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N-(Triorganosilylmethy1)dialkylamines (1) hav ing  a t  least one pheny l  subst i tuent o n  the sil icon reacted w i t h  
benzyne t o  give N-alkyl-N-(1-triorganosilylalky1)anilines (2, Stevens rearrangement products) and o-diorganoben- 
zylsilyl-N,N-dialkylanilines (3, anionic rearrangement products of the s i ly l  group). T h e  presence of two  stable in- 
termediates, betaine (8) giv ing 3 and  yl ide (9) giv ing 2, was proved by carbonation or methylat ion.  

Silicon has a high affinity for ylide carbanions and exerts 
a stabilizing effect on these carbanions.lJ Phosphorus, arsenic, 
and sulfur ylides having a silicon substituent directly attached 
to the carbanion have been synthesized as distillable The 
stabilizing effect of silicon upon a nitrogen ylide is not well 
investigated. In an earlier paper4 we reported that the reaction 
of N-(trimethylsilylmethy1)dimethylamine (la) with benzyne 
gave predominantly N-methyl-N-(1-trimethylsilylethy1)- 
aniline (2d) which was produced by the Stevens rearrange- 
ment of a silyl ylide intermediate (9d). However, the Stevens 
rearrangement competed with a new anionic rearrangement 
of the silyl group in the benzyne reaction of N-(triorganosil- 
ylmethy1)dialkylamines (la-c and le-i) having at  least one 
phenyl substituent on the silicon atom. Aminomethyltrior- 
ganosilanes (la-j) were synthesized by reaction of triorga- 
nosilyllithium with dialkylaminomethyl phenyl sulfides 
(method C in Table 11) or by reaction of triorganochloro- 
methylsilanes with dialkylamines (method D). 

When to a mixture of N-(diorganophenylsilylmethy1)- 
dimethylamines (la-c) and o-fluorobromobenzene in ether 
was added n-butyllithium at -25 to -40 "C, then the mixture 
was heated a t  reflux (method A in Scheme I and Table I), two 
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isomeric bases were obtained. Analytical data of these isomers 
revealed that they were grouped into two types of N-meth- 
ylaniline derivatives (2 and 3). One group was assigned to the 
Stevens [1,2] rearrangement product, N-methyl-N-(1-dior- 
ganophenylsilylethy1)anilines (2a-c) (see Table 111). 

NMR spectra of the other group indicated the presence of 
benzyl and dimethylamino groups (Table IV). Acid hydrolysis 
of 3a gave N,N-dimethylaniline (5, eq 1). Thus the structures 

3a 

of 3a-c were presumed to be o-diorganobenzylsilyl-N,N- 
dimethylaniline, and they were confirmed by spectroscopic 
comparisons with authentic samples prepared by the reaction 
of o -1ithio-N,N-dimethylaniline (6) (prepared by reaction of 
o -bromo-N,N- dimethylaniline with n-butyllithium) with the 
corresponding diorganobenzylchlorosilane (7a-c) (eq 2). 

+ PhCH2SiR2R3C1 - OKNMe2 (2) 

KCHaPh 7a- c 

R2 R3 

3a-C 

6 
a, R2 = R3 =Ph 
b, R2 = Ph; R3 =Me 
c, R2 = R3 = M e  

When la-c were allowed to react with benzyne generated 
by the reaction of bromobenzene with sodium amide in boiling 
THF (method B in Scheme I and Table I), the same reaction 
products were obtained in lower yields than those of method 
A. The benzyne reaction of N-(diorganophenylsilylmethy1)- 
dialkylamines (le-i) having /3 hydrogens in N-alkyl substit- 
uents also gave predominantly the silyl rearrangement 
products (3e-i). Yields of the Stevens rearrangement product 
(2h) and the Hofmann elimination product (4g) were quite 
low. 

