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Although benzoyl isocyanates do not react with benzaldazines at room temperature, the criss-cross cycloadducts

are formed if the reaction is carried out in refluxing xylene.
It reacts easily with azines at room temperature to afford to mono- or

quite differently toward the same azines.

the bis(4+2) cycloadducts depending on the nature of the substituent in the azines.
(4+2) cycloadduct can be thermally dissociated into its components.

benzoyl isocyanate react with aromatic ketazines.

Azines having the conjugated system C=N-N=C
exhibit a curious behavior toward cycloaddition reac-
tions. Benzaldazines react with cyanic acid,? thio-
cyanic acid,??® isocyanates,® maleic anhydride*%)
and methyl acrylate® to form the corresponding criss-
cross cycloadducts. On the other hand, the reaction
of propionaldazine with methyl acrylate affords a
Diels-Alder type adduct;® in this case the aldazine
behaves as a diene (Scheme 1).
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Benzoyl (I) and thiobenzoyl isocyanates (II) react
with the C=N bonds of anils?'® and carbodiimides®
to give the (4+42) andfor (2+42) cycloadducts. Ac-
cordingly, in the reaction of acyl isocyanate with
azines, we might expect the formation of a criss-cross
cycloadduct or Diels-Alder adduct, besides mono- or

1) Part IX of this series: O. Tsuge and S. Kanemasa, This
Bulletin, 45, 2877 (1972).

2) J. R. Bailey and N. H. Moore, J. Amer. Chem. Soc., 39,
279 (1917).

3) J. R. Bailey and A. T. McPherson, ibid., 39, 1322 (1917).

4) T. Wagner-Jauregg, Ber., 63, 3213 (1930).

5) J. van Alphen, Rec. Trav. Chim., 61, 892 (1942).

6) M. Hiring and T. Wagner-Jauregg, Helv. Chim. Acta, 40,
852 (1957).

7) O. Tsuge, M. Tashiro, R. Mizuguchi, and S. Kanemasa,
Chem. Pharm. Bull. (Tokyo), 14, 1055 (1966).

8) O. Tsuge and 8, Kanemasa, This Bulletin, 45, 2877
1972.

On the other hand, thiobenzoyl isocyanate behaves

We found that the mono
Neither benzoyl isocyanate nor thio-

bis(4-+2) or (2-+2) cycloadduct of C=N bonds of
azines. However, no study has been reported on the
addition of acyl isocyanate to azines. As part of the
investigation of the chemistry of I and II with com-
pounds having a C=N bond, their reaction with aro-
matic azines was studied.

Results and Discussion

Reaction of Benzoyl Isocyanates with Benzaldazines.
Although no reaction of benzoyl isocyanate (Ia) with
benzaldazine (IIla) took place at room temperature,
Ia reacted with IIIa in refluxing xylene to afford a
2 :1 adduct IVa in 589, yield. The IR spectrum
of IVa showed bands ascribable to vc-0 at 1760 and
1680 cm~t. The NMR spectrum in deuteriochloro-
form (CDCl;) exhibited a singlet (2H) assignable to
two equivalent methine protons at 6 7.20 ppm, besides
signals of aromatic protons. The mass spectrum
showed the parent peak (M) at mfe 502, together with
major peaks at mje 397 (M+—PhCO), 355 (M+—Ph-
CONCO), 278 (355+—Ph), 250 (278+—CO), 208
([Ph—CH=N-N=CH-Ph]*), 147 ([PhCONCO]+) and
105 ([PhCO7H).

Hydrolysis of IVa with hydrochloric acid afforded
hydrazodicarbonamide (V) and benzaldehyde. The
structure of V was confirmed by spectral data and
elemental analysis as well as by comparison with an
authentic sample prepared from urea and hydrazine
hydrate;9 benzaldehyde was identified as its 2,4-di-
nitrophenylhydrazone (Scheme 2). It is thus deduced
that the most reasonable structure for IVa of the pos-
sible 2 : 1 cycloadducts, including bis (242), (4-+2)
and mixed cycloadducts, is the criss-cross cycloadduct.

Benzoylation of the criss-cross cycloadduct VI2
prepared from IIla and cyanic acid, with benzoyl
chloride in pyridine afforded perhydro-2,6-dibenzoyl-
1,5-diphenyltriazolo[1,2-a]triazole-3,7-dione (IVa), as
shown in Scheme 2.

