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Abstract: The solution structures of [bis(diethylamino)phenylsilyl]lithiud),([(diethylamino)diphenylsilyl]-
lithium (2), and [(diethylamino)phenylmethylsilyl]lithiunBj were investigated b}2C, 2°Si, 7Li, and 1N NMR
spectroscopic experiments. THSi—7©)Li coupling can be observed in each species at low temperature. The
coupling patterns indicate that these three species exist as monomers in THF. Bbirepnachment technique,
the2°Si—15N couplings inl and2 are observed. Next, the solid-state structures of [(diphenylamino)diphenylsilyl]-

lithium ((PhN)PheSi—X; X = Li) (4) and its fluoro (X=

F) (16), stannyl (X= SnMey) (17), and hydro (X

= H) (18) derivatives were revealed by crystallographic studies as well as by solid*SaMMR experiments.

In the solid state4 exists as a monomer solvated with three THF molecules arising from the reaction solvent.
The electropositive substituent X, such as lithium, causes the elongation ofteaBd Si-N bonds, reduction

of the sum of the €Si—N (or C) angles, and a downfield shift of tR&Si resonances.

Introduction

Carbanion chemistry plays a central role in the field of organic
chemistry® A large number of carbanions have functional groups
on the carbon center, includirgrheteroatom-substituted car-
banions A).2 In contrast, silyl anions have been much less
extensively studied than carbanicifsSynthetically versatile
silyl anions have long been limited to only several triorganosilyl
anions such as R8iM,>¢ PhbMeSiM ., PhMeSiM,8 MesSiM,”

(1) (@)Comprehensie Carbanion ChemistpyBuncel, E., Durst, T., Eds.;
Studies in Organic Chemistry 5; Elsevier: Amsterdam, 1980 (Part A) and
1984 (Part B). (b) Wakefield, B. Jrganolithium MethodsAcademic
Press: London, 1988. (c) Williard, P. G. I@omprehengie Organic
SynthesisTrost, B. M., Fleming, ., Eds.; Pergamon Press: Oxford, 1991;
Vol. 1, pp 1-47.

(2) Reviews: (a) Gschwend, H. W.; Rodriguez, HRg. React1979
26, 1. (b) Beak, P.; Basu, A.; Gallagher, D. J.; Park, Y. S.; Thayumanavan,
S.Acc. Chem. Red.996 29, 552. (c) Boche, G.; Lohrenz, J. C.; Opel, A.
In Lithium Chemistry Space, A.-M., Schleyer, P. v. R., Eds.; John-Wiley
& Sons: New York, 1995; pp 195226.a-Alkoxy carbanions: (d) Sawyer,

J. S.; Kucerovy, A.; Macdonald, T. L.; McGarvey, GJJAm. Chem. Soc.
1988 110, 842. (e) Deiters, A.; Hoppe, DAngew. Chem., Int. Ed. Engl.
1999 38, 546.a-Amino carbanions: (f) Coldham, I.; Hufton, R.; Snowden,
D. J.J. Am. Chem. So&996 118 5322. (g) Bruhn, C.; Becke, F.; Steinborn,
D. Organometallics1998 17, 2124.o-Chloro carbanions: (h) Seebach,
D.; Hassig, R.; Gabriel, Helv. Chim. Actal983 66, 308. (i) Miler, A.;
Marsch, M.; Harms K.; Lohrenz, J. C. W.; Boche, 8xgew. Chem., Int.
Ed. Engl.1996 35, 1518. (j) Hoffmann, R. W.; Nell, P. GAngew. Chem.,
Int. Ed. Engl.1999 38, 338.

(3) Reviews: (a) Tamao, K.; Kawachi, Adv. Organomet. Chemi995
38, 1. (b) Lickiss, P. D.; Smith, C. MCoord. Chem. Re 1995 145, 75.

(c) Belzner, J.; Dehnert, U. lihe Chemistry of Organic Silicon Compounds
Rappoport, Z., Apeloig, Y., Eds.; John-Wiley & Sons: Chichester, 1998;
Vol. 2, pp 779-826.

(4) Theoretical studies on silyl anions: (a) Hopkinson, A. C.; Lien, M.

H. Tetrahedronl981 37, 1105. (b) Magnusson, Hetrahedronl1985 41,
2945. (c) Schleyer, P. v. R.; Clark, J.Chem. Soc., Chem. Comm@886
1371. (d) Schleyer, P. v. R.; Reed, A. E. Am. Chem. Sod 988 110,
4453. (e) Damewood, J. R., Jr.; Hadad, C.MMPhys. Cheml988 92, 33.
(f) Hopkinson, A. C.; Rodriquez, C. E2an. J. Chem199Q 68, 1309. (g)
Koizumi, T.; Morihashi, K.; Kikuchi, O.Organometallics1995 14, 4018.
(h) Tanaka, Y., Hada, M.; Kawachi, A.; Tamao, K.; Nakatsuji, H.
Organometallics1998 17, 4573.

(5) Benkeser, R. A.; Severson, R. &.Am. Chem. Sod 951, 73, 1424.

(6) Gilman, H.; Lichtenwalter, G. DJ. Am. Chem. S0d 958 80, 608.

10.1021/ja993101+ CCC: $19.00

and (MeSi);SiM,82where M stands for i and other alkaline
metals. These species, especially (phenylsilyl)lithiums, have
been studied using NMR spectroscopies from a structural
viewpoint by Buncel and Edlund’s grotfand Olah’s group?!

As functionalized silyl anions of typ8, ClsSi-NRgH*12ad
Cl3SiLi,1?¢ (RO),Mes-nSiNal® HPhSiLi,4 and H(Mes)SiLi®®

have been reported. The first three are postulated active species
generated in situ in the presence of quenching agents, and HPh
SiLi is obtained in about 10% yield and tends to readily
polymerize. Because of the low stability of these species, their
structural analyses are quite limited. In the 1990s, new members
of the functionalized silyllithiums, a (phosphinosilyl)lithiut,

(7) (@) Sakurai, H.; Okada, A.; Kira, M.; Yonezawa, Ketrahedron
Lett. 1971, 1511. (b) Schaaf, T. F.; Butler, W.; Glick, M. D.; Oliver, J. P.
J. Am. Chem. S0d.974 96, 7593. (c) TecleB.; lIsley, W. H.; Oliver, J.
P. Organometallics1982 1, 875.

(8) (a) Dickhaut, J.; Giese, BOrg. Synth 1991, 70, 164 (b) Heine, A.;
Herbst-Irmer, R.; Sheldrick, G. M.; Stalke, Dorg. Chem1993 32, 2694.
(c) Klinkhammer, K. W.Chem. Eur. J1997, 3, 1418.

(9) Recent examples of (polysilanyl)lithiums: (a) Belzner, J.; Dehnert,
U.; Stalke, D.Angew. Chem., Int. Ed. Endl994 33, 2450. (b) Ando, W.;
Wakahara, T.; Akasaka, Organometallics1994 13, 4683. (c) Apeloig,
Y.; Yuzefovich, M.; Bendikov, M.; Bravo-Zhivotovskii, D.; Klinkhammer,
K. Organometallicsl997 16, 1265. (d) Nanjo, M.; Sekiguchi, A.; Sakurai,
H. Bull. Chem. Soc. Jprl998 71, 741, and see also ref 3.

