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lution and exist in equilibrium with their monomers.1° In 
the second mode, a lithium atom is q5-bonded to a Cp ring 
and to two THF molecules. These two modes combined 
lead to an inverse sandwich in which two lithium atoms 
are a-bonded to opposite sides of one Cp ring. Examples 
of inverse sandwich structures with two lithium atoms 
coordinating to opposite sides of the same a-system have 
been reported.” One interesting feature of this compound 
is that the lithium atoms, two Cp rings, and the THF 
molecules are in a quasi-linear coordination, forming a 
CpLi-Cp-Li-2THF “supersandwich” system. Figure 2 
show a pictorial summary of selected bonding parameters. 
The Cp(centroid)-Li-Cp(centroid) angle is 163’. The 
distances between the internal lithium atom and the cen- 
troids of the two Cp rings are 2.051 and 2.094 A, and that 
of the external lithium atom and the Cp ring is 2.038 A. 
The Li(2)-Li(2a) distance is 4.499 A, and the average L i 4  
distance is 1.916 A. The Li-C distances vary from 2.272 
to 2.518 A with an average value of 2.397 A. The distance 
between the two Cp centroids in the organic ligand is 3.899 
A. These values are comparable to experimental12 and 
t h e ~ r e t i c a l ~ ~ J ~  parameters of similar systems, including 

(10) Paquette, L. A.; Bauer, W.; Sivik, M. R.; Buhl, M.; Fiegel, M.; 
Schleyer, P. v. R. J. Am. Chem. SOC. 1990,112,8776. 
(11) (a) Rhine, W. E.; Davis, J. H.; Stucky, G. J. J.  Organomet. Chem. 

1977,134,139. (b) Boche, G.; Etzrodt, H.; Massa, W.; Baum, G. Angew. 
Chem., Int. Ed. Engl. 1985,24,863. 

those of 2-2TMEDA The trimethylsilyl groups are slightly 
bent out of the planes of the substituted Cp rings pointing 
away from the internal lithium atoms. Similar out-of-plane 
bending involving CH bonds in CpLi have been examined 
theoretically and interpreted as due to simple Coulombic 
e f f e ~ t s . ~ ~ J ~  We are currently performing detailed NMR 
studies of 4 and synthesizing dinuclear main-group and 
transition-metal complexes from 4. 
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Summary: Six-membered cyclic acetylenes, namely 
1,1,2,2,3,3,4,eoctaaikyyC1,2,3,44etrasilacyclexynes (l), 
have been synthesized directly by the reaction of 1,4- 
dichiorooctaalkyltetrasiianes with acetylene di-Grignard 
reagent followed by GC purification. I t  is found that the 
tetrasilacyclohexyne l a  is thermally stable: t,,, = 8 h 
(decane, 174 “C). Reactions of l a  with dicobalt octa- 
carbonyl, 2,3dimethyi-l,3-butadiene, phenyl azide, and 
diphenyidiazomethane give the corresponding cycio- 
adducts, respectkeiy. 

In recent years, there have been a surge of activities in 
constructing strained cyclic silicon compounds. Two types 
of compounds, trans-cycloalkenes’ and cycloalkynes,1@2 are 
subjects of considerable interest. We recently reported the 

(1) (a) Greenberg, A.; Liebman, J. F. Strained Organic Compounds; 
Academic Press: New York, 1978. (b) Ziegler, K.; Wilms, H. Justus 
Liebigs Ann. Chem. 1950,567,l. (c) Corey, E. J.; Carey, F. A.; Winter, 
R. A. E. J. Am. Chem. SOC. 1966,87,934. (d) Kropp, P. J. J.  Am. Chem. 
SOC. 1969,91,5783. (e) Inoue, Y.; Takamuku, S.; Sakurai, H. J.  Chem. 
SOC., Perkin Tram 2 1977, 1635. (f) Squillacote, M.; Bengman, A.; 
Felippis, J. D. Tetrahedron Lett. 1989, 30, 6805. 
(2) (a) Hoffman, R. W. Dehydrobenzene and Cycloalkynes; Academic 

Prese: New York, 1967. (b) Krebs, A. In Chemistry of Acetylenes; Viehe, 
H. G., Ed.; Marcel Dekker: New York, 1969. (c) Nakagawa, M. In The 
Chemistry of the Carbon-Carbon Triple Bond; Patai, S., Ed.; Wiley: 
Chichester, England, 1978. (d) Krebs, A.; Wilke, J. Top. Curr. Chem. 
1983,109, 189. 

