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Reaction of Hypercoordinate Dichlorosilanes
Bearing 8-(Dimethylamino)-1-naphthyl
Group(s) with Magnesium: Formation of the
1,2-Disilaacenaphthene Skeleton**
Kohei Tamao,* Masahiro Asahara, Tomoyuki Saeki,
and Akio Toshimitsu*

Recently, we found that a pentacoordinate monochloro-
silane containing the 8-dimethylamino-1-naphthyl group
undergoes reductive coupling with magnesium to form an
SiÿSi bond, which provided a new procedure for the direct
interconnection of pseudo-pentacoordinate silicon atoms.[1]

We anticipated that a similar magnesium reduction of a
pentacoordinate dichlorosilane containing the same amino-
naphthyl group would give polysilanes in which all the silicon
atoms are pentacoordinate[2] [Eq. (1)]. However, contrary to
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our expectation, the reaction actually afforded no polysilanes
but only a dimeric product that contained a 1,2-disilaace-
naphthene skeleton arising from SiÿSi and SiÿC bond
formation and amino group migration from the naphthyl
carbon atom to a silicon atom (Scheme 1).

The pentacoordinate dichlorosilane 1 bearing an 8-(di-
methylamino)-1-naphthyl group was treated with two equiv-
alents of magnesium. After quenching with isopropyl alcohol,
the dimerized product 1-isopropoxy-1,2-disilaacenaphthene
(2) bearing only one 8-(dimethylamino)-1-naphthyl group was
obtained as a mixture of stereoisomers (cis :trans� 2:1). The
structure of this unexpected product was confirmed by X-ray
crystallography on cis-2 (Figure 1)[4a] and by 1H, 13C, and 29Si
NMR spectra of cis- and trans-2. It is noteworthy that the
coordination number of one of the two silicon atoms is
lowered from five to four.

Hexacoordinate dichlorosilane 3 bearing two 8-(dimethyl-
amino)-1-naphthyl groups also reacted with magnesium to
afford, after treatment with isopropyl alcohol, 1-isopropoxy-
1,2-disilaacenaphthene (4), which bears three 8-(dimethyl-
amino)-1-naphthyl groups, as the major product (Scheme 1).
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Scheme 1. Formation of the disilaacenaphthenes 2 and 4 from 1 and 3.

Figure 1. X-ray structure of cis-2 drawn in stereoview at 30 % probability
level. All hydrogen atoms are omitted for clarity. Selected distances [�]
and angles [8]: Si1ÿSi2 2.3469(8), Si2 ´´ ´ N1 2.828(2); N1 ´´´ Si2-C8 177.16(8)
Si1-Si2-C8 89.43(8), Si1-Si2-C15 113.56(7), Si1-Si2-C27 119.14(9), Si2-Si1-
O1 122.01(7), Si2-Si1-C1 93.75(7), Si2-Si1-C11 114.07(9).

The structure of this crowded molecule was also determined
by X-ray crystallography (Figure 2).[4b] One silicon atom is
again pentacoordinate while the other is hexacoordinate.[2]

Compound 4 is the first disilane composed of hexacoordinate
and pentacoordinate silicon centers.

Figure 2. X-ray structure of 4 drawn in stereoview at 30% probability
level. All hydrogen atoms are omitted for clarity. Selected distances [�]
and angles [8]: Si1ÿSi2 2.3641(6), Si1 ´´ ´ N1 3.078(2), Si2 ´´ ´ N2 3.147(2),
Si2 ´´ ´ N3 2.970(2); O1-Si1 ´´ ´ N1 168.06(6), Si2-Si1-O1 107.17(5), Si2-Si1-C1
94.35(6), Si2-Si1-C11 127.54(6), Si1-Si2 ´ ´ ´ N2 171.97(4), N3 ´´´ Si2-C8
175.84(7), Si1-Si2-C8 89.14(6), Si1-Si2-C26 122.15(6), Si1-Si2-C38
104.17(6).
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Interestingly, in these reactions, one silicon atom became
bonded to the naphthyl carbon atom that bore the amino
group. The amino group migrated to the coordinated silicon
atom to afford an aminosilane with a lower coordination
number and was finally substituted by the isopropoxyl group
during workup with isopropyl alcohol.