The formation of 3 could be explicable as a result of the 
anionic rearrangement of a silyl group to a carbanion in a 
betaine intermediate (8) accompanied by the shift of a phenyl 
group from the silicon to the neighboring carbon (eq 3 in 
Scheme 11). The related rearrangements have been observed 
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Table I. Reaction Products of N-(Triorganosilylmethy1)dialkylamines (1) with Benzyne 

Reaction conditions Yield, % 
1 

2 3 (recovery) R' R2  R3  R4 RS Method Temp,"C  Time, h 

a Ph Ph Ph Me Me A -25 to -30 7 27.2 46.0 0 
Reflux 7a 

B Reflux 3 4.5 8.7 37.2 
b Ph Ph Me Me Me A -35 to -40 3 25.0 63.0 0 

Reflux 2 
B Reflux 4 7.8 12.7 45.7 

C Ph Me Me Me Me A -35 to -40 3 43.8 37.1 0 
Reflux 2 

B Reflux 4 11.1 10.8 35.4 
d Me Me Me Me Me A -35 to -40 3 78.6 0 0 

B Reflux 2 60.0b 0 0 
e Ph Ph Ph Et Et B Reflux 3 0 6.4 55.5 
f Ph Ph Me E t  E t  B Reflux 3 0 29.9 52.5 
PC Ph Me Me Et Et B Reflux 3 0 30.3 28.4 
h Ph Ph Ph -(CH, A- B Reflux 3 1 . 4  21.8 35.0 
i Ph Ph Ph -(CH,),O(CH,),- B Reflux 3 0 7.4 58.2 

B Reflux 2 0 33.2 29.9 

Reflux 2 

j Me,Si Me Me Me Me A -35 t o  -40 3 0 94.0 0 

a Refluxed in THF.  b Reference 4. CN-Ethyl-N-( dimethylphenylsilylmethyl)aniline (4g)  was obtained in 3.7% yield. 

Table 11. N-( Triorganosilylmethy1)dialkylamines (1) 

Method C 

Method D 

R'\ /R4 

R3' 'p 
R2--SiLi + PhSCHzN --+ 1 

18 

R' \ /R4 
R2-SiCH,Cl + HN -+ 1 
R3' 'R5 

NMR 
Registry Yield, BP (CDCl,), 6 

no. Compda Method % "C (mmHg) SiCH,N 

53174-43-9 l a b  C 48.0 172-174 (0.6) 2.70 

5 49 2 6-3 2-8 

54926-29-3 
18182-40-6 
53174-46-2 
54926-35-1 
54926-36-2 
60030-75-3 

60030-76-4 

60030-77-5 

l b  

I C  
lde 
l e b  
If 
1 g  
l h  

l i  

D 

70.9 

42.3 
55.0 
48.2 
74.0 
49.2 
44.7 

38.0 

68.1 

[ 11 1-1 13'1 c ' 

106-110 (0 .4 )  
[ 163-164ld 
88-90 ( 6 )  

11 5-1 18 
150-152 (0.1) 
118-120 (0 .3 )  
121-126 ( 1 8 )  
165-168 (0.15) 
[114-116]C 
173-175 (0.2) 
[ 97-991C 
85-89 ( 5 3 )  

[121-122l . f  

2.39 

2.08 
1.91 
2.82 
2.46 
2.15 
2.88 

2.74 

2.08 

a Satisfactory analytical data (+0 .4% for C, H, and N) were reported for all new compounds listed in the table. b Reference 
1. C Recrystallized from n-hexane. d Oxalate, recrystallized from ethanol. e Reference 4. foxa la t e ,  recrystallized from 
ethanol-ether. 

Table 111. N-Alkyl-N-( 1-triorganosilylalky1)anilines ( 2 )  

NMR (CDCl, ). 6 

Registry no. Compda Mp, "C R2 and R 3  Si-dH-N R4  R5  Aromatic H 

57341-06-7 2a 88-89b 4.50 2.68 1 .34  6.54-7.74 

57341-07-8 2b  64-66b 0.64 4.07 2.68 1.28 6.52-7.72 

57 341-08-9 2c 150-1 5lC 0.32 3.64 2.72 1.19 6.48-7.60 

(1, q, 7.5) (3 ,  s) (3 ,  d, 7 .5 )  (20 ,  m )  

(3,  s) (1, q, 7.5) (3 ,  s) (3 ,  d, 7 .5 )  (15,  m )  

(HCl salt) ( 3 , s )  (1, q, 7.5)  (3 ,  SI (3 ,  d ,  7 .5 )  (10, m )  
0.39 

6.52-7.88 
(3,  s) 

60030-78-6 2h 122-1246 4.44-4.72 2.92-3.60 1.72-2.00 
(1, m )  ( 2 ,  m,  NCH,) (2 ,  m,  CHCH,) (20, m )  

a Satisfactory analytical data (20.4% for C, H, and N )  were reported for all new compounds listed in the table. b Recrystal- 
lized f rom ethanol. C Recrystallized from ethanol-ether. 
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Table IV. o-Diorganobenzylsilyl-N,N-dialkylanilines (3a-i) and 
o-Dimethyl( trimeth ylsilylmethy1)silyl-N, N-dimethylaniline ( 31) 

