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Reaction of Silylynamines with Active Triple Bonds 
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N,N-Disubs t i tu ted  (triorganosilylethyny1)amines (silylynamines, 3) reacted w i t h  d imethy l  acetylenedicarboxyl- 
ate (6) ,  methy l  propiolate (7) ,  and  benzyne (18) to  give the 1 : l  addi t ion products 8,9, and 20. It appears that  these 
adducts were formed as a resul t  o f  1,3-anionic rearrangement of  the triorganosilyl group f rom carbon t o  carbon in 
the dipolar intermediates 16 and 19. 

T h e  addition reaction of ynamines with active multi- 
bonds provides a versatile tool in the syntheses of amine de- 
rivatives.l N,N- Dialkyl (alkyl or phenylethynyl) amine reacts 
with dimethyl acetylenedicarboxylate2 or benzyne3 in 1:2 mole 
ratio to give an aniline derivative or a mixture of phenanthrene 
and anthracene derivatives. These 1:2 addition products may 
be formed via dipolar intermediates reactive enough to add 
to  another  mole of the  active triple bond (Scheme I). In this 
paper, we report  the  1:l addition reaction of N,N-disubsti- 
tu ted  (triorganosilylethyny1)amines (silylynamines) with 
acetylenecarboxylates or benzyne. 

Silylynamines 3a-j were prepared by reaction of lithium 
diorganoamides 1 with triorganosilylethynyl chlorides 2 

M e t h o d  A 

1 3 

M e t h o d  B 

R' n-BuLi  R' R ,'Sic1 
'NCCl==CCI:, - 'NCECLi __t 3 
/ / 
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COOMe 

2 
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N - C i C - R ,  MeOOCCiCCOOWe, 

COOMe 
I 

(method A4) or from N-methyl-N-( l,Z,Z-trichlorovinyl)aniline 
(4) via lithium aminoacetylide ( 5 )  (method Bj). Method A 
gave good yields in the  preparation of N-(triorganosilyleth- 
yny1)dialkylamines 3a-f, and method B was adequate for 
N-(triorganosilylethyny1)arylamines 3g-j. The  results are 
summarized in Table I. 

When N,N-diethyl(trimethylsilylethyny1)amine (3a)  was 
mixed with a n  equimolar amount  of dimethyl acetylenedi- 
carboxylate (6) in ether,  an exothermic reaction occurred 
immediately a t  room temperature to  give the sole product 8a. 
T h e  elemental, NMR,  and mass spectral analyses of 8a indi- 
cated this product to be a 1:l adduct, C15H25N04Si, and the 
IR spectrum showed a band at  2180 cm-' indicating the  
presence of a triple bond. Thus,  the  s t ructure  of 8 a  was as- 
sumed as ( E )  -N,N- diethyl [ 3,4- bis( methoxycarbonyl) -4-tri- 
methylsilyl-3-buten-l-ynyl]amine (Scheme 11). 

Acid hydrolysis of 8 a  afforded a mixture of two desilylated 
amides (loa) which were assigned to  stereoisomers of E and 
2 types based on the  NMR. Catalytic hydrogenation of the 

COOH COOH I - HOOCCI3,C 
I 
b 0 O H  $.tI 

HOOCCH,C 

I 
COOH 

I 
H 

( 2 ) - a c o n i t i c  a c i d  (E ) -acon i t i c  a c i d  

mixture gave a 90% yield of N,N-diethyl-3,4-bis(methoxy- 
carbony1)butanamide (13) as a single product. Attempted 
separation of the  stereomers by silica gel column chroma- 
tography failed, because both isomers convert to each other 
a t  room temperature. In the presence of water, isomerization 
of (2)-aconi t ic  acid occurrs a t  ambient temperature.6 

Similar 1:l addition reactions of silylynamines with 6 were 
observed in the  cases of N,N-diethyl(dimethylethylsi1- 
ylethyny1)amine (3b),  N - (  trimethylsilylethyny1)morpholine 
(3e), and  N-methyl-N-(trimethylsilylethylny1)aniline (3g). 
N-Methyl-N-(tripheny1silylethynyl)aniline (3h) did not react 
in ether,  but  did in acetonitrile (see Table 11). Acid hydrolysis 
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Table  I. N,N-Disubstituted (Triorganosilylethyny1)amines 3 

