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= 0.76 mm s-l, DI = 0.35 mm s-'. Anal. Calcd for CnHaFJeP3: 
C, 59.29; H, 5.65. Found: C, 59.07; H, 5.77. 

-17.73 (CaMes). ESR (THF, 133 K): g = 2.48, 2.03. Mwbauer 
(77 K, Fe): SQ = 0.95 mm s-l, DI = 0.35 mm 8-l. Anal. Calcd 
for CSsHuF6FeP$ C, 58.55; H, 5.69. Found: C, 58.23; H, 5.73. 

7. Synthesis of [Fe(CsMes)(dppe)R]TCNQ (R = CH3 
(ITCNQ), R = CHzOCH3 (ITCNQ)). To a IO-mL CH2Clz 
solution of 3 mmol of 4 (1.81 g) or 5 (1.90 g) at 20 OC was added 
3 mmol(0.612 g) of TCNQ. The red solution immediately turned 
green, and after the mixture was stirred for 1 h, 100 mL of ether 
was added. A dark green salt was precipitated and then washed 
with ether. Green microcrystals were recovered in 75% (4TCNQ, 
1.81 g) or 70% yield (ITCNQ, 1.88 9). 4TCNQ, Anal. Calcd for 
C4&IaFeN4P2 (4TCNQ): C, 72.77; H, 5.73; N, 6.93. Found C, 
72.49; H, 5.88; N, 6.71. Calcd for CmHuN4FeOP2 (ITCNQ): C, 

5PFe 'H NMR (CH2C12.298 K): 5.16 (p-H, Ph), 8.97 (m-H, 
Ph), 3.42 (eH, Ph), -1.33 (P-CHZ-), -4.34 (OCHd, -9.40 (CH,O), 

71.6; H, 5.77; N, 6.68. Found C, 71.31; H, 5.63; N, 6.97. 
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Reduction of [closo-3,3,3-(C0)3-3,1,2-FeCzBgHll] (1) with 2 equiv of sodium naphthalide affords the 
high-yield synthesis of a formal iron(0) ferracarborane dianion [clos0-3,3-(CO)~-3,1,2-FeC~B&~~]~ (3), as 
monitored by "B NMFt spectroscopy. Complex 3 serves as a nucleophile in a variety of alkylation, acylation, 
and metalation reactions to yield ferracarborane anions of the type [closo-3,3-(C0)z-3-L-3,1,2-FeC2BJ411]- 
(4, L = CH,; 5, L = CHzC6H6; 6, L = COCH,; 7, L = SnC6Hs). The molecular structure of [N(CZH6),][7] 

been determined by X-ray diffraction techniques. Com ound 7 crystallized in the triclinic space group 
P1 with a = 11.209 (1) A, b = 13.026 (1) A, c = 13.595 (1) i, a = 79.959 (3)O, j3 = 84.143 (3)O, y = 66.060 
(2)O, V = 1785 A,, and 2 = 2. In situ reactions Of 3 with allyl and methylallyl chloride followed by subsequent 
loss of CO induced by ultraviolet radiation, resulted in the isolation of the corresponding q3-allyl derivatives, 
[closo-3-CO-3-(q3-CH2CRCHz)-3,1,2-FeCz~ll]~ (8, R = H; 9, R = CH,). The structure of 8 as the PPN+ 
salt was also elucidated by single-crystal X-ray diffraction and found to crystallize in the monoclinic space 
group R 1 / m  with a = 9.1250 (7) A, b = 25.011 (2) A, c = 18.517 (2) A, j3 = 91.328 (3)O, V = 4225 As, and 
2 = 4 (two crystallographically different half-anions and one cation in the asymmetric unit). Migratory 
insertion of alkyls was demonstrated in the preparation of [closo-3-C0-3-COCH3-3-P(CH3),-3,1,2-FeC2B~~]- 
(10) by heating 4 and excess P(CH3), in THF for 7 days at the reflux temperature. A single-crystalx-ray 
diffraction stud of [PPN][10] is reported. Complex 10 crystallized in the triclinic space group P1 with 
a = 10.086 (4) b = 15.390 (6) A, c = 17.027 (7) A, a = 112.636 (8)O, j3 = 96.647 y = 100.206 (9)O, 
V = 2351 A3, and 2 = 2. The closo 12-vertex icosahedral geometry composed of a polyhedral FeCzBg-ds * 
framework and pseudooctahedral coordination exhibited by the iron atom are common structural features 
displayed by all three of the ferracarboranes that were characterized crystallographically. 

Introduction 
The derivative chemistry of the ubiquitous [($- 

(CsHS)Fe(CO),] moiety, also known as Fp, is extensively 
documented in the literature.' In view of the close 
structural and electronic similarities of the dicarbollide and 
the cyclopentadienyl ligands? we have continued our on- 
going investigation of fenacarborane chemistry by de- 
veloping a route to the metallacarborane counterparts of 
these Fp derivatives. 

(1) Gmelin Handbook of Inorganic Chemistry, Organoiron Com- 
pounds, Series B, Vols. 14, 1989,85-122. 

(2) (a) Hawthome, M. F.; Young, D. C.; Wegner, P. A. J. Am. Chem. 
Soc. 19611,87,1818. (b) Hawthome, M. F.; Young, D. C.; Andrew~, T. D.; 
Howe, D. V.; Pilling, R. L.; Pitta, A. D.; Reintjes, M.; Warren, L. F., Jr.; 
Wegner, P. A J. Am. Chem. Soc. 1988,90,879. (c) Hawthome, M. F. Acc. 
Chem. Res. 1968, I ,  28. 
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Recently, we reported the synthesis and structural 
characterization of mononuclear iron(I1) ferracarboraness 
and also that of [ c l o s 0 - ( ~ ~ - ( C ~ ~ ) - 3 , 1 , 2 - F e c ~ B ~ ~ ~ ] . ~  As 
an effort to expand the relatively unexplored family of 
metallacarboranes containing iron, we have synthesized 
a ferracarborane analogue of [Fpl-, the very nucleophilic 
[closo-3,3-(C0)z-3,1,2-FeCzB9Hll]z~ (3). In addition, we 
have prepared a series of novel ferracarborane anions via 
the reaction of a variety of electrophiles with 3. We also 
report here the detailed accounts of the synthesis and the 
full spectroscopic and structural characterization of three 

(3) Lee, S. S.; Knobler, C. B.; Hawthome, M. F. Organometallics, in 
ureas. 

(4) Lee, S. S.; Knobler, C. B.; Hawthome, M. F. J. Organomet. Chem. 
1990,394,29. 
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new ferracarboranes, which clearly demonstrate the ver- 
satility of 3 in synthesis. 

