
Silylamines in organic synthesis: preparation and some 
reactions of N,C-dilithiosilylamines * 
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Reactions of carbon electrophiles with such 1,4-organodimetallic reagents lead to 
nitrogen heterocyclic compounds by formation of carbon-carbon and carbon- 
nitrogen bonds. We report here the initial results of a study of the preparation and 
use of dianionic reagents derived from silylamines. 

Results and discussion 

We examined the dilithiation of various N-trimethylsilyl olefinic and aromatic 
amines (ey. 2). 
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Treatment of ethereal solutions of silylamines 1 with a two molar proportion of 
n-butyllithium in ether gave yellow to orange solutions of the N,C-dilithio reagent 2, 
which upon reaction with chlorosilanes gives the N, N,C-tris(trimethysily1) deriva- 
tives, 3. The results are presented in Table 1. 

The dilithiation of N-trimethylsilylallylamine of ref. 6 followed by treatment with 
Me,SiCl gave (Z)-(Me,Si),NCH,CH=CHSiMe, in 60% yield (entry 1). Similarly 
reactions with MeHSiCl, or PhHSiCl, gave 2-silapyrrolines. We then tried to 
extend the dilithiation reaction to other olefinic silylamines and N,C-dilithiation 
was also observed in the reaction of N-trimethylsilyl(a-methallyl)amine (entry 2). 
Formation of the more stable allylic dianion was not observed; under the conditions 
used, metallation occurred at the vinylic carbon atom. Complexation of the initially 
formed lithium amide with the lithiating agent is probably responsible for an 
enhanced kinetic acidity of the syn-vinyl proton of the methylene group, a similar 
explanation was suggested for the related dimetallation of a-methallyl alcohol [7]. 
Abstraction of the more acidic allylic proton to give the thermodynamically more 
stable ally1 dianion was observed in the lithiation of cY-methallyl alcohol in ether [S], 
whereas in hexane there was substantial lithiation (ca. 50%) at the vinylic carbon 
atom [7]. In contrast, no C-lithiation occurred in the case of N-(trimethylsilyl)crotyl 
or homoallylamines (entries 3, 4) and only formation of the lithium amide was 
observed. Metallation at the benzylic position occurred in the case of silylamines 

derived from o&o-toluidine and or&-methylbenzylamine, giving a 1,4- and a 
1,5-dilithio reagent, respectively (entries 5, 6); silylation reaction with Me,SiCl then 
gave the corresponding bis(trimethylsilyl)aminobenzylsilanes in 54 and 65% yields. 
or&o-Metallation at the aromatic ring was also observed in the case of benzylamine 
and indanylamine (entries 7, 8). It is evident from the data in Table 1 that a variety 
of organodimetallic reagents can be obtained by dimetallation of monosilylamines. 
The first metallation, at the nitrogen atom giving a lithium amide, favors C-metalla- 

tion in a second step. 
Dianionic reagents are of potential interest for the synthesis of heterocyclic 

compounds. We examined some reations with carbon electrophiles of the N,C-di- 
lithio reagent 2b derived from N-trimethylsilylallylamine. The results are outlined in 

Scheme 1. 
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stituted indoles by use of the reaction of a dilithio reagent with various esters. 
However, such N,C-dilithio reagents are quite basic, and their use is limited to 
non-enolisable reactants. For example we did observe no cyclisation upon treatment 
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of 21, with diacetyl. Despite this limitation due to the strongi! has&: char:icter of the 
reagent. synthesis of nitrogen heterocycles by this method can gibt: rbc tit carinua 
structures owing to the varietv of the A”.(‘-dilithio reagent5 which ;trt: a\,:iilabk. 

Experimental 
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temperature which caused no change in colour. After 24 h stirring the pale yellow 
mixture was cooled to 0 o C and trimethylchlorosilane (5.43 g, 0.05 mol) in 20 ml of 
anhydrous ether was added. After 12 h stirring the ether was removed by rotary 
evaporation, pentane was added, and the salts filtered off. The filtrate was con- 
centrated and the residue distilled to give 3.3 g (50%) of 3-bis(trimethylsilyl)amino- 
2-methyl-l-trimethylsilylpropene (b.p. 114O C, 20 mmHg). NMR (Ccl,): 0.10 (27H, 
S), 1.82 3H, broad s), 3.65 (2H, broad s), 5.22 (lH, broad s); IR (Ccl, cm-‘): 
v(C=C) 1605; mass spectrum m/e (56 rel. intensity) 287 (15), 272 (15), 174 (loo), 
147 (70) 73 (70). 