Similar reactions of benzoyl isocyanates (Ia-Id)
with benzaldazines (IITa—IIIe) gave the correspond-
ing criss-cross cycloadducts IV. The yields, physical
properties and results of elemental analyses of IV are
summarized in Table 1.

We see that the yield of IV is affected by the nature
of the substituents R! and R2 The stronger the

9) O. Tsuge and K. Sakai, This Bulletin, 45, 1534 (1972).
10) T. Curtius and K. Heidenreich, Ber., 27, 55 (]894-).
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TaBLe 1. PERHYDRO-2,6-DIAROYL-1,5-DIARYLTRIAZOLO[1,2-a]TRIAZOLE-3,7-DIONES IV2)
IV Reaction ;. 1 NMR Microanalysis, %
time,? Yfld’ Mp, °C IR, cm (C%(I]_II‘*) Found Calcd
R! R? hr o ro=o0 7
°p$P@m @ H N N N N
a H H 23 58 130.5—131 1760, 1680 7.20 71.68 4.59 11.03 71.78 4.41 11.15
(decomp.)
b H OMe 20 82 202—203 1760, 1690 7.11 68.52 4.75 9.95 68.32 4.66 9.96
c H Me 24 72 193—193.5 1760, 1680 7.15 72.51 5.04 10.74 72.44 4.94 10.56
d H Cl 48 34 200.5—201 1770, 1680 7.19 63.29 3.37 9.43 63.10 3.54 9.81
e Cl H 24 62 224225 1770, 1690 7.21 63.43 3.47 9.69 63.10 3.54 9.8l
f NO, H 26 92  240—241 1770, 1690 7.13 61.15 3.52 13.96 60.81 3.40 14.19
(decomp.)

a) All the compounds are colorless prisms.
with IITa (48 hr) did not take place.

electron-donating nature of substituent R? in III, the
higher the yield of IV, while the effect of substituent
Rl in I on the yield is the reverse: although Ia and
Ib did not react with IIIle and Illa, respectively, the
reactions of Ia with IIIb and of Id with IIla gave
excellent yields of IV. On the other hand, I did not
react with aromatic ketazines such as acetophenone
and benzophenone azines under similar conditions.

Reaction of Thiobenzoyl Isocyanate with Benzaldazines.
In contrast with benzoyl isocyanates (I), thiobenzoyl
isocyanate (II) reacted easily with benzaldazine
(IITa) at room temperature to afford a quantitative
yield of the 1 :1 adduct VIIa. The IR spectrum of
VIIa showed no bands assignable to wyg, but dis-
played bands of v;_, and »g_x at 1680, 1660 and 1650
cm~! respectively; it is very similar to that of the (4-+2)
cycloadduct® of II to benzylidenaniline. In the NMR
spectrum (CDCl,) singlets appeared at § 6.42 (1H,
>CH) and 9.48 ppm (1H, —-CH=N-), besides signals
of aromatic protons.

Thus, VIIa was deduced to be 3-benzylidenamino-

b) Reaction temperature: 140°C. Reaction of Ia with IIle (24hr) and of Ib

2,6 -diphenyl -2H-1,3,5 - thiadiazin - 4(3H ) -one, whose
structure corresponds to the (442) cycloadduct of
IT to one C=N bond of IIla.

s
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TasLE 2. Mono- anD Bis-2H-1,3,5-THIADIAZIN-4(3H)-OoNEs VII anp VIIL®
Microanalysis, %,
Yield IR, em=*
R? Mp, °C o Found Calcd
10 Yc=0 Yo=N i N
C H N G H N
VIla H 148—149 100 1680 1650 71.05 4.45 11.24 71.15 4.61 11.32
(decomp.) 1660
VIIIb-1 OMe 181 50 1690 1645 64.96 4.11 9.08 64.64 4.41 9.42
(decomp.) 1670
VIIIb-2 OMe  141—142 39 1700 1650 65.13 4.26 9.22 64.64 4.41 9.42
1670
VIIIc Me 201 62 1690 1650 68.28 4.68 9.72 68.32 4.66 9.96
(decomp.) 1675
VIId» Cl 165—168 80 1670 1655 60.31 3.11 9.27 60.00 3.41 9.55
(decomp.)

a) All the compounds are colorless needles.

b) NMR § ppm: 6.41 (1H, singlet,

>CH), 9.52 (1H, singlet, -CH=N-) in CDCl,;

7.07 (1H, singlet, SCH), 8.75 (1H, singlet, -CH=N-) in CF,COOH.