R'\ , N C a C S i & 3 R 4  

R2 

Compda 
3 

Registry 
no. 

a 
b 

d 
e 
f 
g 
h 
i 
j 

C 

33567-68-9 
64024-61-9 
57694-91-4 
64024-62-0 
64024-63-1 
64024-64-2 
33567-67-8 
57694-92-5 
64044-70-8 
33567-66-7 

R3 

Me 
Me 
P h  
Me 
Me 
P h  
Me 
Ph  
Me 
Me 

R4 

Me 
Et  
P h  
Me 
Me 
P h  
Me 
Ph  
Me 
Me 

Yield, % 
Method Method 

A B 

63 44c 
74 
60 0 
49 
55 
80 

9 81 
0 36 

83 
0 78e 

73-75 (23) 
68-70 ( 7 )  
[42-431 
95-98 (19) 
88-90 (9) 

87-90 (1) 
[ 115-1 171 
78-79 (0.2) 
123-128 (1).5) 

[ 120-1 221 

IR, cm-I 
(C=C) 

2160 
2140 
2140 
2160 
2160 
2140 
2160 
2160 
2160 
2160 

Satisfactory analytical data (lt0.4% for C, H, and N) were reported for all new compounds listed in the table. Lit. 54%, ref 4. Lit. 
65%, ref 5 .  Lit. 85?6, ref 5 .  e Lit. 70%, ref 5 .  

Table  11. React ion of N,N-Disubsti tuted (Triorganosilylethyny1)amines (3) with  Dimethyl Acetylenedicarboxylnte (6)  
o r  Methyl Propiolate  (7) 

Reaction condition 
Temp, Time, Yield, 

R4 Y Solventn "C h % R1 R' E3 

8a Et  Et  Me Me COOMe 
8b Et  Et  Me Et  COOMe 
8e -(CH&!O(CH&- Me Me COOMe 
8g Me Ph  Me Me COOMe 
8h  Me P h  Ph  Ph  COOMe 

9a E t  Et Me Me H 

9g Me Ph  Me Me H 

E = ether, A = acetonitrile. No reaction. Polymerization. 

of N - m e t h y l - N -  [3,4-bis(methoxycarbonyl)-4-trimethylsi- 
lyl-3-buten-l-ynyl]aniline (8g) gave a mixture of (E)-log and 
(2)-log with (E)-aconitic acid trimethyl ester (11) and  N- 
methylaniline (12). 

The reaction of 3a or 3g with methyl propiolate (7) did not 

Scheme I1 
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Reflux 
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24 
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16 
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k 
17 

occur in ether. However, in boiling acetonitrile a low yield of 
the  1:l adduct 9a was obtained from 3a, but  not from 3g. Acid 
hydrolysis of 9a gave (E)-N,N-diethyl-4-methoxycarbonyl- 
3-butenamide (14) a n d  (E)-glutaconic acid dimethyl ester 
(15), which were identical with their authent ic  samples. 

T h e  reaction of silylynamines with acetylenecarboxylates, 
which is influenced by polarity of the solvent, may take place 
via a dipolar intermediate 16, in which an  anionic rearrange- 
men t  of t h e  silyl group giving 8 or 9 precedes t h e  addition of 
16 t o  another  mole of 6 or 7 to  form t h e  aniline derivative 17. 
T h e  intramolecular nature  of t h e  silyl migration was con- 
firmed by a crossover experiment. An equimolar amount  of 
3b and 3e was mixed and  t reated with 6 under t h e  above- 
mentioned reaction condition. T h e  products in the  reaction 
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Scheme I11 
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8k 
mixture were S b  and $le only, and no crossover products (Sa 
and  Sk) were detected. 

T h e  reaction of 3a or 3g with benzyne (18), generated from 
o-fluorobromobenzene and magnesium, also gave the  1:l ad-  
dition product 20a or 20g and no 1:2 adduct. N,N-Di-  
ethyl(o-trimethylsilylphenylethyny1)amine (20a) was hy- 
drolyzed to amide 21. Then  21 was reduced by lithium alu- 
minum hydride to  N,iV-diethyl-2-(0 -trimethylsilylphenyl)- 
ethylamine (22), which was identified by spectral comparison 
with an authent ic  sample prepared from N,N-diethyl-2-(0-  
bromopheny1)ethylamine (23) via a lithiated intermediate 24 
(Scheme 111). 

