mu and the correspond-
ing absorption in benzophenone imine is reported at
345 mp. %4 We were unable to detect any absorption
maxima with ¢ >25 in the 300-400-mu region for
compounds la-f. By analogy with benzaldehyde
anil® it appears possible that the maxima observed as
shoulders for imines in the region 280-290 my include
absorptions which do not have appreciable contribu-
tions from the lone pair on nitrogen. If this is the case,

(25) (a) P. Cerutti and H, Schmid, Helv. Chim. Acta, 45, 1992 (1962);
(b) W. Dorscheln, H. Tiefenthaler, H, G&th, P, Cerutti, and H, 8Schmid,
ibid,, 80, 1759 (1967); (¢) P. J. Collin, J. 8. Shannon, H, Silberman, 8.
Sternhell, and G, Sugowdz, Tetrahedron, 24, 3069 (1968); (d) E. 8. Huyser,
R, H. 8, Wang, and W. T, Short, J. Org. Chem., 88, 4323 (1968); (e) D. A.
Nelson, R. L. Atkins, and G. L. Clifton, Chem. Commun., 399 (1968); (f)
F. Fischer, J. Org, Chem., 89, 2438 (1958); (g) A.Schénberg, N. Latif, R.
Moubasher, and W, I. Awad, J. Chem. Soc., 374 (1950); (h) T. Okada,
M. Kawanisi, and H. Nozaki, Tetrahedron Lett., 927 (1969); (i) E. Fischer
and Y. Frei, J. Chem, Phys., 87, 808 (1956); (j) G. Wettermark and L.
Dogliotti, tbid., 40, 1486 (1964); (k) D. G. Anderson and G, Wettermark,
J. Amer, Chem, Soc., 87, 1433 (1965); (I) 8. G. Cohen and B, Green, 1bid.,
91, 6824 (1969); (m) J. C. Bloch, Tetrahedron Lett., 4041 (1969); (n) G.
Balogh and F. C. DeSchryver, ibid., 1371 (1968); (o) B. Fraser-Reid, A.
MecLean, and E. W. Usherwood, Can. J. Chem., 47, 4511 (1969).

(26) The formation of 1,2-di(2-isobutyl-4,5-diphenylimidazoyl)ethane
on photolysis of 2,3-dihydro-2-isobutyl-5,6-dipheny1pyrazine“" is best ex-
plained by such a process.

(27) P. Beak and W, Messer in '‘Organic Photochemistry,” Vol. 2, O. L.
Chapman, Ed., Marcel, Dekker, New York, N, Y., 1960, Chapter 3; E. V.
Donckt and G. Porter, J. Chem. Phys., 46, 1173 (1967); F. R. Stermitz,
R. P. Seiber, and D, E. Nicodem, J. Org. Chem., 88, 1136 (1968); M. Scholz,
H. Herzschuh, and M. Muhlstédt, Tetrahedron Lett., 3685 (1968); M. Ochiai,
E. Mizuta, Y. Asehi, and K, Morita, Tetrahedron, 24, 5861 (1968); H,
Linschitz and J, 8. Connolly, J. Amer. Chem. Soc., 90, 2079 (1068); D. Elad,
I. Rosenthal, and H. Steinmaus, Chem. Commun., 305 (1969); E. C. Taylor,
Y. Maki, and B, E, Evans, J, Amer, Chem. Soc., 91, 5181 (1969). An al-
ternative possibility of reaction via a hidden n,r* excited state has recently
been suggested: D, G. Whitten and Y, J. Lee, ¢bid., 92, 415 (1970},

(28) W. Meister, R. D. Guthrie, J. L. Maxzwell, D, A, Jaeger, and D, J.
Cram, 1bid,, 91, 4452 (1969).

(29) H. H. Jaffe, 8, Yeh, and R. W, Gardner, J. Mol, Spectrosc., 3, 120
(1958),
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the limited and formal analogy between imine and
carbon-carbon double-bond photochemistry, for those
cases which involve a chromophore which contains the
excited imine, is not so unreasonable as it might appear.

The meso isomers of 2a and 2c¢ are unambiguously
assigned on the basis of the above chemical conversions.
Assignments of meso and dl stereochemistries for 2b rest
on the assumption that the resonances of the benzyl
proton in the meso isomer will appear downfield from
those of the dl isomer. Such a difference is observed
in the mixture from 2¢ and in analogous glycols.® The
meso structure of 2d is provisional and follows from its
preparation by aluminum reduction of the imine, a
reaction which appears to give meso products.®?
Small energy differences due to steric effects and hy-
drogen bonding in the transition states for radical
coupling leading to the meso and dl products could
account for the different sterochemistries,$* but a
contribution from photochemical equilibration has not
been ruled out.