(10) (a) Buncel, E.; Venkatachalan, T. K.; Eliasson, B.; EdlundJU.
Am. Chem. S0d.985 107, 303. (b) Edlund, U.; Lejon, T.; Venkatachalam,
T. K.; Buncel, E.J. Am. Chem. S0&985 107, 6408. (c) Edlund, U.; Lejon,
T.; Pyykko, P.; Venkatachalam, T. K.; Buncel, EAm. Chem. S04987,
109 5982.

(11) Olah, G. A; Hunadi, RJ. Am. Chem. Sod98Q 102 6989.

(12) (a) Nozakura, S.; Konotsune, Bull. Chem. Soc. Jprl956 29,
322. (b) Naumann, K.; Zon, G.; Mislow, KI. Am. Chem. Sod 969 91,
7012. (c) Benkeser, R. Acc. Chem. Red 971, 4, 94. (d) Li, G. S.; Ehler,
D. F.; Benkeser, R. AOrg. Synth1988 Collect. Vol. V| 747. (e) Oehme,
H.; Weiss, H.J Organomet. Chenl987 319 C16.

(13) (a) Watanabe, H.; Higuchi, K.; Kobayashi, M.; Hara, M.; Koike,
Y.; Kitahara, T.; Nagai, YJ. Chem. Soc., Chem. Comma877 534. (b)
Watanabe, H.; Higuchi, K.; Goto, T.; Muraoka, T.; Inose, J.; Kageyama,
M.; lizuka, Y.; Nozaki, M.; Nagai, YJ. Organomet. Cheni981 218 27.

(14) Gilman, H.; Steudel, WChem. Ind 1959 1094.

(15) Roddick, D. M.; Heyn, R. H.; Tilley, T. DOrganometallics1989
8, 324.

(16) Driess, M.; Pritzkow, HZ. Anorg. Allg. Chem1996 622, 858.
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Chart 1 Scheme 1
Ph,SiCle, + (3-n) Ety'>NeHCI
\C/X \s./X nSiClepn + (3-n) Et,
i (6-2n) NEtg
N\ \ ————— (Et,'°N)z,Ph,SiCl
" 7 ™m v (Et,5N)g. P, Si
reflux, 1day  ['°N}-8 (n=1); 73%
(A) (B) — (6-2n) EtgNHCI (1519 (n = 2); 64%
. . . . . . i y—| 15 L
(Et,N),PhSiLi  (Eto,N)PhoSIiLi  (Et,N)MePhSiLi PhaSiHClgn + (3-n) Etp "NeHCI
(6-2n) NEt, .5 )
1 2 3 T — (1E5t2 N)3.,Ph,SiH
Ph-N)P il reflux, 1 day ["°N]-11 (n=1); 64%
(PhoN)PhoSiLi ~ (6-2n) EtsNeHCI 1512 (n = 2); 71%
4
- L o Table 1. 3C Chemical Shifts of the (Aminosilyl)lithiums and
Ph3SiLi PhoMeSilLi PhMe,SiLi Related Species in THFTHF-dg?
5 6 7 ipso ortho meta para
o - - (EtN),PhSILi (1) 160.0 1349 1266 1232
a (bromosilyl)lithium?? lithium silenolates® and lithium sila- (ELN)PhSILI (2) 158.5 135.6 126.6 123.9
cyclopentadienide®, have appeared. In 1992, we reported the  (EtN)PhMeSiLi @) 164.8 133.7 126.5 122.7
preparation and reaction of the [(amino)phenylsilyl]lithiurs3 (EEZN)iDPkESS_'CCI' g) igig iggg gg? ig‘ig
as the first stable and tractable functionalized silyl anions of (ELN) IC1(9) : : : :
S yia (EtN)PhMeSiCl (0) 135.7 134.8 128.6 130.9
type B.2° These silyllithiums 1-3 undergo no significant PhMeSiLi (6)® 160.1 135.4 126.7 123.9
decomposition for more than 3 days in THF af©, which PhMeSiCl (14)° 134.4 134.0 128.1 130.5
makes it pOS.SIbIe to observe the Sp§9CI¢§(é? _solutltl);‘l using NMR aA 0.3 M THF—THF-dg solution with internal cyclohexane as
spectroscopies. We report here @, 2°Si, OLi, and N NMR reference ¢ 27.7) at 273 Kb Reference 10a.

spectroscopic studies of [(diethylamino)phenylsilyl]lithiurtis-(

3), using°Li and **N-enrichment techniques. We also report g ang the (amino)hydrosilanedSiN]-11 and [SN]-12 were

the X-ray sztlructure analysis of [(diphenylamino)diphenylsilyl]- prepared by the reactions of the corresponding dichlorophenyl-
lithium (4).%* The obtained data are discussed compared to those},y grosilane and chlorodiphenylhydrosilane, respectively, with
of the classical (triorganosilyl)lithiums, B8iLi (5), PhMeSiLi 15N-enriched diethylamine hydrogen chloride in the presence
(6), and PhMegSilLi (7), reported in the literaturg® This report of triethylamine, as shown in Scheme 1.

provides the first full details of the structural aspects of the (b) 5C NMR, Studies. Since the chemical shifts of the

heteroatom-substituted silyllithiums. aromatic carbons are expected to be a probe for elucidation of
the electronic structures of the silyllithiuri¥,1the 13C NMR
) ) _ ) _ spectra ofL—3 were first examined. The data are listed in Table
1. Structures in Solution. (a) Preparation of [(Diethylami- 1, which contains the data for MeSiLi (6) and the precursor
no)phenylsilyl]lithiums 1—3 and Related Compounds 812. chlorosilanes8—10 and 14, for comparison.
The [(amino)phenylsjIyI]Iithiumsl—3 were prepafed by the The aromatic carbons ia resonate ad 158.5 (ipso), 135.6
reactions of the (amino)phenylchlorosilar@s10 with "Lior (orih), 126.6 (meta), and 123.9 (para) in THF at 273 K. The
Liin THF.’ respectively?’ The (amlno)chlorosﬂane&—10vlvsere shift changes from the corresponding chlorosilane precursors
prepared in th(_a same manner as prewo_usly repé?tTéUe5 N- 8—10, AX(SiLi — SiCl), are +24.2 (ipso), O (ortho)—2.1
enriched species of the (amino)chlorosilanés]-8 and [-°N]- (meta), and-7.3 (para) ppm (positive signs denote downfield
(17) (a) Sawa, Y.; Ichinohe, M.; Kira, M. In The 73rd Annual Meeting ~ Shifts), as shown in Table 1 and illustrated in Figure 1. The
of the Chemical Society of Japan; September, 1997, Morioka, Japan. (b) (aminosilyl)lithiums1 and3 also show similar changes (Table