The  benzyne reaction of silylynamines seems to proceed via 
a similar dipolar interrnediate 19 t o  t ha t  of acetylenecarbox- 
ylates. T h e  rapid 1,3 rearrangement of the  silyl group from 
carbon to  carbon in 16 and 19 may be accelerated by the  par- 
ticipation of a pentacoordinated intermediate. 

Recently, Himbert  reported a 1 , 3 4 1 ~ 1  rearrangement from 
carbon to oxygen in the  reaction of silylynamine with di- 
phenylketene.T 

L R,' 1 - $NC=CC=CPh2 
I 

OSi R,' 

Experimental Section 
'H NMR spectra were recorded using a JEOL Model JNM-"-100 

spectrometer employing Me&i as internal standard. IR spectra were 
taken on a JASCO Model IRA-2 spectrometer. Mass spectra were 
recorded on a Hitachi Model M-52 spectrometer. GLC analyses were 
performed on a JEOL Model JGC-1100 chromatograph using stain- 
less-steel columns with a nitrogen flow rate of 50 mL/min. Quanti- 
tative analysis of the reaction mixtures was carried out by the internal 
standard method. Fractional distillation was accomplished by a Buchi 
Model GKR-50 Kugelrohr distillation apparatus. All boiling and 
melting points are uncorrected. All reactions were carried out under 
nitrogen atmosphere. Ether and THF were dried by distillation from 
LiAlH4 just prior t o  use. 

N,N-Disubstituted (Triorganosilylethyny1)amines (3). Method 
A.4 A solution of 220 mmol of phenyllithium in ether (150 mL) was 
added to a solution of 220 mmol of sec-amine in ether (150 mL) a t  
0-10 "C, and stirring was continued for 0.5 h. Then to the reaction 
mixture was added a solution of 200 mmol of triorganosilylethynyl 
chloride (2) in ether (50 mL) a t  the same temperature. After 2 h of 
stirring a t  room temperature, the reaction mixture was hydrolyzed 
with saturated aqueous potassium bicarbonate and extracted with 
ether. The ethereal extract was dried, concentrated, and distilled or 
recrystallized from hexane, giving 3a-g. 

Characterizing data are summarized in Table I. 

18 
la, - R1 = R 2  = E t  - 'E 
39. R1 = Y e ,  R 2  = Ph - 

23" 

2 0 9  - 

t? 

M e l S K 1  I 
a:: Z C H  INE t2  

a ' : 2 c H 2 N E t 2  n-BuL1 . 
23 24 

Method B.5 A solution of 125 mmol of n-butyllithium in n-hexane 
(80 mL) was added dropwise to a solution of 50 mmol of N,N-disub- 
stituted 1,2,2-trichlorovinylamine (4) in ether (100 mL) a t  0-10 "C, 
and stirring was continued for 2 h a t  room temperature. Then to the 
reaction mixture was added a solution of 60 mmol of triorganochlo- 
rosilane in ether (100 mL) at 0-10 "C. After 2 h of stirring a t  room 
temperature, the reaction mixture was hydrolyzed with 20% ammonia 
water and extracted with ether. The ethereal extract was dried, con- 
centrated, and distilled or recrystallized from hexane, giving 3a,g-j. 
Characterizing data are summarized in Table I. 

N,N-Disubstituted [3,4-Bis(methoxycarbonyl)-4-trialkylsi- 
lyl-3-buten-l-ynyl]amines (8a, 8b, 8e, and 8g). A solution of di- 
methyl acetylenedicarboxylate (6, 1.42 g, 10 mmol) in ether (E mL) 
was added dropwise to a solution of 10 mmol of N,N-disubstituted 
(trialkylsilylethyny1)amine (3a, 3b, 3e, or 3g) in ether (25 mL). The 
mixture was stirred a t  reflux (at room temperature in the case of 3a) 
for 2-10 h. After removal of the solvent, the residue was distilled to 
give 8a, 8b, 8e, or 8g. 

