
327 

Journal of Organometallzc Chemzstry, 65 (1974) 327-334 
0 Elsevier Sequoia S A L Lausanne - Printed m The Netheriands 

REACTIONS OF GROUP IV ORGANOMETALLIC COMPOUNDS 

XXVII*. SGME REACTIONS OF [(TRIMETHYLSILYL)IMI.NO] PHOSPHORANF 

KENJI ITOH, M. OKAMURA and Y. ISHII 

Department of Synthetic Chemzstry, Faculty of Engmeerzng, Nagoya Unzuerszty, Furo-cho, 
Chzkusa-ku, Nagoya 464 (Japan) 

(Received June 14th, 1973) 

The reaction of [ (trimethylsllyl)nnmo] methyldlphenylphosphorane: 
Ph,MeP=N-SiMes (I) with several acid anhydrides or alkyl lsocyanates took 
place by the simple cleavage of silicon-mtrogen bond. In contrast the mterac- 
tion of (I) with phenyl isocyanate, Isotmocyanate or carbon dlsulphide led to 
addition-ebminalzon reactions of the Wittig type. Detailed mvestigation m the 
case of phenyl isocyanate mdicated the usual elnnmation of PhsMePO 1s sup- 
pressed by the strong aftity of the trimethylsllyl group for anionic oxygen 
atom. 

a 

Introduction 

[(Organosilyl)unmo] phosphoranes, Rs P=N-SiRi , can be represented by 
the followmg two canonical forms [Z] . 

RaP=N-SiR’a 
-- 

-R P+-N 3 - - SIR; 
<A) <B) 

The acid-base interactions of [ (organosrlyl)immo] phosphoranes with hydrogen 
halides [3,4] or Lewis acids [5 - 7] were discussed m terms of the polar form 
CR)- 

Except for the acid-base mteractrons and desllylations by common elec- 
trophllic agents [ S,9], the chemical behaviour of [ (organosllyl)immo] phos- 
phorane remained unexplored. 

In this paper, we show that [(trimethylsnyl)tino] methyldiphenylphos- 
phorane; Ph,MeP=N-&Mea (_I) exhibits two types of reactivity, cl) a smple 
cleavage reaction of the sihcon-nitrogen bond by acid anhydrides and alkyl 
isocyanates, and (21, a Wittig-type addition-ehmination reactionbrought about 
by phenyl isocyanate, phenyl isothiocyanate, or carbon disulphide. 
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Results and discussion 

[ (Trimethylsilyl)imino] methyldiphenylphosphorane (I) was prepared by 
the usual method [5,10 - 141 from methyldrphenylphosphme and tnmethyl- 
slfylazrde in an excellent yreld. 

Ph, MeP + Me, SiN, yli ) Ph, MeP=N-&Me3 + N2 
<I) 

(a) Reactzon wrth acrd anhydrzdes 

Recently, Krrcheldorf [ 81 described the selectrve srhcon-mtrogen bond 
cleavage of [ (tnmethylsrlyl)rmmo] trrphenylphosphorane by various acrd chlo- 
rides or anhydrides. We found sunllar results [lb] m the reactron of (I) wrth 
acetic and some cyclic acid anhydrrdes The reaction of acetrc anhydnde wrth 
(I) took place exothermrcally at 0” to grve (acetyhmmo)methyldrphenylphos- 
phorane and tnmethylsrlyl acetate m quantrtatwe yrelds 

O0 
Ph2MeP=N--SfMe3 + Me-CO-O-CO-Me - 

_ 

d PbMeP=N-CO-Me + Me-COOS1Me3 

(98%) ’ (98%) 

Cychc acid anhydrides, such as succmlc or phthahc anhydrrdes, brought about 
msertrons mto the s&con-mtrogen bond of (I), and the correspondmg l/l 
adducts: (IIa) and (IIb), were rsolated 

polo - Pt$MeP=N-SIMe3 + (A) 

PhpleP;);;\/S# Me?-- 

Lo’ 
I I 

1 - 

- Ph2MeP=N-CO-CA)-COOS*Mez 

(Ila) , (A) = CH2CH2 (84%yteld) 

(nb) , (A) = o-C6H, (77%yleld) 

The depicted mechamsm for this msertion mvolves a nucleophihc rmg- 
opening by attack of the nitrogen atom on the acyI carbon atom followed by 
the rapid mtramolecular migratron of the trrmethylsllyl group from the n&o- 
gen atom to the carboxylate anion This kind of intramoIecuIar migration to 
the carboxylate anion of the tnmethylsllyl group is known to be rapid [15,16]. 
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(b) Reactton with alkyl rsocyanates 