In similar reactions of II with azines ITIb—1IIId,
al:lora?2:1 adduct was formed, depending on the
nature of substituent R2 in III. When R? is electron-
donating such as methoxy or methyl, the 2 : 1 adduct
VIII was obtained, while the 1 : 1 adduct VIId was
only formed if R? is electron-withdrawing such as
chlorine. However, the reaction with IIle having
nitro groups did not take place even under forced con-
ditions. The results are summarized in Table 2.

The structures of 1 :1 adduct VIId, and of 2 :1
adducts VIIIb and VIIIc were confirmed to be those
of the corresponding mono(4+2) and bis(4+2) cyclo-
adducts of II to one and both C=N bonds in III on
the basis of spectral studies. In spite of having a
second C=N bond to which to add, II did not react
further with the 1 :1 adduct VII under more forced
conditions (at 50°C for 5 min and then at room tem-
perature for 3 hr); instead the unchanged 1 :1 adduct
was recovered almost quantitatively.

The NMR spectrum of VIIIc indicated that its
configuration is symmetrical; singlets attributable to
two equivalent methyl and methine protons appeared
at 4 2.25 and 6.22 ppm in CDCl,, and at ¢ 2.35 and
6.79 ppm in trifluoroacetic acid (CF;~COOH), respec-
tively.

On the other hand, two stereoisomers VIIIb-1 and
VIIIb-2 were obtained in the reaction with IIIb.
Their NMR spectra could not be measured in the same
solvent, because VIIIb-1 is insoluble in CDCl; and
VIIIb-2 decomposed in CF;COOH. The NMR
spectrum of VIIIb-1 in CF;COOH showed two sing-
lets at 6 3.89 (6H, OCH,) and 6.81 ppm (2H, >CH),
while four singnlets appeared at § 3.77, 3.81 (each 3H,
OCH;) and 5.35, 6.59 ppm (each 1H, >CH) in the
NMR spectrum of VIIIb-2 (CDCl;). This indicates
that the configuration of VIIIb-1 is symmetrical,
while that of VIIIb-2 is asymmetrical.

Dreiding models of VIII show that the free rotation
of N3-N?¥ bond is hindered by the steric interaction
between the 2- or 2’-aryl group and 4'- or 4-carbonyl
group. Thus, two isomers resulting from the configu-
rations of 2- and 2’-aryl groups are possible for sym-
metrical 2 : 1 adduct VIIIb-1 or VIIIc: one (VIII-A)
in which both 2- and 2'-aryl groups are quasi-axial,

0 Ar
H" —N
&=Ph
VIII-A < éN\r\?_
Ph—==
N—'<O-""
Ar

Fig. 1.

and the other (VIII-B) in which they are quasi-
equatorial. However, it is conceivable that VIII-A
is more favorable since there is a significant repulsion
between 2- or 2’-aryl group and 4’- or 4-carbonyl group
in VIII-B (Fig. 1).

On the other hand, the configuration VIII-C in
which 2- and 2’-aryl groups are quasi-equatorial and
quasi-axial, respectively, is only possible for asym-
metrical 2 : 1 adduct VIIIb-2. In this case, there is a
steric interaction between 2-aryl group and 4’-carbonyl
group, and the rotation of N3-N?*" bond should occur
to attain minimum steric hindrance.

The singlet of methine protons of VIIIc is shifted to a
lower field by about 0.6 ppm, in changing from CD-
Cl; to CF;COOH. If the value of the shift is applied
to the methine protons of VIIIb-1, a singlet should
appear at § ca. 6.2 ppm in CDCIl;. Consequently,
the singlets at 5.35 and 6.59 ppm in VIIIb-2 could be
assigned to the 2-quasi-axial and 2’-quasi-equatorial
hydrogens, respectively. The shift of equatorial hydro-
gens to a lower field can be explained in terms of
hydrogen bonding with the carbonyl group in the ad-
jacent ring as shown in Fig. 1. Isolation of the 2 : 1
adduct of type VIIIb-2 was unsuccessful, probably
owing to its instability,
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benzene reflux HN—N-Ph
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Scheme 3.

It is of interest to note that IT behaves quite different-
ly from I toward benzaldazines, although just as in the
case of I, no reaction took place with aromatic keta-
zines.