Results and Discussion

Tokitoh, N.; Hatano, K.; Sadahiro, T.; Okazaki, Riem. Lett1999 931. . TN ; _ _

(18) (a) Ohshita, J.; Masaoka, Y.; Masaoka, S.; Hasebe, H.; Ishikawa, 1): Ao(SiLi — SiCl) for 1 are+24.5 ('ps_o)_' 0'6_(0rth0)’ 1.9
M.; Tachibana, A.; Yano, T.; Yamabe, Drganometallics1996 15, 3136. (meta), and—7.6 (para) ppm, andd(SiLi — SiCl) for 3 are
(b) Ohshita, J.; Tokunaga, Y.; Sakurai, H.; Kunai, A Am. Chem. Soc. ~ +29.1 (ipso),—1.1 (ortho),—2.1 (meta), and-8.2 (para) ppm.
1999 121, 6080. ; Sullithi

(19) (2} Hong, J.-H.: Boudjouk, P. Am. Chem. S0d993 115 5883. The_changes from the chlorosnanes_ to the silyllithiums cause
(b) Hong, J.-H.; Boudjouk, P.; Castellino, Srganometallics1994 13, the ipso carbon to be strongly deshielded (24 to 29 ppm) and

3387. (c) West, R.; Sohn, H.; Bankwitz, U.; Calabrese, J.; Apeloig, Y.; the para carbon to be shielded (7 to 8 ppm). The shift changes

Mueller, T.J. Am. Chem. Sod995 117, 11608. (d) Sohn, H.; Powell, D.  of the ortho and meta carbons are smaller (0 to 2 ppm). A similar

R.; West, R.; Hong, J.-H.; Joo, W.-Organometallicsl997, 16, 2770. (e) PO .
Choi, S.-B.; Boudjouk, P.; Wei, Rl. Am. Chem. S0d.998 120, 5814. charge distribution pattern has already been observed in the

(20) Amino-silyllithiums: (a) Tamao, K.; Kawachi, A.; Ito, Y1. Am. (triorganosilyl)lithiums, such as BileSiLi (6) in comparison
Chem. Soc1992 114, 3989. (b) Tamao, K.; Kawachi, A.; Tanaka, Y.;  with PhbMeSiCl (14).1°211 Apparently, the charge distribution

Ohtani, H.; Ito, Y.Tetrahedron1996 52, 5765. (c) Kawachi, A.; Tamao, ; ; ; i ; ; ;
K. Bull. Chem. Soc. Jpri997, 70, 945, Alkoxy-siyllithiums: (d) Tamao, pattern in these (aminosilyl)lithiums is consistent with that of

K.: Kawachi, A.Angew. Chem., Int. Ed. Engl995 34, 818. () Kawachi, m-polarization and different from that of resonance. Thus the
A.; Tamao, K.Organometallics1996 15, 4653. (f) Kawachi, A.; Doi, N.; negative charge on the silicon atom is not delocalized onto the

(21) Preliminary data presented; Kawachi, A.; Shiro, M.; Tamao, K. In 29c; . 29Gi
The 2nd International Conference on the Chemistry of the Alkali and  (C) 2°Si NMR Studies. The 2°Si NMR spectré® of 1-3 and

Altl)<aline Earth Metals; Erlangen, Germany; September-20, 1997, the corresponding chlorosilanes were examined and the data
Abstract, Pos 71. i i ; ; N Ei ;
(22) (3) Tamao, K. Nakajo, E.: Ito, etrahedror.988 44, 3997. (b) are summa_rlzed in Table 2 and are visualized in Figure 2, WhICh
Tamao, K.; Kawachi, A.; Nakagawa, Y.; Ito, ¥. Organomet. Chen994 also contain the reported data of the classical (phenylsilyl)-

473, 29. lithiums 5—7 and the chlorosilanek3—15, for comparisorio:11



Structures of [(Amino)phenylsilyl]lithiums

ELN 0 21 80+ 60—
2 A
%O = Or
e /
24.2 . .
* n-Polarization
o 14214 5 80+
|.e \ 55+
X—Slu 66 (-)C o
pn ( /
+25.7 Resonance
Ref.10a

Figure 1. 3C chemical shift changeso from chlorosilanes (%= CI)
to the corresponding silyllithiums (> Li). Also shown are schematic
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Figure 2. 2°Si chemical shift changes\p) from chlorosilanes to the

representations for the charge distribution on the benzene ring due tocorresponding silyllithiums? Reference 10a.

the r-polarization and resonance mechanism.

Table 2. 2°Si Chemical Shifts an@°Si—"Li and ?°Si—SLi Coupling
Constants of (Aminosilyl)lithiums and Related Species in THF

Y[9Si—Li]),  LJ[2Si—CLi,
8(273 Kp Hze Hzed
(Et:N),PhSiLi (1) 279  q,57(173K) t,22(173K)
(ELN)PhSILI (2) 19.3 @, 48(163K) t 18 (173K)
(EN)PhMeSiLi @) 14.4  q,51(163K) t, 20 (163K)
PhsSiLi (5) f -9.0
PhMeSiLi (6) —20.6 t, 15 (158 K)
PhMesSiLi (7) f 278 t, 18 (173 K)
(Et:N),PhSICI 8) ~18.8
(ELN)PRSICI (9) -6.8
(EN)PhMeSiC 00) 2.3
PhsSiCI (13) 1.7
PhMeSiCl (14) 9 10.0
PhMesSiCl (15) 9 19.8

aThe spectra were recorded in an unlocked médel.0 M THF
solution with external MgSi as referenced(0.0).¢A 0.3 M THF
solution with internal MgSi as reference)(0.0). 9 éLi-enriched species
were used® MTHF solution.f Reference 10b, at 295 K.Reference
11.

It is found that the (aminosilyl)lithiums in THF resonate in
the relatively low field among the silyllithiundsreported so
far: 1atd 27.9,2atd 19.3, and3 atd 14.42* There is a definite
trend that the downfield shifts of t&Si NMR resonance of
the silyllithiums are induced by the replacement of the methyl
group by the phenyl group (e.g., frorto 6 to 5 and from3 to
2) and, in turn, by the replacement of the phenyl group by the
amino group (e.g., froré to 3 and from2 to 1). This suggests

that the amino group functions as a stronger electron-withdraw-

ing group than the phenyl group in the silyllithiur#fs.
It is interesting to note that, in contrast to this, tPRSi

resonance of the chlorosilanes is shifted upfield as the number
of the amino groups and the phenyl groups increases, as alsd

(23) Reviews for°Si NMR spectroscopies: (a) Williams, E. A. Trhe
Chemistry of Organic Silicon Compound&atai, S., Rappoport, Z., Eds.;
John-Wiley & Sons: Chichester, 1989; pp 51354. (b) Takeuchi, Y.;
Takayama, T. IMhe Chemistry of Organic Silicon CompounBsppoport,

Z., Apeloig, Y., Eds.; John-Wiley & Sons: Chichester, 1998; Vol. 2, pp
267—354.

(24) The?°Si shift of 2 was reported uncorrectly in the original paper
(ref 20a) and reinvestigated.

(25) There have been only two types of anionic silicon compounds in
which the?°Si NMR chemical shifts are lower than 20 ppm; e.g., (halosilyl)-
lithiums'2e17and alkali metal silacyclopentadienid€s.

(26) For a study of the substituent effect on #@i resonance, see; Ernst,
C. R.; Spialter, L.; Buell, G. R.; Wilhite, D. LJ. Am. Chem. Sod.974
96, 5375.

