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small, rapid initial absorbance change with the rate proportional to
[CN-] preceding the process associated with the large ahsorbance
change which is easy to measure. We tried to see if the situation could
be improved by using a different wavelength to follow the reaction
but without success.

In the case of the reaction of 5 with cyanide the situation is no better
because here the total overall absorbance change associated with the
transformation of 3 to the final reaction products is so small as to make
any reliable kinetic studies impossible, given the special type of mixing
that has to be employed in stopped-flow kinetic work with sulfinyl
sulfones.
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The structure of a diazacyclopropanone, bis(p-bromo-«a,a-dimethylbenzyl)diaziridinone (3), has been deter-
mined by x-ray analysis. The substituents attached to the nitrogen atoms are 56° above and below the plane de-
fined by the ring atoms; the bond lengths in the ring are 1.60 (N~N) and 1.325 A (N-CO). Thermal decomposition
of the diaziridinone affords the following (in moles of product per mole of reactant): p-bromo-c,a-dimethylbenzyl
isocyanate (9) (0.35), p-bromo-N-(1-methylethylidene)benzenamine (10) (0.24), N-(1-p-bromophenylethylidene)-
methanamine (11) (<0.01), p-bromo-a-methylstyrene (12) (0.15), and p-bromocumene (13) (0.01). The major path
of decomposition is fragmentation to the isocyanate 9 and a nitrenoid species which rearranges (aryl migration) to

imine 10.

Diaziridinones (2,3-diazacyclopropanones) pose several
problems of interest in structure and reactivity.2 NMR and
IR data for N,N’-di-tert-alkyldiaziridinones are suggestive
of the nonplanar trans structure 1.22 Physical data and reac-
tions of a bicyclic diaziridinone 2 are in accord with structure

0022-3263/78/1943-0922$01.00/0

2, although the NMR shows a single methy! signal (and a
single methylene signal) even down to —150 °C.2¢

Here we report the structure of the diaziridinone 3, deter-
mined by x-ray analysis, and a study of the thermal decom-
position of this diaziridinone.

© 1978 American Chemical Society
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Structure of the Diaziridinone 3. The diaziridinone was
prepared from the corresponding urea.?2 The structure (Figure
1; see the Experimental Section for details on the x-ray anal-
ysis)? is seen to be the transoid arrangement of structure 1.
The substituent atoms, C-2 of Figure 1, are 56° above and
below the plane defined by the ring atoms. Comparisons of the
ring bond lengths of 3 with related small-ring systems 4,%¢ 5,%b
6,4cd 7 4¢ and 84P are summarized in Chart I. The N-N bond
length in the diaziridinone 3 (and in the thiadiaziridine 1,1-
dioxide 6)4d is considerably longer than the N-N bond in
acyclic systems (e.g., the N-N bond length in FoN-NF35 ig
1.47 A; in HoN-NH,,% 1.45 A; in OCH-NH-NH-CHO, 1.39
&) or six-membered ring systems (the N-N bond length in
3,4-dimethyl-3,4-diazabicyclo[4.4.0]decane is 1.486 A; in
2,3-dimethyl-2,3-diazatricyclo[8.4.0.049]tetradec-9-ene, 1.450
A).82b The N-CO bond in 3, 1.325 A, is close to the value for
N-CO, 1.33 A,5¢ in typical planar armide systems and consid-
erably shorter than the value for N-Csp? in 2,4,6-trimethyl-
nitrobenzene, 1.48 A,5¢ or the average value for N-Csp3, 1.47
A.3¢ However, the C=0 bond length in 3 is 1.20 A, the same
(within experimental error) as the C==0 length in the cyclo-
propanone 7,4 1.19 A, and in the aziridinone 5,4> 1.20 A; these
values are closer to those for typical ketone C=0 lengths,
1.215 A,54 than for amide C=0 lengths, 1.235 A.5d In sum-
mary, the diaziridinone N-N bond is unusually long and the
N-CO bonds are unusually short. The geometry for 3 estab-
lished in this study and the IR carbonyl absorptions of dia-
ziridinones (1855-1880 cm~! vs. 1837-1850 cm~1 for aziridi-
nones and 1813-1840 cm™! for cyclopropanones)? are not in
accord with amide resonance stabilization in diaziridinones.
The relative reactivity toward nucleophiles of diaziridinones
and cyclopropanones?® remains something of a puzzle; the
lower reactivity of diaziridinones may be associated, in part,
with the larger internal carbonyl angle (see Chart I), with re-
pulsion between a nitrogen lone pair and an attacking nu-
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cleophile, and with amide resonance (reduced, but presumably
not absent, in 3).