NMR (CDCI,), 6 
MP [bPl,  

Registry no. Compda "C (mmHg) R', R2, and R3 SiCH, R4 and R5 Aromatic H 
57341-03-4 
57 3 41-04-5 
57341-05-6 
60030-79-7 

60030-80-0 

60030-81-1 

60030-82-2 

60030-83-3 

3a 
3b 
3c 
3e 

3f 

3g 

3h 

3i 

11 0-1 1 l b  3.04 (2, s )  
7 0-7 2b 0.43 (3, s) 2.73 (2, s) 
51-53b 0.20 (6, s )  2.40 (2, s) 
76-78b 3.16 (2, s )  

[165-171 (0.2)J 0.47 (3,  S )  2.72 (2, S) 

[122-126 ( O . l ) ]  0.22 (6, S) 2.41 (2,  S)  

123-125b 3.04 (2, s) 

132-133C 3.07 (2, s )  

2.26 (6, s )  
2.36 (6, s)  
2.63 (6, s) 
0.74 (6, t )  

0.80 (6, t )  

1.02 (6, t )  

1.39-1.83 (4, m) 
2.55-2.91 (4, m)  
2.37-2.69 (4, m) 

2.79 (4, 4 

2.75 (4, 9) 

2.96 (4, 9) 

6.64-7.52 (19, m)  
6.77-7.56 (14, m) 
6.85-7.48 (9, m) 
6.72-7.60 (19, m) 

6.72-7.60 (14, m) 

6.88-7.52 (9, m) 

6.71-7.63 (19, m) 

6.65-7.65 (19, m)  
3.25-3.45 (4, m) 

60030-84-4 3j [141-145 (19)] 0.04 (9, s)  0.16 (2, s) 2.69 (6, s) 7.08-7.60 (4, m) 

asatisfactory analytical data (+0.4% for C, H, and N )  were reported for all new compounds listed in the table. b Recrystal- 
0.40 (6, s)  

lized from ethanol. C Recrystallized from n-hexane. 
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when, for example, dimethylphenylsilylmethyl chloride or 
benzoyltriphenylsilane was treated with nucleophilic re- 
agents. 
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When the benzyne reaction by method A was quenched by 
the addition of water before elevation of the reaction tem- 
perature, neither 2 nor 3 was obtained but the corresponding 
triorganosilanol (and hexaorganosiloxane) only was formed. 
It  thus appeared that two rearrangements giving 2 and 3 do 
not occur below -25 or -35 O C  but they are induced by the 
elevation of temperature. The betaine intermediate (8) pre- 
dominates in the cold reaction mixture. 

Addition of hydriodic acid to the cold reaction mixture of 
IC with benzyne (method A) gave N,N-dimethyl-N-(dim- 
ethylphenylsilylmethy1)anilinium iodide (1 1) which was 
identified with an authentic sample prepared from N- 
methyl-N-(dimethylphenylsily1methyl)aniline (12, eq 6 in 
Scheme 111). Addition of carbon dioxide produced o-[N,N- 
dimethyl-N-(dimethylphenylsilylmethyl)ammonio] benzoate 
(13), which was reduced by lithium aluminum hydride to 0- 
(N-methyl-N-dimethylphenylsilylmethylamino)benzyl al- 
cohol (14, eq 7). The structure of 14 was confirmed by com- 
parison with an authentic sample prepared from o-(form- 
y1amino)benzoic acid (16) via a dimethylphenylsilylmeth- 
ylation product (17, eq 9). 

Elevation of the reaction temperature to room temperature 
after the addition of methyl iodide produced 3c and N,N- 
dimethyl-N-( 1-dimethylphenylsilylethy1)anilinium iodide 
(15, eq 8). Methylation of 2c to 15 was achieved by heating 
with methyl iodide for many hours, but no reaction occurred 
at  room temperature. 

Cope and co-workers7 have reported that lithium aluminum 
hydride reduction of amine methiodides gave predominantly 
demethylation products. The reduction of three quaternary 
ammonium salts, 11,13, and 15 also gave the corresponding 
demethylation products, 12, 14, and 2c. 

