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by chloride ions in an Arbuzov-type dealkylation" leading 
to the formation of phosphonate-bridged dimers. Such 
a mechanism has also been reported to occur during the 

= 1, 2).18 "'he identification of ethyl chloride by GC-MSlg 
as a volatile material generated in the course of the reac- 
tion, along with the structural characterization of 1,leada 
us to believe that the reaction mechanism involved in the 
present system is similar to those mentioned above. On 
the basis of experimental spectroecopic and crystallo- 
graphic results, the overall reaction stoichiometry is pro- 
posed to proceed as illustrated in eq 3. 

formation of [ (116-C~d(CO)2Fe(P(CO)(~n(OR'),)I (n 

2YC19 + 4 N d ~ o ~ t  + 

[LoE~Y( (C&)Co(P(d) (OEt)&(P(d)  (OEt) (o))],yLo~J 
1 

+ 4NaClf 2EtC1 (3) 
(17) For a review of the Arbuzov reaction see: Arbuzov, B. A. Pure 

(18) Nakazawa, H.; Kadoi, Y.; Miyoahi, K. Organometallics 1989,8, 

(19) Maw spectrometry result9 for EtCl(70 eV): m / e  64 (Et%), 66 

Appl. Chem. 1964,9,307-335. 

2851-2856. 

(EtmC1), in the correct isotopic ratio. 

Concluding Remorka 
A straightforward synthetic route is used in the isolation 

of the unusual dimeric complex 1 containing a ligand 
in a normal tripod chelating mode ae well ae in an unusual 
bridging W o n ,  d b l e  via phoephonate ethyl laes. To 
our knowledge, thie is the first example of an Arbov-type 
dealkylation reaction involving an yttrium complex. Our 
current efforta are directed toward gauging the scope of 
this reaction type in lanthanide chemistry as well as in- 
vestigating the reactivity of the present yttrium dimer. 
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4-Stanna-3a,4,4a,&tetra hydro-4,4,8,8-tetramethyI-s -indacenes 
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Yu. A. Ustynyuk 

0l;ganlC DMbn, Depertment of Chemktty, Mmcow Mvem& kloscow 1 19899, Russle 
Received hfovember 19, l9Bl 

Summfy: The reactivity of BrMn(CO), toward two 4- 
stannatetrahycbsindacenes 1 and 7 is described. Only 
mono-transmetallatkm products were obtained. Re~glos- 
pecific mono-transmetallation is found when compound 
7 and BrMn(CO), are reacted. 

q Wyclopentadienyl derivatives of group 4A elements 
are known to undergo a smooth substitution reaction with 
transition-metal halides to yield both sandwich and 
half-sandwich $ complexes. This reaction has been em- 
ployed widely as a convenient method to obtain several 
$-Cp derivatives:'t2 - + HalML, - 4 Y  + HalEIR3 (1) 

El= Si ,  Ge, Sn 
Recently we published the protocol for the synthesis of 

4-stanna-3a,4,4a,8-tetrahydro-4,4,8,8-tetramethyl-s- 
indacene (l)? Compound 1 and its analogs can be suc- 
cessfully used for the synthesis of mono- and binuclear 

(1) (a) Bunker, M. J.; Deck, A.; Green, M. L. H. J. Chem. Soe., 
Chem. Commun. 1977,59. (b) Jutzi, P.; Kuhn, M. J. Orgonomet. Chem. 
1979,173,221. (c) Sornay, C.; Meunier, P.; Gautheron, B.; O'Doherty, 
G. A; Paquette, L. A. Orga"etallic~l991,10,2082. (d) Lund, E. C.; 
Livinghow, T. Organometallk8 1990,9,2426. 

(2) A b l ,  E. W.; Moorhow, 5. J. Orgummet. Chem. 1971,29, 227. 
(3) (a) Nifant'ev, I. E.; Yarnikh, V. L.; Bonov, M. V.; Menuchik, B. 

A.; Rouliatovekii, V. A.; Wtk+vnkii, V. 1.; Ustynyuk, Yu. A Orgono- 
metallice 1991, IO, 3739. (b) Nltant'ev, 1. E.; Chertakova, A K.; Leme- 
novakii, D. A, Slovokhotov, Yu L.; Struchkov, Yu T. Metalhrg. Khim. 
1991, 10, 293. 
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Scheme I 

X= CYcl(l) 

3a 3b 

$-Cp derivatives of the types 2 and 3, which are currently 
the focue of interest (Scheme I).' 

For the preparation of heterometallic compounds the 
synthetic procedure wil l  be efficient only if the reactivity 
of a given HalML, species toward 1 or its analogs Or = 
CMe2) is significantly higher than that toward 2. Given 
this condition, it is poeeible to isolate from the reaction 
mixture of 1 with HdML,,the main product 2 in high yield 
and, subeeqwntly, to introduce 2 in the reaction with any 
other active transition-metal halide complex to yield the 
heterometallic compound 3b. If this is not the caee, gen- 
erally a mixture of 2 and 3a would be the result. 