Results and Discussion 
Synthesis and Characterization of [closo-3,3- 

(CO)2-3,1,2-FeC2BgH11]* (3). Since the reductive cleavage 
of [ (qs-(C5Hs)Fe(C0)2]2, Fp,, to produce the reactive Fp 
anion is one of the most widely used reactions in transi- 
tion-metal organometallic chemistry, a wide variety of 
reducing agents and reaction conditions have been inves- 
tigated for this purpose! Important aspects emphasized 
in this work included the need to avoid hazardous reagents, 
the elimination of side reactions, high yields, and con- 
venience for subsequent in situ derivatization. Attempts 
to reduce the iron(1) dicarbollide dimer [closo-3-CO- 
3,3’-(p-C0)-3,1,2-FeC2BgH11]22- (2)6 were carried out by 
using methodologies known to be effective for Fp2 cleavage. 

The sodium/mercury amalgam reduction of [N(C- 
HJ4I2[2] led to the isolation of the methylated dicarbonyl 
ferracarborane anion [cZos0-3,3-(C0)~-3-CH~-3,1,2- 
FeC2BgH11]- (4) (vide infra) and not the expected iron(0) 
carborane analogue of [ Fpl-, [ closo-3,3- ( C0),-3,1 ,2- 

(5) Reducing Agents for Fpl: (a) Na amalgam (Kw, R. B. Acc. Chem. 
Res. 1970,3, 417. (b) Sodium potassium alloy (Ellis, J. E.; Flom, E. A. 
J. Organomet. Chem. 1975, 99, 263). (c) Na dispersion (Reger, D. L.; 
Fauth, D. J.; Dukes, M. D. Synth. React. Inorg. Met.-Org. Chem. 1977, 
7,  161). (d) Potaeeium hydride (Inkrott, K.; Goetze, R.; Shore, S. G. J.  
Organomet. Chem. 1978,154,1978). (e) Trialkylborohydrides (Gladyaz, 
J. A.; Williams, G. M.; Tam, W.; Johnson, D. L.; Parker, D. W.; Selover, 
J. C. Inorg. Chem. 1979,18,663). (0 Sodium nhphthalide (Gompper, K.; 
Bartmann, E. Liebigs Ann. Chem. 1980, 229). (g) Potassium benzo- 
phenone ketyl (Plotkin, J. S.; Shore, S. G. Inorg. Chem. 1981,20,284). 
(h) Na sand (Bodnar, T.; Coman, E.; Menard, K.; Cutler, A. Inorg. Chem. 
1982,21, 1276). (i) Lithium naphthalide (Davies, S. G.; Simpson, S. J.; 
Thomas, S. E. J .  Organomet. Chem. 1981,254, (329). 

(6) Ruhle, H. W.; Hawthorne, M. F. Inorg. Chem. 1969,8,176. 

4 10 

1= 

7 \ 1- 

8:R=H 
9:R=CH3 

FeC2BgHll]2- (3). Since the dianion 3 is expected to be 
highly nucleophilic compared to [Fpl-, it was suspected 
that 4 results from the nucleophilic attack of the reduced 
species on the tetramethylammonium cation. .This was 
substantiated by the identification of trimethylamine as 
a product of the reaction. 

Unlike its cyclopentadienyl analogue, 2 is commercially 
unavailable and purification, regardless of the identity of 
the countercation, involves repeated fractional recrystal- 
lization, resulting in loss of material. This prompted a 
modification in the choice of starting material and led us 
to an extensive investigation of the two-electron reduction 
of the neutral iron(I1) tricarbonyl derivative [closo- 
3,3,3-(C0)3-3,1,2-FeC2BgHll] (U3 to yield 3. 

From the wide array of reducing agents examined, we 
found that 2 equiv of sodium naphthalide rapidly and 
cleanly reduced 1 in THF at room temperature. The 
bright yellow solution of 1 in THF was titrated with a 
standardized sodium naphthalide solution and monitored 
by llB NMR spectroscopy. After the addition of 1 equiv 
of reductant, the llB(lHJ resonances at 11.2, -0.3, -3.4, -7.7, 
-14.6, and -18.8, representative of 1, were no longer ob- 
served and a 1:1:2:2:2:1 pattern present a t  1.2, -6.1, -8.3, 
-10.2, -19.9, and -22.4, indicated the formation of 2. When 
an additional 1 equiv of sodium naphthalide/iron center 
was added, a six-line pattern at  -10.9, -13.1, -15.1, -17.3, 
-25.2, and -27.6 supported the quantitative production of 
Na2[3], as monitored by llB(lH) NMR spectroscopy. The 
upfield shifts observed in the llB NMR spectrum, 1 < 2 
< 3, are consistent with the order of increasing electron 
density a t  the transition metal as mirrored in the formal 
oxidation states of the iron center. 

Although 3 is extremely air and moisture sensitive, so- 
lutions of Na2[3] in THF can be stored under nitrogen at  
room temperature for a period of 2 weeks with no apparent 
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loss of purity. Attempts to isolate pure salts of 3 were 
frustrated by its highly nucleophilic and air-sensitive na- 
ture. Following the methodology frequently used in the 
identification of elusive nucleophilic anion species, the 
chemical identity of 3 was confirmed by in situ derivati- 
zation with electrophiles. As s- in Scheme I, the 
preparation of alkyl, acyl, metal, and allyl derivatives of 
3 proceeds smoothly in high yields, as determined by IIB 
NMR analysis. These in situ reactions with 3 were con- 
veniently conducted in the same Schlenk flask in which 
the dianion was prepared. 

Syntheses and Characterizations of Species De- 
rived from the Dicarbonylferracarborane Dianion. 
Since many elegant and useful transformations utilizing 
complexes of the type [CPF~(CO)~R] (where R = alkyl, 
allyl) have been reported,' it is of interest to prepare 
ferracarborane counterparts to [FpR]. 

Quantitative production of complex 4, as observed by 
llB NMR spectroscopy, was obtained via the room-tem- 
perature methylation of Na2[3], generated in THF, with 
methyl iodide. Complex 4 was also prepared in the 
anaerobic heterogeneous reaction of Naz[3] with a slurry 
of (CHd4N+C1- in acetonitrile. Unlike 3, [&I]- is unreactive 
toward tetramethylammonium chloride and has been 
isolated as the crystalline (CH3)4N+ salt.8 

The IIB{'H} FT NMR spectrum of 4, showing relative 
area ratios of 1:1:22:21 is consistent with the icosahedral 
geometry found in other mononuclear ferracarb~ranes.~ In 
the 'H NMR spectrum, the two singlets observed at 6 2.15 
and 0.14 in an intensity ratio of 2:3, are assigned to the 
wboranyl C-H and the methyl protons, respectively. The 
terminal carbonyl frequencies observed in the infrared 
spectrum of 4 are lower in comparison to those observed 
in the cyclopentadienyl counterpart, F P C H ~ . ~  This is in 
good agreement with the greater M-CO back-bonding 
expected in 4, which stems from an electron-enriched metal 
center that results from the presence of the dinegative and 
strongly electron donating dicarbollide ligand. Although 
4 can be isolated in aqueous media, purification is best 
achieved by recrystallization using dry and deoxygenated 
solvents. In the solid state, a color change, indicative of 
air sensitivity, is observed after brief exposure to air. 