Characterizing data are shown in Tables I1 and 111. 
N-Methyl-N-[3,4-bis(methoxycarbonyl)-4-triphenylsilyl- 

3-buten-1-ynyllaniline (8h). A mixture of N-methyl-N-(triphen- 
ylsilylethyny1)aniline (3h, 1.37 g, 3.5 mmol) and 6 (0.50 g, 3.5 mmol) 
in 30 mL of acetonitrile was heated at 80 "C for 8 h. After removal of 
the solvent, the residue was recrystallized from ethyl acetate to give 
0.743 g (40%) of 8h. Data are summarized in Table 111. 

Mixing Experiment. A mixture of 3b (1.47 g, 8 mmol), 3e (1.47 
g, 8 mmol), and 6 (2.27 g, 16 mmol) in 30 mL of ether was heated at 
reflux for 2 h. The reaction mixture was analyzed by GLC using a 3 
mm X 1 m column filled with 10% silicone SE-30, programed from 
150-200 "C at 6 "C/min. The chromatogram showed the presence of 
8b (76%) and 8e (47%). No crossover products (8a and 8k) were de- 
tected. 

N,N-Diethyl( 4-methoxycarbonyl-4-trimethylsilyl-3-bu- 
ten-1-yny1)amine (9a). A mixture of 3a (3.39 g, 20 mmol) and methyl 
propiolate (7, 1.68 g, 20 mmol) in 40 mL of acetonitrile was heated at 
80 "C for 24 h. Distillation of the reaction mixture gave 1.22 g (24%) 
of 9a. Characterizing data are shown in Table 111. 

Acid Hydrolysis of 8a. To a solution of 8a (1.85 g, 6 mmol) in 5 mL 
of methanol was added 20 mL of 5% HCl-MeOH. After 5 h of stirring 
a t  room temperature, the reaction mixture was neutralized with 
aqueous potassium bicarbonate, and the methanol was removed under 
reduced pressure. The ethereal extract of the aqueous layer was dried, 
concentrated, and distilled giving 1.10 g (72%) of a mixture of (2)- and 
(E)-N,N-diethyl-3,4-bis(methoxycarbonyl)-3-butenamide (loa): bp 
110-113 "C (0.1 mm); NMR (cc14) 6 0.95-1.40 (m, NCH&H3), 
3.15-3.50 (m, NCHz), 3.60 and 3.96 (s X 2,COCHz X 2) ,  3.64, 3.76, 
3.78, and 3.82 (s X 4,OCHs X 4), 6.80 and 7.22 (s X 2, vinyl H X 2); IR 
(neat) 1640 and 1720 cm-I (C=O). 

Acid Hydrolysis of 8g. A mixture of a solution of 8g (1.35 g, 3.9 
mmol) in 5 mL of methanol and 20 mL of 5% HCl-MeOH was allowed 
to react and treated in a similar manner as described above for 8a. 
Fractional distillation gave 940 mg (36%) of N-methylaniline (12), 
192 mg (23%) of (E)-aconitic acid trimethyl esters ( l l) ,  and 320 mg 
(24%) of a mixture of (2)- and (E)-N-methyl-N-pheny1-3,4-bis- 
(methoxycarbonyl)-3-butenamide (log): bp 130-135 "C (0.015 mm); 
NMR (CC14) 6 3.22 and 3.30 (s X 2, NCH? X 21, 3.12 and 3.85 (s X 2, 
COCH:! X 2),  3.63,3.65,3.70, and 3.76 (s X 4,OCHs X 4), 6.74 (s, vinyl 
H), and 7.10-7.55 (m, aromatic H); IR (neat) 1655 and 1720 cm-' 
(C=O). 
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Tab le  111. N,N-Disubstituted [ 3,4-Bis(methoxycarbonyl)- or 4-Methoxycarbonyl-4-triorganosilyl- 
3-buten-1-vnvllamines 8 or 9 

BP (mmHg) 
Registry Imp1 7 IR (neat), cm-* 

Compda no. OC c=c c=o NMR (CC11), 6 

8a  64024-65-3 120-122 (0.07) 2180 1710 0.26 (s, 9, SiCH3), 1.23 (t, 6, NCHZCH~) ,  3.08 (q, 4, NCHz), 3.63 (s, 3, 
1725 OCH3),and 3.70(s,3,0CH3) 

