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Table I. 'H NMR (400 MHz, Toluened,, -90 "C) Data for Compound 7 
innmern 

7a 7b 70 7d 
(CH&Sn 

6' -0.94, -0.31 -0.25, -0.16 -0.96, 0.27 -0.02, 0.01 
2J(11e/117Sn-1H), Hz 53.5, 54.4 53.7, 53.1 52.8, 53.2 b 

6" 1.30 1.35 1.34 b 

6' -1.59, 1.81 -1.80, 1.64 1.58, 1.47 b 

6 C  3.17, 3.93 3.49, 3.70 3.60, 3.88 b 
2J(11e/117Sn-1H), Hz 97.0, 92.5 97.4, 93.1 b b 

6d 5.6 5-6.6 5 

(CHa)aC 

(CHJOC 

H-C(3a), HC(4a) 

H (CP) 

Singlet. *Cannot be measured. e Broadened multiplet. Group of overlapping multiplets. 

warmed to room temperature, the solution waa decantad, THF 
and hexane were removed, and the reaultaut brownish red oil wm 
extracted with pentane three times. On removal of pentane and 
distillation 6.25 g of a yellowish oil waa obtained: bp 110 OC/5 
X 10-2 "Hg; yield 60.5%. Anal. Calcd for C l & ~ n :  C, 60.83, 
H, 7.52. Found: C, 60.57; H, 7.61. 'H NMR (400 MHz, t o l u e n d  
26 OC): 6 6.29-6.23 (m, 3 H); 5.87-5.86 (m, 2 H); 5.40-4.70 and 
4.15-3.85 (very br signals, 2 H); 1.58 (e, 3 H); 1.41 (e, 3 H); 1.19 
(e, 9 H); 0.31,0.06, -0.53, -0.64 (br e ,6  H). 'H NMR at -90 OC: 
see Table I. 

Compound 4. A solution of 1.44 g (4.51 mmol) of 1 and 1.24 
g (4.51 "01) of BrMn(CO)s in 20 mL of THF WBB mixed at room 
temperature over 12 h. The gaseous producta were removed 
periodidy. After THFm removed, tbe redtantoil WBB treated 
with pentane to give 4 aa a crystalline precipitate: yield 2.25 g 
(93%). Anal. Calcd for Cl@pBrMnOSSn: C, 40.19; H, 3.75. 
Found: C, 40.35; H, 3.63. 'H NMR (400 MHz, THF-da, 27 OC): 

6 6.43 (m, 2 H); 5.37 (m, 2 J ~ ~ ,  = 56.5 Hz, 2 H); 4.98 (m, 2 H); 
4.64 (m, 2 H); 1.49 (e, 6 H); 0.52 (e, 6 H). '*C NMR (100 MHz, 
THF-da, 27 "C): 6 226.43; 153.78; 125.82; 116.42; 93.47 ('J- 
59.2 Hz); 85.12; 80.82; 35.83; 29.96; -1.41. 

Compound 8. The reaction waa performed eimilarly to that 
deecribed above. Above 0.73 g (1.95 mmol) of 7 and 0.54 g (1.95 
"01) of BrMn(C0)S 1.05 g of orange oil 8 was obtained (yield 
91%). AUattemptatocrystdlizetheproductfailed. Anal Calcd 
for C&J3rMnO&x C, 44.49; H, 4.75. Feud C, 44.11; H, 469. 
'H NMR (400 MHz, THF-da, 27 "C): 6 6.55 (m, 1 H); 6.50 (m, 
1 H); 5.03 (m, 1 H); 4.98 (m, 1 H); 4.78 (m, 1 H); 4.68 (m, 2 H); 
1.51 (e, 3 H); 1.49 (e, 3 H); 1.21 (e, 9 H); 0.61 (br e , 3  H); 0.56 (br 

163.37,124.72; 116.51; 102.67; 85.25,85.12; 80.82; 80.o.sO; 36.11; 33.39; 
31.67; 30.41; 29.75; 0.47; -0.31. 

