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In the neat flow vacuum pyrolysis of 2-methoxy-2-(o-N, N-dimethylaminomethyl)phenyl-3-trimethylsilyl-5,5-dime-
thyl-2-silahexane (4) at 600 °C and its static thermolysis at 350 °C, 2,3-benzo-5-aza-1-silacyclohexane (5) has
been obtained in 97% and 46% yields, respectively. Product 5 might have been formed viag an intramolecular
rearrangement involving a zwitterionic species generated from the pentacoordinated silene Si-atom. From trapping
experiments with an excess of Me;SiOMe or MeOH, we have obtained 2-(o-V, N-dimethylaminomethyl)phenyl-5,5-
dimethyl-2-trimethylsiloxy-2-silahexane (6) and 2-(o-N, N-dimethylaminomethyl)phenyl-2-methoxy-5,5-dime-
thyl-2-silahexane (7) formed via an intermolecular protodesilylation reaction rather than through trapped prod-

ucts of the silene.

Introduction

Silenes have been the subject of considerable interest over
the last 30 years.! Most of them have been generated as reac-
tive intermediates in the photolyses®* and thermolyses of
organosilicon compounds,”™” and several stable silenes®!!
have also been synthesized.

The Si = C bond is strongly polarized, in the sense of Si%-
C%", as expected from the different electronegativities of car-
bon and silicon atoms. The increased negative charge expands
the valence orbitals at the carbon, whereas the positive
charge contracts the orbitals at the silicon. This induces the
“mismatching” of 7Fatomic orbitals on C and Si, which has
been thought to be a main reason for the weakening of the
Si-C rebond.'?> We attempted to stabilize silenes through com-
pensation for the electronic deficiency of the silicon atom
with intramolecular electron-donor substituents such as (o-
N, N-dimethylaminomethyl)phenyl group,'® which has been
used extensively to synthesize a variety of the hyper-valent
organosilicon compounds, and which has also shown effec-
tiveness in stabilizing the low valent silicon centers in highly
reactive species like silylenes'* and silyl cations'® by the
intramolecular donation of electrons.
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Experimental Section

In reactions where air-sensitive chemicals were used, the
reagents and solvents were dried before use. Hexane and
diethylether were distilled from Na/Ph,CO. MeOH and EtOH
were distilled from Mg-turnings/I». Other starting materials
were purchased in reagent grade and used without further

purification. 'H and C NMR spectra were recorded on a
Bruker DPX 250 FT-NMR spectrometer and a Bruker AMX
500 NMR spectrometer. Analyses of the thermolysates were
accomplished using HP 5890 1I with FID (HP-1, 15 m col-
umn) and with TCD (OV-1, 1/8 inch 6 ft column). Mass spectra
were recorded on a low resolution Shimadzu GCMS QP-
2000A mass spectroscopy and high resolution VG ANA-
LYTICAL 70-VSEQ mass spectroscopy. Flow Vacuum
Pyrolysis (FVP) reactions were carried out in a quartz tube,
12 mm (OD) x 330 mm thick wall (1.0 mm) with or without
glass wool inside the tube. Vacuum Sealed Tube Thermoly-
sis (VSTT) reactions were also carried out using a tube simi-
lar to the one mentioned above. All thermolyses were
executed at 1.0 X 1072-1.5 x 1072 torr using dried decane as
an internal standard.

Synthesis of Chloro(o-N,N-dimethylaminomethyl)phe-
nylmethylvinylsilane (2). To dichloromethylvinylsilane (13
mL, 0.10 mol) at 0 °C was slowly added (o-N, N-dimethyl-
aminomethyl)phenyllithium (1) (14.0 g, 0.10 mol) in 200
mL of ether. The reaction mixture was stirred for approxi-
mately 12 h at room temperature. The precipitated LiCl was
removed by filtration, and volatiles were distilled off under
vacuum. The residue was distilled to yield 2 (16.4 g, 70%).
Bp: 88-92 °C (0.15 torr), MS (m/z; El): 239 (M', 9), 224
(15), 212 (3), 204 (16), 196 (100), 159 (19). 'H NMR
(CD:Cly, 500 MHz): 4 0.80 (s, 3H), 2.17 (s, 6H), 3.50-3.67
(m, 2H), 5.82-6.47 (m, 3H), 7.19-8.31 (m, 4H). *C NMR
(CDxCly, 125 MHz): §2.94 (CH;Si), 45.39 (N(CHz),), 64.15
(CH,N), 126.96, 126.99, 127.34, 130.45, 134.16, 137.87,
138.85, 145.36 (aryl and vinyl). HRMS (EI): Calcd for
C12HsNSiCl, 239.0897; Found, 239.0907.