The quarternary ammonium salt C6H5CHz(CH3)3N+C1- 
is reported to react slowly with [Fpl-, forming tri- 
methylamine and [FpCH2C6H5].8 The formation of tri- 
methylamine also provided a pathway for the preparation 
of [ C ~ ~ O - ~ , ~ - ( C ~ ) ~ - ~ - C H ~ C ~ H ~ - ~ , ~ , ~ - F ~ C ~ B ~ ~ ~ ] -  (5) from 
the reaction of Na2[3] with benzyltrimethylammonium 
chloride. Bright yellow crystals of 5 were isolated in high 
yield, and the PPN+ (PPN = bis(tripheny1- 
phosphorany1idene)ammonium) salt of 5 showed no signs 
of decomposition in the solid state upon exposure to air. 

The ion [Fpl- reacts with tetraphenylphosphonium 
chloride to yield [FpPh] and substantial amounts of Fp,; 
yet PPN+Cl- was unreactive with [Fpl-, leading to the 
isolation of [PPN] [FP].~ Attempts to isolate [PPNI2[3] 
via metathesis of PPN+Cl- and Na2[3] was frustrated by 
the observed formation of the iron dimer, 2. 

S u d u l  in situ acylation of 3 was carried out by using 
acetyl chloride to form [clos0-3,3-(C0)~~3-COCH~-3,1,2- 
FeCzBgHI1]- (61, as confirmed by analytical and spectro- 
scopic data. As in the case of [N(CH3),][4], [(CH3)P(C6- 
H&J[6] shows signs of decomposition in the solid state 
after exposure to air for several hours. In the IR spectrum 
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B(10) 

Figure 1. Structure of [~loso-3,3-(C0)~-3-[Sn(C~H~)~]-3,1,2- 
FeC2B9HI,]- (7) in the (C2H5)N+ salt shomng the atom-labeling 
scheme. All hydrogen atoms have been omitted for clarity. 

of 6, the v(C==O) frequency is observed at 1582 cm-'. The 
IlB and 'H NMR spectra of [(CH3)P(C6H5)3][6] were 
unexceptional in all respects. 

Attempts to synthesize the hydride complex [closo- 
3,3-(C0)2-3-H-3,1,2-FeC2BgH11]- via reactions of [Na,] [3] 
with (CH3)3N+HCl- or [Na2] [3] with excess glacial acetic 
acid were unsuccessful, resulting only in the isolation of 
the ferracarborane dimer, 2. The formation of Fp2 via the 
corresponding formyl and hydride intermediates is well- 
known in FeCp chemistry.'O 

Following the recognition that the AuPR3 fragment 
could form stable bonds to transition metals in a manner 
analogous to that established for the H ligand, a wide range 
of complexes have been synthesized from (C&)&Cl and 
mononuclear metal carbonyl anions," including [ FpAuP- 
(c&)31 and [Fe(CO)4(AuP(C6H5)3)21. When [Nad 131 in 
THF was reacted with triphenylphosphine gold chloride, 
the recently reported neutral ferracarborane [closo-3,3- 
(C0)z-3-P(C6H5)3-3,1,2-Fec2B~Hl~]3 was isolated. The 
precedence of the electron-transfer process over that of 
nucleophilic substitution is evident in the oxidation of 3 
by Au+. The similar oxidation chemistry of ferracarbo- 
ranes by Cu+ has been r e p ~ r t e d . ~  

Successful in situ metalations have been carried out with 
triphenyltin chloride and reactive metal carbonyl anions. 
Quantitative yields of the corresponding triphenyltin de- 
rivatives have been used as evidence in support of the 
effective reduction of transition-metal carbonyls to the 
corresponding anion.5b A THF solution of [Na2][31 was 
found to react with 1 equiv of triphenyltin chloride to 
produce [clos0-3,3-(C0)~-3-Sn(C~H5)~-3,1,2-FeC~~~]- (7). 
Orange crystals of [N(C2H5),][7] are stable to prolonged 
exposure in air. As a complement to our synthetic studies, 
the molecular structure of [N(CZH6),] [7] was elucidated 
by single-crystal X-ray diffraction. 

Structural Analysis of [N(C2H5),][7]. The structure 
of 7 in the (CzH6)4N+ salt is shown in Figure 1. The 
ferracarb~raned~ amon adopts a closo structure comprised 

(7) Rosenblum, M. Acc. Chem. Res. 1974, 7, 122. 
(8) Ellis, J. E. J. Orgonomet. Chem. 1976, 111, 331. 
(9).(a) Piper, T. S.; Wilkineon, G. J. Znorg. Nucl. Chem. 1956,3,104. 

(b) King, R. B.; Bisnette, M. B. J. Orgonomet. Chem. 1964,2, 15. 

(10) Brown, D. A.; G h ,  W. K.; Ubeid, M. T. Znorg. Chim. Acta 1984, 

(11) Hall, K. P.; Mingos, D. M. P. Prog. Znorg. Chem. 1984,32,237 and 
89, L47. 

references therein. 
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Table I.  Selected Interatomic Distances and Angles for 
[N(CZH,)41[71 

Sn-Fe(3) 
Sn-C(21) 
Fe(3)-C(03) 
Fe(3)-C(O1) 
Fe(3)-B(04) 
Fe(3)-B(08) 
0(04)-C(04) 
C(01)-B(04) 
C(01)-B(06) 
C(02)-B(07) 
B(04)-B(05) 
B(04)-B(09) 
B(05)-B(09) 
B(06)-B(10) 
B(07)-B(08) 
B(07)-B ( 12) 
B(08)-B(12) 
B(09)-B(12) 
B(10)-B(12) 

Distances (A) 
2.554 (1) Sn-C(11) 
2.186 (2) Sn-C(31) 
1.756 (3) Fe(3)-C(04) 
2.099 (3) Fe(3)-C(02) 
2.163 (4) Fe(3)-B(07) 
2.181 (4) 0(03)-C(03) 
1.157 (5) C(Ol)-C(O2) 
1.684 (5) C(Ol)-B(05) 
1.715 (5) C(02)-B(06) 
1.701 (4) C(02)-B(ll) 
1.773 (6) B(04)-B(08) 
1.770 (5) B(05)-B(06) 
1.761 (6) B(05)-B(10) 
1.763 (6) B(06)-B(ll) 
1.799 (5) B(07)-B(ll) 
1.789 (5) B(O8)-B(O9) 
1.790 (5) B(09)-B(10) 
1.780 (5) B(lO)-B(ll) 
1.789 (6) B(ll)-B(12) 

Bond Angles (deg) 
118.1 (1) Fe(3)-Sn-C(21) 
110.4 (1) C(ll)-Sn-C(21) 
108.5 (1) C(21)-Sn-C(31) 
83.0 (1) Sn-Fe(3)-C(04) 

143.6 (1) Sn-Fe(3)-C(02) 
158.4 (1) Sn-Fe(3)-B(07) 

