
Organometallics 1992, 11, 3459-3462 

Synthesis and Characterization of an Organoyttrium Dimer Produced via 
an Arbuzov Dealkylation Reaction 

Li Liang, Edwin D. Stevens, and Steven P. Nolan' 
U e p a m n t  of Chemk?tty, Universny of New orkens, New &hems, LouXsEena 70148 

ReoelvedWrch 18, 1992 

3459 

Summary: The reaction of anhydrous YCl, with 2 equhr 
of the sodium sa8 of the anionic tripod complex [($- 
C5H5)Co((CH3CH20)2P4)3]- (kt) in tetrahydrofuran, 
under anaerobic conditions, leads to the high-yield for- 
mation of [ ~tY((C5H5)Co(P('o)(OEt)2)2(P(=O)(OEt)- 
( O ) ) ] , b ]  (1). The complex has been characterized by 
standard analytical techniques. Nuclear magnetlc reso- 
nance spectroscopic studies show a reduction of local 
symmetty of one of the ligands. To clearly illustrate the 
structural features of the isolated complex in the solid 
state, a low-temperature data collection X-ray crystailo- 
graphic investigation was performed. Thb study reveals 
1 to be a dimer with bridging phosphonate oxygens 
(monoclkric system, space group P2,ln, wlth a = 12.261 
(4) A, b = 21.110 (5) A, c = 19.529 (5) A, f l  = 94.77 
(2)O, V = 5037 (6) A3, Z = 2, T = 102 (2) K, and 0- 
= 1.477 g/cm3).  he structure also shows that one of 
the phosphonate ethyl groups has been cleaved in the 
course of the reaction. Analysis of the volatiles gener- 
ated during the reaction clearly shows the formation of 
ethyl chloride, indicating that 1 is produced In conjunction 
with the elimination of a phosphonate ethyl group In an 
Arbuzov-type dealkylation. 

Introduction 
Very little is known of the effects of an 0-donor envi- 

ronment on the organometallic chemistry and homoge- 
neous catalytic activity of transition-type complexes.' 
Fehes and KlempererS have demonstrated that tridentate 
0 ligands, trisilicates and P309* can form stable organo- 
metallic complexes that can exhibit unusual chemical re- 
activity. Another such oxygen donor ligand is the anionic 
cobalt(II1)-based oxygen tripod [ (q6-CsHs)Co- 
((CH3CH20)2P=O)3]- (kd, developed by Klaui and co- 
workers! Thia ligand is in many respects similar to the 
cyclopentadienyl (Cp) ligand and ita derivatives, which 
have proven of great w e  in organometallic chemistry. The 
~ 

(1) (a) LaPointe, R. E.; Wolaanski, P. T.; Van Duyne, G. D. Or- 
ganometallics 1985,4,1810-1818. (b) Chisholm, M. H.; Hoffman, D. M.; 
Huffman, J. Chem. SOC. Rev. 1986,14,69-79. (c) Edlund, D. J.; Saxton, 
R J.; Lyone, D. K.; Finke, R G. Organometallics 1988,7,169%1704. (d) 
zhang., N.; Mann, C. M.; Shapley, P. A. J.  Am. Chem. Soc. 1988,110, 
66914692. (e) Veitach, P. M.; Allau, J. R.; Blake, A. J.; SchrMer, M. J. 
J. Chem. Soc., Dalton Trans. 1987,2853-2857. (f) Haiduc, I.; Silaghi- 
Dumitrescu, I. Coord. Chem. Rev. 1988, 74, 127-270. (g) Day, V. W.; 
Klemperer, W. G.; Main, D. J. Znorg. Chem. 1990,29,234+2366. (h) 
Finke, R G.; Droege, M. W. J. Am. Chem. Soc. 1984, lW, 7274-7272. (i) 
Finke, R G.; Lyon, D. IC; Nompiya, IC; Sur, S.; Mizzuno, N. Znorg. Chem. 
1990, ZS, 1784-1787. (i) Lyon, D. K.; Finke, R G. Znorg. Chem. 1990,29, 
1787-1789. (k) Tanke, R. S.; Crabtree, R. H. J.  Chem. SOC., Chem. 
Commun. 1990, 1056-1067. (1) Tanke, R. S.; Crabtree, R. H. J. Am. 
Chem. SOC. 1990, 112, 7984-7989. (m) Tanke, R. S.; Crabtree, R. H. 
Organometallice 1991, 10, 415-418. (n) Tanke, R. S.; Holt, E. M.; 
Crabtree, R. H. Znorg. Chem. 1991,30,1714-1719. 
(2) Feher, F. J. J.  Am. Chem. SOC. 1986, 108, 3860-3852. 
(3) (a) b k e r ,  C. J.; Day, V. W.; Klemperer, W. 0. Organometallics 