The formation of 13 indicates that the betaine intermediate 
(8), in which the carbanion could be stabilized by coordination 

with the silicon atom, exists in the cold reaction mixture. A 
similar stabilizing effect of silicon for the betaine carbanion 
has been observed in the reaction of NJV-dimethy1-2-trior- 
ganosilylethylamine with benzyne.8 

Methiodide 15 should be produced from the ylide inter- 
mediate (9c) which is stabilized by the adjacent silicon. The 
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presence of 3c and 15 in the same reaction mixture suggests 
that, as the temperature is raised, proton transfer in 8c giving 
9c (eq 4) competes with the rearrangement of the silyl group 
to the betaine carbanion accompanied by the migration of a 
phenyl from the silicon to the neighboring carbon (eq 3). 
Contribution of the Hofmann elimination path (eq 5) is very 
low even in the diethylamine derivatives (le-g). 

It  has been well recognized that, under influence of base, 
a trimethylsilyl group migrates from silicon to carbon much 
more easily than does a phenyl group.g The reaction of (di- 
methylaminomethyl)pentamethyldisilane (1 j) with benzyne 
proceeded very fast and, without heating (method A), gave 
exclusively o-dimethyl(trimethylsilylmethyl)silyl-N,N- 
dimethylaniline (3j) (Table I). 

Experimental Section 
NMR spectra were recorded using a JNM-MH-100 (JEOL) spec- 

trometer employing tetramethylsilane as internal standard. Ir spectra 
were taken on an IRA-2 (JASCO) spectrometer. Mass spectra were 
recorded using a M-52 (Hitachi) spectrometer. GLC analyses were 
performed on JGC-750FID and JGC-1100FID (JEOL) chromato- 
graphs using stainless steel columns with a nitrogen flow rate of 50 
ml/min. Quantitative analysis of the reaction mixtures was carried 
out by the internal standard method. Fractional distillation was ac- 
complished by a GKR-50 (Buchi) Kugelrohr distillation apparatus. 
All boiling points and melting points are uncorrected. n-Butyllithium, 
15% in hexane, was obtained from Nakarai Chemicals Ltd., Kyoto. 
Ether and THF were dried by distillation from lithium aluminum 
hydride just prior to use. 
N-(Triphenylsilylmethyl)dialkylamines ( la ,  I e, lh ,  and  li) 

(Method C in  Table 11). To an ice-cold solution of dialkylami- 
nomethyl phenyl sulfide10 (Ha, Me, lSh, and Hi, 56 mmol) in THF 
(30 ml) was added dropwise a solution of triphenylsilyllithium'l 
prepared from triphenylchlorosilane (23.6 g, 80 mmol) and lithium 
clippings (1.7 g, 0.25 g-atom) in THF (100 ml). After 3 h of stirring at  

room temperature, the reaction mixture was hydrolyzed with satu- 
rated aqueous NHIC1. The THF layer was separated and the aqueous 
layer was extracted with ether. The combined organic layer was dried 
and concentrated. The residue was dissolved in ether and extracted 
with 10% HC1. The acid extract was neutralized with sodium car- 
bonate and extracted with ether. The ethereal extract was dried, 
concentrated, and distilled giving la, le, lh, or li. 

Characterizing data are summarized in Table 11. 
N-(Methyldiphenylsilylmethy1)dialkylamines ( l b  and If). In 

a similar manner as above, dialkylaminomethyl phenyl sulfide (18b 
or 18f, 50 mmol) was treated with methyldiphenylsilyllithiumll 
prepared from methyldiphenylchlorosilane (23.3 g, 0.1 mol) and 
lithium clippings (2.1 g, 0.3 g-atom) in THF (130 ml). The results are 
summarized in Table 11. 
N-(Dimethylphenylsilylmethyl)dialkylamines ( IC and lg) 

(Method D in  Table 11). A mixture of dimethylphenylsilylmethyl 
chloride5 (18.5 g, 0.1 mol) and 0.25 mol of dimethylamine or diethyl- 
amine was heated in a sealed tube at  130-140 "C for 8 h. After the 
addition of 10% NaOH (100 ml), the reaction mixture was extracted 
with ether. The ethereal extract was dried, concentrated, and distilled 
giving IC or lg. 
(Dimethylaminomethyl)~entamethyldisilane (lj). A mixture 

of (chlorom~ethyl)pentameth~ldisilanelz~(lO.O g, 55 mmol) and di- 
methylamine (12.6 g, 0.28 mol) was heated in a sealed tube at 130-140 
OC for 8 h. The reaction mixture was neutralized with 10% NaOH and 
extracted with ether. The ethereal extract was dried, concentrated, 
and distilled giving 7.13 g (68.1%) of lj. 

