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ionic T-type silicate nuclei are typically observed (-94 to 
-97 ppm).1° The 13C NMR spectrum of 6c also exhibited 
a characteristic singlet resonance (6 10.39) for five-coor- 
dinate Me,SbOR  ether^.^ 

The reaction" of 6c with 2 gave high yields of 7, which 
was identified on the basis of multinuclear (lH, 13C, 29Si) 
NMR data. A single-crystal X-ray diffraction study on one 
of many well-formed but poorly diffracting crystals con- 
firmed the identity of 7. Unfortunately, a serious dis- 
cussion of metrical data is not warranted due to the 
marginal quality of the diffraction data and the severely 
disordered nature of the cyclohexyl groups.12 

(10) (a) Marsmann, H. In NMR Basic Principles and Progress; Diehl, 
P., Fluck, E., Kosfeld, R., Eds.; Springer-Verlag: New York, 1980; Vol. 
17, and references cited therein. (b) Williams, E. A. Annu. Rep. NMR 
Spectrosc. 1983, 15, 235 and referenced cited therein. (c) Williams, E. 
A. Annu. Rep. NMR Spectrosc. 1979,9,221 and referenced cited therein. 

(11) In a typical reaction dimer 2 (81 mg, 0.0404 mM) and 7c (98 mg, 
0.0819 mM) were refluxed in benzene (3 mL) for 12 h. Evaporation of 
the solvent gave a quantitative (NMR) yield of 7 (based on 2), which was 
recrystallized from C H MeCN to give large colorless crystals. Spec- 
troscopic and analytical 6 8 L i  ata for 7 are as follows. 'H NMR (500.1 MHz, 
CsDe, 25 "C): d 2.30-2.04 (complex m, 28 H), 2.04-1.55 (complex m, 70 
H). 1.55-1.17 (comdex m. 42 H. with sham sindet (12 H) at  1.35 for 
SbMeJ, 1.17-0.85 (iomplex m, 14 H). l%I1H] NMR (125.03 MHz, CBD,, 
25 "C): d 28.76, 28.36, 28.25, 28.13, 28.03, 27.93, 27.88, 27.85, 27.82, 27.66, 

23.92 (3:3:1:34 for CH). -0.43 (SbMe,). '%il'H\ NMR (99 MHz, CnDR, 
27.61, 27.48, 27.44, 27.41, 27.37, 27.29 (CHZ), 25.75, 24.75, 24.26, 25.15, 

25 "c): 6 -66.94, -68.44, -68.52,'-68.57; -68.74, -70.07, -106.2i 
(3:3:1:3:1:31). Anal. Calcd (found after removal of benzene and MeCN 
of crystallization in vacuo) for C82H156A1025SbSi13: C, 47.93 (47.42); H, 
7.60 (7.61). Mp >400 "C de:. 

(12) Compound 7 crystallizes as a ben~ene-(CH,CN)~ solvate in the 
space group B3 (a = 14.734 (1) A, c = 35.498 (6) A; V = 6674 (1) As; D d d  
= 1.270 g/cm3 (2 = 2)). A total of 2930 independent reflections with 4.0 
< 28 < 45.0' were collected on a Nicolet R3m V diffractometer at -100 
"C using graphite-moncxhromatd Mo KLY radation. The structure was 
solved by direct methods (SHELXTL PLUS), and all non-hydrogen atoms 
were located by a series of difference-Fourier syntheses. The crystallo- 
graphic 3-fold rotational axis is aligned along the Si-0-AI linkage joining 
both silsesquioxane frameworks. (The dihedral angle for the gauche 
O3A1(-O-)SiO3 conformation is 35O.) All of the cyclohexyl groups are 
severely disordered. Although efforts to model the disordered cyclohexyl 
groups as 1-adamantyl groups were moderately successful, the final R 
factor for isotropic refinement of all non-hydrogen atoms was 10.2%. 