N-Trimethylsilylcrotylamine. A solution of trimethylsilylcrotylamine (1.0 g, 0.007 
mol) in 100 ml of anhydrous ether under nitrogen was cooled to - 78 o C and 12 ml 
(0.014 mol) of 1.2 M n-butyllithium in ether were added. The mixture was allowed 
to warm slowly to room temperature and stirred for 48 h, after which, no colour had 
developed. The mixture was cooled to 0°C and treated with trimethylchlorosilane 
(1.52 g, 0.014 mol) then allowed to warm to room temperature with stirring during 5 
h. Dilution with 100 ml of pentane was followed by filtration and the filtrate was 
concentrated on a rotary evaporator. The residue was distilled to give 0.95 g (63%) 
of bis-silylated crotylamine (b.p. 96°C 20 mmHg). NMR (Ccl,): 0.10 (18H, s), 
1.66 (3H, m), 3.40 (2H, m), 5.37 (2H, m); IR (Ccl,, cm-‘): Y(C=C) 1665 (weak); 
mass spectrum, m/e (‘3 rel. intensity) 215 (7) 200 (100) 146 (34), 73 (90). 

(N-Trimethylsi[yl)(2-vinylethyl)lamine. To a stirred solution of the amine (2.245 

g, 0.0158 mol) in 100 ml of anhydrous ether at 0°C under nitrogen were added 32 
ml (0.032 mol) of 1.0 M n-butyllithium in ether. After 30 min stirring at 0°C the 
mixture was allowed to warm to room temperature, and stirring continued for 48 h. 
The pale gray mixture was cooled to 0” C and treated with trimethylchlorosilane 
(3.44 g, 0.032 mol), then stirred 24 h. Following filtration of the salts and concentra- 
tion by rotary evaporation, distillation gave 1.5 g (44%) of 
bis(trimethylsilylbutenyl)amine (b.p. 90 o C, 20 mmHg). NMR (Ccl,): 0.05 (18H, s), 
2.15 (2H, m), 2.85 (2H, m), 4.70-5.20 (2H, m), 5.40-6.00 (lH, m); IR (Ccl, cm-‘): 
v(C=C) 1638; mass spectrum m/e (% rel. intensity) 215 (2) 200 (20), 164 (95), 147 
(70), 73 (100). 

ortho-N-Trimethylsilyltolylamine. To a stirred solution of the monosilylamine 
(3.58 mg, 0.02 mol) in 100 ml of anhydrous ether was slowly added 26 ml (0.039 
mol) of 1.5 M n-butyllithium in ether. The mixture was stirred at room temperature 
for 48 h. then cooled to 0 o C. The reddish reaction mixture was then treated with 
trimethylchlorosilane (4.32 g, 0.04 mol) and stirred for 15 h at room temperature. 
Following filtration of the salts and concentration by rotary evaporation, distillation 
gave 3.4 g (54%) of ortho-N,N-bis(trimethylsilyl)trimethylsilylmethyltoluidine (b.p. 
170°C. 20 mmHg), Hg), NMR (Ccl,): 0.0 (27H, s), 1.7 (2H, s), 6.7 (4H, m). 
Treatment of the N-silylated amine with 2N aq. HCl, washing of the aqueous phase 
with ether, neutralisation with aq. Na,CO, and extraction with ether, allowed 
isolation of ortho-trimethylsilylmethyltoluidine. NMR (Ccl,): 0.0 (9H, s), 1.7 (2H, 
s) 3.3 (2H, s), 6.7 (4H, m); IR (CC14, cm-‘): v(N-H) 3410. 

(ortho-Methyl)(N-trimethylsilyl)benzylamine. To a stirred solution of the amine 

(3.8 g, 0.02 mol) in 100 ml of ether was added slowly 26 ml (0.039 mol) of 1.5 M 
n-butyllithium in ether. After 24 h stirring at room temperature the mixture was 
orange red. Trimethylchlorosilane (4.3 g, 0.04 mol) in 50 ml of ether was added and 
the mixture stirred for 15 h. After filtration, and concentration of the filtrate, the 



residue was distilled to give 4.4 g (65%) of orrho-~,jN-bis(trimethylsilyI)(trimeth~l- 
silylmethyl)benzylamine (b.p. 90 o C. 0.5 mmHg). NMR (CC1 d ): 0.0 (271-I. s‘,. 1 .X 
(2H. n), 3.7 (2H. s). 7.0 (4H. mj. Aqueous HCl treatment as in the pr~iou~ cam 
afforded the free amine NMK (Ccl,): 0.0 (9H. s). 1.8 (2H. 4). 3.2 i2H. 5). .:.Y’ j.IH. 
s). 7.0 (4H, m). IR (WI,. sm ‘): v(N--Hj 3400. 