OM9107171 

8,3 H). '9C NMR (100 MHz, THF-da, 27 OC): 6 226.38; 156.76; 

Reactions of 2-Lithiel ,I ,3,3,5,5-hexamethyC1,3,5-tr~lacyclohexane wlth 
Benzaldehyde, Benzoyl Chi&, and Benzonltrlle 

Dietmar Seyferth* and Jennifer L. Robison 
Department of Chembtty, Messachusetts Institute of T-, Ca"k@e, Ilfessaclnmetts 02139 

Reoelved June 15, 1992 

s l " a ~ :  Reaction of the tltle cyclic organdlthkrm com 
pound with benzaldehyde gave a ringopened product. 
Wtth benzoyl chkr#e the expected ketone was produced 
(whlch underwent ring expansion rearrangement when 
heated to 140 OC). Reaction of the title organollthlum 
compound with benzonitrlle resulted In isolation of a 
ringexpanded product. The latter, when heated to 140 
O C ,  underwent a ring contraction rearrangement. 

Introduction 
The reactions of 2-lithio-1,1,3,3-tamethyl-1,3-disila- 

cyclobutaae (1) with benzaldehyde, benzoyl chloride, and 
benzonitde, followed by hydrolytic workup (or methanolie 
workup in the case of PhCN), gave ring-opened or ring- 
expanded produck' In the case of the l/PhCHO reaction 
a modified Peteraon olefination proceee appeara to be in- 
volved (Scheme I). The reaction of 1 with PhC(0)Cl mod 
likely involved initial formation of the Bketoeilane which 
then underwent a modified Brook rearrangement to give 
the ring-expanded product (Scheme II). The course of 
the 1/PhCN reaction is believed to involve first addition 

(1) Seyferth, D.; Robieon, J. L.; Mercer, J. Organometallics 1990,9, 
2617. 

0276-733319212311-3464$03.00/0 

Scheme I 

Me Me Me Me 

H O ! i A { q p h  Me Me Me,SiOS)fiS:$ph Me Me 

H H 

to the C=N bond. Anionic rearrangement, as shown in 
Scheme 111, then gives the six-membered cyclic lithium 
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Scheme I1 
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Scheme IV 
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amide which the methanol quench then converta to the 
obeerved product2 It was suggested that theee ring- 
opening and ring-expansion reactions were facilitated by 
the strain preeent in the 1,3diailacyclobutyl subetituent. 
The availability of 1,1,3,3,5,6herame4hylthyl-1,3,btrisila- 

cyclohexane as a byproduct in the eynthaeie of 1,1,3,3- 
tet"ethyl-l,3di&cyclobutane3 and ita known conver- 
sion to 2-lithio- 1,1,3,3,S,bhexamethyl- 1,3,btrisilacyclo- 
hexane' (2) gave ua the opportunity of examin@ the re- 
action of a leea etrained organolithium reagent analogous 
to 1 with the eameorgedic subdrates. Wereport here the 
reactions of 2 with PhCHO, PhC(O)CI, and Ph-N. In 
CBRyine out these reactions with the leee-strained 2, we 

(2)Tbir N8ction "0 CUwMlly wm suggested to i n d v e  rear- 
mngemmt @a the Md)H q W 1  However, ca further F w a t + n ,  
apecidy in view ofthe r m h  of the p m t  study, we nuh to mod& 
the ruqrbd re" coum n rham in Scbema III, i.a, in term of a = W. A. J. Org. Chem. lW, 29,1601. 

(4) Ria, 0.; Neutzaer, J.; Volk, H. 2. Anorg. AI&. Chem. 1W, 497, 
21. 

t d the Mionic intermdata. 

9 

Scheme V 

2 

hoped that the intermediatea formed in theae reactions 
might be isolable. 

Results and Discussion 
Organolithium reagent 2 was prepnred as described by 

Fritz et d' by lithiation of 1,1,3,3,S,S-hexame&yl-l,3,b 
trisilacyclohexane with n-butyllithium/NJVJV',"-tetra- 
methylethylenediamine (TMEDA) reagent in hexane. 
Such a solution was added to an e x w a  of benzaldehyde 
in diethyl ether at -78 OC. Following an aqueoua NH,Cl 
quench, GLC analyeh of the organic layer ahowed the 
presence of o r g a "  starting material in 17% yield 
and a higher boiling product (43% yield). The lam was 
bolatad by this-layer chromatography (TLC) on large 
p h t a  and waa identified as the trans ring-oped -01 
3 (scheme IV). Even~thereemionconditionswere 
mild (r" tempature at room temperature or below), 
the leas strained lithium a-(l,1,3,3,6,6heuunethy1-e~y1-1,3,6 
tri&cycloh&)beszylalLorideunderwent"qpbmt 
to give the ring-opened product. 
The 'H, W, nnd "si NMR spectral data for 3 are given 

in Table I. The NMR spectral data support the aseign- 
ment for the ring-opened structure of 3. The trans con- 
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3466 Organometallics, Vol. 11, No. 10, 1992 Notes 

