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Reactions of Group IV Organometallic Compounds. XXX."
Stepwise Addition of Isocyanates and Isothiocyanates with
N-Trimethylstannyl(diphenylmethylene)amine

Hiroharu Suzuki, Kenji Iton,* Isamu MaTsupa, and Yoshio Ismu
Department of Synthetic Dhemistry, Faculty of Engineering, Nagoya University, Nagoya 464
(Received June 24, 1974)

Stepwise addition of two isocyanates to N-trimethylstannyl(diphenylmethylene)amine, Ph,C=NSnMe;,,
gives 3,4-dihydro-1,3-dialkyl-4,4-diphenyl-6-trimethylstannoxy-1,3,5-triazin-2(1H)-one (II) by a polar [4+2]
cycloaddition of the 1/1 adduct and the second isocyanate. The isothiocyanate adducts of Ph,C=NSnMe, react
with either isocyanates or isothiocyanates to yield the corresponding consecutive insertion products (IV).

In a previous paper® on the insertion reaction of N-
trimethylsilyl (diphenylmethylene)amine with isocya-
nates or isothiocyanates, it was reported that the amine
with isocyanates in a 1/2 ratio yielded 3,4-dihydro-1,3-
dialkyl - 4,4 - diphenyl - 6- trimethylsiloxy-1, 3, 5- triazin-
2(1H)-one by a polar [4+42] cycloaddition.
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Several reactions of N-organostannyl(alkylidene)-
amines have been reported. Harrison® found many
insertion reactions of Ph,C=NSnBu,; with unsaturated
bonds including isocyanates and isothiocyanates. We
were interested in the fact that the Sn—-O bond of
aldehyde adducts added to isocyanates or isothiocya-
nates results in consecutive insertion products.

R-CHO

Ph,C=NSnBu, — BuSn-O-CHR-N=CPh,

l R/-N=C=X

Bu,Sn-NR'-C(=X)-
OCHR-N=CPh, OCHR-N=CPh,
(X=8) (X=0)

Lappert et al.®) investigated various hydrogen ab-
straction, and insertion reactions of R,C=NSnMe,.
They pointed out two aspects of the insertion reactions;
(1) the N-H bond of trace Ph,C=NH showed a cata-

Bu;Sn-X-C(=NR')-

—
~

lytic action, (2) the nucleophilic attack of the nitro-
gen atom was the primary step, resulting in a polar
intermediate. This paper deals with the stepwise reac-
tions of N-trimethylstannyl(diphenylmethylene)amine;
Ph,C=N-SnMe;, with R-N=C=X (X=0O and S), in
order to determine whether the stepwise reaction is
a polar [442] cycloaddition? or a consecutive inser-
tion reaction.®

Results and Discussion

Structure of 1|1 Insertion Products. Equimolar re-
action of Ph,C=NSnMe; with R-N=C=X gave the cor-
responding insertion products, Phy,C=N-C(=X)-NR-
SnMe; (la—Ie) in line with results reported.3%)
Spectroscopic data for 1/1 insertion products are shown
in Table 1.

The appearance of satellites of the methylamino
proton signals in the case of Ia and Ib (R=Me) sug-
gests that the trimethyltin group is attached to the
nitrogen atom. However, the values of Jg, x_cu (Ia,
24 Hz; Ib, 12 Hz) are much lower than those of Me;Sn—
NMe, (J17'=39.2 Hz and j'9=41.0 Hz).® The de-
pression of the coupling constant is consistent with the
weakening of the Sn—N bond by the coordination of the
lone pair to tin atom.

X
77N DR _
Ph,C-N-C SnMe, 1 gngl\sfe and Ph, X=0
N
R

This is strongly supported by the low frequency of the
carbonyl stretching bands of the isocyanate adducts
(Ia and Ic). It is reasonable to conclude that the
coordination of the sulfur atom of Ib (Jsa-n-cm,=
12 Hz) is stronger than that of oxygen atom of Ia