1986,4,564-670. (b) Besecker, C. J.; Klemperer, W. G. J.  Organomet. 
Chem. 1981,206, C31432. (c) Day, V. W.; Klemperer, W. G.; Lockledge, 
S. P.; Main, D. J. J. Am. Chem. SOC. 1990,112, 2031-2033. 
(4) (a) n u i ,  W.; Dehnike, K. Chem. Ber. 1978,111, 461-469. (b) 

nui, W. Angew. Chem. 1990,102,661; Angew. Chem., Znt. Ed. Engl. 
1990,29,627-637 and referenoes cited therein. (c) Klliui, W.; Mbller, A,; 
Eberspach, W.; Boese, R.; Goldberg, I. J.  Am. Chem. Soc. 1987, 109, 
164-169. 
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LO& anion has also been postulated as more oxidatively 
robwts than the Cp ligand and as a prototype for tran- 
sition-metal-surface model studies."P6 

the ancillary ligation 
appended to early transition and lanthanoid metale has 
revolved around nitrogen- and oxygen-baaed donors.1° 
This is easily understood in view of the well-known "hard", 
oxophilic nature of these metal centers." Klaui has re- 
ported the synthesis and isolation of cationic lanthanide 
complexes from the reaction of lanthanide halides with 
H[ (q6-C~,)Co((CH3CH,0)2P4)3] in an aqueous medi- 
um12 according to eq 1. Considering the noted preference 

With few notable 

a 
EtO, p/T\p,oEt 

I 

*... I .' 
LnX3 + 2 Eto'II ,y\ II'OEt -C [(Lo&L~]X + 2HX (I) 

Et0 OOEt 

*.H..* 

for oxygen-baaed ligands of the lanthanide and pseudo- 
lanthanide metal centers, as reflected by the magnitude 
of organolanthanide-xygen bond dimciation snthalpie,'g 
it is surprising to notice that reactiom between lanthanide 
chloridee and 2 equiv of N&& had not been examined. 
Our interest in alternative lanthanide and early-kansi- 
tion-metal ancillary ligation prompted us to examine the 
reactivity of lanthanide and pseudo-lanthanidea toward 
thia O-donor ligand We report in the preaent contribution 
the synthesis aa well as the spectral and structural char- 
acterization of a bm-based  yttrium complex. A plaudble 
reaction pathway involved in the present system ie ale0 
discuseed. 

(6) Power, J. M.; Evertz, K.; Henling, L.; Marsh, &; Schnefer, W. P.; 
Labmr,  J. A; Bemw, J. E. Znorg. Chem. 1990, ZS, 6068-6066. 
(6) (a) Duivenvmrden, F. B. M.; Koningeberger, D. C.; Uh, Y. 8.; 

Gates, B. C.  J. Am. Chem. Soc. 1986,108,6254-8280. (b) Vm't Blik, H. 
F. J.; van a n ,  J. B. A. D.; Huizinga, T.; V i ,  J. C.; KO berger, D. C. 
J. Am. Chem. Soc. 1985,107,3139-3147. (c) Kirlin,%; DeTJioman, 
F. k; Bailey, J. W.; Gold, H. S.; D y h k i ,  C.; Gates, B. C. J. Php. Chum. 
1988, w), 4882-4890. 
(7) (a) FryzuL, M. D.; Haddad, T. S. J. Am. Chem. Soc. 1988,110, 

8263-8266. (b) Fryzuk, M. D.; Haddad, T. S.; Rettig, 5. J. Orgono- 
metallics 1991, IO, 2026-2036. 