The addition of methyl or ethyl isocyanate to (I) caused the formation of 
the corresponding l/l msertion products (IIIa) and (IIIb), accompanied by 
small amounts of tnalkyl Isocyanurate, 1 e. the cyclic trimer of the lsocyanate 

t 

O0 

mMe3SI ,_ Ph*MeP=N-CO-N(R)-5lMe3 

KUa), R= Me(62%yleld) 

(mb), R= Et (66%y~eId) 

R 

0 ’ 0 Ncr’c// 
r?z=Gz I I 

-_(I) 
RN, ,NR 

;;_ 
0 

Ph2MeP- -N-SIMe, -f- R-N=C=O 

(I) 

Insertion products (IHa) and (IIIb) were characterized by analysis, and by infra- 
red and NMR spectroscopy, as well as by the formation of the correspondmg 
[ (alkylcarbamoyl)unmo]phosphoranes on desllylatwe hydrolyses. However, tert- 
butyl lsocyanate drd not react with (I) even under more drastic conditions (SO0 
for 3 days) because of stenc hindrance 

(c). Reactron wrth phenyl lsocyanate or zsothlocyanate 

Although the equunolar reaction of (I) with phenyl isocyanate took place 
exothermally, no sign of the formation of l/l adduct (V) could be detected by 
NMR and mfrared spectra The separation of the mixture gave the four pro- 
ducts, wmch are discussed later, and the recovery of nearly half of the ongmal 
(I) In order to achieve complete reaction, 2 moles of phenyl xocyanate were 
added to (I) at 0”. Although the yield of methyldiphenylphosphme oxide was 
good, az 91%, the counter product expected from a W&tig-type reaction 117 3, 
vz. phenyl(tnmethylsllyl)carbodlmude (Ph-N=C=N-S&lea ) 118)) was lso- 
lated m only 15% yield. A careful separation of the mixture unexpectedly gave 
tnmethylsllyl lsocyanate [19] (57%) and dlphenylcarbodnmide 1201 [19%, 
based on (I) and 38% based on phenyl lsocyanate] . All of these four products, 
PhsMeP=O, Ph-N-C=N-SIMes , Mes Si-N=C=O and Ph-N=C=N-Ph, were 
identified by comparmg their mfrared and NMR spectra with those of authen- 
tE!zam&eL 

The formation of large amounts of trimethyhllyl isocyanate would be 
consistent w&h the production of phenylimmophosphorane, ?hzMeP=N-Ph, if 
the former were generated by abnormal Wittig-type elimmation from the latter. 
However, all attempts to detect PhsMeP=N-Ph fded, and so we conclude that 
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it was an unstable mtermedrate and reacts rapidly mth the remaining phenyl 
isocyanate to gwe diphenylcarbodnmide and methyldiphenylphosphme oxide. 
This new was strongly supported by the fact that authentic (phenyhmino)me- 
tbyIdiphenylphosphorane reacted spontaneously mth one molar proportion of 
phenyl isocyanate to gee the same products. 

From these observations, a mechamsm of the addition-elimination reac- 

SCHEME 1 

tion can be proposed (Scheme 1). 

pt+rdeP=N-S~Me~ 

+ 

Ph-N-C=0 

-Me-$ 

t’ 1 

Pn2MeP;N,S~Me, P%MeP\N,S!Me3 

I _ I 

ph_N&d-o 04=%N_-pr 

askI (IPbl 

I AbrIOrmol Wlttlg-type 

[Pt$MeP=N-Pn] + Me+-N=C=O 

(57%) 

+ Pn-NC0 Rapsd 

1 

Ph2MeP=0 + ph-N=C=N-SIMe 3 

(15%) 

91% Combtned 

NOrmOl 
wattsg-type 

- Ph.$deP=O + Ph-N=C=N-Ph 

G’B%uo) 

There are two possl%le conformations for the intermediate zwrtterion, 
namely, (IVa) leading to the ehmmation of the P=N bond (abnormal Wzffzg- 
fype) and (IVb) leadmg to ehmination of the P=O bond (normal Wiffig-type). 
It is interesting that the former process (57%) is favoured over the latter (15%). 
Th& s-g result is explained in terms of? the strong z&Enity of the trimethyI- 
siryr group for oxygen atoms. An interaction of the trimethyls3yl group with 
oxy-anion in (IVaJ, involving reversi’ble rapid migration of t&nethylsilyI group 
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between (IVa) and (Va), would stab&z@ the conformation (IVa) and overcome 
the normal mteraction of the oxy-anion with organophosphonium group in 
(IVb). Change in the nature of the Wittig reactions brought about by tnmethyl- 
sibyl moiety has been reported in the case of (trimethylsrlyl)alkylenephosphor- 
anes 121,221, and Schmldbaur and Stuhler 1221 recently concluded that the 
oxy-anion of the intermediate zwrtferion generated m the reactron of Me3P= 
CH-&Me3 - with car-bony1 compounds 1s captured selectively by the trnnethyl- 
sllyl group. 

