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Catalytic reaction of trialkyl- or aryl-hydrosilanes with benzylidene aniline 
is a complex process and can, in the most general case, include the following 
reactions: hydrosylilation (1) and reduction (2) of benzylidene aniline, reduc- 
tion-silylation with splitting (3), silylation (4) and hydrogenolysis (5) of N-ben- 
zylaniline, aniline silylation (6), N-benzylaniline hydrogenative silylation (7), 
hr-silylaniline hydrogenative desilylation (S), N-silyl-N-benzylaniline hydrogena- 
tive desilylation (9), N-silyl-N-benzylaniline hydrogenolysis (10) and dehydro- 
genation of the initial trialkyl- or aryl-hydrosilane (11). 

Benzylidene aniline and related compounds are known to be capable of 
undergoing hydrosylilation if ZnClz [I], ZhCl - THF [2], various rhodium [ 3,4] 
or palladium [3] compounds are used as catalysts_ The interaction of trialkyl- 
or aryl-hydrosilanes with benzylidene aniline, catalyzed by zinc chloride, was 
previously shown [5] to be a complex process, which includes hydrosilylation 
(l), reduction (2), reduction-silylation with splitting (3) and others_ 
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It is to be noted that: (i) aniline does not react with trialkyl- or aryl-hydro- 
silanes (A) in the presence of ZnCI,; (ii) in the zinc chloride catalyzed reaction 
of N-benzykmiline (III) with the hydrosilylation product B, with or without A, 
neither aniline nor N-(trialkyl- or aryl-siIyI)aniline (C) is formed. Similar reac- 
tion products were also formed when complex compounds of platinoids were 
used as catalysts [S]_ The reaction of triethylsilane (I) with benzylidene aniline 
(II), catalyzed by Nb, Ta or W compounds, involved mainly the reduction of 
II to N-benzylaniline (III), no hydrosilylation being observed in this case [7 ]_ 

The formation of N-(triethylsilyi)-N-benzylaniline (IV) on reacting triethyl- 
s&me (I) with benzylidene aniline (II), catalyzed by zinc chloride, results from 
hydrosilylation of II but not from silylation of N-benzylanihne (III)- since IV 
is not formed from the reaction of I with III in the presence of ZnClz (Table 1). 
SiIylation of N-benzylanihne (III) with triethylsilane (I) was observed when 
WOCl, and K,[IrCl,] were used as catalysts (Table 1) (es_ 4). Thus, in some 

HSi& + PhCH*NHPh 3 PhCH*yh 

SiEt3 

(4) 

<I) <III) (IV) 

cases, N-silyl-N-benzylaniline can be formed not only as a result of hydrosilyla- 
tion of II, but also from silylation of the intermediate reduction product, ZV- 
benzylaniline (III)_ 

In the reaction of triethylsilane (I) with N-benzylaniline (III), when tri-n-octyl- 
ammonium hexachloroiridate [(CsH,,)3NH]2 - [IrCIJ or tri-n-octyiammonium - 
tetrachloropalladiate [(CJ3I,)3NH]2 - [PdClJ were used as catalysts, resulted 
in the formation of toluene, aniline (V) and N-(triethyIsiIyl)aniline (VI) (Table 
l)_ This points to possible hydrogenolysis of N-benzylanihne (III) followed by 
silylation of the aniline formed (eq. 5 and 6)_ 

2 Et$iH + PhCH$IHPh u PhCH3 + PhNHz + (Et3Si)z (5) 

(I) (III) <v) 

PhNH2 t Et$iH 3 PhNHSiEt3 (6) 

03 (r) (vn 

This scheme of N-(triethylsiIyl)aniIine (VI) formation is confirmed by the fact 
that aniline and hydrogen are formed in the reactions studied, although hydro- 
genative silylation of AQenzylaniline (III) cannot be excluded (eq. 7). Aniline 

Et3SiH + PhCH,NHPh = Et3S&h + PhCH, (7) 

(1) <III) (vri 

formation is, in this case, possible as a result of hydrogenative desilylation (eq. 8). 
‘. 
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TABLE 2 

COMPOSITION OF THE PRODUCTS OF THE REACTION BETWEEN TRIETHYLSILANE (I) AND 
N-(TRIRTHYISILYL)ANILINE (VI) IN THE PRESENCE OF VARIOUS CATALYSTS <Cat.) 

-- 

ca?aIyat MoL ratio Reaction products <wt. Cn) 
I : VI t cat. 

