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Summary: The reaction of anhydrous YCl; with 2 equiv
of the sodium salt of the anionic tripod complex [(n°-
CsH;)CO{(CH,CH,0),P—0},]~ (Log) in tetrahydrofuran,
under anaercbic conditions, leads to the high-yield for-
mation of [LogY{(CsHs)CO(P(=0)OEt),),(P(=OXOEt)-
(O)),YLog] (1). The complex has been characterized by
standard analytical techniques. Nuclear magnetic reso-
nance spectroscopic studies show a reduction of local
symmetry 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 crystalio-
graphic investigation was performed. This study reveals
1 to be a dimer with bridging phosphonate oxygens
(monociinic system, space group P2,/n, with a = 12,261
(4 A b=21.110 (5) A, c = 19.529 (5) A, B = 94.77
(2)°, V=5037 (6) A%, Z= 2, T= 102 (2) K, and D o4
= 1.477 g/cm®). The 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 chioride, 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 O-donor envi-
ronment on the organometallic chemistry and homoge-
neous catalytic activity of transition-type complexes.!
Feher? and Klemperer® have demonstrated that tridentate
O ligands, trisilicates and P;04% can form stable organo-
metallic complexes that can exhibit unusual chemical re-
activity. Another such oxygen donor ligand is the anionic
cobalt(III)-based oxygen tripod [(n5-CzH;)Co-
{(CHyCH,0),P=0};]" (Liogy), developed by Klaui and co-
workers.! This ligand is in many respects similar to the
cyclopentadienyl (Cp) ligand and its derivatives, which
have proven of great use in organometallic chemistry. The

(1) (a) LaPointe, R. E.; Wolczanski, P. T.; Van Duyne, G. D. Or-
ganometallics 1985, 4, 1810-1818. (b) Chisholm, M. H.; Hoffman, D. M,;
Huffman, J. Chem. Soc. Rev. 1985, 14, 69~79. (c¢) Edlund, D. J.; Saxton,
R. J.; Lyons, D. K.; Finke, R. G. Organometallics 1988, 7, 1692-1704. (d)
Zhang, N.; Mann, C. M.; Shapley, P. A. J. Am. Chem. Soc. 1988, 110,
6591-6592. (e) Veitsch, P. M,; Allan, J. R.; Blake, A. J.; Schroder, M. J.
J. Chem. Soc., Dalton Trans. 1987, 2853-2857. (f) Haiduc, L; Silaghi-
Dumitrescu, I. Coord. Chem. Rev. 1988, 74, 127-270. (g) Day, V. W.;
Klemperer, W. G.; Main, D. J. Inorg. Chem. 1990, 29, 2345-2355. (h)
Finke, R. G.; Droege, M. W. J. Am. Chem. Soc. 1984, 106, 7274-7272. (i)
Finke, R. G.; Lyon, D. K.; Nomiya, K.; Sur, 8.; Mizzuno, N. Inorg. Chem.
1990, 29, 1784~-1787. (j) Lyon, D. K.; Finke, R. G. Inorg. Chem. 1990, 29,
1787-1789. (k) Tanke, R. S.; Crabtree, R. H. J. Chem. Soc., Chem.
Commun. 1990, 1056~1057. () Tanke, R. S.; Crabtree, R. H. J. Am.
Chem. Soc. 1990, 112, 7984~7989. (m) Tanke, R. S.; Crabtree, R. H.
Organometallics 1991, 10, 416-418. (n) Tanke, R. S.; Holt, E. M;
Crabtree, R. H. Inorg. Chem. 1991, 30, 1714-1719.

(2) Feher, F. J. J. Am. Chem. Soc. 1986, 108, 3850-3852.

