Notes

tion of the mixture was filtered under reduced pressure in a pre-
purified nitrogen atmosphere, and the adduct (3a) was washed
with dry hexane and dried in vacuo,; its nmr spectrum (CDCl3)
showed peaks at 6 6.57-8.15 (m, 20 H, aromatic) and 13.55 (broad
s, 1 H, NH).

The remainder of the mixture was filtered and washed with dry
hexane and the adduct (3a) was added to 30-40 ml of water, cooled
with an ice bath, and stirred for 1 hr. While cold, the mixture was
neutralized with concentrated sodium hydroxide and extracted
three times with CHCls. The combined organic layers were dried
over sodium sulfate and evaporated to give a crude solid which
after crystallization from CHgoCls-hexane gave 6.20 g of 4a (75%
based on phenylazostilbene used in preparing 3a). The nmr spec-
trum (CDCls) of the crude product showed two isomers in a 3:2
ratio (cisitrans) (estimated by relative integration of methine
peaks). Separation of small amounts of the pure isomers was ac-
complished by chromatography on a silica gel column and elution
was performed by benzene—ether (8:2) mixture. The cis isomer 4a
had mp 202-204°; its nmr spectrum (CDCl3) showed absorption at
64.55 (d, 1 H, Jpcy = 7.5 Hz) and 6.7-7.8 (m, 20 H, aromatic).

The trans isomer had mp 174-177°; its nmr spectrum (CDCl3)
showed peaks at 6 5.0 (d, 1 H, Jpcy = 22.5) and 6.6-7.8 (m, 20 H,
aromatic). Ir spectra were consistent with the assigned structures.
Larger quantities of isomer were obtained by fractional crystalliza-
tion. The first fractions were richer in cis, the final fractions in
trans.

Anal. Caled for CogHoNoOP: C, 76.45; H, 5.10; N, 6.80; P, 7.59.
Found: C, 76.51; H, 5.20; N, 6.75; P, 7.70.

Synthesis of 3b and 4b. The same procedure as above was fol-
lowed, using 5.86 g (0.02 mol) of 1b in 400 m! of hexane and 3.74 g
(0.02 mol) of phenyldichlorophosphine. The reaction was com-
pleted in a 27-30-hr period. A small amount of the mixture was fil-
tered under reduced pressure under a nitrogen atmosphere; the
adduct 3b was dissolved in CDCl; and its nmr spectrum showed
peaks at 6 6.25-8.1 (m, 21 H, aromatic and -NH) and 4.2 (broad s,
2 H, CHoPh). The remainder of the mixture was treated as above,
yielding 6.30 g (74%) of the isomeric oxides 4b. The nmr spectrum
(CDCls) of the crude product showed an isomer ratio of about 5:2
(cis:trans).

The isomer mixture was separated by silica gel column chroma-
tography as well as by fractional crystallization.

Nmr spectra revealed the isomer’s purity to be about 98%. The
cis isomer 4b had mp 171-173°; its nmr spectrum (CDCl3) showed
absorption at § 3.20-3.98 (AB multiplet of ABX system, 2 H,
-CHyPh), 3.89 (d, 1 H, Jpcu = 6 Hz), and 6.7-7.9 (m, 20 H, aro-
matic).

The trans isomer 4b had mp 163-165°; its nmr spectrum
(CDCls) showed peaks at § 3.32-4.0 (AB multiplet of ABX system,
2 H, CHyPh), 4.29 (d, 1 H, Jpcu = 22.8 Hz), and 6.4-7.5 (m, 20 H,
aromatic).