The preparation of 6c and its use for the synthesis of 
7 clearly suggests that a number of other interesting silicate 
clusters could be synthesized from 6c. More tantalizing, 
though, are the prospects for achieving syntheses of very 
large, structurally well-defined clusters and/or entirely new 
framework silicates by using multifunctional precursors 
(e.g., [HSiO,,],; n = 8, 10, 12, 14).6J3 We are currently 
exploring these possibilities and will present the details 
of this work in due course. 
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Summary: The synthesis and characterization of a new 
class of silicon compounds with high transparency and 
nonlinear optical properties have been carried out. 

The growing interest in new organic products for 
quadratic nonlinear optics, related to intramolecular 
electronic charge transfer (CT), has led to numerous 
studies of various classes of molecules.' In most com- 

pounds, previously published, this CT between an elec- 
tron-donor and an electron-acceptor group takes place 
through a conjugated 7~ system. For many applications 
(optical processing, integrated optics, ... ) new compounds 
combining high nonlinear optical activities (NLO) with 
good transparency are needed. In this study, we have 
examined a new class of silicon compounds, whose general 

RhBne-Poulenc Recherches. 
f Centre National d'Etudes des TBlBcommunications. 

(1) (a) Chemla, D. S.; Zyss, J. Eds. Nonlinear Optical Properties of 
Organic Molecules and Crystals; Academic Press: Orlando, FL, 1987. (b) 
Hann, R. A., Bloor, D., Eds. Organic Materials for Non-linear Optics; 
Royal Society of Chemistry: London, 1989. 
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standards. The mass spectra were measured on a AEI 
MS30 spectrometer. 
(4-Bromophenyl)chlorodimethylsilane (la;  n = 1). 

To a suspension of magnesium (12.15 g, 0.50 mol) in ether 
(50 mL) was added one crystal of iodine and slowly (4 h) 
a solution of 1,4-dibromobenzene (128 g, 0.54 mol) in ether 
(250 mL). During this procedure, the temperature was 
maintained at 35-37 "C. The mixture was heated at reflux 
for 4 h. After the mixture was cooled to room temperature, 
the Grignard reagent was added to dimethyldichlorosilane 
(212.5 g, 1.65 mol). The mixture was heated at reflux for 
16 h. After the mixture was cooled and filtered, the solvent 
was removed a t  30 OC/30 mmHg and the residue was 
distilled under reduced pressure. A colorless oil (80 g) was 
obtained (77-83 "C/l  mmHg). This material was used 
without further purification (purity 90% by GC); yield 
57.7%. Mass spectrum (CI): m/e 248 (M+). 'H NMR 
(CDC13): 6 0.55 (s, SiMe, 6 H), 7.46 (m, C6H4, 4 H). 

(4-Bromophenyl) ( 4 4  dimet hy1amino)phenyl)di- 
methylsilane (2a; n = 1). To a suspension of magnesium 
(10.2 g, 0.42 mol) in ether (30 mL) was added one crystal 
of iodine and slowly (75 min) a solution of 4-bromo-Nfl- 
dimethylaniline (80 g, 0.4 mol) in ether (250 mL). During 
the introduction the temperature rose to 35 "C. The 
mixture was stirred for 16 h at  room temperature. The 
Grignard reagent was added to la (80 g, 0.29 mol, purity 
90%, GC) in THF (50 mL), and this mixture was refluxed 
for 16 h. After the mixture was cooled and filtered, the 
solvent was removed. To the resulting material was added 
100 mL of hexane, and this solution was washed three 
times with water (200 mL). The organic layer was dried 
over MgSO,. After evaporation (70 OC/30 mmHg), the 
crude material was distilled under reduced pressure and 
62.5 g of a white solid was isolated (bp 155-160 OC/O.25 
mmHg, mp 58 "C); yield 64.5%. The mass spectrum (70 
eV) showed a molecular ion at  m/e 333. FTIR (KBr): 
2860-2820 cm-' (v(NMe,)). 'H NMR (CDC13): 6 0.41 (s, 
SiCH3, 6 H), 2.85 (s, NMe2, 6 H), 7.48-7.35 (AA'BB', 
C,&Br, 4 H), 7.26-6.73 (AABB', C&14NMe2, 4 H). 