TasLe 1. 1/1 Appucts: Ph,C=N-C(=X)-NR-SnMe,
. IR (cm™?) NMR
Compound R X Yf,;ld —_—
° Yo=N Yo=0 Toms—sn (J™/*; Hz)  tom;—x (Jsn-N-0-n)
Ia Me (0] 80 1627 1600 9.79 (55.5/57.0)# 7.47 (24.0)®
Ib Me S 80 1622 9.68 (54.8/56.5)® 7.38 (12.0)@
Ic® Ph (0] 97 1621 1589 9.73 (55.0/58.0)2
Id Ph S 99 1616 9.60 (56.1/58.5)P
Ie PhCO O 95 1626 16732 9.68 (55.5/58.0)™
1603

a) Benzene solution. b) Carbon tetrachloride solution.
J18Sn and J'*'Sn was not clear.

c) Prepared by Lappert et al d) The splitting of

e) Absorption due to benzoyl group.
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(Jsn—~n-cn,=24 Hz). Diphenylmethylenealkyl-ureas or
thioureas, Ph,C=N-C(=X)-NHR, were obtained by
the destannylation of Ia—Ie with ethanethiol. Their
UV spectra showed z—m* transition bands around
248—258 nm characteristic of the heterodiene linkage

(C=N-C=N).

Consecutive Reactions of 1|1 Adducts. The sub-
sequent addition of the second heterocumulene to the
1/1 adducts can occur in two ways: a polar [4+42]
cycloaddition yielding 3,4-dihydro-1,3-dialkyl-4,4-di-
phenyl-6-trimethylstannoxy-1,3,5-triazin-2 (1 H )-one(II).
The destannylation of II giving hexahydro-1,3-dialkyl-
4,4-diphenyl-1,3,5-triazin-2,4-dione (V); a consecu-
tive insertion of the second heterocumulene into the
Sn—-N bond of the 1/1 adduct giving either of the two
possible linear insertion products, III or IV. Both
linear adducts III and IV afford the same N,N'-
dialkylmethylenebiuret (VI) by destannylation.

TSCER! PhyC-N-C(-X)-NR-C(-Y)-
I | ) NR'-SuMe, (I1I)

Me,Sn-X7 O N7 Gy Ph,C-N-C(-X)-NR-
R C-(-NR')-Y-SnMe, (IV)

+EtSH l —Me3SnSEt +EtSH 1 —~Me;SnSEt

Ph. . ,Ph Ph,C-N-G(-X)-NR-
an SN R ? C(-Y)-NHR' (V1)
| | V)
x+C\n/Cry
R

Both the two pathways are actually operating, and
the primary heterocumulene component of 1/1 inser-
tion reactions plays the most important role in controll-
ing the subsequent reactions.

(a) Annelation Reactions of Isocyanate 1|1 Adducts:
When the isocyanate 1/1 adduct (Ia or Ib) was treated
with methyl or phenyl isocyanate, crystalline products
were isolated in good yields. They were concluded to
be 1/2 adducts by analyses, NMR and IR spectra.
The destannylation of isolated 1/2 adducts proceeded
quantitatively by means of ethanethiol. None of the
destannylation products showed a #—n* transition due

to a heterodiene linkage, >C=N—(|J=O. This supports
the cyclic structure (V: X=Y=O) and is not con-
sistent with the linear structure (VI: X=Y=O0).
Much stronger evidence of the cyclic structure (V) was
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obtained from the mass spectra of the destannylation
products. Two destannylation products (runs a and c)
showed peaks due to [Ph,C=N-CH,]+ (m/e=195) and
[Ph,C=N=CH,]* (m/e=194). The appearance of these
peaks suggests the direct bonding of diphenylmethylene
with the alkylamino group (R’-N) introduced by the
second isocyanate, and are explained by the cyclic
structure (V). The destannylation product of run b
(order of addition: methyl then phenyl isocyanate)
showed M+-MeNCO peak (m/e=300). The presence
of M+-MeNCO is fully consistent with structure (V),
because fragmentation of the linear structure (VI)
should occur from the terminal position (only M+—
PhNCO would appear; direct elimination of the cen-
tral component M+—MeNCO, not being detectable).
The IR spectrum of run d is also consistent with the
cyclic structure (V: R=R’=Ph, X=Y=0); the car-
bonyl stretching frequencies at 1730 and 1657 cm~! were
similar to those of 1,3,5-triazindiones (1720 and 1680
cm—1).9) Mixed mp analyses, IR, and NMR spectra
were the same as those of authentic hexahydro-1,3-
dialkyl-6,6-diphenyl-1,3,5-triazin-2,4-dione (V).
Thus, the consecutive insertion process, giving III or
IV then VI, is excluded, and the annelation products
of isocyanate 1/1 adducts with the second isocyanate are
concluded to be 3,4-dihydro-1,3-dialkyl-4,4-diphenyl-6-
trimethylstannoxy-1,3,5-triazin-2(1H)-one  (Ila—Ile)
by a polar [4+2] cycloaddition.

