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Table 11
Calculated Electron Densities in Acrylate Esters
R R
b
7N
R, CO,CH,
R’l » R’2 RB o B
H,H H 4.0448 3.9498
H, H CH, 4,0408 3.9643
CH,,H H 40738 3.9168
CH,,H CH, 4.0638 3.9319
CH,, CH, H 4,1101 3.8973
CH,, CH, CH, 4.0910 3.9180
o~
>C-——C=C<
I OCH,
5

V1), electron transfer in this system appears to be highly
unlikely.!®

Experimental Section

The procedures for the reactions of acrylates with alkali diphen-
ylmethides are so similar that only one is given in detail. Varia-
tions are indicated in the Discussion or in Table I, as are physical
constants.!?

Reactions of Acrylic Esters with Alkali Diphenylmethides.
Methyl 2,3,3-Trimethyl-4,4-diphenylbutanoate. Sodium di-
phenylmethide was prepared by addition of 16.8 g (0.1 mol) of di-
phenylmethane in 50 ml of ether to 0.1 mol of sodium amide in lig-
uid ammonia, prepared from 2.3 g (0.1 g-atom) of sodium and a
small amount of anhydrous ferric chloride in 250 ml of liquid am-
monia. The resulting deep orange solution was stirred for 10 min
and 12.8 g (0.1 mol) of methyl trimethylacrylate in 25 ml of ether
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was added during 10 min. To the resulting green solution was
added 8 g of ammonium chloride. The ammonia was replaced by
ether and the mixture was stirred with 250 ml of 0.1 N hydrochlo-
ric acid. The aqueous layer was separated and extracted with 100
ml of ether, and the combined ether solutions were dried over sodi-
um sulfate and concentrated to give 28 g of a pale yellow liquid.
Distillation afforded 6 g of starting materials [bp 70-200°/(1 mm))
and 22 g of methyl 2,3,3-trimethyl-4,4-diphenylbutanoate, bp 170°
(0.8 mm). A solution of 4 g of the ester was dissolved in 20 ml of
cold concentrated sulfuric acid, and the orange solution was stirred .
for 5 min and poured onto ice. Recrystallization from petroleum
ether afforded 1.5 g (40%) of 4-phenyl-2,3,3-trimethyl-1-tetralone,
mp 137°.

Acknowledgement. The authors wish to thank Dr. H.
A. Kuska, who provided the CNDO/2 programs from
QCEP and assisted in their use.

Registry No.—Sodium diphenylmethide, 5152-68-1; 2-methyl-
4,4-diphenylbutyric acid, 57090-82-1; 3,3-dimethyl-4,4-diphenyl-
butanoic acid, 57090-83-2; 2,3,3-trimethyl-4-phenyl-1-tetralone,
57090-84-3; diphenylmethane, 101-81-5; sodium amide, 7782-92-5.

References and Notes

(1) E. D. Bergmann, D. Ginsburg, and R. Pappo, Org. React., 10, 179
(1959).
(2) H. O. House, “Modern Synthetic Reactions”, 2nd ed, W. A. Benjamin,
Menlo Park, Calif,, 1872, p 595.
(3) H. 0. House and P. D. Weeks, J. Am. Chem. Soc., 87, 2770 (1975).
(4) M. Tetenbaum and C. R. Hauser, J. Org. Chem., 28, 229 (1958).
(5) E. M. Kaiser, C. L. Mao, C. F. Hauser, and C. R. Hauser, J. Org. Chem.,
35, 410 (1970).
(8) F. B, Kirby, W. G. Kofron, and C. R. Hauser, J. Org. Chem., 28, 2176
(1963); W. G. Kofron and J. M. Goetz, ibid, 38, 2534 ((1973).
(7) W. G. Kofron, U.S, Patent 3,412,146 (1968).
(8) See H. Takahashi, K. Fujiwara, and M. Ohta, Bull. Chem. Soc. Jpn., 35,
1498 (1962),
(9) See T. Tsuruta, Prog. Polym, Sci. Jpn., 8, 1(1872).
(10) H. O. House and P. D. Weeks, J. Am. Chem. Soc., 97, 2785 (1975).
This value was determined for the lithium derivative.
(11) L. Meites, P. Zuman, et al,, “Electrochemical Data”, Part |, Vol. A,
Wiey, New York, N.Y., 1974,
(12) Analyses were by Micro-Tech Laboratories, Skokie, Hll.

Okidative Addition of Sodium and Zinc Arenesulfinates to
' Derivatives of Diazenedicarboxylic Acid!:2

John E. Herweh* and Richard M. Fantazier

Armstrong Cork Company, Research and Development Center, Lancaster, Pennsylvania 17604

Received July 25, 1975

1,2-Diazenedicarboxamide (DDA), a number of substituted diazenedicarboxamides, and diethyl diazenedicar-
boxylate react with the sodium and zinc salts of p-toluene- and benzenesulfinic acids in Me3SO or DMF to give
addition products (I) and/or addition-elimination products (II). With DDA and the N,N-disubstituted deriva-
tives, the trisubstituted diazane (I) is unstable under alkaline conditions generated and undergoes elimination.
The resulting products, sulfonyldiazanecarboxamides (II), are formed in high yield. DDA also undergoes oxida-
tive addition with sodium arenesulfinates in aqueous media and subsequent elimination to give II in nearly quan-
titative yield. Symmetrically substituted diazenedicarboxamides, exemplified by N,N’-diethyl-1,2-diazenedicar-
boxamide and N,N'-diphenyl-1,2-diazenedicarboxamide, react with arenesulfinate salts in Me2SO to yield a mix-
ture of I and II. The latter may result from elimination of an isocyanate from I under alkaline conditions. Te-
trasubstituted diazenedicarboxamides, such as N,N,N’,N’-tetramethyl-1,2-diazenedicarboxamide (TMDDA), and
diazenedicarboxylates, such as diethyl diazenedicarboxylate (DEDD), afford only the trisubstituted product (I},

the latter or its anion being stable under basic conditions.