Two types of reactions of hypercoordinate dihalosilanes
with alkali or alkali earth metals have been reported. One is
the conventional silicon ± silicon bond formation observed by
Belzner et al. in the reaction of a hypercoordinate dichloro-
silane bearing 2-[(dimethylamino)methyl]phenyl group(s)
with magnesium to afford the corresponding cyclic trisilane.[5]

The other is cyclization by SiÿCbenzyl bond formation and
migration of the amino group from the benzyl carbon atom to
the silicon atom without silicon ± silicon bond formation.
Thus, Corriu, Auner et al. reported the reaction of a
pentacoordinate difluorosilane bearing the 8-[(dimethyl-
amino)methyl]-1-naphthyl group with lithium or lithium
naphthalenide to afford a 1-silaacenaphthene derivative.[6]

Both silicon ± silicon bond formation and amino-group migra-
tion proceeded concomitantly and selectively in the reaction
of 1 and 3 with magnesium to afford 1-amino-1,2-disilaace-
naphthene derivatives. These results indicate that the course
of the reaction depends on the structure of the aminoaryl
groups and suggest the possibility of developing new types of
reactions by the introduction of new intramolecular coordi-
nating groups.

Some structural aspects of the new 1,2-disilaacenaphthene
derivatives 2 and 4 are as follows: The Si1ÿSi2 bond lengths
(2.3469(8) in 2 and 2.3641(6) � in 4) are shorter than expected
and comparable to that of 2.338(2) � in 1,1,2,2-tetramethyl-
1,2-disilaacenaphthene, which contains two tetravalent silicon
centers,[7] presumably because the SiÿSi bonds are incorpo-
rated in the rather rigid five-membered ring of the acenaph-
thene skeleton.

One of the silicon atoms in 2 (Si2) is pentacoordinate, as
indicated by the Si2 ´´ ´ N1 distance of 2.828(2) �, the N1 ´´´
Si2-C8 angle of 177.16(8)8, and the pentacoordinate character
%TBPe and %TBPa of 77 % and 54 %, respectively (see ref.
[8] for details of definitions of %TBPe and %TBPa). Although
Si2 in 2 bears no electronegative ligand, these parameters are
similar to those of pentacoordinate silicon compounds bear-
ing the same aminoaryl group and a fluorine or oxygen
atom.[9] The Si1-Si2-C8 bond angle of 89.43(8)8 in the 1,2-
disilaacenaphthene skeleton[7] of 2 seems suitable to occupy
the axial/equatorial positions in the trigonal bipyramidal
geometry and thus favors the coordination of the amino
group.

In 4, two aminonaphthyl groups cis to each other (labeled A
and B in Scheme 1) are highly distorted, as evidenced by the
large Si-C1 ´´ ´ C8-N and C1-C2-C3/C6-C7-C8 dihedral an-
gles[10] of 29.3 and 13.18, resectively, in group A, and of 34.1
and 14.78, resectively, in group B. The coordination of the
nitrogen atoms to the silicon centers is weak, as shown by
Si ´´ ´ N distances of 3.078(2) at the pentacoordinate silicon
center bearing group A and 3.147(2) � at the hexacoordinate
silicon center bearing group B. These structural features may
be ascribed to steric hindrance. In contrast, aminonaphthyl
group C is free of distortion,[11] as shown by the small Si-C1 ´´´

C8-N and C1-C2-C3/C6-C7-C8 dihedral angles[10] of 4.5 and
5.88, respectively. Regardless of the hexacoordination of this
silicon center, the Si2 ´´ ´ N3 distance (2.970(2) �) is shorter
than that of the pentacoordinate silicon center (Si1 ´´´ N1
3.078(2) �) described above.

