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The Azomethine Nitrene. 1l. Photolysis of 3-Phenyl- 4% -oxadiazol-5-one. (1)
J. H. Boyer and P. ]J. A. Frints

Department of Chemistry, University of Illinois, Chicago Circle Campus

Irradiation at 2537 A eliminates carbon dioxide from 3-phenyl- A?-oxadiazol-5-one in either
methanol or dioxane. A migration of phenyl from carbon to nitrogen leads to phenylcarbodi-
imide (8) which tautomerizes into phenylcyanamide (10). Benzamidine (11) and the O-methyl
ether (12) of benzamidoxime apparently result from hydrogen abstraction and insertion reactions
of an intermediate unrearranged azomethine nitrene (9). More extensive fragmentation produces
benzonitrile (7), which is isolated, and presumably phenylcarbene (20) to account for benzyl
methyl ether (15). Generation of the carbene is discussed. The formation of 3,5-diphenyltriazole
(B), triphenyltriazine (16) and N-cyanobenzamidine (15) remains unexplained.

With and without skeletal rearrangement irradiation alt 4 — > NN
2537 A eliminated carbon dioxide from a disubstituted CGH5C// \CCGHS + GgHgCN
oxadiazolone and also produced more extensive fragmen- \f}l
tation (2). The present work on the irradiation of 3- H
6 7

phenyl- A% .oxadiazol-5-one (1) was in progress when a

report (3) appeared on the photochemistry of 5-phenyl-
tetrazole (2). For the latter reaction the generation of
diphenyldihydrotetrazine (4) from benzonitrilimine (3)
was assumed (3). Oxidation transformed it into diphenyl-
letrazine (5) and photo-degradation afforded both 3,5-
diphenyltriazole (6) and benzonitrile (7) (3,4). Since
benzonitrilimine was neither trapped, e.g., as its adduct
with an olefin, nor otherwise detected (5), it is now recog-
nized that an alternative formation of (4) may have pro-
ceeded from the azomethine nitrene (9), to be expected
from 2-phenyl-1H-tetrazole by the elimination of nitrogen.
This raises the question of the relationship between an
azomethine nitrene a, its valence tautomeric azirine b, and
the resonance hybrid: a nitrilimine e ++ an azocarbene d.
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In the present work products may be derived from
either 3-phenyl- a%.oxadiazol-5-one or the tautomeric
3-phenyl- &3 -oxadiazol-5-one or a mixture of the two (0).
Product formation requires both skeletal retention and
rearrangement as well as more extensive fragmentation
and recombination (Scheme 1).
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Formation of carbodiimides and their isomerization
into cyanamides on irradiation of disubstituted oxadiazol-
ones has been described (2). In the present work phenyl-
carbodiimide (8) may have been detected by ir absorption
at 2110 em-1! for the crude product mixture in dioxane.
lts expected facile tautomerization permitted the isolation
of phenylcyanamide (10).