«-Carbonyl diazenes may be characterized as oxidants by
virtue of their tendency to act as strong electron acceptors.
Oxidation may result in the formation of addition products
involving a diazene and substrate.? The currently described
reaction of a-carbonyl diazenes with salts of arenesulfinic

acids to give products possessing the general structures I
and I may be placed in this category. The oxidation of are-
nesulfinic acids by diphenyldiazene (azobenzene) and cer-
tain substituted analogues has been reported,®® the reac-
tion proceeding by addition of the acid across the diazene



Addition of Arenesulfinates to Derivatives of Diazenedicarboxylic Acid

I
R'C 0

N—NHC—R
ArSO,NH—NHC(O)R
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linkage to give sulfonyldiazanes. The reaction of sulfinic
acids or their salts with a-carbonyl diazenes is relatively
unexplored.

Messinger® recently reported the preparation of several
trisubstituted diazanes (I) by the addition of benzene- or
p-toluenesulfinic acid to either ethoxy or morpholino de-
rivatives of diazenedicarboxylic acid. We have examined
the reaction of several zinc and sodium arenesulfinates
with a number of diazenedicarboxylic acid derivatives in
some detail and we are presenting here these results and
some information bearing on the mechanisms of the reac-
tion.

Results

Reaction of 1,2-Diazenedicarboxamide (DDA) with
Salts of Arenesulfinic Acids. When DDA and either the
zine or sodium salt of arenesulfinic acids are combined in
equivalent amounts in MesSO solution’ at room tempera-
ture, a rapid reaction occurs, to yield the corresponding
sulfonyldiazanecarboxamides (II, R = NHy) in high yield.
NMR analysis of freshly combined MesSO-dg solutions of
DDA and zinc bis(p-toluenesulfinate) (1) (2:1 mole ratio)

confirmed the rapidity of the reaction; signals due to DDA -

and sulfinate were absent after several minutes. Following
the mixing of reactants, NMR signals appear, some of
which are coincident with those of the sulfonyldiazanecar-
boxamide (2) ultimately isolated, while others are presum-
ably associated with some labile intermediate or adduct. In
time, these latter absorptions disappear,® and those charac-
teristic of the major reaction product, p-toluenesulfonyldi-
azanecarboxarnide (2), predominate.

In one case, the free sulfinic acid, p-acetamidoben-
zenesulfinic acid, was used in place of the corresponding
salt. In MesSO, no apparent reaction occurred; however,
adding the reaction mixture to water several hours after
mixing resulted in the precipitation of a white, gelatinous
solid. The product (87.5% yield) was formulated as 1-p-ace-
tamidobenzenesulfonyl-1,2-diazanedicarboxamide (4) on
the basis of its elemental analysis, molecular weight, and
NMR spectrum (Table III) (see Experimental Section). 4 is
converted to p-acetamidobenzenesulfonyldiazanecarboxa-
mide (5) (77% conversion) by consecutive treatments with
aqueous base and acid. )

Monitoring the reaction of DDA with p-acetamidoben-
zenesulfinic acid in MexS0-dg by NMR confirmed the
qualitative observation that essentially no immediate reac-
tion occurs. The NMR spectrum simply consists of a com-
posite of absorptions due to the reactants, After ca. 20 hr,
however, the spectrum was again recorded and exhibited
absorptions that were comparable to those of the isolated
product 4. After ca. 6 days, the reaction mixture remained
unchanged, as determined by NMR.

To broaden the scope of reaction conditions, a suspen-
sion of DDA in water and the water-soluble sodium ben-
zene- or p-toluenesulfinates was allowed to react. The cor-
responding sulfonyldiazanecarboxamides 2 and 3 were ob-
tained in near quantitative yields.

Reaction of Substituted Diazenedicarboxamides
with Salts of Sulfinic Acids. A number of substituted di-
azenedicarboxamides were allowed to react with sodium
p-toluenesulfinate in MesSO. In the case of N,N’'-diethyl-
1,2-diazenedicarboxamide (DEDDA), an immediate reac-
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Table |
Reaction Products from Substituted DDA’s and
Sodium p-Toluenesulfinates

0 0]
| |
RC~~N=N—-CR’ + ArSO,Na —>
0]
|
RC
N—NHC(O)R and/or ArSO,NHNHC(O)R
ATSOQ
1 I

Ar = p-CH,CH,

Product %

R’ R type yield Mp, °C
E{NH EtNH I1(6) 39 199-200 dec?
Me,N Me,N 1(8) 77 197-198 decc
H,N Ph,N 1I(9) 98 186—188 decd
PhNH PhNH I1(11) 33 180-182.5dec

I1 (10) 27 210-211 dec

a Satisfactory elemental analyses and molecular weight
determinations were recorded for all compounds. b Re-
crystallized from chloroform. ¢ Recrystallization from car-
bon tetrachloride—chloroform (4:1). ¢ Recrystallized from
absolute alcohol.

Table II
NMR Data and Assignments for
Sulfonyldiazanecarboxamides (I1)¢

i
ArSO,NH;—NH,CR
I
Chemical shifts, ppm, 6
Compd Hy Hp R
3 7.91 (s) 9.50 (s) NH,, 5.92 (s)
2 7.91 (s) 9.42 (s) NH,, 5.95 (s)
6 7.85 (s) 9.36 (s) NHgEt: Hy, 6.28 (t,
' J = 5.0 Hz); CH,, 2.95
(q,J =17.0 Hz); CH,,
0.90 (t, J = 7.0 Hz)
9 8.55 (s) 9.40 (s) NPh,, 7.2 (m)
5 8.00 (s) 9.37 (s) NH,, 6.0 (s)
10 8.53 9.60 NHgPh: H 8.34 (s), Ph,
ca. 7.2 (m)

4 Solvent: Me,S0O-d,.

tion occurred upon combining solutions of DEDDA and
sulfinate. A 39% yield of 1-p-toluenesulfonyl-N-ethyl-2-dia-
zanecarboxamide (6) was obtained (Table I).

