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£ 9%, Trimethylsilylethylsulfide, trimethylsilylphenylsulfide, triethylstannylethylsulfide =22}
= triethylstannylphenylsulfide & 10 @7} o8 %o} A isocyanate 8 274 W2 AR, °]F Si-S
9} Sn-S AY {7l F53PE5- phenylisocyanate 8] o) k4], A3, diphenylcarbodiimide @ 1,
3, 5-triphenyl-4-phenyliminohexahydro-1, 3, 5-triazine-2, 6-dione &) A4 Zoj 2 FL31ich, Hia o]
3 ¢EER ethylisocyante & F-B = 4 A< triethylisocyanurate 7H& A 4 313 ¢},

Abstract. Reactions of trimethylsilylethylsulfide, trimethylsilylphenylsulfide, triethylstannylethyl-
sulfide, and triethylstannylphenylsulfide with isocyanates were studied at various temperatures for
10 days. These Si-S and Sn-S bond compounds catalyzed the production of the cyclic dimer and
trimer of phenylisocyanate, diphenylcarbodiimide and 1, 3, 5-triphenyl4-phenyliminohexahydro-1, 3,
5-triazine-2, 6-dione in the reaction of phenylisocyanate. In contrast, these compounds gave only
the cyclic trimer, triethylisocyanurate, from ethylisocyanate.

Si-X g Sn-X A% (X: ON,P,5) & 72 H7] oA Whges, wgA7 §¢ 22Yez
T AFES T 3L R g2} o) & I A R Az AL EARRI ] et
BE 54 B2 SAEEAS] P3el FFH F &= wpol,

& A7/ Agsn g, 2 F FE2 JPE Trimethylsilylethylsulfide R trimethylsilyl-
24 isocyanate & A8 AFEE Si-0, Si-  phenylsulfide & phenylisocyanate ] ¥H-&-o) 4
NZ, Si-P3%, Sn-0* 2 Sn-N' A¥E T A9 Table 19 Al Bz vls} 7Fo] Qubd o2 A o 4
dxso] glek &1 Si-S° R So-8° AY¥ HE = phenylisocyanate &) o] gkx]a]l N, Nodiphenyl-
3 isocyanate 8] wh-g¢] #F I F 2+ 1968 uretidine-2, 4-dione (I} 434]q] triphenyliso-
g K. Itch 59 94 isocyanate 2] 4}2A] 7}, cyanurate (II)7hg YA G = vz 2L 4
2= Si-S A HFES WBAME 11 ¥ 21, 1 o] 9o diphenylearbodiimide (1) 2
A ARl iz vk . AAEE o 1, 3, 5-triphenyl-4-phenyliminohexahydro-1, 3, 5-
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Table 1. Conversion product{%) of phenylisocyanate

o Samples | e, si.5Et

 Et,Sn-SPh

Me,Si-SPh | Et,n-SEt |
Temp, - S — L. .
Products |RT. 50° 180° |RT. 60° 150° |RT.  50°  160° [ RT. 5° 150°
I I trace 10.4 trace | trace 81 9.7 |23.3 20.6 8.5 36.7
I 1350 37.7 38.8 |3L.7 325 46.4 \76.7 79.3 100 |51.5 63.3 78.5
I ! 12.5 |
v ! 48.7 43.9 | ;

(RM-SR’) : {Ph-NCQ) =1 : 1) mole ratio (reaction for 10 days)
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o] 9} & insertion & WA 59 Si-S AFPE
o} -7}l (A)9) Si-N Zge] ukg-4o] & Aol
719159 o]&F FAE ubg-& organotin alk-
oxide* @ trimethylsilyldiphenylphosphine3®) 7
Folz xzs w3l

me 44L& 7183k trimethylsilyldiphenyl-
phosphine ¢] -2 Z-& wlgI| 24 ¥yg=d
), & 1:1%714) (A)S] trimethylsilyl group 9
1, 3-transfer & A7 Z713 (A9 Si-O0 A el
= 3+ BA9 phenylisocyanate 7} insertion 3}

{2)
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1: 28704 (C} & FA sz o] FokdelA @xt
Ag = FAel A 3¢ Si-S FE) elimina-
tion E]mA A5 Aeg Bo{4 2).
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Table 2. Conversion product {IIEt, %) of ethylisocyanate

T e S
| Me,Si-SEt Me,Si-SPh | Et,Sn-SEt ' Et,Sn-SPh
Temp. i _
50° ! 32.2 ‘ 30.0 ‘ 46.1 17.6
150° 65.2 ! 60.1 | 100 100
150°* 86.3 : 80.3 \ 100

i 100

(R;M-SR] :_[E;-NCO]=I : 10 mole ratio (reaction for 4 days) *Reaction for Idﬁays.