R-N=C=0
——— Ph,C=N-C(=0)-NR-SnMe,

(Ia) R=Me (Ic) R=Ph

Ph,C=N-SnMe,

[4+2] 1 R’-N=C=0

Ph. . Ph ., Ph. - Ph o,
Ny G R T ESH no Oy R
| ! Dpv— I |
07O N7 Crg S5 Me,sn-07CxnsCro
| 1

R R
(Va) R=R'=Me (ITa) R=R'=Me
(Vb) R=Me, R'=Ph (IIb) R=Me, R'=Ph
(Vc) R=Ph, R'=Me (IIc) R=Ph, R'=Me
(Vd) R=R'=Ph (IId) R=R'=Ph

The treatment of IIa and IId with ethanethiol af-
forded the corresponding hexahydro-1,3-dialkyl-6,6-
diphenyl-1,3,5-triazin-2,4-dione  (Va—Vd) quantita-
tively. This method provides a synthetic route for
the preparation of triazindiones with three different

TasLe 2. THE [4+42] CYCLOADDITION OF ISOCYANATE ADDUCTS; 3,4-DIHYDRO-1,3-DIALKYL-4,4-DIPHENYL-
6-TRIMETHYLSTANNOXY-1,3,5-TR1AZIN-2(1 H )-oNE (II) AND THEIR DEMETALLATION PRODUCTS;
HEXAHYDRO-1,3-DIALKYL-6,6-DIPHENYL-1,3,5-TRIAZIN-2,4-DIONE (V)

II va)
Run R R' .
1d o o =

T Mp Q) mx rons (M) fomex Mp (°C) (ondy  Tomex
a Me Me 77 149.0—152.0 1688, 1621 9.89(56.0/58.0) 7.41  238.0—239.0v 1723, 1648» 7.29
6.75 7.03
b Me Ph 76 169.0—172.0 1686,1624 9.83(54.5/57.0) 6.73 240.0—241.0 1720,1674 6.93
c Ph Me 46 179.0—181.0 1692,1630 9.90(55.5/567.5) 7.38 264.0—265.0 1729,1663 7.22

d Ph  Ph 96 166.0—167.0 1731,1697 9.88(53.0/55.3) —  215.0—216.0™ 1730, 1657 —

a) Formation of V by the destannylation of II was quantitative.

b) Identical with values in Ref. 2.
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substituents on the nitrogen atoms such as Vb and Vec.
The yields and properties of these [44-2] cycloaddition
products (ITa—IId) and their destannylation products
(Va—Vd) are summarized in Table 2.

An atempt to react phenyl isothiocyanate with iso-
cyanate 1/1 adducts (Ia and Ic) was unsuccessful, re-
sulting in the recovery of starting materials. The less
reactive phenyl isothiocyanate cannot add to 1/1 iso-
cyanate adducts (Ia and Ic), since the nucleophilicity
of the nitrogen atom in Ia or Ic is depressed by the
electron-withdrawing group.

(b) Insertion Reactions of Isothiocyanate 1|1 Adducts:
Further reactions of Ib or Id (isothiocyanate 1/1 ad-
ducts) with other isocyanates or isothiocyanates were
found to proceed by a consecutive insertion reaction in a
similar manner to those reported by Harrison.® The
demetallation products of 1/2 adducts were concluded
to be N-diphenylmethylene-N’, N”-dialkylthio- or dithio-
biuret, which showed apparent z—>z* transitions due

to the heterodiene linkage, >C=N—(|]:S, around 269~
292 nm (log e=4). The fragmentation pattern of the
destannylation products from the reaction of Ib with
methyl isocyanate is consistent with the linear structure
(VI), [PhyC=N-C=S]* (m/e=224), [PhyC=N]* (m/e=
180), [Ph,C=N-C(=S)-NMe]+ (m/e=253). Thus a fur-
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ther reaction of isothiocyanate adducts (Ib or Id) with
either isocyanate or isothiocyanate should give the cor-
responding linear products(III or IV). No %Sn, or
119Sn satellite band corresponding to the CH;-N proton
signal were observed in the NMR spectra of the products
obtained in the case of runs e and f. Only linear
structure (IV) is consistent with these spectroscopic
properties.