,k -Trinzeth~lsi!~JJ~r’)mzvkrnrtllr. 7‘0 ;I stirred solution of amine f 3.6 g. 0.02 niol) in 
100 ml of ether was sloul~ added 26 ml (0.639 molj of i .i M n-huryllithium in 
ether. The mixture was stirred for 48 h at rooln temperature thclk tr-inlerhvlchlnr~~- 
silane (4.3 g. 0.04 mnl) in Xi ml of ether- was added and the mihturc’ stir!& for 14 ii. 
Filtration and concentration of the solution follo~cd t,y distillatl~~ll %>! the wxidue 
gave 2.9 g (459) of ~~~ri~~~-2’.:V-bi~(trimethyl~ilyl)trimeth~~~~~~lb~~~~~~~~~~ine (h.p. 
110°C. 20 mmHg). NMR tCC;‘l,): 0.0 (18H. >). 0.2 (911. \!. 4.2 t7F-1. ~1~ ?.I (4H. 
broad s). Gqueous HCI treatmenr a?; rn the previous cast gale the primarv amIne. 
NMR (CC],): 0.2 (9H, s). 3.3 (2H. broad s). 3.7 12H. s). :.il 1311. 1111 Itr (C‘CI,. 
cm ’ j: P(N-H) 3410. 

i - Trin?rth~l.~i!~Jan~inoindurie. Si!ylution urth trirnrti~~~Jc~Jlic,ro.\ilcrrlc~. 4 .sc)lutlcm of 
I-trimethylsilylaminoindane (1.65 g, 0.008 mol) in 100 ml of anh>dr<~u~ ether was 
cooled to 0°C under nitrogen and 16 ml (0.016 mol) of I.!) N n-but\ilithium in 
ether was added. The tnixrure was allowed trt warm to I-OI.V~ letnpcrature then 
stirred for 36 h. The yellow \<olution was then cooled tit 0 0 ( and triIni:tllvtchl(,rt)- 
silane (1.74 g, 0.016 rnoi) \$;I< added. The mixture UYLX alloyed Iti i‘i;ti’m 10 room 
temperature and stirred for 1 day. The salt:, were filte~d ctl’f anti t!rc filtrate 
concentrated by rotar,v evaporation. Distillation of the residue ga\c 1 .l u (WC) of 
tl-trirnethylsilql-l-trimethylsil~laminoindane (b.p. X8 -92°C‘. 0.O.i; mmI-Fgj. NMR 
(C&j: O.O4(9H, s), 0.13 (9fI. F). 1.74-3.54 (5H. m). 4.54 {ii]. m). 7.:4 (ifi. ni). 

Mass spectrum m/r (Cirel. intensity) 277 (2). 276 ( I ). XL ( 1 i, i314 ii ) i 1 g ( It)()). 71 
(20). Hydrolysis of the protiuc~t \vith I .‘I’ aqueous Fi<‘i gags t;-tr-i17IC”I!1~I’;ii\/-l- 
aminoindane. Mass spectrum nl/‘c (Srei. intensity) 205 t I ). 204 (51. 2iI-q (-3)~ 1W 
(4Oj. 187 (60). 173 (10C?~ 132 (33). 74 (3X!. 73 (2X!. 

Si!l&tion with ilimrtJ~,~~lriic~hir~r~~,siJ~~~~~. ‘To a Stirred solution of 2.00 g (0.010 mc)l) 
of I-trimethylsilylan~in~~i~~dai~c in 100 ml of ether al 0 O ( \verz ;~ddcd 1.33 ml f~C).i)ZO 
mol) of 1.47 A4 n-butyllithium in ether. The mixture wan \ stirred for .;!l 117113 at 0 “C‘ 
then allowed to warm to room temperature and stirred for 3h h. The \oiurion \\;Is 
diluted with anhydrous ether tl) a total volume of 500 ml, cooitxd 1~) 1)’ C. :~nd 
treated with 1.29 g (0.01 mol J of dimethyldichlorosilane in 1 iI trill ol‘ cth. After 12 h 

stirring the salts were filter’rcd off and the filtrate concentra1ed. S‘he I-Adui: \\as 
distilled to give 1.40 g (55%) of cyclic aminosilane (h.p. 90” (‘. 0.02 mmHg). NhlR 
(Ccl,): 0.17 (9H, s). 0.28 (3H. a). 0.30 (3H. s), 1.0-~3.18 (AH. m). 4.55 (11-L dd. ./ IO 
Hz, .I’ 5 Hz), 7.02 (31% mj: mars spclctrum m,/r (Q rei. tntrn\itlj I61(9C)i. 2f\O( 100). 
246(40), 119(100). ll?( 100), ?VXO). 