AHFFEAS AT 2rd v gloh,

AA =z 95 2498 115t 28 phenyliso-
cyanate & A £l Si-S s 3-E EA) s}el] 150°Coll
A T7A7 AR S o FFF IV A4S
T RoE Mol o] Mg EE YA Aoz
& (44).
9Ph—NCO

(Si—S)

28] 3 Table 1 o)A ¥ ule} o] trimethyl-
silylphenylsulfide 8] -9 IIl¢] A&HA Y&
Re At AHE HIo] IV e Ags
o Fol 2, B trimethylsilylethylsulfide 2] b
FollA 28] gge] vl AR FL oA 2AH
AR,

Triethylstannylethylsulfide 9 triethylstannyl-
phenylsulfide $} phenylisocyanate & ¥F-Lof A=
I3} IIgte] AA4slolcel, SiS AFAz o9
Zo] 2 1:1 %7419 triethylstannyl group &
1, 3-transfer 7} 7]dl) 5} Si-N A jte} ¥]s)] Sn-
N 2% & FH4 =Ll phenylisocyanate
o] gAHal insertion o} A S} I TIghg A
Adte Aoz dHadr

Trimethylsilylsulfide 2 triethylstannylsulfide
S5 ethylisocyanate 9 ¥F2o A& o A}
hEse] A glol 29 EA<l ethylisocy-
anate 8] 484 triethylisocyanurate (IIEt) 2h2
A%<t )

Si-S ¥ Sn—S8 A 5.9 ethylisocyanate 9] 1;1
FHAe] A Si-N E& Sn-N A e T34 N
HAd ARG ethyl 7o) o8 Fdslzmz 7}
ko) Eo|3HA Hol kAT 64HA Ak
Ag A =G ethyl 7)o} 2% N9 A3
YE F 2 RyM-group ¢} O A 9] 1, 3-trans-

Ph—N=C=N-Ph > IV {4)

oL

fer 7} A o] diethylcarbodiimide & A4 o}
M8 Sle Aoz A4 (45).
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o] dbgelA & P vhet o} SiS F
Sn-S A% 3¢5} phenylisocyanate 2] HF-Lof
A FARE o] AAlHg ey dAlz SiS A
¥ e W&ol N, N.diphenylureti-
dine-2, 4-dione(I), triphenylisocyanurate(ll), di-
phenylcarbodiimide(IF) 2] = 1, 3, 5-triphenyl.
4-phenyliminchexahydro-1, 3, 5-triazine-2, §-
dione(IV)e] A5, Sn-S AF HIFE9)
Bk-2o) 4] N, N-diphenyluretidine-2, 4-dione {I)
3 triphenylisocyanurate (II)2H-& AA3= u)
SR AT e ¢ F glon ol 2L Fo
+ 279 117k A Si-N 2 3} Sn-N 3
oo T4 d & Fo JYSHE Aoz &
A gl o},

EZF Si-S 2 Sn-S AE7} ethylisocyanate
ikg¢l 4= phenylisocyanate & 73 $-9} o] o
g 240 4AHA gz ©d 3FF triethyl-
isocyanurate (IIEt) 2k A4t AL & 4 9
At =& Tablel, 2604 B vps} zo) 73
4ol & 3¥E F SiSAY I E 2 SnS
8l3+E°] 22} pheylsulide 2.} ethylsulfide
7t isocyanated] & & wb-&Aol 9lge o4 4

A%t

?-MRs
N=C(~SR' (5)

= #
A28, Trimethylsilylethylsulfide trimeth-
ylsilylphenylsulfide &= Abel’2] @4 ¢ 2 trime-
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thylchlorosilane 7} A8+ lead mercaptide 2
Be gtAastoicl, Triethylstannylethylsulfide 9}
triethylstannylphenylsulfide &= Abel 3} Brady®2j
w0 2 triethylchlorostannane 3 333l
mercaptane 2. 2 KB T4 A,

BE 924 A g9 sulfide 9} isocyanate & 1

10-'}— vl 2 E#8td ampoule & ¥z 2%

F A, 50°C, 150°ColA 22+ 1047k 4k

-—/‘]7'a =3 IR spectrum & chloroform §% =&
KBr B4 2 3+ Beckman IR-18A £ &3 3l o}
Bl A E LILIIT 2 Ve %E_ A 14,9108
2% M.P. 2 IR spectrum & o] z35}o <)
35 o,

