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Abstract—Unsaturated organosilicon amines [GHCH(CH,),]Me,Si[(CH,),NHPh] at the action of
Hg(OAc), in THF solution transform to corresponding heterocycles. Regioselectivity of this intramolecular
electrophilic heterocyclization is defined by the position of double bond relatively to the silicon atom. This is
caused byp-effect of the silyl group.

The capability of trialkylsilyl group to stabilize stereoelectronic and thermodynamic factors, includ-
neighboring B-carbocation ‘(B-effect’ of silicon) ing nature of the substituents at the double bond and
defines regioselectivity of addition of electrophiles toextent of alkenyl chain [6, 7]. Thus, the rigity of a
the double bond of alkenylsilanes -d]. Aniline fourmembered ring restricts its formation at the
is added to trimethylvinylsilane in the presence ofcyclization of N-propyl-3-butenylamine and results in
mercury acetate (followed by reduction of theselective transformation of the latter into a five-
organomercury intermediate with sodium borohydimembered heterocycle [8].

ride) forming adduct with phenylamino group at the : . :
terminal carbon atom. Reaction of aniline with We found that ring closure by vinyl(phenylamino-

trimethylallylsilane under the similar conditions Ieadsmethyl)dlmethylsnane ) also proceeds contrary to

: : the Markownikoff rule. At the action on it of mercury
to a non-terminal adduct M8iCH,CHNHPhCH, [5]. ) : .
Effect of a dimethylsilyl group introduced to the acetate in a THF solution followed by demercuration

alkenylamine chain on the regioselectivity of intra-With an alkaline solution of sodium borohydride was

molecular electrophilic addition of NH group was not22i@ined a substituted  3-silapyrrolidindl X( (yield
studied yet. The only known is transformation of58/°)'

dimethyl(2-phenylaminopropyl)allylsilane to a mix- P (1) Hg(OACHTGF s o
ture of cis- and trans-1-phenyl-2,4,4,6-tetramethyl-4- Me,Si  NHPh (2 NaBH/NaOH <_> €))
silapiperidines [5]. ~ N

The target of this work is the study of electrophilic F|>h

intramolecular cyclization of organosilicon amines

[CH,=CH(CH,), IM&,Si[(CH,) NHPh] (1 = 0, 1; m = When competitive formation of isomeric five- and

1.a% differ v th " ¢ . q sixmembered heterocycles is possible, the cyclization
—3) differ by the position of amino group and eqigselectivity is defined by the mutual positions of
double bond relatively to the silicon atom. double bond and silicon atom. Under the conditions
In a general case, addition of electrophilic agentspf aminomercuration-demercuration, allyl(phenyl-
e.g., mercury acetate, to alkenylamine proceed@minomethyl)dimethylsilane II{) easily forms
according to the Markownikoff rule and leads, afterC-methyl-substituted fivemembered heterocycl¥ )(
demercuration, to the corresponding C-methyl subfreaction (2)]. Similarly proceeds cyclization of

stituted heterocycles [6]. N-alkyl-4-pentenylamines, which under the action of
mercury chloride or acetate followed by reduction
P> with sodium borohydride transform into the deri-
(@ _ Mo(@Ack | (On HgOAc vatives of 2-methylpyrrolidine [8].
NHR

In contrast, intramolecular ring closure by vinyl-

NaBH, (2-phe_ny|aminoethyl)d_imethylsilaneV_][ r_e_sults in
——— (On formation of substituted 4-silapiperidine V().

NR However, it is formed with 3% vyield only. {It is

Structure of the formed heterocycle depends on theoteworthy that N-alkyl-4-silapiperidines are also
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formed in such a low yield (5%) at the addition of
alkylamine lithium derivatives to diphenyldivinyl-
silane [9].} The predominate reaction product is
1,1,3,3-tetramethyl-1,3-bis(2-phenylaminoethyl)di-
siloxane (yield 26%), formed at the -&,,,, bond
splitting in te parent silane\).

electrophilic cyclization of N-substituted 5-hexenyl-
amines: this reaction led only to methyl-substituted
sixmembered heterocycles [8, 10, 11]. In corres-
pondence with Markownikoff rule proceeds also the
ring closure in the case of allyl(2-phenylaminoethyl)-
dimethylsilane X, an isomer of compound/Il .