O276-1333/92 f 2311-1oO9$03.00/0 

first isolation of a seven-membered trans-cycloalkene 
which was stabilized by the long bond distance of Si-Si 
bonds.3 On the other hand, many medium-ring cyclo- 
alkynes have been generated as reactive intermediates and 
theoretical studies were carried Some silicon-con- 
taining cycloalkynes have been reported so far.5 Previ- 
ously, we described the synthesis of hexasilacyclooctyne 
2 and pentasilacycloheptyne 3.6 We now report the fist 

(3) Shimizu, T.; Shimizu, K.; Ando, W. J. Am. Chem. SOC. 1991,113, 
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109, 5600 and references cited therein. 
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Table I. NMR and UV Spectra of Polysilacycloalkynes 

compd 'H 13C %i &-, nm (e) 
NMR (C&Z), ppm UV (CeHiz) 

la 0.16 (e, 12 H) -6.3 (9) -30.8 237 (8700) 
0.19 (e, 12 H) -2.9 (9) -19.2 

135.6 (a) 

l b  0.80-1.07" (m, 16 H) 4.2 (t)" -17.7" 236 (7870) 
5.5 (t) -8.3 258 (3520, ah) 

1.08 (t, 12 H, J = 7.5 

1.11 (t, 12 H, J = 7.5 

8.6 (q) 

10.5 (4) 
136.4 (a) 

Hz) 

Hz) 
3 0.16 (a, 12 H) -5.74 (9) -38.5 229 (10200) 

0.18 (e, 12 H) -5.66 (9) -34.6 
0.19 (a, 6 H) -3.0 (9) -33.8 

123.1 (a) 
2 0.16 (a, 12 H) -5.8 (9) -39.6 235 (9720) 

0.17 (a, 12 H) -4.6 (4) -38.9 
0.20 (e, 12 H) -2.7 (9) -35.8 

117.7 (a) 

Measured in C6De 

isolation and some reactions of tetrasilacyclohexynes as 
the smallest stable polysila~ycloalkyne.~ 

M e 2 S i c  C-C-SIMe, Mefii'Cm cz SiMe2 

MezSi 
I I 

Me2Si, ,SiMe2 
I 

,SIMe2 
I 
\ 

Scheme I. Reactions of Tetrasilacyclohexyne 

Me2Si-SIMe2 'si' 
Me2 

2 3 

Irradiation of a hexane solution (33 mL) of deca- 
methylpentasilacycloheptyne (3; 104 mg, 0.33 "01) with 
a low-pressure mercury lamp (254 nm) through a quartz 
tube in the presence of 2,3-dimethyl-1,3-butadiene (in 
20-fold excess of 3) formed ring-contracted octamethyl- 
tetrasilacyclohexyne (la), though in only 20% yield.' In- 

l a M  5% 4a 1% 
l b  &Et 55% 4 b -  

creased yields of la have been achieved by direct synthesis 
via the reaction of 1,4-dichlorooctamethyltetrasilane with 
the acetylene di-Grignard reagent. A 1.50-g (4.9-"01) 
amount of 1,4dichlo~oodamethyltetzasilane was added to 
300 mL of a THF suspension of acetylene di-Grignard 
reagent prepared from ethylmagnmium bromide (13 "01) 
and acetylene. The mixture was stirred for 12 h. Tetra- 
silacyclohexyne la, a colorless liquid, was isolated and 

(7) (a) The photochemical generation of tetrasilacyclohexyne la has 
been reported: Ando, W. IXth International Symposium on Organo- 
silicon Chemistry; Edinburgh, July 1990, Abstract 1.17. Ando, W.; Kabe, 
Y. In Frontiers of Organoeilicon Chemistry (Proceedings); Basaindale, 
A. R, Gaepar, P. P., Ede.; The Royal Society of Chemism London, 1991; 
pp 170-181. (b) Isolation and reactivitiea of la have been reported: Hojo, 
F.; Shimizu, T.; Ando, W. 38th Symposium on Organometallic Chemistry, 
Kyoto, Japan, Oct ?S?l, Abstract PA203. Ando, W.; S h i i z u ,  K.; Hojo, 
F.; Sekigawa, 5.; Slumnu, T. IVth Kyushu International Symposium on 
Physical Organic Chemistry; Kyuahu, Japan, Oct 3,1991; p 60. Ando, 
W. In Reoiews on Heteroatom Chemistry; Oae, S. Ed.; Myu: Tokyo, 1991; 
VOl. 5, p 180. 

