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l-Substituted 3,3-dimethylbenzo[d]-1,3azasilolines (III) were synthesized by 
intramolecular cyclization of the corresponding (3-chlorophenyl)(N-substituted 
aminomethyl)dimethylsilanes (II) by the use of phenyllithium. Reaction of III 
with benzyne generated from o-fluorobromobenzene and n-butyllithium gave 
l-phenyl-2-substituted-3,3-dimethylbenzoId]-l,3-azasilolines (VIII). 

Introduction 

Several five-membered ring systems containing nitrogen and silicon as hetero- 
atoms have been reported as follows: 

I 
Si/ 

N 
I I 

Si lNHSi 

Nametkin et al. Da] Andrianov et al. [I b] Kummer et al. [I c] 

Alper et-. al. [I d] 

The intramolecular addition of nucleophiles to benzyne intermediates has 
provided a useful method for the synthesis of heterocyclic systems, e.g., N- 
methylindoline was prepared. by the reaction of N-methyl-2-( S-chlorophenyl)- 
ethylamine with phenyllitbium [2] (eq. 1). 
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In the present paper, the synthesis of l-substituted 3,3-diinethylbenzo[d]-1, 
3-&kloline (III) using the above method is reported. As an extention of the 
bemzyne reaction of aminoalkylsilaues [ 31, the reaction of III with benzyne also 
is described. 

Results ahd discussion 

When (3-chlorophenyl)(N-substituted aminomethyl)dimethylsilanes (IIa, R = 
Me; 1Ib;R = Et and IIc, R =.CH,Ph) were allowed to react with phenyllithium in 
boiling ether, the corresponding cyclization products,- l-substituted 3,3-dimethyl- 
benzo [d]-1,3azasilolines (IIIa, R = Me, IIIb, R = Et and IIIc, R = CH,Ph), were 
obtained in ti 40-60.0/o yield together with small amounts of 1,3-bis(3-chloro- 
phenyl)tetramethyldisiloxane (IV) and a secondary amine (V) (es_ 2). 

KI) 

IIc;R=Me 

itb; R=Et 
ik; R = CH2Ph 

tlln 

lXo;R.= Me.40% 
mb;R = Et.,40% (21 

III c;R = CH2Ph,62% 

The structures of these compounds were confirmed by ‘H_NMR spe&al and- 
elemental analyses. Furthermore, compound IIIa was identified by spectioscopiti 
comparison -5th one of the reaction products obtained by.reaction of N,N-dim&l 
yl-2-dimethylphenylGlylethylamine with benzyne-m the presence of excess n-b& 

-tyllithium [3c]. The forme$ion -of IV and V is presumably-eresult of the hydrol- 
ysis of-silylamme (-VII) produced by competitive migration of the.kilyl group.. : 
from-carbon to nitrogen inthe intermedial+VI. Nametkinet ‘al. [:lti] have.kho&n 
that n-bu~tylaminomethyl$imethylsilane is rearranged to ~trimethyls~yln&hyl~~ -. 
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butyl&ne via an N-metallated intermediate in the presence of n-butyllithium 
(eq, 3) 

Me3SiCH2NHC4H9 .- n-BuLi Me 
3 
$iC$???~C 4 H 

I 
9 + Me3Si-N:zi (3) 

Li . 
The reaction of I-methyl(or benzyl)-3,3&methylbenzo[d]-1,3azasiloline 

(IIIa or IIIc) with benzyne, generated from o-fluorobromobenzene and n-butyl- 
-lithium, gave a single basic product. The ‘H NMR spectral and elemental analyses 
of these compounds cornfirmed the structures as 1-phenyl-2-methyl( or benzyl)- 
3,3dimethylbenzo[d]-1,3-azasiloline (VIIIs or VIIIc) (Stevens rearrangement 
product). However, the reaction of l-ethyl-3,3-dimethylbenzo[d]-1,3-azasiloline 
(IIIb) with. benzyne under the same reaction conditions as those used for IIIa 
gave a Hofmann elimination product, 1-phenyl-3,3-dimethylbenzo[d]-1,3-azasil- 
oline (VIIIb) and no Stevens rearrangement product (eq. 4). 