J.H.Boyerand P. J. A. Frints Vol. 7

72

OUIPIUEZUAG SIUSINE 10] IO} YITM [PINUIP! e (N=D) 1-W9 OF9T Pue (HN) 1-Wo OEYE PUT OPSE 3¢ Spurqd Tio umolq 9pni € jo (woy
-o10[) uond10sqe Iy U0 paseq JUIWUHSSE JANEIUA V (n) ‘ouryrow-royry (1) (IT AqEL) GL ynm Eonuepr uondiosqe 1 o6 1-8ET (11 olqel) GL yym ‘d'w sargxyw pue
‘d'y (s) -reyja-uuojolo[y)) (1) IpIUIEZUIQ OUSYINE I0] JEY} YJIm TEIUAPL SBM 3y op s1] -oplwiezudq I0j JeY} 0] Ie[iwis A[as0[d wnnoads a1 ue 24e3 prjos amdur jo Iden)
v (b) -ajdwies onuewne e doj el YitM [EONuUAp! uondiosqe 4] ((FSET) TIVE “20§ “WayD °f ‘SN0 ‘T ") o68T-281 d'w amuxwi pue “d'yy (d) ruoposfur Juunp (1) Zy
wouy 10 ‘Gj, dANeALIap s 10 (*L1Z "d ‘9961 “HOX MIN ‘utweefuag 'V "M ‘T1 TOA . ‘spunoduwio)) uaBonIN ureyn-uad (), “Qiwig 'S 'Y ") L1 Wolj 7 Jo uoeurwr(e [euurayl Aq
10) PaIUNOIVE 3 UED P[AIA JoySy 9y, °Z JO PIAA %G ¢ 2AE3 PO pUE 38eq YIMm UOIIBIIXS 10O ELHUIIUD yonpoad a1y jo uwoneredss 93 repwis y (o) £ dnuayne loy
31 9yl Y)im [eonjuap] (u) °Z SNUAYINE 10) 1Y) YHm [e21ULp! winnoads ssely (W) "g9:T Jo OHel EAIE yeod Butpuodsaiiod e Yiim pue A[aAndadsal gi pue / Yiim paIyijusapl sam
-utuI ()°9¢ pue F'¢ JO )1 ® 1k syead om) oaed (9) Asnotaaxd pasn suonipuod ayy Iapun ydeijojewolyd sed ay) ojut gi Jo ojdures aund e jo uonpafu] (SHD ‘¢ ‘w) 99°2-1T°2
“(THN ‘T 19) eg'% (EHD ‘€ ‘9) £8°¢ ¢ ‘(WJojolo[yoouaInep) wu  (N=)) 118 (- F9T ] -sidures oUAYINE UE 10} JBY} YIm [EONIUSPI A[aATjoadsal azom uondiosqe ruu
PUT 1] ($8QT) 689T ‘2T “40g "woy) ‘Io8nry g pue uuewar[ “j) ,96-6¢ ‘d'w dmxyw pue ‘d-w ‘prjos sureIsAn ssapo[o) (I) “1-Wd (N=D) I8 0£9T PUE (N=D) W 0€€T
“(HN)  08¥¢ ¢ uondiosqe i1 2aed ofdures () (‘ISWOUOW JO JIJOW JUO PUE IIWILL E JO SI[OUL OM) JO FUIISISUOD JALEALIIP B ST STY] IoUILL) ordurs ® jo peajsut jey) parrodax
(TT61) 22€ ‘v8E “woy) "uuy “pury "g .67 jo "d'w e sprodar (g88T) €27€ ‘81 ‘“of "woy) ‘UUBUIOY " V) SUdZUeq Woly uonezI|eisA1or e (G T-HLT "d'w ‘prjos
® 9AI3 0} pozi[eIsAId A[e1e[dwiod [10 oY) sAep 221y} Ioj Sulpuels 9]y “d[duwies dUIYINE UL WOIJ PIUTEIQO JBY} YIIm [Ed1UIPI uondiosqe I1 y)im [1o ue se pajefost Ajrenyu] (Y)
‘wiiojolofyd-auszuag (f) "g| dNUIYINE 10] '3'T Ym [RONIUIP] (1) '§L ONUIYINE I0] JEY] M [BIUIP! SEM winapoads ssewt Y], ‘(LLHLD) 16 ‘TZT 2/w Buoms (g MW po[ed)
22T °/w yead juareg (y) 'pappe sem 2jeozudq [AY)2 Jo “Sw [ ‘pIepuels [eusdjui ue sy (3) ‘epiXolp uoqred jo (9%C0Q) PIRIA 3} YIM [EITJUIPT 9 O} pawunsse sI sTYJ, "pajoeal
PIyM | Jo (%g9) yunowe sy} uo paseq are sppIf (3) 18d g smsserd ‘ gz samesedwal uwnjo)) ‘Wt 670 A9 1Y S ‘06/08 ‘SEV ‘dwoiyeuy uo uozaldy %¢T (3) (II 31qel)
JUEXOIp UI UOT}OBAI 91} WOI} PIUTE}qo OS[E ‘p| SE I [anyUapl Aq PolyIuapt ‘ 26T-96T "dul ‘Saxe|} Sso[10[0d jo Junowe s0el) b Se PIZI[[RISAI031 ‘QUAZUIG-BUEXIY Ul Ifqniosut
‘pjos ay], ‘uoljesedas 10§ UWNOO [98 BII{IS € 0) par(dde sem YOTYM [I0 SSILIO[0D B }J3] FUEXAY-ouazZURq Jo uonelodeAy ‘pPIjos SUT[[EISAID UMOIG J[N[OSUI UE }JI] SUIZUIG-IUEXIY
Wiem )IM UOHIBIIXS ‘UOTIORI} QN[0S PIOE SIY) JO Uoneziennau 123y (p) ‘uoneredss 103 uuwnjos [o8 vorps ® 03 parjdde sem 31 uolely S[qNJOs 38eq SIY} JO UOLEZIEINIU
1Y (9) O S[qNjosul 9seq puE PRV (q) 'PWE SUOYICIPAY Ag YHM USY) ‘BPTXOIPAY WNIPOS Juadidd (T UM 1SI) PIIOENXI SEM UCHN[OS ULIOJOIOYD Ul ]eXjuaduod ayf, (e)