P- hexane 

Me,Si-SMe, 

6 
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purified from the reaction mixture by gas chromatography 
(10% SF96, column temperature 100 "C). Dimeric com- 
pound 4a also was obtained as a side product in 1 % yield! 
The structure of la was determined by the spectroscopic 
analyses? In particular, the 13C NMR signal of the ace- 
tylenic sp carbons of la (in cyclohexane) is observed at  
135.6 ppm, which is lower than those of the corresponding 
cycloheptyne 3 (123.1 ppm) and cyclooctyne 2 (117.7 
ppm).s The '%i NMR signal of the acetylene-bonded 
silicon of la appears at -19.2 ppm, which ala0 is lower than 
those of the corresponding silicon atoms of 3 and 2. Oc- 
taethyl-substituted tetrasilacyclohexyne lb was also ob- 
tained in 55% yield.1° Characteristic spectral data for la 
and l b  are summarized in Table I, along with those for 
the eight- and seven-membered cycloalkynes 2 and 3. 

It was found that tetrasilacyclohexyne la is thermally 
stable in boiling toluene even after 1 day. However, la 
slowly decomposed in boiling decane (174 "C; tlIz = 8 h) 
and gave bicyclic compound 5 in 2.5% yield as a volatile 
material.l' The bicyclo olefin 5 may be considered to be 
formed by oxidation of disilacyclobutene 5x.12 The 
mechanism of ita formation is now under investigation. 

The reactivity of the carbon-carbon triple bond of la 
was examined. When a hexane solution of tetrasilacy- 
clohexyne la was treated with CO~(CO)~,  the cobalt car- 

~~ 

(8) Spectroscopic data are as follows for acl: lH NMR (CDCl,, 500 

(q), -1.7 (9). 115.6 (8); "Si NMR (CDCL, 17.6 MHz) 6 -44.0, -36.5; MS 
(EI, 70 eV) m / e  497 (M+ - Me); IR (neat) v 2122 cm-' (M). 
(9) NMR and UV spectra for la are mentioned in Table I: IR (neat, 

v) 2082 cm-' (Cd!) ;  LRMS (EI, 70 eV) m / e  256 (M+), 241 (base), 183, 
73; HRMS (EI, 20 eV) m / e  calcd for Cl,,HH,S& 256.0921, found 256.0938. 
(10) NMR and UV spectra for lb are mentioned in Table I IR (neat) 

2076 cm-l (M); LRMS @I, 70 eV) m / e  368 (M+), 339 (base), 311,283; 
HRMS (EI, 20 eV) m / e  calcd for Cl&I&& 368.2207, found 368.2210. 
(11) Data are as follows for 5: mp 48-49 'C; colorleas Cryetats; HRMS 

(EI, 20 eV) m / e  calcd for C14H&&0 388.1382, found 388.1416; LRMS 
(EI, 70 eV) m e 388 (M+), 373 (M+ - Me), 316 (M+ - SiMed; 'H NMR 
(CEDE, 90 MI& 6 0.24 (a, 12 H), 0.34 (a, 12 H), 0.37 (8 12 H); '9c NMR 
(Can, 125 MHz) 6 -6.4 (q), 4.18 (q), 2.6 (q), 189.8 (a); h i  NMR (CDC18, 
17.6 MHz) 6 -63.8, -32.0,17.8; IR (hexane) Y 1060 cm-' (Si-0-Si); UV 
(hexane) A, (6) 226 (also), 272 (360), 338 nm (450). see the supple- 
mentary material for the X-ray structural determination of 5. 
(12) Atwell, W. H.; Uhlmann, J. G. J .  Organomet. Chem. 1973, 62, 

c21. 