MeoSi :
M < Hg(OAC)/TGF ? HgOAc A SiMey
eZSI\/\NHPh — [ Me,Si J\ (%)

N ~"NHPh N
Ph X Ph
l NaBH,/NaOH X

MeEZSi] 3) Yield of heterocycleXI is 30%.
’T‘ Formation of a sixmembered rinkX in reaction
Ph (4) can be a result of isomerization process in the step
VI of reduction of the sevenmembered mercury-contained

intermediate [7, 12].
Formation of a sixmembered heterocydld in the
reaction (3) gives rise to an assumption that in the Thus, the stabilizing effect of silyl group defines
initial step the electrophilic mercury acetate ion ishigh regioselectivity in the electrophilic cyclization of
added at the double bond to non-terminal carbon atonunsaturated organosilicon amines bearing a vinyl or

This is probably results from the stabilizing effect?" allyl group at the silicon  atom.

of dimethylsilyl group on the neighborin@-carbo-
cation, changing the cyclization regioselectivity of EXPERIMENTAL
compoundV compared to its carbon analoag. In re-
action (2), a high yield of heterocycl¥ (above 90%) Analysis of reaction products and testing for their
also can be assigned to the appearance of activatimgdividuality were conducted by the GLC method on a
B-effect of dimethylsilyl group. LXM-8MD chromatograph (stainless steel column
In this respect, one could expect formation of a%?loX3 mm, liquid phase Lucopren G-1000, 10% on
: romaton N-AW-HMDS) as well as by TLC on the
sevenmembered heterocy®#! at the intramolecular & ST
M : : : Silufol UV-254 plates, development with iodine vapor.
cyclization of vinyl(3-phenylaminopropyl)dimethyl- . o
: : . For column adsorption chromatography we used silica
silane WIl). Actually, after aminomercuratien 1 fg 59
: : . . gel-60 (3570 mesh ASTM, Merck)-H, “°C, and“”Si
demercuration of amineVIl the reaction mixture
: . : .. NMR spectra were recorded on a Bruker DPX-400
contains predominantly the silaazepan derivativ . .
, . : 3 . pectrometer from the solutions of compounds in
VIl . The VIII :IX ratio achieves 2.7:1, with the N
total vield 49% CDCl;. Mass spectra were taken up at ionizing
y ' voltage 70 eV on a chromato-mass spectrometer
Formation of thermodynamically disadvantageousdiewlett-Packard HP5971A (the mass-selective detec-
sevenmembered ring was not observed at all in thion) with HP-5890 chromatograph.
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Vinyl(chloromethyl)dimethylsilane was prepared methylene chloride and then water for dissolving
according to procedure [13], allyl(chloromethyl)di- aniline hydrochloride precipitate. Organic layer was
methylsilane, allyl(2-hydoxyethyl)dimethylsilane andseparated and washed with 5% KOH solution, then
allyl(2-chloroethyl)dimethylsilane accrding to [14]. dried over NaSO,. The residue (8.13 g) after remov-
ing of solvents in a rotor evaporator was passed

The initial amined, I1l, andVil were synthesized through a column with silica gel, eluent hexaather,

according to a published procedure and purified b%, . .
. 1. After removing of the solvents in a vacuum,
column chromatography (see below). Their constan 60 g (29%) of amine was obtaine® 0.38, n2|32

and'H NMR data obey to the published ones [15]. 1.5160. 'H MMR spectrum, 5, ppm: 0.14 s (6H,

Vinyl(2-phenylaminoethyl)dimethylsilane (V). Me,Si), 0.97 m A part of AAXX spin system, 2H,
a. Vinyl(2-hydoxyethyl)dimethylsilane (XII). To a SiCH,), 3.15 m K part AAXX spin system, 2H,
Grignard reagent prepared from 16.00 g of vinyl-CH,N), 3.54 br.s (1H, NH), 5.72 d.d (1H, =Ctians
(chloromethyl)dimethylsilane and 3.15 g of mag-Jyem 3.9, Jyans 20.2 Hz), 6.00 d.d (1H, =CHis, I

nesium in 60 ml of ether was added in portionsi4.7 Hz), 6.16 d.d (1H, CH=), 6.58 m (2HCgHs, >J

powdered paraform (Merck). The reaction mixture7 6 Hz), 6.68 t (1H, CeHs, %16.3 Hz), 7.16 d.d (2H,
was refluxed for 10 h. The thick mass formed WaSCBH5, 3)7.6,% 6.3 Hz).2*C NMR spectrumg, ppm:

poured into a glass on saturated G solution with 3 55 (MeSi), 16.64 (SiCH), 40.03 (CHN), 112.89

ice. After separation of organic layer, the water soluy
tion was extracted with ether and methylene chloride(l(éz %H(*S_) le-§7]2.3?8(590 ((:é|_|—||52) liiézi7(%é 2635;’
. - y . - ) . i 6! 15)-

