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Summary 

l-Substituted 4,4-dimethyl-1,2,3,4-tetrahydrobenzo[b]- 

1,4-azasilines (X) and l-substituted 3,3-dimethyl-1,2,3,4- 

tetrahydrobenzo[el-1, 3-azasilines (XIII) were synthesized by 

the intramolecular benzyne reaction of the corresponding 

N-substituted 2-(3-chlorophenyl)dimethylsilylethylamines (IX) 

and N-substituted (3-chlorobenzyl)dimethylsilylmethylamines 

(XII). 

---_--.- _ --____ -- 

Introduction 

It is Well known that the intramolecular addition of 

nucleophiles to benzyne intermediates has provided a useful 

method_ for the synthesis of heterocyclic systems _tll. In an 

earlier paper, we reported the synthesis of a new ring system, 

l-substituted 3,3-dimethylbenzo[d)-1,3-azasiloline, by the 
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N-Methyl-Z-(3-chloro- 
:. _ 

~phenyl)d~i_methylsilylethylamirie (IXa) was.obtained by lithium 

aluminum hydride-reduction of VII. -N-Alkyl.ated products, - 

‘.&i&i 'N-subs&tufed E-[2~(3~chlorophenyl)dim&hylsilylethyl]- ..- -. 
carba&tes--(VIIIa,.R = Et:& ViIIb, R = PhCH21, were not 

.hyd_rolyied.indilute~potassiun~hydroxide solution. Under 

more d_r&tic conditions; hydrolysis of the methyl ester of VIII 

competed with cleavage- of Si-C bonds to form a complicated mixture. 

:R&ently-L&g et al; c.51 have shown that alkyi carboxylic 

-esters.-are.,converted--under mild conditions to the corresponding 
: 
carboxylib_ ac,id by treatment with trimethyliodosilane, followed 

by hydrolysis (eq. 2). This method was successfully applied 
~. 

RC6OR' 
H2° 

3RCOOH (2) 

to VIIIa-b~to give the corresponding N-substituted 2-(3-chloro- 

phenyl1dimethylsilylethylamines (IXb, R =Et and IXc, R = PhCH2). 

The reaction of 2-silylethylamines (IXa-c) with phenyllithium 
. 

in refluxing ether gave a single basic product. The %NMR 

spectral and elemental analyses of these compounds confirmed 

the structures as those of the desired cyclization products, 

1-substituted 4,4-dimethyl-1,2,3,4-tetrahydrobenzo[b]-1,4-aza- 

.&line& (Xa, R = Me; Xb, R = Et and Xc, R = PhCH2) (eq. 3). 
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(Xl 
Xa: R = Me, 38% 

Xb: R = Et, 35% 

XC: R = PhCH2, 29% 

Synthesis of l-Substituted 3,3-Dimethyl-1,2,3,4_tetrahydro- 

benzofel-1,3-aiasiline (XIII) 

The key compounds, N-substituted (3-chlorobenzyl)dimethyl- 

silylmethylamines (XIIa, R = Me; XIIb, R = Et and XIIc, 

R = PhCH2), were brepared by the reaction of (3-chlorobenzyl)- 

chloromethyldimethylsilane (XI) with primary amines (methylamine, 

ethylamine and benzylamine). Under the same reaction conditions 

as were used for IX, compound XIIa-c gave the corresponding 

cyclization products, l-substituted 3,3-dimethyl-1,2,3,4-tetra- 

hydrobenzo[e]-1,3-azasilines (XIIIa, R = Me;.XIIIb, R = Et and 
. 

XIIIc, R = PhCH2) in 40-61% yields (eq. 4)_ 

Me2 
CH2SiCH2Cl RNH2 

Me2 
CH2SiCH2NHR PhLi 

(4) 

The structures-of these compounds were confirmed by the 
1 
HNMR 

spectral and elemental analyses (Table 1) - 

(XIII) R 

XIIIa: R = Me, 40% 

XIIIb: R = Et, 41% 

XIIIc: R = PhCH2, 61% 
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_NMR spectra were recorded using a JNM-MH-100 (JHOL) 

spectrorieter with tetramethylsilane as internal standard. 

IR spectra were recorded on a IRA-2 (JASCO) spectrometer, 

All boiling points and melting points are uncorrected. 

.Ether was dried by distillation from lithium aluminum hydride 

prior to use. 