(4-Formylphenyl) (4-( dimet hy1amino)phenyl)di- 
methylsilane (3a; n = 1). To a suspension of magnesium 
(1.4 g, 58 mmol) in THF (80 mL) was added one crystal 
of iodine and slowly (30 min) compound 2a (16.7 g, 50 
mmol). The mixture was refluxed for 16 h. This Grignard 
reagent was added slowly (1 h) to a solution of DMF (7.31 
g, 0.1 mol) in THF (40 mL). The mixture was stirred at  
room temperature over 16 h. Brine (100 mL) was added, 
and the resulting mixture was extracted with AcOEt. The 
organic layer was dried over MgSO,; the solvent was re- 
moved, and a white solid was collected. After recrystal- 
lization in hexane, 6.3 g of a light yellow substance was 
isolated; yield 44.5%. Mass spectrum (CI): m/e 283 (M'). 
'H NMR (CDC13): 6 0.25 (s, SiCH3, 6 H), 2.90 (s, N(CH3)2, 
6 H), 7.33-7.68 (AA'BB, C&14NMe2, 4 H), 7.76-7.63 

(KBr): 1700 cm-I (v(CH0)). 
(4-(2,2-Dicyanoet heny1)phenyl)  (4- (  d imethyl -  

amino)phenyl)dimethylsilane (4a; n = 1). To a solution 
of 3a (2.83 g, 10 mmol) in methanol (30 mL) was added 
malonodinitrile (0.66 g, 10 mmol) and 1 drop of piperidine. 
This mixture was stirred at room temperature for 3 h. The 
solvent was removed under vacuum, and the residue was 
purified by column chromatography (silica gel) with 90/10 
hexane-THF (v/v) as the mobile phase. 4a was isolated 
as a red oil in 56% yield (1.85 g). An analytical sample 
was obtained by HPLC (silica gel, hexane-ethyl acetate 
(95/5, v/v)). The mass spectrum (70 eV) showed the 
molecular ion at m/e 331. FTIR (KBr): 2230 cm-' (v- 

(AA'BB', C&,CHO, 4 H), 9.95 (s, CHO, 1 H). FTIR 

formula is2 

n = l , 2 . 6  

Our interest in silicon compounds that are active in non- 
linear optics is guided by the following  feature^:^ increased 
polarizability of a silicon backbone compared to that of 
carbon, cr-K interaction (a(Si) i (C)) ,  and delocalization 
over the Si-Si bonds. 

In order to obtain good NLO properties, donor and 
acceptor groups were grafted onto both sides of a poly- 
silane. The synthesis of these new compounds is sche- 
matically presented: 

B r e B r  - 

1 -  2 

3 

4a(n= 1),4b(n=2),4c(n=6) 

Experimental Section. All manipulations were per- 
formed under a dry nitrogen or dry argon atmosphere with 
use of standard Schlenk techniques. Tetrahydrofuran 
(THF) and Et20  were distilled under N2 from sodium 
benzophenone ketyl. All other solvents were nitrogen- 
saturated and dried according to standard procedures. 
Dimethylformamide (DMF) was allowed to stand over 3-A 
molecular sieves (activated by heating to 360 "C for 5 h 
and cooling in a desiccator). All chlorosilanes (Me2SiC12, 
C1SiMe2SiMe2C1, and C1SiMe2(SiMe2)4SiMe2C1) were 
distilled under nitrogen before use., 

Malonodinitrile (Aldrich), piperidine (Aldrich), 1,4-di- 
bromobenzene (Aldrich), 4-bromo-N,N-dimethylaniline 
(Merck), methanol (Prolabo), ethanol (Prolabo), iodine 
(Prolabo), magnesium (turnings, 98%, Aldrich), and n- 
butyllithium (Aldrich) were used as obtained from their 
commercial sources. 