Mechanistic studies on this reaction are now in progress.[12]

Experimental Section

2 : A solution of 1 in benzene (1.61 mmol gÿ1, 0.62 g, 1.0 mmol) was added to
a suspension of magnesium powder (49 mg, 2.0 mmol) in THF (2 mL) at
20 8C under a nitrogen atmosphere. After stirring for 1.5 h at this
temperature, triethylamine (0.28 mL, 2.0 mmol) and isopropyl alcohol
(0.46 mL, 6.0 mmol) were added, and the resulting mixture was stirred for
2 h. [In another experiment, the 1H NMR spectrum of this mixture with
triphenylsilane as internal standard indicated the presence of cis- and trans-
2 in 52 % yield (cis :trans� 2:1), dimethylaminonaphthalene in about 20%
yield, and very weak signals of an unidentified compound(s).] After
concentration under reduced pressure, hexane was added to the residual
oil, and the precipitate thus formed was removed by filtration. The filtrate
was concentrated in vacuo, and the residual oil was purified by column
chromatography on silica gel with hexane/ethyl acetate (10:1; Rf� 0.48) as
eluent to afford crude 2. Further purification by HPLC with hexane/ethyl
acetate (50/1) as eluent afforded cis-2 (49 mg, 0.11 mmol, 22 % yield) and
trans-2 (30 mg, 0.068 mmol, 14% yield). cis-2 : m.p. 172 ± 173 8C (from
hexane/ethyl acetate (50/1)); 1H NMR (270 MHz, C6D6): d� 0.59 (s, 3H),
0.59 (d, 3J(H,H)� 5.9 Hz, 3H), 0.83 (s, 3H), 0.89 (d, 3J(H,H)� 5.9 Hz, 3H),
2.61 (s, 3H), 2.75 (s, 3H), 3.77 (sept, 3J(H,H)� 5.9 Hz, 1 H), 7.15 ± 7.24 (m,
2H), 7.34 (d, 3J(H,H)� 7.6 Hz, 1H), 7.50 ± 7.59 (m, 3 H), 7.67 (d, 3J(H,H)�
7.8 Hz, 1 H), 7.82 ± 7.91 (m, 3H), 7.96 (d, 3J(H,H)� 6.5 Hz, 1H), 8.15 (d,
3J(H,H)� 7.0 Hz, 1 H); 13C NMR (67.94 MHz, C6D6; * denotes two
overlapping signals): d� 0.26, 0.44, 25.40, 25.90, 45.77, 50.61, 66.73,
117.02, 125.66, 125.92*, 126.19, 126.26, 128.52, 129.87, 130.39, 131.45,
132.67, 133.41, 134.02, 135.44, 135.60, 138.17, 141.10, 146.36, 148.32, 153.30;
29Si NMR (53.67 MHz, C6D6, TMS): d�ÿ37.55, 4.33; elemental analysis
calcd (%) for C27H31NOSi2: C 73.42, H 7.07, N 3.17; found: C 73.42, H 6.90,
N 3.09. trans-2 : m.p. 142 ± 143 8C (from hexane/ethyl acetate (50/1));
1H NMR (270 MHz, C6D6): d� 0.36 (s, 3 H), 0.91 (s, 3H), 1.09 (d,
3J(H,H)� 5.9 Hz, 3H), 1.20 (d, 3J(H,H)� 5.9 Hz, 3 H), 2.60 (s, 3H), 2.73
(s, 3 H), 4.04 (sept, 3J(H,H)� 5.9 Hz, 1 H), 7.05 (t, 3J(H,H)� 7.4 Hz, 1H),
7.15 (d, 3J(H,H)� 7.3 Hz, 1H), 7.33 (t, 3J(H,H)� 7.7 Hz, 1H), 7.48 (t,
3J(H,H)� 7.4 Hz, 1H), 7.52 ± 7.62 (m, 3 H), 7.82 ± 7.92 (m, 5 H); 13C NMR
(67.94 MHz, C6D6; * denotes two overlapping signals): d� 1.05, 1.10,
26.12*, 47.09, 48.76, 66.83, 116.70, 125.83*, 126.01, 126.15, 126.28, 128.50,
129.71, 130.10, 131.34, 132.22, 133.23, 133.73, 135.48, 135.71, 138.01, 141.59,
146.04, 148.38, 153.05; 29Si NMR (53.67 MHz, C6D6, TMS): d�ÿ37.35,
6.11; elemental analysis calcd (%) for C27H31NOSi2: C 73.42, H 7.07, N 3.17;
found: C 73.44, H 7.28, N 3.16.