Table I. Spectroscopic Data 
lH NMR (900 MHz), *% NMR (75.4 MHz), %i NMR 

comDolllld ppm m m  (59.69 MHz), ppm IR (thin tilm), cm-1 

HOSiMu@$iMe&SiM+, H -0.15 (e, 4 H, CHJ 
H*p<ph 0.036, 0.041, 0.07 

(e, each 6 H, M d i )  

3 6.41, 6.77 (AB, 
J - 18.8 Hz, 2 H) 

7.14-7.38 (m, 6 H, Ph) 

-0.26 (d, J = 
13.8 Hz, 4 H, CHJ 

0.10 (e, 12 H, Me#) 
0.29 (e, 6 H, M G i )  
3.04 (e, 1 H, CH) 
7.47-7.85 (m, 5 H, Ph) 

Y 

M% 

4 

-0.09 (e, 4 H, CHJ 
0.02,0.07,0.10 

(e, each 6 H, MepSi) 
5.20 (a, 1 H, HC-) 
7.23-7.62 (m, 6 H, Ph) 

-0.18 (e,4 H, CHJ 
0.038,0.044, 0.14 

(I, each 6 H, Me#) 
3.06 (E, 1 H, N-H) 
5.01 (I, 1 H, HC-) 
7.26-7.49 (m, 5 H, Ph) 

-0.08 (e,4 H, CHJ 
0.01 (e, 12 H, Me&) 
0.13 (e, 6 H, Me&) 
4.74,5.27 (e, 

7.25-7.56 (m, 6 H, Ph) 

Y 

2 H, I C H J  

2 

-0.45 (q, J = 119.4 Hz, M G i )  
1.96 (q, J = 118.6 He, Me#) 
2.31 (q, J = 118.4 Hz, Me@) 
4.02 (t, J = 104.5 Hz, CHJ 
7.41 (t, J = 108.8 Hz, CHJ 
130.72 (d, J = 133.7 Hz, 

-=CHSil 
143.&4(d of d, 

'J = 151.4 Hz, 
V = 4.4 Hz, PhCH-) 

126.54-138.67 (m, Ph) 
0.62, 1.59, 1.68, 2.26, 2.88 

(all m, CHz and (CH&pSi) 
35.99 (d, J = 114.0 Hz, CH) 

128.06-132.12 (m, Ph) 
140.42 (e, ipao Ph) 

203.06 (e, c=o) 

1.22 (q, J = 117.1 Hz, Me#) 
1.41 (q, J = 119.5 Hz, M G i )  
2.73 (q, J = 117.1 Hz, M G i )  
4.03 (t. J 110.8 Hz. CHd 
4.36 (ti J = 109.3 Hz; CH3 
107.35 (d, J - 

135.4 Hz, HC-) 
161.68 (e, (2-0) 
126.16-128.21 (m, Ph) 
140.23 (e, ipeo Ph) 
0.92 (m, MepSi) 
1.43 (m, Mepsi) 
2.74 (m, Me#) 
4.19 (m, CHJ 
4.24 (m, CHJ 
109.89 (d, J = 

137.5 He, HC-) 
167.76 (e, Ph-C-) 
127.74-128.36 (m, Ph) 
143.28 (e, ipao Ph) 
2.82 (q, J = 

2.97 (4, J - 117.8 Hz, Me&) 
4.06 (t, J - 112.0 Hz, CHJ 
107.14 (t, J = 

150.98 (e, Ph+) 
126.88-127.67 (m, Ph) 
141.93 (m, = 

6.0 Hz, ipao Ph) 

118.5 Hz, Meai) 

166.0 Hz, HzCP) 

-6.26 (e, Si-0) 
0.08 (e, 

CHpSiCHJ 
16.74 (I, 

Si-CH-) 

-0.06 (e, 1 Si) 
2.97 (e, 2 Si) 

-9.90 (e, 1 Si, 
Si-0) 

0.27 (e, 1 Si, 
CHpSiCHJ 

18.94 (e, 1 Si, 
Si-CH=) 

-10.89 (e, 1 Si, 
SiNH) 