(8) Phmphine complexes of the lanthanide elements are rare; for ex- 
amples, we: (a) Tilley, T. D.; Andemen, R A; wldn, A. Znorg. Chum. 
USS, 22,866-859. (b) Tilley, T. D.; Andemen, R. L; ?&in, A. J. Am. 
Chem. SOC. 1982,104,3725-3727. (c) Brennan, J. G.; Stulta, 8. D.; An- 
denen, R. A.; wldn, A. Organometallics 190,7,13291334 and refer- 
ence therein. (d) Schleaener, C. J.; Ellis, A. B. Orgonomtollicr 1988. 
2,629634. (e) Brennan, J. G.; Anderuen, R. A.; Robbm, J. L. J.  Am. 
Chem. Soc. 1988,108,336-336. 
(9) For Cp and related ligands bound to lantbida and pwuddau- 

thanidea wb: (a) J a b ,  G.; Lauke, H.; Meum", H.; P. N.; 
Schumann, H.; Marks, T. J. J. Am. Chem. Soc. 19811,107,8093-8103 and 
referencm therein. (b) den Haan, K. H.; de Boer, J. L.; Teuben, J. H.; 
Spek, A. L; KojieProdic, B.; €Inye, G. R; Hub, R Organometalliu 1986. 
6,1728-1733. 
(10) Hart, A. In Comprehemiue Coordination Chemistry; Wilkinson, 

G., G W ,  R D., McCleverty, J. A, Eda; Pegamon Pnrr: Word, U.K., 
1987; Vol. 3, p 1069. 
(11) Cotton, F. A; W m n ,  G. Advanced Inorganic Chemistry, 4th 

ed.; Wiley-Interscience: New York, 1980. 
(12) mui, W. Hela Chim. Acta 1977,60,1296-1303. 
(13) Nolan, 5. P.; Stern, D. L.; Marks, T. J. J. Am. Chem. Soc. 1989, 

11 1,78467853 and references therein. 
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Figure 1. Molecular etructure of [ ~ ~ Y ( ( C ~ C o ( P ( - - O ) ( O E t ~ 2 ) ~ ~ P ~ - - O ~ ~ O E t ~ ~ O ~ ~ J p y L o ~ l  (1) with probability ellipsoids drawn at 
the 60% level. Ethyl group have been omitted to clarify the etructure. :t 

Experimental SJection 
General Condderotionr. All reactions and manipulations 

were carried out under an argon or nitrogen atmosphere wing 
e t a d a d  We&-line and high-vacuuu~-line techniques or in a 
v a o u u m ~ g l ~ b o x .  sd~tl5umdwen,predrisdover 
Na wire aad freehly distilled from Na/K aUoy. Yttrium &ride 
(99.996) was purchased from Cerac Chemicals and used ae re- 
ceived. The sodium salt of the anionic ocmplex Leer was eyn- 
t h d  aceordiug to published procedures.' Nuclear magnetic 
resonance spectra (lH, W, 81P) were recorded on a Varian 400- 
MHz Unityepectxometer and are refemced to TMS and Hm,. 
Infrared spectra were recorded on NUpl mulls sandwiched be- 
tween KBr plates by use of a Perkin-Elmer Model 1760 spec- 
troph&eineter. Elemental analyeir wae performed at Oneida 
Research servicee, whitesboro, NY. 