4 : After the reaction of magnesium powder (24 mg, 1.0 mmol) with 3
(0.23 g, 0.5 mmol) in THF (1 mL) at 20 8C for 6 h, the products were
quenched with triethylamine (0.14 mL, 1.0 mmol) and isopropyl alcohol
(0.23 mL, 3.0 mmol) at 20 8C for 1.5 h as described above. [In another
experiment, the 1H NMR spectrum of this mixture with triphenylsilane as
internal standard indicated the presence of 4 in 70% yield and dimethyl-
aminonaphthalene in 30 % yield.] After workup as described above,
recrystallization of the residual solid from hexane afforded pure 4 (74 mg,
0.10 mmol, 40 % yield). 4 : m.p. 270 ± 271 8C (from hexane/ethyl acetate (50/
1)); 1H NMR (270 MHz, C6D6): d�ÿ0.17 (d, 3J(H,H)� 5.1 Hz, 3 H), 0.51
(s, 3H), 0.72 (s, 3 H), 1.13 (d, 3J(H,H)� 5.9 Hz, 3H), 1.18 (s, 3H), 1.64 (s,
3H), 2.52 (s, 3H), 2.54 (s, 3 H), 3.77 (sept, 3J(H,H)� 5.9 Hz, 1H), 6.56 (dd,
3J(H,H)� 7.8 Hz, 7.0 Hz, 1 H), 6.74 (dd, 3, 4J(H,H)� 4.9, 0.8 Hz, 1H), 6.90
(dd, 3J(H,H)� 8.0, 6.6 Hz, 1H), 7.15 ± 7.40 (m, 6H), 7.47 ± 7.64 (m, 7H), 7.67
(dd, 3, 4J(H,H)� 8.0, 0.9 Hz, 1 H), 7.72 (dd, 3, 4J(H,H)� 8.4, 1.4 Hz, 1H),
7.77 (dd, 3, 4J(H,H)� 8.2, 0.9 Hz, 1 H), 7.83 ± 7.94 (m, 3 H), 8.22 (dd,
3, 4J(H,H)� 6.8, 1.4 Hz, 1H), 9.03 (dd, 3, 4J(H,H)� 7.3, 1.4 Hz, 1H,);
13C NMR (67.94 MHz, C6D6; * denotes two overlapping signals): d�
24.05, 26.40, 41.17, 43.28, 49.58, 50.12, 51.04, 51.29, 66.92, 117.04, 117.25,
120.42, 124.73, 125.22, 125.29, 124.45, 125.54*, 125.65, 125.72, 125.77, 126.31,
127.14, 128.74, 129.10, 129.15, 129.76, 130.75, 132.40, 133.19, 133.44, 134.04,
134.60, 135.08, 135.38, 135.74, 135.89, 136.07, 136.19, 137.09, 137.88, 139.12,
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139.54, 140.81, 146.31, 147.41, 154.22, 154.38, 154.71; 29Si NMR (53.67 MHz,
C6D6, TMS): d�ÿ21.54, ÿ11.52; elemental analysis calcd (%) for
C49H49N3OSi2: C 78.25, H 6.57, N 5.59; found: C 78.27, H 6.55, N 5.49.

Received: May 17, 1999 [Z 13422 IE]
German version: Angew. Chem. 1999, 111, 3520 ± 3523

Keywords: heterocycles ´ hypervalent compounds ´ magne-
sium ´ silicon ´ rearrangements

[1] K. Tamao, M. Asahara, T. Saeki, A. Toshimitsu, Chem. Lett. 1999,
335 ± 336.