Column chromatography was performed with silica gel 
(230-400 mesh ASTM, Merck). Preparative HPLC was 
done on a Waters Prep/LC 500 with two silica gel columns 
(50 cm3/min). All melting points are uncorrected. The 
FTIR spectra (KBr) were taken on a Perkin-Elmer PE/750 
spectrophotometer. The W-visible spectra were recorded 
on a Varian Cary 219 spectrophotometer. 'H NMR spectra 
were taken on a 360-MHz Bruker spectrometer, and 13C 
NMR and %i NMR spectra were recorded on a 250-MHz 
Bruker OAM spectrometer; chemical shifts refer to HMDS 
('H NMR) and TMS ("%i NMR, I3C NMR) as internal 

(2) Mignani, G., Soula, G. (RhBne-Poulenc); French Patent 885214, 
Priority 4-20-88. 

(3) Fujino, M. Chem. Phys. Lett. 1987, 136, 451. Kepler, R. Synth. 
Met.  1989, 28, C573. Zeigler, J. Synth. Met.  1989, 28, C581. 

(4) Me#iC12 and C1SiMeaiMe2Ck RhBne-Poulenc. C1(-SiMe2-)&1: 
Ishikawa, M.; Kumada, M.; Sakurai, H. J .  Organornet. Chem. 1970,23, 
63. 
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Table I" 
entry 8, 10-30 Paddy PCT, 10-30 

no. compd F, D A,,, nm (do esu esu esu 
1 4a 6 f 0.5 320 (27 200) 16 f 4 14 f 4 0 
2 4b 7 f 1  334 (25680) 22 f 5 16 f 4 6 f 4  
3 4c 6.8 f 0.6 276 (36600) 38 f 4 16 f 4 22 f 4 

320, 385 (CT) 

In CHC13. 

(CN)). 'H NMR (CDCl,): 6 0.49 (s, SiMe, 6 H), 2.91 (5, 
NMe,, 6 H), 6.68-7.32 (AA'BB', Ca4NMez, 4 H), 7.61-7.76 

1 H). 13C NMR (CDC13): 6 -2.5 (SiMeJ, 40.0 (-NMe2), 
151.4, 112.0, 135.2, 120.9 (Me2NC6H4), 149.7, 135.1, 129.4, 

113.8, 112.6 (CN). 29Si NMR (CDC13): 6 -8.08. UV 
(CHCl,): 320 nm (t = 27 200). UV (CH,OH): 313 nm (t 
= 26650). UV (hexane): 312 nm (t = 28580). Anal. Calcd 
for C20H21N3Si: C, 72.46; H, 6.38; N, 12.67. Found: C, 
72.31; H, 6.43; N, 12.62. 

I-( 4-Bromophenyl)-2-chloro- 1,1,2,2-tetramethyldi- 
silane (lb; n = 2). The same procedure as for la was 
used, with Mg (14.6 g, 0.60 mol), 1,4-dibromobenzene (142 
g, 0.60 mol), and 1,2-dichlorotetramethyldisilane (122 g, 
0.65 mol). Compound lb was isolated (colorless oil) in 53% 
yield (102.7 g) by a distillation under reduced pressure 
(102-104 "C/0.5 mmHg; purity 95% by GC). Mass 
spectrum (CI): m/e 306 (M+). FTIR (KBr) 1570-1480 
cm-' (aryl), 1250 cm-' (v(SiCH,)). 'H NMR (CDCl,): 6 0.38 
(BrC6H4SiMe2, 6 H), 0.39 (C1Si(Me2),, 6 H), 7.44-7.29 
(AA'BB', BrC6H4, 4 H). 29Si NMR (CDC1,): 6 -22.2 
(SiMe2C1), -21.0 (BrC6H4SiMe2). 

