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Summary
POTOP-9

1-Substituted 4,4-dimethyl-1,2,3,4-tetrahydrobenzo[b]-
l,4-azasilines (X) and l-substituted 3,3-dimethyl-1,2,3,4-
tetrahydrobenzolel-1,3-azasilines (XIII) were synthesized by
the intramolecular benzyne reaction of the corresnonding
N~-substituted 2-(3~chlorophenyl)dimethvlsilylethylamines (IX)
and N-substituted (3-chlorobenzyl)dimethylsilylmethylamines

(XI1I).

Introduction
e e et e

- It is well known that the intramolecular addition of
nucléoéhiles to benzyne ihtermediates nas provided a useful
,methoq §or the synthesis of heterocyclic systems [l1]. In an
earlier'papgr, we reported the synthesis of a new ring system,

l-substituted 3,3-dimethylbenzo[d]-1,3-azasiloline, by the



,Synthes1s of 1—Subst1tuted 4 4—D1methyl-l 2, 3 4-tetrahydro-r

.benzo[b]—l 4—aza5111ne (x)

Threeﬁroutes to the synthe51s of key compound, N—substltuted

72 (3-chlorophenyl)dlmethy151lylethylam1ne (IX), were examlned

‘as shown'ln Scheme'

N-Benzyl—2-(3—ohlorophenyl)dlmethylsllylacetamlde (III

"R -»PhCHz) was prepered by carboxylatlon of (3-chloropheny1)-
chloromethyldlmethyl51lane (I), followed by amldatlon.'i"""
thhlum alumlnum hydrlde reductlon of III dld not form N-benzyl— 7

'2-(3—chlorophenyl)dlmethy151lylethylam1ne (IXc), but gave a. ‘
compllcated mlxture whlch presumably resulted from competltlon

Of the reductxve cleavage of s;—c bonds wlth the reductlon of

the carbonyl group (route A 1n SCheme 1).
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foF dlphenyl‘phosphora21date (DPPA). - N Methyl 2-(3—chloro-

fphenyl)dlmethylsllylethylamlne,(Ixa) was . obtalned by lithium
falum;num hydrlde reductlon of VII N-Alkylated products,
Imethyl N—subst1tu+ed n—[z (3—chlorophenyl)dlmethylsllylethyll-
:carbamates (VIIIa, R = Et and VIIIb, R = PhCH ), were not
,hydrolyzed in. dllute pota551um hydroxide solution. ' Under

:more drastlc condltlons, hydroly51s of the methyl ester of VIIT
icompeted wlth cleavage of Si-C bonds to form a complicated mixture.
fRecently~Jung et al' [5] have shown that alkyl carboxylic

lesters -are. converted under m1ld COndlthnS to the corresponding

'carboxyllc acld by treatment with trimethyliodosilane, followed

by hydrqusxs—(eq. 2). . This method was successfully applied
T Me3Sii g ' Héo ,
RCOOR’ —mm— [RCOOSiMea] —————— RCOOH (2)

‘to VIIIa-b to giverthe corresponding N-substituted 2-(3-chloro-

phehyi)dimerhyisi;ylethylamines (IXb, R = Et and IXe, R =,Phc32).
The reaction of '2-s11y1ethyiami‘nes (IXa-c) with phenyllithium

in refluxing ether gave a.sihgle basic producﬁ.  The H NMR

spectral and elemeﬁtal analyses'of these compounds confirmed

‘the structures as those of the desired cyclization products,

1-$ubstitgtedv4,4—dimethyl-l,2,3,4-tetrahydrobenzo[b]-l,4-aza-

‘silines (Xa, R = Me; Xb, R = Et and Xc, R = PhCH,) (eq. 3).
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S - Me, -
B i Si
PhLi :
Ixa-c—-—{@rj — )
' N
R
(X)
Xa: R = Me, 38%
Xb: = Et, 35%
Xc: = PhCH,. 29%

Synthesis of 1-Substituted 3,3-Dimethyl-1,2,3,4-tetrahydro-

benzolel-1,3-aZasiline (XIII)

The key compounds,‘E-sub;tituted {3-chlorobenzyl)dimethyl-
silylmethylamines (XIIa, R = Me; XIIb, R = Et and.XIIc,
R = PhCHz), were érepared 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}l-~1,3-azasilines (XIIIa, R = Me; XIIIb, R = Et and

-~

XITTec, R = PhCH,) in 40-61% yields (eq. 4).