2-(3-Chlorophenyl)dimethylsilylacetic acid (II) 

Carbon dioxide was bubbled into a solution of (3-chloro- 

phenyl)dimethylsilylmethylmagnesium chloride Iprepared from 

(3-chlorophenyl) (chloromethyl)dimethylsilane (I) 123 (6.57 g, 

30 mmol) and magnesium turnings (0.80 g, 33 mg-atom) in 

diethyl ether (50'ml)l for 3 h at -30 to -3S°C_ The reaction 

mixture was hydrolyzed with water, and extracted with ether. 

The ethereal extracts were dried, concentrated, and recrystallized 

from n-hexane to give 4.07 g (60%) of II, m-p_ 73-75°C. 

NMR (CDCl+ 6 0144 (s, 6H. SiCH3), 2.08 (s, 2H, SiCH2j. 7_24- 

7.48 ppm (m, 4H, aromatic protons). IR (nujol): u 1675 cm-1 

(C=O) - (Found: C: 52.61; H, 5.91, 
=10H13 

ClO2Si calcd.: 

-. 
C, 52.51; H, 5.73%.) 

N-Benzyl-2-(3-chlorophenyl~dimethylsilylacetamide (III) 

A mixture of II (684 mg, 3 mmol), benzylamine (321 mg, 

3 mm011 and dicyclohexylcarbodiimide (680 mg, 3.3 mmol) in 

dichloromethane (6 ml) was stirred for 3 h at room temperature_ 

The reaction mixture was filtered, and the filtrate was 

concentrated. The residue was recrystallized from benzene- 

n-hexane to give 380 mg (41%) of III, m-p. 100-102°C. 

N,MR (CDC13)t 6 0.40 (s, 6H, SiCH3), 1.96 (s, 2H, SiCH2), 4-28 

(d, 2H, CH2PhL 7.05-7.48 ppm cm, 9H, aromatic protons). 



.Gd th&x&x&re~-was stirred at- room tempe&ture -foe 10.min. . 

: $0 this mixture was added--37% formalin (8.9 g, 110 mmol) and 

stirring &is~ continued for 2 h at 80°C. The mixture was 

.&xtiactgd-with ether; -The. ethereal extracts were dried, 

concentrated , .&d distilled. to..give 18.8 g (77%) of- 

.benzylmethylaminomethyl phenyl sulfide,- b.@. 124-126OC/ 0.05 mmHg. 

-_NMR (CDCl$ :! 6 . 2.26 fs;.'3H,-NCH3),- 3.56 (s, iH, CH2Ph), 4.36 

.(s,-28; SCH2), 7.01-7.4O:pgm (m, 10H, .aromatic-protons). 

-(Found: C,~ 74.15; H, 7.20; -N, 5.69. 
C15H17NS 

calcd.: 

- C, 74.O?;:H, 7:04; N, 5.76%;) 

.- _ (_ -. : 

N-Benzyl-N-methy~-2-(3-chldrophenyl)dime~ylsilyle~yi~ne 

._(I;> - 

A solutionof benzylmethylaminomethyl phenyl sulfide 
. . 

_(6;96 g,.28.6 mm&) in ether (20 ml) was added dropwise to a 

-&luti&.of (3-chlorcphenyl)dimethylsilylmethylmagnesium chloride 

.prepared.from I (6.26 g, 28.6 mmol), and magnesium turnings 

(6.75 g, 30.8 mg-atom) in ether (50 ml)-._ After 4 h of 

stirring at room temperature, the reaction mixture was-hydrolyzed 

with water; and extracted-with ether. 
. -, 

,The &thefeal.extradts. 

were extracted wi&lO% HCl. The acid extra&were made .._~ __ 
- -- : -. 

aikali&:tiith I.Og NaOH, .- +nd extracted with &her. The 
: :. 

'ethereai=&&r&t~ were dried, coqcentrqted; and distilled tq give; _.. .-. -I ... 

7.24 q; -.(@I%) -0f:Iv .’ h.p. l32-135~C/o.-Q3.mmHg. 
~-’ : . . . _. .~ > .-. : 

;0..28 -(s.,_ 6H; SiCH3) ,: 

. . . .._. -.. .- 
..titi (CDC.1,) : _. ., ._( - 

-5 1.k (t; -2H, .I =- 7 .Hz-,: SiCli2~),~: _+_;=:.. z ..- : 
. . 
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(&.;3R, NCR3) ,m2.40 (t, 2H, J.= 7 Hz, NCH2), 3.36.(s, 2H, a?R2Ph:1 

6.88:7.36ppm (m, 9R, aromatic protons). (Found: C, 67.81; 

H; 7.50;.N, 3.05.. C18H24ClNSi calcd.: C, 68.00; H, 7.61; 

N, 3.158.) 

