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Synthesis of Substituted 2-Aminoalkylsilanes via
Aminomercuration-Demercuration of Alkenylsilanes

J. BARLUENGA*, C. JIMENEZ, C. NAJERA, M. YUS

Departamento de Quimica Organica, Facultad de Ciencias, Universi-
dad de Oviedo, Oviedo, Spain

The aminomercuration-demercuration reaction of functional-
ized unsaturated systems represents a convenient method for
the regiospecific one-pot synthesis of nitrogen-containing 1,2-
bifunctional compounds'. On the other hand, most of the
methods described for the preparation of 2-aminoalkylsi-
lanes™? are rather complicated and are not generally applica-
ble. We therefore investigated the preparation of 2-aminoal-
kylsilanes via aminomercuration-demercuration of alkenylsi-
lanes.
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SYNTHESIS

We found that the reaction of diethylmethylvinylsilane* (1)
with primary or secondary arenamines (2)° in tetrahydrofuran
in the presence of mercury(Il) acetate at room temperature
followed by reduction with sodium borohydride in the basif-
ied reaction medium leads to the formation of 2-aminoethyl-
diethylmethylsilanes (3). :
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The ability of a C—Si bond to stabilize an adjacent carbenium ion® fa-
vors the formation of the anti-Markovnikov’ addition product in the
mercuration process.
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Aminomercuration-demercuration of allyltrimethylsilane® (4)
under the same conditions affords 2-aminopropyltrimethylsi-
lanes (5) in accord with the Markovnikov addition rule’.
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R' = H,CH,
R? = H, 4~CH;

The formation of compounds 5 in this reaction is in contrast
to the oxymercuration-demercuration of allyltrimethylsilane
(4)° which yields C—Si cleavage products instead of the addi-
tion product 1-trimethylsilyl-2-propanol.

The aminomercuration of diallyldimethylsilane® (6) followed
by reduction with sodium metal and hydrolysis affords the
mono- and diamination products 7 and 8. 1-Aza-d-silacyclo-
hexanes (9) have in no case been obtained from primary aren-
amines (2, R'=H)".

The predominant formation of either products 7 or 8 depends
on the reaction conditions. When the reduction with sodium is
carried out immediately after aminomercuration is complete
the monoamines 7, formed via deaminomercuration'!, are the
main products. When the solvents are removed after the ami-
nomercuration step and the resultant organomercury com-
pound is reduced with sodium/aniline in tetrahydrofuran the
diamines 8 are the main products. Compounds 7 and 8 can
be easily separated by vacuum distillation. When secondary
aromatic amines (2, R'#H) are used compounds 7 are ob-
tained exclusively.

1-Aza-4-silacyclohcxanes (9) arc prepared by intramolecular
aminomercuration of the 2-aminopropyldimethylallylsilanes 7
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followed by reduction with sodium borohydride in alkaline
medium, Compounds 9 are separated from the accompanying
starting material 7 by conversion of 7 into the corresponding
acctamide by treatment of the ethereal solution of the product
mixture with acetyl chloride. Compounds 9 are isolated as
mixtures of ¢is- and trans-isomers'® ",

Dicthylmethylvinytsilane (1) was prepared by reaction of commerciatly
available dichloro-(methyl)-vinylsilane (Aldrich) with ethylmagnesium
bromide and hydrolysis: b.p. 117-118°C (Ref.*, b.p. 118°C).
Allyltrimethylsilane (4) was prepared according to Ref.®; yield: 85%;
b.p. 84 85”C (Ref.”, b.p. 84-85.5°C).

Diallyldimethylsilane (6) was prepared according to Ref.™; yield: 80%;
b.p. 134 135°C (Ref.?, b.p. 134-135°Q).

N-[2-(Dicthylmethylsilyl)-ethyll-aniline (3a); Typical Procedure for
Compounds 3 and 5:

Mercury(I1) acetate (4.78 g, 15 mmol) is added to a stirred solution of
diethylmethylvinylsilane (15 1.95 g, 15 mmol, purity =>98%) and anil-
ine (10 ml) in tetrahydrofuran (50 ml). Stirring is continued for 3 h at
room temperature; then, 0.5 normal aqueous sodium hydroxide (75
ml) and a solution of sodium borohydride (0.38 g, 10 mmol) in 2.5 nor-
mal aqueous sodium hydroxide (10 ml) are added. After 15 min, the
mixture is extracted with ether (2 x 50 ml) and the organic layer is
washed with water (50 ml) and dried with sodium sulfate. The solvent
is removed in vacuo and the residue is distilled in vacuo: yield: 2.2 g
(65'%); b.p. 80-83C/0.001 torr.