Mez Mez
CH,SiCH,Cl RNH, CH,SiCH,NHR PhL:L @\snde
—_—
c1
Cl (XT) (XII) (XIII) R

XIIIa: R = Me, 40%

XITIIb: R = Et, 41%

XIIIc: R PhCH,, 61%

The structures of these compounds were confirmed by the "H NMR

spectral and elemental analyses (Table 1).
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-’ Experimental -

'-~f§§&8V92:

NMR spectra were recorded using a JNM-MH-100 (JEOL)
spectrometer with tetramethylsilane as internal standard.
IR spectra were recorded on a IRA-2 (JASCO) sPectiometer.
all ﬁoiling‘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 [prepared from
(3-chlorophenyl) {(chloromethyl)dimethylsilane (I) [2] (6.57 g,

30 ﬁmol) and magnesium turnings (0.80 g, 33 mg—atom) in

diethyl ether (50'm1)1 for 3 h at -30 to -35°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 (CDC13): ¢ 0;44 (s, 6H, SiCH3), 2.08 (s, 2H, SiCst, 7.24-
7.48 ppm (m, 4H, aromatic protons) . IR (nujol): v 1675 cm *
(c=0) . (Fourd: C, 52.61; H, 5.91. €, oy 5620,51 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 mmol) and dicyclochexylcarbodiimide (680 mg, 3.3 mmol) in
dichloromethane (6 ml) was stirred for 3 h at room temperature.
fhe reaction mixture was filtered, and the filtrate was
cthentrated. The residue was recrystallized from benzene-
n~hexane to give 380 mg (41%) of III, m.p. 100-102°C.
NMR (CDc13): & 0.40 (s, 6H, si¢H3), 1.96 (s, 2H, SiCH,), 4.28

(d} 28; CﬁzPh), 7.05-7.48 ppm (m, 9H, aromatic protons).



*,fcalcd.- c, 64 23,

H,6.34: N, 4:4130)

Benzylmethylam1nomethy1 phenyl sulflde

Benzylmethylamlne (13 2 g, 110 mmol) was added dropwlse'“v

: ll 0 g, 100 mmol) under coollng in- an 1ce bath,

' to thxophenof“

and the mszﬁre -was stlrred at room temperature for 10 mln-v

To thls mlxture ‘was added 37% formalln (8 9 g, 110 mmol) and
tlrrzng was contlnued for 2 h at 80°C. .VThe mlxture was

extracted w1th ether-‘ ) The ethereal extracts’eere'dried,
concentrated and dletllled to g1ve 18.8 g (77%) of -
benzylmethylamlnomethyl phenyr sul fide, b. p.-124 -126°C/ 0: 05 mmHg.

NMR (coc13).. 2.26 (s,.sn,-NCHB),-e;ss (s, 2H, cazph); 4.36

(s, 2H, SCH ), f,0147.405ppm (m,,lOH,:aromatic‘protone);

(Found. 74-15~ H, 7.éo;jn; 5.69. - clsal7ns ' calcd.:

c, 74. 03 H, 7.04; N, 5.76%.)

lN-Benzyl—ﬂ—methyl 2= (3—chlorophenyl)dlmethy151lylethylam1ne

(Iv)'

‘ A solutlon of benzylmethylamlnomethyl phenyl sulflde

(6 96 g, 28 .6 mmol) in ether (20 ml) was added dropwxse to a . .
.solutlon of (3-chlorcphenyl)dimethylsilylmethylmagnesium chloride
prepared from I (6 2o g, 28.6 mrol) and magne51um turnlngs

0.75 g, 30 8 mg-atom) in ether (50 mi). After 4 h of
N stlrrlng at room temperature, the react;qn:mixture,wathgdrolyzed
:w1th water; and extracted w1th ether ;7 The ettereal.extractsy
were extracted w1th 10% HCl " The ac1d extracts were made
,alrallne w1th 10% VaOH, and extracted w1th ether.r '.The

ethereal extracts were drled,'concentrated,‘and dlstllled to glqu

',7 24 g,,(soz) of IV b p- 130—13s°c/o 03 mmag.__ NMR (cuc1 N R

s GH s;c& ), 1 00 (t, 23,; = 7 Hz, SLCH ), 2.¢7;_
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(s, 3H, NCH,), 2.40 (¢, 2H, J = 7.Hz, NCH,), 3.36 (s, 2H, CH,Phi.