WL v

("Lil-1/THF, 173K ['Li]-2 / THF, 163K ['Li)-3/ THF, 163K
Usir;=57Hz Ugipi=48 Hz Usiri=51Hz

|

[®Li}-1 / MTHF, 173K [°Lil-2/ THF, 173K
Vsii=22Hz Y= 18Hz

[5Li]-3 / THF, 163K

Ugii =20 Hz
Figure 3. Low-temperaturé®Si NMR spectra of 0.3 M solutions of
(Et:N)2PhSiLi (1), (EtN)PhSiLi (2), and (EtN)PhMeSiLi @) in THF
or MTHF.

shown in Figure 2. The origin of these tendencies remains to
be clarified by further theoretical studies.

The 29Si—7Li and 2°Si—6Li scalar couplingd94-1%in 1, 2,
and 3 were successfully observed in THF or 2-methyltetrahy-
drofuran (MTHF) at 173 or 163 K, as shown in Table 2 and
Figure 3. In the natural abundanti derivatives, the2°Si
resonance resolves into a quartet willy—; = 57 Hz for1, 48
Hz for 2, and 51 Hz for3. In thebLi-enriched derivatives, the
295j resonance resolves into a triplet withsi—; = 22 Hz for
1, 18 Hz for2, and 20 Hz for3. The splitting patterns clearly
indicate that the silicon atom is coupled to one lithium atom.
Thus, 1, 2, and3 exist as monomers in the THF and MTHF
solutions.

The amino group enlarges t&&i—6Li coupling constant,

nd thus the diamino derivativieexhibits the largest coupling
constant amondl—3, as shown in Table 2. The electron-
withdrawing amino group(s) may increase the p character of
the silicon orbital in the SN bond(s) and, in turn, increase
the s character of the silicon orbital in the-%ii bond to enlarge
the coupling constant of this bond. It is also noted that the
diamino derivativel gave the better resolved signals than the
monoamino derivative® and3, especially in théLi derivatives,

as shown in Figure 3.

(d) "Li NMR Studies. The’Li NMR spectrd©1care expected
to provide information on the SiLi bond character of the
(aminosilyl)lithiums. In THF, the natural abundafhi deriva-
tives1, 2, and3 resonate ab 0.35, 0.49, and 0.37, respectively,
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Table 3. 7Li Chemical Shifts of Silylithiums in THE®
0
(Et:N)-PhSiLi (1) 0.35
(ELN)PhSILI (2) 0.49
(EtN)PhMeSiLi @) 0.37
PhMesSiLi (6)° 0.61

aThe spectra were recorded in an unlocked méde0.3 M THF
solution with external 0.3 M LiCl/MeOH as referenc& @.0) at 273
K. ¢ Reference 10c.

Table 4. >N Chemical Shifts and®Si—*°N Coupling Constants of
[**N]-(Aminosilyl)lithiums and Related Species in THFHF-dg?

o 1J[2°Si—15N], Hzb
(EtN),PhSiLi (1) 48.6 13
(ELN)PhSILI (2) 29.4 8
(EtN),PhSICI 8) 32.9 31
(ELN)PSICI (6) 35.2 24
(EtN),PhSiH (1) 30.2 24
(ELN)PhSIH (12) 23.2 22

aA 0.3 M THF—THF-ds solution at 273 K with externatiN]-aniline
as referenced(52.0) (ref 37).> The couplings were observed #8Si
NMR spectra at 273 K.

A

5.0 ~7.0

—150 —160 -170 .0 200 190 150

[15N] 9 ["N]-12 [*N, SLi}-2
g n=24Hz Vgin=22Hz ’JS, N=8Hz
-18.0 ~18.0 -20.0 -18.0 -12.0 -20.0 27.0 26.0 25.0
(5N)-8 [PNJ-11 [N, SLi}-1
Ugn=31Hz Ugn=24Hz Usn=13Hz
Figure 4. 2°Si NMR spectra of!*N-enriched (EN).PhSiLi (1),

(ELN)PhsSILI (2), (EtN).PhSICI 8), (ELN)PhSICI (9), (E&N),PhSiH
(11), and (EtN)PhSIH (12) in THF-THF-ds at 273 K.

being shifted downfield relative to LiCl and close@d¢o 0.61),

as shown in Table 3. Thus, the-8ii bond in1-3in THF has
some covalent character similar to that in the (phenylsilyl)-
lithiums.

(e) >N NMR Studies. The 15N NMR spectra ofl and2 and
the precursor8 and9 were investigated using tHéN-enriched
derivatives’” To get information on the SiN bonding character,
the 2°Si—15N scalar couplings were also measured in 4¥g&i
NMR spectra using thé®N-enriched derivatives.

In the 18N NMR spectra, N bLi]- 1 resonates at 48.6, the
precursor I°N]-8 at & 32.9, [°N,SLi]-2 at 6 29.4, and the
precursor PPN]-9 at  35.2, as shown in Table 4.

The 29Si—15N scalar couplingsi(si-n)27° were observed in
the 2°Si NMR spectra, as shown in Figure 4. It is noteworthy
that thelJsi—y values of the silyllithiums, 13 Hz fot and 8 Hz

for 2, are quite smaller than those of the chlorosilane precursors,

(27) (a) Kupce, E.; Liepins, E.; Pudova, O.; Lukevics JEChem. Soc.,
Chem. Commuri984 581. (b) Kupce, E.; Liepins, E.; Lukevics, BEngew.
Chem., Int. Ed. Engl1985 24, 568.
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31 Hz for8 and 24 Hz for9, and hydrosilanes, 24 Hz fdrl
and 22 Hz forl2. The decreasedlsi_y values indicate an
increase in the p character of the silicon orbital in the IS$i
bond in1 and 2 due to the connection to the electropositive
lithium atom?” which agrees with the results obtained from the
1Jsi—1;i values mentioned above.

2. Solid-State Structures.To obtain further information
about the structures of the amino-substituted silicon com-
pounds’®28we determined the crystal structures of [(diphenyl-
amino)diphenylsilyl]lithium 4) and a series of (diphenylamino)-
diphenylsilyl derivatives (PIN)PhSi—X 16 (X = F), 17 (X =
SnMey), and 18 (X = H) by X-ray analysig! The diphenyl-
amino derivatives were used because they crystallize more
readily than the diethylamino derivativésWe also determined
the solid-state CP/MA%°Si NMR spectra of the crystals df
16, 17, and18.

(a) Crystal Structures of 4 and the Related Compounds
16—18. The (aminosilyl)lithium4 was prepared by a tiflithium
exchange reactiéff of the silylstannané&7 with n-BuLi in THF
at 0 °C for 1 h asshown in Scheme 2. After removing the
solvent, the resulting solid was recrystallized from toluene at
—25°C to give the pale-yellow crystals dfsuitable for X-ray
analysis in 59% yield.