Thermal Dissociation of Mono(4+2) Cycloadducts VII.
The 1 :1 adducts VII decomposed at their melting
points and changed to reddish violet substances.
When a solution of VII in dry benzene was heated to
reflux, it gradually turned red. Upon cooling, the
red color disappeared, the solution becoming color-
less. This suggests that VII could be thermally dis-
sociated into its components, since the benzene solu-
tion of II is reddish violet. We established thermal
dissociation by the following experiments.

Phenylhydrazine reacted with VIIa in refluxing
benzene to give 2,3-dihydro-2,5-diphenyl-1,2,4-tri-
azol-3(1H)-one (IX) and the phenylhydrazone of
benzaldehyde,' although hardly any reaction took
place at room temperature. The structure of IX was
confirmed by comparison with an authentic sample
prepared from II and phenylhydrazine.'® When
VIId was treated with hydrobenzamide in refluxing
benzene, two isomeric bis(4+42) cycloadducts X and
X'® of II to hydrobenzamide and p-chlorobenz-
aldazine IIId were obtained (Scheme 3).

Experimental

All melting points are uncorrected. The IR spectra were
measured as KBr pellets on a JASCO IR-S spectrophoto-
meter; the NMR spectra were determined at 60 MHz
on a Hitachi R-20 NMR spectrometer with TMS as an
internal reference. The mass spectra were obtained on a
Hitachi RMS-4 mass spectrometer with a direct inlet and
an ionization energy of 70eV. Elemental analyses were
carried out by Miss M. Akita.

Materials. Benzoyl isocyanates (Ia~Id) were prepared
by the method reported previously.’® Thiobenzoyl isocya-
nate (II):» a solution of 1.0 g of 2-phenylthiazoline-2,4-
dione™ in 10 m/ of xylene was heated at 120°C, producing a
reddish violet solution of II. This is referred as the standard
solution of II. Benzaldazines were prepared from the cor-
responding aldehydes and hydrazine hydrate in acetic acid.
Benzaldazine (IIIa), mp 93°C (lit,'® mp 93°C); p-methoxy-

11) The formation of the hydrazone indicates that benzaldazine
IIIa generated by dissociation was hydrolyzed to benzaldehyde.
12) O. Tsuge, S. Kanemasa, and M. Tashiro, Tetrahedron, 24,
5205 (1968).

13) O. Tsuge and R. Mizuguchi, Kogyo Kagaku Zasshi, 69, 939
(1966).

14) J. Goerdeler and H. Schenk, Chem. Ber., 98, 2954 (1965).

(I1Ib), mp 169—170°C (lit,® mp 170—172°C); p-methyl-
(IlIc), mp 153°C (lit,)” mp 153°C); p-chloro- (IIId), mp
207—208°C (1it,’® mp 208°C); p-nitrobenzaldazine (IIle),
mp 296—297°C (lit,*® mp 297—298°C).

Reaction of Benzoyl Isocyanates (I) with Benzaldazines (III).
The procedure is illustrated by a reaction of benzoyl iso-
cyanate (Ia) with benzaldazine (IIIa). ‘

A solution of 2.0 g of Ia and 1.4 g of IIla in 15 m! of dry
xylene was refluxed in an atmosphere of nitrogen for 23 hr,
and the reaction mixture was allowed to stand at room tem-
perature for 2 days, during which time crystals deposited.
Filtration gave 1.18 g of colorless crystals. The filtrate was
evaporated in vacuo to leave resinous materials, which solidi-
fied on trituration with petroleum ether to yield 0.78 g of
crystals. Recrystallization of the combined crystals (1.96 g
(58%)) from petroleum ether (bp 45—65°C) gave per-
hydro - 2,6 - dibenzoyl - 1,5 - diphenyltriazolo[ 1,2-b]triazole-3,7-
dione (IVa), mp 130.5—131°C (decomp.), as colorless prisms.

Similarly, the reaction of benzoyl isocyanates (Ia—Id)
with benzaldazines (IIIa—IIIe) gave the corresponding
criss-cross cycloadduct IV. However, Ia and Ib did not
react with IIle and IIla, respectively. The reaction con-
ditions and yields, physical porperties and results of elemental
analyses are summarized in Table 1.