Thermal Decomposition of the Diaziridinone 3. At
temperatures above 200 °C, compound 3 decomposes. Because
of the sensitivity of some of the products to moisture, the
study was carried out directly on GC columns, with decom-
position in the injection port (glass liner). The results are
summarized in Chart II. The values in parentheses are moles
of product per mole of reactant. Yields of products 9, 10, and
12 account for 50% of the diaziridinone. Raising the injection
port from 350 to 425 °C increased the amount of styrene 12
without decreasing 9 and 10 (Table I), implying a second path
for formation of 12 (e.g., eq 2).

350 °C
3 —9,10,12 0

4] 2225 1213 @)

Previous studies on diaziridinones have provided evidence
for several modes of decomposition (eq 3-6).27

R — N, + 2R—< (3)
-CO
o / R—</ + R+H (4)
—

major

| Ne—N—]
R——N=N—

minor

RiN—NIIR R{NCO (5)

~ .
R—'—NHCO—N (6)
15

The principal contribution of the present thermal study is
the evidence for involvement of a nitrenoid species, leading
to the imine 10 (Chart II). The large amounts of isocyanate
9 and imine 10 are most simply ascribed to formation of both
by a common path, e.g., eq 7. In a search for evidence on ni-
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13 ArC(CH;),NCO + ArN=C(CH,),
| 9 10
-
- o 1

or N I:Ar_*_N] (7)
0
16

trene 16, the corresponding azide, 17a, was prepared. De-
composition of a series of azides of type 17 has been de-
scribed,® affording mixtures of the two possible imines, 10 and
11 (eq 8). Compound 17a was decomposed under the condi-
Ar + N3 = ArN=C(CH3); =~ ArC(CH3)=NCH;
17 10 11
«17a,Ar = p ~ BrCgHy4

(8)

tions of decomposition of diaziridinone 3. Both imines were
obtained. In contrast to 3, the ratio of 10/11 from 17a was
quite dependent on the GC column temperature. Alternate
injection of 17a and 3 on a Carbowax column at 225 °C af-
forded these results.

substrate —A> 10/11

azide 17a ~2:1

diaziridinone 3 ~50:1

Clearly, under these conditions, decomposition of 17a and
3 is not proceeding by a common intermediate.? Decomposi-
tion of 17 (Ar = CgHj;) affords the two possible imines: from
thermal decomposition, 10'/11' = 2:1; from photochemical
decomposition, 10'/11’ = 1:2.8

Also of interest is the possibility of conversion of 3 to p-
bromocumyl radicals, No and CO, either stepwise (eq 3) or
synchronously. Di-tert-butyldiaziridinone undergoes some
decarbonylation, affording di-tert-butyldiazene.” Decar-
bonylation of 3 would be followed instantly by decomposition
of the resulting diazene (azo) compound and is the probable
origin, via radical-radical disproportionation, of the small
amount, 1%, of cumene 13 (and an equal amount of styrene
12). Overall, styrene 12 is formed in large excess over the cu-
mene 13 (see Chart II), suggestive of direct formation of most
of 12 by the cyclic six-center decomposition of 3. Some p-
bromocumy! radicals may transfer a hydrogen atom to dia-
ziridinone 3, initiating a radical chain process known to con-
vert diaziridinones to aziridine rearrangement products, 1522
(eq 6), and to ureas. In all likelihood some 15 is produced from
3, and the increase in styrene 12 at higher decomposition
temperature (Table I) is ascribed to the breakdown of 15 (eq
2,14 = 15).

In summary, a primary mode of decomposition of the dia-
ziridinone 3 is breaking of ring bonds and fragmentation to
the isocyanate 9. Aryl migration is the principal reaction path
in the nitrenoid fragment, affording imine 10.