R
|
N
R-N=C=$
Ph,C=N-SnMe; ————— Ph,C=N-C SnMe,
Ng ./
(Ib) R=Me (Id) R=Ph
R’-N=C=X
X=0,8
! ( S)
Ph,C-N-G(-S)-NR- _*EsH  PhG=N-C-NR-G-N-R
2 — [ l
C(=X)-NHR' —Me;SnSEt S X -SnMe,

(VIe) R=R'=Me, X=8

(VIf) R=R'=Me, X=0

(VIg) R=R'=Ph, X=0 (IVg) R=R'=Ph, X=0

(VIh) R=Me, R'=Ph, (IVh) R=Me, R'=Ph,
X=S X=8

(IVe) R=R'=Me, X=5
(IVf) R=R'=Me, X=0

TaBLE 3. CONSECUTIVE INSERTION OF ISOCYANATES AND ISOTHIOCYANATES TO ISOTHIOCYANATE 1/l Appucts

v vie
Run R R' X . ’
Yield M max® -0, c=N, c=s”
(l(:,uz)) (ocr; E’Cl;lx_l) TCHs_Sn(JlH/lls)a) TCHs—Na) ?)/Ié)) VC_OiéJn;_lfl.)C—S ?:;r‘;f)c TCHS_Nd?
e Me Me S 84 158.0— 1597,1371 9.72(57.0/59.0) 6.93 242.0— 1531,1290 278 6.79
160.0 6.31 244.0 6.36
f Me Me O 67 163.0— 1683,1603 9.76(55.0/57.0)  7.39 241.0— 1692, 1533,1296 269 7.20
166.0 6.66 242.0 6.65
g Ph Ph O 100 165.0— 1698,1355 9.72(55.5/58.5) — 252.0— 1703,1513,1240 279 —
166.0 254.0
h Me Ph S 800 not isolated 213.0— 1521, 1287 292 6.36
215.0
i Ph Me S no reaction
a) Benzene solution. b) KBr disk. c¢) Ethanol solution. d) Deuterochloroform solution. e) The formation of

VI was quantitative.

f) Yield of VIh was 80%, based on Ib.

TABLE 4. ANALYTICAL DATA®:P

Compd. C (%) H (%) N (%) Caled for
Ia 54.08 (53.90) 5.63 (5.53) C,sH,,N,0Sn
Ic 59.85 (59.65) 5.27 (5.22) CysH,,N,OSn
Ie 58.78 (58.69) 5.05 (4.92) C,4H,,N,0,Sn
IIa 58.63 (58.24) 5.80 (5.83) CaoHosN;0,5n + CgH,
IVe 51.38 (51.18) 5.26 (5.27) CyoHasN,S,Sn+ (1/3)CH,
IVE 53.97 (53.82) 5.45 (5.50) CyoHyN,OSSn + (1/2)CeH,
IVg 60.05 (60.22) 4.91 (4.89) C,oH,,N,0SSn
Vb 73.40 (73.93) 5.47 (5.36) 11.60 (11.76) C,,H,,N,0,
Ve 74.09 (73.93) 5.50 (5.36) 11.60 (11.76) C,,H,,N,O0,
Vie 65.34 (65.54) 5.59 (5.50) 11.34 (11.46) C,,H,;N,S, + C.H,
VIf 68.58 (68.54) 5.83 (5.75) 12.25 (11.99) Cy,H,,N,0S + (1/2)C,H,
Vig 76.74 (77.16) 5.59 (5.30) 7.78 ( 8.18) C,,H,,N,0S + C¢H,
VIh 67.07 (67.83) 5.00 (4.92) 10.56 (10.79) CypH,oN N, S,

a) Calculated values in parentheses.
tic samples.

b) The demetallated products, Va and Vd, were identified with the authen-
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The consecutive insertion products of isothiocyanate
1/1 adducts [IVe—IVh] are summarized in Table 3.

(¢) Mechanism of the Subsequent Reaction of the 1]1
Adducts:  The drastic variation of the addition depend-
ing on the first component of the 1/1 adducts is illu-
strated by the following scheme.