(3) (a) Besecker, C. J.; Day, V. W.; Klemperer, W. G. Organometallics
1985, 4, 564-570. (b) Besecker, C. J Klemperer, W. G J Organomet.
Chem. 1981 205, C31-C32. (c) Day,V W.; Klemperer, W. G.; Lockledge,
S. P, Ma.m D. J J. Am. Chem. Soc. 1990 112, 2031—2033

(4) (a) Kliul, W.; Dehnike, K. Chem. Ber. 1978 111, 451-459. (b)
Klaui, W. Angew. Chem. 1990, 102, 661; Angew. Chem., Int. Ed. Engl.
1990, 29, 627-637 and references cited therein. (c) Klaui, W.; Méller, A.;
Eberspach, W.; Boese, R.; Goldberg, 1. J. Am. Chem. Soc. 1987, 109,
164-169.

Log; anion has also been postulated as more oxidatively
robust® than the Cp ligand and as a prototype for tran-
sition-metal-surface model studies.®

With few notable exceptions,”® the ancillary ligation
appended to early transition and lanthanoid metals has
revolved around nitrogen- and oxygen-based donors.l®
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[(n5 CsH;)Co{(CH;CH,0),P=0};] in an aqueous medi-
um?? according to eq 1. Considering the noted preference

©

|
\/|\ OFEt

LnX; + 2 EtO/”EtO N Et || OBt —- {(Logdaoln]X + 2HX (1)

for oxygen-based hgands of the lanthanide and pseudo-
lanthanide metal centers, as reflected by the magnitude
of organolanthanide—oxygen bond dissociation enthalpies,®
it is surprising to notice that reactions between lanthanide
chlorides and 2 equiv of NaLgg, had not been examined.
Our interest in alternative lanthanide and early-transi-
tion-metal ancillary ligation prompted us to examine the
reactivity of lanthanide and pseudo-lanthanides toward
this O-donor ligand. We report in the present contribution
the synthesis as well as the spectral and structural char-
acterization of a Log,-based yttrium complex. A plausible
agaction pathway involved in the present system is also
iscussed.
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1983, 22, 856-889. (b) Tilley, T. D.; Andersen, R. A.; Zalkin, A. J. Am.
Chem. Soc. 1982, 104, 3725—3727. (c) Brennan, J. G.; Stults, 8. D,; An-
dersen, R. A.; A. Organometallics 1988, 7, 13291334 and nfor-
ences therein. (d) Schlmner, C. J.; Ellis, A, B. Organomtalhu 1988,
2, 529-534. (e) Brennan, J. G.; Andemn, R. A.; Robbins, J. L. J. Am.
Chem. Soc. 19886, 108, 335-336.
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thanides see: (a) Jeske, G.; Lauke, H.; Mauermann, H.; Swepston, P. N,;
Schumann, H.; Marks, T. J. J. Am. Chem. Soc. 1988, 107, 8093~8103 and
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(11) Cotton, F. A.; Wilkinson, G. Advanced Inorganic Chemistry, 4th
ed.; Wiley-Interscience: New York, 1980,

(12) Klaui, W. Helv. Chim. Acte 1977, 60, 1296-1303.

(13) Nolan, 8. P.; Stern, D. L.; Marks, T. J. J. Am. Chem. Soc. 1989,
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Figure 1. Molecular structure of [Log Y{(CsHs)Co(P(==0)(OEt),),(P(==0)(OEt)(0))},YLog:] (1) with probability ellipsoids drawn at

the 50% level. Ethyl groups have been omitted to clarify the structure.

Experimental Section

General Considerations. All reactions and manipulations
were carried out under an argon or nitrogen atmosphere using
standard Schlenk-line and high-vacuum-line techniques or in a
Vacuum Atmospheres glovebox. Solvents used were predried over
Na wire and freahly distilled from Na/K alloy. Yttrium chloride
(99.9%) was purchased from Cerac Chemicals and used as re-
ceived. The sodium salt of the anionic ocmplex Log, was syn-
thesized according to published procedures.! Nuclear magnetic
resonance spectra (*H, '°C, *'P) were recorded on a Varian 400-
MHz Umty spectrometer and are referenced to TMS and H,PO,.
Infrared spectra were recorded on Nujol mulls sandwiched be-
tween KBr plates by use of a Perkin-Elmer Model 1760 spec-
trophotometer. Elemental analysis was performed at Oneida
Research Services, Whitesboro, NY.