The facility with which the reaction of DEDDA and sodi-
um p-toluenesulfinate proceeds was substantiated by
NMR. NMR spectra obtained directly after combining
DEDDA with zinc bis(p-toluenesulfinate) (1) in Me2SO-dg
may be interpreted as showing the presence of an adduct,
namely, 1-p-toluenesulfonyl-N,N’-diethyl-1,2-diazanedi-
carboxamide (7) (Table III). After ca. 24 hr, the NMR spec-
trum of the reaction mixture showed a diminution in the
intensity of absorptions attributed to 7, and the emergence
of absorptions coincident with those of p-toluenesulfonyl-
N -ethyl-2-diazanecarboxamide (6), the isolated product
(Tables I and II). In addition to 6 and the postulated ad-
duct 7, an absorption at ¢ 5.78 (ill-defined triplet attributed
to NH adjacent to ethyl group) and the complexity of ab-
sorptions in the regions ca. 6 1.0 and 3.0 attributed to the
methylene and methyl protons of the ethyl groups suggest-
ed the presence of a third component. The composition of
the reaction mixture continued to change with time; after
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ca. 6 days, both 6 and the unknown third component were
present in greater amounts,

When N,N,N’ . N’-tetramethyl-1,2-diazenedicarboxamide
(TMDDA) was allowed to react with sodium p-toluenesul-
finate, the characteristic color was not dissipated. Work-up
of the reaction mixture in a manner similar to that utilized
for the reaction product from DEDDA gave 1-p-toluenesul-
fonyl-N,N,N’,N’-tetramethyl-1,2-diazanedicarboxamide
(8) in 77% yield (Table I). When the reaction was repeated
with zinc bis(p-toluenesulfinate) (1) in MeoSO-d¢ using a
2:1 mole ratio of the a-carbonyl diazene compound to sulfi-
nate, NMR absorptions indicated the relatively rapid for-
mation of a single component. The NMR absorptions? at-
tributed to this reaction product were comparable to those
exhibited by the trisubstituted diazane derivative (8) (Ta-
bles I and III) previously identified.

Variable results were obtained when a series of N-phenyl
substituted diazenedicarboxamides were allowed to react
with sodium p-toluenesulfinate in MegSO at room temper-
ature. With unsymmetrical N,N-diphenyl-2-diazenedicar-
boxamide, an immediate reaction occurred; work-up of the
reaction mixture gave a nearly quantitative yield of 1-p-
toluenesulfonyl-N,N-diphenyl-2-diazanecarboxamide (9)
(Table I). The relative rapidity of the reaction and the for-

mation of the sulfonyldiazanecarboxamide (9) as the major

reaction product was confirmed by following the reaction
by NMR.

Reaction of N,N’-diphenyl-1,2-diazenedicarboxamide
with the sulfinate gave a mixture of two products. Identifi-
cation of the products as 1-p-toluenesulfonyl-N-phenyl-2-
diazanecarboxamide (10) and 1-p-toluenesulfonyl-N,N’-

diphenyl-1,2-diazanedicarboxamide (11) was made on the

basis of elemental analysis and NMR spectral data.

HSC—@—SOZNHNH CONHPh

10

\
N-—NHCONHPh

PhNHCO
1

N,N,N’ ,N’-Tetraphenyl-1,2-diazenedicarboxamide,
which is sparingly soluble in MeSO at room temperature,
failed to undergo significant reaction with the sulfinate
under typical reaction conditions; 88% was recovered.

Miscellaneous Reactions of Some Diazenes with Sul-
finic Acids and Their Salts. Diethyl diazenedicarboxylate
(DEDD) reacted readily with zinc bis(benzenesulfinate)
(12) in MesSO to give 1-benzenesulfonyl diethyl-1,2-diaza-
nedicarboxylate (13) in high yield.

Diphenyldiazene and  bis(2-cyano-2-propyl)diazene
(BMPD) were also allowed to react with sodium p-tolu-
enesulfinate under typical reaction conditions. In neither
case was there any evidence for oxidative addition; 96% of
the diphenyldiazene and 89% of the BMPD were recovered.

Sodium formaldehyde sulfoxylate reacts immediately
with DDA in MegSO at room temperature to give a precipi-
tate of 1,2-diazanedicarboxamide in 78% yield. Reaction of
aminoiminomethanesulfinic acid with DDA in MesSO also
failed to give an isolable addition product. Instead, 47% of
the starting DDA was reduced to 1,2-diazanedicarboxam-
ide and of the remaining starting material, 90% was recov-
ered.