Triethyt T-riethyl- AniIine Hexaeth I- 
8 

N-CT& 

siIane chloro- W) dkikane ethyl- 

<I) s&me” silYl)- 

aniline 

WI) 
--p_.__I_- 

NbOC13-u&H17~3N 12 z 1.0 : O-03 66.0 traces 5.4 traces 28.6 
Z&I* 1.0 z 1.0 T 1-o 49-7 4-2 13.0 33.1 
(K$‘)+hCI 1.0 Il.0 : 0.01 61.5 6.0 9.1 23-4 

K2t~'&il 1.0 z 1_0:0_05 64.6 8.3 10.0 17.1 
CCCsHx$3NH32tPdC41 1.0 : 1.0 IO.02 45.3 3.8 1.1 43.8 
[CCSH~+~NH~~I~CI~~ LO z 1.0 : 0.02 40.3 3.7 14.2 41.8 

= ScaaU imuurity of triethykiole is present. ’ Small impurity of hexaet.byIdisiIoxane is present. 

And indeed this reaction is observed, e.g., when NbOCl, - (CsH,7)3N and 
(Ph,P),RhCl are used as catalysts (Table 2). But, and this is very important, 
reaction 8 does not take place in the presence of such catalysts as tri-n-octyl- 
ammonium hexachloroidate and tetrachloropaUadiate_ When these two catalysts 
are used during the reaction of triethylsilane (I) with N-benzylaniline (III), 
aniline formation is therefore caused by the hydrogenolysis reaction 5, and not 
by reaction 8. Aniline silylation by triethylsilane (reaction 6) does actually 
take place under the conditions studied, as is seen from the data in Table 3. 

TABLE 3 

COMPOSITION OF THE PRODUCTS OF THE REACTION BETWEEN TRIETHYISILANE AND 
ANILIXE WIOL RATIO 1: 1) IN THE PRESENCE OF VARIOUS CATALYSTS 

catalrst 

<moL fraction of initiaf 
trkthYldlanc) 

Reaction of products (wt. 5%) 

Triethyl- AIliIiIlC TkiethyI- 
sibme <V) chloro- 
(I) siIaneo 

Hera- N-(Triethyl- 
ethyldi- siIyI)aniline 
sikne b WI) 

moc12 - C7H502 cO.08) 55.5 44-5 traces 
&%OCl= - <CI13COCHCOCH3)t (O-05) 55-5 445 traces 
K2cPtC~1c0-05~ 22.0 24.1 19.1 10.9 23.9 
R2[ffl161 (0.05) 18.0 13.4 11.0 12.6 45.0 
NbOcI3 : <C#I 7)3N <O-04) 55.5 44.5 tram r.Iaees 
wocI4 (0.10) 20.0 31.5 33.4 13.6 1.5 
I(CsH~+~NHltCIrCld <O-02) tzaces 23.7 lzL4 10.7 53.2 
~<GG-II~)~)~NHIzIRuC~ (0.03) 2-4 17.7 126 8.9 58.4 
I~CloH~x)4P1~IPtCl.5l~o.o3) - 21-4 38.7 17.8 15 13.2 
If’%H~~)3NHl#tCld] <O-04). 25.3 35.4 24.0 7.8 7.5 
LKsJ%7)xNH12LPdC I# = (0.04) 34-l 15.3 37.8 
(Ph3P)3RhCI (0.006) 14_0 10.3 11.1~ 
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If hydrogenative desilylation of N-(triethylsilyl)aniline (IV) by triethyh;ilane 
(I) (reaction 8) is possible, one can also expect a similar reaction between the 
latter and the product of hydrosylilation; N-(triethylsilyl)-N-benzylaniline (IV) 
(eq. 9). In this case, the reaction of hydrogenative desilylation produces N-ben- 

PhCH,r;TPh+ Et&iH m PhCH,NHPh + (Et&i)z (9) 

SiEt3 - 

(Iv) (11 <III) 

zylaniline (III), i.e., the product which always accompanies benzylidene tiniline 
hydrosilylation- Thus, it can be assumed in certain cases (see Table 4) that; N- 
benzykmiline (III) formation in the hydrosilylation of benzylidene aniline (II) 
is caused not only by the reduction of II (reaction 2) but also by the hydrogena- 
tive desilylation of the product of hydrosilylation, N-(triethyl silyl)-N-benzyl- 
aniline (IV) (reaction 9). This reaction is not of a general nature but only takes 
place under certain conditions (see Table 4). For instance, reaction 9 was not 
observed when tri-n-octylammonium hexachlororuthenate and tris(triphenyl- 
phosphine)rhodium chloride were used as catalysts, although using these cata- 
lysts in the hydrosylilation of benzylidene aniline (II) by triethylsilane (I) 
resulted in the formation of both N-benzylaniline (III) and N-( triethylsilyl)-N- 
benzylaliline (IV)_ This once again confirms that the reduction of benzylidene 
aniline by triethylsilane to N-benzylaniline (III) does actually take place under 
the conditions of catalytic hydrosilylation- 

It is noteworthy that N-(triethylsilyl)aniline (VI) and toluene were formed 
in the reaction of hydrogenative desilylation (9) when the catalyst used is potas- 
sium hydroplatinate (Table 4). This indicates the Possibility of N-(triethy?silyl)- 

TABLE 4 

COhlPOSITION OF THE PRODUCTS OF THE REACTION BETWEEN TRIETHYL SILANE (1) AND 
N-<TRIETHYL SILYL)-N-BENZYL ANILINE (IV) IN THE PRESENCE OF VARIOUS CATALYSTS 
<Cat.) 