[2] In view of the weak coordination of the nitrogen atom of the
8-(dimethylamino)-1-naphthyl group, it may be better to describe the
resulting structures as [4�1]-coordinate[3] and [4�2]-coordinate.[3]

However, we prefer to refer to them as ªpentacoordinateº and
ªhexacoordinateº for the sake of simplicity.

[3] a) R. J. P. Corriu, J. C. Young in The Chemistry of Organic Silicon
Compounds (Eds.: S. Patai, Z. Rappoport), Wiley, Chichester, 1989,
pp. 1241 ± 1288; b) C. Chuit, R. J. P. Corriu, C. ReyeÂ, J. C. Young,
Chem. Rev. 1993, 93, 1371 ± 1448.

[4] Crystallographic data (excluding structure factors) for the structures
reported in this paper have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication nos.
CCDC-120868 and 120869. Copies of the data can be obtained free
of charge on application to CCDC, 12 Union Road, Cambridge CB2
1EZ, UK (fax: (�44) 1223-336-033; e-mail : deposit@ccdc.cam.ac.uk).
a) Crystal data for cis-2 : C27H31NOSi2, Mr� 441.72, crystal dimensions
0.5� 0.4� 0.3 mm, monoclinic, space group P21/n (no. 14), a�
8.7570(3), b� 36.023(1), c� 8.8050(2) �, b� 118.604(2)8, V�
2438.5601 �3, Z� 4, 1calcd� 1.20 g cmÿ3, m(MoKa)� 1.64 cmÿ1, 2qmax�
50.28. A Rigaku RAXIS-IV imaging plate area detector with graphite-
monochromated MoKa radiation (l� 0.71070 �) at T� 293 K was
used. A total of 3771 reflections was collected. The data were
corrected for Lorentzian and polarization effects. A correction for
secondary extinction was applied (coefficient� 4.40260� 10ÿ7). The
structure was solved by direct methods (SIR92) and expanded using
Fourier techniques (DIRDIF94). The non-hydrogen atoms were
anisotropically refined. Hydrogen atoms were included but not
refined. The final cycle of the full-matrix least-squares refinement
was based on 3271 observed reflections (I> 3 s(I)) and 281 variable
parameters with the teXsan crystallographic software package. The
structure was refined to a GOF of 1.47 and final residuals of R1� 0.053
and wR2� 0.090. The max./min. peaks on the final difference Fourier
map corresponded to 0.50/ÿ 0.25 e �ÿ3. b) Crystal data for 4 :
C49H49N3OSi2, Mr� 752.12, crystal dimensions 0.6� 0.4� 0.3 mm,
monoclinic, space group P21/n (no. 14), a� 11.283(2), b� 17.446(3),
c� 20.793(3) �, b� 99.562(8)8, V� 4036.3000 �3, Z� 4, 1calcd�
1.238 g cmÿ3, m(MoKa)� 1.29 cmÿ1, 2 qmax� 55.28. A Rigaku RAXIS-
IV imaging plate area detector with graphite-monochromated MoKa

radiation (l� 0.71070 �) at T� 293 K was used. A total of 8250
reflections was collected. The data were corrected for Lorentzian and
polarization effects. A correction for secondary extinction was applied
(coefficient� 6.56940� 10ÿ7). The structure was solved by direct
methods (SIR92) and expanded by using Fourier techniques (DIR-
DIF94). The non-hydrogen atoms were anisotropically refined.
Hydrogen atoms were isotropically refined. The final cycle of the
full-matrix least-squares refinement was based on 6100 observed
reflections (I> 3s(I)) and 693 variable parameters with the teXsan
crystallographic software package. The structure was refined to a
GOF of 1.27 and final residuals of R1� 0.038 and wR2� 0.055. The
max./min. peaks on the final difference Fourier map corresponded to
0.28/ÿ 0.27 e �ÿ3.

[5] a) J. Belzner, J. Organomet. Chem. 1992, 430, C51 ± C55; b) J. Belzner,
U. Dehnert, H. Ihmels, M. Hübner, P. Müller, I. UsoÂ n, Chem. Eur. J.
1998, 4, 852 ± 863.