2.89 (e, 1 Si, 
CHpSiCHz) 

7.10 (e, 1 Si, 
S i -CH-CHJ  

-1.81 (e, 1 Si, 
Meai) 

4.26 (e, 2 Si, 
MepSiN) 

[neat, NaCl] 3100 (w), 3079 (w), 3068 
(w), 3025 (w), 2964 (e), 2905 (m), 
2872 (m), 1606 (m), 1574 (m), 1490 
(m), 1446 (m), 1408 (m), 1%6 (m), 
1250 (e), 1105 (e), 1038 (e, broad), 
946 (e), 916 (m), 822 (e, broad), 
776 (e) 

figuration of the olefin is evidenced in the 'H NMR 
spectrum of 3. The olefin proton signal is an AB pattern 
with a spin-apin coupling constant of 18.8 Hz, indicative 
of a trans configuration. The %i NMR spectrum oif 3 
shows three resonances of equal intensity at 6gi -6.26, 
+0.08, and +16.74 ppm. These may be assigned to the  
MeaiOH, CH$3iMe2CH2, and MGiCH-CHPh units, 
respectively. 

The reaction of lithium reagent 2 with benzoyl chloride 
resulted in formation of a stable 8-ketosilane, 4 (Scheme 
V), which could be isolated by TLC and fully c h a r m  
In particular, the 'H and '42 NMR spectra of 4 were fully 
in accord with the structure shown. When 4 was heated 
under argon to 140 O, it undement ringerpansion as shown 
in Scheme V to give quantitatively the cyclic enoxysilane 
6. This product ale0 was isolafad and characterized. 
Noteworthy was the presence of a C-PO function in 4 
(v(C-0) 1632 cm-', 6,203.06 ppm) and its absence in 6, 
as well ns the absence of an olefin C r&mmnce in the 13C 
NMR spectnun of 4 and the pratence of such a signal at 
6,107.35 ppm for 6. The 1Bsi NMR spectral data for 4 and 
6 support the assignment of the isomere. For 4 two reso- 
nances are obeerved for the two chemidy inequivalent 
Si atoms in the silacyclohexane ring. These resonances 

at -0.06 and +2.97 ppm integrate correctly for a ratio of 
k2, reepectively. As is expected for 5, three equal-intensity 
resonances are observed for the three chemically in- 
equivalent silicon atoms at -9.90, +0.27, and +18.94 ppm. 
Attempted dietillation of 4 (104 "C at 0.03 Torr) gave a 
distillate whose proton NMR spectrum showed the pres- 
ence of a mixture of 4 and 6. 

Finally, the reaction of lithium reagent 2 with benzo- 
nitrile was investigatad. A solution of 2 was added drop- 
wise to benzonitrile in hexane at -78 OC. A room-tem- 
mature methanol quench was followed by GLC analysis 
of the organic phase. One major product was preaent, but 
its isolation by TLC proved not to be possible. 'H NMR 
analysis of the product mixture was not illuminating with 
regard to the producta present. Vacuum distillation of the 
product mixture gave a mixture of two isomers which 
spectroscopic analysis showed to be 6 and 7 (Scheme VI). 
When this mixture was heated at 160 O C  for 3 h, 6 was 
converted quantitatively to 7. Careful comparison of the 
'H and '42 NMR spectra of pure 7 with those of the 
mixture of 6 and 7 led to the structure assignment for 6. 
The lH NMR spectrum of 6 showed the presence of only 
one olefin proton (6 6.01 (a)), an amine proton (6 3.06 (a)), 
and three separate Si(CH3)2 singlet resonances (6 0.038, 
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Notes Organometallics, Vol. 11, No. 10, 1992 3467 

methyl-1,3-dieilacyclobutane by the method of Kriner? 
Gas chromatographic (GLC) analyses were performed on a 

HewletbPackard 589OA gas chromatagraph equipped with a 6-h, 
0.25-in. column packed with 10% SE30 silicone rubber gum on 
Chromomrb P. The internal standard (C14) method was used in 
yield determinations with a temperature program of 10 OC/min 
from 40 to 275 OC. 