The molecular structure af is shown in Figure 5. Several
structural features should be noted and discussed in comparison
with those in PESILi(thf)2.3% (1) The (aminosilyl)lithium4 exists
as a monomer with three THF molecules solvating the lithium
atom. (2) The Si(yLi(1) bond (2.732(7) A) is among the
longest for the monomeric silyllithiums previously repofed
(2.54-2.72 A; 2.672(9) A for PESiLi(thf)s). (3) The Si(1)
N(1) bond (1.824(3) A) is longer than the typical single
bond (1.76-1.76 A)3! The Si(1>C(1) (1.941(3) A) and Si-
(1)—C(7) (1.923(3) A) bonds are also elongated in comparison
with the typical Si-C(sp) single bond €1.86 A)3! These
silicon—carbon bond lengths are quite similar to those ig-Ph
SiLi(thf)s (1.923-1.947 A). (4) The sum of the three angles
around Si(1) of N(1)Si(1)-C(1), N(1)-Si(1)-C(7), and
C(1)—Si(1)—C(7) is 309.8, being smaller than the ideal
tetrahedral value (328 but similar to the sum of the three
angles of C-Si—C around the silicon atom in B&iLi(thf)s
(304°). (5) The geometry around N(1) is planar; the sum of the
three angles around N(1) is 36(06) The lone pair electrons
on N(1) are almost orthogonal to the SK)i(1) bond, judging

(28) A review of the solid-state structures of silyllithiums: Pauer, P.;
Power, P. P. IrLithium ChemistrySpace, A.-M., Schleyer, P. v. R., Eds.;
John-Wiley & Sons: New York, 1995; pp 29892, and see also ref 3.

(29) Recently Strohmann et al. reported the crystal structure gfl{f=t
PhSiLi(thfz:  Strohmann, C.; Ulbrich, O. In The 12th International
Symposium on Organosilicon Chemistry, May, 1999, Sendai, Japan,
Abstract P-81.

(30) Dias, H. V. R.; Olmstead, M. M.; Ruhlandt-Senge, K.; Power, P.
P.J. Organomet. Chenl993 462 1.

(31) Sheldrick, W. S. IThe Chemistry of Organic Silicon Compounds
Patai, S., Rappoport, Z., Eds.; John-Wiley & Sons: Chichester, 1989; pp
227—-304.
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Figure 5. Crystal structure ofi(thf); with the 30% probability level.

H atoms are omitted for clarity. Selected distances (A) and angles
(deg): Si(1)-Li(1) 2.732(7), Si(1)N(1) 1.824(3), Si(1)C(1) 1.923-

(3), Si(1)-C(7) 1.941(3), N(1yC(13) 1.402(4), N(1rC(19) 1.425-

(3), Li(1)—0(1) 1.979(8), Li(1)-O(2) 1.963(8), Li(1)-0O(3) 1.941(8),
Li(1)—Si(1)—N(1) 115.8(2), Li(1)-Si(1)—C(1) 123.2(2), Li(1}-Si(1)—

C(7) 105.8(2), N(1}Si(1)—-C(1) 102.2(1), N(1}Si(1)—C7 102.2(1),
C(1)-Si(1)—C(7) 105.4(1), Si(LyN(1)—C(13) 128.4(2), Si(tyN(1)—
C(19) 115.8(2), C(13yN(1)—C(19) 115.8(2).

Figure 6. Crystal structure ofl6 with the 30% probability level. H
atoms are omitted for clarity. Selected distances (A) and angles (deg):
Si(1)—F(1) 1.594(2), Si(:yN(1) 1.728(2), Si(1)C(1) 1.844(3), Si-
(1)—C(7) 1.851(3), N(1)C(13) 1.417(3), N(1)C(19) 1.450(3), F(y
Si(1)—-N(1) 102.90(9), F(1}Si(1)—C(1) 104.8(1), F(1)}Si(1)—C(7)
107.18(10), N(1¥Si(1)-C(1) 114.3(1), N(1)Si(1)—C(7) 113.0(1),
C(1)-Si(1)-C(7) 113.4(1), Si(1yN(1)—C(13) 124.8(2), Si(BN(1)—
C(19) 117.5(2), C(13)N(1)—C(19) 117.7(2).

from the dihedral angles of Li(1)Si(1)—N(1)—C(13) (-9.3)

and Li(1)-Si(1)-N(1)—C(19) (173.2). This conformation
minimizes the electrostatic repulsion between the lone pair
electrons on N(1) and the anionic electrons on Si(1). Thus, the
similarity of the parameters i to those in PESILi(thf)s
(comments 3 and 4) indicates that the amino group has
essentially no significant influence on the structure.

Figure 7. Crystal structure ofL7 with the 30% probability level. H
atoms are omitted for clarity. Selected distances (A) and angles (deg):
Si(1)-Sn(1) 2.562(1), Si(})N(1) 1.755(4), Si(1)}C(1) 1.887(5), Si-
(1)—C(7) 1.879(5), N(1}C(13) 1.398(6), N(1}C(19) 1.447(6), Sn-
(1)—C(25) 2.151(8), Sn(1)C(26) 2.150(8), Sn(1)C(27) 2.126(10),
Sn(1)-Si(1)-N(1) 110.7(1), Sn(1rSi(1)—C(1) 104.9(2), Sn(BHSi-
(1)—C(7) 108.2(2), N(1}Si(1)-C(1) 109.5(2), N(1)Si(1)-C(7)
110.7(2), C(1)ySi(1)—C(7) 112.7(2), Si(1yN(1)—C(13) 125.6(3), Si-
(1)—N(1)—C(19) 116.7(3), C(13yN(1)—C(19) 117.6(4).

Figure 8. Crystal structure ofi8 with the 30% probability level. H
atoms except for H(1) on Si(1) are omitted for clarity. Selected distances
(A) and angles (deg): Si(HH(1) 1.38(2), Si(13N(1) 1.745(2), Si-
(1)—C(1) 1.858(2), Si(1)}C(7) 1.867(2), N(1)-C(13) 1.411(3), N(L¥
C(19) 1.448(3), H(1)Si(1)~N(1) 102.2(10), H(1)-Si(1)~C(1) 108.5-
(10), H(1)-Si(1)~C(7) 108.1(10), N(1Si(1)~C(1) 113.46(10), N(1)
Si(1)-C(7) 112.46(10), C(B'Si(1)-C(7) 111.5(1), Si(BN(1)—C(13)
125.7(2), Si(1FN(1)—C(19) 115.9(1), C(13)yN(1)—C(19) 118.4(2).

The crystal structures df6, 17, and18 were also determined
as shown in Figures 6, 7, and 8, respectively. Crystal data are
shown in Tables 5 and 6. The selected bond lengths and angles
of 4, 16, 17, and18 ((PlkN)Ph,Si—X; X = Li, F, SnMe;, and
H) are listed in Table 7. The SN bond length and the SiC
bond lengths increase in the order of=XF < H < SnMe; <
Li, as the electronegativity decreasédhus,4 has the longest
Si—N bond among the four compounds. In the same order, the
sum of the C-Si—N(or C) angles decreases.