2.176 (2) 
2.175 (2) 
1.731 (4) 
2.092 (3) 
2.158 (3) 
1.157 (4) 
1.617 (4) 
1.699 (5) 
1.730 (5) 
1.710 (4) 
1.828 (5) 
1.771 (6) 
1.777 (6) 
1.760 (5) 
1.803 (5) 
1.796 (5) 
1.796 (6) 
1.761 (6) 
1.772 (6) 

112.5 (1) 
101.8 (1) 
104.5 (1) 
85.6 (1) 

100.2 (1) 
80.6 (1) 

108.8 i i j  c(o3)-F&)-cio4) 
91.4 (1) C(03)-Fe(3)-C(02) 

118.2 (1) C(03)-Fe(3)-B(07) 
167.8 (1) C(04)-Fe(3)-C(01) 
167.0 (1) C(04)-Fe(3)-B(04) 
123.6 (2) C(04)-Fe(3)-B(08) 
45.4 (1) C(Ol)-Fe(3)-B(04) 
80.5 (1) C(Ol)-Fe(3)-B(O8) 
80.4 (1) C(02)-Fe(3)-B(07) 
80.9 (1) B(04)-Fe(3)-B(07) 
49.8 (1) B(07)-Fe(3)-B(08) 

176.2 (3) Fe(3)-C(04)-0(04) 
67.1 (1) Fe(3)-C(Ol)-B(04) 

126.8 (2) Fe(3)-C(Ol)-B(06) 
67.6 (1) Fe(3)-C(02)-B(06) 
68.5 (1) Fe(3)-C(02)-B(ll) 
64.8 (2) Fe(3)-B(04)-B(05) 
65.6 (2) Fe(3)-B(04)-B(09) 
64.4 (1) Fe(3)-B(07)-B(08) 

118.2 (2) Fe(3)-B(07)-B(12) 
64.6 (2) Fe(3)-B(08)-B(07) 

116.7 (2) Fe(3)-B(08)-B(12) 
120.8 (1) Sn-C(ll)-C(lG) 
120.3 (1) Sn-C(21)-C(26) 
117.8 (1) Sn-C(31)-C(36) 

91.9 (2) 
100.3 (1) 
139.1 (1) 
130.6 (1) 
89.9 (2) 
86.2 (2) 
46.5 (1) 
80.8 (1) 
47.2 (1) 
84.4 (1) 
49.0 (1) 

178.3 (3) 
68.7 (2) 

126.4 (2) 
126.0 (2) 
126.8 (2) 
119.2 (2) 
118.8 (2) 
66.2 (2) 

118.9 (2) 
64.8 (2) 

117.6 (2) 
119.1 (1) 
119.7 (1) 
121.9 (2) 

of the polyhedral FeC2B9 unit. The iron atom exhibits a 
pseudooctahedral coordination, with the dicarbollide ligand 
occupying three facial coordination sites and three mon- 
odentate ligands (two CO and one SnPh3) occupying one 
site each. The C2B3 bonding face in 7 is essentially planar 
with no deviation from the least-squares plane by more 
than 0.016 (4) 8,. The iron is approximately centered over 
the ring, giving rise to a Fe-C2B3 face (centroid) distance12 
of 1.557 8,. The Fe-Sn distance of 2.554 (1) 8, in 7 is 
similar to that of 2.533 and 2.540 8, found in [FpSn- 

(12) Fe-CzB3 plane distances: (a) 1.574 A in [(CO),P(C H&FeC2Bg- 
Hlll, 1.545 A in [(CO)P(CaHd3(MeCN)FeCzB~H~l], 1.570 1 in [(CO[P- 
(OCH3)~12FeCzB&l, and 1.562 A in [(CO)3FeCzB$111].3 (b) 1.487 A in 
(Ca&)FeC2BgHI1.' (c) 1.494 A in [(CH3)C6Hs]FeCZBgHIl and 1.480 A in 
[(CH3)2C6H4]FeCz~11 (Kang, H. C.; Knobler, C. B.; Hawthorne, M. F. 
Inorg. Chem. 1987, 26, 3409). (d) 1.480 A in [(CH3)3C6H,]FeCzBgHl, 
(Hanusa, T. P.; Huffman, J. C.; Todd, L. J. Polyhedron 1982,1,77). (e) 
1.49 A in (CsHs)FeCzBJill (Zalkin, A,; Templeton, D. H.; Hopkins, T. 
E. J. Am. Chem. SOC. 1965,87,3988). (0 1.58 A in 
(CO)4]4CH3)&0.H20 (Greene, P. T.; Bryan, R. F. Inorg. Chem. 1970,9, 
1464). 

. 'w B(06) 
B(10) 

Figure 2. Structure of [closo-3-CO-3-(s3-C~H~)-3,1,2-FeCzB$I,,]- 
(8) in the PPN+ salt showing the atom-labeling scheme. All 
hydrogen atoms have been omitted for clarity. Due to  the 
crystallographic mirror, the numbering scheme does not conform 
to nomenclature conventions. 

(C6H5)J.13 Table I lists selected interatomic distances and 
angles for [N(C2H5),][7]. Overall, the bond lengths and 
bond angles within the carborane ligand are not unusual. 

Syntheses and Characterization of q3-Allyl- 
ferracarboranes. The reaction of [Na2] [3] with allyl 
chloride followed by photolytically induced loss of CO, 
produced the 18-electron q3-allyl complex [cZoso-3-CO- 
3-(a3-C3H5)-3,1,2-FeC2B9Hll]- (8). Similarly, [Na2] [3] re- 
acted wth  methallyl chloride to produce the corresponding 
q3-methallyl ferracarborane [closo-3-CO-3-(q3-C4H,)- 
3,1,2-FeC2B9Hll]- (9). In the absence of ultraviolet irra- 
diation, attempts to isolate the corresponding #-allyl 
ferracarborane only afforded the q3-allyl complex in low 
yield. Although allyl acetate served as an electrophile with 
rhodacarborane anions,14 [Na2] [3] was unreactive toward 
allyl acetate. The formation of 8 must arise from a nu- 
cleophilic displacement reaction of 3 with allyl chloride to 
produce an +intermediate that is unstable with respect 
to loss of CO. Photochemical ligand dissociation followed 
by a 7' to q3 rearrangement of the allyl fragment forms the 
observed product, 8. 

The resonances observed in the 200-MHz 'H NMR 
spectrum of [PPN][8] in CD2C12 were assigned on the basis 
of the assignments made in q5-cyclopentadienyl (q3-allyl) 
iron ~omp1exes.l~ The complex multiplet a t  6 3.96 of 
relative area equivalent to one H was assigned to the 
methine proton (H,) of the allyl ligand. The two syn 
protons (H,) appear as a doublet (&-% = 7 Hz), while the 
doublet (JH -& = 11 Hz) at 6 1.15 arises from the two anti 
protons (HJ. The characteristic broadness of the carbo- 
ranyl C-H resonance was observed at 6 2.15 with a relative 
area equivalent to two H. The 'H NMR spectrum of 
[PPN] [9] exhibits comparable spectral features. Since no 
molecular structure for the cyclopentadienyl counterparts 
of 8 or 9 have been reported, an X-ray diffraction study 
of [PPN][8] was carried out. 