Proton NMR spectra were obtained with a Varian XL-300 
NMR spectrometer using CDCls/CHCla or C&./C,& as a ref- 
erence at 7.24 ppm or 7.15 ppm downfield from tetramethylshe, 
respectively. NMR spectra, both proton coupled and de- 
coupled, were obtained using a Varian XG300 NMR spectrometer 
operating at 75.4 MHz in CDCls or c&6. Zesi NMR spectra were 
obtained using a Varian XL-300 NMR spectrometer operating 
at 59.59 MHz in CDCb or c& using tetramethylshe (0.00 ppm) 
as the extemal standard. 

Elemental analyses were performed by the Scandinavian 
Microanalytical Laboratory, Herlev, Denmark. 

Preparation of 2-Lithio- 1,1,3,3,6,5- hexamet hy 1- 1 pptrisi- 
lacyclohexane (2). This reagent was prepared by the method 
of Fritz et al.' A 1WmL Schlenk flask equipped with a rubber 
septum and magnetic stir-bar was evacuated and back-filled with 
argon and then was charged with l,l,3,3,5,5-hexamethyl-1,3,5- 
trisilacyclohexane and 1.6-1.9 molar equiv of n-butyllithium 
(23-2.5 M in pentane). TMEDA (1.4 molar equiv) then was added 
dropwiae. The resulting mixture was stirred at room temperature 
under argon for 3-4 days. 

Reaction of 2 with Benzaldehyde. The solution of 2 was 
prepared as described above from 3.273 g (0.0151 mol) of 
1,1,3,3,5,5,-hexamethyl-1,3,5-trisilacyclohexane, 2.5 mL (0.0166 
mol) of TMEDA, and 9.3 mL (2.5 M in hexane, 0.0232 mol) of 
n-butyllithium. A 250-mL three-necked round-bottomed flask 
equipped with two septa, a magnetic stir-bar, and a gas inlet tube 
(connected to an oil bubbler on a Schlenk line) was charged with 
10 mL of diethyl ether and 2.4 mL (0.0236 mol) of benzaldehyde 
and cooled to -78 OC (dry ice/acetone bath). By cannula the 
solution of 2 was added over 5 min. After the addition was 
complete, the reaction mixture was stirred at -78 "C for 30 min. 
The yellow solution turned green after 10 min and then turned 
yellow again after an additional 10 min. After stirring at room 
temperature for 12 h, a saturated aqueous NH,Cl solution was 
added h l y  until the organic layer became clear. After separation 
from the aqueous layer, the organic layer was dried over anhydrous 
MgSO, and filtered. Removal of the solvents by trapto-trap 
distillation (room temperature, 40 Torr) was followed by GLC 
analysis, which showed the presence of 1,1,3,3,5,5-hexamethyl- 
1,3,5-trieicyclohexane in 17% yield and of a higher boiling 
product 3 (43% yield). Thin-layer chromatography on large platea 
of silica gel was wed to isolate 3 from the reaction mixture. 
Pentane eluted two clear bands in minor yield which were dis- 
carded, followed by a large clear band of impure 3 which was 
collected. Compound 3 was purified further by thin-layer chro- 
matography on large plates of silica gel. Pentane eluted a clear 
band in minor yield which was discarded, followed by a large clear 
band, 3, which was collected. Anal. Calcd for ClsHzsOISiS: C, 
59.93; H, 8.80. Found C, 60.26; H, 8.62. 

Reaction of 2 with Benzoyl Chloride. A solution of 2 was 
prepared as above by reaction of 3.575 g (0.0165 mol) of 
1,1,3,3,5,5-hexamethyl-1,3,5-trisilacyclohexane with 11 mL of 2.5 
M n-butyllithium in pentane (0.0275 mol) and 3.6 mL (0.0238 mol) 
of TMEDA. A 250-mL, three-necked, round-bottomed flask 
equipped with a pressure-equalizing addition funnel, gas inlet/ 
outlet tube connected to an oil bubbler on a Schlenk line, a rubber 
septum, and a magnetic stir-bar was evacuated and back-filled 
with argon and then was charged with 3.4 mL (0.0293 mol) of 
benzoyl chloride and 15 mL of EhO. The flask was cooled to -78 
OC before dropwise addition of the solution of 2 through the 
addition funnel. After the addition was complete, the mixture 
was warmed to room temperature and stirred for 1 h A standard 
hydrolytic workup was performed. Removal of solvent at 43 Torr 
was followed by GLC analysis of the residue which showed the 
preaence of 1,1,3,3,5,5-hexamethyl-l,3,5-trisilacyclohexane (23%) 
and 4 (77%). Removal of any remaining volatile8 at reduced 
pressure (0.04 Torr) then was followed by TLC on large plates 
of silica gel to purify 4. Pentane eluted a small clear band and 
a small yellow band which were discarded, followed by a large 