The difference m behavior between alkyl Isocyanates and phenyl rsocya- 
nate can be explained m terms of the degree of the nucleophllicity of the 
amomc nitrogen atoms m (IVb). The anionic charge on the nitrogen atom 1s 
enhanced by alkyl substitution, and the attack tnmethylsnyl group occurs 
more readily, resultmg in insertion products, m the case of alkyl Isocyanates. 
The lower nucleophrhc mtrogen atom associated wrth introduction of the elec- 
tron-wlthdrawing phenyl group, which also causes some stenc interference, 
would disfavour the formation of the msertion product (Vb) Consequently, 
(IVb) induces the Witlag-type ehmmatlon reaction or mternal rotation around 
the N-C bond to give (IVa). 

A smular addition-ehmmation reaction was observed m the mteraction of 
(I) with phenyl rsothiocyanate, although much more drastic conditions were 
required (100” for 4 days). 

Ph,MeP=N-S&Ie, + Ph-N=C=S s Ph2MeP=S -t Me,Si-N=C=S 
(76%) (28%) 

+ Ph-N=C=N-Z&Me, + Ph-N=C=N-Ph and its polymer 
(12%) 

All the products may be accounted for m the same manner as for those from 
phenyl Isocyanate. The yield of diphenylcarbodumide was markedly lowered 
owmg to its thermal polymerization under these con&tions. 

(cl) React-ton wrth carbon disulphrde 

The reaction of (I) mtb. carbon drsulphide at 100° for 48 h. gave trune- 
thylslryl lsothiocyanate and methyldiphenylphosphme sulphide in excellent 
yrelds. 

Ph,MeP=N-StMe, Ph2MeP=S (76%yleld) 

100” 
+ + 

s=c=s Me3St-N=C=S (98%yleld) 

These products can be reasonably explamed in terms of the normal Wit- 
tig-type addltion-elimmatron mechamsm. 

All experiments were performed under argon. Analyses were carried out by 
the Alfred Bernhardt Mikroanalytisches Laboratormm, Germany. NMR spectra 
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were recorded on a JEOL C-6OHL spectrometer with tetramethyIs&me as inter- 
nal standard. Infrared spectra were recorded on a JASCO-DS403G spectrometer. 

[(Tr~methyisrlyl)~mmo] methyldzphenylphosphorane, Ph, MeP=N-Sties (I) 

A mixture of methyldiphenylphosphme (14 g) and trunethylsllyl azide 
(12 g) was gradually heated to 100” durmg 1.5 h with sturmg. After the evolu- 
tion of nitrogen gas had stopped, strrrmg was contmued for an additional 3 h at 
100”. The product (I) was isolated by distillation under reduced pressure m 
93% yield (18.7 g). (I): I3.p 100 - 103”/0.03 mm. IR(C,H, ), ZJ(P=N) 1305, 
1250 cm-‘. NMR(CDCla ), 6 0.32d (CHa -Si, J 0.4 Hz; 9H) 1 55d (CIIs-P,J 
12 Hz; 3H) and 7 7 - 6.9 ppm m(CsI15 ; 10H). (Found- C, 66.97. H, 7 74 
C1 eHP eNPSi calcd.: C, 66.86; H, 7.72%) 

Reactron of (I) wrth acetic anhydrlde 

Acetic anhydride (0.536 g; 5.25 mmole) was slowly added to (I) (1.38 g, 
5 25 mmole) at 0”. Reactlon took place exothencalIy, and the mixture sohdl- 
fied. On vacuum dlstflation, trnnethylsrlyl acetate was isolated m dry-ice/ace- 
tone trap; 0.67 g (98% yield). The mfrared spectra [1728 v(C=O), 1269 and 
1255 m CC14] and NMR[60 26(CIIa -Si) and 2 01 ppm(CH,-CO) m CHCla ] 
were identical with those of authentic material prepared from trnnethylchloro- 
sllane and sodium acetate. The residue was recrystalhzed from ether/benzene 
(10/l vol. ratio) to give (acetyhmmo)methyldlphenylphosphorane (1.26 g; 
98%) M p. 90 - 91”. IR(CeHa); 1593 v(C=O) and 1310 cm-’ v(P=N) 
NMR(C,D,), 61.89 d(J 13.6 Hz, 3H, CII,--P), 2.38 d(J 2.4 Hz, 3H, C&-CO) 
and 6.9 - 7.8 ppm m(lOH, CeI&). (Found- C, 70.33, H, 6.32; N, 5.55. 
C1 gH1 eNOP c&d.: C, 70_02,H, 6.27, N, 5.40%.) 