1 - (4-Bromophenyl)-2- (4- (dimethy1amino)phenyl) - 
1,1,2,2-tetramethyldisilane (2b; n = 2). The same pro- 
cedure as for 2a was used, with Mg (10.2 g, 0.42 mol), 
4-bromo-Nfl-dimethylaniline (80 g, 0.40 mol), and lb (100 
g, purity 95% by GC, 0.31 mol). Compound 2b was iso- 
lated (white cream solid) in 44.8% yield (54.5 g) by a 
distillation under reduced pressure: bp 161-162 "C/0.2 
mmHg; mp 58 "C. Mass spectrum (CI): m/e 391 (M+). 
FTIR (KBr): 2800 cm-' (v(NMe,)), 1100 cm-' (v(SiC6H4)). 
'H NMR (CDC1,): 6 0.21 (s, Me2NC6H4SiMe2, 6 H), 0.24 
( B T C G H ~ S ~ M ~ ~ ,  6 H), 2.89 (s, -NMe2, 6 H), 7.17-6.64 
(AA'BB', MezNC&i4, 4 H), 7.36-7.18 (AA'BB', BrC&, 4 
H). 29Si NMR (CDCl,): 6 -21.4 (SiMezC6H,Br), -23.0 
(SiMe2C6H4NMe2). 

1- (4-Formylphenyl)-2- (4- (dimet hy1amino)phenyl)- 
1,1,2,2-tetramethyldisilane (3b; II = 2). The same pro- 
cedure as for 3a was used, Mg (1.40 g, 58 mmol), 2b (19.6 
g, 50 mmol), and DMF (7.3 g, 0.1 mol). 3b was isolated 
(yellow solid) in 47% yield (8 g) by chromatography on 
silica gel (hexane-ether (50/50, v/v)); mp 66 "C. Mass 
spectrum (CI): m/e 341 (M+). FTIR (KBr): 1700 cm-' 
(v(CHO)), 2800 cm-' (v(NMe2)), 1105 cm-' (u(SiC6H4)). 'H 
NMR (CDC13): 6 0.22 (s, Me2NC6H4SiMe,, 6 H), 0.29 (s, 
OHCC6H4SiMe2, 6 H), 2.89 (s, -NMe,, 6 H), 6.63-7.15 
(AA'BB', Me,NC,@,, 4 H), 7.11-7.48 (AA'BB', OHCCd4,  
4 H), 9.94 (s, CHO, 1 H). 

1-( 4-(2,2-Dicyanoethenyl)phenyl)-2-(4-( dimet hyl- 
amino) phenyl )- 1,1,2,2-tetramethyldisilane (4b; n = 2). 
The same procedure as for 4a was used, with 3b (3.41 g, 
10 mmol) and NCCH2CN (0.73 g, 11 mmol); 4b was iso- 
lated (yellow-orange solid) in 90% yield (3.5 g) by filtration; 
mp 98-100 "C. Mass spectrum (CI): m/e 389. FTIR 
(KBr): 2230 cm-' (u(CN)). 'H NMR (CDCI,): 6 0.21 (s, 
MezNC6H4SiMe,, 6 H), 0.28 (s, (NC),C=CHC6H4SiMe2, 
6 H), 2.89 (s, NMe,, 6 H), 6.62-7.12 (AA'BB', Ca4NMe2,  

CH=C(CN),, 1 H). 29Si NMR (CDC13): 6 -22.42 (s, 

(AA'BB', C&4CH=C(CN)2,4 H), 7.68 (s, -CH=C(CN)z, 

131 .O (C6H,CH=C( CN),), 82.6, 160.0 (CH=C(CN),), 

4 H), 7.45-7.71 (AA'BB', C,@,CH=C(CN)z, 4 H), 7.46 (s, 

SiMezC6H4NMe2), -20.42 (s, SiMezC6H4CH=C(CN)z)). 
13C NMR (CDC13): 6 -3.7 (SiMezC6H4NMez), -4.2 
(SikfeZC6H4CH=C(CN),), 40.1 (NMe,), 150.9, 112.1,134.8, 
122.3 (C6H4NMez), 150.8, 134.8, 129.2, 130.5 (C&CH= 