&actions of iv. C‘-dilithio-~~-tr~r~~rtl~~i.~~~~~l-c~J~tlun~ir~e (2h) 

Prepurutioin qf ?-pJ1”‘i~lp_,‘rroi~. The dilithio reagent 2b. prepared ax described 
above from 0.02 mol of N-trimethylsilylallylamine and 0.04 mnl of n-butyllithium. 
It was treated at ~. 78’ c‘ uith 2.X g (0.02 mol) of benzovl chloride and the mixture 
was allowed to warm to room temperature then stirred for 24 h. II it a4 then 
hydrolysed with 200 ml of a .7.“1; aq~~eous HCI and the ayueo~~> layer u .I> separated 
out. extracted twice with 51) mi of ether. The extracts were cotnhincd :tnd c;,-;ed O\IX 
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sodium sulfate, and the solvent was evaporated. The residue was transferred to a 
silica gel column and elution with l/9 ether/hexane gave 1.3 g (50%) of 2-phenyl- 
pyrrole with properties identical with those of an authentic sample, m.p. 129” C. 

NMR (CDCl,): 6.35 (lH, m); 6.6 (lH, m); 6.75 (lH, m); 7.4 (5H, m); 8.1 (lH, m). 
IR (CHCl,, cm-‘): v(N-H) 3480; v(C = C) 1610, 1590. 

Preparation of 2-fuiylpyrrole. A solution of the dilithio compound 2b (0.02 mol) 
prepared in the usual way was stirred for 24 h, then diluted with 400 ml of 
anhydrous ether, cooled to - 78” C, and treated with ethyl-2-furylcarboxylate (2.8 g, 
0.02 mol). The mixture was allowed to warm to room temperature, stirred for 12 h, 
then hydrolyzed with saturated NH,Cl. The organic layer was separated washed 
with water, dried (Na,SO,), and concentrated. The residue was transferred to a 
base-washed alumina column, and elution with hexane gave a mixture of the 
2-furylpyrrole and the starting ester (NMR yield of product; 1.15 g, 43%). The 
product was isolated by preparative GLC (SE30 column, 120°C). NMR (Ccl,) S 
6.32 (4H, m), 6.72 (lH, m), 7.34 (lH, m‘); IR (Ccl,, cm-‘) v(N-H) 3488, mass 
spectrum m/e (% rel. intensity) 133 (30), 104 (20), 27 (100). 

Preparation of pyrrole. The dilithio reagent 2b (0.02 mol), prepared in the usual 
way was diluted with 500 ml of anhydrous ether under nitrogen and the solution 
was cooled to - 78” C and dimethylformamide (1.46 g, 0.02 mol) in 30 ml of 
anhydrous ether was added. Stirring was continued for 30 min at - 78 o C and then 
for 18 h at room temperature. The mixture was added to 10 ml of 15% aqueous 
sodium hydroxide and then filtered. The salts were washed with ether and the 
washings added to the organic layer from the filtrate. The extract was dried 
(Na,SO,) and concentrated by rotary evaporation at room temperature. The residue 
was subjected to column chromatography (silica gel eluted with hexane) to afford 
0.67 g (50%) of pyrrole, with spectra identical with those of an authentic sample. 

Preparation of 2,3_diphenylpyridine. A solution of 4.2 g (0.02 mol) of benzil in 
100 ml of ether was added to a solution of dilithio reagent 2b prepared from 0.02 
mol of allylamine at - 78 o C. The mixture was allowed to warm to room tempera- 
ture then stirred for 15 h and hydrolysed with 200 ml of 2N aqueous HCl. The 
aqueous phase was washed twice with 50 ml of ether then neutralized with saturated 
aqueous sodium carbonate and extracted with three portions of 50 ml of ether. The 
combined ether extracts were dried over sodium carbonate and concentrated. 
Distillation of the residue afforded 2.7 g (59%) of 2,3-diphenylpyridine (b.p. 
179-181°C 0.3 mmHg) which solidified (m.p. 61-63”(Z). NMR (CDCI,): 7.3 
(llH, m); 7.8 (lH, dd); 8.75 (lH, dd). IR (CHCl,, cm-‘): v(C=C) 1610, 1590, 1570. 
Mass spectrum m/e = 231 (W). 
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