Kinetic Results. The rate of disappearance of DDA in
the presence of an equivalent amount of sodium benzen-
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Table II1

NMR Data and Assignments for
Trisubstituted Diazanes (I}

Ar802
N—NH,CR
R’-——-C/
|
0o
I
Chemical shifts, ppm, &
Compd Hp R’ R
8 9.0 (s) NME,, 2.92 (s) NMe,, 2.78 (s)
13 10.46 (s) OEt: OCH,, 4.1 OEt: see R’
(m);? CH,,
1.15 (m)
4 8.94 (s) NH,, 6.88 (s) NH,, 6.22 (s)
7 8.87 (s) NHgEt: Hg, ca. NHpEt: Hp,
7.4¢ CH,, ca. 6.5 (t)J = 5.0
3.19 (q),J = Hz; CH,, ca.
6.5 Hz; CH,, 3.02 (q),J =
1.07 (t), 6.5 Hz; CH,,
J=6.5Hz 0.94 (t),J =
6.5 Hz
11 8.68 PhNHg: Hg, PhNHp: Hy,
10.04 (s); Ph, 10.6 (s); Ph,
ca, 7.4 (m) ca. 7.2 (m)

@ Solvent: Me,80-d,. » Methylene and methyl protons
appear as multiplets due to overlap of signals. ¢ Signal ap-
peared as a broad, poorly defined triplet,

Table IV
Rate Data for the Disappearance of 0.015 M DDA
in the Presence of Selected Benzenesulfinates?

2nd order

rate const,
1. mol™* Half-life,

Benzenesulfinated Temp, °C  min~! min
Sodium ¢ —25.0 19.5 3.4
Sodium ¢ —19.5 26.8 2.5
Sodium ¢ —15.5 30.3 2.2
Sodium ¢ —5.0 47.8 14
Sodium + water (0.06 M) —14.5 30.1 2.2
Sodium + water (0.06 M) —9.5 39.6 1.7
Sodium + Zn(OAc),-2H,0 —32.0 b 5.9
(0.00375 M)

Sodium + Zn(0OAc),-2H,0 —25.0 b 2.7
(0.015 M)

Sodium + Zn(0OAc),-2H,0 —25.5 b 0.7
(0.06 M)

Sodium + Zn(OAc),-2H,0  —22.5 b 0.6
(0.125 M)

Zinc (0.0075 M) —-30.0 b ~0.2

Zine (0.0075 M) —22.6 b <0.2

Zine (0.0075 M) + NaOCN —20.0 21.9 2.8

(0.015 M)

a Unless noted otherwise, all experiments were conducted
in dry DMF. » These experiments did not yield straight-line
plots. Half-lives were taken directly from concentration—
time data. ¢ An Arrhenius plot. for this reaction yielded an
activation energy of 5.1 + 0.3 keal/mol. 4 Sodium salt
(0.015 M) in all cases.

esulfinate in dry DMF was determined at low temperatures
(see Experimental Section). Plots of 1/(DDA) vs. time were
linear over 3—4 half-lives, consistent with straightforward
second-order kinetics. Pertinent rate data are included in
Table IV. These data yielded a straight-line Arrhenius plot
giving an activation energy of 5.1 + 0.3 kcal/mol. Added
water has virtually no effect' on the reaction rate (Table
V).

The addition of zinc acetate dihydrate accelerates the
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Figure 1. Comparative second-order kinetic plots for the disap-
pearance of 0.015 M DDA: X, 0.015 M PhSOyNa, —22.0°; 0, 0.0075
M Zn(PhS80,); + 0.015 M NaOCN, —20.0°; a, 0.015 M PhSO;Na
+ 0.015 M Zn(OAc)3-2H,0, —20.5°; A, 0.015 M PhSO.Na + 0.125
M Zn(0Ac)22H0, —20.5°; m, 0.0075 M Zn(PhSOy),, 22.5°.

rate of disappearance of DDA in the presence of sodium
benzenesulfinate. As the initial concentration of zinc is in-
creased, the rate of DDA disappearance increases. How-
ever, the resulting second-order kinetic plots are not linear.
Rate constants were not calculated for these, but half-lives
were determined and these are shown in Table IV. Repre-
sentative second-order plots are shown in Figure 1. Very
rapid reactions occur between DDA and zinc bis(ben-
zenesulfinate) in DMF, These did not yield straight-line
second-order kinetic plots (See Figure 1). At all tempera-
tures above ~30°, the half-life was too short to determine
precisely. It was less than 0.2 min at —22.5° (Table IV).
The addition of 1 equiv (with respect to benzenesulfin-
ate) of sodium or potassium cyanate to zinc bis(benzenesul-
finate) effectively eliminates the accelerating action of the
zinc salt and yields a kinetic plot for the disappearance of
DDA that is nearly identical with that obtained with sodi-
um benzenesulfinate alone. This is shown in Table IV and
Figure 1. ‘

Discussion

The reaction of arenesulfinate salts with DDA in MesSO
may be interpreted as involving addition of a nucleophile,
the arenesulfinate anion, to the electrophilic diazene link-
age to form the substituted diazane anion (III) (Scheme I).
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thereby enhancing the basicity of the reaction medium
(Scheme I). Under conditions of relative high basicity I
may be expected to eliminate cyanate to give the sulfonyl-
diazanecarboxamide (II, R = NHy) and the cyanate of the
metal cation present. Diazanetriscarboxamide is known to,
undergo rapid elimination of isocyanic acid in basic media
to give 1,2-diazanedicarboxamide and a cyanate.l!

Alternatively, one may assume that moisture is not in-
volved in the initial stages of the reaction and that the sub-
stituted diazane anion (IIT) simply undergoes a series of re-
arrangements resulting in the loss of cyanate and formation
of the sulfonyldiazanecarboxamide (I) (Scheme I, path B).
In the case of DDA and its reaction with sodium ben-
zenesulfinate in DMF, water was found to have no effect on
the rate of DDA disappearance (Table IV).

The relative ease with which the reaction proceeds in an
aqueous medium, even though the system is heterogeneous
(DDA is insoluble in water), may be taken as support for
the participation of small amounts of water under homoge-
neous reaction conditions in MesSO.