UV (CHC13): 334 nm (t = 25680). UV (CH30H): 328 nm 
(t = 22380). UV (hexane): 326 (t = 24600). Anal. Calcd 
for C2,Hz,N3Si2: C, 67.81; H, 6.98; N, 10.78. Found: C, 
67.93; H, 7.02; N, 10.66. 

The aldehyde 3c was obtained as a red oil in the same 
way as described for compounds 3a and 3b. 
1-(4-(2,2-Dicyanoethenyl)pheny1)-6-(4-(dimethyl- 

amino)phenyl)-1,1,2,2,3,3,4,4,5,5,6,6-dodecamethyl- 
hexasilane (4c; n = 6).  A 11.6-g (20.44-mmol) amount 
of the aldehyde 3c was dissolved in 100 mL of boiling 
ethanol. After the addition of 1.74 g (26.4 mmol) of 
malonodinitrile 2 drops of piperidine were added, and the 
mixture was stirred for 1.5 h. The product was precipi- 
tated on cooling in the refrigerator over the weekend and 
collected by filtration (5.1 g, 8.21 mmol, 40.5%). An ad- 
ditional preparative HPLC separation (silica gel, hexane- 
ethyl acetate (90/10, v/v)) gave a yellow crystalline powder, 
mp 138.5-139 "C. Mass spectrum (CI): m/e 621. FTIR 
(KBr): 2230 cm-' (v(CN)). 'H NMR (CDCI,): 6 0.01 (5, 
SiMe,, 12 H),  0.04 (s, SiMe,, 12 H), 0.27 (s, SiMe,, 6 H), 
0.35 (s, SiMe,, 6 H), 2.89 (s, NMe,, 6 H), 6.66-7.24 
(AA'BB', C&i4NMe2, 4 H), 7.54-7.78 (AA'BB', C,Jf4CH= 
C(CN),, 4 H), 7.67 (s, CH=C(CN),, 1 H). %Si NMR 

SiMe,). 13C NMR (CDCI,): 6 -2.5, -3.3, -4.4, -5.2, -5.4 
((-Si(CH3)z-)6), 40.2 (NMe,), 112.1, 124.5, 134.8, 151.1 
(C6H4NMe2), 129.3, 130.5,134.7,150.7 (C6H4CH4(CN),), 

(CHC13): 276 nm (t = 36600). UV (CH,OH): 274 nm (t 
= 39700). UV (n-hexane): 274 nm (t  = 37600). Anal. 
Calcd for C30H51N3Si6: C, 57.90; H, 8.26; N, 6.75. Found: 
C, 58.18; H, 8.54; N, 6.65. 
Discussion. We have significantly improved the optical 

first-order hyperpolarizability of organosilicon com- 
pounds by increasing the number of Si atoms separating 
the acceptor and donor groups (Table I). This improve- 
ment is due to the delocalization of u electrons along the 
silicon-silicon backbone. This effect is connected to the 
presence of the lowest energy transition state in the ab- 
sorption spectra of compound 4c compared to the ab- 
sorption spectra of 4a and 4b. We believe that this CT 
process is due to the u delocalization. Compound 4c shows 
an interesting nonlinearity/ transparency compromise; if 
one takes into account the level at 385 nm for calculating 
the dispersion correction derived from a two-level model,5 
we obtain, for compound 4c, Po = 25.4 X esu. This 
value is 1.6 times larger than the highest Po value of p -  
nitroaniline reported in the literaturel~~ in methanol (Arnm 
= 370 nm). It must be pointed out that more recent and 
more sophisticated studies gave much smaller values of Po 
for p-nitroaniline: 8.4 X esu in dioxane (Amm = 354 
nmI6 or 7.5 X esu (Arnu = 365 nm).7 Therefore, the 

C(CN)z), 160.0, 82.1 (-CH=C(CN),), 113.9, 112.7 (CN). 