Reactions of cyclrc acrd anhydrrde witi‘ (I) 

As an example, the reaction of (I) with phthahc anhydride 1s described m 
detail. A suspension of phthalic anhydride (0.704 g, 5 0 mmole) m 4 ml of dry 
benzene was gradually added to (I) (1 35 g, 4.9 mmole) with vigorous sturmg 
at room temperature. Reaction occurred spontaneously and the murture be- 
came homogeneous After evaporation of benzene under reduced pressure, the 
residue was recrystalhzed from ether/benzene (10/l vol ) to give (IIb) as cry- 
staUine needles (1.59 g, 77%). { [o-(tnmethylsrloxycarbonyl)benzolyl] lmrnol 
methyldiphenylphosphorane (IIb) M p. 100 - 102”. IR(CHCls ); 1707, 1588 
;I(C=O), 1333 v(C-G) and 1255 cm-r 6 (Sr-CHs ). NMR(CDCla ); 6 0.24 s 
(CII,-Si, 9H), 2 36 d(C& -P, J 13.5 Hz; 3H) and 7.4 - 8.0 ppm m (&II, and 
C,II, ; 14H) (Found. C, 66.36, H, 5.93. C,,H,NO,PSi calcd.: C, 66.99; H, 
6.02%.) 

With succimc anhydride, a sunllar procedure gave {[ 3-(trunethylsrloxyca 
bonyl)proplonyl] unmo }methyldiphenylphosphorane (IIa) in 84% yield. (IIa). 
M.p 101 - 103”. IR(CHC1, ); 1751, 1581 v(C=O), 1365 v(C-0) and 1250 
cm-1 6 (Si-CH,). NMR(CDCI,), 6 0.23 s (CII,-Si; 9H), 2.59 m (two CH,; 
4H), 2.23 d (C&-P, J 13.5 Hz, 3H) and 7.4 - 7.9 ppm m (&I&, 1OH) 
(Found: C, 62.03; H, 6.60. C2,,Hz6N0sP calcd.: C, 61 99; H, 6.76%.) 
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Reactron of methyl and ethyl socyanate with (I) 

The reaction of methyl isocyanate 1s desclnbed below as an example. 
Methyl lsocyanate (0.36 g; 5 7 mmol) was added very sIowIy to 1.64 g (5.7 
mmol) of (I) at 0”. Spontaneous reaction occurred and the mixture became 
sohd Recrystalhzatron from n-hexane gave needles of trrmethyhsocyanurate 
(0.054 g), which was identified by mixed meltmg point (M-p. 169”) and by the 
comparison of its mfrared and NMR spectra mth those of authentic material 

The liquid layer was cooled suddenly to - 78”, to grve wlute crystals 
After filtration under argon, the crystals were recrystalhzed from n-hexane to 
give 1.21 g (62%) of l/l adduct; [N,N-methyl(trimethylsilylcarbamoyl)nnmo]- 
methyldiphenylphosphorane (IIIa): M p 88 - 89”. IR(CHC1, ); 1587 v(C=O), 
1300 v(P=N) and 1251 cm-’ 6 (Si-CHs). NMR(CDCls), 6 0.29 s (CIIs-Si; 
9H), 2.21 d (C&-P, J 13.5 Hz, 3H), 2.74 s (C&-N; 3H) and 7.2 - 7.8 ppm m 
(&I&, 10H) (Found C,62.68, H, 7 19. Cl sHa sN20PSi &cd.: C, 62 76; H, 
7.32%.) 

The product (IIIa) was readlly hydrolyzed by the moisture m the an to 
give PhsMeP=N-CO--NH-Me m quantitative yield, M.p 113 - 114”. 
IR(CHCls), 3250 v(N-H), 1567 v(C=O) and 1298 cm-’ v(C-N) NMR(CDCl,), 
6 2 20 d (CI-Is-P, J 16 6 Hz, 3H), 2 68 d (C&-N, J 4.7 Hz, 3H), 5 00 br s 
(N-H; 1H) and 7 2 - 7 8 ppm m (Cs IIs ; 10H). 