6;88f7;§69pm.(m, 9H, aromatic protons). (Found: C, 67.81;
H, 7.50; N, 3.05.  C;.H,,CINSi caled.: C, 68.00; H, 7.61;
N, 3-15%-) v

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'mm01) 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 ethergal extracts were dried, concentrated, and
distilled to give 54.7 g (78%) of V, b.p. 133-136°C/0.2 mmHg.
NMR (CDC13): 8§ 0.32 (s, 6H, SiCHB), 1.24 (t, 6H, J = 7 Hz,
CH,CH,), 1.32 (d, 2H, J = 7 Hz, SiCH,), 3.16 (t, 1§, J = 7 Hz,
CH,CH), 4.06 (g, 4H, J = 7 Hz, CH,CH,), 7.16-7.48 ppm (m, 4H,
aromatic protons). IR (film): v 1745, 1725 cm L (C=0).
{Found: C, 56.18; H, 6.73. c,_.H, ,Cl0,Si calcd.: C, 56.04;

167239
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 90°C. After 1.5 h of stifring
at this temperature, the reaction mixture was evaporated to
-dryness, épd the residual salt was dissolved in water (73 ml).
Td theVsqlq£ion was added dropwise 35% HC1 (58 ml) under
coolingxin'én,ice-salt bathi ~ The mixture was heated for 8 h

at reflux, and then. extracted with benzene. The benzene



7 Hz; c32c0), 7.24- 7 40 ppm (m, 45, aromatlc protons).

IR (fllm). R 1710 cm -1 {C=0). (Found. C, 54.34, ‘,76.32.

'c11315c1o Si calcd.. c, 54;};;75;;5,23%.)_,5'

MethYl'N;tZ;(3;Chibf6pheny1)diﬁéfﬁyisilYléth?l]carbamate (VII)

To a b0111ng solutlon of VI (17 g, ‘70 mmol) and trlethyl—

amlne (7 14 g, “70. 7 mmol) in dry benzene (150 ml) was added
:dropw1se dlphenyl phosphora21date [4] (19 26 g, 70 mmol) .
After ih of stlrr1ng at reflux, absolute methanol (4.48 g,
140 mmol) was added and heatlng was contlnued for add1t10na1

€ h. -~ The reactlon mlxture was washed with 5% NaOH and water,
and then d:led. '_The,solvent was evaporated and the resxdual
cil was distilled to give 15.7 g (83%) of VII, b.p. 124-126°C/
0.1 mmHg.  NMR (CDCl;): & 0.28 (s, 6H, SiCH;), 1.04 (t, 2H,

J = 7 Hz, SiCH 3.08-3.36 (m, 2H, NCH,), 3.64 (s, 3H, OCHj),

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

(NH), 1705 cm L (c=0). (Found: €, 53.11; H, 6.66; N, 5.07.
c12318c1uo si ‘calcd.: C, 53.02; H, 6.67: N, 5.15%.)

Methyl N-Ethyl—N-[2-(3—chlorophenyl)dlmethy1511ylethy1]carbamate

(VIIIa)

A mixture of VII (11.76 g, 43 mmol) and sodium hydride
(1.34 g, 56 mmol) 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 stir:ing;was>
contlnued for 4 h at reflux. The reaction'ﬁixturé &as
hydrolyzed w1th water and then was extracted w1th benzene.
The benzene-extracts were dr1ed, concentrated, and dlstllled to

give 7. 10 g {55%) of VIIIa, b. P. 126- 128°C/0 25° mmHg.
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“NMR (CDCl3): & 0.28 (s, 6H, SiCHj), 1.08 (&, 3H, J = 7 Hz,

CH,CH), 1.00-1.24 (m, 2H, SiCH,), 3.24 (q, 2H, J = 7 Hz, c# cuy),

2
3.08-3.40 (m,rza;,ncnz), 3.68 (s, 3H, OCHj), 7.28-7.56 ppm

1

{m, 4H, aromatic¢ protons). IR (film): y 1700 cm™~ (C=0).

(Found: c,-sé-oz; H, 7.45; N, 4.53. C, 4H,,CINO,Si caled.:
C, 56.07; H, 7.40; N, 4.67%.)