The collected organic phase was dried over MgSO 55°<
; ; _77Si NMR spectrumgg;, ppm:-6.6. Mass spectrum,
After removing of solvents in a vacuum rotor evapo miz (1., %): 205 (30) IM]J,, 176 (15), 162 (56). 150

rator by vacuum distillation was isolated 7.36 g of
. 0 : (26), 134 (9), 120 (11), 106 (100), 91 (7), 85 (41), 65
crude product containing 95% of compouXd , yield (9), 59 (23). Found, %: N 6.12: Si 13.20 8l NS

45%. CompoundXIl was purified by column chro- : e
matography on silica gel, consecutive eluing withCalculated, %: N 6.82; Si 13.68.
hexane, methylene chloride and methangl. 0.87 Allyl(2-phenylaminoethyl)dimethylsilane (X)
(CHLOH), bp 45C (8 mm Hg),n3’ 1.4450."H MMR  was prepared similarly. Yield 279 0.36 (hexane
spectrumg, ppm: 0.10 s (6H, MsSi), 1.01 m A part  ether, 9:1),n3' 1.5180.'H MMR spectrum,s, ppm:
of AAXX spin system, 2H, SICjl J 7.55, 13.4, 0.05 s (6H, MgSi), 0.92 m A part of AAXX spin
3.1 Hz), 3.73 m X part of AAXX spin system, 2H, system, 2H, SiCk), 1.56 d.t (2H, SiCIjC:,3J 8.1,4
CH,0,J4.25, 13.4, 3.1 Hz), 5.69 d.d (1H, =Cirans 1.1 Hz), 3.15 m X part of AAXX spin system, 2H,
Jgem 3-9, Jyans 20.2 Hz), 5.96 d.d (1H, =CHlis, J;s  CH,N), 3.58 br.s (1H, NH), 4.86 m (1H, =CHans),
14.7 Hz), 6.13 d.d (1H, CH=). Found, %: C 55.15;4.85 m (1H, =CHeis), 5.78 q.t (1H, CH=_J., 10.2,
H 11.77; Si 21.98. gH,,0Si. Calculated, %: C 55.32; J 5, 16.9,% 8.1 Hz), 6.56 d.d (24 CoHs, *J 7.7,
H 10.83; Si 21.56. 1.0 Hz), 6.67 t.t (1IEJ, CeHs, °J 7.3, "J 1.0 Hz),

b. Vinyl(2-chloroethylydimethylsilane (XIl).  7-15 d.d (2K, CgHs, °J 7.3,1 7.7 Hz). Found, %: N
A mixture of 7.56 g of silane&Xll and 20.46 g of tri- 5.54; Si 12.11. GH,,NSi. Calculated, %: N 6.38; Si
phenylphosphine in 55 ml of CgWas heated for 2 h. 12.80.

After adding 60 ml of hexane the precipitate formed o
was filtered off and the solvent was removed in a General procedure for mercurycyclization. To a

rotor evaporator. From the residue by vacuum distilla—SOIUt'on of 1.90 g of vinyl(phenylaminomethyl)di-

. : methylsilane ) in 50 ml of THF was added with
tion 1.50 g (17%) of compoundlll was isolated, bp _,.” . b g
78C (91 mm), nZDO 1.4490. 'H MMR spectrum, s, stirring 3.19 g of mercury acetate. After 6-h stirring

: : | was added consecutively 50 ml of 0.5 M sodium
R et ot iy 4 o Crpar 1A% hydroxide and 0.38 g of sodium borohydride in 10 m

' - of 2.5 M of sodium hydroxide. After 48 h the reaction
i‘éﬁfg&g j‘yStin(])’ J2H’ 1%%'342)5'2099? d ((11|_|1|’ mixture was decanted from the dropped mercury,
—CHcis J. gfa“?'H’Z)tfaé‘Sll dd (1|1| CH:) ' Founé organic layer was separated, water phase was extrac-
%: C 48; 521'? H 931, él 23 02', Sj 18’ 95 EI' ClSi ' ted with ether. Collected orgaic phase was dried over

. . , . , . ) . 6N13 .