The reaction of ethyl isocyanate with (I) was performed as above to ave 
the l/l adduct [iV,N-ethyl(trnnethylsllylcarbamoyl)nnmo] methyldiphenyl- 
phosphorane (IIIb) m 86% yield M.p. 71- 72”. IR(CHCla), 1585 v(C=O), 
1290 v(P=N) and 1255 G(Si-CHs). NMR(CDCls ), 6 0 28 s (CHs-Sl; 9H), 
6 1 08 double triplet (CH,-CH,; J 7.1 and 7 7 Hz; 3H), 6 2.22 d (C&-P, J 
16.5 Hz, 3H), 6 3.28 q (CH,, J77Hz; 2H) and 67.3-7.9ppmm (CsHs, 
IOH). (Found. C, 63 62, H, 7 39 C1eHs4N20PSi calcd C, 63.66, H, 7 59% ) 

Reactron of phenyl rsocyanate wrth (I) 

Phenyl isocyanate (1 29 g, 10.8 mmol) was slowly added to (I) (1.58 g, 
5.5 mmol) at 0”. The reaction took place exothermically, and the mixture was 
kept for 6 h at room temperature Distlllatlon under reduced pressure gave 
phenyl(trunethylsilyl)carbodnmrde [lS] [0 16 g, 15% based on (I), b-p. 
47”/0.04 mm, IR 2170 cm-‘, NMR 6 0 28 ppm (C&-Sl)] as the dlstlllate 
and trnnethylsllyl uocyanate [19] [O-40 g, 57% based on (I), IR 2275 and 
1258 cm-l, NMR 6 0 26 ppm (CIJa-Si)] trapped at - 78”. Both of the pro- 
ducts were identified by comparison of their mfrared and NMR spectra with 
those of authentic samples. 

Addition to the d&rllatron residue of 3 ml of dry ether gave a white 
precipitate, which was filtered off under argon. The crystals were washed three 
tunes with 2 ml of ether and recrystallized from petroleum ether (b-p 30 - 40” ) 
to give methyldiphenylphosphme oxide [1 09 g m 91% yield- m.p 112”) IR 
1173 cm-l v(P=O), NMR 6 8.99 ppm d (J 13 0 Hz)]. 

The filtrate and ether washings were combined, the ether was removed 
under vacuum, and the dlphenyIcarbodiunide 10.4 g (38%), b-p. 111 - 113”/ 
0.06 mm, IR 2130 cm-’ ] was isolated by vacuum distillation The product was 
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characterized by comparmg mfrared spectrum with that of an authentic sample 
prepsued in 63% yield by the reaction of N,N’-diphenylthiourea with yellow 
mercurrc oxxde, as well as by the formation of dlphenylurea quantitatmely by 
hydrolysis. 

Reaction of phenyl kothiocyanate wrth (I) 

The mixture of (I) (1.64 g, 6.2 mmol) and phenyl isothiocyanate (0.84 g; 
6.2 mmol) was kept m a sealed tube at 100” for 48 h. Vacuum dlstlllatron of 
the mixture gave four fractions as follows. (I) tnmethylsxlyl lsothlocyanate 
CO.22 g (28%) m a trap at - 78”], (2) phenyl(trimethylsllyl)carbodnmide 
[0 14 g (12%), b-p. 47”/0.02 mm], (3) a mixture of diphenylcarbodumide and 
a small amount of startmg (I) CO.20 g, b-p. 105 - 125”/0.02 mm] and (4) me- 
thyldrphenylphosphme sulphide Cl.09 g (76%); b-p. 140 - 145”/0.02 mm, IR 
1109 cm-’ y(P=S), NMR 6 2 08 ppm d (Cl&-P, J 13.5 Hz) J . All the products 
were characterized by comparmg their mfrared and NMR spectra with those of 
authentic samples 

Reaction of carbon dzssulphrde with (I) 

A mixture of (I) (1.26 g, 4.8 mmol) and carbon disulphide (0.36 g; 4.8 
mmol) was heated m a sealed tube at 100” for 48 h. Vacuum distillation gave 
trimethylsilyl isothiocyanate CO.53 g (92%), collected m a dry ice/acetone trap 
at -78” ] and methyldrphenylphosphme sulphide 0.78 g (76%), b.p. 143 - 
147”/0.04 mm]. Both products had mfrared and NMR spectra ldentrcal w&h 
those of authentic mater&s. 
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