C;:H»NSi cale. 27052 H 1047 N o633

221.4) found 70.44 10.42 6.28

N-[1-Methyl-2-(allyldimethylsilyl)-ethyl]-aniline (7a); Tvpical Proce-
dure:

To a stirred solution of diallyldimethylsilane (63 1.4 g. 10 mmol) and
aniline (10 ml) in tetrahydrofuran (50 ml), mercury(l1) acetate (6.36 g,
20 mmol) is added and stirring is continued for 10 h. Then, a disper-

R?=H,2-CHy, 4-CH,

Table 1. Preparation of 2-Aminoalkylsilanes 3, 5, 7, 8, 9

sion of sodium (3.2 g; ~ 140 mmol) in toluene is added under an argon
atmosphere. After 4 d, the reaction mixture is cooled to 0°C and hy-

Prod-  Starting R’ R’ Mercuration  Reducing  Reduction  Yield [%)] b.p./torr [°(C] Molecular formula”
uct silane time agent time - . or Lit. b.p.torr
Hg"  Product [

3a 1 H H 3h NaBH, 15 min 85 65 80-83°70.001 C3H2:NSi (221.4)
3b 1 H 4-C1 1d NaBH, 2d 90 72 98-100°70.001  C,z:H,.CINSi (255.9)
3c ] CH,; H 2h NaBH, 30 min 80 55 T8-81°/0.001 Ci4HsNSi (235.4)
Sa 4 H H 3h NaBH, 16 h 85 75 50-53°/0.001 50--52°/0.001° /
Sb 4 H 4CH; 11h NaBH, lh 86 50 58-617/0.001 C2H,:NSi (221.4)
Sc 4 CH; H 15 min NaBH, Ih 80 56 82-85" /0.1 C:H2:NSi (221.9)
Ta 6 H H 10 h Na*® 4d 99 40 (17)¢ 83-86°/0.001 CisH23NSi 233.4)
7h 6 H 2-CH; 20h Na“ 9d 96 30 (10)¢ 82-85°/0.001 C<H.:NSi (247.%5)
Te 6 H 4-CH. 8h Na“ 3d 97 45 (3)¢ 78-80°/0.001 C<H;:NSi (247.5)
7d 6 CH. H 6h Na“ 2d 93 2 (<1 80-83°/0.001 CsH>sNSi (247.5)
Te 6 CH; H I'h Na*“ 3d 65 40 (< T7-80°70.001 C.H2:NSi (261.5)
8a 6 H H 10 h Na* 3d 95 44 (12)' 115-1187/0.001  C»HywN:Si (326.6)
8b 6 H 2-CH; 20h Na*® 5d 92 30(®)" F8-1207/0.001  C,.H3N-Si (354.6)
8¢ , 6 H 4-CH; 8h Na* 5d 9 47 (1 120-1227/0.001  C,.HuN-Si  (354.6)
93¢ 7a - H 9h NaBH, 3d 82 32(61) 75-80°/0.001  CHuNSi  (233.4)
9b' 7b - 2-CH, Id NaBH, 4h 65 25 (56)" 76-81°/0.001 Ci<H:sNSi (247.5)
9¢! Te - 4-CH;, 5h NaBH, 45 min 75 22 ()" 70-75°/0.001 (‘,;H:;NSi (247.5)

Based on starting silane (1, 4, 6, 7); determined by G.L.C. analy-
s1s.

The microanalyses were in good agreement with the calculated val-
ues: C, +£0.13; H, £0.12; N, +0.10,

Immediate reduction of the organomercury compound in the reac-
tion mixture.-

The yield of 8 is given in parentheses.

The solvent is first evaporated and the organomercury compound
then reduced with sodium/aniline in tetrahydrofuran.

B

The yield of 7 is given in parentheses.
" cis/trans Ratio: 58/42 (G.L.C. analysis).
The yield of starting material 7 is given in parentheses (G.L.C. anal-
ysis).
" cis/trans Ratio: 30/70 (G.L.C. analysis).
cis/trans Ratio: 53/47 (G.L.C. analysis).
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Table 2. S ectral Data of Compounds 3, 5,7, 8,9

Prod- 1. X (fitm)*

SYNTHESIS

"H-N.M.R. (CC1,/TMS)