Experimental Section

p-Bromo-a-methylstyrene: mp 14-15 °C (lit.10 11 °C); NMR
(CCly) 2.10 (s, 3 H), 5.0 (m, 1 H), 5.27 (s, 1 H), 7.23 (q, 4 H).

N-(p-Bromo-a,a-dimethylbenzyl)formamide was prepared by
a Ritter reaction.!! To a cooled mixture of acetic acid (5 mL) and 96%
sodium cyanide (6 g) at 0 °C was added a cooled solution of sulfuric
acid (25 g) and glacial acetic acid (5 mL). The mixture was allowed
to come to room temperature as p-bromo-a,a-dimethylbenzyl alcohol
(10 2)12 was added, maintaining the temperature between 25 and 30
°C. The reaction mixture was stirred for 12 h at room temperature,

McGann et al.

Table 1. Decomposition of the Diaziridinone 3

Injection
port Products (mol/mol of 3)

temp, °C 9 10 12 13
300 0.35 0.25 0.15 0.01
350 0.35 0.25 0.15 0.01
375 0.35 0.25 0.16 0.02
400 0.35 0.25 0.25 (0.08)
425 0.35 0.25 0.27 (0.15)

neutralized (aqueous K;COjy), and extracted with ether, and the
ethereal layer was washed, dried, and evaporated. The product was
recrystallized from pentane to give N-(p-bromo-«,a-dimethylben-
zyl)formamide: 9.0 g (79%); mp 106-107 °C; NMR (CCly) 1.6 (s, 6 H),
7.0-7.5 (m, 4 H), 7.6-8.2 (1 H); IR 1690 ¢m~!. Anal. Caled for
C10H12NOBr: C, 49.60; H, 4.96; N, 5.78; Br, 33.05. Found: C, 49.51; H,
4.97; N, 5.56; Br, 33.26.

p-Bromo-a,a-dimethylbenzylamine. The formamide (12 g, 0.05
mol) was heated at relfux for 5 h in 120 mL of 20% sodium hydroxide
solution and then steam distilled. The distillate was extracted several
times with ether, and the ethereal portion was washed with water and
dried over potassium carbonate. The ether was removed on a steam
bath, and the crude product was distilled [142-144 °C (10 mm)], giving
the amine as a colorless liquid: 8.55 g (81%); n25p 1.5547; NMR (CCly)
1.4 (s,6 H), 7.5 (s,4 H) [lit.13 bp 122-124 °C (8 mm)]. Anal. Calcd for
CgHuNBr: C, 50.45; H, 5.61; N, 6.54. Found: C, 50.57; H. 5.67; N,
6.40.

1,3-Bis(p-bromo-a,a-dimethylbenzyl)urea. The p-bromo-
a,a-dimethylbenzylamine (1.55 g, 0.00724 mol) was heated with urea
(0.403 g, 0.00672 mol) for 15 h at 140-150 °C. The product was re-
crystallized from acetone to give the dialkylurea as white needles: 0.92
g (56%); mp 236-237 °C; IR (CHCl3) 1660 cm™=!; UV (in acetonitrile)
275 nm (é 417), 267 (647), 260 (585) Anal. Calcd for C19H22N20Br7_:
C,50.20; H, 4.84; N, 6.17; Br, 35.20. Found: C, 50.34; H, 5.03; N, 6.23;
Br, 34.78.

Bis(p-bromo-a,x-dimethylbenzyl)diaziridinone was prepared
from the corresponding urea (mp 236-237 °C) by the method of
Greene et al.22 (method B), using tert-butyl alcohol as solvent. The
crude product, a yellow oily solid, was recrystallized from pentane,
giving the diaziridinone as white plates: mp 76-77 °C; 63% yield; IR
(CCly) intense doublet at 1885, 1850, sharp band at 1585 ecm~!; NMR
(CCly) 1.47 (s, 12 H), 7.25 (q, 8 H,J = 9 Hz); UV (in acetonitrile) 274
nm (e 383), 263 (689), 257 (746). Anal. Caled for C19H2oN2OBry: C,
50.46; H, 4.45; N, 6.19; Br, 35.34. Found: C, 50.58; H, 4.47; N, 6.49; Br,
35.37.