Further evidence that small amounts of water may be in-
volved in the reaction scheme arises from NMR studies of
the reaction of TMDDA with anhydrous zinc bis(p-tolu-
enesulfinate) (1). The NMR spectrum indicated the forma-
tion of the trisubstituted diazane derivative (8) directly.
Since TMDDA does not possess any labile hydrogens, one
can reasonably assume that the required NH proton in 8
was furnished by water. In the case of TMDDA a stoichio-
metric amount of water would be necessary to bring about
complete formation of 8, contrary to the proposed reaction
course involving DDA (Scheme I, path A). The formation
of a trisubstituted diazane (I) as a reaction intermediate
probably occurs in all cases involving reactions of diaz-
enedicarboxamides with arenesulfinates. In those instances
where the diazene compound bears a formamoyl group, the
trisubstituted diazane derivative (I, R” = NHy; R = NH; or
NRy) is relatively unstable and eliminates cyanate to give
the sulfonyldiazanecarboxamide (II, R = NR; or NH,).
The relatively high basicity of the medium, enhanced as
described above, probably contributes to the instability of
I. In the one case where the free arenesulfinic acid (reaction
involving p-acetamidobenzenesulfinic acid) was used, I was
isolable. The latter readily lost the elements of isocyanic
acid upon attempted purification by dissolution in aqueous
base followed by acidification.

The kinetic studies provide additional support for the
primary steps in Scheme I. The uncomplicated second-

Scheme 1
AI'SOZ
ArSOM + HNCON=NCONH, M50 N—NCONH, + M*
M= Na* or Zn* H,NCO

ArS0,
N—NHCONH, + OH~

H,NCO
I

| !

ArSO,NHNHCONH, + H,0 + MNCO

I

The reaction is facilitated by solvation of the particular
metal cation of the sulfinate salt by MesSO. If traces of
moisture!® are present, III may be converted to the 1-ar-
enesulfinate-1,2-diazanedicarboxamide (I, R = R’ = NH,),

T

ArSOZ
N—NHCONH,
HNCO

ArSO,NHNHCONH, + NCoO
I

order kinetics observed for the reaction of sodium ben-
zenesulfinate with DDA is consistent with a simple addi-
tion step. The reaction is rapid and its activation energy is
exceptionally low.!2
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Zinc bis(benzenesulfinate) reacts with DDA at a consid-
erably greater rate than that of the sodium salt. The rate of
disappearance of DDA in the presence of sodium ben-
zenesulfinate is accelerated by the addition of zinc acetate.
These results are consistent with a catalytic effect by zinc.
However, the apparent catalytic effect is not typical in that
equivalent rather than trace amounts are required. If zinc
ion is a catalyst for the addition of benzenesulfinate to
DDA, it was reasoned that during the course of the reac-
tion, zinc must be rendered inactive. Cyanate is a by-prod-
uct of the addition reaction. If cyanate reacts with zinc to
form an unreactive species, then this would explain the ob-
served behavior.

Sodium (or potassium) cyanate, when added to zinc bis-
(benzenesulfinate) before mixing with DDA, completely
eliminates the accelerating action of the zinc and yields ki-
netic curves virtually identical with those obtained with so-
dium benzenesulfinate.

When both formamoyl groups of DDA are replaced by
N-monosubstituted carbamoyl groups, a mixture of the tri-
substituted diazanes (I, R = R’ = NHR) and the sulfonyl-
diazanecarboxamide (II, R = NHR) may result (Scheme
II). This reflects on the stability of the initially formed tri-

Scheme II
Me,SO
ArSO,M + RNHCON=NCONHR —
ArSOg
N—NCONHR + M* —
RNHCO
ArS80,
N—NHCONHR + OH™ —
RNHCO
- H.0
ArSO,N—NHCONHR + RNCO + H0 + M —>
v ‘

ArSO,NHNHCONHR + OH~
I

substituted diazane derivative (I, R = R’ = NHR) under
basic conditions. In the case of 1,2-diazenedicarboxamide
bearing N-monosubstituted carbamoyl groups, the sul-
fonyldiazanecarboxamide may well exist as the anion (IV,
R’ = NHR), since the fragment leaving I is a neutral organ-
ic isocyanate rather than a cyanate ion as in Scheme I (path
B). The isocyanate may react with water and ultimately
give the corresponding urea. In view of this it can be seen
that the requirements of these systems for water may be in-
termediate between those involving diazenes bearing for-
mamoyl groups and those possessing complete N,N disub-
stitution.

The course of reaction for fully substituted diazenedicar-
boxamides, such as TMDDA, has been discussed to some
extent. The initially formed anion may react with any
water present to give the frisubstituted diazanes (I, R = R’
= NRjp) when zinc is the counterion, as NMR evidence
suggests. Conversely, when sodium is the counterion, as in
the preparative procedure leading to 7, the oxidative cou-
pling product exists as the anion and 7 is formed after ad-
dition of the reaction mixture to water followed by acidifi-
cation.

In the case of the diazenedicarboxylates, specifically
DEDD, and its reaction with zinc bis(benzenesulfinate)
(12) the initially formed addition product may remain as
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the salt after addition to water. Only upon acidification is T
(R = OEt) obtained. The apparent stability of the trisub-
stituted diazane anion (III, R = R’ = OEt) is evidenced by
the isclation of I in high yield. Neither bis(2-cyano-2-pro-
pybdiazene nor diphenyldiazene undergoes reaction with
sodium p-toluenesulfinate. Obviously neither of these di-
azenes possesses electrophilicity comparable to the «-car-
bonyl diazenes discussed above.

The aliphatic derivatives, sodium formaldehyde sulfoxy-
late and aminoiminomethanesulfinic acid, failed to give
any isolable products analogous to either I or II upon reac-
tion with DDA. The reactions were only briefly studied.
However, if the initial step is addition to form a trisubsti-
tuted diazane anion or neutral species as with the arenesul-
finates it can only be concluded that the sulfinate moiety is
eliminated rather than isocyanic acid to give 1,2-diazanedi-
carboxamide as a major product.