Reaction of N-(Triphenylsilylmethy1)dimethylamine ( l a )  
with Benzyne (Method A). n-Butyllithium (7.7 ml, 12 mmol) was 
dropped into a solution of la (3.17 g, 10 mmol) and o-fluorobromo- 
benzene (2.28 g, 13 mmol) in ether (85 ml) a t  -25 to -30 "C. Stirring 
was continued for 7 h at the same temperature, then for 3 h a t  room 
temperature. After the addition of THF (100 ml), the ether was 
evaporated and the mixture was heated at  63 "C for 7 h. Then the 
mixture was hydrolyzed with water and extracted with ether. The 
ethereal extract was dried, concentrated, and distilled. The distillate 
of bp 180-190 "C (0.2 mm) was chromatographed on a silica gel col- 
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umn (n-hexane-benzene, 2:1), The first fraction gave o-benzyldi- 
phenylsilyl-N,N-dimethylaniline (3a), and the second fraction af- 
forded N-methyl-N-(1-triphenylsilylethy1)aniline (2a). Their yields 
were determined by quantitative GLC analysis (10% AN-600,3 mm 
X 1 m) of the distillate. 

Characterizing data are shown in Tables I, 111, and IV. 
Reaction of N-(Methyldiphenylsilylmethyl)dimethylamine 

( lb)  with Benzyne (Method A). n-Butyllithium (7.7 ml, 12 mmol) 
was added dropwise to a solution of l b  (2.55 g, 10 mmol) and o-fluo- 
robromobenzene (2.28 g, 13 mmol) in ether (65 ml) a t  -35 to -40 "C. 
The mixture was stirred at  the same temperature for 3 h, then at  reflux 
for 2 h. After the addition of water, the mixture was extracted with 
ether. The distillate of bp 140-165 "C (0.3 mm) of the ethereal extract 
was chromatographed on an alumina column (n-hexane) to give o-  
benzylmethylphenylsilyl-N,N-dimethylaniline (3b) from the first 
fraction and N-methyl-N-(1-methyldiphenylsilylethy1)aniline (2b) 
from the second fraction. Their yields were determined by GLC (10% 
AN-600,3 mm X 1 m) of the distillate. 

Reaction of N-(Dimethylphenylsilylmethyl)dimethylamine 
(IC) with Benzyne (Method A). A. In a similar manner as described 
for above lb,  a solution of IC (1.93 g, 10 mmol) and o-fluorobromo- 
benzene (2.28 g, 13 mmol) in ether (45 ml) was treated with n-butyl- 
lithium (7.7 ml, 12 mmol). The distillate of bp 114-130 "C (0.3 mm) 
was chromatographed to give o-benzyldimethylsilyl-N,N-dimeth- 
ylaniline (3c) and N-methyl-N-( 1-dimethylphenylsilylethy1)aniline 
(2c) which was purified as hydrochloride. The yields were determined 
by GLC of the distillate. 

B. The above benzyne reaction was repeated. After 3 h of stirring 
at  -35 to -40 "C, 3% aqueous HI (50 ml) was added to the reaction 
mixture. The ether layer was separated and the aqueous layer was 
extracted with chloroform. After evaporation of the chloroform, the 
residue was recrystallized from a mixture of ethanol and ethyl acetate 
to give 2.00 g (50.3%) of N,N-dimethyl-N-(dimethylphenylsilyl- 
methy1)anilinium iodide (11): mp 132.5-133.5 "C; NMR (CDCl3) 6 
0.16 (s, 6, SiCHs), 3.83 (s, 6, NCH?), 4.53 (s, 2, NCH2),and 7.16-7.96 
(m, 10, aromatic H). 

Anal. Calcd forC17HdNSi: C. 51.38: H. 6.09: N. 3.52. Found: C. 
51.11; H, 5.95; N, 3.G2. I. 

When the above reaction mixture was hydrolyzed with water in- 
stead of aqueous HI, the ether layer afforded a mixture of dimethyl- 
phenylsilanol and bis(dimethylpheny1)disiloxane. 