Hydrolysis of Criss-cross Cycloadduct IVa. A suspension
of 0.4 g of IVa in 20 m! of concentrated hydrochloric acid
was stirred at 100°C for 3 hr. After cooling, it was filtered
to recover 0.17g (409%) of unreacted IVa. Evaporation
of the filtrate in vacuo left a residue, which was washed with a
small amount of water and then recrystallized from water
to afford 55 mg (589%,) of hydrazodicarbonamide (V), mp
255.5°C (decomp.) (lit,'® mp 244—245°C (decomp.)), as
colorless prisms. The compound was identical with an
authentic sample prepared from hydrazine hydrate and
urea.!?

Found: G, 20.10; H, 4.90; N, 47.71%,.
HN,O,: C, 20.34; H, 5.12; N, 47.44%,.

From the washings, benzaldehyde was identified to be its
2,4-dinitrophenylhydrazone.

Preparation of IVa. To a stirred solution of 4.5 g of
IITa in 30 m! of acetic acid was added 5.25 g of sodium cya-
nate at room temperature over a period of 15 min. After
the reaction mixture had been stirred for 30 min at the same
temperature, it was then poured into 100 m! of water. Fil-
tration gave 4.8g (76%) of perhydro-1,5-diphenyltriazolo-
[1,2-a]triazole-3,7-dione (VI), mp 235°C (decomp.) (lit,?

Calcd for C,-

15) H. H. Hatt, “Organic Syntheses”, Coll. Vol. 1I, p. 395
(1943).

16) N. C. Barany, E. A. Braude, and M. Pianka, J. Chem. Soc.,
1949, 1898.

17) L. B. Howard and G. E. Hilbert, J. Amer. Chem. Soc., 54,
3628 (1932).

18_) E. R, Blout and R, M, Gostein, ibid., 67, 13 (1945),
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mp 234°C (decomp.)), as pale yellow prisms. A mixture of
0.5 m/ of benzoyl chloride and 0.5 g of VI in 10 m! of pyri-
dine was stirred at room temperature for 18 hr. It was
then poured into water to precipitate a colorless solid, which
on recrystallization from petroleum ether (bp 45—65°C)
afforded 0.85 g (99.5%,) of IVa, mp 130.5—131°C (decomp.).

Reaction of Thiobenzoyl Isocyanate (II) with p-Methoxybenz-
aldazine (IIIb). The standard solution of II was stirred
with 0.7 g of IIIb at 50°C for 30 min. Filtration gave 0.78
g (50%,) of bis(4+2) cycloadduct VIIIb-1. The analytical
sample was prepared by recrystallization from xylene.

The filtrate was evaporated in vacuo to leave isomeric
bis(4+42) cycloadduct VIIIb-2, which was recrystallized
from benzene-petroleum ether (bp 45—65°C).

Similarly, the reaction of II with IIIa, ITIc and IIId gave
the corresponding mono(4+2) cycloadducts VIIa, VIId and
bis(4+2) cycloadduct VIIIc, respectively, while II did
not react with IIle. The yields, physical properties and
results of elemental analyses of VII and VIII are given in
Table 2.

Reaction of VIla with Phenylhydrazine. A solution of
0.1g of VIIa and 5 drops of phenylhydrazine in 10 ml
of dry benzene was refluxed for 30 min, during which time
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40 mg (639%,) of 2,3-dihydro-2,5-diphenyl-1,2,4-triazol-3(1H )-
one (IX), mp 230—231°C, precipitated. Compound IX
was identical with an authentic sample, mp 230-231°C,'»
prepared from II and phenylhydrazine. The filtrate was
concentrated in valuo to give 0.11 g (95%,) of phenylhydrazone
of benzaldehyde, identical with an authentic sample.

Reaction of VIId with Hydrobenzamide. A solution of
0.2 g of VIId and 0.1 g of hydrobenzamide in 15 m!/ of dry
benzene was refluxed for 1 hr. The crystalline precipitate
was filtered and washed with hot benzene to leave 80 mg
(30%) of bis(44+2) cycloadduct X, mp 208—209°C (de-
comp.).® The filtrate was evaporated in vacuo to give a
mixture of 40 mg of azine ITId and 80 mg (309,) of isomeric
bis(4+42) cycloadduct X’, mp 186°C,® which were separat-
ed by extraction with carbon tetrachloride. Evaporation
of benzene washings afforded 50 mg of azine IIId; the total
yield of azine IIId is 90 mg (729%,).

This work was partially supported by a grant from
the Ministry of Education. The authors would like
to express their thanks to Professor J.-P. Anselme,
University of Massachusetts, Boston, for reading the
manuscript.