Scheme VI 

Me,Si-CHLi 

2 

r 

/ 

M e s i  
7 s i M s 2  

I MeOH - 
Me2S LJNH / \  

Ph 

0.044, and 0.14). The proton NMR spectrum of 7, on the 
other hand, showed the presence of two olefin protons (6 
4.74,6.27 (a)) and two Si(CHJ2 singlet resonances (6 0.01 
(12 H), 0.13 (6 H)). No N-H signal was observed. 

Contrary to our expectations, in two of these reactions 
the initially formed product containing the 2-(1,3,5-trisi- 
lacyclohexyl) ring undergoes ring opening and in both of 
theae reactions the initial intermediate was anionic. In the 
reaction of (1,3,6-triailacyclohexyl)lithium with benzoyl 
chloride the initial intermediate was neutral and did not 
undergo ring opening until it was heated to 140 "C. Since 
the 1,3,&trisilacyclohexyl ring is only mildly strained (if 
at all) in comparison with the l,&disilacyclobutyl ring it 
would appear that in anionic systems, such as those in- 
volved in the reactions of 2 with benzaldehyde and ben- 
zonitrile, factors other than ring strain are important. 

The reactiom of 2 with benzonitrile was complicated by 
a further thermal rearrangement of the product obtained 
upon methanolysis of the reaction mixture 6. Thus the 
reaction sequence was one of ring expansion and ring 
conkaction and the atding C& ring with an ex0 nitrogen 
substituent was convertad to a C2NSi8 ring with an ex0 
carbon substituent. The 6 - 7 ring contraction possibly 
proceeded via a transannular N - Si interaction. 

Experimental Section 
& n d  Comments. AU reactions were performed under an 

a r g l m ~ ~ s t a n d a n t ~ t e c h n i q u e s .  Allsolvents 
were distilled under nitrogen from the appropriate drying agents. 
chloroeilaaee were purchesed from Petzarch Syetems, Inc or Silar 
and dietilled €tom chip before use. tert-Butyllithium 
was purcheeed from Aldtich and titrated for RLi content by the 
G h  double-titration method. Tetramethylethylenediamine 
O A )  mspurcheeed from Aldrichand distibd from calcium 
hydride More UBB 1,1,3,3,6,5.Haramethyl-l,3,5tridacyclohexane 
was obtained as a byproduct in the syntheais of 1,1,3,3-tetra- 
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clear band, 4, which was collectad. Anal. Calcd for Cl&~OISis: 
C, 59.98; H, 8.80. Found C, 60.26; H, 8.62. 

Thermal Rearrangement of 4. A 100-mL Schlenk flask 
equipped with a rubber 6fptw.n and magnetic stir-bar WBB charged 
with 0.9 g of 4 and heated under argon for 4 h at 140 OC to give 
5 quantitatively (as observed by 'H and 'BC NMR). Anal. Calcd 
for ClsHzeOlSi3: C, 59.98; H, 8.80. Found: C, 60.34, H, 8.75. 

Reaction of 2 with Bensonitrile. A solution of 2 was pre- 
pared as above by reaction of 4.13 g (0.0183 mol) of 1,1,3,3,5,5- 
hexamethyl-l,3,&trisilacyclohexane with 13 mL of 2.6 M n-bu- 
tyllithium in pentane (0.0326 mol) and 3.9 mL (0.0268 mol) of 
TMEDA. A 250-mL Schlenk flask was charged with 3.6 mL 
(0.0353 mol) of benzonitrile and 20 mL of hexme and then cooled 
to -78 "C in a dry ice/&ne bath. The solution of 2 was added 
over 5 min with a fine m u l a .  After the addition was complete, 
the mixture was warmed to room temperature and stirred for 1 
h. Methanol (2 mL, 0.0494 mol) was added dropwise and the 
solution turned from orange to yellow and a white precipitate 
formed. The solution wae filtered through a Wte-packed Schlenk 