8b  64024-66-4 133-135 (0.2) 2180 1710 0.16 (s, 6, SiCH3), 0.7-1.0 (m, 5, SiCHzCHs), 1.20 (t, 6, NCHZCH~) ,  3.14 
1725 

8e 64024-67-5 158-160 (0.6) 2220 1710 0.23 (s, 9, SiCHs), 3.12-3.24 (m, 4, NCHz), 3.60-3.75 (m, 4, OCHz), 3.64 
1735 

8g 64024-68-6 185-190 (0.15) 2210 1715 0.30 (s, 9, SiCH3), 3.37 (s, 3, NCHs), 3.69 (s, 3, OCH3), 3.80 (s, 3, OCHs), 
1730 

8h 64024-69-7 [160-1611 2190* 1705 2.46 (s, 3, NCH3), 3.30 (s, 3, OCH3), 3.89 (s, 3, OCH,j), and6.75-7.90 (m, 
1725 20, aromatic H) 

9a  64024-70-0 121-123 (3) 2180 1690 0.22 (s, 9, SiCHs), 1.25 (t, 6, NCHZCH~) ,  3.12 (q, 4, NCHz), 3.67 (s, 3, 

a Satisfactory analytical data (f0.4% for C, H, and N) were reported for all new compounds listed in the table. 

(4, 4, NCH2), 3.62 (s, 3, OCHz), and 3.68 (s,3, OCH3) 

( s ,3 ,0CH3) ,and  3.70 (s, 3, OCH3) 

and 6.90-7.30 (m, 5, aromatic H) 

OCH3), and 7.44 (s, 1, vinyl H)  

KBr disk. 

Acid Hydrolysis of 9a. In a similar manner as described for above 
8a, 9a (1.15 g, 4.5 mmol) was hydrolyzed and distilled to give 117 mg 
(17%) of (E)-glutaconic acid dimethyl esterg (15) and 215 mg (26%) 
of (E)-N,N-diethyl-4-methoxycarbonyl-3-butenamide (14): bp 
133-135 "C (20 mm); NMR (cc14) 6 0.95-1.35 (m, 6, NCHzCHd, 
3.10-3.50 (m, 6, NCH2 X 2 and COCHz), 5.82 (d, 1, J = 16 Hz, 
=CHCO-), and 6.93 (dt, 1, J = 16 and 7 Hz, CHzCH=); IR (neat) 
1640 and 1725 cm-' (C=O). 

Anal. Calcd for C I ~ H 1 ~ N 0 3 :  C, 60.28; H, 8.60; N, 7.03. Found: C, 
60.17; H, 8.66; N, 7.20. 
N,N-Diethyl-3,4-bis(methoxycarbonyl)butanamide (13). A 

mixture of 100 mg of platinum oxide and the (2)- and (E)-loa mixture 
(1.5 g, 5.8 mmol) in 50 mL of methanol was stirred with 100 atm of 
hydrogen at  room temperature for 3 h in an autoclave. After removal 
of the catalyst, the filtrate was concentrated and distilled, giving 1.35 
g (89%) of 13: bp 128-131 "C (2  mm); NMR (cc14) 6 1.00-1.35 (m, 6, 
NCHzCH3), 2.35-2.84 (m, 4, COCHd, 3.00-3.50 (m, 5, NCHz X 2 and 
>CH-), 3.64 (s, 3, OCHd, 3.66 (s, 3, OCH3); IR (neat) 1640 and 1735 
cm-' (C=O); mass spectrum mle 259 (M+). 

Anal, Calcd for Ci2Hz1N05: C, 55.58; H, 8.16; N, 5.40. Found: C, 
55.37; H, 8.15; N, 5.22. 