(CDC13): 6 -11.26, -18.87, -38.6, -38.9, -42.5, -43.2 (s, 

159.9, 82.3 (-CH=C(CN),), 112.7, 113.9 (CN). UV 

( 5 )  Oudar, J. L.; Chemla, D. S. J. Chem. Phys. 1977, 66, 2664. 
(6) Teng, C. C.; Garito, A. F. Ph-vs. Reu. Le t t .  1989, 50, 350. 
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increase in Po value relative to that of p-nitroaniline can 
reach a factor of 3. Comparison to a "fully conjugated" 
molecule with a more extended conjugation such as 4- 
amino-4'-nitrostilbene illustrates the role of the silicon 
atoms in the reduction of both maximum absorption 
wavelength (Arnm = 385 nm instead of 430 nm in acetone) 
and intramolecular charge transfer (by a factor of 2 for Po 
as compared to the EFISH-deduced value given by Oudar.8 
These results can he interpreted by the following model:9 

= &dd + PCT; Padd is obtained by a vectorial addition of 
the contributions of each side group, which are considered 
to be independent; this addition is made with respect to 
the geometrical considerations of the sp3 orbitals of silicon. 

~ 

(7) Cheng, A.; Tam, W. R o c .  SPIE-Int. SOC. Opt.  Eng. 1989,62,1187. 
(8) Oudar, J. L. J .  Chem. Phys. 1977, 67, 446. 
(9) Barzoukas, M.; Josse, D.; Zyss, J.; Soula, G .  Mignani, G .  To be 

submitted for publication in Organometallics. 

PcT is the difference between and &dd. For compound 
4c the important contribution of the CT through the sil- 
icon chain is clearly pointed out. The nonlinear optical 
properties of compounds 4a, 4b, and 4c are listed in Table 
1.10 

The work done currently concerns the studies of the CT 
behavior in donor/acceptor substituted silanes and their 
efficiency in NLO. The results of this investigation will 
soon be published in a subsequent paper. 

(10) p measurements were performed with use of the electric field 
induced second harmonic (EFISH) method.8 The laser sources consisted 
of a Q-switched, mode-locked Nd"':YAG laser emitting pulse trains 
(duration 160 ps) a t  1.34 pm and a Q-switched Ndrn:YAG laser emitting 
10-ns pulses a t  1.06 pm. The second-harmonic signal was measured a t  
670 nm from solutions of various concentrations in acetone. 

(11) Dipole moment measurements were made with use of the Hede- 
strand method in 1,4-dioxane: Hedestrand, G .  Z. Phys. Chem., Abt. E 
1929, 2, 428. 
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Summary: A reinterpretation of the 'H NMR spectra of 
(q-CSR,)Ru(PPh,)H, (R = H, 1; R = Me, 2) is proposed on 
the basis of new data from the 'H NMR spectra of 1 and 
1-d2. A single resonance is observed in the hydride re- 
gion of the 'H(31P)NMR spectrum of 1 down to 190 K, 
consistent with previous reports. A low-temperature lim- 
iting 'H NMR spectrum of the A,BX type (X = 31P) was 
ultimately observed for 1 at 170 K. Computer simulation 
of the spectrum of 1 at 170 K gives a value of 900 Hz 
for JA-B. In contrast, the 1H(31P) NMR spectrum of 1-d, 
at 190 K exhibits two distinct hydride resonances in the 
ratio 2:1, which coalesce at 210 K. From the coales- 
cence temperature, the barrier to thermally activated 
hydride site exchange is AGS2,, = 9.5 kcal/mol. The 
exceptionally large value for in 1 is attributed to a 
quantum-mechanical exchange process, which is effec- 
tively quenched by deuterium substitution. A similar in- 
terpretation of the previously reported spectra for 2 gives 

= 290 HZ at 180 K. 