Structural Analysis of [PPN][8]. Single crystals of 
[PPN] [8] were grown by vapor diffusion of diethyl ether 
into an acetonitrile solution of the allyl ferracarborane. 

(13) Bryan, R. F. J. Chem. SOC. A 1967, 192. (No esd's were tabu- 
lated.) 

F. Inorg. Chem. 1987,26,1608. 

nomet. Chem. 1975,105, 101. 

(14) Walker, J. A.; Zheng, L.; Knobler, C. B.; Soto, J.; Hawthorne, M. 

(15) Fish, R. W.; Giering, W. P.; Marten, D.; Rosenblum, M. J. Orga- 
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Table 11. Selected Interatomic Diotancer and Angles for 
[PP"]' 
Distances (A) 

C(Ol)-Fe(3) 2.081 (12) C(Ol)-B(04) 1.711 (17) 
C(Ol)-B(05) 1.69 (2) C(Ol)-B(06) 1.71 (3) 
C(Ol)-C(Ol)* 1.645 (16) C(03)-0(03) 1.17 (2) 
C(03)-Fe(3) 1.72 (2) C(04)-C(05) 1.42 (2) 
C(04)-Fe(3) 2.14 (2) C(OS)-Fe(3) 2.03 (3) 
Fe(3)-B(04) 2.145 (14) Fe(3)-B(08) 2.16 (2) 
B(04)-B(05) 1.74 (2) B(04)-B(08) 1.78 (2) 
B(04)-B(09) 1.75 (2) B(05)-B(06) 1.72 (2) 
B(05)-B(09) 1.76 (2) B(05)-B(10) 1.70 (2) 
B(06)-B(10) 1.74 (4) B(08)-B(09) 1.80 (2) 
B(09)-B(10) 1.81 (3) B(09)-B(09)* 1.77 (2) 

Bond Angles (deg) 
C(Ol)-Fe(3)-C(03) 151.2 (5) C(Ol)-Fe(3)-C(04) 120.0 (6) 
C(Ol)-Fe(3)-C(05) 90.5 (6) C(Ol)-Fe(3)-B(04) 47.7 (5) 
C(Ol)-Fe(3)-B(08) 82.9 (4) C(Ol)-Fe(3)-C(Ol)* 46.5 (4) 
C(Ol)-Fe(3)4!(04)* 93.1 (6) C(Ol)-Fe(3)-B(M)* 81.4 (5) 
C(03)-Fe(3)-C(04) 86.7 (6) C(03)-Fe(3)-C(05) 106.9 (7) 
C(03)-Fe(3)-B(04) 104.3 (5) C(03)-Fe(3)-B(08) 80.3 (5) 
C(04)-Fe(3)-C(05) 39.5 (7) C(04)-Fe(3)-B(04) 166.1 (6) 
C(04)-Fe(3)-B(08) 143.3 (6) C(M)-Fe(3)-C(Ol)* 93.1 (6) 
C(04)-Fe(3)-C(04)* 68.7 (7) C(04)-Fe(3)-B(04)* 102.9 (6) 
C(05)-Fe(3)-B(04) 127.3 (6) C(05)-Fe(3)-B(08) 172.9 (6) 
B(04)-Fe(3)-B(08) 49.0 (5) B(M)-Fe(3)-C(Ol)* 81.4 (5) 
B(04)-Fe(3)-C(04)* 102.9 (6) B(04)-Fe(3)-B(04)* 82.8 (5) 
C(Ol)*-Fe(3)-C(04)* 120.0 (6) C(Ol)*-Fe(3)-B(04)* 47.7 (5) 
C(04)*-Fe(3)-B(04)* 166.1 (6) C(Ol)-B(04)-Fe(3) 64.2 (6) 
Fe(3)-C(Ol)-B(04) 68.1 (6) Fe(3)-C(Ol)-B(05) 123.7 (8) 
Fe(3)-C(Ol)-B(06) 124.1 (8) Fe(3)-C(01)4(01)* 66.7 (6) 
Fe(3)-B(04)-B(05) 117.4 (9) Fe(3)-B(04)-B(08) 65.8 (6) 
Fe(3)-B(04)-B(09) 120.2 (9) Fe(3)-B(OS)-B(04) 65.2 (6) 
Fe(3)-B(08)-B(09) 117.3 (8) C(05)4(04)-Fe(3) 65.9 (10) 
C(04)-C(05)-Fe(3) 74.6 (11) C(04)-C(05)-C(M)* 117.5 (16) 
0(03)-C(03)-Fe(3) 179.7 (IO) 
aPoeitions marked by asterisks are related to tabulated positions by 

x ,  112  - Y ,  2. 

The asymmetric unit of the crystal has been shown to 
contain two crystallographically inequivalent anions, each 
with mirror symmetry. One of these anions is somewhat 
disordered in that the CO group lies near, rather than on, 
the mirror plane. The other independent anion, illustrated 
in Figure 2, displays the pseudooctahedral coordination 
exhibited by the iron in which two coordination sites are 
filled by the &illy1 ligand. As shown in the less disordered 
anion, cage atoms Fe(3), B(08), B(06), and B(10), carbonyl 
atoms C(03) and 0(03), and the allyl carbon C(05), lie on 
the crystallographic mirror plane. This imposed crystal- 
lographic mirror is not uncommon in that it is also a 
structural characteristic of [ ~ s - ( C 6 H 6 ) - 3 , 1 , 2 - F e ~ 2 ~ ~ l l ] ~  
The C2B3 bonding faces for the ordered and disordered 
anions are lanar (maximum deviation of 0.014 (15) and 
0.020 (12) x , respectively) with the iron approximately 
centered over the ring a t  distances of 1.530 (2) and 1.514 
(2) A, respectively, from the C2B3 plane.12 Table I1 lists 
selected interatomic distances and angles for the less 
disordered anion found in the crystal structure of [PP- 
NI [SI. 

Synthesis of an Acylferracarborane via Alkyl 
Migration. The reaction of [Na] [4] with trimethyl- 
phosphine in THF at the reflux temperature for 7 days 
produces [ c loso- 3-C 0-3- COCH3- 3-P (C H,) ,-3, 1,2- 
FeC2B$II1]- (10). Although the acetyl derivative obtained 
from triphenylphosphine and [FpCH,] was isolated in 72% 
yield after 60 h in refluxing THF,& Na[4] was unreactive 
toward PPh, even after 7 days under these conditions. 

