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SUMMARY

The reactions between (trimethylsilyl)amines or heptamethyldisilazane and
p-substituted benzenesulfony! isocyanates occurred exothermically at room tem-
perature, giving 1/1 adducts quantitatively. Pyrolysis of the adducts of heptamethyl-
disilazane with arenesulfony! isocyanates afforded N,N-bis(trimethylsilyl)arenesul-
fonamides and methyl isocyanate. This result was quite different from that found
in our former pyrolyses of isocyanate adducts.

It is known that organosilylamines react with various types of acceptor
molecules to give insertion products!. In this note, insertion reactions of (trimethyl-
silyl)amines and heptamethyldisilazane to arenesulfonyl isocyanates, a new class of
powerful acceptors, are reported. An unexpected isocyanate expulsion reaction was
found to occur in the pyrolysis of the adducts from heptamethyldisilazane.

The reactions between (trimethylsilyl)dimethylamine or -diethylamine and
benzenesulfonyl isocyanate proceeded exothermically and quantitatively at room
temperature and 1/1 adducts, (Ia), (Ib), were obtained. An equimolar mixture of
heptamethyldisilazane and p-X-substituted benzenesulfonyl isocyanates reacted
exothermically at room temperature, giving 1/1 adducts, (ITa), (IIb) and (IIc), where
X =H, Me and CI, respectively.

20°

p‘X'_C 6H4"SOZ_N=C=O + Me;;Si-NRR' —_—
p-X~CeH,~SO,-N(SiMe;)-CO-NRR’ (1)
(I) and (1I)
(fTa): X=H; R=R’'=Me (Ila): X=H; R =Me; R'=SiMe;

(Ib): X=H; R=R’=Et (IIb): X =Me; R =Me; R’'=SiMe;
(IIc): X=Cl; R =Me; R'=SiMe;

* For Part XIX see ref. 7.
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The adducts, (I) and (II), were characterized by means of elementary analysis,
NMR and IR spectrometry, and by derivation of the adducts into (arenesulfonyl)urea
derivatives on hydrolysis. ‘

TABLE 1

N-(BENZENESULFONYL)-N-(TRIMETHYLSILYL }-N’,N’-DIALKYLUREAS, (Ia), (Ib), AND N-(p-SUBSTITUTED-
BENZENESULFONYL)}-/V, N’-BIS(TRIMETHYLSILYL )-N’-METHYLUREAS, (IIa), (IIb) anp (Ilc)

Adduct X R R’ Time® B.p. Anal. found (caled.) (%4)
(h) (°C/mm)
C H
(1a) - H Me Me 1 134-135/0.15 4822 627
@797 (6.72)
{Ib) H Et Et 1 [43-46]° 51,50  7.64
(51.19) (7.38)
(1ia) H Me  Me,Si 24 142-143/0.08 4723 739
(46.89) (7.22
(11b) Me Me  Me,Si 24 160-161/0.50 4795 7131
(48.34)  (7.59)
{lic) Ci Me  Me,Si 24 152-153/0.25 4656  T1.08

(4701) (7.06)

2 Temp. 20°. ® M.p.

21° ~30° -63°
R -1 7 8 9 10T
‘“ﬁ ) J[k
[ X L l-/\nk1 [ 3
6 .7 89 107 6 7 89 10T

Fig. 1. NMR spectra of (lic) at various temperatures.
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Table 1 shows the reaction conditions, and b.p.’s and analytical data for the
adducts, (I) and (II).

Infrared and nuclear magnetic resonance spectral data are given in the
Experimental. The absorptions attributed to carbonyl groups of (I1a), (IIb) and (IIc)
(1605, 1610 and 1620 cm ™ *, respectively) seem to be extremely low, but Pump and
Wannagat? assigned 1615 cm ™! as v(C=0) of (Me,SiNH),CO. The NMR spectra of
(IIcjat variable temperature (21 ~ — 63°) are shown in Fig. 1. In spite of the coalescence
of N-methyl protons at —11°, four trimethylsilyl proton signals at low temperature
did not coalesce, showing the predominant existence of carbonyl form at higher
temperature than —30°. The NMR spectra of (IIa) and (IIb) at variable temperature
are quite similar to those of (ILc), from which the following equilibrium (2) might be
presumed at lower temperature, along with the carbonyl form predominating at room
temperature.

p-X—-CgH4~SO Z—ITI—(I%—N—Me = pX-C.H,~ soz—N—c—N—Me O ©
Me;Si O SiMey Me381 O—SlMe3

(In)

These results are reflected in the pyrolysis reactions of (II). When the adducts
(I1a), (1Ib) and (11c) were pyrolyzed at 150° for 72 h in a sealed tube, N,N-bis(trimethyl-
silyljarenesulfonamides (III) and trimethyl isocyanurate (IV), the cyclic trimer of
methyl isocyanate, were obtained, as is shown in Table 2.