Synthesis of Methoxy(o-/V,/N-dimethylaminomethyl)phe-
nylmethylvinylsilane (3). A mixture of MeOH (1.5 mL,
0.037 mol) and EtsN (6.0 mL, 0.043 mol) was slowly dropped
into 8.5 g (0.036 mol) of 2 in Et;0 (100 mL) at 0 °C. After
addition was completed, the mixture was heated at reflux
condition for 6 h. The reaction mixture was cooled down to
room temperature, and the precipitated Et;NH'CI™ was
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removed by filtration, and volatiles were stripped off under
vacuum. The residue was distilled to afford 3 in 78% yield
(6.6 g) as a colorless oil. Bp: 62-65 °C (0.15 torr) MS (m/z;
EI): 235 (M, 5), 220 (4), 234 (4), 192 (85), 58 (100), 44
(48). '"H NMR (CDCls, 250 MHz): 6 0.49 (s, 3H), 2.17 (s,
6H), 3.42-3.61 (dd, 2H), 3.52 (s, 3H), 5.81-6.40 (m, 3H),
7.27-7.79 (m, 4H). “C NMR (CDCl;, 125 MHz): 9 2.80
(SiCHs3), 45.41 (N(CHs),), 51.01 (OCH3), 64.68 (CH,N), 126.50,
126.73 (vinyl), 128.77, 129.80, 136.16, 136.84, 139.48, 145.36
(CsHsg). HRMS (EI): Caled for Cy3H2:NOSi, 235.1392; Found,
235.1393.

Synthesis of 2-Methoxy-2-(0-NV,N-dimethylaminomethyl)-
phenyl-3-trimethylsilyl-5,5-dimethyl-2-silahexane (4). A
solution of 7.0 g (0.030 mol) of 3 in 120 mL of »n-hexane
was treated dropwise at -78 °C with 17.6 mL (0.030 mol) of
-BuLi (1.7 M in n-hexane). After stirring for 2 h at -78 °C,
chlorotrimethylsilane (3.9 mL, 0.030 mol) was dropped slowly
into the reaction mixture at the same temperature. After the
dropping was completed, stirring was continued for 6 h,
keeping the temperature at -30 ~ -20 °C. Following the removal
of EtsNH'CI™ by filtration, volatiles were distilled off under
vacuum. The residue was distilled to give the thermolysis
precursor 4 in 45% yield (4.9 g) as a colorless oil. Bp: 112-
118 (0.15 torr) MS (m/z; EI) 365 (M", 9), 350 (39), 308 (76),
292 (81), 208 (100), 165 (63), 73 (55), 58 (67). HRMS (EI):
Calcd for CyH30NOSi», 365.2570; Found, 365.2578. 4a: 'H
NMR (CDCl;, 500 MHz): 4 0.05 (s, 9H), 0.39 (t, 1H), 0.45
(s, 3H), 0.62 (s, 9H), 1.43 (m, 2H) 2.28 (s, 6H) 3.34 (s, 3H)
3.61 (m, 2H), 7.19-7.50 (m, 4H). *C NMR (CDCl, 125
MHz): & -3.04 (SiCHj;), 0.60 (Si(CHs)3), 9.92 (SiCHSI),
29.61 (C(CHj3)3), 31.56 (C(CHs)s), 37.42 (CHa-Bu), 45.77
(NMe), 50.31 (OMe), 63.71 (CH,N), 125.82-145.00 (CsHs).
4b: '"H NMR (CDCl;, 500 MHz): &-0.05 (s, 9H), 0.39 (t,
1H), 0.50 (s, 3H), 0.72 (s, 9H), 1.45 (m, 2H) 2.28 (s, 6H)
3.30 (s, 3H) 3.61 (m, 2H), 7.19-7.50 (m, 4H). *C NMR
(CDyCl,, 125 MHz): & -2.03 (SiMe), 0.35 (SiMes), 10.10
(SiCHSI), 29.69 (C(CHj3)3), 31.70 (C(CHs)s), 37.48 (CHat-
Bu), 45.77 (NMe,), 49.99 (OMe), 63.71 (CH,N), 125.82-
145.00 (CgHa).