In the case of a-carbonyl diazenes and arenesulfonates,
the mild conditions required, the rapidity of the reactions,
and the generally high yields suggest that the process de-
scribed offers an attractive alternate synthetic route to tri-
substituted diazanes and sulfonyldiazanecarboxamides.

Experimental Section

General. Infrared spectra were recorded on a Perkin-Elmer 451
infrared spectrophotometer. NMR spectra were recorded on a
Jeoleo Model JNM-4H-100, 100 MHz (using Me,Si as an internal
standard). Elemental analyses were performed by Galbraith Labo-
ratories, Inc., Knoxville, Tenn., Melting points were determined in
open capillary tubes on a Mel-Temp apparatus and are uncorrect-
ed.

Materials. Diazenes. 1,2-Diazenedicarboxamide (DDA) was
used as received from Aldrich Chemical Co. Diphenyldiazene and
bis(2-cyano-2-propyl)diazene (BMPD) from Eastman Organic
Chemicals were also used as received. N,N’-Diethyl-1,2-diazenedi-
carboxamide (DEDDA) and N,N,N’,N’-tetramethyl-1,2-diazenedi-
carboxamide (TMDDA) were prepared as reported previously;!3
material melting at 135-137° dec and 111-113°, respectively, was
used in this work. Diethyl diazenedicarboxylate (DEDD), bp 69~
71° (0.8 mm), was prepared according to a reported procedure.l4

N,N-Diphenyl-1,2-diazenedicarboxamide (mp 155-157° dec, re-
crystallized from chloroform-hexane) was obtained in 70% yield by
the lead tetraacetate (LLTA) oxidation of the corresponding 1,2-
diazane:'s ir (KBr) 3370 (s), 3275 (m), 1745 (sh, s), 1725 (s), 1690
(s), 1585 (m), 1485 (s), and 1355 em™! (s); NMR (MezSO0-de) 6 8.10
(s, 2 H, NH3) and 7.44 ppm (s, 10 H, Ph).

Anal. Caled for C14H12N4Os: C, 62.68; H, 4.51; N, 20.89. Found:
C, 62.83; H, 4.46; N, 20.78.

N,N,N’,N'-Tetraphenyl-1,2-diazenedicarboxamide was also pre-
pared (67% yield) by the LTA oxidation of its 1,2-diazane ana-
logue.'® One recrystallization from DMF gave analytically pure
product: mp 217-218°%; ir (KBr) 1720 (s), 1575 (w), 1485 (s), 1445
(w), 1340 (s), 1325 (s), and 1315 em™! (s).

Anal. Caled for CogHooN4O3: C, 74.27; H, 4.80; N, 18.33. Found:
C, 74.37; H, 4.80; N, 13.46.

N,N’-Diphenyl-1,2-diazenedicarboxamide, from the nitric acid
oxidation of N,N’-diphenyl-1,2-diazanedicarboxamide,'” mp 174~
174.5° (lit. 182-183°),18 was used in this study: ir (KBr) 8295 (m),
1725 (s), 1710 (s), 1590 (m), 1525 (s), 1515 (s), and 1440 em™? (s);
NMR (MeoSO-dg) & 11.51 (s, 2 H, NH) and 7.1-7.8 ppm (complex
m, 10 H, Ph).

Sulfinic Acids and Their Salts. Sodium benzenesulfinate, so-
dium p-toluenesulfinate, and p-acetamidobenzenesulfinic acid
were used as received from Aldrich Chemical Co. Similarly, ami-
noiminomethanesulfinic acid (Eastman Organic Chemicals) and
sodium formaldehyde sulfoxylate (Nopco Chemical Co.) were used
as received. Zinc bis(benzenesulfinate) (12) and zinc bis(p-tolu-
enesulfinate) (1) were prepared as their dihydrates in >80% yield
by the addition of aqueous solutions of zinc acetate to the corre-
sponding sodium sulfinates. The hydrated zinc bis(p-toluenesulfi-
nate) (1a) and zinc bis(benzenesulfinate) (12a) were dried in vacuo
at <40° in presence of P2Q5 and gave analytically pure 1a and 12a,
melting at 264-266 and 223-225°, respectively.

Anal. Caled for C14H140.8:7Zn-2H50 (la): C, 40.83; H, 4.41; S,
15.57; Zn, 15.88. Found: C, 41.10; H, 4.20; S, 15.75; Zn, 15.83.
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Anal. Caled for 012H100482Zn-2H20 (12a): C, 37.56; H, 3.68; S,
16.71; Zn, 17.04. Found: C, 37.66; H, 3.69; S, 16.94; Zn, 17.02.

Upon drying the hydrated zinc bis(arenesulfinates) la and 12a
at 110° (<0.1 mm) the corresponding analytically pure anhydrous
salts were obtained, melting points were essentially unchanged:
NMR (MeoSO-dg) (1) 6 7.46 (d, 4 H, adjacent to -SOo—, J = 8.0
Hz), 7.16 (d, 4 H, adjacent to methyl, J = 8.0 Hz), and 2.31 (s, 6 H,
—CHs's); NMR (MeSO-dg) (12) 7.56 (m, 4 H, phenyl rings adja-
cent to -S0s-) and 7.36 ppm (m, 6 H of Ph’s).

Anal. Caled for C14H;140482Zn (1): C, 44.75; H, 3.76; S, 17.07; Zn,
17.40. Found: C, 44.77; H, 8.75; S, 17.19; Zn, 17.35.

Anal. Caled for C1oH10048:Zn (12): C, 41.45; H, 2.90; S, 18.44;
Zn, 18.80. Found: C, 41.45; H, 2.68; S, 18.35; Zn, 18.71.