Diethyl (3-Chlorophenyl)dimethylsilylmethylmalonate (V) 

A solution of diethyl malonate (45 g, 205 mmol) in absolute 

ethanol (30 ml) was added to a solution of sodium ethoxide 

(215.mmol) in absolute ethanol (150 ml), and the mixture was 

stirred at room temperature for 30 min. Then a solution of 

I (34.5 g, 215 mmol) in absolute ethanol (30 ml) was added to 

the mixture and stirring was continued for 24 h at reflux. 

The reaction mixture was made acidic to litumus by addition of 

glacial acetic acid and then was concentrated. Water was 

added to the residual oil, and the mixture was extracted with 

ether. The ethereal extracts were dried, concentrated, and 

distilled to give 54.7 g (78%) of V, b-p. 133-136°C/0.2 mmHg. 

NMR (CDC13): 6 0.32 (s, 6H, SiCH3), 1.24 (t, 6H, J = 7 Hz, 

CH2CR3), 1.32 (d, 2H, J = 7 Hz, SiCH2), 3.16 (t, lH, J = 7 Hz, 

CH2C.L 4.06 (q, 4H, J = 7 Hz, C$CR3), 7.16-7.48 ppm (m, 4H, 

aromatic protons). IR (film): v 1745, 1725 cm -l (C=O); 

(Found: C, 56.18; H, 6.73. C16H23C104Si calcd.: C, 56.04; 

H, 6.76%.) 

3-(3-Chlorophenyl)dimethylsilylpropionic acid (VI) 

To a 50% potassium hydroxide solution (58 g) was added 

dropwise V (45 g, 131 mmol) at 9O“C. After 1.5 h of stirring 

at this temperature,_ the reaction mixture was evaporated to 

dryness, and the residual salt was dissolved in water (73 ml). 

To the soIu$ion was_ added dropwise 35% .HCl (58 ml) under 

cooling.in an ice-salt bath. The mixture was heated for 

at reflux, and thenextracted with benzene. The benzene 

8h 



-:J +_ ~7.;Hi;.CHi+, 7.24~7..40 ppm ;(m, .4H,._~~aromatic _pytoxis) i ~. 
: 

I 
* (fik&: v -1 1710 cm (C=m. (For&d;'-C, 54.34;.H, 6.32. 

C H-. Cl0 tii- czil&.; -C;- 54-32; H,. 6.23%.) _lJ_ 15 2 -~ .~ ._- - ..~ .- - -:-. ’ 

: -.--. _ 

@athy N-[2L( 3~Chlti&henyl~dime&ylsilyl&h~llc~bakate (VII) 

To iit bo++ko&ution of VI. (17 g/70 mm&l) &id trieth$l- 
_- 

.2mxne -'(7-u g,‘ - * 70.7 mmol) in dry benzene (150 ml) k&added 

dropkse .diphenyl phosphor&date [4] (19.26 g, .76 mmol). 

After 1-h of:.&ir&ng- at reflw, absolute methanol (4.48 g, 

14O'mmol) was-added.and heating was continued for additional 

6 h. The-:reactiori mixture Was. washed with 5% NaOH and water, 

and then dried.. !JS?&$olvent was evaporated ana the residual 

oil & distilled to give 15.7 g (83%) of'VI1, b..p. 124-126OC/ 

0.1 n&k&: NMR (CDC13): d 0.28 (s, 6H, SiCH3), 1.04 (t, 2H, 

J = 7 Hz, SihE2), 3.08-3.36 (m, 2X, NCH2), 3.64 (s, 3H, 0CR3), 

7.20-7.52'ppm (m, 4H, aromatic protons). IR (film): v 3340 

(NH), 1705 ,l ic==o). (Found: C, 53.11; H, 6.66; N, 5.07. 

C12H18ClX02Si calcd.: C; 53.02; H, 6.67: N, 5.15%.) 