C. The above benzyne reaction (A) was repeated. After 3 h of stir- 
ring a t  -35 to -40 "C, carbon dioxide was bubbled into the reaction 
mixture a t  -45 to -50 "C for 4 h. Then the mixture was hydrolyzed 
with water. The ether layer was separated and the aqueous layer was 
extracted with chloroform. After removal of the chloroform, the res- 
idue was recrystallized from ethanol-ether to give 0.32 g (9.7%) of 
o - [N,N-dimethyl-N-(dimethylphenylsilylmethyl)ammonio] benzoate 
monohydrate (13): mp 113-115 "C dec; NMR (CDCln) 6 0.16 (s, 6, 
SiCHs), 3.73 (s,6, NCH3), 4.43 (s, 2, NCHz), and 7.04-7.78 (m, 9, ar- 
omatic H); ir (KBr) 1635 (CO), 3480 cm-l (OH). 

Anal. Calcd for &H23N02Si.H20: C, 65.22; H, 7.60; N, 4.23. Found: 
C, 64.92; H, 7.61; N, 4.17. 

D. The above benzyne reaction (A) was repeated. After 3 h of stir- 
ring a t  -35 to -40 "C, a solution of methyl iodide (2.84 g, 20 mmol) 
in ether (5 ml) was added to the reaction mixture. The mixture was 
stirred for 4 h a t  the same temperature, then for 1 h a t  room temper- 
ature. After the addition of water, the ether layer was separated and 
the aqueous layer was extracted with ether. The combined ether layer 
was dried and concentrated. Recrystallization of the residue from 
ethanol gave 0.68 g (25.2%) of 3c. 

The aqueous layer was extracted with chloroform. Evaporation of 
the solvent gave 0.88 g (21.4%) of N,N-dimethyl-N-( l-dimethyl- 
phenylsilylethy1)anilinium iodide (15) as a viscous oil: NMR (CDC13) 
6 0.44 (s, 3, SiCH3), 0.47 (s,3, SiCH3), 1.40 (d, 3, J = 7.0Hz, CHCHz), 

and 7.27-8.20 (m, 10, aromatic H). 
Reaction of N-(Trimethylsilylmethy1)dimethylamine ( Id)  

with Benzyne (Method A). In a similar manner as described for 
above lb, a solution of Id (1.31 g, 10 mmol) and o-fluorobromobenzene 
(2.28 g, 13 mmol) in ether (45 ml) was treated with n-butyllithium (7.7 
ml, 12 mmol). Distillation of the ethereal extract gave 1.63 g (78.6%) 
of N-methyl-N-(1-trimethylsilylethy1)aniline (2d), bp 136-140 OC 
(21 mm), which was identical with an authentic ~ a r n p l e . ~  

Reaction of (Dimethylaminomethyl)pentamethyldisilane (1 j) 
with Benzyne (Method A). n-Butyllithium (7.7 ml, 12 mmol) was 
added dropwise to a solution of l j  (1.89 g, 10 mmol) and o-fluo- 
robromobenzene (2.28 g, 13 mmol) in ether (45 ml) a t  -35 to -40 "C. 
After 3 h of stirring at  the same temperature, the reaction mixture was 
hydrolyzed with water. Distillation of the ethereal extract gave 2.50 

3.57 ( ~ , 3 ,  NCHz), 3.66 (s, 3, NCH3), 4.81 ( q , l ,  J = 7.0 Hz, CHCH3), 

g (94.0%) of o -dimethyl(trimthylsilylmethyl)silyl-N,N-dimethylan- 
iline (3j), bp 141 -145 "C (19 mm). Data are shown in Table IV. 

Reaction of N-(Triorganosilylmethy1)dialkylamines (la-j) 
with Benzyne (Method B). Bromobenzene (2.35 g, 15 mmol) was 
added dropwise to a boiling mixture of la-j (10 mmol) and sodium 
amide (0.62 g, 16 mmol) in THF (30 ml). After 3-4 h of heating at  re- 
flux, the reaction mixture was hydrolyzed with saturated aqueous 
NHICl. The THF layer was separated and the aqueous layer was ex- 
tracted with ether. The combined organic layer was dried, concen- 
trated, and distilled to recover unchanged 1. Column chromatography 
or fractional distillation of the residue gave 2 and 3. Results are shown 
in Tables I, 111, and IV. 

In the case of lg, N-ethyl-N-(dimethylphenylsilylmethyl)aniline 
(4g) was isolated with 3g by column chromatography (alumina, n- 
hexane-benzene, 2:l) as a viscous oil, which was purified as hydro- 
chloride: mp 146-147 "C (recrystallized from ethanol-ether); NMR 
(CDC13, free base) 6 0.32 (s, 6, SiCH3), 0.97 (t, 3, ethyl CH3), 2.98 (s, 
2, SiCHz), 3.21 (9, 2, ethyl CHz), and 6.48-7.60 (m, 10, aromatic 
H). 