General Procedure for Reaction of 1,2-Diazenedicarboxa-
mide (DDA) with Metal Arenesulfinates in Me;SO. 1,2-Di-
azenedicarboxamide (0.01 mol) and the metal arenesulfinate (0.005
or 0.01 mol depending on metal cation) were dissolved in a suitable

-amount of MesSO (typically 25 ml per 0.01 mol for both DDA and
the sulfinate).!®* When the two solutions were mixed, the yellow to
orange color of DDA faded almost immediately. The color was usu-
ally completely discharged after several minutes. Typically, the re-
action mixtures were left at room temperature overnight prior to
work-up.?0

The relatively clear, colorless reaction mixtures were added to
excess water (ca. 300 ml per 50 ml of reaction mixture) and cooled
to ice-bath temperatures. The white solid precipitate was filtered,
washed with fresh cold water, and dried in vacuo (in presence of
P20s5).

Using either zinc or sodium salts of benzene- or p-toluenesulfin-
ic acid (anhydrous or hydrated) as coreactants with DDA typically
gave yields of the corresponding sulfonyl diazanecarboxamides (2
or 3) in the range of 80-90%. The benzenesulfonyl diazanecarbox-
amide (3) melts at 224-225° dec (lit.2! mp 218° dec) and the p-tol-
uene analogue (2) at 232-234° dec (lit.?! mp 236° dec).

In one case, using zinc bis(p-toluenesulfinate) (1) as a reactant
with DDA, a solution of silver nitrate (6% excess based on zinc
salt) was added to the aqueous Me2SO filtrate. A white solid pre-
cipitated immediately, the filtered and dried solid (100% yield
when calculated as silver cyanate) gave ir absorptions (KBr) at
2150 (s), 1300 (m), 1210 (m), 637 (m), and 628 cm~! (m).

The procedure followed when DMF was used as the solvent was
identical with that described above.

Kinetic Studies. Solutions of DDA and sodium benzenesulfin-
ate were prepared in dry DMF just before use. The initial concen-
tration of each was 0.030 M. The 1:1 stoichiometry was verified by
a photometric titration of a stock 0.03 M DDA solution in DMF
with a similar solution of sodium benzenesulfinate. To aliquots of
the DDA solution were added from a buret varying quantities of
the sulfinate but maintaining an excess of DDA. After standing for
1 hr, the remaining DDA was determined spectrophotometrically.

In a typical kinetic experiment, 3 ml of 0.030 M DDA in DMF
was pipetted into a modified 1-cm spectrophotometer cell which
was fitted with a rubber serum cap. The cell was evacuated and
placed in a Dewar flask containing methanol at the required tem-
perature. The Dewar flask was strip silvered to provide an optical
path for an analyzing light beam. A tungsten source and mono-
chromator provided a beam of 419 nm (DDA maximum) light
which passes through the cell and into a photomultiplier tube
whose output was displayed on a strip-chart recorder. A syringe
containing an equivalent quantity of sodium benzenesulfinate (3.0
ml, 0.03 M) solution was placed in the Dewar to equilibrate to the
reaction temperature. The experiment was then started by inject-
ing the sodium benzenesulfinate solution through the serum cap
into the evacuated spectrophotometer cell. Mixing occurred rapid-
ly and the decreasing DDA absorption was displayed on the re-
corder, The optical system was calibrated with known concentra-
tions of DDA. Beer's law was followed over the concentration
range employed. A plot of 1/[DDA] vs. time was linear over the du-
ration of the measurements, typically 3-4 half lives.

In some later experiments, the procedure was modified to per-
mit direct mixing of the reactants in a mixing head before entering
the spectrophotometer cell. Each reactant was placed in a separate
syringe and a syringe pump used to meter the solutions through
heat-exchange coils and thence into a mixing chamber and finally
directly into the cell. The total mixing time was approximately 5
sec. This modification assured more uniform temperature control,
particularly at the lower limits (—30 to —20°).

General Procedure for Reaction of 1,2-Diazenedicarboxa-
mide (DDA) with Metal Arenesulfinates in Water. A solution
of sodium arenesulfinate (0.056 mol) in 50 ml of water was added
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rapidly to a stirred suspension of DDA (0.05 mol) in 100 ml of
water (containing 2 drops of Tween 85, a commercially available
wetting agent). No apparent reaction occurred and the reaction
mixture was quickly heated to 45-50°. The reaction mixture was
maintained at 45-50° for a varied period of time (0.75-1.5 hr) until
the suspended solid phase became white. After cooling to room
temperature, the alkaline reaction mixture was neutralized and fil-
tered and the filter cake was washed thoroughly with water and
dried in vacuo (in presence of P20;s). The reaction products were
identified as sulfonyldiazanecarboxamides by elemental analysis,
molecular weight, melting point, ir, and NMR spectra.

Benzenesulfonyldiazanecarboxamide (3), mp 220-221° dec (92%
yield), was obtained from DDA and sodium benzenesulfinate. The
reaction product (2), mp 233-234.5° dec, 98% yield from sodium
p-toluenesulfinate, was analyzed directly after drying in vacuo for
1.5 hr at 78°. Anal. Caled for CsH1;N3OsS (2): C, 41.91; H, 4.84; N,
18.33; 8, 13.99; mol wt, 229.3. Found: C, 42.06; H, 4.84; N, 18.28; S,
14.09; mol wt, 230 (determined in DMF by vapor phase osmome-
try).

In the case involving sodium p-toluenesulfinate, the basic aque-
ous filtrate obtained directly from the reaction product, p-tolu-
enesulfonyldiazanecarboxamide (2), was evaporated to dryness.
The solid residue was mainly sodium cyanate as identified by ir
(KBr): 2220 (s), 1300 (m), 1218 (m), and 623 cm™1 (m).