The 160-MHz llB(lH1 FT NMR spectrum of 10 exhib- 
ited six peaks with the area ratio of 2:2:1:1:1:2, although 
a nine-line pattern is expected due to the asymmetry in- 
troduced by the chiral iron center. Most probably, coin- 
cidental overlaps of area equivalent to one H resonances 
are observed. The unsymmetrical nature of 10 is also 

B(10) 
Figure 3. Structure of [C~~~O-~-CO-~-COCH~-~-P(CH~)~-~,~,~- 
FeC2E&H11]- (10) in the PPN+ salt showing the atom-labeling 
scheme. All hydrogen atoms have been omitted for clarity. 

demonstrated in the 'H NMR spectrum, in which two 
broad singlets assigned to the nonequivalent carboranyl 
C-H vertices are observed at 6 1.92 and 1.41. The 'H NMR 
spectra of the chiral ferracarborane [c~oso-3-co-3- 
(CsH6)3-3-CH3CN-3,1,2-FeC2B9H11]3 also exhibit this 
spectral feature. 

Since the structural information regarding the spatial 
orientation of various *-bonding ligands in metal acyl 
complexes has stimulated the search of an understanding 
of conformational properties,ls an accurate structural 
analysis of [PPN] [ 101 was sought. 

Structural Analysis of [PPN][ lo]. The structure of 
[PPN] [ 101, shown in Figure 3, displays three monodentate 
ligands and one C2Bd11 unit, which occupies three facial 
coordination sites around the iron atom. Although a ra- 
cemic mixture is found in the unit cell, the structure of 
one enantiomeric form of 10 is illustrated. The iron atom 
bonds symmetrically to the upper belt of the carborane 
cage with a FeC2B3 face (centroid) distance12 of 1.572 (1) 
A. The C2B3 bonding face is essentially planar with a 
maximum deviation of 0.018 (11) A. The Fe-P distance 
of 2.188 (3) A in 10 is similar to those of other chiral metal 
acyl complexes, e.g. 2.202 (2) A in [(q6-C HJFe(C0)- 
(COCH3)(P(C~H6)3)]17 and 2.195 (2) A in [ ($-CH3C6HI)- 
Fe(CO) (COCHS) (P(c6Hs)3)l .I7 
As found in other chiral metal acyl complexes,17 the 

alignment of the acyl oxygen in 10 is also oriented anti- 
periplanar to the *-bonding CO. This is noteworthy be- 
cause syn-anti conformational preferences cannot be ad- 
equately rationalized by considerations of steric interac- 
tions alone.16 Although the torsion angle between the 
acetyl carbonyl and that of the *-bonding CO is found 
theoretically from extended Huckel and ab initio SCF MO 
calculations to be O0,l8 the torsion angle of 14' found in 
[PPN] [ 101 appears to be at variance with this theoretical 
value. Torsion angles of 18' in [($-C6H6)Fe(CO)- 
(COCH,)(P(CsH6),)]" and 22' in [ (v6-CH3C6H$Fe(CO)- 
(cocH,)(P(c6H6),)]'7 are similarly in disagreement with 
the calculated angle. Table I11 lists the selected intera- 

(16) Shambayati, S.; Crowe, W. E.; Schreiber, S. L. Angew. Chem., Znt. 

(17) Liu, H. Y.; Koh, L. L.; Erika, K.; Giering, W. P.; Prock, A. Acto 

(18) Davies, S .  G.; Seeman, J. I.; Williams, I. H. Tetrahedron Lett. 

Ed. Engl. 1990,29,256. 

Cryetallogr. 1990, C46, 51. 

1986, 27, 619. 
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spectively. [closo-3,3,3-(C0)3-3,1,2-FeCzB&ll (lI3 was prepared 
according to literature methods. 

Photochemical experiments were carried out by using a Hanovia 
550-W medium-pressure mercury lamp. Solutions to be irradiated 
were placed in Pyrex Schlenk tubes supported 10 cm away from 
the light source. 

'H FT NMR spectra were obtained on a Bruker AF-200 
spectrometer a t  200.133 MHz. llB NMR spectra were recorded 
on a Bruker AM-500 FT-NMR (160.463 MHz) spectrometer. 
Proton and boron chemical shifts were referenced to residual 
solvent protons (CD2ClZ, 5.32 ppm) and external BF3.0Eh, re- 
spectively. All chemical shifts downfield of the reference are 
designated as positive. Infrared spectra were recorded as Nujol 
mulls (NaCl) on a Beckman FT-1100 instrument. Elemental 
analyses were performed by Analytische Laboratorien, Gum- 
mersbach, FRG. 
[Na2][closo-3,3-(C0)2-3,1,2-FeC2B9Hll] (3). General Pro- 

cedure. A bright yellow solution of 1 (200 mg, 0.74 mmol) in 20 
mL of THF was stirred during the dropwise addition of a deep 
green solution of sodium naphthalide, generated by stirring 
naphthalene (190 mg, 1.48 mmol) and excess sodium metal (100 
mg, 4.35 mmol) in 40 mL of THF for 48 h at  room temperature. 
After the excess sodium was washed twice with THF, the com- 
bined filtrates were added to the reaction. The resulting orange 
solution gave evidence for the quantitative production of Naz[3], 
as monitored by l1B NMR spectroscopy. llB(lHJ NMR (ppm, 

orange solution of Na2[3] generated from 1 (500 mg, 1.84 mmol) 
and 2 molar equiv of sodium naphthalide as described in the above 
general procedure was reacted with 0.12 mL of methyl iodide (2.0 
mmol), resulting in an immediate color change to golden brown. 
The reaction was stirred at  room temperature for 1 h followed 
by the removal of solvent. The residue was dissolved in 50 mL 
of degassed water, and aqueous (CH3I4N+Cl- (210 mg, 1.92 "01) 
was added. After filtration, the yellow precipitate was washed 
with water and diethyl ether, dried under vacuum, and recrys- 
tallized twice from CHzC12/heptane to afford an analytically pure 
product in a yield of 41% (252 mg). Anal. Calcd for 
C9Hz6BgNO2Fe: C, 32.41; H, 7.87; B, 29.17; N, 4.20; Fe, 16.75. 
Found C, 32.26; H, 7.73; B, 28.91; N, 4.02; Fe, 16.50. IR (cm-'): 
2518,2542 (B-H), 1992,1913 ( M M ) .  'H NMR (ppm, CD2C12): 
3.22 (s, 12 H, N(CH,),), 2.15 (br s, 2 H, carborane C-H), 0.14 
(s,3 H, C H J .  llB(lH) NMR (ppm, THF): -5.6, -7.2, -10.2, -11.7, 

An alternate route to [N(CH3),][4] consists of adding a slurry 
of (CH3)4N+Cl- (162 mg, 1.48 mmol) in 40 mL of acetonitrile to 
a solution of Na2[3] (0.74 mmol) in THF. After stirring for 2 days, 
the solution was filtered over a Celite pad. Upon removal of 
solvent, the yellow residue was recrystallized twice from 
CH2Clz/heptane to yield 120 mg of [N(CH3)4][4] (49% yield). 