Trimethylsilylethylsulfide 2 Phenylisocya-
nate 2] 4t2, Trimethylsilylethylsulfide (0. 672,
5 mmoles) 2} phenylisocyanate (5. 95g, 50mmoles)
o EFEE A& 10947 A F-o] WS
232 AHYLozHE o 428 phenyl-
isocyanate 8 A1 5.9l trimethylsilylethvlsulfide
(0.57 g, 85 %) & 535 eh. A K-EE acetone
o &A) F 2elE Y AANS AAL
A9k o] 2E & ethanololq AABsA I
2.08g2(35.0%) = 4%tk (e=o 1710cm™, m. p.,
283-284°C). =3 50°C Y HSELEFT AT
#¢ hexane 3} chloroform(3: 1v/vie) E£¥&
ol g Helsle ol frie LR EL FET F
Lo & zFebste Al A W@ ethanol 2 Al 3 3}
@k o] AAL toluene &2 FE} A 4 Shod
WAl AAAA §0.61g(10.4 %) S 49
(vc=a 1780 em™!, m.p., 175—176°C). E747)
of FEFEE AL e LT oz A,
AAAGee] I 2.24g{37.7%) & LA+ 150°C
9] w1-g ampoule g | &35 & k3] carbon
dioxider} W}&8}9 . HAF-EE& Y STt
(95—100°C/0. 15 mmHg} 3% 1[10.74 g{12.5
%)‘% @9}\‘4‘. (1"N=C=N2130 cm” l, b. P, 113—115°
C/0.5mmHg). @9 cold trap o 228l = A&
9} trimethylsilylethylsulfide & A w8 348
o}, A FEE2L cold acetone & F 2 ] 5t L3
B2 11 (2308, 38.8%) 2& Halsidz, &
8 F- 22 hot acetone 2.2 ZHAA AAA g
F cold acetoneo Z A F 3}l WM YAA [V 2.80g
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48.7%) & Ak (rc=o 1698 cm™Y, o=y 1660
cm™l m.p., 292—293°C). = IV § 0.1N.
HClZ 100°C A 1047 Asisd ARE o
aniline=} 112 X3 9},
Trimethylsilylphenylsulfide 2 Phenylisocy-
anate 2| 4}, Trimethylsilyphenylsulfide (0.91
g, 5 mmoles) ¢} phenvlisocyanate (5.95g, 50
mmoles) & A2l A ubSAZ L A A5 tri-
methylsilylphenylsulfide &= A 828 0 2 3 FH 2
11{1.88g, 31.7 %)% AA3}A, 50°C 3ol
Ae110.48g, 81%) 11 (1.93g, 32.5 %) &
77 ARSgz zelx 150°CaAA w$AR
ampoule 5 N 8351412 = c}3F9] carbon dioxide
7hwrEsgch zAREE A Fd e
Belela, AAA] (0.57g 9.7%), II {2
76g, 46.4 %) IV (2.61¢, 43.9 %) & ¥%ivh
Triethylstannylethylsulfide2t Phenylisocy-
anate 8§ ¥+, Triethvlstannylethylsulfide (1. 33
g, 5Smmoles) 2} phenylisocyvanate(5.95g, 50m
moles) 2] E3L wtdut sl od 29 F HH
wgol AAe] AEstr] A, Si-8 &3
59 w7 ek FhE i es Pl 4
Lol A= 1(1.382, 23.3%)3 11 {4.56g2,76.7
%), 50°Cub-gol ¥ I {(1.22g, 20.6 %) ITi4
71g, 79.3 %) =el = 1580°Col A+ II (5.952,
100%) 5k-g 22 @31t
Triethylstannylphenylsulfide 2} Phenyliso-
cyanate 2| P12, Triethylstannylphenylsuifide
(1. 57 g, 5mmeoles} 8} phenylisocyanate (5.95g,
50 mmoles) & kS ¢ A& =1 (0.50g, 8.
5%)eh I1 (3.06g, 5L.5%), 50°CelA&1 (2
18g, 36.7 %)} Il (3.76 ¢, 63.3 %) =] 3= 150
°CelAE 11 4.67g, 78.5%)% 7z A4
o
Organosilylsulfide & Ethylisocyantae 2| gt
8. Trimethylsilylethylsulfide (0.67 g, 5mmoles)
2} ethylisocyanate(3.55g, 50 mmoles} S 50°C
oA 497 HeA7 F o RSETEZYH
A2 2 A ¢ wax 4 BAF
A& benzene o] LajA7 =z o] §Ref ethanolE
Aol A4 HEtS 9leh (im0 1680cm™,
m. p., 92—94°C). FFEL 50°ClA 1.14g
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{32.2 %), 150°C ol A 2.31 g(65. 2 %) 32, 150°C
A 1097k ekeAZ A% gge] $FHA X
sglz A B2 3.062(86.3 %) A +t. trimethyl-
silylphenylsulfide {0.91 g, 5 mmoles) 9} ethyliso-
cyanate (3.55g, 50 mmoles) 2] HIgoAE F2
3 9 AYE(IEYel A4dLct. F5F2
50°C oA 1.06g(30.0 %),, 150°Cl 4] 2.13g
60.1 %) A 150.CHA 1027 A W
S B 2.85g1(80.-3 %) Rt

Organostannylsolfide 2} Ethylisocyanate 2
b2 Triethylstannylethysulfide (1.33g, 5mm-
oles) 2 ethylisocyanate (3. 55 g, 50mmoles) 2} 1+
$& Si-S B TE Aot 2L o= AA
o} HEt & 50°CelA] 1.63g(46.1%) 2+ 150°C 9l
4] 3.55g(100 %) & 9 Av}. Triethylstannylph-
enylsulfide (1. 55 g, 5 mmoles) &} ethylisocyanate
{3.55 g, 50mmoles) ] vk-Zdl A & 1IEte] F5-8
£ 77 50°CelA 0.62g(17.6 %) 150°C o4
3.55g(100%) K},

a A
£ dFAYe)A IR spectrophotometer A}&-oll

gz A FPNGa FFAYLS AH
3ol 448 A E ¥
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