Anal. Caled for Co7HgsNoOP: C, 76.74; H, 5.97; N, 6.65; P, 7.34.
Found: C, 76.92; H, 5.90; N, 6.50; P, 7.28.
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9H-Azirines represent versatile substrates which can
serve as useful precursors for the synthesis of other hetero-
cyclic rings.’® An unusual feature of this three-membered
heterocyclic ring is that it is susceptible to attack by both
electrophilic and nucleophilic reagents.” In addition, the
2-7 electrons present in the ring can participate in thermal-
ly allowed [.4; + 2] cycloadditions as dienophiles®? or as
dipolarophiles.!® Azirines are also known to act as 1,3-di-
poles in photochemical reactions.!’!? Another intriguing
aspect of this ring system is that it can participate as a di-
polarophile in 1,3-dipolar cycloaddition reactions. 101314
Reaction with diazoalkanes!®!314 and nitrile oxides!®
transforms the 2H-azirine system into allylic azides and
carbodiimides, respectively. The photodimerization of 2H-
azirines has been recently shown to produce 1,3-diazabicy-
clo[3.1.0]hex-3-enes as primary photoproducts.!® The for-
mation of these dimers was explained in terms of 1,3-dipo-
lar addition of an initially generated nitrile ylide onto the
azirine ring.18 As part of our continued interest in the 1,3-
dipolar cycloaddition reactions of arylazirines, we have in-
vestigated the reaction of the 2H-azirine system with sever-
al nitrones.

When diphenylazirine (1) was heated with isoquinoline
N-oxide (2a) in benzene at reflux temperature for 18 hr,
two new compounds were formed in high yield and were
identified as isoquinoline (3a) and bis(benzamino)phenyl-
methane (4) by comparison with authentic samples.!? Sim-

Phe—=——=N N R
-, =
/+\O—

H
Ph 2a, R=H
1 b, R=CH,
R
AN
| |+ (PhCNH),CHPh
~ZN
4
3
I
— —» PhCH==NPh + (PhCNH),CHPh
N/
H>=+\Ph
Ph——==N N R ﬁ
A
+ | .+ > 3+ (PhCNHCH,)N
N o-
H H 6
2
5

ilar results were observed with 1 and 3-methylisoquinoline
N-oxide (2b). N-Benzylideneaniline and bis(benzami-
no)phenylmethane were the major products obtained upon
treatment of 1 with N,C-diphenylnitrone. Reaction of
phenylazirine (5) with isoquinoline N-oxide (2a or 2b) gave
the corresponding isoquinoline and tris(benzaminometh-
yl)amine (6). The structure of 6 was verified by comparison
with an authentic sample.!8

We suggest that the reaction responsible for the deoxy-
genation of the isoquinoline N-oxide involves initial attack

* Alfred P. Sloan Foundation Fellow, 1968-1972.
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of the nitrone oxygen on the reactive C=N double bond of
the azirine ring. This step bears close resemblance to the
formation of alkoxyaziridines from the reaction of 2H-azir-
ines with alkoxide anions.” The reaction is completed by
bond reorganization, which gives the deoxygenated nitrone
and N-benzoylimine (7) as a transient intermediate. Partial
hydrolysis of 7 will produce benzamide, which reacts fur-
ther with the reactive imine to give 4 or 6.19:20

R P
R Ph—e—=N_ X 1 1\'7 R,
Y- — Xz -
N* /0 H
/ \O_ H R, Ph
YRI ﬁ H cpon
I PhCN=<R — PhCONH(IZHRZ
. OCH,
H,0 8
7(R, = Ph)
(PhCONH),CHPh «——— PhCONH,
4
PhCNHCH,

' H,0
PhﬁNHCH;—N -r-CHENHCOPh — (PhCONHCH,);N

0 07 > ph 6

In agreement with this interpretation, we have found
that when the above reactions involving diphenylazirine
were carried out in the presence of methanol, a new prod-
uct was formed and identified as the methanol adduct of
N-benzoylbenzaldimine (8b, Ro = Ph), mp 102-104°.21
Similar results were obtained with the corresponding phen-
ylazirine system (i.e., 8a, Ry = H): nmr (CDCls) 7 6.63 (3 H,
s),5.11(2H,d,J =7.0Hz), 2.4-2.8 (5 H, m), and 2.1-2.4 (1
H, broad s); mass spectrum m/e 150, 133, 121, 105 (base),
and 77. Careful examination of the residue revealed no de-
tectable amounts of 4 or 6. The isolation of the methoxy-
amides (8) strongly supports the presence of a transient
benzoylimine which reacts with the added methanol to give
a product different from that previously observed (i.e., 4 or
6), but which is totally compatible with the mechanism
outlined above.