Smthmin of tLomYI(C~,)Co(P(--O)(OEt)i)i(P(-.O)- 
(OEt)(0))]sYL,-,m] (1). In the glovebox, 2.86 g (5.12 "01) of 
N ~ Q B  and 0.60 g (2.58 mal) Of anhydrous YCI, W- charged 
into a 2bmL flask of a vacuum-line frit aeeembly. The frit 
assembly wae removed from the glovebox and attached to the 
high-vacuum line, where 16 mL of THF was vacuum-traneferred 
onto the solida The reaction mixture was warmed to room 
tempemture while king etirred and then heated to 69 "C for 12 
h. After thie time, the yellow solution containing a white sua- 
~mwascooledtoroomtempereaae. Thevolntihwerethen 
removed in vacuo, and 20 mL of toluene was used to extract 1. 

clear yellow solution was slow-cooled to -78 O C .  Crystalkahon 
in thie "R, followed by cold fitration, afforded yellow mi- 
crocrystabof l (1.26 g, 1.28 mmol,87% yield). AnaL Calcd for 

(KBr): d ( m ) ,  2880 (m), 1469 (m), 1123 (e), 1047 (m), 1026 
(m, eh), 996 (w), 832 (w), 735 (m), M6.3 (m) ad. 'H NMR (CIDB): 
6 5.36 (aC& 5 H), 5.03 (8, C&, 5 H), 4.M.O (m, OCH&H8, 
22 H), 1.2-1.8 (m, OCH&HS, 33 H). l8C NMR (QH& 6 89.78 
(e, Cad, 89.53 (e, C m ,  68-62 (m, OCH&HJ, 16-18 (m, 

T h e v o l u m e o f t ! h e ~ ~ r e d u c e d b y h e l t , a n d t h e ~  

cjI&& co,Y,: C,34&H,6.8. Found C,34.3;HP5.8. IR 

OCH4CHJ. "pl'H} NMR (C,H& b 20.6 (t, aV1/2 13 HZ, 'Jpp 
= 146 HZ), 17.8 (t, aVy1/4 = 13 HZ, 'Jpp = 146 He), 11.4 (8, b 1 / 4  
= 40 Ha), -33.3 (t, A v ~  4 = 13 HZ, 2Jpp = 142 He). 

C r y s t e l b p h  dttzdy. A yellow crystal grown by slow 
cooling of a toluene solution of 1 (approximate ~ ~ ~ I U I ~ O M  0.15 
X 0.25 X 0.60 mm, needle-ehped crystal) was mounted on an 
Enraf-Noniua CAD 4 &ffhctom*, and data were collected at 
102K. T h e ~ w e e e o h r e d u t 3 i n g d t e c t ~ a u d ~  
byfull-ma~leaatgquarsetechniquee. Thecrystaldataenddata 

a, A 
b, A 
c, A 
a, deg 
8, deg 
Y, des 
V, A8 
Z, molecule/cell 
density (calcd), g l a n s  

wavelength, A 
monochromator 
temp, K 
a h  cor 
diffractometer 
-type 
data collected 
28 rwe, deg 
no. of collected rflne 
no. of indep rflna 
no. of obed rflne 
RI, % 
R p  (OW data), W 
RWR % 
goodnervl of fit 
no. of variablea 

12.261 (4) 
21.110 (5) 
19.529 (5) 
90 
94.77 (2) 
90 
5037 (6) 
2 
1.477 
0.71073 
highly ordered graphite cryut 
102 (2) 
empirical (Cecan method) 
Enraf-N~ni~e CAD 4 
&28 
+h,+k,*l 
2.0-44.0 
5576 
5322 
3323 
2.4 
6.5 
8.8 
2.89 
532 

COlleCtiOllparemeterearee- inTableI. Selectadbond 
distances and -lea are presented in Table II. Praitional and 
equivalent isotropic thermal parametere are presented in Table 
m. 

Results and Discusdon 
Reaction of anhydrous YC1, with 2 equiv of N G m  in 

refluxing tetrahydrofuran followed by extraction with 
toluene or diethyl ether leab to the isolation of a yellow 
crystalline material in high yield. 'H and 'BC NMR 
spectroscopic reeulta indicate the presence of two in- 
equivalent C p  rings in the isolated complex, not u " t  
with a complex having ( L ~ w ) ~ h - C l  stoichiometry. Thie 
&,&&n-Cl stoichiometry was expected in view of recent 
work by Baudry and co-~orkers,~' who reported the syn- 
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Table 11. Selected Bond Mikacer (A) and Bond Angler 
(de#) for 1 