N-(1-p-Bromophenylethylidene)methanamine (imine 11) was
prepared by the method of Kyba.!4 A mixture of p-bromoacetophe-
none, methylamine, and molecular sieves in ether was heated at 100
°C in an autoclave for 55 h. Distillation of the reaction mixture af-
forded the imine: mp 67-70 °C; IR (CHCl3) 2960 (s), 1640 (s, sh), 1590
(s, sh), 1485 (s, sh), 1085 (s, sh), 1010 (s, sh); NMR (CDCl3) 2.17 (s, 3
H), 3.30 (s, 3 H), 7.50 (q,4 H, J = 9 Hz).

p-Bromo- N-(1-methylethylidene)benzenamine (imine 10) was
prepared in 43% yield: bp 57-58 °C (0.04-0.05 mmHg) [lit.'% bp 98-102
°C (5 mmHg)]; IR (CHCl3) 2960 (m), 1660 (s, sh), 1480 (s, sh), 1065
(m, sh), 1000 (m, sh), 840 (s); NMR (CDClj3) 1.72 (s, 3 H), 2.10 (s, 3 H),
6.53 (d, 2 H), 7.35 (d, 2 H).

p-Bromo-a,a-dimethylbenzyl Isocyanate (9). Phosgene gas was
bubbled through 35 mL of toluene for 10 min and the solution brought
to reflux. A solution of 2.14 g (0.01 mol) of the amine in 10 mL of tol-
uene was added dropwise and with stirring to the refluxing toluene
solution over a period of 1.5 h. A continuous stream of phosgene gas
was maintained throughout the addition and 10 min thereafter. The
reaction mixture was refluxed vigorously for 2 h. The toluene was
removed by distillation and the residue was fractionally distilled,
giving 1.65 g (69%) of the isocyanate: bp 144-164 °C (10 mmHg); IR
(CHCl3) 2970 (w), 2270 (s), 1100 {(m, sh), 1010 (m, sh); NMR (CDCly)
1.67 (s,6 H),7.33 (q,4 H, J = 9 Hz).

p-Bromocumene was prepared by the method of Bruce and
Todd!® by the action of isopropyl chloride on a suspension of alumi-
num chloride in bromobenzene. A mixture of products was obtained
from which a sample of the pure para isomer was isolated by gas
chromatography on a 6-ft column of 15% SE-30 on Chromosorb W
(80-100 mesh): IR (CCly) 2960 (s), 1490 (s), 1460 (s), 1400 (m, sh), 1080
(s), 1010 (s); NMR 1.20 (d, 6 H, J = 7 Hz), 2.80 (septet, 1 H,J = 7 Hz),
7.13 (q, 4 H,J = 9 Hz).

p-Bromo-a,a-dimethylbenzyl azide was prepared by the method
of Saunders and Caress® and purified by chromatography on alumina:
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IR (CCly) 3320 (w, br}, 2980 (m)}, 2450 (w, br), 2090 (s}, 1490 (m), 1400
(m, sh), 1370 (m, sh), 1150 (m), 1100 (m, sh), 1010 (m, sh); NMR (neat)
1.47 (s,6 H),7.23 (q,4 H, J = 9 Hz).

Thermal Decompositions, A. Diaziridinone. The diaziridinone
(in concentrated cyclohexane solution) and the azide were decom-
posed by injection into a gas chromatograph with the injection port
at 350 °C. Peaks were identified by collection and spectral comparison
(IR and NMR) with authentic samples. The imines, styrene 12, and
the cumene were also checked by coinjection of authentic samples
with the diaziridinone. Two 6 ft X 0.25 in. aluminum columns were
used: one of 15% (w/w) silicone oil SE-30 and one of 15% (w/w) Car-
bowax 20M, both on a 80-100 mesh Chromosorb W diatomite support.
Pyrex glass liners were used in the injection port. Yield and product
ratio data were obtained using hydrocarbon standards (undecane,
tridecane, and pentadecane). The order of elution and relative re-
tention times on SE-30 were Cy;Hgq4 (0.45), p-bromocumene (0.73),
p-bromo-«-methylstyrene (0.87), Cy3Hgg (1.00), unknown (E2) (1.1),
p-bromo-N-(1-methylethylidene)benzenamine (imine 10) (1.45),
p-bromo-q,a-dimethylbenzyl isocyanate (1.98), and C;sHjzo (2.38).
N-(1-p-Bromophenylethylidene)methanamine (imine 11) has the
same retention time as the isocyanate; collection of the isocyanate
peak from decomposition of a sample of the diaziridinone and ex-
amination by IR and NMR showed no evidence for imine 11. On the
Carbowax column, the order of elution of the products is the same;
the isocyanate, however, is not eluted. A peak of the same retention
time as imine 11 is observed, corresponding to <0.5% yield. The results
are summarized in Chart Il and Table 1.