&ethyl N-R:thyl-N-[2-(3-chlorophenyl)dimethylsilyle~yl]car~ate 

WIIIa) 

A mixture of-VII (11.76 g, 43 mmol) and soditi hydride 

(1.34 gr'56 m&l) in dry benzene (80 ml) was heated at reflux 

for 7 h. Then a solution of ethyl bromide (7.10 g, 65 mmol) 

in benzene (20.ml) was added to the mixture and stirring-.was- 

continued fo3 4 h at rer'lw. The reaction mixturk Gas 

hydrolysed~witb water.and then was extkacted.with benzene. -. 

The.benzene:-e&acts 

give 7AO -4 -(5%) of 

_ 
were dried; concentratod,'&d distilled to 

VIIIa, b-p. 126~128°C/0.25~~&Hg. 
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-I,, (C&3): 6 8-28 (s, 6H, SiCH3), 1.08 (t, 3H, J = 7 Hz, 

CH2+3), l-00-l-24 (m, 2H, SiCH2), 3.24 (q, 2H, J = 7 Hz, CH2CH3), 

3_08-3-40 (m, 2H, NCH2), 3.68 (s, 3H, 0CH3), 7-28-7-56 ppm 

(m, 4H, aromatic protons). IR (film): v 1700 cm" (C=O), 

(Found: C,-56,02; H, 7-45: N, 4.53. C14H22C1N02Si calcd.: 

C, 56.07; H, -7.40; N, 4.678.) 

Methyl N-Benzyl-N-~2-(3-chlorophenyl)dimethylsilylethyll- 

carbamate (VIIIb) 

As described above for VIIIa, VII (11.20 g, 41 mmol), 

sodium hydride (1.10 g, 46 mmol) and benzyl chloride (6.70 g, 

53 mmol) were allowed to react in dry benzene (100 ml), 

and then the reaction mixture was worked-up. Distillation of 

the benzene extract gave 8-67 g (58%) of VIIIb, b-p, 162- 

164°C/0.09 mmHg. NMR (CDC13): 6 0.24 (s, 6H, SiCH3), 1.06 

(t, 2H, J = 7 Hz, SiCH2), 3.24 (t, 2H, J = 7 Hz, NCH2), 3.72 

(s, 3H, OCH3). 4-44 (s, 2H, PhCH2), 7.08-7.48 ppm (m, 9H, 

aromatic-protons). IR (film): v 1700 cm-l (C=O). (Found: 

C, 62.92; H, 6.57; N, 3.82. ClgH24C1N02Si calcd.: C, 63.05; 

H, 6.68; N, 3.87%.) 

N-Me.thyl-2-(3-chlorophenyl)dimethylsilylethylamine (Ixa) 

A mixture of VII (5.4 g, 20 mmol), lithium aluminum. hydride 

(1-O g, 26 mmol) and ether (70 ml) was heated at reflux for 8 h 
-. 

and then hydrolyzed with water. The reaction mixture was 

extracted with ether. The ethereal extracts were dried, 

concentrated, and distilled to give 3-07 g (68%) of IXa, b-p. 

141-143°C/12 mmHg. NMR (C!DC13): 6 0.28 (s, 6H, SiCH3), 1.00 

(t, 2H, J 7 7 Hz, SiCH2), 2.40 (s, 3H, NCH3), 2.60 (t, 2H, J = 

7 Hz, NCH2), 7-24-7.52 ppm (m, 4H. aromatic protons). 

IXa-oxalate; m-p. 190-192T (decomp.) (from ethanol-ether), 

(Found: C, 49.12; H, 6,il;N, 4.49, CllH18ClNSi.C2H204 



' ,:-A;solut_ion of--.rirI&. (7..6_6. g; 25.5- mmol) 'and &rim&hyliodo-- 

siiasg-;irsl '(7;6?.g, 38i'~-_mmof) in carbon tetrachloride (4d 'nil- 

~9s stir&d at- 50°C for 4'5 h, .. and then concentrated under reduce;: 

proseure. ~. The residual oil was dissolved in 10% HC_l and 

washed with-ether. --The-acid layer was.neutralized with 10% NaGi! 

and extracted with ether. The'ethereal extracts. were dried, 

concentrated;~-and distilled to give 3.89 g (63%) of IXb, 

b.p. 125-127"C/lO mnlHg.- NikR (cm,) : 6 0.30. (s, 6H, SiCH), 

1.00 .(t, 2H, J =--7 Hz., SiCH2), 1.08 (t, 3H, J = 7 Hz, Cn2Cg3), 

2.62 (q, 2H, .J.= 7 Hz, CHiCH3), 2.66 (t, 2H,J = 7 7.24- Hz;NCH2), 

7.52 ppm (m, 4H, aromatic protons). IXb-oxalate; m-p. 207- 

209°C (decomp.) (from ethanol-ether). (Found: C, 50.74: 

s, 6.67: N, 4.36. C12H20CWSi-C2H204 calcd.: C, 50.67; 

H, 6.68; N, 4.22%.) 