(32) Emsley, J. IIThe Element2nd ed.; Clarendon Press: Oxford, 1992.
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Table 5. Crystal Data for4 and18
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Table 7. Selected Structural Parameters4inl6, 17, and 18

4 18
chemical formula GsH44LINO3SI Co4H21NSI
formula weight 573.78 351.52
crystal size (mm) 0.3& 0.20x 0.20 0.60x 0.50x 0.50
crystal system monoclinic monoclinic
space group P2, (No. 4) P2,/n (No. 14)
a(d) 10.6091(3) 9.4557(5)

b (A) 16.4474(7) 20.739(1)

c(A) 10.6701(4) 10.0569(6)

o (deg)

S (deg) 116.877(2) 103.887(3)

7 (deg)

V (A3 1660.7100 1914.5200

VA 2 4

D(calcd) (g/crd) 1.147 1.219

Fooo 616.00 744.00

u (cmt) 1.05 1.29

radiation Mo Ko Mo Ko

diffractometer Rigaku RAXIS-IV Rigaku RAXIS-IV

temp (K) 203 203

20max 55.4 55.3

no. of reflns collcd 3536 4236

no. of obsd reflns 3213 3165

I > 3o(l)

no. of variables 379 320

R (%) 5.6 6.2

Ry (%) 8.0 9.1

max peak, e/A3 0.36 0.39

min peak, e/A3 —-0.32 —0.50

goodness of fit 1.21 1.15
Table 6. Crystal Data forl6 and17

16 17
chemical formula GH2oNFSI GH2oNSISN
formula weight 369.51 514.31
crystal size (mm) 0.3& 0.30x 0.20 0.30x 0.30x 0.30
crystal system monoclinic triclinic
space group P2:;/n (No.14) P1 (No. 2)
a(h) 9.562(3) 10.413(2)

b (A) 20.869(3) 12.8154(7)
c(®) 10.136(2) 9.740(2)
o (deg) 97.081(10)

p (deg) 104.42(2) 92.01(2)
y (deg) 86.315(8)

V (A3) 1959.0(7) 1286.7(3)
A 4 2

D(calcd) (g/cnd) 1.253 1.327
Fooo 776.00 524.00
u(cm™) 11.87 84.35
radiation Cu Kt Cu Ko
diffractometer Rigaku AFC7R Rigaku AFC7R
temp (K) 293 293

scan mode w—20 w—20
20max 120.1 120.1

no. of refins collcd 3221 4060

no. of reflns uniqgue 3025 3818

no. of obsd reflns 2345 3380

I > 3o(l)

no. of variables 325 272

R (%) 43 4.2

Ry (%) 5.8 7.0

max peak, e/A3 0.32 0.52

min peak, e/A3 -0.29 —0.46
goodness of fit 1.84 1.55

the s-character of the silicon orbital in the-{ bond and, in
turn, enhance the p-character of the silicon orbital in theNBi
and the Si-C bonds, resulting in the elongation of the-8I
and Si~C bonds and the reduction of the sum of the &i—N
(or C) angles. This is consistent with Bent's fdfland might
be similar to the argument for the structures of carben®itls.

(PhN)PhSI-X, X =

Li(thf)s (4) SnMe (17) H (18  F(16)
electronegativity 0.97 1.72 2.20 4.10
Si-X (A 2.732(7) 2.562(1) 1.38(2) 1.594(2)
Si—N (A) 1.824(3)  1.755(4) 1.745(2) 1.728(2)
si—C (A) 1.923(3) 1.887(5) 1.858(2) 1.844(3)
1.941(3) 1.879(5) 1.867(2) 1.851(3)
N—Si—X (deg) 115.8(2)  110.7(1) 102.2(10) 102.90(9)
C—Si—X (deg) 123.2(2) 104.9(2) 108.5(10) 104.8(1)
105.8(2) 108.2(2) 108.1(10) 107.2(1)
SC—Si—N (C) (deg) 309.8 332.9 337.4 340.7
295j Shift (THF) ©)  10.6 -3.7 -16.4  —23.4
295j Shift (solid) )  11.1 -3.4 -141  —22.4
a Reference 32.
N-Si-X —=— Si-N
—a— Si-C
—e— £ C-Si-N (©)
2.01 350
o% L. F
i I —~
- 340 §
E‘) SnMe; =
2 191 o
= 330 §
2 z
< - 320 u‘lz
n 13 ®)
5 A
Z, 310
I
=
1.7 T . v r 300
20.0 10.0 0 -10.0 -20.0 300
29Si NMR shifts (5)

Figure 9. Plot of the Si-N or Si—C (average) bond length and the
sum of the G-Si—N (or C) angles v£°Si NMR shifts in the solid
state. Dependence on the X group £XLi, SnMe;, H, and F).

This may also indicate that the-Sii bond has a considerable
covalent character, through which the whole structure is
electronically influenced by the lithium.
To discuss the correlation between the solid-state structures
and the?°Si shifts, the solid-state CP/MA%Si NMR were
measured. As a result, they are almost consistent with those
observed in solution, as shown in Table 7. T8i shifts in
the solid state are plotted for the-S\l (or C) bond lengths and
the sum of the €Si—N (or C), as shown in Figure 9. It is
clear that the electropositive substituents cause a downfield shift
in the 2°Si resonance, and in the same order, theNs{or C)
bonds lengthen and the sum of the-8i—N (or C) angles

decreases.

Conclusion

We have analyzed the structures of the amino-substituted
silyllithium compounds in solution and in the solid state. (1)
The electropositive substituents X, such as lithium, enhance The (aminosilyl)lithiums solvated with THF exist as a monomer
both in solution and in the solid state. (2) The silicon nucleus
of the (aminosilyl)lithiums is deshielded by the amino group,
resulting in the downfield shifts of th&’Si NMR resonance.

(3) However, the amino group has essentially no significant

(33) (a) Bent, A. HJ. Chem. Educl96Q 37, 616. (b) Bent, A. HChem.

Rev. 1961, 61, 275.



Structures of [(Amino)phenylsilyl]lithiums

influence on the solid-state structure of the silyllithium, when
compared with the classical 8iLi. (4) The electropositive
substituent X causes a lengthening of the Giand SN bonds,

a reduction of the sum of the-€Si—N (or C) angles, and a
downfield shift of the?°Si resonances.

Experimental Section

General Remarks.H (270 MHz), 13C (67.94 MHz),>Si (53.67
MHz), “Li (105.01 MHz), and'®>N (27.38 MHz) NMR spectra were
recorded on a JEOL EX-270 spectrometer and'th¢200 MHz) and
13C (50.29 MHz) NMR spectra were recorded on a Varian VXR-200
spectrometer. The solid-state CP/MASI (79.43 MHz) NMR spectra
were recorded on a JEOL JNM-GX 400 spectrometer (GSX solid NMR
System) at the NMR Laboratory of the Institute for Chemical Research,
Kyoto University. Mass spectra were measured at 70 eV on a JEOL

J. Am. Chem. Soc., Vol. 122, No. 9, 20025

solvent was removed. The residue was diluted with hexane (10 mL)
and filtered, and the filtrate was evaporated. The residue was subjected
to bulb-to-bulb distillation (85-115°C (bath temperature)/0.30 mmHg)

to give [°N]-11 as a colorless liquid (356 mg, 64% yield).

[*N]-11. *H NMR (CeDg): ¢ 1.04 (dt, 12H,J = 7.0 and 2.4 Hz),
2.97 (q, 8H,J = 7.0 Hz), 5.23 (t, 1HJ = 7.0 Hz), 7.26-7.33 (m,
3H), 7.76-7.79 (m, 2H).

[**N]-12. Yield 71%. Bp 125-155 °C (bath temperature)/0.70
mmHg.*H NMR (CsDg): 6 0.99 (dt, 6H,J = 7.0 and 2.5 Hz), 2.94 (q,
4H,J = 7.0 Hz), 5.65 (d, 1H) = 5.7 Hz), 7.23-7.27 (m, 6H), 7.7
7.75 (m, 4H).