There is currently great interest in the structure and 
reactivity of transition-metal polyhydride complexes. In 
light of the discovery of transition-metal dihydrogen com- 
plexes by Kubas' and theoretical work by Burdett and 
co-workers indicating that other polyhydrogen "ligands" 
such as H3 and H4 may exist,2 we3 and others4* have in- 

(1) For a recent review, see: Kubas, G .  J. Acc. Chem. Res. 1988,22, 
12C-128. 

Turner, J. J.; Upmacis, R. Inorg. Chem. 1987,26, 3054-3063. 
(2) Burdett, J. K:; Phillips, J. R.; Pourian, M. R.; Poliakoff, M.; 

(3) Heinekey, D. M.; Payne, N. G.; Schulte, G .  J. Am. Chem. SOC. 1988, 

(4) Arliguie, T.; Chaudret, B.; Devillers, J.; Poilblanc, R. C. R.  Acad. 
11 0, 2303-2305. 

Sci., Ser. 2 1987, 305, 1523-1526. 
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vestigated the possible role of H-H bonding interactions 
in transition-metal polyhydrides. While there is currently 
no evidence for H, or H4 ligands as ground-state structures, 
such polyhydrogen ligands are possible intermediates in 
the well-studied rearrangement processes of stereochem- 
ically nonrigid or fluxional p~lyhydrides.~ 

A particularly interesting class of polyhydrides are 
neutral ruthenium(1V) complexes of the form (17-C5R5)- 
Ru(L)H3 (R = H, Me; L = tertiary phosphine ligand). The 
first such complex, (q-C5H5)Ru(PPh3)H3 (l), was reported 
by Davies and co-workers in 1983.8 It  was reported that 
complex 1 exhibits a single doublet resonance in the hy- 
dride region of the lH NMR spectrum (VH+. = 18 Hz) 
down to 193 K, the lowest temperature reported. This 
observation, in conjunction with the observation of two 
bands in the infrared spectrum attributed to u(Ru-H), led 
to the assignment of a trigonal-bipyramidal structure, with 
the three hydride ligands in the equatorial plane. Sub- 
sequent work by Suzuki and co-workersg on the closely 
related complex (q-C5Me5)Ru(PPh3)H3 (2) cast some doubt 
on this assertion, since the results of an X-ray study of 2 
clearly showed that the structure is a distorted capped 
square pyramid, with the cyclopentadienyl ligand capping. 
In the case of 2, Suzuki reports that the 'H NMR spectrum 

(5) Antinolo, A.; Chaudret, B.; Commenges, G.; Fajardo, M.; Jalon, F.; 
Morris, R. H.; Otero, A,; Schweitzer, C. T. J.  Chem. Soc., Chem. Commun. 
1988, 1210-1212. 

(6) Arliguie, T.; Border, C.; Chaudret, B.; Devillers, J.; Poilblanc, R. 
organometallics 1989,8,1308-1314. Large values of JA-B observed in the 
low-temperature 'H NMR spectrum of (?-C5Me5)Fe(PMes)H, have also 
been attributed to exchange coupling: Paciello, R. A.; Manriquez, J. M.; 
Bercaw, J. E. Organometallics 1990, 9, 260-265. 

(7) Cf.: Jesson, J. P. In Transition Metal Hydrides; Muetterties, E. 
L., Ed.; Marcel Dekker: New York, 1972; Chapter 4. 
(8) Davies. S. G.: Moon. S. D.: SimDson. S. J. J. Chem. Soc..  Chem. , . .  

Co&nun. 1983, 1278-1279. 
(9) Suzuki, H.; Lee, D. H.; Oshima, N.; Moro-oka, Y. Organometallics 

1987, 6, 1569-1575. 
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