MHz) 6 0.17 (a, 24 H), 0.24 (a, 24 H); '9c NMR (CDCl,, 125 MHz) 6 4.0 
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0 
Me,SI' 'SiMe, 

reflux (11,2-8h) \ I  
l a  c 

decane Me,Si /c=c\SiMe2 

\ /  
Me,Si-SiMe, 

5 5x 

bony1 complex 6 was formed in 21% yield.13 Reaction of 
la with 2,3-dimethyl-1,3-butadiene in hexane smoothly 
proceeded via a Diels-Alder reaction to give the cyclo- 
adduct 714 and its oxidized compound 815 in 29% and 19% 
yields, respectively. Compound 8 must have been formed 
by air oxidation of 7 during the purification (silica gel 
chromatography) of the products, since the isolated 7 was 
slowly converted to 8 in benzene-$ solution in the presence 
of air. However, no reaction with 1,3-diphenylisobenzo- 
furan occurred even in refluxing hexane, probably because 
of steric repulsion of the phenyl groups of the isobenzo- 
furan and the methyl substituents of la. Tetrasilacyclo- 
hexyne la also reacted smoothly with phenyl azide and 
diphenyldiazomethane at room temperature and afforded 
the triazole derivative 9lS and tetrasilacyclopentylallene 

(13) Data are as follows for 6 decomposition at 114-116 "C; red-black 
crystsle, HRMS (EI, 20 eV) m/e calcd for Cl&II06Si4C~ 541.9314, found 
541.9355; LRMS (EI, 70 eV) m/e 542 (M+), 514 (M+ - CO), 486 (M+ - 

'H NMR (CDC13, 500 MHz) 6 0.20 (a, 12 H), 0.35 (8, 12 H); 13C NMR 
(CDC13, 125 MHz) 6 -6.5 (q), -0.02 (q), 94.8 (a), 200.9 (a); 29si NMR 
17.6 MHz) 6 -44.5, -11.3; IR (KBr) Y 2086, 2046, 2020 cm-' (CO); UV 
(hexane) A- (e) 260 (ah) (11500), 359 (17501,425 (ah) (loo), 450 (ah) nm 
(90). 

(14) Data are as follows for 7 mp 54-56 OC; colorless crystals; HRMS 
(EI, 20 eV) m/e calcd for Cl&,Si4 338.1738, found 338.1740; LRMS (EI, 
70 eV) m / e  338 (M+), 265 (M+ - SiMe ); 'H NMR (C6D6, 90 MHz) 6 0.34 
(a, 24 H), 1.70 (a, 6 H), 2.87 (a, 4 H); 'k! NMR (C D6, 22.5 MHz) 6 -6.2 

MHz) 6 -52.3, -26.2; IR (KBr) Y 2892, 1243,806 cm-'. 
(15) Data are 88 follows for 8: mp 94-96 'C; colorless crystals, HRMS 

(EI, 20 eV) m/e  calcd for C1&& 336.1581, found 336.1575; LRMS (EI, 
70 eV) m / e  336 (M+), 263 (M+ - SiMe3); 'H NMR (c&, 90 MHz) 6 0.32 

MHz) 6 6.3 (Q), -0.32 (q), 19.9 (q), 128.0 (a), 136.6 (a), 136.8 (d); '%i NMR 
(C6D6, 17.6 MHz) 6 -53.0, -23.8; IR (KBr) Y 2950,2892,1243,1131,806 
cm-'. 

(16) Data are as follows for 9: mp 112-114 OC; colorleas crystals; 
HRMS (EI, 20 eV) m / e  calcd for C1&$i4N3 375.1439, found 375.1408; 
LRMS (EI, 70 eV) m / e  375 (M+), 347 (M+ - NJ, 332 (M+ - Nz - Me); 
'H NMR (c&, 600 MHz) 6 0.09 (8, 6 H), 0.22 (a, 6 H), 0.34 (a, 6 H), 0.76 
(a, 6 H), 7.0-7.1 (m, 3 H), 7.18 (d, J = 9.5 Hz, 2 HI; 13C NMR (cas9 125 

-27.4, -26.8; IR (KBr) Y 2956, 2896, 1601, 1499, 1251, 816, 768 cm-'. 