Flow Vacuum Pyrolysis (FVP) of 4. The FVP of 4 (0.04
g, 0.1 mmol) was conducted at 600 °C (1.0 x 1072-1.5 x 107
torr) by injection of 4 through glass chips packed in a quartz
tube. The pyrolysate was condensed in a spiral trap cooled to
-196 °C . Yields were determined by GC with decane as the
internal standard and are corrected for the 24% recovery of
4. The product 5 obtained in 97% yield (GC area % yield)
was isolated by preparative GC and identified by GC-MS,
'"H NMR, "C NMR, DEPT 135° and HRMS.

2,3-Benzo-1-(2,2-dimethylbutyl)-1-methyl-5-methylaza-1-
silacyclohexane (5). MS (m/z; (EI): 261 (M", 5), 246 (14),
176 (100), 162 (21), 58 (3). '"H NMR (CDCl;, 250 MHz): &
0.30 (s, 3H), 0.70-0.77 (m, 2H) 0.87 (s, 9H), 1.18-1.28 (m,
2H) 2.20 (s, 2H), 2.53 (s, 3H) 3.56 (s, 2H), 7.08-7.51 (m,
4H). *C NMR (CDCl;, 125 MHz): J -3.01 (SiCH3), 9.65
(SiCH>), 29.45 (C(CHs)3), 31.80 (C(CHs)s), 38.25 (CHat-
Bu), 46.57 (SiCH2N), 51.38 (NMe), 63.10 (CH2N), 127.00,
127.75, 129.76, 133.00, 134.58, 145.71 (CsH4). HRMS (EI):
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Calcd for C;6Hy7NSi, 261.1913; Found, 261.1937.

Vacuum Sealed Tube Thermolysis (VSTT) of 4. The
VSTT of 4 (0.052 g, 0.14 mmol) without solvent was con-
ducted at 350 °C for 0.6 h in the sealed tube. The thermolysis
of 4 afforded Me;SiOMe, S (46% yield) and 6 (23% yield),
which were isolated by preparative GC.

2-(0-N,N-Dimethylaminomethyl)phenyl-5,5-dimethyl-
2-trimethylsiloxy-2-silahexane(6). MS (m/z; (El): 351 (M",
13), 336 (27), 294 (60), 266 (52), 58 (100). 'H NMR
(CDxCly, 250 MHz): 4 0.15 (s, 9H), 0.35 (s, 3H), 0.81 (m,
2H), 0.84 (s, 9H), 1.12-1.22 (m, 2H), 2.17 (s, 6H), 3.49 (s,
2H), 7.20-7.63 (m, 4H). *C NMR (&; CD,Cl,): 0.48 (SiCH3),
2.20 (SiMe3), 12.85 (SiCH,) 28.99 (C(CHs);), 31.20 (C(CHs)s),
37.74 (CHjt-Bu), 45.38 (NMe,), 64.62 (CH:N), 126.38,
129.00, 129.42, 135.49, 136.28, 143.64 (C¢Hs). HRMS (EI):
Calcd for C19H37NOSip, 351.2414; Found, 351.2417.

VSTT of 4 in an Excess of Me3SiOMe. The VSTT of a
mixture of 4 (0.052 g, 0.14 mmol) and Me;SiOMe (240 pL,
2.0 mmol) were carried out at 350 °C for 6 h in the same
manner as above. The recovery of 4 is 49%, and the products
6 (35% yield) and 7 (53% yield) were obtained.

2-(0-N,N-Dimethylaminomethyl)phenyl-2-methoxy-5,5-
dimethyl-2-silahexane (7). MS (m/z; (ED): 293 (M", 13),
278 (21), 246 (61), 236 (100), 58 (45). '"H NMR (CD,Cl,,
250 MHz): 6 0.39 (s, 3H), 0.84-0.89 (m, 2H), 0.92 (s, 9H),
1.18-1.34 (m, 2H), 2.19 (s, 6H) 3.47-3.56 (dd, 2H) 3.49 (s,
3H), 7.28-7.70 (m, 4H). ®C NMR (& CDCl;): -2.90 (SiMe),
10.29 (SiCH,), 29.28 (C(CHs);), 31.50 (C(CHs3)3), 37.53
(CHyt-Bu), 45.69 (NMe,), 50.92 (OMe), 64.81 (CH2N),
126.72, 129.33, 129.832, 135.966, 136.297, 145.69 (CgHy).
HRMS (EI): Caled for C;7H3NOSi, 293.2175; Found,
293.2175.