Preparation of [Bis(diethylamino)phenylsilyl]lithium (1), [(Di-
ethylamino)diphenylsilyl]lithium (2), and [(Diethylamino)phenyl-
methylsilyl]lithium (3). These (aminosilyl)lithiums were prepared by
the reaction of the corresponding (amino)chlorosilar@s1Q) with
granular lithium, lithium dispersion, or lithium-6 metal in THF, THF-

JMS-DX300 mass spectrometer. Melting points were measured with a ¢, MTHF, or their mixed solvents using previously reported proce-
Yanaco-MP-S3 apparatus. The elemental analyses were performed agjres0

the Microanalysis Division of the Institute for Chemical Research,
Kyoto University. Analytical samples were purified by recrystallization.

Diphenyldichlorosilane, phenyltrichlorosilane, and phenylmethyldi-
chlorosilane were kindly donated by the Shin-Etsu Chemical Co.

Preparation of (Diphenylamino)diphenylfluorosilane (16).To a
solution of diphenylamine (8.46 g, 50.0 mmol) in THF (75 mL) was
addedn-BuLi in hexane (1.54 M, 34.1 mL, 52.5 mmol) at78 °C
over 30 min. The reaction mixture was stirred-af8 °C for 10 min

Diphenylchlorosilane and phenyldichlorosilane were purchased from 544 at 0°C for 10 min. To the solution of lithium diphenylamide was
Shin-Etsu Chemical Co., Ltd. Trimethylchlorostannane was prepared 544eq diphenyldifluorosilane (9.6 mL, 50 mmol)-a¥8 °C over 20

by disproportionation between tetramethylstannane and dimethyldi-
chlorostannané! the latter was kindly donated from Nitto Kasei Co.,
Ltd. Diphenyldifluorosilane was prepared by the reaction of diphenyl-
dichlorosilane with Cug®> Granular lithium was purchased from
Chemetall Gesellshaft. The lithium dispersion (25 or 30 wt % in mineral
oil) and lithium-6 metal (95 atom %4.i) were purchased from Aldrich.
Diethylamine!*N-HCI (99 atom %?*°N) was purchased from C/D/N
Isotopes. Diethylamine and triethylamine were distilled from calcium

min. The reaction mixture was stirred at°C for 20 min and then
allowed to warm to room temperature. After 2 h, the solvent was
removed. The residue was diluted with benzene (60 mL) and filtered.
The filtrate was concentrated and the resulting solid was recrystallized
from hexane to afford 6 as colorless crystals (15.8 g, 86% yield). Mp
105.0-106.0°C. *H NMR (CsDg): ¢ 6.76-6.82 (m, 2H), 6.93-6.99

(m, 4H), 7.02-7.16 (m, 10H), 7.667.70 (m, 4H).23C NMR (THF-

ds): 6 124.08, 126.56, 128.57, 129.56, 131.32, 135.05, 135.78, 147.69.

hydride under a nitrogen atmosphere. Diphenylamine was purchasedzeg; NMR (THF-d): 0 —23.4. MS: mle 369 (M*, 100), 201 (FPh

from Nacalai Tesque. Inc. and used without purificatiorBuLi in

Sit, 86). Anal. Calcd for GH2NFSi: C, 78.01, H, 5.46; N, 3.79.

hexane was purchased from Wako Pure Chemical Industries. THF andrgnd: ¢ 78.20: H 5.51. N. 3.73.

2-methyltetrahydrofuran (MTHF) were distilled from sodium/ben-
zophenone ketyl or sodium/potassium alloy under a nitrogen atmo-
sphere. THRds was distilled from LiAlH, under a nitrogen atmosphere.
Toluene and toluends were distilled from sodium under a nitrogen

[(Diphenylamino)diphenylsilyl]trimethylstannane (17). (Trimeth-
ylstannyl)lithium was prepared from trimethylstannyl chloride (5.09
g, 25.6 mmol) with granular lithium (67 mg, 97 mmol) in THF (24
mL).3¢ The solution of (trimethylstannyl)lithium in THF was added to

atmosphere. Hexane_ was distilled_ from sodium u_nder a nitrogen a solution of16 (7.40 g, 20.1 mmol) in THF (20 mL) at78 °C over
atmosphere. All reactions were carried out under an inert atmosphere.15 min. The reaction mixture was stirred af© for 30 min and at

Preparation of Bis(diethylamino)phenylchlorosilane (8), (Diethyl-
amino)diphenylchlorosilane (9), and (Diethylamino)phenylmethyl-
chlorosilane (10). These (amino)chlorosilanes were prepared in the
same manner as previously reportéd.

Preparation of [**N]-(Diethylamino)phenylchlorosilanes: A Typi-
cal Procedure for Preparation of [®N]-8. To a solution of diethyl-
amined®N-HCI (1.39 g, 12.6 mmol) and triethylamine (3.5 mL, 25
mmol) in THF (50 mL) was added a solution of phenyltrichlorosilane
(0.96 mL, 6.0 mmol) in THF (1.0 mL) at room temperature. The

room temperature for 5 h. The reaction mixture was filtered and the
filtrate was evaporated. The residue was dissolved in refluxing hexane
(80 mL) and then filtered. The filtrate was concentrated to one-half
the volume and cooled at T to yield 17 as colorless crystals (4.00

g, 39% yield). Mp 120.6-121.0°C. *H NMR (C¢Dg): 6 0.050 (S, 9H,
2Jsn-1 = 48 Hz), 6.79-6.85 (m, 2H), 7.06-7.05 (m, 4H), 7.16-7.18

(m, 10H), 7.79-7.82 (m, 4H) 13C NMR (THF-dg): 6 —10.14, 123.18,
125.35, 128.80, 129.81, 130.02, 135.58, 137.10, 14%%%.NMR
(THF-dg): 6 —3.7. MS: m/e 515 (M*, 4), 500 (M" — Me, 8), 365

reaction solution was refluxed for 1 day. After being cooled to room (12), 350 ((PBN)PhSI*, 100), 272 (35). Anal. Calcd for GHag
temperature, the solvent was removed. The residue was diluted with NSién: C. 63.05 H 5.6'8' N 2’_72_ Found: c 6.3.10' H 571 N.2.70.

hexane (20 mL) and filtered and the filtrate was evaporated. The residue

was subjected to bulb-to-bulb distillation (9202 °C (bath tempera-
ture)/0.30 mmHg) to give'fN]-8 as a colorless liquid (1.26 g, 73%
yield).

[**N]-8. *H NMR (CeDg): 0 1.00 (dt, 12H,J = 7.0 and 2.2 Hz),
2.96 (dgq, 8HJ = 7.0 and 3.5 Hz), 7.227.26 (m, 3H), 7.89-7.92 (m,
2H).

[**N]-9. Yield 64%. Bp 104-114°C/0.40 mmHg (bath temperature).
H NMR (CgDg): 0 0.96 (dt, 6H,J = 7.0 and 2.7 Hz), 2.90 (q, 4H,
= 7.0 Hz), 7.18-7.23 (m, 6H), 7.96-7.94 (m, 4H).