Methyl N-Benzyl-N-[2-(3-chlorophenyl)dimethylsilylethyl]-

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 mli,
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/0.0%9 mmig. NMR (CDC13): § 0.24 (s, 6H, SiCH3), 1.06
(¢, 28, J = 7 Hz, SiCH,), 3.24 (t, 2H, J = 77Hz, NCH,), 3.72
(s, 3H, OCH3), 4.44 (s, 2H, PhCH,), 7.08-7.48 ppm (m, 9H,

1

aromatic-protons). IR (film): v 1700 cm — (C=0). (Found:

Cc, 62.92; H, 6.57; N, 3.82. ¢, gH, CINO,Si calcd.: C, 63.05;

H, 6.68; N, 3.87%.)

N-Methyl-2-(3-chlorophenyl)dimethylsilylethylamine (IXa)

A mixture of VII (5.4 g, 20 mmol), lithium aluminum hydride
(1.0 g, 26 mmol) and ether (70 mli 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 mmHé. NMR (CDC13): § 0.28 (s, 6H, SiCH3), 1.00
(t, 28, J =‘7 Hz, SiCH,), 2.40 (s, 3H, NCH,), 2.60 (t, 2H, J =
7 Bz, NCHZ), 7.24-7.52 ppm (m, 4H, aromatic protons) .
iXa-oxalate; m.p. 190-192°C (decomp,) (from ethanol-ether).

(Founq: C, 49.12; H, 6.21; N, 4.49. CllHlaclNS].-CszO4



j?N—Ethy’ <:LA,c lorophenyl)dlmethy151lylethylam1ne (be)

f:A‘solutlon of VIIIa (7 66 ‘g, 25 5 ‘mmol) and trlmethyllodo—;'
};511ane—[5] (7'62 g, 38 l mmo;) 1n.carbon tetrachlorlde (40 ml)
:vwas Stlrred at. 50°c for 45 h, and then concentrated under reducc
’ipressure. ;} ‘The re51dual oil was dlssolved in 10% HCl and
Vwééned'nieh.eehe:,'- ?he aeld leye;_wes neu;ral;zed with 10% NaG::
:ahé eXtraeted‘wifh éthet. " The ethereal extrectS'Were dried,
concénéeaged;*and.d;stillea to give 3.89 g (63%) of IXb,

‘b.p. 125-127°C/10 mmHg.  ~NMR (CDCL,): & 0.30 (s, 6H, SiCH,),
'1.00 (&, 2H, J =:7 Hz, SiCH,), 1.08 (t, 38, J = 7 Hz, cn2q53);

2.62 (g, 2H; J = 7 Hz, CH,CH,) , 2.66 (t, 2H,J3 = 7 Hz, NCH,), 7.24-

7.52 ppm (m,_4H,»aromatic protons) . IXb-oxalateée; m.p. 207-
209°¢ (decomp.) (from ethanol-ether).. (Found: C, 50.74;
H, 6.67: N, 4.36-. C, H, CINSi- C,H,0, caled.: C, 50.67;

, 12720
H, 6.68; N, 4.22%.) '

N—Benzyl—z—(3;ch10ropheny1)dimethylsilylethylamine {IXc)

'As described above for IXb, VIIIb (8.62 g, 22.8 hmol) and
trimethyliodosilane (6.84 g, 34.2 mmol) were allowed to react
in carbon Eétfachloride.(40 ml), and then the reaction
nmixture was worked—up. Distillation of the ethereal extracts
gave 5.29 g (768) of Ixc, b.p. 137-139°C/0.06 mmHg.

NMR (CDCl;): & 0.28 (s, 6H, SiCH,), 1.04 (t, 26, J = 7 Hz,
SicH,), 2.72 (t, 28, J = 7 Hz, NCH,) , 3.76 (s, 2H, PhCH,) ,

7.16-7.52 ppm (m, 9H, aromatic protons) . (Found: C, 67.49;
H, 7.35; N, 4.79. C17322C1N51 caled.: C, 67.19; H, 7.30;

N, 4.61%.)

(3—Chlorobenzy1)cn1oromethyldlmethylsllane (xI)

‘A solutlon of chloromethyldlmethylchlor051lane (23 6 g,
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1§5 mm61) in-ethef,(30 ml) was added. dropwise fo a solution
of'é;chlorbbénzylmagnesium biomide prepared from 3~chlorobenzyl
'~bromidé'(30.8 g, 150 mmol) ana magnesiuﬁ turnings (3.65 g,

150 mg-atom) in ether (200 ml). = After 6 h of stirring at
refiux; fhe reactioh mixture was hydrolyzed with water, and
extrécted with ether. The ethereal extracts were dried,
conqentrated, and distilled to give 20.6 g (59%) of XI,

b.p. 149-151°C/17 mmHg. NMR (CDClj): 6 0.20 (s, 6H, SiCH3),
2.24 (s, 2H, SiCHz), 2.72 (s, 2H, CH,Cl), 6.75-7.19 ppm

{(m, 4B, aromatic protons). (Found: ¢, 51.31; H, 5.83.