VSTT of 4 in an Excess of MeOH. The VSTT of a mix-
ture of 4 (0.052 g, 0.14 mmol) and MeOH (150 pL, 2.8
mmol) were carried out at 340 °C for 6 h in the same manner
as mentioned above. The recovery of 4 was 11%, and the
products 6 (42% yield) and 7 (13% yield) were obtained.

FVP and VSTT of 4 in Various Trapping Agents. The
FVP or VSTT of 4 in the presence of an excess of 2,3-dime-
thyl-1,3-butadiene, isoprene, 1,3-butadiene, anthracene, H,O
and CCls was carried out at various temperatures, respec-
tively, in the same manner as mentioned above. In these
experiments, only products, 5, 6 and 7 were obtained with-
out any silene-trapped adduct or silene dimers.

Results and Discussion

Presumably penta-coordinated organosilicon compounds
4a, b as the thermal precursor for the 1-methyl-1-(o-N,N-
dimethylaminomethyl)phenyl-2-neopentylsilene were synthe-
sized as a diastereomeric mixture in 45% yield via the silyla-
tion of a-lithiomethoxysilane.

The ratio of diastereomers 4a to 4b estimated from their
NMR spectra and GC analyses was ca. 70 to 30. The assign-
ment of the diastereomeric isomers was made on the basis of
the 'H- and '*C NMR spectra for the isomers. The difference
in the chemical shifts for methylene carbon of neopentyl
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Figure 1. Posible structures of diasteremer 4.

Table 1. NMR data for the diasterecomeric compounds 4a, b

NMR diastere- .. .

(CDCL) omer SiMe SiMe; CMe; CMe; OMe
'H (ppm) 4a 0.45 0.05 0.62 3.34
(500 MHz)  4b 0.50  -0.05 0.72 3.30
5C (ppm) 4a -3.04 0.60 29.61 31.56 50.31
(124 MHz) 4b -2.03 0.35 29.69 31.70  49.99

group between 4a and 4b is very small (0.06 ppm) compared
to other substituents, such as SiMe (1.01 ppm), SiMes (0.25
ppm), and OMe (0.32 ppm) in *C-NMR spectra. It implys
that the neopentyl group has shielding effects similar to
those of adjacent groups in 4a and 4b. Considering bulk
shieldings as shown in Figure 1, since the methyl group of
SiMe is shielded by both the neopentyl and SiMe; groups in
a, and by both the H and neopentyl groups in d, the chemical
shift for the methyl group of 4a is up field compared with
that of 4b. In similar manners, the 'H NMR and *C NMR
peaks of the SiMes, and OMe groups were properly assigned.
(Table 1) They are consistent with the conformational struc-
tures of a and d in Figure 1.

In the neat flow vacuum pyrolysis of 4 at 600 °C, the
unexpected compound 5 was obtained, unexpectantly, in
97% yield along with Me;SiOMe.

As shown in Scheme 2, 5 might be formed through an
intramolecular rearrangement involving a zwitterionic spe-
cies generated from the pentacoordinated silene Si-atom. In
the zwitterionic species, d-silylated carbanion picks up the
proton from the methyl group on the nitrogen atom to form
ammonium ylide species, which can undergo nucleophilic
attack to silicon atom to give the ring-expanded product 5.
This result suggests that an intramolecular electron-donor
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atom affects the formation of the zwitterionic species rather
than affecting the stabilization of the silene. In 1992, Auner
et al. also reported that the reaction of amino-substituted
chlorovinylsilane with #-BuL.i yielded the diazasilacyclopen-
tane at 133 °C via the generation of zwitterionic species due
to the N-Si bond formation, and this was followed by a
migration of the trimethylsilyl group to the original sp’
hybridized carbon atom of the silene.'®!”

FVP experiments which lead to a decrease in the number
of intermolecular collisions compared with VSTT experi-
ments gave 5 in higher yield. This result might be indirect
evidence that 5 is formed through the intramolecular reac-
tion mechanism.