~~ 

(4) (a) Bittarwolf, T. E.; G a m h ,  A.; Oottardi, F.; V A ,  0. Or- 

B. G.; Ftqen, R. D.; Atwood, J. L. J. Orgonomet. Chem. 1999,883,227. 
(c) Reddy, K. P,; Petomen, J. L. Organometallics 1989, 8, 2107. (d) 
Businhi, J. F.; schrock, R. R. Znorg. C k m .  1989,28,2897. (e) Lp?, 
1989,8, 1969 and referen- therein. 
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g U f W I t W t d b 8  1991,10,1416. (b) Raw M. D.; &ink, W. c.; h m y ,  

T. J.; Hd", M. C.; &&gold, A. L.; St&, D. L. &gUfWItWtU&C8 
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Scheme I1 

1 4 

Li+ Li+ - 1 s  I 
HI ' t ~  

1 1  

6 6 7 

7 B 

To check the real situation, we studied the reaction of 
two 4-stanna-3a,4,4a,8-tetr~y~~s-indacenes, 1 and 7, 
with BrMn(CO)s. This choice is due to the availability of 
previous information concerning the reaction between 
BrMn(CO)6 and some stannylcyclopentadienes.2 

We found that compound 1 smoothly reacts with Br- 
Mn(CO)s, in a 1:l ratio, to give as the only isolable product 
the mononuclear complex 4, almost quantitatively. 
Unexpectedly the alkyl group in one of the Cp rings of 7 
waa discovered to determine which one of the two non- 
equivalent Sn-C bonds would be broken. 7 reacts with 
BrMn(CO)s to give in 91% yield only one of the two 
poesible reaction products, the compound 8. Any other 
products were not detectable in the reaction mixture by 
the NMR technique (Scheme 11). 

Therefore, 4stanna-3a,4,4a,8-tetrahydro-s-indacenes 
were found to react selectively and regioeelectively with 
at least some halides of tranaition metals, which may be 
used in the synthesis of various home and heterobimetallic 
complexea of the type 

Compound 7 demonstrates fluxional behavior like that 
of la due to [l,S]-eigmatropic shifts. Therefore, 7 repre- 
sents the equilibrium mixture of four isomers (784)  which 
rearrange quickly, one to another (Scheme 111). The 
relative content of isomers 7a-d at -80 OC established by 
"@Sn NMR spectroscopy is 7a:7b7c:7d = 66:21:12:2. A 
detailed investigation of the dynamic behavior of 7 by 
means of the DNMR method will be published soon. 

Experimental Section 
All d o n a  with compounds 1 and 7 were performed in sealed 

gIam evacuated veaeeh of the Schlenk type. The reactions with 
BrMn(C0k were carried out in darkwea The solvents were dried 
and d e g d  m usual and stored in evacuated vessels. Com- 

(6) Nitant'ev, I. E.; Boraov, M. V.; Churakov, A. V.; Mkoyan, Sh. G.; 
Atownyen, L. 0. Orgonometallice, in p m .  

Scheme 111 

7. 7b 

1 1 && HTsi &$ H&H 

7d 70 

poundm la and 5: BrMn(CO)5,? tert-butylcyclopentiene,s and 
6,6dimethyWvent9 were prepared as M b e d  in the literature. 
The 'H, I%, and l19Sn NMR spectra were recorded on a Varian 
VXR-400 spectrometer. Elemental analyses were performed on 
a Carlo-Erba analyzer. 

tert -Butyl-4-rtanna-3a,4,4a,&tetrahydro-4,4,8,8-tetra- 
methyl-P-indacene (7). A solution of 6.29 g (27.55 "01) of I 
in 200 mL of THF was treated with 31.67 mL of a 1.74 M hemme 
solution of n-BuLi (55.10 "01) at -30 OC. The mixture was 
stirred for 0.5 h and was warmed to room temperature. "hb 
mixture waa heatad to 50 O C  with stirring and then within 2 h 
cooled gradually to -50 to 4 0  O C ,  and a solution of 6.05 g (27.56 
mmol) of dhethyldichlomtannane in 80 mL of THF was added 
over 3 h with vigorous stirring. When the reeultant mixture was 

(6) Nifant'ev, I. E.; Bonov, M. V.; Ivchenko, P. V. J. Chem. Ree., 

(7)  Abel, E. W.; W h o n ,  G. J.  Chem. SOC. 1969, 1601. 
(8) Howie, R A.; McQuiUan, G. P.; Thompson, D. W.; Lock, G. A. J.  

(9) Freiealeben, W .  Angew. Chem. 1963, 75,676. 

S y ~ p .  1992, 162. 

Orgummet. Chem. 1986,303, 213. 
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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 

Ca 1992 American Chemical Society 
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