Bond Lengths 
Y-Y 5.646 (2) Y-Co(1) 4.243 (2) 
Y-co(2) 4.339 (2) Y-O(l) 2.254 (6) 
Y-O(4) 2.407 (6) Y-0(7) 2.242 (5) 

2.252 (6) Y-O(l0) 2.279 (6) 
y-O(g) Ya(13) 2.445 (7) Y-0(16) 2.305 (6) 

Co(l)-P(3) 2.206 (3) co(2)-P(4) 2.160 (3) 
Co(2)-P(5) 2.160 (3) Co(2)-P(6) 2.166 (3) 
P(3)-O(9) 1.527 (7) P(3)-0(7) 1.500 (7) 
P(3)-0(8) 1.6s (7) P(l)-O(l) 1.502 (6) 
P(2)-0(4) 1.504 (6) Co(l)-Cpl 1.710 (3) 

Co(2)Cpa 1.716 (3) 

Bond Anglee 

Co(l)-P(l) 2.159 (3) co(l)-P(2) 2.164 (3) 

Y-O(l)-P(l) 135.1 (4) Y-O(4)-P(2) 129.8 (3) 
Y-O(7)-P(3) 163.3 (5) Y-O(9)-P(3) 131.9 (4) 
Y-O(10)-P(4) 139.3 (4) Y-O(13)-P(5) 136.5 (4) 
Y-O(16)-P(6) 137.9 (4) O(l)-Y-O(4) 76.6 (2) 
O(l)-Y4(7) 81.3 (2) 0(1)-Y-O(9) 84.9 (2) 
O(l)-Y-O(13) 126.1 (2) 0(1)-Y-O(16) 150.7 (2) 
0(4)-Y-0(9) 74.8 (3) O(l)-Y-O(lO) 79.2 (2) 
P(l)-Co(l)-Cp 124.1 (3) P(2)Co(l)Cp 125.4 (3) 
P(3)-Co(l)Gp 124.1 (3) P(4)-co(2)cp 123.8 (3) 
P(5)<0(2)<p 124.8 (3) P(6)Co(2)-cp 124.6 (3) 

Scheme I 

CI - 

thesis of organouranium complexes supporting the LO= 
ligation using the synthetic metathetical pathway illus- 
trated in eq 2. The 31P(1H) NMR spectrum of the bolatad 

ucb + ~ N ~ . Q E ,  - (LoEJ2UC12 + 2NaCl (2) 
yttrium complex exhibits four inequivalent phosphorus 
E S O I W D C B ~ ,  three of which show p h ~ p h o ~ - p h o s p h o ~  
coupling.16 The complex appears to have a static etruc- 
ture, for no fluronial behavior was observed by NMR at 
temperatures ranging from -80 to +80 OC. 

In order to unequivocally determine the structure of the 
isolated crystalline material, an X-ray single-crystal dif- 
fraction study was performed at low temperature. The 
resulte of this study clearly show the molecule to consist 
of a dimeric arrangement of seven-coordinate yttrium 
centere (Figure 1). The structure is symmetrical about 
an inversion center and reveals the absence of C1 atoms 
as well as the cleavage of a phoephonate ethyl group, 
making poeeible the dimeric linkage. The informative 
bond dietanma are the Y-0(7) and Y-0(9) values of 2.242 
(5) and 2.262 (6) A, reepectively, which reflect similar bond 
distances betweem yttrium centers and the bridging and 
nonbridging phosphonate oxygens of the bridging 
ligand. The phoephorus-oxygen distances ale0 point out 
the different atom connectivity in the bridging arrange- 
mene specifically, the P(3)-0(7) and P(3)-0(9) diatancea, 
representing bonds in the Y-0-P linkage, are similar at 
1.500 (7) and 1.527 (7) A, respectively. The remaining 
P(3)-0(8) distance in the bridging phosphonate fragment, 

(14) Baudry, D.; Elpbritikhine, W Kbui, W.; Lance, M.; Nierlich, M.; 
Vignor, J. Inorg. Chem. 1W1, So, 2333-2338. 