SnMe,
OB @ © ®
20=NNG/INR 4+ R-N-=C-Y
I
|
(1]
RI
N oY
Ph.Coy © EZI:J
R
N@ (4)N/
\8)/ +\SnMe,
I
X
[VII]
/S R
[4+2] - _ insertion
cycioe:(ggf;lil(‘)} / >Y<=8 )\%:CS),S reaction
R' R’
U U
Ph,c N\ 7O Ph,C NG/ Y \SnMe,
| I |
Nyg/N R N{g/N\r
O« [11] $ [1v]
SnMe,
+EtSH +ESH
—Me;SnSEt | —Me;SnSEt |
R’ R'
U |
N (6] HN
NG
th(f (l:/ Ph,C NC7Y
N N I |
9 R N2 Y
6 [V] g [VI]
X Y R R’ X Y R R'
a O O Me Me e S S Me Me
b O O Me Ph f S O Me Me
c O O Ph Me g S O Ph Ph
d O O Ph Ph h S S Me Ph
Scheme

The primary step of addition of the Sn—N bond to
the heterocumulene was assumed to occur by the nucle-
ophilic attack of the nitrogen atom?® giving a zwitter-
ionic intermediate(VII). When X=O (run a~d) the
positive charge on C(1) is enhanced largely by the
conjugated carbonyl group and is stabilized by re-
sonance with the two phenyl rings. Thus the nucleo-
philic ring closure occurs between N(6) and C(l).
The following migration of the trimethylstannyl group
from the ammonium nitrogen to the oxygen atom yields
the 1,3,5-triazin-2(1H)-one derivatives [IIa~IId].
The positive charge on C(l) is small when X=S
(run e~h), since the thiocarbonyl group is weakly
electron-withdrawing as compared with the carbonyl
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group. Consequently, the anionic center(Y) captures
the electrophilic trimethylstannyl group giving the cor-
responding consecutive insertion products [IVe~IVh].
In Harrison’s case,® the aldehyde adducts did not have
an electron-withdrawing group at C(3), and the formal
charge on C(l) is consequently zero. The [4+42]
cycloaddition reaction would therefore be impossible.

Experimental

Mps were determined in sealed capillaries filled with argon.
Analyses were carried out by Alfred Bernhardt Mikroanaly-
tisches Laboratorium, West Germany. IR spectra were
recorded with a Japan Spectroscopic Co., Ltd. IR-S instru-
ment. H NMR spectra were measured with a Japan Elec-
tron Optics Lab. Co., Ltd. C-60HL instrument. N-Trimethyl-
stannyl(diphenylmethylene)amine was prepared according to
Chan and Rochow.” Isocyanates and isothiocyanates were
distilled before use.

Reaction of N-Trimethylstannyl( diphenylmethylene) amine with one
Molar Equivalent of Benzoyl Isocyanate. A colorless solu-
tion was obtained by addition of benzoyl isocyanate (0.692
g, 4.71 mmol) to a solution of N-trimethylstannyl(diphenyl-
methylene)amine (1.77 g, 5.15 mmol) in ca. 6 ml of benzene at
0 °C. The reaction was completed instantaneously. The 1/1
adduct (Ie) precipitated as white needles by the addition of
ca. 4 ml of n-hexane was washed with n-hexane and dried
in vacuo (2.19g, 95%). Mp 52.0—54.0°C. Found: G,

58.78; H, 5.05%. Calcd for CyHyN,0,8n: C, 58.69;
H, 4.929%. IR (in CgHy): 1673 and 1626 cm-1. 'H NMR
(in CDCL): v 9.68 (Me,Sn, Ju7/11%Sn-G-H=55.0/58.0

Hz). Equimolar reactions of N-trimethylstannyl(diphenyl-
methylene)amine with other isocyanates or isothiocyanates
were carried out under similar reaction conditions (at 0 °C
under an atmosphere of nitrogen). The yields and results
of elemental analyses of the 1/1 adducts are summarized in
Tables 1 and 4, respectively.