B. Azide. Thermal decomposition of p-bromo-a,a-dimethylbenzyl
azide and product analysis were carried out as described above. The
major products are the styrene, imine 10, and imine 11. On the SE-30
column, imine 11 and the azide have the same retention time; on the
Carbowax column, imine 10 and the azide have the same retention
time. The ratio of imine 10 to imine 11 is dependent on column tem-
perature, associated, in part, with some variability in the extent of
decomposition of the azide. Analysis was best carried out on the
Carbowax column with the injection port at 350 °C and the column
at 225 °C.

Crystal data for 3: C1gHogBraN2O; mp 76-77 °C; orthorhombic;
space group p2:212;a = 7.79 (4),b = 17.70 (7), c = 6.86 (2) A. By as-
suming two molecules per unit cell (thus explicitly forcing the mole-
cule, itself, to have a twofold rotation axis), a reasonable density of
1.586 g/cm3 was calculated. Least-squares lattice constants were de-
termined from 20 measurements of the copper Kay — Kag doublet
at values of 26 greater than 65° under fine conditions (1° takeoff angle

and 0.05° slit). The measurements were taken on a G.E. XRD-5 dif-’

fractometer. Subsequently, three-dimensional intensity data were
collected on a G.E. XRD-490 automated diffractometer system using
the stationary-counter, stationary-crystal method, balanced Ni and
Co Ross filters; and Cu Ko radiation. A total of 1130 reflections were
measured to a 26 limit of 140°. Of these, 717 reflections were consid-
ered statistically significant and only these reflections were used in
the structure determination, The structure was solved by the standard
heavy atom method and refined by block-diagonal least-squares
techniques to a final R = E|kF,| — |Fll/Z|kF,| of 0.06, and a
weighted Ry = T{wlikF,| — |Fel?/ Zw|kF,|2]Y/2 of 0.069. The shift
errors in the last cycle of refinements were all less than 0.002. The
positions of the phenyl hydrogen atoms were calculated based upon
a reasonable chemical model (CH = 1.0 A; CHC = 120°) and then
included in the final cycles of least-squares refinement as fixed con-
tributors. A final difference Fourier map was essentially featureless,
with only the ripples about the bromine heavy-atom positions ex-
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ceeding 0.4 e/A3. (See paragraph regarding supplementary materi-
al.)

Acknowledgment. We wish to thank Professor Timberlake
of the University of New Orleans for his interest and assistance
in this work and to call attention to related work of his labo-
ratory.4e17

Registry No.—3, 64586-25-0; 9, 64586-20-5; 10, 40938-44-1; 11,
64586-22-7; p-bromo-a-methylstyrene, 6888-79-5; N-(p-bromo-
a,a-dimethylbenzyl)formamide, 64586-24-9; p-bromo-a,a-dimeth-
ylbenzyl alcohol, 2077-19-2; sodium cyanide, 143-33-9; p-bromo-
a,a-dimethylbenzylamine, 17797-12-5; 1,3-bis(p-bromo-a,a-di-
methylbenzyl)urea, 64586-23-8; urea, 57-13-6; p-bromoacetophenone,
99-90-1; methylamine, 74-89-5; phosgene, 75-44-5; p-bromocumene,
586-61-8; p-bromo-«,a-dimethylbenzyl azide, 64586-21-6.

Supplementary Material Available: A list of atomic coordinate
positions and anisotropic thermal parameters for the nonhydrogens
and the calculated positions for the hydrogen atoms (2 pages). Or-
dering information is given on any current masthead page.