BC-N.MLR. (CCLYP

uct voem™'] & [ppm] 5 [ppml¢
NI C—Si

3a 330 810 0.05 (s, 3H, H;C—Si); 0.6 (m, 4H, C—CH.—Si); 0.8 (t, 2H,  —6.9 (q, HyC—Si); 44 (1, H;C—CH,Si): 6.4 {q,
J=75 Hz, N—CH,—CH,—Si): 09 (t, 6H, J=6 Hz, C—CHy); 13.7 (i, N—CH,—CH,—Si); 39.0 (t,
C—CH,); 3.0 (m, 2H, CH,—N): 3.4 (broad s, IH, NH); 6.4~ CH,—N); [11.9, 116.2, 128.1, 147.4 (Carp)
7.3 (m, $H,00)

3b 330 820 0.05 (s, 3H, H;C-—Si); 0.6 (m, 4H, C-—CH.—Si); 0.85 (m, 2H,  —6.9 (g, H;C—Si); 4.3 (1, H,C—CH,Si); 6.3 (q,
N-—CH.—CH:—Si); 0.95 (t, 6 H, J=6 Hz. C-—CH,); 3.1 (m,  C—CH,); 13.4 (;, N—CH,—CH,—Si); 39.3 (t,
2H, CH,—N); 3.5 (broad s, 1 H, NH); 6.3-7.3 (m, 4H,,,,,)° CH>—N); 113.5 ‘H-" 128.0, 145.2 (Corom)

3c - 800 0.05 (s, 3H, H,C—Si); 0.6 (m, 4H, C—CH,—Si); 0.85 (m, 2H,  —7.1(q, H,C— 51) A (t, HiC—CH.—Si): 6.4 (q,
N—CH.——CH.—Si); 0.95 {t, 6 H, J=4 Hz, C—CH.); 2.85 (s,  C—CHy); 9.2 (t, N-~CH,—CH,—Si); 36.2 (1,
3H, H;C—N); 3.35 (m, 2H, CH,—N); 6.3-7.3 (m, S H,om) CHy—N); 47.4 (t, Hyo—N); (12,1, 115.5, 128.0,

148.2 (Cpm)

5a 340 860 0.05 (s, 9H, H.C—S8i); 0.8 (2d, 2H, J=6 Hz, CH.); 1.1 (d, 3H,  — 1.8 (q, H,(—5i); 22.8 (g, C—CH;); 25.3 (1,
J=6 Hz, C—CH,); 3.1 (broad 5. 1 H, NH): 3.5 (m, | H, CH);  CH,); 449 (d, CH): 112.3, 1158, 128.1, 1463
6.3-7.2 (m, SH,..0) (Carom)

5b 3410 850 0.05 (s, 9H, H\C—Si);: 0.8 (2d, 2H, J=6 Hz, CH.): 1.2(d, 3H,  — 1.7 (g, H:C—Si); 19.3 (q, Ar—CH:): 23.1 (q,
J=6 Hz, C—CH;); 2.2 (s, 3H, Ar~CH,); 3.0 (broad s, 1H,  C—CH,); 25.6 (t, CH.); 454 (d, CH); 112
NH):; 3.5 (m, 1 H, CH); 6.2-7.0 (m, 4 H,,,) 124.5, 128.7, 144.2 (Corem)

Sc 860 0.05 (s, 9H, H,C—Si); 0.8 (2d, 2H, J=6 Hz, CH.); 115 (d — 1.8 (q, HiC—S8D): 19.1 (q, C—CH,): 223 {t,
3H, J=6 Hz, C—CH,); 2.6 (5, 3H, N—CH.); 4.0 (m, | CH,); 29.0 (q. N—CH.): 49.9 (d, CH): 1129
CH); 6.4-7.2 (m, 5H,.0) 116.0, 128.1, 149.% (Coyom)

7a 3400 830 0.05 (s, 6 H, H;C—Si); 0.85 (2d, 2H, J=6 Hz, C—CH>—Si);  —3.7 (g, H;C—S1): 22.0, 23.2, 23.8 2 x CH—5i,
12 (d, 3H, J=6 Hz, C—CH:): 15 (d, 2H, J=8 Hz, C—CH,); 454 (4, CH—N); 11“3 (1, H,C=);
CH.—C==); 3.1 (broad s, I H, NH); 3.6 (m, 1H, CH—N): 48 1125, 116.2, 128.3, 146.4 (C,,,,); 133.8 (d, CH==)
(m, 2H, H,(==); 5.7 (m, | H, CH==): 6.4-7.3 (m, SH,,)

b 340 850 0.05 (s, 6H, HyC—Si): 0.8 (2d. 2H, J=6 Hz, C—CH,—Si);  —3.6 (q, H:C-=Si): 16.5 (q, Ar-——CH3): 23.0, 23 4,
115 (4, 3H, J=6 Hz, C—CH.): 1.5 (d, 2H, J=8 Hz, 241 2xCHy=Si, C-——CH;); 448 (d, CH— r\)
CH,—C==); 2.0 (s, 3H, Ar—CH;): 3.6 (broad s, 1H, NH); 3.6 1097, 1159, 120.5, 126.1, 129.3, 1441 (Con):
(m, 1 H, CH-—N); 4.75 (m, 2 H, H.C==); 5.65 (m, | H, CH= 1123 (t, H,C==); 133.¢ (d, CH==)
6.2-7.1 (m, 4H,,..,)