Synthesis of [Log Y{(C;H;)Co(P(=0)(OEt),);(P(=0)-
{OEt)(0))}sYLog,J (1). In the glovebox, 2.86 g (5.12 mmol) of
NaLgg, and 0.50 g (2.56 mmol) of anhydrous YCl; were charged
into a 25-mL flask of a vacuum-line frit assembly. The frit
assembly was removed from the glovebox and attached to the
hlgh-vacuum line, where 15 mL of THF was vacuum-transferred
onto the solids. The reaction mixture was warmed to room
temperature while being stirred and then heated to 69 °C for 12
h. After this time, the yellow solution containing a white sus-
pemlonwascooledtomomtempemhm The volatiles were then
removed in vacuo, and 20 mL of toluene was used to extract 1.
The volume of the solution was reduced by half, and the remaining
clear yellow solution was slow-cooled to 78 °C. Crystallization
in this manner, followed by cold filtration, afforded yellow mi-
croaystnlsof 1 (1.26 g, 1.28 mmol, 87% yield). Anal. Caled for

Co.Yy: C,34.0; H,5.8. Found: C,34.3; H,5.8 IR
o s 1458 ), 1158 (5, 200y Gy 1026
(m, sh), 995 (w), 832 (w), 735 (m), 586.8 (m) cm™. *H NMR (C,Dy):
3 5.36 (s, CsHa, 5 H), 5.03 (s, CsHj, 5 H), 4.0-5.0 (m, OCH;CH,,
22 H), 1.2-1.8 (m, OCH,CH;,, 33 H). 3C NMR (C;H,): 5 89.78
(s, CsHy), 89.53 (s, C;H,), 58-62 (m, OCH;CH,), 16-18 (m,
OCH,CHj). 3'P{*H} NMR (C;H,): 5 20.5 (t, Avy/3 = 13 Hz, Wpp
= 146 HZ), 17.8 (t Al'l 3 = 13 Hz 2Jpp = 146 Hz), 114 (B, Aﬂx/g
=40Hz),—83.3(t,Av 9 = 13Hz 2Jpp = 142 Hz).

Crystallographio Study. A yellow crystal grown by slow
cooling of a toluene solution of 1 (approximate dimensions 0.15
X 0.26 % 0.50 mmi, needle-shaped crystal) was mounted on an
Enraf-Nonius CAD 4 diffractometer, and data were collected at
102 K. The structure was solved ueing direct methods and refined
by full-matrix least-squares techniques. The crystal data and data

Notes

Table 1. Summary of Crystallographic Data for 1

empirical formula (YCo,Pg0,5C3:Hgs)2
space group P2)/n
unit cell dimens

a, 12.261 (4)

b A 21.110 (5)

¢ A 19.529 (5)

a, deg 90

B, deg 94.77 (2)

v, deg 20

v, A? 5037 (6)

Z, molecule/cell 2

density (calod). g/em® 1477
wavelength, A 0.71073
monochromator highly ordered graphite cryst
temp, K 102 (2)
abs cor empirical (4-scan method)
diffractometer Enraf-Nonius CAD 4
scan type 20
data collected +h,+k,%l
26 range, deg 2.0-44.0
no. of collected rflns 5676
no. of indep rflns 5322
no. of obed rflns 3323
R, % 2.4
Ry (obsd data), % 6.5

W 8.8
goodness of fit 2.89
no. of variables 532

collection parameters are summarized in Table 1. Selected bond
distances and angles are presented in Table II. Positional and
%uivalent isotropic thermal parameters are presented in Table

Results and Discussion

Reaction of anhydrous YCl; with 2 equiv of NaLgg, in
refluxing tetrahydrofuran followed by extraction with
toluene or diethyl ether leads to the isolation of a yellow
crystalline material in high yield. 'H and *C NMR
spectroscopic results indicate the presence of two in-
equivalent Cp rings in the isolated complex, not consistent
with a complex having (Log);Ln—Cl stoichiometry. This
(Lory).Lin—Cl stoichiometry was expected in view of recent
work by Baudry and co-workers,!¢ who reported the syn-
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Table II. Selected Bond Distances (A) and Bond Angles
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Table III. Positional and Equivalent Isotropic Thermal