n (n)y 1:02 ‘MDA n s)gL % ‘() ID
(b)n Iy n (d)g 1:1 (D4 (0)egr 2Tl (Wye (w) g
S'ze 002 (a1 1 (D D4 6’1 <1 (oL ©t (Dod 21 9 oe (WeL
% B Jaquiny] juanyy 9% ‘Bw Ipquny] Juan[yg % 8w saqnuIpy Joquin N
punodwon) punodwon 71 (3)an punodwon
() prorg (3) pra1x (8'3) peIX
(P) 111 wonpeLg (9) 1] uonpeL] (q) [ uonoeLg

(®) [oUBY12[ WO PaUTEIq() I1BIIUIOUOY) JoNpoi] Jo uonjeredag

JRCULILAN



Feb. 1970
Other products:
G0N
" 6 + 7+ CgHgCH,0CHS +|59(;Id|9ns‘;g + C6 5CNH
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' 6+ 7+144+16+ J\QL + solid 320
W C H m.p. |

€O,

16

Strong evidence for the intermediacy of an azomethine
nitrene (9) is found in benzamidine (11) apparently formed
as the nitrene, presumably as a triplet, abstracted hydrogen
from solvent (7,8). On the other hand an efficient inser-
tion into the OH bond of methanol gave the O-methyl
ether of benzamidoxime (12) and may have proceeded
from a singlet azomethine nitrene (7).
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crossover experiments with added acetonitrile or p-meth-
oxybenzonitrile did not yield detectable amounts of
From
each reaction only 3,5-diphenyltriazole was obtained. A

methyl- or p-methoxyphenyl-substituted triazoles.

satisfactory explanation for the formation of the hetero-
cycles 6 and 16 cannot be offered at this time (10).
Neither 4 nor 5 are detectably generated from 1 by irra-
diation.

Phenyl carbene, the apparent precursor for benzyl
methyl ether (13) by insertion into the OH bond of meth-
anol (11,12), also requires extensive fragmentation of 1
with an apparent tautomeric shift of hydrogen from nitro-
gen to carbon. An attractive sequence leading to its for-
mation required the intermediacy of 1(f)-3-phenyldiazir-
ine (17), presumably an antiaromatic ring which rearranges
into 3(H)-3-phenyldiazirine 18 and/or an azocarbene 19.
Elimination of nitrogen from either of the latter or from
tautomeric phenyldiazomethane would leave phenyl car-
bene. It is assumed that the initial diazirine 17 is in equil-
ibrium with the isomeric azomethine nitrene 9 which may,

of course, be formed first. Previously an isomerization

Benzonitrile (7) represents more extensive fragmenta-

tion of 1. Nitrile formation by similar fragmentations in , e, e . .
. . . .. ——> 9 T= CoHzC—NH —> CsHsCH-N and/or CeHsCN=NH
which the other heterocyclic nitrogen was eliminated as a L0, €75/ RN e

. . . N
nitrene was previously observed for disubstituted oxadia-

zolones (2). Although simultaneous formation of imidogen i it ikl
(HN) from 1 may be assumed, it has not been detected.
Benzonitrile does not phototrimerize into triphenyltriazine
(16) (2,9), nor is it a |,3-dipolarophile in the photo-
generation of 3,5-diphenyltriazole (6) from 1 insofar as

CgHsCHNy

18 aond/or 19 lNz
CILOI
SINN CeHgtH ———2———> 13

TABLE II

Separation of Product Concentrate Obtained from Dioxane (a)

Fraction I (b) Fraction I1 (¢)
Yield (d)
Compound Compound
Eluent Number M.p. °C mg. % Eluent Number M.p. °C Yield (d)
B-C(e), 1:1 10(f) 40 2.0 B-H (g), 4:1 16(h) 226-228 tr
BC(e), 1:1 6(i) 187-189 30 11 B-H (g), 4:1 76) tr
CE (k), 3:1 15(1) 138-139 (m) 30 1.7 B-H (g), 1:1 132 (n) tr