frit and volatilea were r e m d  by trep-btrap dhtihtion (room 
t e m p " ,  30 Torr). GLC anabis showed one m&x penk (46% 
yield) and numerow d e r  yield products. Separation of the 
mejor product was not polwible by TLC, and 'H N M R  sarlyrb 
of the product mixture was too complex for identhation of any 
products. Dietillation at 0.03 Torr afforded on fraction between 
93 and 96 OC which was determined to be a mixture of isomen 
6 and 7. The ieomera could not be separated by TLC. Howweir, 
when the mixture was heated at  160 OC for 3 h, quautitative 
conversion to 7 wae achieved. By careful amp&" ofthe NMR 
spectral data for the mixture of compounds 6 and 7 with the data 
obtained for a pure eample of 7, the spectnrl data for 6 could be 
determined. Anal. Calcd for Cl&NlSiS (7): C, 60.10; H, 9.16. 
Found C, 60.42; H, 9.28. 
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Summary: Reaction of ethynyliron complexes Fp- 
C - H  [FP = Fp (l), Fp+ (191 with Cpfli&O), (5) affords 
the expected adducts C p 2 N i & - g 2 : g 2 - F P )  [FP 
= Fp (e), Fp' (S')] with a tetrahedral CAI2 core together 
with tetranuclear adducts (CPFe)(CpNi),Ni(CO),(p- 
CO)(p4-C2H) [CP = CP (7), Cp' (7+)] with a quadruply 
bridging C# ligand. 7 (7') is formed by a formal capping 
reaction of 6 (6') with a Ni(C0) fragment. On the other 
hand, reaction of an ethynedlyldiiron complex Fp'* 
C-Fp' (2) with 5 affords a dinuclear complex, 
Cp'FeCpNi(pCO),(CO) (lo), without the C2 ligand, the 
fate of which is not known. The molecular structures of 
6, 7, and 10 have been determined by X-ray crystallog- 
raphy. 

Introduction 
Coordination structure and chemical properties of C2 

species (C2H,0,) incorporated in a polymetallic system 
have attracted much attention in connection with corre- 
sponding C2 surface species which may be formed after 
coupling of C1 species in catalytic CO hydrogenation. We' 
also have been studying chemical propertiea of polymetdic 
C2 and CzH complexea derived from parent acetylides, i.e. 
ethynyliron complexes FP+-H [FP = Fp (l), Fp* 
(l*)] and an ethynediyldiiron complex Fp*-C=C-Fp* 
(2). Treatment of 1-2 with mono- and dinuclear species 
such as [Fp*+(THF)]BF4" and C O ~ ( C O ) ~ ~ ~  successfully 

'Abbreviations: Fp = CpFe(CO)2; Cp = qS-C&; Fp* = Cp*Fa 
(C0)p; Cp* = qs-CaeS. 

(1) (a) Akita, M.; Terada, M.; Oyama, S.; Mor-ob, Y. Organo- 
metallacs 1990,9,816. (b) Akita, M.; Terada, M.; Oyary, S.; Sugimoto, 
S.; Morcroka, Y. Organometallics 1991,10,1561. (c) Ak~ta, M.; Terada, 
M.; Morcroka, Y. Organometallics 1991,10,2962. (d) Akita, M.; Terada, 
M.; Tanaka, M.; Moro-ob, Y. Organometallics 1992, 11, 1825. 
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Scheme I 
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produced polynuclear complexea with a multiply bridging 
C2H or C2 ligand, and some of the resulting adducta ex- 
hibited unusual properties which had not been observed 
for analogues containing an organic substituent (e.g. Ph, 
alkyl, COOR) at the C2 tenninus. For example, interactb 
of 1 and 1* with -(CO), resulted in the formation of the 
n o d  expected p-q2:q2-adducta 3, whereae the reaction 
of 2 afforded a rare example of a cluster compound (4) 
which is fluxional via a reversible metal-metal bond 
scission and recombination procees (Scheme I). 
As an extention, herein we wish to report reeulta of 

interaction of 1-2 with a dinuclear nickel complex 
Cp2Ni2(CO)z (a), which has been known to react with 
various mea to afford adducta with a tetrahedral Wi 
c ~ r e . ~ * ~  

~~~ ~ _ _ _ _ _ _ _ _ _ _ _ _ ~  

(2) (a) Tilney-Blllleett, J. F.; W, 0.5 .  J. Am. Chcm. SOC. 1959,81, 
4767. (b) Jolly, P. W.; Wilke, 0. The O T ~ Q R ~ C  Chcmhtry of Nic&sl; 
Academic Prena: New York, 1974; Vol. 1. 
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