[6] R. Corriu, G. Lanneau, C. Priou, F. Soulairol, N. Auner, R. Probst, R.
Conlin, C. Tan, J. Organomet. Chem. 1994, 466, 55 ± 68.

[7] a) E. A. Chernyshev, N. G. Komalenkova, T. A. Klochkova, S. A.
Shchepinov, A. M. Mosin, Zh. Obshch. Khim. 1971, 41, 122 ± 127;

b) O. A. D�yachenko, S. V. Soboleva, L. O. Atovmyan, Zh. Strukt.
Khim. 1976, 17, 350 ± 356; c) W. Ando, T. Wakahara, T. Akasaka,
Organometallics 1994, 13, 4683 ± 4685; d) M. Söldner, M. SaÃndor, A.
Schier, H. Schmidbaur, Chem. Ber. 1997, 130, 1671 ± 1676.

[8] K. Tamao, T. Hayashi, Y. Ito, Organometallics 1992, 11, 2099 ± 2114.
[9] a) H. Bock, Z. Havlas, V. Krenzel, Angew. Chem. 1998, 110, 3305 ±

3307; Angew. Chem. Int. Ed. 1998, 37, 3163 ± 3166; b) The Si ´´ ´ N
distance in 5a is 2.969(3) � and that in 5 b is 2.852(2) �: K. Tamao, K.
Nagata, M. Asahara, A. Kawachi, Y. Ito, M. Shiro, J. Am. Chem. Soc.
1995, 117, 11592 ± 11593; K. Tamao, M. Asahara, A. Kawachi, A.
Toshimitsu, unpublished results.

Si

NMe2

X
SiRPh2

Me

5 6

N Si

a; X = OEt, R = Me
b; X = F, R = Ph

1
2

36

8
7

[10] For the numbering of naphthyl carbon atoms used to denote the
dihedral angles, see formula 6.

[11] Note that the aminonaphthyl group in 2 is somewhat distorted, as
shown by the Si-C1 ´´´ C8-N and C1-C2-C3/C6-C7-C8 dihedral an-
gles[10] of 19.3 and 8.18.

[12] A similar reaction of phenyl-substituted pentacoordinate dichlorosi-
lane 7 with magnesium followed by quenching with iPrOH(D)
afforded not the disilaacenaphthene derivative but the pentacoordi-
nate monosilane 10 and disilane 11, each of which bears an iPrO group
and an H(D) atom in yields of 30 and 29%, respectively. The 29Si
NMR spectrum of the reaction mixture before quenching showed
three signals at d�ÿ45.89, ÿ40.23, and ÿ23.87, which were assigned
to precursors of 10 and 11, most probably the silylenoid 8 and its self-
condensation[13] product 9, on the basis of the high-field shift[14] of the
signals relative to the dihalide 7 (d�ÿ23.22) and the unsymmetrical
structure of the precursor of 11. Similar species may also be involved
in the reactions of 1 and 3 with magnesium as well.

Si

NMe2

Cl
Cl

Ph
Si

NMe2

MgCl

Ph

Si

Me2N

Cl

Ph

7

Si

NMe2

Cl
MgCl

Ph
Mg

Si

NMe2

H(D)

Ph

Si

Me2N

iPrO

Ph

10
11

Si

NMe2

O-iPr
H(D)

Ph

8
9

    THF
20 °C, 1 h

+iPrOH(D)

– MgCl2

[13] K. Tamao, A. Kawachi, Angew. Chem. 1995, 107, 886 ± 888; Angew.
Chem. Int. Ed. Engl. 1995, 34, 818 ± 820.

[14] Disilenes exhibit relatively low field 29Si chemical shifts (d� 49 ± 155):
R. Okazaki, R. West in Advances in Organometallic Chemistry, Vol. 39
(Eds.: F. G. A. Stone, R. West), Academic Press, San Diego, 1996,
pp. 231 ± 273.