Reaction of 1)1 Adduct (Ia) with Methyl Isocyanate. For-
mation of  3,4-Dihydro-1,3-dimethyl-4,4-diphenyl-6-trimethylstan-
noxy-1,3,5-triazin-2(1H)-one (Ila): To a solution of 0.81 g
(2.02 mmol) of the 1/1 adduct of methyl isocyanate in 2 ml
of n-hexane was added 0.129 g (2.26 mmol) of methyl isocya-
nate at 0 °C under nitrogen. White needles which separated
out in a few minutes were washed with n-hexane and recrystal-
lized from a mixed solvent of n-hexane and benzene (1/1). This
was identified as 1/2 adduct (IIa) (0.835 g, 77%). Elemental
analysis and *H NMR spectrum identified the crystal as 3,4-
dihydro-1,3-dimethyl-4,4-diphenyl-6 - trimethylstannoxy-1,3,5-
triazin-2(1H)-one (ITa) containing 1 equivalent of benzene
of crystallization. Mp 149.0—152.0 °C. Found: G, 58.63;
H, 5.809%. GCalcd for CyHy;N;O,Sn+CgHg: C, 58.24;
H, 5.83%. IR (in C¢Hg) 1688 and 1621 cm—t. 'H NMR
(in CDCl,): 7 9.88(Me,;Sn, J117/11% Sn—-C-H=>54.0/56.0 Hz),
7.43 (Me-N), 6.96 (Me-N). Preparation of other 3,4-dihydro-
4,4-diphenyl-1,3,5-triazin-2 (1H)-ones; 1Ib (1-methyl-3-
phenyl), IIc (l-phenyl-3-methyl), and IId (1,3-diphenyl)
was achieved similarly. Yields and spectroscopic results are
summarized in Table 2, and analytical data in Table 4.

Treatment of Ila with Ethanethiol. Formation of Hexa-
hydro-1,3-dimethyl-6 ,6-diphenyl-1,3,5-triazin-2,4-dione (Va): Ad-
dition of ethanethiol to a benzene solution of the 1/2 adduct
(ITa) afforded the destannylated product (Va) as white prisms.
Mp 238.0—239.0 °C. IR (in KBr) 1723 and 1648 cm—.
This compound was identified as the triazindione [Va] which
could be prepared independently by the hydrolysis of the 1/2
adduct of N-trimethylsilyl(diphenylmethylene)amine with
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methyl isocyanate. Preparation of other s-triazindiones Vb,
Ve, and Vd was achieved similarly. Yields, mp, and IR
data are given in Table 2 and elemental analysis data in
Table 4.

Reaction of 1/1 Adduct (Id) with One Equivalent of Phenyl
Isocyanate. To a solution of 0.910 g (2.65 mmol) of N-
trimethylstannyl(diphenylmethylene)amine in c¢a. 2ml of

benzene was added 0.350 g (2.59 mmol) of phenyl isothio- -

cyanate at 0 °C under the atmosphere of nitrogen. On
addition of phenyl isothiocyanate the color of the reaction
mixture turned yellowish brown. The reaction mixture was
left overnight at room temperature. Its IR spectrum showed
the formation of 1/1 adduct [Id]. A solution of 0.314 g
(2.64 mmol) of phenyl isocyanate in ca. 4ml of benzene
was then added at 0°C. The mixture was warmed up
to room temperature and allowed to stand for 15 hr. White
prisms of the 1/2 adduct (IVg) separated out quantitatively
‘were washed with benzene and recrystallized from a mixed
solvent of n-hexane and benzene (4/6). Mp 164.5—166.0
9C. Found: C, 60.05; H, 4.91%,. Calcd for C,yH,,N,0OSSn:
G, 60.22; H, 4.89%. IR (in CgHg) 1698 and 1355 cm™t.
H NMR (in CDCl,) = 9.72 (MeySn, J1/11® Sn-C-H=
56.0/58.0 Hz).

Destannylation of IV. Addition of ethanethiol to the
benzene solution of 1/2 adduct (IVg) gave the destannylated

Stepwise Addition of Heterocumulenes with Stannylaminé
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product (VIg) as white prisms. Mp 252.0—254.0°C. IR
(in KBr) 1703 cm=. 2B 279 nm (log £=4.50). Consecu-
tive insertion reactions of the isothiocyanate 1/1 adducts
(Ib or Id) with another isocyanate or isothiocyanate were
performed under similar reaction conditions. The yields
and the results of the elemental analyses are summarized in
Tables 3 and 4, respectively.
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