Intramolecular photoeyclization between a carbonyl
group and a carbon-carbon double bond has been
observed with 5-hexen-2-ones.®* The corresponding

NC:H; OR/’

| |
CHs——é~CHzCH=CHz R—O=N—R"
4
3 R = R’ = CHy; R” = C,Hs
R = CiHy; R’ = R = CH,
R = R = CH;; R’ = CH,

(30) J, Wiemann, G. Dana, 8, Thuan, and M. Brami, C. R, Acad. 8¢i.,
Ser, C, 288, 3724 (1964).
(31) J. H. Stocker and R. M. Jenevein, J. Org. Chem., 84, 2807 (1969).
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anil 3 was prepared and irradiated in hexane, benzene,
and alecohol. In each case starting anil or polymeric
products were observed. Imidates also appear to be
stable to some photolyses.®? Photolyses of the imidates
4 in hexane, benzene, or ethanol give polymeric products
or starting material. Attempts to sensitize the photo-
reaction with benzaldehyde in ethanol give only hydro-
benzoin® and 1-phenyl-1,2-propanediol.3¢

Registry No.—1a, 25630-14-2; 1b, 25558-09-2; 1c,
255568-10-5; 1d, 25558-11-6; 1le, 25558-12-7; 1f,
25558-13-8; 2a (meso), 25558-54-7; 2b (dl), 25558-39-8;
2b (meso), 25558-55-8; 2¢ (dl), 25558-57-0; 2¢ (meso),
25558-56-9; 2c¢ (meso) (picrate), 25630-15-3; 2d (meso),
25558-58-1; 2e, 25558-14-9; 2f, 25558-15-0; 3, 25558-
16-1; 5-(N-phenyl)amino-1-hexene, 25558-17-2; meso-
1,2-diamino-1,2-diphenylethane, 951-87-1; meso-N,N’-
bis(8 - aminopropyl) - 1,2-diamine-1,2-diphenylethane,
2558-60-5 meso-N,N’-bis(3-aminopropyl)-1,2-di-
amino-1,2-diphenylethane (tetrabenzamide), 25557-86-
2.
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Acetone-sensitized photocyclization of 5-vinylnorbornene (2) has been shown to produce tetracyclo[4.2.1.0%5.-
0%"nonane (3). Ketone 12 has been prepared by an intramolecular thermal cycloadditiqn of ketene 11. The
chlorides 18¢ and 18t undergo rapid ¢is—trans interconversion in competition with eyclization to form 20.

Concurrently with our recent studies of photocycliza-
tions of 5-acylnorbornenes (1) we initiated a similar
investigation of the isoelectronie system 5-vinylnor-
bornene (2).2 Our interest in this molecule was de-

=C—R cH” H
1 2

rived from the synthetic potential of the cyclization and
from certain photochemical aspects in the realm of 1,5-
diene systems.
The first major question we sought to answer con-
cerned the regiospecificity of the cyclization, 7.e
(1) R. R. Sauers, W. Schinski, and M, M. Mason, Tetrahedron Leit., 79
(1969).

(2) R. R. Sauers and W. L. Schinski, Abstracts, 155th National Meeting
of the American Chemical Society, San Francisco, Calif,, April 1968, p 112,

“crogssed vs. parallel” addition.? By analogy with 5-
acylnorbornene cyelization, the expected product should
be tetracyclo[4.2.1.025,03%%nonane (3); however, sim-

ple examples of this type of behavior are absent from
the literature.t Furthermore, the double bonds of the
constrained analog dicyclopentadiene undergo parallel
cycloaddition.’ Although crossed addition is probably

(3) R. Srinivasan and X, H. Carlough, J. Amer. Chem, Soc., 89, 4932
1967).
¢ (4) Simple v,5~unsaturated ketones usually give mixtures of the two prod-
uct types on irradiation. For a recent summary see W. L. Dilling, Chem.
Rev., 66, 373 (1966), Comparable examples of simple 1,5-diene cyclizations
are available only in the gas phase.?

(5) G. 0. Schenck and R. Steinmetz, Chem. Ber., 96, 520 (1963).