C10H14C128i caled.: 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 mmocl) 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
XIX¥a (59%), XIIb (72%), and XIIc (80%), respectively.
These compounds were characterized as follows.
N-Methyl-~(3-chlorobenzyl)dimethylsilylmethylamine (XIIa);
b.p. 142-144°C/14 mmHg. NMR (CDC13): § 0.03 (s, 6H, SiCH3),

2.04 (s, 2H, SiCH,N or ArCsti), 2.10 (s, 2H, SiCHZN or

2
ArCHZSi), 2.42 (s, 34, NCH3), 6.72-7.24 ppm (m, 4H, aromatic

protons) . XITa-oxalate, m.p. 186-187°C (decomp.) (from
ethanol). {Found: C, 49.24; H, 6.25; N, 4.67.
CllH]_BClNSl'CZHzO4 calcd.: C, 49.13; H, 6.34; N, 4.41%.)

_E:Ethyl-(3—chlorobenzyl)dimethylsilylmethylamine (XIIb);
b.p. 149-151°C/16 mmHg. NMR (CDC13): 6 0.04 (s, 6H, SiCHB),
1.04 (t, 3H, J =7 Hz, CHZQQB), 2.06 (s, 2H, SiCH2
N or ArCsti), 2.60 (q, 2H, J = 7.Hz, C§2CH

N or ArCHZSi),

2.11 (s, 2H, SiCH

2 3) s

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



f6 72 7 36 ppn (m, QH, aromatlc

fprotons). '(round?'c; 67. 45 H, 7. 44 N, 4. 76 c H. ClNSl

17 22

fcalca.-,c, 67 ”’H 7.30; N, ,.61% )

'Reactlon of IXa—c or. XIIa-c w1th Phenyllltnlum,,”7

General procedure.t§ A solutlon of phenylllthlum [6]

iprepared from bromobenzene (3. 61 g, 23 mmol) and 11th1um

:cllpplngs (0 64 g, 92 mg—atom) in ether (25 ml) was. added

—dropw1se to a bolllng solutlon of 511ylalkylam1ne (IXa—c or.

;xIIa-c) (15 mmol) 1n ether (35 ml). . After 2——30 h of stlrrlnv

at reflux, the reactlon mlxture was- hydrolyzed with water,

'and extracted w1th ether. - ‘The ethereal extracts were extracte:

;w1th 5% HCl The ac1d extracts were ‘made alkallne ‘with

,5% NaOH,’and extracted with ether., The ethereal extracts

. viere drled, concentrated,{and d;stllledfto;give‘corresponding;

Xa-b”and XIIIa;b.'~, Compounds Xc . andixIIIc-were obtained by

vdlstlllatlon of the flrst ‘ethereal extract w1thout acid

'extractlon-

The ylelds and propertles of these compounds are summarlzed

in- Table 1.

/Acknowlegement -+ - This work was - supported by the Matsunaga
B M“WW
: Besearch Grant from Matsunaga Sc1ence Foundatlon. ,The:A

:,authors are also grateful to the Shln-Etu Chemlcal Industry

"ca., Ltd. for a generous gift: ‘of chlorosxlanes._,m7=¥




207 .

:i‘7ﬁgtsééngy,}bheﬁ. Rev., 62 (1962) 21.
,2;fé;:gb§aga,r:. Sato and H. Shirai, J. Organometal. Chem.,
118 (1976) 1.
3 L. H. Sommer, G. M. Goldberg, G. H. Barnes and L. S. Stone, Jr.,
J. Amer. Chem. Soc., 76 (1954) 1609.
4 K}‘Ninomiya. T. Shioiri and S. Yamada, Tetrahedron, 30
(1974) 2151.
5 M. E. Jung‘and M. A. Lyster, J. Amer. Chem. Soc., 99 (1377)
968.
6. R. G. Jones and H. Gilman, in R. Adams, (E4d.),

Organic Reactions, Vol. VI, John Wiley and Sons, Inc,

New York, N. Y., 1951, p. 353.