solution of [N%][3] (0.74 m o l )  in THF was reacted with a slurry 
of benzyltrimethylammonium chloride (272 mg, 1.48 mmol) in 
40 mL of THF, resulting in a color change to light yellow. The 
reaction was allowed to stir at room temperature for 24 h, followed 
by cannula filtration and removal of solvent. The yellow residue 
was dissolved in 40 mL of CH,CN, and PPN+Cl- (450 mg, 0.78 
"01) in CH&N (40 mL) was added. After filtration over a Celite 
pad, the yellow solution was reduced in volume and addition of 
diethyl ether afforded 523 mg (81%) of analytically pure product. 
Anal. Calcd for C4,HMBgNO2P2Fe: C, 64.58; H, 5.55; B, 11.13; 
N, 1.60; P, 7.09; Fe, 6.39. Found C, 64.49; H, 5.40; B, 11.12; N, 
1.46; P, 7.21; Fe, 6.29. IR (cm-l): 2555, 2538 (B-H), 1986, 1931 
( M C 4 ) .  'H NMR (ppm, CDzCl2): 7.79-7.44 (envelope, 30 H, 
PPN), 7.09-6.87 (m, 5 H, -CsH6), 2.43 (s,2 H, -MCH2-), 1.91 (br 
s ,2  H, carborane C-H). llB('H] NMR (ppm, THF): -4.0, -7.1, 
-8.9, -11.1, -20.8, -23.2 (1:1:2:2:2:1). 

THF): -10.9, -13.1, -15.1, -17.3, -25.2, -27.6 (1:1:2:2:2:1). 
[ N(CH3)4][ C~OSO -3,3-( CO)2-3-CH3-3,1,2-FeC2BgH11] (4). An 

-21.3, -23.1 (1:1:2:2:2:1). 

[ P P N  ] [ C~OSO -3,3- (CO ) z-3-C6H&Hz-3,112-FeCzBgH11] (5). A 

[ (CH,)P(C&)J[ c~oso-~,~-(CO)~-~-COCH~-~,~~-F~C~B~H,~] 
(6). To an orange solution of Naz[3] (0.74 mmol) generated as 
described in the above general procedure was added 1 molar equiv 
of acetyl chloride (0.52 mL) by using a gastight syringe. An 
immediate color change to brownish yellow was observed. After 
the solvent was removed, the yellow residue was dissolved in 40 
mL of acetonitrile and a solution of methyltriphenylphosphonium 
bromide (263 mg, 0.74 "01) in 40 mL of CH&N was added. The 

Table 111. Selected Interatomic Distances and Angles for 
[PPNI[101 

Distances (A) 
Fe(3)-C(Ol) 2.090 (09) Fe(3)-C(02) 2.101 (09) 
Fe(3)-B(04) 2.148 (10) Fe(3)-B(07) 2.147 (10) 
Fe(3)-B(08) 2.203 (IO) Fe(3)-C(13) 1.757 (11) 
Fe(3)-C(14) 1.974 (13) Fe(3)-P(O1) 2.188 (03) 
C(Ol)-C(O2) 1.630 (13) C(OI)-B(04) 1.713 (14) 
C(Ol)-B(05) 1.712 (14) C(OI)-B(06) 1.732 (15) 
C(02)-B(06) 1.727 (15) C(02)-B(07) 1.658 (14) 
C(02)-B(ll) 1.692 (14) B(04)-B(05) 1.800 (16) 
B(04)-B(08) 1.731 (15) B(04)-B(09) 1.757 (15) 
B(05)-B(06) 1.791 (16) B(05)-B(09) 1.773 (16) 
B(05)-B(10) 1.775 (16) B(06)-B(10) 1.767 (16) 
B(06)-B(ll) 1.733 (16) B(07)-B(08) 1.789 (15) 
B(07)-B(ll) 1.768 (16) B(07)-B(12) 1.766 (15) 
B(08)-B(09) 1.762 (15) B(08)-B(12) 1.775 (15) 
B(09)-B(10) 1.786 (16) B(09)-B(12) 1.758 (15) 
B(IO)-B(11) 1.770 (15) B(lO)-k(12) 1.792 (16) 
B(ll)-B(12) 1.769 (16) C(13)-0(13) 1.085 (14) 
0(14)-C(14) 1.207 (15) P(03)-C(71) 1.782 (07) 
C(14)-C(15) 1.370 (20) P(Ol)-C(16) 1.817 (12) 
P(OI)-C(17) 1.817 (11) P(OI)-C(18) 1.820 (11) 

Bond Angles (deg) 
C(Ol)-Fe(3)-C(02) 45.8 (3) C(OI)-Fe(3)-B(04) 47.7 (4) 
C(Ol)-Fe(3)-B(07) 79.1 (4) C(Ol)-Fe(3)-B(08) 79.7 (4) 
C(Ol)-Fe(3)-C(13) 163.4 (4) C(Ol)-Fe(3)-C(14) 93.4 (4) 
C(Ol)-Fe(3)-P(Ol) 105.3 (3) C(02)-Fe(3)-B(04) 80.6 (4) 
C(02)-Fe(3)-B(07) 45.9 (4) C(02)-Fe(3)-B(08) 80.1 (4) 
C(02)-Fe(3)-C(13) 119.5 (4) C(02)-Fe(3)-C(14) 85.2 (4) 
C(02)-Fe(3)-P(01) 148.6 (3) B(04)-Fe(3)-B(07) 81.7 (4) 
B(04)-Fe(3)-B(08) 46.9 (4) B(04)-Fe(3)-C(13) 131.5 (5) 
B(04)-Fe(3)-C(14) 135.0 (4) B(04)-Fe(3)-P(01) 85.5 (3) 
B(07)-Fe(3)-B(08) 48.5 (4) B(07)-Fe(3)-C(13) 84.4 (5) 
B(07)-Fe(3)-C(14) 116.8 (4) B(07)-Fe(3)-P(01) 157.7 (3) 
B(08)-Fe(3)-C(13) 90.6 (4) B(08)-Fe(3)-C(14) 164.6 (4) 
B(08)-Fe(3)-P(01) 110.0 (3) C(13)-Fe(3)-C(14) 92.5 (5) 
C(13)-Fe(3)-P(01) 90.7 (4) C(14)-Fe(3)-P(01) 85.0 (4) 
Fe(3)-C(13)-0(13) 176.1 (10) Fe(3)-C(14)-C(15) 126.5 (9) 
Fe(3)-C(14)-0(14) 118.9 (9) 0(14)-C(14)-C(15) 114.4 (11) 
Fe(3)-P(Ol)-C(16) 116.2 (4) Fe(3)-P(OI)-C(17) 114.8 (4) 
Fe(3)-P(Ol)-C(18) 115.4 (4) C(16)-P(Ol)-C(17) 102.2 (5) 