In the VSTT experiments under neat condition at 350 °C,
compounds 5 and 6 were obtained. It is thought that 6 might
be formed by the intermolecular elimination of Me;SiOMe,
followed by several reaction steps other than the intramole-
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N™ SiMes 350°C., 0.6h
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v \N/
YL o
/Si\/\/\ A
5 46% 6 203302"ea

+ Me3SiOMe
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cular reaction. An increase in the number of the intermolecu-
lar collisions in VSTT experiments resulted in the formation
of 6, which was not observed in FVP experiments.

In trapping reactions with an excess of Me;SiOMe, MeOH
and EtOH, we obtained 6 and 2-(o-N, N-dimethylaminome-
thylphenyl)-2-methoxy-5,5-dimethyl-2-silahexane (7) as the
major products formed via the intermolecular protodesilyla-
tion mechanism,'® which involves the electrocyclic reaction
between 4 and Me;SiOMe, MeOH and EtOH, respectively
(Scheme 3).

Considering that there was no detection of compound 5, it
may be concluded that 5 is formed through the intramolecu-
lar reaction pathway. The FVP or VSTT of 4 gave 5, 6, 7 and
other unidentified compounds in the presence of excess 2,3-
dimethyl-1,3-butadiene, isoprene, 1,3-butadiene, H,O and
CCls. Nonetheless, no corresponding silene-trapped com-
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pounds were obtained.

Acknowledgment. This work was supported by the Korean
Ministry of Education through research fund (BSRI-98-015-
D00170) and Yonsei University research fund of 1997.

References

1. Gusel'nikov, L. E.; Flowers, M. C. Chem. Commun. 1967,
864.

2. Ishikawa, M.; Nakagawa, K. I.; Enokida, R.; Kumada, M.
J. Organomet. Chem. 1980, 201, 151.

3. Sakurai, H.; Nakadaira, Y.; Kira, M.; Sugiyama, H.;
Yoshida, K.; Takiguchi, T. J. Organomet. Chem. 1980,
184, C36.

4. Jung, . N.; Pae, D. H.; Yoo, B. R.; Lee, M. E.; Jones, P. R.
Organometallics 1989, 8, 2017.

5. Seyferth, D.; Lefferts, J. L. J. Am. Chem. Soc. 1974, 96,
6237.

6. Wiberg, N. J. Organomet. Chem. 1984, 273, 141.

7. Wiberg, N.; Preiner, G. Angew. Chem. Int. Ed. Engl. 1977,
16, 328.

8. Brook, A. G.; Abdesaken, F.; Gutekunst, B.; Gutekunst,
G.; Kallury, R. K. J. Chem. Soc., Chem. Commun. 1981,
191.

9. Brook, A. G.; Nyburg, S. C.; Abdesaken, F.; Gutekunst,
G.; Kallury, R. K.; Poon, Y. C.; Chang, Y.; Wang-Ng, W.
J. Am. Chem. Soc. 1982, 104, 5667.

10. Wiberg, N.; Kopf, H. J. Organomet. Chem. 1986, 315, 9.

11. Wiberg, N.; Wagner, G. J. Organomet. Chem. 1984, 271,
381.

12. Apeloig, Y. In The Chemistry of Organic Silicon Com-
pounds; Patai, S., Rappoport, Z., Eds.; John Wiley &
Sons: New York, U. S. A., 1989; Chapter 2, p 57.

13. Corriu, R. J. P.; Young, J. C. In The Chemistry of Organic
Silicon Compounds; Patai, S., Rappoport, Z., Eds.; John
Wiley & Sons: New York, U. S. A., 1989; Chapter 20, p
1241.

14. Belzner, J.; IThmels, H.; Kneisel, B. O.; Gould, R. O.;
Herbst-Irmer, R. Organometallics 1995, 14, 305.

15. Belzner, J.; Schar, D.; Ihmels, H.; Kneisel, B. O.; Herbst-
Irmer, R. Organometallics 1995, 14, 1840.

16. Auner, N.; Penzenstadler, E.; Herdtweck, E. Z. Naturfor-
sch. 1992, 47b, 1377.

17. Brook, A. G.; Brook, M. A. Adv. Organomet. Chem. 1996,
39, 71.

18. Jones, P. R.; Lee, M. E. J Am. Chem. Soc. 1983, 105,
6725.