N-Benzyl-2-(3~chlorophenyl)dimethylsilylethylamine (IXc) 

-As described above for IXb, VIIIb (8.62 g, 22.8 mmol) and 

trtithyliodosilane (6.84 g, 34.2 mmol) were allowed to react 

in carbon tgtrachloride. (40 ml), and then the reaction 

mixture.&as worked-up. Distillation of the ethereal extracts 

gave 5.29 g (76%) of IXc, b-p. 137-139'=C/O.O6 n&g. 

NMEK (CDCl3): 6 .0.28 (s, 6H, SiCH3), 1.04 (t, 2H, J = 7 Hz, 

SiCH2), 2.-72 (t; 2H, J = 7 Hz, xCH2), 3.76 (s, 2H, PhCH2), 

7.16-7.52 ppm (m, 9H, aromatic protons). (Found: C, 67.49; 

H, 7.35;.N; 4.79. .C17H22C1NSi calcd.: C, 67.19; H, 7.30; 
.~ 

N, 4.61%;) 

-. . 
(3-Chlorobenfl) rhlokom&th$ldim~thylsil&e (XI) 

A solution of ~hloromethyldi&&hylchlorosil~e (23.6 4, 



: 

165 mmol) in ether (30 ml) 

of.3-chlorobenzylmagnesium 

bromide (30.8 g, 150 mmol) 

150 mg-atom) in ether (ZOO 

205 

was added dropwise to a solution 

bromide prepared from 3-chlorobenzyl 
.. 

and magnesium turnings (3.65 g, 

ml). After 6 h of stirring at 

reflux, the reaction mixture was hydrolyzed with water, and 

extracted with ether. The ethereal extracts were dried, 

concentrated, and distilled to give 20.6 g (59%) of XI, 

b-p. 149-151°C/17 mmHg. NMR (CDC13): B 0.20 (s, 6H, SiCH3), 

2.24 (s, 2H, SiCH21, 2.72 (s, 2H, CH2Cl), 6.75-7.19 ppm 

(m, 4H, aromatic protons). (Found:.C, 51.31; H, 5.83. 

. 
C10H14C12S1 calcd.: c, 51.50; H, 6.05%.) 

N-Substituted (3-Chlorobenzyl)dimethylsilylmethylamine (XIIa-c) 

A mixture of primary amine (methylamine, ethylamine, or 

benzylamine) (240 mmol) and XI (14.0 g, 60 mmol) was heated 

at 130°C for 4-6 h. After the addition of 10% NaOH (50 ml), 

the reaction mixture was extracted with ether. The ethereal 

extracts were dried, concentrated, and distilled to give 

XIIa (59%), XIIb (72%), and XIIc (808), respectively. 

These compounds were characterized as follows. 

N-Methyl-(3-chlorobenzyl)dimethylsilylmethylamine (XIia); - 

b-p. 142-144OC/14 mmHg. NMR (CDC13): 6 0.03 (s, 6H, SiCH3), 

2.04 (s, 2H, SiCH2N or ArCH2Si), 2.10 (s, 2H, SiCH2N or 

ArCH2Si), 2.42 Is, 39, NCH3), 6.72-7.24 ppm (m, 4H, aromatic 

protons). XIIa-oxalate, m-p. 186-187OC (decomp.) (from 

ethanol). (Found: C, 49.24; H, 6.25; N, 4.67. 

CllH18ClNSi-C2H204 calcd.: C, 49.13; H, 6.34; N, 4.41%.) 

N-Ethyl-(3-chlorobenzyl)dimethylsilylmethylamine (XIIb); - 

b-p. 149-151"C/16 mmHg. NMR (CDC13)r 6 0.04 (s, 6H, SiCH3), 

1.04 (t; 3H, J = 7 Hz, CH2CH_3), 2.06 (s, 2H, SiCH2N or ArCH2Si) r 

2.11 (s, 2H, SiCH2N or ArCH2Si), 2.60 (q, 2H, J = 7 Hz, C_H2CH3), 

6.80-7.24 ppm (m, 4H, aromatic protons). XIIb-oxalate, 
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