2CO), 458 (M+ - 3CO), 430 (M+ - 4CO), 402 (M+ - 5CO), 374 (M+ - 6CO); 

(q), -1.8 (q), 18.7 (t), 39.1 (q), 123.7 (a), 147.3 (a); &si NMR (C&, 17.6 

(8, 12 H), 0.54 (a, 12 H), 2.18 (8,6 H), 7.59 (8, 2 HI; l3c NMR (C&, 22.5 

MHz) 6 -6.7 (q), -6.6 (q), -1.6 (q), -1.3 (q), 127.6 (d), 129.3 (d), 129.7 (d), 
140.4 (a), 140.7 (a), 153.2 (a); '%i NMR (C&, 17.6 MHz) 6 -50.9, -48.1, 

derivative 11" in quantitative yields, respectively. These 
addition reactions are uniquely characteristic of tetrasi- 
lacyclohexyne la, since pentasilacycloheptyne 3 did not 
react with phenyl azide under the same conditions. Fi- 
nally, the triazole derivative 9 was easily converted to 
ketenimine 10l8 by heating and was obtained in quanti- 
tative yield. 

While this work was in the process of submission, a 
paper on the synthesis of tetrasilacyclohexyne by the group 
of T. Barton was accepted for publication in J. Am. Chem. 
SOC. 
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(17) Data are as follows for 11: mp 101-103 OC; colorleas crystals; 
HRMS (EI, 20 eV) m / e  calcd for C2SH31Si4 422.1738, found 422.1774; 
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NMR (C6D6, 500 MHz) 6 0.29 (a, 12 H), 0.40 (a, 12 H), 7.1-7.3 (m, 6 H), 

(q), 92.7 (a), 96.7 (a), 125.5 (d), 127.5 (d), 128.2 (d), 138.0 (a), 206.3 (a); %i 
NMR (C6D6, 17.6 MHz) 6 -44.9, -12.2; IR (KBr) Y 1897 cm-' (C-); 
UV (hexane) A, (e) 277 (16480), 325 nm (ah) (400). 

(18) Data are as follows for 10 colorleas oil; HRMS (EI, 20 eV) m / e  
calcd for Cl6HDSi4N 347.1377, found 347.1372; LRMS (EI, 70 eV) m/e 
347 (M+), 332 (M+ - Me); 'H NMR (c&, 500 MHz) 6 0.29 (a, 12 H), 0.42 
(a, 12 H), 6.4-7.1 (m, 3 H), 7.42 (d, J 7.4 Hz, 2 H); '3C NMR (C&, 125 
MHz) 6 -6.7 ( ), -0.50 (q), 95.8 (a), 123.8 (d), 126.1 (d), 130.1 (d), 143.6 

1968 cm-' (C=C=N). 

7.61 (d, J = 8.2 Hz, 4 H); "C NMR (CDC13, 22.5 MHz) 6 -7.1 (q), -2.1 

(d), 171.6 (8); $si NMR ( c a s ,  17.6 M H ~ )  6 -44.5, -7.4; IR (neat) Y 1997, 
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Summary: Reaction of Cp*,Sm (Cp' = $-C5Me5) with 
excess hydrazine leads to the formation of a yellow 
crystalline material In high yield. The product was struc- 
turally characterized by a single-crystal diffraction study 
Which shows the m O k U k  to COtlSlSt Of a distotted-tetra- 
h&on arrangement of samarium atoms with bridging 
hydrazido anions on each edge of the tetrahedron. 

have been considered to play an important role in the 
reduction of dinitrogen to hydrazine' (eq 1); however, few 

(1) (a) Chatt, J.; Dilworth, J. R.; Richards, R. L. Chem. Reo. 1978, 78, 
589-625. (b) Pombeiro, A. J. L. In New Trends in the Chemistry of 
Nitrogen Fixation; Chatt, J., da Camara Pina, L. M., Richards, R. L., 
Ma.; Academic Press: London, 1980; Chapter 6. (c) Veeger, C., Newton, 
W. E., Eda. Advances in Nitrogen Fixation Research; Dr. W .  Junk/ 
Martinua Nijhoff: Boston, 1984. (d) Henderson, R. A.; Leigh, G. S.; 
Pickett, C. J. Ado. Inorg. Chem. Radiochem. 1983,27, 197-281. Metal complexes containing hydrazido (NHNH2-) units 
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