Experimental Section

Reaction of 2,3-Diphenylazirine with 3-Methylisoquino-
line N-Oxide. A solution containing 1.26 g (0.065 mol) of diphenyl-
azirine and 0.98 g (0.062 mol) of 3-methyisoquinoline N-oxide in
100 ml of benzene was heated at reflux for 5 days. Upon cooling, a
white solid (0.6 g, 0.018 mol, 58%) precipitated from the reaction
mixture. Recrystallization of this material from ethanol gave white
needles: mp 229-230°; ir (KBr) 3.08, 6.05, 6.46, 6.685, 6.75, 7.41,
7.86, 8.76, 9.52, 12.40, 13.90, and 14.36 x; nmr (DMSO) 7 2.83 (1 H,
t, J = 9.0 Hz), 1.9-2.6 (15 H, m), 0.91 (2 H, d, J = 9.0 Hz); mass
spectrum m/e 209, 180, 121, 105 (base), and 77.

Anal. Caled for Co;H1gN9Og: C, 76.34; H, 5.49; N, 8.48. Found: C,
76.24; H, 5.55; N, 8.42.

This material was identified as bis(benzamino)phenylmethane
(4) by comparison with an authentic sample.l” The only other
product which could be identified from the filtrate was 3-methyl-
isoquinoline.

When the above reaction was carried out in the presence of
methanol (2-mol excess) a reddish-brown residue was obtained.
This material was chromatographed on a thick layer plate using an
acetone-cyclohexane (1:4) mixture as the eluent. The major prod-
uct obtained was identified as the methanol adduct of N-benzoyl-
benzaldimine {8b),2! mp 102-104°, ir (KBr) 2.95, 3.42, 5.98, 6.23,

Notes

6.32, 6.70, 7.44, 8.00, 8.82, 9.12, 9.28, 9.70, 10.22, and 11.05 u, nmr
(CDCl3) 76.46 (3H,s),3.60 (1 H,d,J = 9.0 Hz), 2.3-2.8 (10 H, m),
and 2.0-2.2 {1 H, br s), mass spectrum m/e 209, 197, 180, 121, 105
(base), and 77, by comparison with an authentic sample,

A similar set of results was obtained when diphenylazirine was
heated in the presence of isoquinoline N-oxide (2a).

Reaction of 2,3-Diphenylazirine with N,C-Diphenylnitrone.
A solution containing 0.96 g (0.048 mol) of N,C-diphenylnitrone
and 0.94 g (0.018 mol) of diphenylazirine in benzene was heated at
reflux for 4 days. Upon cooling, 0.5 g of a white, crystalline solid
(64%) precipitated from the reaction mixture. Recrystallization of
this material from ethanol gave a white solid, mp 229-230°, whose
structure was identified as bis(benzamino)phenylmethane by com-
parison with an authentic sample. The residue obtained on remov-
al of the solvent was chromatographed on a thick layer plate using
chloroform as the eluent. The two solids obtained were identified
as benzanilide (15%) and N-benzylideneaniline (60%) by compari-
son with authentic samples.

Reaction of Phenylazirine with 3-Methylisoquinoline N-
Oxide. A solution containing 1.58 g (0.01 mol) of 3-methylisoqui-
noline N-oxide and 1.18 g (0.01 mol) of 2-phenylazirine in 175 ml
of benzene was heated at reflux for 24 hr. Removal of the solvent
left a yellow oil which was recrystallized from methano!l to afford
0.42 g (42%). of a white solid: mp 193-194°; ir (KBr) 3.00, 6.07, 6.50,
6.70, 7.22, 7.48, 7.64, 7.70, 8.48, 9.27, 9.60, 7.72, 12.32, and 14.35 yu;
nmr (CDCl3) 75.32 (2H, d, J = 7.0 Hz), 2.3-2.9 (5 H, m), and 1.8—
2.0 (1 H, br s); mass spectrum m/e 148, 134, 121, 105 (base) and 77,
uv (methanol 230 nm (¢ 21,500).

Anal. Caled for CogHouN4Og: C, 69.21; H, 5.81; N, 13.45. Found:
C, 68.86; H, 5.87; N, 13.45.

This material was identified as tris(benzaminomethyl)amine(6)
by comparison with an authentic sample.® The only other product
which could be identified from the filtrate was 3-methylisoquino-
line. A similar set of results was obtained when phenylazirine was
heated in the presence of isoquinoline N-oxide.