Spin-Spin Cmplhg Between Phosphorus Nuclei. In Progress in NMR 
Spsctrrrrcopy; Edey, J. W., Feeney, J.; S u W e ,  L. H., Edq Pegamon 
Pres New York, 1970; Chapter 2. 

(16) F o ~  m p h  Of 'Jpp co~plhg LBB: Finer, E G.; Harrir, R K. 

Table 111. Pomitional and Equivalent Inotropic Thermal 
Parametem for lo 

atom X Y 2 B,' Aa 
Y 0.9913 (1) -0.08719 (6) 1.10834 1.75 (3) 
COW 0.9575 (2) 0.10666 (9) 1.15448 (9) 2.34 (5) 
Co(2) 0.9923 (2) -0.27321 (9) 1.2002 (1) 2.74 (5) 
P(1) 1.1107 (4) 0.0567 (2) 1.1565 (2) 3.1 (1) 
P(2) 0.8907 (4) 0.0323 (2) 1.2138 (2) 3.0 (1) 
P(3) 1.1059 (4) -0.0803 (2) 0.9419 (2) 2.4 (1) 
P(4) 1.0968 (4) -0.1955 (2) 1.2356 (2) 2.7 (1) 
P(5) 1.0338 (4) -0.2578 (2) 1.0964 (2) 2.9 (1) 
P(6) 0.8499 (4) -0.2135 (2) 1.1820 (2) 2.6 (1) 
O(1) 1.1138 (8) -0.0088 (4) 1.1277 (5) 2.2 (2) 
O(2) 1.1623 (9) 0.0561 (5) 1.2364 (6) 4.8 (3) 
O(3) 1.2080 (1) 0.0964 (5) 1.1259 (6) 5.2 (3) 
O(4) 0.9309 (8) -0.0341 (4) 1.2068 (4) 2.3 (1) 
O(5) 0.9136 (9) 0.0546 (5) 1.2924 (4) 3.3 (3) 
O(6) 0.7682 (8) 0.0328 (5) 1.2097 (5) 3.3 (3) 
O(7) 1.0467 (8) -0.794 (4) 1.0025 (4) 2.6 (2) 
O(8) 1.2295 (8) -0.871 (5) 0.9559 (5) 3.5 (3) 
O(9) 0.8784 (8) -0.0107 (4) 1.0653 (4) 2.2 (2) 
O(10) 1.0953 (8) -0.1362 (4) 1.1948 (5) 2.7 (2) 
O(l1) 1.2183 (9) -0,2173 (5) 1.2503 (5) 3.7 (3) 
O(12) 1.068 (1) -0.1794 (5) 1.3120 (6) 4.1 (3) 
O(13) 1.0295 (9) -0.1930 (4) 1.0674 (5) 3.4 (3) 
O(14) 0.967 (1) -0.3043 (5) 1.0430 (6) 4.7 (3) 
O(15) 1.1511 (8) -0.2883 (5) 1.0932 (5) 3.7 (3) 
O(l6) 0.8572 (8) -0.1517 (4) 1.1449 (4) 2.5 (2) 
O(17) 0.7557 (8) -0.2559 (5) 1.1432 (5) 3.3 (3) 
O(18) 0.7920 (9) -0.2022 (5) 1.2520 (5) 4.4 (3) 
C(1) 0.887 (2) 0.1748 (7) 1.2140 (7) 4.3 (4) 
c(2) 0.852 (2) 0.1840 (8) 1.1420 (8) 4.1 (4) 
C(3) 0.953 (1) 0.1955 (7) 1.1098 (8) 4.0 (4) 
C(4) 1.039 (1) 0.1936 (7) 1.1610 (8) 3.3 (4) 
C(5) 1.001 (1) 0.1798 (8) 1.2232 (8) 3.9 (4) 
C(6) 1.037 (2) -0.3234 (8) 1.2905 (8) 5.6 (5) 
C(7) 0.923 (2) -0.3288 (8) 1.2739 (9) 5.4 (5) 
C(8) 0.907 (1) -0.3567 (7) 1.2094 (9) 4.2 (5) 
C(9) 1.1009 (2) -0.3700 (6) 1.1892 (8) 4.0 (4) 
C(10) 1.089 (1) -0.3470 (7) 1.2377 (9) 4.2 (4) 
C(l1) 1.240 (2) 0.0133 (9) 1.2608 (8) 5.8 (5) 
C(12) 1.256 (2) 0.021 (1) 1.336 (1) 8.4 (7) 
C(13) 1.226 (2) 0.0990 (9) 1.0591 (9) 9.6 (7) 
C(14) 1.321 (2) 0.129 (1) 1.036 (1) 10.2 (8) 
C(15) 0.885 (2) 0.0145 (8) 1.3461 (8) 5.1 (5) 
c( l6)  0.922 (2) 0.042 (1) 1.4150 (9) 10.4 (8) 
C(17) 0.689 (I) -0.0095 (7) 1.1663 (8) 3.8 (4) 
C(18) 0.575 (2) -0.003 (1) 1.183 (1) 7.7 (7) 
C(19) 1.286 (2) -0.084 (1) 1.019 (1) 9.1 (7) 
C(20) 1.391 (2) -0.112 (1) 1.022 (1) 7.4 (7) 
C(23) 1.299 (2) -0.2054 (9) 1.206 (1) 5.9 (5) 
C(24) 1.380 (2) -0.160 (1) 1.233 (1) 6.6 (6) 
C(25) 1.103 (2) -0.1209 (9) 1.3424 (8) 4.7 (5) 
C(26) 1.078 (2) -0.120 (1) 1.4156 (9) 6.8 (6) 
C(27) 0.876 (2) -0.289 (1) 1.OOO (1) 7.3 (6) 
C(28) 0.870 (2) -0.327 (1) 0.934 (1) 7.5 (6) 
C(29) 1.206 (2) -0.285 (1) 1.0327 (9) 6.1 (5) 
C(30) 1.293 (2) -0.331 (1) 1.036 (1) 8.7 (8) 
C(31) 0.649 (2) 0.2277 (9) 1.131 (1) 6.6 (6) 
C(32) 0.577 (2) -0.267 (1) 1.085 (1) 7.5 (7) 
C(33) 0.798 (2) -0.1491 (8) 1.2911 (9) 6.2 (5) 
C(34) 0.728 (3) -0.148 (1) 1.340 (1) 18.3 (8) 