General Procedure for the Reaction of Substituted Dia-
zenedicarboxamides with Sodium p-Toluenesulfinate. The
substituted diazenedicarboxamides (0.01 mol), dissolved in 25 ml
of MeeSO, were combined with solutions of sodium p-toluenesulfi-
nate (0.01 mol) in 25 ml of MesSO and the reaction mixtures were
worked up in a manner similar to that described for DDA. Addi-
tion of the reaction mixtures to water gave weakly basic solutions.
In the case of the N,N’-diethyl- and N,N,N’,N’-tetramethyldiaz-
enedicarboxamides the basic solutions remained clear, but solid re-
action products precipitated upon acidification (see Table I).
When added to water, reaction mixtures containing the substitut-
ed N-phenyl derivatives gave milky basic reaction mixtures; acidi-
fication gave the products shown in Table I.

In the case of N,N’-diphenyl-1,2-diazenedicarboxamide the
crude reaction product consisting of 10 and 11 was resolved into its
components by treatment with cold aqueous 5% sodium hydroxide.
1-p-Toluenesulfonyl-N,N-diphenyl-1,2-diazanedicarboxamide
(11) is insoluble in the cold alkali and can be purified by repeated
recrystallization from benzene. The aqueous alkali solubles were
acidified to precipitate 10; repeated recrystallization from acetic
acid afforded analytically pure product (10).

Reaction of 1,2-Diazenedicarboxamide (DDA) with p-Ace-~
tamidobenzenesulfinic Acid. Solutions of DDA (2.32 g, 0.02 mol)
in 50 ml of MesSO and p-acetamidobenzyenesulfinic acid (3.98 g,
0.02 mol) in 25 m] of MegSO were combined. After several hours at
room temperature, the clear, pale orange reaction mixture was
added to 300 ml of water. The resulting clear, pale yellow solution
was cooled to ice-bath temperatures and after ca. 0.5 hr, the mix-
ture turned to a solid gelatinous mass.

The reaction mixture was filtered and the solid filter cake was
washed consecutively with water, alcohol, and ether to give 5.5 g
(87.5%) of crude 4, a white solid, mp 206-208° dec. A portion of the
product (4) was recrystallized from glacial acetic acid to give ana-
lytically pure 4, mp 203-204.5° dec. Anal. Caled for C10H3Nz058
(4): C, 38.09; H, 4.15; N, 22.21; S, 10.17. Found: C, 38.16; H, 4.14;
N, 22.17; 8, 10.08. Still another portion (1.5 g) of the dried, crude
reaction product (4) was dissolved in aqueous 10% sodium hydrox-
ide. Acidification (3 N HCI) of the filtered, clear alkaline solution
gave a crystalline white solid (1.0 g, 78%), mp 218-219° dec, that
analyzed for p-acetamidobenzenesulfonyldiazanecarboxamide (5).
Anal. Caled for CoH13N4O4S (5): C, 39.70; H, 4.44; N, 20.58; S,
11.76; mol wt, 272.3. Found: C, 39.36; H, 4.93; N, 20.18; S, 11.85;
mol wt, 281 (determined in DMF by vapor phase osmometry).

Reaction of Diethyl Diazenedicarboxylate with Zinc Bis-
(benzenesulfinate) (12). A solution of diethyl diazenedicarboxy-
late (DEDD, 3.48 g, 0.02 mol) in 256 m] of Me;SO was combined
with a solution of zinc bis(benzenesulfinate) (12, 3.47 g, 0.01 mol)
in 50 ml of Me3SO. The amber color of the diazene was immediate-
ly discharged and after several hours, the clear, colorless reaction
mixture was added to 500 ml of water. A weakly alkaline mixture
containing a finely divided white solid was obtained. The mixture
was acidified and the water insoluble white solid was filtered. The
washed and dried filter cake, 1-benzenesulfonyl diethyl-1,2-dia-
zanedicarboxylate (13, 5.9 g, 93.5% yield) melted at 103-105°. One
recrystallization from carbon tetrachloride gave analytically pure
13, mp 104-106°. Anal. Caled for C2H16N206S (13): C, 45.56; N,
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5.10; N, 8.86; S, 10.14; mol wt, 316.3. Found: C, 45.55; H, 5.13; N,
8.78; S, 10.21; mol wt, 323 (determined in DMF by vapor phase os-
mometry).
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The potassium salts of phenyldinitromethane, 1,1-dinitroethane, and 1,1-dinitropropane decompose at 80° in
DMEF and other polar solvents in the presence of alkenes to yield A%-isoxazolines and potassium nitrate. When the
alkene bears carboalkoxy groups, cis and trans isomeric alkenes yield only trans A2-isoxazolines. The cis isomer,
3-phenyl-4,5-dicarbethoxy-A%-isoxazoline, was found to isomerize to the more stable trans isomer under the con-

ditions of the original thermal decomposition.

Torssell and Ryhage! have reported the thermal decom-
position products of the potassium salts of polynitroal-
kanes to be mainly potassium nitrate and varying ratios of
nitrous oxide and carbon dioxide with traces of other gases
and potassium nitrite. They also reported ketene and a ke-
tene dimer from the decomposition of potassium ni-
troethylnitronate in the mass spectrometer.

We report that in the presence of polar solvents such as

'dimethylformamide (DMF), dimethyl sulfoxide (Me3SO),
and dimethoxyethane the potassium salts of dinitroal-
kanes, 1, decompose at 80°C to yield carboxylic acids (more
than 75%) and potassium nitrite (at least 95%). When an
alkene intervenes under the same conditions, an isoxazo-
line and potassium nitrate are formed. We propose the ni-
trile oxide 4 as the immediate precursor of the isoxazoline
5. Intermediate 2 (or an electronically equivalent “nitrocar-
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