Te 340 840 0.05 (s, 6H, H:C—Si); 0.8 (2d, 2H, J=6 Hz, (—CH,—Si);  —3.7 (g, HyC—Si): 19.4 (@, Ar——CH,); 23.0, 233,
115 (d, 3H, J=6 Hz, C—CHy): 1.5 (d, 2H, J=8 Hz, 240 2xCHy—Si, C-—CH;); 454 (d, CH—N\):
CH,—C==); 2.2 (s, 3H, Ar—CH,); 2.95 (broad s, [ H, NH); 3.6 1093 (¢t, H,C==); 112.8, 124.8, 128.8, 144.2 (Crom):
(m, 1H, CH—N): 4.75 (m, 2H, H.C==); 5.6 (m, | H, CH== 133.8 (d, CH==
6.15-7.0 (m, 4H,,.,)

7d - 850 0.05 (s, 6H, H;C—Si); 09 (2d, 2H, J=6 Hz, C—CH,—Si); =39 (9, H;C—Si); 19.0, 20.6, 22.7 (2x CHx—5i,
115 (d, 3H, J=6 Hz, C—CH,); L5 (d, 2H, J=8 Hz,  C—CHy); 29.1 (q. N--CH;); 49.8 (d, CH—N);
CH,—C==); 2.6 (s, 3H, N-~CHy); 4.1 (m, 1H, CH—N); 48 1124 (t, CH;==); 1129, 116.2, 128.1, 149.2 (Cren):
(m, 2H, CH,=); 5.65 (m, 1 H, CH==): 6.45-7.3 (m, 5H,,.n) 133.6 (d, CH==)

Te 850 0.05 (s, 6 H, HyC—Si): 0.7-1.3 (m with d at 115, 8H, J=6 Hz,  —3.7 (g, H,(—>5i); 3.7 (q, CH,—CH,): 205,
CH—CH,, CH,—CH,, C—CH,—Si); 1.5 (d, 2H, J=8 Hz,  22.0, 288 (2xCHy—Si, CH—CH;); 36.7 (t,
CHy—C==); 3.1 (m, 2H, CH,;—N); 3.95 (m, 1H, CH—N); 48  CH,—N); 50.1 (d. CH—N); 1124 (1, H:C=);
(m, 2H, H,C=); 5.65 (m, 1H, CH=}: 6.3-7.3 (m. 5H.om) 113.6, 115.9, 128.1, 147.3 (Corom); 133.5 (d, CH==)

8a 330 860 0.05 (s, 6 H, H;C—Si): 0.8 (d, 4H, J=6 Hz, CH,—Si); 1.1 (d,  —24 (q, HyC--8i); 23.3 (q. C—CHy): 2438 (1,
6H, J=6 Hz, C—CH,); 2.8 (broad s, 2H, NH); 3.6 (m, 2H,  CH,—Si); 45.1 (4, CH); 1125, 116.1, 128.3, 146.4
CH): 6.2-7.2 (m, 10 Hom) (Carom)

8b 3430 850 0.05 (s, 6 H, HiC—Si); 0.8 (2d, 4H, J=6 Hz, CH,—S$i); L.1(d,  ~22 (g, H:C—Si); 164 (g, Ar—CHy); 23.5 (g
6H, J=6 Hz, C—CH,); 19 (s, 6H, Ar—CHy): 3.0 (broad s, ~ C—CHa); 25.1 (t. CH;—Si); 44.8 (d. CH); 109.7,
2H, NH); 3.6 (m, 2H, CH): 6.2-7.0 (m, 8 H,,...) 115.8, 120.5, 126.2, 126.3, 144.1 (Corom)

8¢ 3330 830 0.05 (s. 6H, H:C—Si); 0.8 (2d, 4H, J=6 Hz, CH,—Si); 1.1 (d, =23 (q, H:C—Si); 19.5 (q, Ar—CH,): 23.4 (q.