References and Notes

(1) (a) Supported, in part, by the General Research Support Branch, Division
of Research Resources; National Institutes of Health, Grant No. RR-506-
01-72 (R.J.M.); and the Warner Lambert Pharmaceutical Company (L.M.T.).
(b) Supported, in part, by U.S. Public Health Service Research Grant CA-
16592 from the National Cancer institute (F.D.G.}.

(2) (a)F.D. Greene, J. C. Stowell, and W. R. Bergmark, J. Org. Chem., 34, 2254
(1969); F. D. Greene, W. R. Bergmark, and J. G. Pacifici, ibid., 34, 2263
(1969); (b) F. D. Greene and J. F. Pazos, ibid., 34, 2269 (1969); (c) C. A,
Renner and F. D. Greene, ibid., 41, 2813 (1976).

(3) Also, see paragraph concerning Supplementary Material.

(4) (@) 0. A. Dyachenko, L. O. Atovmyan, S. M. Aldoshin, A. E. Polyakov, and
R. G. Kostyanovskii, Chem. Commun., 50 (1976); (b) A. H-J. Wang, |. C.
Paul, E. R. Talaty, and A. E. Dupuy, Jr., ibid., 43 (1972); (c) J. W. Timberiake
and M. L. Hodges, J. Am. Chem. Soc., 95, 634 (1973); (d) L. M. Trefonas
and L. D. Cheung, ibid., 95, 636 (1973); (e) J. M. Pochan, J. E. Baidwin, and
W. H. Flygare, ibid., 91, 1896 (1969); (f) M. Bucciarelli et ai., Chem.,
Commun., 60 (1976).

(5) (a)L. E. Sutton, Ed., “Tables of Interatomic Distances 1956-1959", Spec.
Publ. No. 18, The Chemical Society, Burlington House, London, 1965, p
M 26s; (b) p M 81s; (c) S 195-S20s; {d) S 21s.

(6) (a)S.F.Nelson, W. C. Hollinsed, and J. C. Calabrese, J. Am. Chem. Soc.,
99, 4461 (1977); (b) for review on N-N bonds, see R. Allmann in “'The
Chemistry of the Hydrazo, Azo, and Azoxy Groups’, Part 1, S. Patai, Ed.,
wiley-Interscience, New York, N.Y., 1975, Chapter 2; (c) J. Trotter, Acta
Crystallogr., 12, 605 (1859).

(7) F. D. Greene, R. L. Camp, L. Kim, J. F. Pazos, D. B. Sclove, and C. J.
Wilkerson, "“XXIli International Congress of Pure and Applied Chemistry"’,
Vol. 2, 1871, p 325.

(8) W. H. Saunders, Jr., and E. A. Caress, J. Am. Chem. Soc., 86, 861 (1964);
see also F. C. Montgomery and W. H. Saunders, Jr., J. Org. Chem., 41, 2368
(1977).

(9) Neither the results of this study nor those of ref 8 provides any clear indi-
cation of the role of a free nitrene in the rearrangements.

(10) E. Bergmann and A. Weizmann, Trans. Faraday Soc., 32, 1327 (1936).

(11) J. J. Ritter and J. Kalish, J. Am. Chem. Soc., 70, 4048 (1948).

(12) H. C. Brown, Y. Okamoto, and G. Ham, J. Am. Chem. Soc., 79, 1906
(1957).

(13) Boiling point of an ortho—para mixture, from amination of the corresponding
cumenes: P. Kovacic, J. F. Gormish, R. J. Hopper, and J. W. Knapczyk, J.
Org. Chem., 33, 4515 (1968).

(14) E. P. Kyba, Org. Prep. Proced., 2, (2), 149 {(1970).

(15) M. Tsuchimoto, S. Nishimura, and H. Iwamura, Bull. Chem. Soc. Jpn., 46,
675 (1973).

(18) W. F. Bruce and F. Todd, J. Am. Chem. Soc., 81, 157 (1939).

(17} J. W. Timberlake, M. L. Hodges, and A. W. Garner, Tetrahedron Lett., 3843
(1973).