When the above reaction was carried out in the presence of
methanol (2 M excess) a reddish brown residue was obtained. This
residue was chromatographed on a thick layer plate and the major
product obtained was identified as methoxy amide 8a: ir (CHCl3)
2.95, 3.42, 5.98, 6.23, 6.42, 6.62, 6.73, 7.20, 7.65, 7.78, 8.92, 9.30, and
10.96 u; nmr (CDCl3) r 6.63 (3 H, s) 5.11 (2 H, d, J = 7.0 Hz),
2.42-2.80 (5 H, m), and 2.1-2.3 (1 H, br s); mass spectrum m/e 150,
133, 121, 105 (base), and 77.
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A recent report of the formation of naphthalene deriva-
tives, 2, from reaction of 3,5-dinitroacetophenone and re-
lated aromatics with acetone and diethylamine was of con-
siderable interest to us.? The conclusions that only
naphthalenoid products result from such reactions conflict-
ed with expectations bhased on our earlier work!2 and
prompted us to attempt the reaction on related substrates.

R R
AN
O.N C==0 ON.
acetone
diethylamine
N(CH,CH,)
NO, NO,
1 2

Previous observations of meta-bridged products isolated
from other 3,5-dinitro-X-substituted aromatics under simi-
lar conditions lead us to believe that internal meta bridging
in ketonic ¢ complexes of 1 could lead to compounds like 4
with appropriate ketones and secondary amines (Scheme I,
path a). Although all our previous work with 3,5-dinitro-
X-substituted aromatics had been done with substrates in
which X = NOgy, CN, and CO,CHs,'2 we suspected that the
particular mode of cyclization would depend on the nature
of the ketone, not the X substituent, and that either 3 or 4
could be obtained from the same aromatic precursor.

The previously published report? considers reaction of
acetone with 3,5-dinitroacetophenone or 3,5-dinitrobenzal-
dehyde. With these reactants only 3a and 3b are formed by
a postulated mechanism involving enamine intermediates.
There was no evidence for products like 4a or 4b, analogous
to those we have previously isolated with more acidic ke-
tones and 3,5-dinitro-X-substituted aromatics.12

We have found that under conditions reported for the
formation of 3a and 3b 3,5-dinitrobenzophenone, 1 (R =
CeHs), reacts rapidly with acetone and diethylamine to
yield black needles of the analogous 1-phenyl-3-diethylam-
ino-5,7-dinitronaphthalene (3¢). The pmr and visible spec-
tra as well as the elemental analysis are completely in ac-
cord with this structure? (see Experimental Section). There
was no evidence for the bicyclic structure 4c. Such results
are in agreement with those reported for the reactions of 1
(R = CHj or H) with diethylamine in acetone.2

Most interestingly, substituting 1,3-dicarbomethoxyace-
tone for acetone in this reaction yields bright yellow crys-
tals of the bicyclic anion 4d as the diethylammonium salt.
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The pmr and visible spectra as well as the elemental analy-
sis strongly support this structure. There was no evidence
for even trace amounts of the naphthalene 3d. Formation
of 4d is the first example of a 3-substituted propene nitro-
nate in which the stabilizing group is a carbonyl function.
This product likely forms through o-complex intermedi-
ates, analogous to formation of meta-bridged products re-
sulting from the reaction of 1-cyano- and 1-carbomethoxy-
3,5-dinitrobenzene studied earlier.l2& The double maxima
in the visible spectrum of the reaction solution is character-
istic of anionic o-complex intermediates.!® As with other
bicyclic adducts prepared from dicarbomethoxyacetone,
the anion of 4d exists in one enolic form in solution. A dis-
tinction between the two possible isomers cannot be made
on the basis of the spectral data at hand.

CH,

CO.CH,  CH,0.C

OH/O

The mechanism for ortho substituent attack and the fac-
tors favoring this mode of reaction over meta bridging in
the case of acetone but not dicarbomethoxyacetone deserve
some comment. There has been considerable evidence pre-
sented in earlier reports that condensations of ketones with
electron-deficient aromatics involve enamine or carbanion
intermediates.1? The latter are important for acidic ke-
tones in the presence of secondary amines. Assuming that
initial attack occurs para to NOs in 1!f the possibilities for
cyclization to 3 and 4 are shown in Scheme 1.