Preparation of [**N]-(Diethylamino)phenylsilanes: A Typical
Procedure for Preparation of [**N]-11. To a solution of diethylamine-
N-HCI (516 mg, 4.7 mmol) and triethylamine (1.3 mL, 9.3 mmol) in
THF (11 mL) was added a solution of phenyldichlorosilane (0.32 mL,
2.2 mmol) in THF (1.0 mL) at room temperature. The reaction solution
was refluxed for 1 day. After being cooled to room temperature, the

(34) Grant, D.; Wazer, J. Rl. Organomet. Chenl965 4, 229.
(35) Tamao, K.; Kakui, T.; Akita, M.; lwahara, T.; Kanatani, R.; Yoshida,
J.; Kumada, M.Tetrahedron 1983 39, 938.

[(Diphenylamino)diphenylsilyl]lithium (4). To a solution ofL7 (254
mg, 0.49 mmol) in THF (2.0 mL) was slowly addeeBuLi in hexane
(1.60 M, 0.37 mL, 0.59 mmol) at 6C. The mixture was stirred at 0
°C for 1 h togive a pale-yellow solution of. The solvent was removed
under reduced pressure (ca. 20 mmHg) and the residual solid was
dissolved in toluene (ca. 2.0 mL). The solution was coole&28 °C.
After 1 day pale yellow crystals of(thf); (166 mg, 59% yield) were
obtained, which were suitable for X-ray analysis: Mp (in a sealed tube)
>91 °C dec.'H NMR (toluenedg): 6 1.29 (m, 12H, THF), 3.31 (m,
12H, THF), 6.72-6.78 (m, 2H), 7.047.15 (m, 6H), 7.257.36 (m,
8H), 7.91-7.94 (m, 4H)2*C NMR (THFdg): ¢ 118.85, 124.27, 124.94,
126.79, 128.17, 134.71, 154.10, 154.8%i NMR (THF-dg): 6 10.8.
Li NMR (THF-dg): 6 0.073.7Li NMR (tolueneds): ¢ —0.15.

(Diphenylamino)diphenylsilane (18).To a solution of dipheny-
lamine (1.71 g, 10.1 mmol) in THF (10 mL) was addedBuLi in
hexane (1.60 M, 6.3 mL, 10.1 mmol) at78 °C over 3 min. The
reaction mixture was stirred at78 °C for 5 min and at ®C for 20

(36) Ritter, K.Synthesisl989 218.
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min. To the lithium diphenylamide was added diphenylchlorosilane (2.0 ~ X-ray Structure Determination for 18. A crystal of 18 was
mL, 10.1 mmol) at-78 °C over 5 min. The reaction mixture was stired mounted under silicone oil and placed on the X-ray diffractometer in
at —78 °C for 10 min and at CC for 10 min, and then allowed to a cold nitrogen stream. All the measurements were made on a Rigaku
warm to room temperature. The solvent was removed and the residueRAXIS imaging plate area detector with graphite monochromated Mo
was diluted with hexane (35 mL) and filtered. The filtrate was Ka radiation. The structure was solved by direct metRodsd
concentrated and the resulting solid was recrystallized from hexane to expanded using Fourier techniqis he non-hydrogen atoms were
afford 18 as colorless crystals (2.03 g, 57% yield). Mp 137138.0 anisotropically refined. The hydrogen atoms were isotropically refined.
°C.*™H NMR (C¢Dg): 6 6.06 (s, 1H), 6.866.87 (m, 2H), 7.06-7.07 X-ray Structure Determination for 16. A crystal of 16 was
(m, 4H), 7.16-7.18 (m, 10H), 7.667.70 (m, 4H).23C NMR (THF- mounted on a glass fiber with epoxy. All measurements were made on
dg): 0117.95,120.64, 128.43, 129.75, 130.85, 135.15, 135.38, 144.87.a Rigaku AFC7R diffractometer with graphite monochromated @u K
295i NMR (THFdg): 6 —16.4. MS: m/e 351 (M™, 100), 273 (15), 183 radiation. The structure was solved by heavy-atom Patterson méthods
(PhHSI™, 67), 167 (14). Anal. Calcd for £H,:NSi: C, 82.00; H, 6.02; and expanded using Fourier technigtfeBhe non-hydrogen atoms were
N, 3.98. Found: C, 81.78; H, 6.04; N, 3.88. anisotropically refined. The hydrogen atoms were isotropically refined.
NMR Experiments of (Aminosilyl)lithiums 1 —3. The solution was X-ray Structure Determination for 17. A crystal of 17 was
prepared in a reaction flask and transferred to an NMR tube under an mounted on a glass fiber with epoxy. All measurements were made on
inert atmosphere. The solution in the nondeuterated solvent was directlya Rigaku AFC7R diffractometer with graphite monochromated @u K
subjected to the measurement, or combined with a small amount of radiation. The structure was solved by heavy-atom Patterson méthods
the corresponding deuterated solventddock. The'3C chemical shifts and expanded using Fourier technigtféBhe non-hydrogen atoms were
were referenced to internal cyclohexane (27.7 ppm).?f8iechemical anisotropically refined. The hydrogen atoms were included but not
shifts were referenced to external (at 273 K) or internal (at 173 and refined.
163 K) tetramethylsilane (0 ppn?’Si NMR spectra were observed in . .
an unlocked mode. Although the spectrometer was unlocked during Acknowledgment. We thank the Ministry of Education,
the acquisition, the field was stable and no significant field shift was Science, Sports, and Culture, Japan, for the Grant-in-Aid for
observed. ThéLi chemical shifts were referenced to external 0.3 M Scientific Research (Grant Nos. 07405043 and 09239103). We
LiCI/MeOH (0 ppm). The!>N chemical shifts were referenced to also thank Prof. Yoshihiko Ito, Kyoto University, for useful
external [®N]-aniline (52.0 ppm}’ discussions and support of a part of this work, Dr. Motoo Shiro,
NMR Experiments of (Aminosilyl)lithium 4. The crystals were  Rigaku Corporation, for his help with the structure determination
dissolved in THFe; or toluenees under an inert atmosphere, and the  of 4, and Mrs. Kyoko Ohmine, Kyoto University, for her work

solution was transferred to an NMR tube. - _ _ with the measurement of the solid-state CP/M&Si NMR
The Solid-State CP/MAS NMR. The #Si chemical shifts were spectra

referenced to external poly(dimethylsilylene)34.0 ppm).
X-ray Structure Determination for 4. A crystal of 4(thf); was Supporting Information Available: A table of crystal data,
mounted in a glass capillary and placed on the X-ray diffractometer in gtrycture solution and refinement, atomic coordinates, bond
a cold qitroggn stream. All the measurements were made on a Rigakulengths and angles, and anisotropic thermal parameter; for
RAXIS imaging plate area detector with graphite monochromated Mo 16, 17, and18 (PDF). An X-ray crystallographic file (CIF). This

Ka radiation. The structure was solved by direct metRbdsd terial | lable f i ch ia the Int t at
expanded using Fourier techniqi®she non-hydrogen atoms were material 1S available iree of charge via the Internet a

anisotropically refined. The hydrogen atoms were included but not http://pubs.acs.org.

refined. JA993101+
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