These results are quite different from those found in our former pyrolyses of
isocyanate adducts®*: (1) the adduct between heptamethyldisilazane and phenyl
isocyanate as in egn. (3) (2) the adduct® between heptamethyldlsllazane and benzoyl
isocyanate as in eqn. (4).

In these two cases, the pyrolysis products contained hexamethyldisiloxane,
which would arise from the O-silylated form of the adducts. However, no disiloxane
could be detected in the pyrolysis of (1Ia), (IIb) or (Iic).

When the adduct of N-ethylhexamethyldisilazane with benzenesulfonyl iso-

. SiMey
(Me;Si)yN—Me Me;Si\ /SiMe3
O o
P RN °  (Me5Si)0
+— _ /N ﬁ N\ —'—Measl\ C=N—Ph 150 ::- 2 @
Ph—N=C==0 Me' Is) Ph A PhN=C=NMe
Me
(Me;Si ) ,N—Me ~SiMes [
N iMe N
+ ]—» Ph——tl:'&’\c=o == Pn—c” g ? o= Ph—cP P cne—Me
PhCO—N=C=0 o [ “N~—Me 4
| S SiMes © ) O—SsimMe,
™M MesSi Me;Si
A [150" A)150° al1s0°
)
PhCON(SiMe)Me 14 % C/N—SiMi‘a (Me3Si)0 31%
Ph— 29,
+ O—SiMe, +

MeSi—N=C=0 19% . + i (PhCON=C=NMe),,
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TABLE 2
N,N-BIS(TRIMETHYLSILYL)ARYLSULFONAMIDES {I11) AND TRIMETHYL ISOCYANURATE (IV)
Adduct (11I1) ‘ Yield of (IV)
(%)
Yield B.p. Analysis, found (caled.) (%
(%) ( C/mm)
C H

(11a) (IIlat 58 - 142-145/0.48 4748 (47.80) 7.82 (7.70) 41
(1Ib) (ITto) 40 123-125/0.45 49.17 (49.47) 7.73 (8.00) 30
(Ifc) (1ilc) 60 129-130/0.90 4329 (4291)  6.36 (6.62) 65

cyanate was pyrolyzed under the same conditions, ethyl isocyanate was obtained in
469 yield, along with (I111a) (65°/). The pyrolysis of the adduct between hexamethyl-
disilazane and arylsulfonyl isocyanate gave hydrogen isocyanate in a cold trap, as
shown in eqn. (5).

/H 150°
PX-CeHiSO-N-C-N g, ——
Me,S1 O p-X-CH,—SO,~N(SiMe,), + H-N=C=0 (5)
(I11)
yield yield
X =H, 46%] 35%
X = Me, 35% 482,
X =Cl, 48% 53%,

Therefore, it appears that the formation of trimethyl isocyanurate may occur
through cyclic trimerization of methyl isocyanate intermediately formed in the
pyrolysis of (II).

In conclusion, pyrolysis of the adducts between heptamethyldisilazane and
arenesulfonyl isocyanates occurs solely through the carbonyl form of (II), and not
via the imine form (eqn. 6). This course of reaction may, perhaps, be accounted for
by the strong electron-withdrawing effect of the sulfonyl group depressing the O-
silylated form (1I) at the higher temperatures needed for reaction. '

SiMes /SiMe3
ArSO,—N ArSO,~—N
N—mM™M e — 2 .
l.\c/ e (o - \C _O—SiMey
Me,Si i - i

0o e N—Me
e (6)

-~ ’t
‘Me —N=—=C==0"+ ArSO,—N(SiMe3), (Me;Sil,0 4+ ArSO,—N=C=NMe

Trimethyl isocyanurate
EXPERIMENTAL

The three arenesulfonyl isocyanates were prepared by the method of Field
and Settlage®: X =H, b.p. 64.5-66.0°/0.12 mm (yield 252{); X =Me, b.p. 88-90°/0.60
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mm (3194); X=Cl, b.p. 79-80° /0.10 mm (17%;). Infrared and nuclear magnetic reso-
nance spectra were measured using Nippon-Bunko IR-S and JEOL Minimar,
respectively. All NMR spectra were recorded in trichloroethylene solution.