of- ) ] e anhydrous MgSQ After distilling off the solvents in
Calculated, %: C 48.46; H 8.81; Cl 23.84; Si 18'89'a rotor evaporator, the residue was distilled in a

c. Vinyl(2-phenylaminoethyl)dimethylsilane (V). vacuum and a fraction bp 106110°C (1.5 mm)
A mixture of 1.50 g of chloroethylsilan&Xlll and 1.26 g was separated. According to GLC, it contained
7.00 g of aniline was heated in a sealed ampoule fgparent silanel and 1-phenyl-3,3-dimethyl-3-sila-
22 h at 8685°C. To the reaction mixture was addedpyrrolidine (II) in 1:7.5 ratio.
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To a 0.68-g portion of this fraction dissolved in CgHg, 3J 8.0 Hz), 7.23 d.d (2H, CsHs, 3J 8.0, 3J
2 ml of ether a solution of 0.4 ml of acetylchloride in 7.2 Hz).13C NMR spectrumg., ppm:-1.83 (CHSI),
1.5 ml of ether was added and after 15-min stirringl5.36 (SiCCN), 15.56 (&ICC), 23.37 CCC), 47.93
the mixture was hydrolyzed with water. To the water(SiCCN), 54.15 (C@N), 110.85 (G), 114.98 (Q),
layer was added 10% solution of NaOH to alkaline129.30 (G), 147.61 (Q). 295 NMR spectrum 8,

reaction and it was extracted with ether. Organig

phase was dried over BBO,. After removing of ether
in a rotor evaporator 0.15 g of compouldwas iso-
lated by column chromatography (hexaaether, 9: 1
1:1), R 0.73 (hexaneether, 9:1),n3* 1.5174. H
NMR spectrum,s, ppm: 0.25 s (6H, MsSi), 1.03 t
(2H, SICHC), 2.52 s (2H, SICBN), 3.44 t (2H,
CCH,N), 6.68 tt (1H, CeHs, %3 7.4, J 1.0 Hz),
6.80 d (2H, CgHs, J 8.0 Hz), 7.23 d.d (24, CgHs, 3J

8.0, 3J 7.4 Hz). These data are identical with the

earlier published ones [15}3C NMR spectrum g,

pm: 5.4. Found, %: N 6.07; Si 12.84.,4l,,NSi.
Calculated, %: N 6.38; Si 12.80.

1-Phenyl 2,3,3-trimethyl-3-silapiperidine (IX)

was isolated from water layer after treatment of the

reaction mixture with acetyl chloride. Yield 13%
0.71,n2° 1.5162.'H NMR spectrum,3, ppm: 0.07 s
(3H, MeSi), 0.15 s (3H, MeSi), 0.73 m (2H, SiGE),
1.17 d (3H, CH, 31 7.5 Hz), 1.80 m (1H,, CCH,C),
1.90 m (1H, CCHC), 3.06 q.d (1H, CCHN, Jug
14.1,%3 11.2,3\1,4“_,48q 2.2 Hz), 3.30 q (1H, CH,

ppm: —2.67 (CHS), 12.54 (SICC); 37.16 (SICN), J 7.5 Hz), 3.42 d.t (L, CCHN, 2pg 14.1,%0, 4y

48.06 (QCN), 113.06 (Q), 116.148 (), 128.947
(C.), 151.19 (Q). 2°Si NMR spectrum,8g, ppm:
16.54.

Similarly, from amineslil , V, VII, and X were
prepared heterocyclic compoundlg, VI, VIII , IX,
and XI, respectively.

1-Phenyl-3,3,5-trimethyl-3-silapyrrolidine (1V).
Yield 92%, R, 0.73 (hexaneether, 9:1),n3’ 1.5170.
'H NMR spectrump, ppm: 0.22 s (3H, MeSi), 0.33 s
(3H, MeSi), 0.81 d (1H, SiCLC, Jg 14.5 Hz), 0.99 d
(3H, CHy, “J 6.4 Hz), 1.19 d.d (1H, SIC}C, Jp5 14.5,

J 8.5 Hz), 2.31 d (1H, SiCkN, J,g 13.3 Hz), 2.66 d
(1H, SICHN, J,5 13.3 Hz), 4.51 d.q (1H, CHJ 8.5,
%1 6.4 Hz,), 6.64 t (15, CHs, %1 5.2 Hz), 6.79 d (28,
CgHs, 33 8.2 Hz), 7.20 d.d (2H, CgHs, 33 8.2, %

2.2, 3JHeq_Heq 2.2 Hz), 6.65 t (1K, CgHs, %3 7.2 Hz),
6.84 d (2H, CgHs, 3J 8.5 Hz), 7.18 d.d (2H, CcHs,

337.2,318.5 Hz).**C NMR spectrumg, ppm:—3.66

(CH,Si), —3.84 (CHSi), 10.08 (SCC), 11.39 (CH),
23.72 CCC), 43.03 (CH), 45.76 (CiN), 114.75 (C),
116.58 (G), 129.04 (G), 147.64 (Q). Found, %:

N 6.67; Si 12.62. GH,,NSi. Calculated, %: N 6.38;
Si 12.80.