9a

9b -

9¢ -

* Recorde:
> Recorde

Y In CDC: .

850

850

850

6H, J=6 Hz, C—CH;); 2.15 (s, 6 4. Ar—CH.): 3.1 (broad s,
2H, NH); 3.5 (m, 2H, CH); 6.1-7.0 (m, 8 Hyrom)

0.05 (s, 6 H, CH:—Si); 0.6-1.3 (m with 2d at 0.85 and 1.1, 10H,
J=6 Hz, CH>—Si, 2x C—CH;); 3.5-4.4 (m, 2H, CH): 6.2-7.2
(m, SH.,om)

0.05 (s, 6 H, H;C—Si); 0.5-1.2 (m with 2d at 0.85 and 1.1, 10H,
J=6 Hz, CH,—S8i, 2x C—CH,); 2.1 (s, 3H, Ar—CH;);: 3.1-3.7
(m, 2H, CH); 7.2 (m, 4H.rom)

0.05 (s, 6 H, HyC—S8i); 0.5-1.2 (m with 2d at 0.85 and 1.0, 10H,
J=6 Hz, CH,—Si, 2 x C—CH,); 2.1 (s, 3H, Ar—CH5); 3.1-4.2
(m, 2H, CH); 6.8 (m 4H,,0m)

C—CH): 24.9 (t. CH,~Si); 45.4 (d, CH): 1128,
124.7, 128.8, 144.1 (Crom)

in a Pye Unicam SP-1000 1. R 9chtr0meter
in a Variar FT-80 spectrometer with a D,O capillary when CCl, is used as solvent.
¢ Refered o the solvent CCl, (or CDCly). Multiplicity was assigned by “off” resonance experiments.

solution.

“ Very cor plicated spectra.
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drolyzed with methanol (20 ml) and [0 aqueous ammonium chloride
(20 ml). The organic layer is extracted with ether (2 x 50 ml), washed
with water (50 ml), and dried with sodium sulfate. The solvents are re-
moved under reduced pressure (15 torr) and the residue is distifled in
vacuo: yield: 0.9 g (40%): b.p. 83-86°C/0.001 torr.

C 4H:3NSi calc. C7204 H993 N6.00

(233.4) found 7197 9.88 5.95

N,N'-Diphenyl-4,4-dimethyl-4-silaheptane-2,6-diamine (8a); Typical
Procedure:

After the mercuration process as described above for the preparation
of compound 7a, the solvents are removed under reduced pressure (15
and then 0.00] torr). The resultant oil is dissolved in tetrahydrofuran
(50 ml) and aniline (10 ml) and a dispersion of sodium (3.2 g, ~ 140
mmol) in toluene is added under an argon atmosphere. After 3 d, the
mixture is hydrolyzed and extracted as above. The residue is distilled
in vacuo; yield: 1.4 g (44%); b.p. 115- 118°C/0.001 torr.

CoyHoN,Si calc. C735 H9Y.26 N8S58

(326.6) found 73.53 9.21 8.51

cis- and  trans-1-Phenyl-2,4,4,6-tetramethyl-1-aza-4-silacyclohexane
(92); Typical Procedure:

To a stirred solution of N-{1-methyl-2-(allyldimethylsilyl)-ethyl}-anil-
ine (7a3 1.2 g, 5 mmol) in tetrahydrofuran (30 ml), mercury(11) acetate
(1.6 g, 5 mmol) is added and stirring is continued for 9 h. Then, 0.5
normal aqueous sodium hydroxide (25 ml) and, thereafter. a solution
of sodium borohydride (0.19 g, 5 mmol) in 2.5 normal agueous sodium
hydroxide (5 ml) are added. After 3 d, the mixture is extracted with
ether (2 x 25 ml) and the organic layer washed with water (25 ml) and
dried with sodium sulfate. A solution of acetyl chloride (0.7 ml, 10
mmol) in ether (10 ml) is added dropwise to the stirred ethereal solu-
tion containing 7a and 9a. The mixture is hydrolyzed with water (10
ml), the organic layer washed with aqueous sodium hydrogen carbon-
ate (20 ml), and evaporated at 15 torr to give 7a as the corresponding
acetamide. The aqueous layer is alkalinized with an 10% aqueous solu-
tion of sodium hydroxide, extracted with ether (2 x 10 ml), dried with
sodium sulfate, evaporated, and the residue distilled: yield of 9a: 0.4 ¢
(32%); b.p. 75-80°C/0.001 torr.

CsHa;NSi cale. C7204 H993 N6.00

(233.4) found 7193 9.81 5.90
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