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HYDROSILYLATION OF AROMATIC AZOMETHINS
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Summary

The reaction of triethylsilane (I) with benzylidene aniline (II), catalyzed by
tris(triphenylphosphine)rhodium chloride involves the following: hydrosilyla-
tion and reduction of II and hydronegative desilylation of N-(triethylsilyl)-N-
benzylaniline (I1II). The role of the silyl—rhodium complex (Ph;P),(Et;Si)Rh-
(H)Cl in the above reactions is demonstrated and the mechanism of the observed
transformations discussed.

In the preceding paper {1}], catalytic interaction of trialkyl- or aryl-hydrosilanes
with aromatic azomethins was shown to be a complex prccess. Tris(triphenyl-
phosphine)rhodium chloride was the most selective catalyst used. The main final
products of the reaction between triethyisilane (I} and benzylideneaniline (IT)
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expected to be: srmﬂar to that for carbonyl-contammg compounds [2—6] The .
- first stagels ox1dat1ve addition of tnethylsﬂane to the cationic rhodlum com-
P '}plex (eq. 1) [7—10] “The azomethm is then coordmated to the sﬂyl—rhodlum ,
o complex A after which insertion activated by this coordination of the C=N '
- . bond in the: rhodlum—sﬂlcon bond’ takes place and the intermediate product B
Tis formed reductwe ehmmatlon gwes the fmal reactlon products (eq. 2)
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: It is also p0551ble that after coordination the hydrogen of the Ph—H bond
attacks the carbon atom (or the C=N bond, activated by coordination, inserts-
' 1tse]f into the rhodxum—-hydrogen bond) to give the intermediate compound C;
, reductlve ehmmatlon leads to the final reaction products [3].
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. The reaction of bls(tnphenylphosphme)rhodlum chloride with tnphenylphos-
phme (from reaction 1) results in regeneratlon of the w.talyst (eq. 3) A silyl- -

(PPha)thCI*i'PPhg (PPh3)3RhCI B e T3)
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rhodium_ complex may also be formed by reaction 4. However, the reaction of
‘(PPh;),RhCl + HSiEt; - (PPh;),(SiEt;)Rh(H)Cl1 ‘ (4)

a)

benzylidene aniline with complex A prepared by the method in ref. 8 gives only
the product of benzylidene aniline reduction, N-benzyl aniline (IV) (Table 1).
This was quite unexpected since, firstly, we obtained the silyl—rthodium com-
plex A (with hexane added) from the reaction between triethylsilane (I) and
benzylidene aniline (I1) catalyzed by tris(triphenylphosphine)rhodium chloride;
and secondly, if complex A is used in catalytic quantities the products of reaction
between I and II should, in addition to N-benzylaniline (IV), contain the product
of hydrosilylation, N-(triethylsilyl)-N-benzylaniline (III) (Table 1).

This led to the assumption that there is a possibility that hydrogenative de-
silylation of N-(triethylsilyl)-N-benzylaniline (III) by silyl—rhodium complex A
is taking place. Indeed, an almost quantitative conversion of hydrosilylation
product (III) into the reduced form (IV) was observed in the above menticned
reaction (at 1 : 1 mol. ratio) (Table 2) (reaction 5). It is quite probable that the

(PPhs),(SiEt;)Rh(H)Cl + RANCH,Ph - PhNHCH,Ph + (Et5Si); + (PPhs),RhCl
SiEt; _ ()
(A) arn av) (84

reaction mechanism 5 involves stages of N-(triethylsilyl)-N-benzylaniline (I1I)
coordination with silyl—rhodium complex (A), insertion of the amino group
into the rhodium—silicon bond with simultaneous splitting-off of the triethyl-
silyl group, and reductive elimination which leads to the final reaction products.
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: TABLE 1- ; _ " ~ :
REACT!ONS VBETWEEN:TRIETHYLSILANE (l) AND BENZYLIDENE ANILINE (II) CATALYZED
E BY SILYL—-RHODIUM COL‘[PLEX A i , i i } . .