(deg) for 1 Parameters for 1°
Bond Lengtha o @ atom z y z Bt A?
Y.y 5.645(2)  Y-Coll 4.243 (2 Y 0.9913 (1) -0.08719 (6) 1.10834 1.75 3)
¥-Co(2) 4.339 (2) 33(%) ggﬁ; fg; Co(1) 09575(2) 0.10666 (9) 115448 (9)  2.34 (5)
Y-0(4) 2.407 (6) (M : Co(?) 09923 (2) -0.27321 (9) 1.2002(1)  2.74 (5)
Y-0(9) 2252(6)  Y-0(10) 2.279 (6) P(1) 11107 (4) 00567 (2) 11565(2) 3.1 (1)
50'0(1‘;,) g:;g (g) Y‘(;(l‘;,) " g'ﬁgi Eg; P(2) 080907 (4 0.0323(2) 12138(2) 3.0 (1)
Cog;:l,g; 2156 §3§ g°§2;:PE 4; e P(3) 11059 (4) -0.0603(2) 09419(2) 2.4 (1)
PG 2360 c:(z)-P(s) 5166 3) P(4) 10958 (4) -0.1955(2) 1.2356(2) 2.7 (1)
PO-00)  1m@  PEOM L0 PO On(® orme 1m0 260
g{gwg 1638 g; ggl()l')?&), 1.502 g; 0(1) 11138(8) -0.0088(4) 11277(5) 2.2(2)
. . 0(2) 1.1623(9) 0.0561(5) 1.2364(6) 4.8(3)
S -4 i
A ! . 3 (1
Y-0(1)-P(Q1) 135'131();1)d AanEeg“)_P(m 129.8 (3) 0O(5) 0.9136 (9) 0.0546 (5) 1.2924 (4) 3.3(3)
Y-O(7)-P(3) 1633 (5) Y-0(9)-P(3) 131.9 (4) 0() 0.7582 (8)  0.0328 (5)  1.2097 (5) 3.3 (3)
Y-0(10)-P(4)  130.3 (4) Y-O(13)-P(5)  136.5 (4) gg; }g; §§§ 3-;3‘; g; })-gggg g; §§ g;
333%‘35‘(’;?’ 1379 8; 88;:%38; oy 8; 0(®) 08784 (8) -0.0107(4) 10653 (4) 2.2 (2)
0(1)-Y-0(13) 1261(2) O(1)-Y-0(i6)  150.7 (2) 0(10) 1.0953(8) -0.1362 (4) 11948 (5) 2.7 (2)
0(4)-Y-0(9) 748 (3) O(1)-Y-O(10)  79.2(2) 8(3) 13‘1}33 1<9) -0‘;’;;2 (5) 12503 (5)  3.7(3)
P(1)-Co(1)-Cp 1241(3) P(2)Co(1)-Cp 125.4 (3) 0(13) 1-0295( ; 31930 (i) 13120 (5)  4.1(3)
P(3)Co(1)-Cp 124.1(3) P(4)-Co(2Cp 123.8 (3) 0(14) 0% @ 01980 (4)  L0674(5)  34(3)
P(5)-Co(2Cp 1248 (3) P(6)-Co(2-Cp 124.6 (3) 0215; 1-1511(1&) DT Eg; }-%gg g g; g;
Scheme I 0(16) 0.8572(8) -0.1517 (4) 1.1449(4)  25(2)
O(17) 0.7557 (8) -0.2559 (5) 1.1432(5) 3.3 (3)
B 0(18) 0.7920 (9) -0.2022 (5) 12520 (5) 4.4 (3)
N C(l) 0887(2 01748 (7) 12140(7) 4.3 (4)
E10— M C(2) 0852(2) 01840(8) 1.1420(8) 4.1 (4)
pr C(3) 0953(1) 01955 (7) 11098 (8) 4.0 (4)
CH,CH,20 C4) 1.0%9(1) 01936(7) 11610(8) 3.3 (4)