1-Phenyl 2,4,4-trimethyl-4-silapiperidine (XI).
Yield 30%, R 0.69. 'H MMR spectrum, s, ppm:
0.07 s (3H, MeSi), 0.17 s (3H, MeSi), 0.69 d.t (JH
SICH,C, 2J 14.4, 3JHeq_Hax 3.6, %3y ., 3.2 H2),

0.77 d.d (1H,, SICH,C, 2 14.7, 3JHeq_Hax 7.0 Hz),
1.1:1.19 m (2H, SiCH,CN and SiCHC), 1.32 d

5.2 Hz). This corresponds to the published data [15§3H, CH, 33 6.5 Hz), 3.43 q.d (1, CH,N, 2J 14.9,

1-Phenyl-4,4-dimethyl-4-silapiperidine (VI).
Yield 3%, R 0.79 (hexaneether, 9:1).'H MMR
spectrum,s, ppm: 0.09 s (6H, MsSi), 0.81 m (4H,
SiCH,C), 3.86 m (4H, CHN), 6.70 t (1;;), CgHs, 3J
5.2 Hz), 6.88 d (24, C4Hs, 33 8.1 Hz), 7.24 d.d (2H,
CgHs, 31 8.1,%1 5.2 Hz). Mass spectrunm/z (1o, %):
205 (60) M]*, 176 (33), 162 (12), 149 (100)
[Me,SINCsH:]*, 134 (9), 119 (12), 104 (12), 91 (5),

77 (23), 59 (9). Found, %: N 6.41; Si 13.39.

C,,H;oNSi. Calculated, %: N 6.82; Si 13.68.
1-Phenyl-4,4-dimethyl-4-silaazepane (VIII) was

isolated from ethereal layer after treatment of reactiof-15 m (2H,, CgHs).

mixture with acetyl chloride. Yield 36%R; 0.73
(hexaneether, 9:1)nZ* 1.5180.'"H NMR spectrum§,
ppm: -0.11 s (6H, MgSi), 0.76 @ part of AAXX
spectrum, 2H, SiCKCN), 1.13 t (2H, SiCHCC, %)
6.9 Hz), 1.84 m (2H, CCKC), 3.46 K part AAXX
spectrum, 2H, SiICCHN), 3.60 t (2H, FCCCH2N3J
6.9 Hz), 6.64 t (llfj, CeHs, 3372 Hz), 6.67 d (21,
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I h,, 12.9,3JHaX_Heq 3.6 Hz), 3.74 q.d (1K, CH,N,
2] 14.9, ‘i]Hax_Heq 6.5, 3JHeq_Heq 2.7 Hz), 4.15 q (1H,
CH, J 6.5 Hz), 6.73 t.t (1, CgHs, °J 8.3,%3 1.0 Hz),
6.82 d (2H, CHs, 33 8.1 Hz), 7.23 d.d (2H, CgHs,

33 8.3, %) 8.1 Hz). Found, %: N 6.99; Si 12.80.
C,3H»NSi. Calculated, %: N 6.38; Si 12.80.

1,2-Bis(2-phenylaminoethyl)-1,1,2,2-tetramethyl-
disiloxane (XIV) was isolated in 26% yieldR; O
(hexaneether, 9:1).'H NMR spectrum,s, ppm:
0.14 s (6H, MgSi), 0.96 m (2H, SiCH), 3.18 m (2H,
CH,N), 6.60 m (2H, CeHs), 6.71 t (1H, CgHy),
13C'NMR spectrum., ppm:
0.76 (MeSi), 19.37 (SiCh), 39.78 (CHN), 113.09
(G, CgHs), 117.58 (Cr;’ CeHs), 129.32 (G, CgHs),
148.22 (G, CgHy). 2°Si NMR spectrumgg;, ppm: 6.87.
Mass spectrumm/z (1o, %): 372 (20) M]*, 253 (15),
224 (55), 208 (100), 177 (15), 147 (22), 131 (26), 106
(86), 77 (22), 65 (11). Found, %: N 7.44; Si 15.36.
C,0H3,N,0Si,. Calculated, %: N 7.52; Si 15.07.
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