Reaction of (trimethyisilyl)dimethylamine with benzenesulfonyl isocyanate

Equimolar amounts (2.7 mmoles) of (trimethylsilyl)dimethylamine and ben-
zenesulfonyl isocyanate were reacted in a sealed tube filled with argon at 20° for 1 h.
The resulting colorless viscous liquid was distilled, giving quantitatively N-(benzene-
sulfonyl)-N-(trimethylsilyl)-N’,N’-dimethylurea (Ia), b.p. 134-135°/0.15 mm. IR:
v(CO) 1680, v,(SOz) 1350, v(SO,) 1180 cm™!. NMR: 7(Me,Si) 9.68(9), t(MeN)
7.08(5.7), 1(C¢Hs) 2.0-2.8(5) ppm.

Reaction of (trimethylsilyl)diethylamine with benzenesulfonyl isocyanate

The reaction was carried out in the same manner as above. N-(benzenesul-
fonyl)-N-(trimethylsilyl)-N’,N'-diethylurea (Ib), m.p. 43-46°, was obtained in 98%
yield. NMR: t(Me;Si) 9.57, t«(CH;C) 8.89, t(CH,N) 6.10 ppm.

Reactions of heptamethyldisilazane with arenesulfonyl isocyanates
Equimolar amounts (2.0 mmoles) of heptamethyldisilazane and 3 arene-
sulfonyl isocyanates (X =Cg¢H s, p-MeC¢H,, p-CICcH,) were reacted in a sealed tube
under argon at 20° for 24 h (less reactive than the above cases); 1/1 adducts were
obtained by vacuum distillation (Table 1).
N-(benzenesulfonyl)-N,N'-bis(trimethylsilyl)-N'-methylurea (I1a). IR : v(C=0)
1605, v,(SO;) 1355, v(SO,) 1160 cm ~*. NMR (—60°): t(Me;Si) 9.76, 9.72 and 9.54,
(MeN) 7.33 and 6.75; NMR (22°C): z(Me;Si) 9.82 and 9.68, t(MeN) 7.15 ppm.
N-(p-Toluenesulfonyl)-N,N’-bis(trimethylsilyl)-N'-methylurea (IIb). IR: v-
(C=0) 1610, v,(SO,) 1360, v(SC,) 1150 cm~1. NMR (—63°). t(Me,Si) 9.78, 9.73,
9.70 and 9.56, t(p-Me) 7.65, t(MeN) 7.33 and 6.77 ; NMR (0°): 7(Me;Si)9.79 and 9.73,
7(p-Me) 7.65, 7(NMe) 7.13 ppm.
N-(p-Chlorobenzenesulfonyl)-N,N’-bis(trimethylsilyl)-N'-methylurea (Iic). IR :
v(C=0) 1620, v,(SO,) 1360, v,(SO,) 1150 cm~!. NMR (—50°): t(Me,Si) 9.78, 9.70,
9.68 and 9.53, r(MeN) 7.28 and 6.72; NMR (21°): t(Me;Si) 9.78 and 9.65. t(MeN)
7.09 ppm.

Pyrolysis of the adducts (I1a), (I1b) and (Ilc).

The adducts (IIa)—(IIc) were thermally decomposed in sealed tubes at 150°
for 72 h. In all three cases, a white crystalline solid appeared on the upper part of the
sealed tube, and were recrystallized from ethyl alcohol. This compound was identified
as trimethyl isocyanurate (IV), m.p. 174.0-174.5° (Lit.> 174°), from m.p., infrared
spectrum and analysis. (Found: C, 42.10; H, 5.31; N, 24.54. CqHoN;O, caled.: C,
4194; H, 5.15; N, 24.829%)

Vacuum distillation of the residual products gave N,N-bis(trimethylsilyl)-
arenesulfonamides (IIla)-(IIlc), for which yields, b.p.’s and analytical data were
shown in Table 2.

(IIIa) (X =H). IR : v(Me;Si) 1240, v,(SO;) 1345, v(SO;) 1155 cm™ . NMR :
7(Me,Si) 9.68 ppm. ‘
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(IITb) (X =Me). IR : ¥(Me;Si) 1240, v,(SO,) 1345, v,(SO,) 1150 cm ™. NMR :
(MeSi) 9.67, =(p-Me) 7.58.

(ITIc) (X =Cl). IR : v(Me;Si) 1240, v.(SO,) 1350, v,(SO,) 1168 cm~2. NMR :
7(Me;Si) 9.65 ppm.
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