C() 1.001(1) 01798 (8) 1.2232(8) 3.9 (4)
C() 1.037(2) -~0.3234(8) 1.2905(8) 5. (5)
ct C(7) 0923(2) -0.3288(8) 1.2739(9) 5.4 (5)
C(8) 0807(1) -0.3567(7) 1.2094(9) 4.2 (5)
thesis of organouranium complexes supporting the Log; C(®) 11009 (2) -0.3700(6) 1.1892(8)  4.0(4)
igsies g o e melacd plboey IS5 G 1) Qe 1ze G
trated in eq 2. The *'P{'H} NMR spectrum of the isolated C(12) 1256(2)  0021(1)  1338(1)  84(7)
UCL + 2NaLoz: — (Lom)eUCl, + 2NeCl - 2) 48 13000 ole() Loy  109(h
yttrium complex exhib.its four inequivalent phosphorus C(15). 0.885 (2) 0.0145 (8)  1.3461 (8) 5.1 (5)
resonl?:c?g, t’lf‘rhee of whllch show ph::];ll;orus—ﬁlgsphtorus 88% g-ggg % _ggg 5(1(}7 ) }:égg 8; lg-; 8;
coupling. e complex appears ve a static struc- - y : y
ture, for no ﬂuxoni.al behavior was observed by NMR at ggg; ?:ggg gg 3£ 8; hl)fg 8; gz gg
te?;lperr;turt:s ranging fromd-8t2 to +83h °C£m fih C(20) 1.391(2) -0112(1)  1.022 (1) 7.4 (7
order to unequivocally determine the structure of the C(23) 1.299(2) -0.2054(9) 1.206 (1) 5.9 (5)
isola'f.ed crystalline material, an X-ray single-crystal dif- C(24) 1.380(2) -0.160 (1) 1.233 (1) 6.6 (6)
fraction study was performed at low temperature. The ggg; %-(1)(733 g; -_gi% S?) }-igg g; é-g Egg
results. of tl'us study clearly show the molegule to consist CEn 08765 0289 (1 1000 (1) 73 ()
of a dimeric arrangement of seven-coordinate yttrium C28) 0870@ 0327 (1) 0.934 (1) 75 (6)
centers (Figure 1). The structure is symmetrical about C(29) 1.206(2) -0.285(1) 1.0327(9) 6.1 (5)
an inversion center and reveals the absence of Cl atoms C(30) 1.203(2) -0.331(1)  1.036 (1) 8.7 (8)
as well as the cleavage of a phosphonate ethyl group, C(31) 0.649 (2) 0.2277(9) 1131 Q1) 6.6 (6)
making possible the dimeric linkage. The informative G880 0500 DM, 1o 62
bond distances are the Y-0O(7) and Y-O(9) values of 2.242 C(34) 0728(3) -0.148(1) 1340(1) 183 (8)