Anal. Calcd for C17H2xNSi.HCl: C, 66.75; H, 7.91; N, 4.58. Found: 
C, 66.69; H, 8.15; N,-4.47. 

Acid Hydrolysis of Benzyldiphenylsilyl-N,N-dimethylaniline 
(3a). A mixture of 3a (0.30 E, 0.76 mmol), 47% HBr (2.4 E), and acetic 
acid (5 ml) was heated at  reflux for 19 h, and then it was neutralized 
with sodium carbonate solution. The ethereal extract of the reaction 
mixture was dried, concentrated, and distilled giving 32 mg (35.0%) 
of N,N-dimethylaniline ( 5 ) .  
o-Diorganobenzylsilyl-N,N-dimethylanilines (3a-c). n-Bu- 

tyllithium (11.5 ml, 18 mmol) was added to a solution of o-bromo- 
N,N-dimethylaniline (3.0 g, 15 mmol) in ether (80 ml) at 0-10 "C, and 
stirring was continued for 2 h. Then to the mixture was added a so- 
lution of benzyldiphenyl- (7a), benzylmethylphenyl- (7b), or ben- 
zyldimethylchlorosilane (7c, 18 mmol) in ether (60 ml). After 4 h of 
heating at reflux, the reaction mixture was hydrolyzed with saturated 
aqueous NH&l and extracted with ether. The ethereal extract was 
dried and concentrated. Recrystallization of the residue from ethanol 
gave 2.00 g (33.9%) of 3a, 3.01 g (60.6%) of 3b, or 2.43 g (60.1%) of 
3c. 
N,N-Dimethyl-N-dimethylphenylsilylmethylanilinium Iodide 

(1 1). A solution of N-methyl-N-dimethylphenylsilylmethylaniline8 
(12, 1.28 g, 5 mmol) and methyl iodide (3.55 g, 25 mmol) in acetone 
(15 ml) was heated at reflux for 48 h. After removal of the solvent, the 
residue was recrystallized from a mixture of ethanol and ethyl acetate 
to give 1.61 g (80.9%) of 11, which was identified with the sample ob- 
tained by the benzyne reaction of IC followed by the addition of hy- 
driodic acid. 

N,N-Dimethyl-N-( 1-dimehylphenylsilylethyl)anilinium Io- 
dide (15). A solution of 2c (0.25 g, 0.9 mmol) and methyl iodide (0.64 
g, 4.5 mmol) in acetone (10 ml) was heated at  reflux for 60 h. Evapo- 
ration of the solvent gave 0.36 g (94.3%) of 15 which was identical with 
the sample obtained by the benzyne reaction of IC followed by the 
treatment with methyl iodide. 

Lithium Aluminum Hydride Reduction of 11. A mixture of 11 
(0.40 g, 1 mmol) and lithium aluminum hydride (0.38 g, 10 mmol) in 
THF (40 ml) was heated at reflux for 9 h. After the addition of 5% HCl, 
the acid layer was washed with ether and neutralyzed with sodium 
carbonate. The ethereal extract of the aqueous layer was dried, con- 
centrated, and distilled giving 0.19 g (73.9%) of 12, bp 151-153 "C (6 
mm). 

Lithium Aluminum Hydride Reduction of 13. A mixture of 13 
(0.52 g, 1.5 mmol) and lithium aluminum hydride (0.57 g, 15 mmol) 
in THF (50 ml) was heated for 8 h and then it was treated in the same 
manner as described for 11 to give 0.12 g (26.8%) of o-(N-methyl- 
N-dimethylphenylsily1methylamino)benzyl alcohol (14): bp 125-130 
"C (0.09 mm); NMR (CDC13) 6 0.30 (s, 6, SiCH3), 2.58 (s, 3, NCH1), 
2.72 (s, 2, NCH2), 4.58 (s, 2, OCHs), and 6.76-7.61 (m, 9, aromatic H); 
ir (neat) 3420 cm-' (OH); mass spectrum mle 285 (M+). 

Anal. Calcd for C17H23NOSi: C, 71.53; H, 8.12; N, 4.91. Found: C, 
71.27; H, 7.98; N, 4.37. 