N-R ____c 
(4) 

mrl 
(Pma) R’ = Me, 48% 
(lZ!Ib) R’= H , 75% 
tEEtIc 1 d = CH,Ph ,20% 

-The reaction presumably takes place by two discrete steps. First, nucleophilic 
attack of amine III to benzyne gives a betaine intermediate IX. Second, an intra- 
molecular proton transfer in the betaine intermediate leads to an ylide interme- 
diate X which subsequently is rearranged to VIII. When a N-substituent of III 
has a P-hydrogen, the Hofmann elimination reaction occurs 
VIII is produced (eq. 5). 
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NMR spectra were recorded using a JNM-MH-100 .(JEOL) spe&ometer with 
tetramethylsihme as internal standard. GLC analyses were performed on a JGC- 
1100 (JEOL) chromatograph. Fractional distillation-was carried out using a 
GKR-50 (Biichi) Kugehohr distillation apparatus. Vapor-pressure molecular 
weight data were taken on a I?erkinlEImer 115 molecular weight apparatus. AI1 
boiling points and melting points are uncorrected. n:ButyIIithium, 15% in he&me, 
was obtained from Nakarai Chemicals Ltd., Kyoto. Ether was dried by distillation 
from lithium aluminum hydride prior to use. 

(3-Chlorophenyl)chioromethyldimethylsilane (I) 
A solution of chIoromethyldimethylchlorosilane (20 g, 130 mmol) in ether 

(50 ml) was added to a solution of .3-chlorophenylmagnesium bromide [4] pre- 
pared from 3-bromochlorobenzene (25 g, 130.5 mmol) and magnesium turnings 
(3.17 g, 130.5 mg-atom) in ether (150 ml). After 11 h of stirring at reflux, the 
reaction mixture was hydrolyzed with saturated aqueous NH&l, and extracted 
with ether. The ethereal extract was dried, concentrated, and distilled to give 
15.2 g (53%) of I, b.p. 85-89”C/ 5 mmHg. NMR (CCL): 6 0.40 (s, 6H, SiCH3), 
2.83 (s, 2H, SiCHz), 7.20-7.44 ppm (m, 4H, aromatic protons). (Found: C, 
49.30; H, 5.37. C9H&12Si &cd.: C, 49.32; H, 5.52%.) 

(3-Chlorophenyl)(N-substituted aminomethyl)dimethylsilane (IIa-II.) 
A mixture of primary amine (methylamine, ethylamine, or benzylamine) 

(200 mmol) and I (8.76 g, 40 mmol) was heated at 130-140°C for 3-6 h. After 
the addition of 10% NaOH (50 ml), the reaction mixture was extracted with 
ether. The ethereal extract was dried, concentrated, and distilled to give corres- 
ponding IIa (64%), IIb (71%), and IIc (76%) These compounds were charactar- 
ized as foIIows. 

(3-Chlorophenyl)methylaminomethyldimethyIsiIane (IIa); b-p. 81-83”C/ 
5 mmHg. (Found: C, 55.96; H, 7.38; N, 6.44. CIOH1&INSi calcd.: C, 56.18; H, 
7.57; N, 6.55%.) 

(3-Chlorophenyl)ethylaminomethyldimethylsiIane (IIb); b.p. 82-83”C/ 3 
mmHg. (Found: C, 57.82; H, 8.03; N, 5.82. CIIH1&lNSi calcd.: C, 58.00; H, 
7.96; N, 6.15%.) 

(3-Chlorophenyl)benzylaminomethyldimethylsiIane (11~): b-p. 127-13O”C/ 
0.1 mmHg (Found: C, 66.45; H, 7.20; N, 4.92. C16H20CINSi &cd.: C, 66.29; H, 
6.95; N, 4.83%.) 