(5) and 2.252 (6) A, respectively, which reflect similar bond
distances between yttrium centers and the bridging and
nonbridging phosphonate oxygens of the bridging Lgg,
ligand. The phosphorus-oxygen distances also point out
the different atom connectivity in the bridging arrange-
ment; specifically, the P(3)-0(7) and P(3)-0(9) distances,
representing bonds in the Y-O-P linkage, are similar at
1.500 (7) and 1.527 (7) A, respectively. The remaining
P(3)-0(8) distance in the brldgmg phosphonate fragment,

(14) Baudry, D.; Ephritikhine, M.; Kidui, W.; Lance, M.; Nierlich, M.;
Vigner, J. Inorg. Chem 1991, 30, 2333—23

(15) For examples of 3Jpp oouphng see: Fmer, E. G.; Harris, R. K.
Spin-Spin Coupling Between Pboophorua Nuclei. In Progrean in NMR
Spectroscopy; Emsley, J. W., Feeney, J.; Sutcliffe, L. H., Eds.; Pergamon
Press: New York, 1970; Chapter 2.

° Estimated standard deviations in the least significant figure(s)
are given in parentheses. ® Anisotropically refined atoms are given
in the form of the isotropic equivalent displacement parameter
defined as B = 8/,x*Y.,7" U, a,*a,*an,;.

f)a)rt Aof the POEt linkage, has a longer bond distance, 1.623
7) A.

A possible pathway followed in the present reaction can
be postulated by examining results reported on the related
(diethyl 2-pyridylphosphonato)ruthenium system, recently
investigated by Huang and co-workers.’® These re-
searchers observed direct attack on the phosphonate ligand

(16) Huang, Y.-S.; Chaudret, B.; Bellan, J.; Mazieres, M.-R. Polyhe-
dron 1991, 10, 2229-2233.
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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
formation of [(n>-CsH;)(CO),Fe{P(CO)(NR,),(OR"); .} (n
=1,2).”® The identification of ethyl chloride by GC-MS*®
as a volatile material generated in the course of the reac-
tion, along with the structural characterization of 1, leads
us to believe that the reaction mechanism involved in the
present system is similar to those mentioned above. On
the basis of experimental spectroscopic and crystallo-
graphic results, the overall reaction stoichiometry is pro-
posed to proceed as illustrated in eq 3.

2YC].3 + 4N8Lom -

[Log: Y{(CsHs)Co(P(=0)(OEt),),(P(—0)(OEt)(0))}; YLog:]
1

+ 4NaCl + 2EtCl (3)

(17) For a review of the Arbuzov reaction see: Arbuzov, B. A, Pure
Appl. Chem. 1964, 9, 307-335.

(18) Nakazawa, H Kadoi, Y.; Miyoshi, K. Organometallics 1989, 8
2851-2856.

(19) Mass spectrometry results for EtCl (70 eV): m/e 84 (Et%Cl), 66
(Et%"Cl), in the correct isotopic ratio.

Concluding Remarks

A straightforward synthetic route is used in the isolation
of the unusual dimeric complex 1 containing a Log, ligand
in a normal tripod chelating mode as well as in an unusual
bridging fashion, accessible via phosphonate ethyl loss. To
our knowledge, this is the first example of an Arbuzov-type
dealkylation reaction involving an yttrium complex. Our
current efforts 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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Regiospecific Mono-Transmetalation of
4-Stanna-3a,4,4a,8-tetrahydro-4,4,8,8-tetramethyl-s-indacenes

Ilya E. Nifant'ev,* Maxim V. Borzov, Pavel V. Ivchenko, Vassily L. Yarnykh, and
Yu. A. Ustynyuk
Organic Division, Department of Chemistry, Moscow Universlly, Moscow 119898, Russia
Received November 19, 1991

Summary: The reactivity of BrMn{CO); toward two 4-
stannatetrahydro-s-indacenes 1 and 7 is described. Only
mono-transmetallation products were obtained. Reglos-
pecific mono-transmetallation Is found when compound
7 and BrMn(CO); are reacted.

n'-Cyclopentadienyl 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:!»?

D
@(}?R‘ + HalML, LM

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 (1).! Compound 1 and its analogs can be suc-
cessfully used for the synthesis of mono- and binuclear

+ HalEIRy (1)

(1) (a) Bunker, M. J.; DeCian, A.; Green, M. L. H. J. Chem. Soc.,
Chem. Commun. 1977, 59, (b) Jutzi, P Kuhn, M. J. Organomet. Chem.
1979, 173, 221. (o) Sornay C Meumer,P Gautheron, B.; O'Doherty,
G. A. Paquette,L A. Organometaum 1991 10, 2082. (d) Lund E.C;
lemghouse, T. Organometallics 1990, 9, 2426
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n°-Cp derivatives of the types 2 and 3, which are currently
the focus of interest (Scheme I).4
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