Catalyst MoL ratio 
I : IV z cat. 

NhkI3 - C,H502 1: 1 : 0.06 
NbOCl3 - <CHJCOCHCOCHJ)~ 1 : 1 : 0.06 
K3[PtCl63 = 1 t 1 : 0.08 

[~CsHtt)3NHI~LRuC~l 1 : 1 : 0.04 
NbO_CI3 1.5 : 1 z 0.06 
(Ph3P)3RhCI 1 : 1 : 0.01 
Z&x2 0.9 : 1 I 0.55 

Reaction products (wt. ‘5) 
- 

Triethyl- Tri- Hexa- Iv-(Tri- 
sihne ethYI- ethyl- ethyIsiIyl)- 

ehIom- di- N-benZY1 
siIane= sgane b aniline 

<IV) 
- 

8.1 23.1 48.0 traces 
48.8 8.9 17.8 
13.8 9.1 26.0 27.6 
17.8 8.0 - 34.4 39.3 

31.1 Xl.1 45.6 
36.4 - 8.6 55.0 
44s 16.5 10.6 

- 
N-Benzyl- 
aniline 
an 

20.8 
24.5 
16.7 

12.2 

28.4 

Q SkII ix&urIty Of &ethYIsiIAie ir- pzesent_ ’ i&I imp&ity of hesaeth~~toiane i present. = Toluene 
<<I%> and‘N_(kiethyIsiIyl)anUiue &W t6.84) are also present in the mixture of reaction products. . . 
_ .-. .._ _: ;.- 
;. .._ . . 

_,:.._ .-_- 
1; 



36 

ZV-benzylaniline (IV) hydrogenolysis (reaction 10). The possibility of N-(triethyl- 

PhCHpPh + 2 Et&H [cltl PhCH3 + PhNHSiE& + (Et3Si)2 

s&t, 

(10) 

<IV) (1) <WI 

silyl)anihne (VI) being formed due to the conversion of N-benxylaniline (III) 
according to reactions 5-7 can be excluded, since these reactions were not 
observed in the presence of K,[PtCI,] (Table I). 

Analysis of the data in Tables l-4 indicates one more reaction is possible, 
catalytic dehydrogenation of trjalkyl- or aryl-hyclrosilanes (reaction_11). Hydro- 

2 R$3.I-I B (R&i), 
--If- (11) - 

gen evolved in most of the~mactiorrs studied, but was .not quantif+.. .:__ _ _ 
The reactions l-11, d&cuss& above are shown in -Fig;&l :: _ : -- -. - 

_-. ... ___ : .- 1: > .~ -- --. __ _:=.. :. . . . -1 .. -.__ _-_ -:: .:., ._ . . _ . ..- ,-c_; .-. : -_ __._. _ .- 
,; . ,_-_.-_ ::_ ~. _ : ,:_ _ .- ,:I _- ..._.~._ .- --~_: : --. ._ ‘. :~_, ,:;._._._,_ . . 
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Experimental 

The mixture of starting compound and catalyst was sealed in a glass ampoule. 
The total weight of the reaction mixture was approximately 0.3 g. The ampoule 
was then heated for 16 h at 120-130°C. When tris(triphenylphosphine)rhodium 
chloride was used as catalyst (in benzene solution), the reaction time was 5 days 
at 60°C. The ampoule was then opened, ether added, the contents of the am- 
poule separated from sediment (if it was present) and the sediment washed with 
ether. Combined ether extracts were analysed by GLC (column length, 2. m; 
carrier gas, helium, 10 wt.% of SE-30 or SKTPT-50 on Chromosorb W). 

Molar ratios of the initial compounds and the composition of reaction 
products are given in Tables 1-4. 

Compounds with tri-n-octylammonium cations, [(CsH17)3NH]2 - [MCIJ, 
where M = Pt, Ru or lr, were prepared by N.M. Sin&sin and coworkers in ac- 
cordance with procedure in ref. 8; the platinum complex [(CIOH21)JP]2 - [l?tClh] 
was prepared and kindly provided for the study by T-M. Buslayeva. Curnplexes 
of Nb, Ta, and W used as catalysts were synthetized by SM. Sinitsinaand co- 
workers in accordance with previously described procedures [9,10]_ (Ph,P),RhCl 
was prepared in accordance with a conventional procedure 1111. 
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