(a) The concentrate in chloroform solution was extracted first with 10 percent sodium hydroxide, then with 3N hydrochloric acid.
(b) After neutralization of this fraction in base it was applied to a silica gel column for separation. (¢) Neutralization of this fraction
in acid gave a dark tar which recrystallized from ethanol as a trace amount of colorless flakes, m.p. 197-198°, identical with the solid
obtained from an ether solution of the product concentrate on cooling and tentatively identified as 11. (d) Yields are based on the
amount (95%) of 1 which reacted. This is assumed to be identical with the yield (95%) of carbon dioxide. (e) Benzene-chloroform.
(f) See Table I (k). (g) Benzene-hexane. (h) Ir identical with that from an authentic sample. Mixture m.p. showed no depression.
(i) Identified by a mixture m.p., ir and tlc Ry identical with similar values for authentic material. (j) Identified by ir. (k) Chloroform-
ether. (l) Ir absorption occurred at 3420 m (NH), 2200 st (C=N), 1650 st (C=N) cm~! and mass spectrometric peaks were observed at
M* 145; M -~ NH,, 129; M - HCN, 118; m/e 103, CgHsCN; mfe 91, C¢HsN; mfe 77, CgHs. (m) Ref. 13 reports m.p. 142°,
(n) A colorless solid recrystallized from benzene-hexane. Ir absorption occurred at 3450 m (NH) cm-1 and M* 324 was observed in
the mass spectrometer. It has not been identified.




74 J. H. Boyer and P. J. A. Frints

of an N- alkyl azomethine nitrene a = azirine b into a
nitrilimine ¢ <+ an azocarbene d could not be detected (2).
Insofar as 3 and 19 represent the same resonance hybrid
while 3 and 17 are valence isomers, it would be of interest
to investigate the formation of the ether 13 from phenyl-
tetrazole (2) by irradiation in methanol.

From a partial analysis of the structure of 14, obtained
in trace amount, NH and C=N bonds were detected by
characteristic ir absorption and m/e at 238 was observed.
N-Cyanobenzamidine (15) (13), was also obtained in trace
quantity.

EXPERIMENTAL

Solvents were purified and deoxygenated (2). Irradiation was
conducted in a Rayonet Unit with 16 low pressure lamps emitting
2537 A. According to a general procedure (2) irradiation of 1.0 g.
(6.1 mmoles) of 3-phenyl- 22.0xadiazol-5-one, m.p. 197-198° (pre-
pared according to Falck (14) for 7 hours in 500 ml. of methanol
released 65% of the theoretical amount of carbon dioxide, and for
20 hours in 500 ml. of dioxane released 95% of the theoretical
amount of carbon dioxide.

Prior to column chromatographic separation, volatile compon-
ents were separated by gc (see Table I (o) for ge separation of pro-
duct concentrate in methanol). As an internal standard, 94 mg. of
benzyl alcohol was added to the product concentrate obtained
from the reaction in dioxane. Separation by gc gave 500 mg.,
41%, (see Table 1 (f)) of benzonitrile (7) with a rate of 3.4 minutes
identical with that for an authentic sample. Probably thermolysis,
during injection into the gc, of 11 (Table I (0)) and 15 partially
accounts for 7.

On cooling in the refrigerator an ether solution of the dioxane
product concentrate, a solid 11 separated as colorless flakes; m.p.
197-198°; 30 mg., 1.0%:; ir absorption (em~1): 3550 st, 3440 st
(NH;), 1640 st (C=N) and mass spectra: M* 238; M - NH,, 222;
208, metastable; 193; M- CgHs, 161; 146; M - C¢HsCN, 135;
118; 104; 103; 91; 77. It was also found in the acid soluble
fraction (Table II).

Irradiation of Phenyloxadiazolone in the Presence of Acetonitrile
and p-Methoxybenzonitrile.

Following the general procedure (2), a solution of 1.0 g. (6.1
mmoles) of phenyloxadiazolone (1) in 250 ml. of dioxane and 16
g. (120.0 mmoles) of p-methoxybenzonitrile was irradiated under
nitrogen at 2537 A for 20 hours as 90% of the theoretical amount
of carbon dioxide was collected as 1.10 g. (5.5 mmoles) of barium
carbonate. When 1.0 g. (6.1 mmoles) of 1in 500 ml of aceto-
nitrile was treated similarly, 82 percent of the theoretical amount
of carbon dioxide was obtained. Each reaction mixture was
worked-up in the manner previously discussed for the isolation of
triazoles (2). From each reaction mixture only 3,5-diphenyltri-
azole (6) could be detected in 10 and |5 mg. (about one percent)
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amounts, respectively. 1t was identified by direct comparison with
an authentic sample. Neither p-methoxyphenyl- nor methyl-sub-
stituted triazoles could be detected. Authentic 3-p-methoxy-
phenyl-5-phenyl-1,2 4-triazole and 3-methyl-5-phenyl-1,2,4-triazole
were prepared. By tlc separation of each of the above crude irra-
diation product mixtures no material was found to possess the
same R value as that observed for these authentic triazoles.
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