Reaction of IIa with phenyllithium 
A solution of phenyhithium [5] prepared from bromobenzene (5.20 g, .33 

mmol) and lithium clippings (0.60 g, 86 mg-atom) in ether (20 ml) was added to 
a boiling solution of IIa (6.40 g, 30 mmol) in ether (130 ml). After 2 h of stirring 
at refIux, the reaction mixture was hydrolyzed with saturated NH&, and ex- 
tracted.with ether. The ethereal extract was dried and concentrated. Distillation 
of the residue gave 2.10 g (40%) of 1,3,3-trimethyIbenzo[d]-l,Z+za&Ioline (IHa), 
b-p. 90-92”C/ 4 mmHg. NMR (CQ): 6 0.31 (s, 6H, SiCH,), 2.56 (s, 2H, SiCH,); 
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2.84 (s,.3H, NCHJ), 6.28-7.20 ppm (m, 4H, aromatic protons). (Found: C, 
67.45;.H,.8.40; N, 7.85. CIOHISNSi calcd.: C, 67.74; H, 8.53; N, 7.90%) 

The higher boiling fraction (b-p. 105-lZO”C/ 4 mmHg) was chromatographed 
on silica gel (n-hexane) to give 0.26 g (5%) of 1,3-bis(3-chloiophenyl)tetramethyl- 
disiloxane (IV). b-p. 125-128”C/ 4 mmHg. NMR (CCb): 6-0.32 (s; 12H, SiCHs), 
7.20-7.43 ppm-(m, SH, aromatic protons). (Found: C, 54.46; H, 5.47; mol.wt., 
348.2. C16H&120Si2 calcd.: C, 54.07; H, 5.67%; mol. wt., 355.4.) 

Reaction of IIb with phenyllithium 
In a simiiar manner as described for IIa, IIb (6.84 g, 30 mmol) and phenyllith- 

ium (prepared from bromobenzene (5.20 g, 33 mmol) and lithium clippings 
(0.60 g, 86 mg-atom)) were allowed to react in ether (150 ml), and then the reac- 
tion mixture waS treated. Distillation of the ethereal extract gave 2.75 g (48%) 
of l-ethyl-3,3dimethylbenzo[d]-1,3-azasiloline (IIIb), b-p. 94-96”C/ 4 mmHg. 
NMR (CCL): 6 0.32 (s, 6H, SiCH& 1.12 (t, 3H, C-CH3), 2.56 (s, 2H, SiCH2), 
3.28 (q, 2H, N-CH2-C), 6.32-7.24 ppm (m, 4H, aromatic protons). (Found: 
C, 68.79; H, 8.85; N, 7.21. CllHllNSi calcd.: C, 69.05; H, 8.96; N, 7.32%) 

The higher boiling fraction (b-p. lOO-115”C/ 4 mmHg) was chromatographed 
on a sihca gel column (n-hexane) to give 0.22 g (4%) of IV. 

Reaction of Ilc with phenyllithium 
In a similar manner as described for IIa, IIc (8.70 g, 30 mmol), and phenyl- 

lithium (prepared from bromobenzene (5.20 g, 33 mmol) and lithium clippings 
(0.60 g, 86 mg-atom;) were allowed to react in ether (150 ml), and then the reac- 
tion mixture was worked up as above. Distillation of the ethereal extract gave 
4.16 g (62%) of 1-benzyl-3,3-dimethylbenzo[d]-1,3-azasiloline (IIIc), b-p. 
114-116”Cj 0.09 mmHg. NMR (Ccl,): 6 0.32 (s, 6H, SiCH3), 2.60 (s, 2H, 
SiCH*), 4.40 (s, 2H, N-CH*), 6.19’7.28 ppm (m, 9H, aromatic protons). (Found:. 
C, 75.92; H, 7.26; N, 5.24. C16H19NSi &cd.: C, 75.83; H, 7.56; N, 5.53%) 

The lower boiling fraction (b-p. 30-6O”C/ 0;03 mmHg) was chromatographed 
on an alumina column. The first eluate (benzene) gave 0.31 g (6%) of IV. The 
second eluate (10% ethanol/benzene) gave 0.28 g (8%) of N-methylbenzylamine 
(V) which was identified by spectroscopic comparison with an authentic sample. 