Estimated standard deviations in the least sienificant f i i e ( s )  
are given in parenthesea. *Anisotropically refined atom are given 
in the form of the isotropic equivalent dieplacement parameter 
deiined aa B = a/s*"I=i~jUij~i,ai~aia~ 

part of the POEt linkage, has a longer bond distance, 1.623 

A poeeible pathway followed in the present reaction can 
be postulated by elLBmining resulta reported on the related 
(diethyl 2-pyridy1phosphonato)ruthenium system, recently 
investigated by Huang and co-workers.16 These re- 
searchers obeerved direct attack on the phoephonate ligand 

(7) A. 

(16) Hung, Y.43.; Chaudret, B.; Bellan, J.; Mazier-, M.-R Polyhe- 
dron l W l ,  10,222+2233. 
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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. 

Acknowledgment. S.P.N. acknowledgm the donore of 
the Petroleum Rseearch Fund, administered by the Am- 
erican Chemical Society, for support of this work. The 
LEQSF is also acknowledged for providing funds netmimy 
to purchase the NMR instrument (Grant ENH-63, 
1990-1991). 

Supplementary Materid Available: Tables of crystal in- 
teImitydeta,eelected-endmand- 'thermal 
parametera for 1 (16 page& Ordering information b given on 
any current masthead page. 
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Reglospecific Mono-Transmetalation of 
4-Stanna-3a,4,4a,&tetra hydro-4,4,8,8-tetramethyI-s -indacenes 

Ilya E. Nifant'ev,' Maxim V. Borzov, Pave1 V. Ivchenko, Vassily L. Yarnykh, and 
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. 

02~6-7333/~2/23~~-3462~03.00/0 

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. 

0 1992 American Chemical Society 

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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