Inrhal compoundrsv(mol) o " R " Reaction products (Wt. %)

;:Benzy].\dene " ?:fri;ietpjk . .~Comiplex ~ .- Hexdethyl . Benzylidene " ° "N-Benzyl - N-(Triethyl-

‘anilipe.. .- 7’ slane ... A -7 . disiane - ... aniline ' ... . aniline - - sily}-N-

T T m T L  we o an . av)  benzyl-
L amy

o, - 10 - 004 . 188 < 20.3 . 480 12.9

1,00 . -1 T 0.04 0 115 - 3.1 E 187 - 66.7

‘10 - . T B1- v . . 0.082 - 256 . 134 .- - - ...36.8 24.2

0. = 1_’1-08 , 14.1", . .289 . 283  —

,“ A sma.u xmpunty oi hexaethyxdxsiloxane is present b Reachon product.s a.lso contaxn 28. 7 wt.% of tri-
ethy!chlorosi.la.ne in other cases the ‘Precise quanhty of t.nethyl chlorosilane could not be measured
(chzomatographs together with benzene) . -

, We can ob\rlously not dlsregard the posmbxhty of N-benzylaniline (IV) being
formed from the reaction of tnethylsxlane (I) with benzylidene aniline (II),
'excludmg the hyd:osﬂylat on stage (reactlon 6. or 6a).

2 (PPh3)2(S1Et3)Rh(H)Cl + PhN=CHPh - PhNHCH,Ph + (SiEts), + 2(PhsP)RhCl
6
"(A) o ' ‘ av) D ( )
(PPh3)(SiEt;)Rh(H)Cl + PhN—CHPh > PhNHCH,Ph + (Et,Si), + (Ph;P),RhCl

a). - avy 42 (6a)

The 'forniatlon of N-benzylaniline (IV) by catalytic hydrogenation of benzyl-
idene aniline (1) by hydregen (hydrogen is evolved during the catalytic dehydro-
'genatlon of organohydrosﬂane [1]) (eq. 7) does not seem to take place, since

PhCH=NPh + H, —2> 22", PhCH,NHPh - )

an- - av)

attempts to hydrogenate benzylidene aniline with molecular hydrogen in the
_presence of tris(triphenyiphosphine)rhodium chloride failed.:

. Hydrogenolysm ‘of N-benzyl aniline (IV) proceeds to a slight extent (not more
than 5% after 5 days heabmg at 60 C) (Table 2) (eq. 8).

{PhCHzNHPh + (PPh3)2(Et351)Rh(H)Cl PhCH3 + (BEt;35i), + (Ph3P)2RhCI
7 : + PhNH, (8)
avy e , (4]

_As can be seen from Table 1 the ratio between the hyd.tosxly]atlon and reac-
AthIl products is dependent on the quantity of triethylsilane used. That the yield
of N-(tnethylsﬂyl)—N benzylamhne (II1) is a maximum at hydrosilane/azo- .
methm mol ratm >1 and a mge excess’ of tnethylsﬂane resultsin a reductlon in
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Fig. 1. Scheme of reaction pathways (number correspond to those used in the text.

the yield of III is, most probably associated with the reactions of hydrosilyla-
tion and reduction proceedingat different rates.
The reactions 1—6, discussed above, are shown in Fig. 1.

TABLE 2

REACTIONS BETWEEN TRIETHYL SILANE (1), N-(TRIETHYLSILYL)BENZYLANILINE (III} AND
N-BENZYLANILINE (IV) CATALYZED BY SILYL—RHODIUM COMPLEX (A)

Initial compounds (mol) Reaction products (wt. %) d
N-(Triethyl- N-Benzyl- Triethyl- Complex Hexa- N-Benzyl- N-(Triethyl- Note
silyl)-N-benzyl- analine silane A ethyldi- aniline silyl)-N-
aniline av) 4] silane® (QV) benzyl-
[¢389) (4'2) aniline

(I1)
— 1.0 1.3 0.04 23.3 76.7 — b
1.0 - — 1.0 23.0 77.0 - ¢
1.0 — 1.3 0.013 15.5 33.0 51.5 ¢

¢ A small impurity of hexaethyldisiloxane is present. b Reaction produets also contain triethylchlorosilane,
aniline, and toluene. € Reaction products also contain triethylchlorosilane. d In all cases it is impossible
"to determine chromatographically precise quantities of low-boiling substances because of the presence of
benzene. v



All the rea ons were conducted in benzene so;utxon in sea;ed glass ampoulea.

E The tota.l quantxty of initial compounds <0.3 g. The ampoules were heated for

5% da}s at 60°C Reaction’ products were analysed by GLC (column length 2 m; -
_carrier gas, hehum, 10 wt.% of SE-30 or SKTFT-50 on chromosorb: w). =

-

Db W

(=28 -0 BN

) Molar ratios of initial compounds and the composxtlon of reaction prodncts
‘a.re glven in Tabxes 1 and 2 '
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