Reaction of IIIa with benzyne 
n-Butyhithium (6 ml, 9.4 mmol) was added to a solution of IIIa (1.40 g, 7.9 

mmol) and o-fluorobromobenzene (1.65 g, 9.5 mmol) in ether (50 ml) at -40 
to -45°C. The mixture was stirred at the same temperature for 2 h, and then at 
room temperature for 1 h. After the addition of saturated aqueous NH&l, the 
reaction mixture was extracted with ether. The ethereal’extract was dried, con- 
centrated, and distilled to give 0.95 g (48%) of l-phenyl-2,3,3-trimethylbenzo- 
[d]-1,3azasiIoline (VIIIa), b-p. 107-llO”C/ 0.07 mmHg. NMR (Ccl,): 6 0.32 
(s, 3H, SiCH& 0.36 (s, 3H, SiCH& 1.16 (d, J8 Hz, 3H, C-CH,), 3.20 (q, J8 Hz, 
lH, N-CH), 6.32-7.44 ppm (m, 9H, aromatic protons). (Found: C, 75.62; H, 
7.61; N, 5.28. C16H19NSi calcd.: C, 75.83; H, 7.56; N, 5.53%.) 

Reaction of IIIb with benzyne 
In a similar manner as described for IIIa, IIIb (1.91 g, 10 mmol), o-fluoro- 
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b&nnob&nz~&(Z.l~ g, 12 mmol),.~d.n-butyllithium (7.6 ~&&12.&x&j &k'-. 
allo.wed to. react in ether (50 ml), and then the rea&on mixture was worked up_ 
Distillation of the ethereal extract gave 1;80 g (75%) of l~pheny1~3;3;dimethyl- 
benzo[d]-i,3-aza&oline .(VIIIb), b.p. 9711000C/ 0;15.mmH&m.p. 48-49OC ‘- 
(recrystallized from ethanol). NMR (CC&): 6 0.36 (s,‘6H, SiCH& 3.06 (s, 2H, 
SiCH& 6;40-7.33 ppm (m, 9H, aromatic protons). (Found:. C, 75.41; H, 7;393 
N, 5.77. C,,H;,NSi calcd.: C, 75.26; H, 7.16; N, 5.85%) -. 

Reaction of II..c with henzyne 
In a similar manner as described for IIIa, 111~ (2.30 g, 9.1 mmol), o-fluoro- 

bromobenzene.(l_91 g, 12 mmol), and n-butyllithium (7 ml, 11 mmol) were al- 
lowed to react in ether (50 ml), and then the reaction mixture was worked up as 
above. GLC analysis (10% AN-600)of the ethereal extract showed the presence 
of l-phenyl-2-benzyl-3,3&methylbenzo[d]-1,3-azasiloline (VIIIc) (20%) and 
unchanged 111~ (38%). 

A sample of VIIIC was isolated by distillation (b-p. 150-155”C/ 0.05 mmHg) 
followed by column chromatography on alumina (1% ether/n-hexane) and 
characterized as follows. 

VIIIc: m_p_ 79-80°C (recrystallized from methanol). NMR (CCL,): 6 0.04 (s, 
3H, SiCH3), 0.20 (s, 3H, SiCH,), 2.46 (d d, J 12.1,13.6 Hz, lH, A component 
of AMX, CHCH*Ph). 3.11 (d d, J 5_3,13_6 Hz, lH, M component of AMX, 
CHCH,Ph), 3.50 (d d, J 5.3,12-l Hz, lH, X component of AMX, CHCH,Ph), 
6.28-7-48 ppm (m, 14H, aromatic protons). (Found: C, 79.94; H, 6.99; N, 
4.19. CZ2HZ3NSi &cd.: c, 80.19; H, 7.04; N, 4.25%) 
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