N,N-Diethyl( o-trimethylsilylphenylethyny1)amine (20a). A 
solution of o-fluorobromobenzene (1.58 g, 9 mmol) in ether (5 mL) 
was added to a boiling mixture of 3a (1.19 g, 7 mmol) and magnesium 
turnings (0.22 g, 9 mg-atom). After 1 h of stirring at  reflux, the reaction 
mixture was hydrolyzed with saturated aqueous NH4C1 and extracted 
with ether. The ethereal extract was dried, concentrated, and distilled, 
giving 0.36 g (21%) of 20a: bp 87-90 "C (0.9 mm); NMR (CC14) 6 0.32 
(s, 9, SiCH3), 1.26 (t,  6, NCH;?CH3), 3.00 ( q , 4 ,  NCHz), 6.90-7.40 (m, 
4, aromatic H); IR (neat) 2210 cm-' (C=C). 

Anal. Calcd for CISHz:jNSi: C, 73.40; H, 9.45; N, 5.71. Found: C, 
73.11; H, 9.43; N, 5.45. 
N-Methyl-N-(o-trimethylsilylphenylethynyl)aniline (20g). 

A solution of o-fluorobromobenzene (1.76 g, 10 mmol) in THF (10 mL) 
was added at reflux to a mixture of 3g (1.02 g, 5 mmol) and magnesium 
turnings (0.25 g, 10 mg-atom) in THF (20 mL). After 15 h of stirring 
at the same temperature, the mixture was hydrolyzed with saturated 
aqueous NH4C1 and extracted with ether. Distillation of the ethereal 
extract gave 0.22 g (16%) of 20g: bp 131-133 "C (0.1 mm); NMR (CCL) 
6 0.38 (s, 9, SiCHn), 3.35 (s, 3, NCHd, 6.80-7.44 (m, 9, aromatic H); 
IR (neat) 2220 cm-' (C=C). 

Anal. Calcd for CleH2~NSi: C, 75.23; H, 8.29; N, 5.48. Found: C, 
75.56; H, 8.18; N ,  5.40. 
N,N-Diethyl-o-trimethylsilylphenylacetamide (21). A solution 

of 20a (1.00 g, 4.1 mmol) in ether (10 mL) was vigorously stirred with 
10 mL of 10% HC1 a t  room temperature for 1 h. The ether layer was 
separated, dried, and distilled, giving 0.90 g (83%) of 21: bp 103-105 
"C (0.09 mm); NMR (CC14) 6 0.32 (s, 9, SiCHs), 1.00-1.25 (m, 6, 
NCH2CH3),3.04-3.48 (m, 4, NCH2L3.70 (s,Z,COCHz),6.9&7.50 (m, 

4, aromatic H); IR (neat) 1645 cm-' (NCO). 
Anal. Calcd for C15H25NOSi: C, 68.39; H, 9.56; N, 5.32. Found: C, 

68.67; H, 9.58; N, 5.43. 
N,N-Diethyl-2-( o-trimethylsilylpheny1)ethylamine (22). A. 

A mixture of 21 (0.30 g, 1.1 mmol) and LiAlH4 (0.05 g, 1.3 mmol) in 
THF (20 mL) was heated at reflux for 8 h. After the reaction mixture 
was hydrolyzed with saturated aqueous NH4C1, the THF layer was 
separated, and the aqueous layer was extracted with ether. The 
combined organic layer was dried, concentrated, and distilled, giving 
0.26 g (80%) of 22: bp 117-122 "C (9 mm); NMR (CC14) 6 0.34 (s, 9, 
SiCHs), 1.05 (t, 6, NCHZCH~), 2.60 (4, 4, NCH;?), 2.65-2.90 (m, 4, 
CHZCHZ), 6.98-7.45 (m, 4, aromatic H); mass spectrum mle 249 
(M+). 

Anal. Calcd for CISHZ7NSi: C, 72.22; H, 10.91; N, 5.61. Found: C, 
72.40; H, 11.02; N, 5.50. 

B. To a solution of N,N-diethyl-2-(0-bromopheny1)ethylamine (23, 
1.38 g, 5.4 mmol) in ether (20 mL) was added 15% n-butyllithium in 
n-hexane (4.5 mL, 7 mmol). After 3 h of stirring, trimethylchlorosilme 
(7.6 g, 7 mmol) was added to the reaction mixture and stirring was 
continued at  room temperature for 2 h. Then the mixture was hy- 
drolyzed with saturated aqueous NH4C1 and extracted with ether. The 
ethereal extract was dried, concentrated, and distilled, giving 1.07 g 
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