Lithium Aluminum Hydride Reduction of 15. A mixture of 15 
(0.26 g, 0.63 mmol) and lithium aluminum hydride (0.24 g, 6.3 mmol) 
in THF (30 ml) was heated at  reflux for 9 h and then it was treated 
in the same manner as described for 11 to give 60 mg (35.2%) of 2c. 
Dimethylphenylsilylmethyl o-(N-Formyl-N-dimethyl- 

phenylsilylmethy1amino)benzoate (17). A mixture of o-formyl- 
aminobenzoic acid (16,1.65 g, 10 mmol) and sodium hydride (0.58 g, 
24 mmol) in DMF (60 ml) was heated at  100 "C for 6 h. Then to the 
mixture was added a solution of dimethylphenylsilylmethyl chloride 
(4.07 g, 24 mmol) in DMF (10 ml) a t  room temperature. After 4 h of 
stirring at  100 "C, the reaction mixture was poured into water and 
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extracted with ether. The ethereal extract was dried, concentrated, 
and distilled giving 2.03 g (44.0%) of 17: bp 205-210 "C (0.1 mm); 
NMR (CDCl3) 6 0.23 (s,6, SiCH3), 0.39 (s, 6, SiCHs), 3.39 (s, 2, NCHd, 
4.17 (s,2, OCHz), 6.80-7.88 (m, 14, aromatic H), and 8.07 (s, 1, CHO); 
ir (neat) 1675,1720 cm-I (CO). 

Anal. Calcd for C26H31N03Si2: C, 67.64; H, 6.77; N, 3.03. Found: 
C, 67.72; H, 6.49; N, 3.30. 

0- (  N-Methyl-N-dimethylphenylsilylmethy1amino)benzyl 
Alcohol (14). A mixture of 17 (1.17 g, 2.5 mmol) and lithium alumi- 
num hydride (0.95 g, 25 mmol) in THF (50 ml) was heated at  reflux 
for 3 h, and then it was hydrolyzed with 5% HC1. After the addition 
of ether (400 ml), the acid layer was separatd. The acid layer was made 
alkaline with aqueous sodium hydroxide and extracted with ether. 
Distillation of the extract gave 0.58 g (80.2%) of 14 which was identical 
with the product of lithium aluminum hydride reduction of 13. 
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The reaction of sodium or triethylamine salts of disubstituted dithiocarbamic acids with 4-chloro-3,5-dinitroben- 
zotrifluoride afforded the unexpected novel title compounds (4-9). The reaction of the triethylamine salt of ethyl- 
dithiocarbamic acid with 4-chloro-3-nitrobenzotrifluoride or 4-chloro-3,5-dinitrobenzotrifluoride furnished a novel 
synthesis of substituted phenyl sulfides (10-1 1). Possible mechanisms and supporting NMR, ir, Raman, mass spec- 
tra, and single-crystal x-ray structure analysis for 4 are discussed. 

Prakasch and Mohan La1 Garg3 reported that the reaction 
of activated aromatic compounds, such as l-chloro-2,6-dini- 
trobenzene and 1,4-dichloro-2,6-dinitrobenzene, with sodium 
salts of disubstituted dithiocarbamic acids furnished the 
2,6-dinitrophenyl and 4-chloro-2,6-dinitrophenyl esters of the 
dithiocarbamic acids, respectively. 

NO, 

N6, Nb, (1) 

R = morpholino o r  piperidino; X = H or C1 

However, in more activated halogenated aromatic nitro 
 compound^,^ nitro groups are displaced nucleophilically and 
aromatic esters of dithiocarbamic acids are obtained in 72-92% 
yields. 

I c1, c 1 n  
R = dialkylamino, morpholino, o r  piperidino; n = 0-4 

We wish to report that the reaction of sodium or triethyl- 
amine salts of disubstituted dithiocarbamic acids with 4- 
chloro-3-nitrobenzotrifluoride in dimethylformamide at  80-90 
"C furnished the expected products (1-3) in 82-97% yields. 

R = dimethylamino, 1; morpholino, 2; diethylamino, 3 

However, when 4-chloro-3-nitrobenzotrifluoride was re- 
placed with 4-chloro-3,5-dinitrobenzotrifluoride, t he  expected 

II -P 0 
DMF 5 

2RC-S- + 2C1 p 3  0-40- 
NOz 

R = dimethylamino, 4; diethylamino, 5 ;  

I + 2N0 
II "C 
S 

RC-S 

" (4) 
pyrrolidino, 6 ;  piperidino, 7; 

morpholino, 9 NQz 
morpholino, 8; 2,6-dimethyl Q 