Fe(3)-C(OI)-C(02) 67.5 (4) Fe(3)-C(OI)-B(04) 67.9 (5) 
Fe(3)-C(Ol)-B(05) 127.1 (6) Fe(3)-C(Ol)-B(06) 126.2 (6) 
Fe(3)-C(02)-C(01) 66.7 (4) Fe(3)-C(02)-B(06) 125.8 (6) 
Fe(3)-C(02)-B(07) 68.5 (5) Fe(3)-C(02)-B(ll) 126.9 (6) 
Fe(3)-B(04)-C(01) 64.4 (5) Fe(3)-B(04)-B(05) 119.1 (6) 
Fe(3)-B(04)-B(08) 68.2 (5) Fe(3)-B(04)-B(09) 121.6 (6) 
Fe(3)-B(07)-C(02) 65.6 (5) Fe(3)-B(07)-B(08) 67.4 (5) 
Fe(3)-B(07)-B(ll) 120.2 (7) Fe(3)-B(07)-B(12) 121.0 (7) 
Fe(3)-B(OS)-B(04) 64.9 (5) Fe(3)-B(OS)-B(07) 64.1 (5) 
Fe(3)-B(08)-B(09) 118.5 (6) Fe(3)-B(OS)-B(12) 117.7 (6) 

C(16)-P(Ol)-C(18) 100.4 (5) C(17)-P(Ol)-C(18) 106.0 (5) 

tomic distances and angles for [PPN][lO]. 

Experimental Section 
All manipulations were carried out under an atmosphere of 

argon by employing standard Schlenk  technique^'^ or a Vacuum 
Atmospheres herbatmosphere glovebox. All solvents were reagent 
grade and distilled from appropriate drying agents.% The fol- 
lowing chemicals were purchased from the Aldrich Chemical Co. 
Naphthalene, methyl iodide, and acetyl chloride (gold label) were 
used as received. After opening, triphenyltin chloride was stored 
in the glovebox. Allyl chloride and methallyl chloride were 
distilled from calcium chloride prior to use. Alkyl ammonium 
chlorides (tetramethyl, tetraethyl, and benzyltrimethyl) were 
recrystallized from ethanol/ether and dried over P205. Bis(tri- 
phenylphosphorany1idene)ammonium chloride ((PPN)Cl) and 
methyltriphenylphosphonium bromide were purified from solu- 
tions of methylene chloride/ether and acetonitrile/ether, re- 

(19) Shrivar, D. F. The Manipulation of Air-Sensitive Compounds; 

(20) Gordon, A. J.; Ford, R. A. The Chemist Companion; Wiley: New 
McGraw-Hill: New York, 1969. 

York, 1972. 
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Table IV. Details of the CrustalloPraDhic Data Collection* 

normal to faces 
appearance :r group 
b lA  
CIA 
a/deg 
@/del3 
rldeg 
VIA3 
Z 
p(calcd)/g cm-3 
r1cm-l 
scan width 

below Kal 
above Kaz 

scan rate/deg min-l 
no. of unique reflns 
no. of obsd (I > 3a(Z)) reflns 
29 maxfdeg 
data collcd 
no. of params refined 
R, R,, GOF 

i io,  001,iio 

pi 
orange parallelepiped 

11.209 (1) 
13.026 (1) 
13.595 (1) 
79.959 (3) 
84.143 (3) 
66.060 (2) 
1785 
2 
1.35 
11.0 (not applied) 

1.3 
1.6 
4.5 
6302 
5572 
50 
+h, Ak, *l 
373 
0.029, 0.042, 1.49 

001,010, 100 
orange plate 
P21lm 
9.1250 (7) 
25.011 (2) 
18.517 (2) 

91.328 (2) 

4225 
4 
1.25 
4.6 

1.3 
1.6 
6.0 
8514 
3379 
52 
+h, +k, *1  
455 
0.082, 0.095, 2.21 

oio, 111,111 
amber parallelepiped (cut) 
PI 
10.086 (4) 
15.390 (6) 
17.027 (7) 
112.636 (8) 
96.647 (8) 
100.206 (9) 
2351 
2 
1.20 
4.5 

1.2 
1.6 
6.0 
5761 
3272 
44 
+h, *k, * l  
301 
0.070, 0.078, 1.95 

Conditions: temperature/K, 298; radiation (graphite monochromator), Mo Ka; wavelength/& 0.7107. 

solution was filtered over a Celite pad, the filtrate was reduced 
in volume, and addition of ether resulted in pale yellow micro- 
crystals, which were dried under vacuum. Recrystallization from 
THF/heptane afforded 105 mg (25% yield) of analytically pure 
product. Anal. Calcd for C26H32B903PFe: C, 53.17; H, 5.72; B, 
17.23; P, 5.48; Fe, 9.89. Found: C, 53.31; H, 5.63; B, 17.03; P, 
5.61; Fe, 9.72. IR (cm-l): 2558,2521 (B-H), 1996,1944 ( M M ) ,  
1582 (C=O). 'H NMR (ppm, CDzClz): 7.93-7.53 (envelope, 15 

2.51 (br s, 2 H, carborane C-H). llB{'H] NMR (ppm, THF): -2.6, 

(7). A solution of Na2[3] (0.74 mmol) in THF was reacted with 
an equimolar slurry of triphenyltin chloride (283 mg) in 40 mL 
of THF. The solution was stirred at  room temperature for 1 h, 
followed by removal of solvent. The orange residue was dissolved 
in 50 mL of acetonitrile, and 122 mg of tetraethylammonium 
chloride (0.74 mmol) in 50 mL of CH&N was added. After 
filtering through a Celite pad, the solution was reduced in volume 
and diethyl ether was added. The resulting orange crystals were 
collected and dried. Recrystallization from THF/EhO afforded 
300 mg (56% yield) of analytically pure product. Anal. Calcd 
for C&I4,BgNO2FeSn: C, 49.72; H, 6.41; B, 13.43; N, 1.94; Fe, 
7.71; Sn, 16.38. Found: C, 49.57; H, 6.32; B, 13.23; N, 1.89; Fe, 
7.61; Sn, 16.25. IR (cm-'): 2577, 2562, 2546 (B-H), 1961, 1896 
(MCEO). 'H NMR (ppm, CD2ClZ): 7.63-7.26 (m, 15 H, -Sn- 
(C6H6)3), 3.04 (9, 8 H, +N(-CHz-),), 2.75 (br s, 2 H, carborane 
C-H), 1.22 (t, 12 H, (-CH3)J. llB(lH] NMR (ppm, THF): -1.4, 

lution of Na2[3], generated from 200 mg of 1 (0.74 mmol) and 2 
equiv of sodium naphthalide as described in the general procedure, 
was stirred during the addition of an equimolar solution of allyl 
chloride (0.06 mL) in THF (40 mL). After filtration over a Celite 
pad, the orange solution was photolyzed for 18 h, followed by 
removal of solvent. The resultant orange residue was dissolved 
in 40 mL of acetonitrile, and PPN+Cl- (450 mg, 0.78 mmol) in 
40 mL of CH&N was added. The solution was filtered by using 
Celite followed by volume reduction. Upon addition of diethyl 
ether, reddish orange needles were collected and dried under 
vacuum. Recrystallization from THF/ether afforded 393 mg (67% 
yield) of analytically pure product. Anal. Calcd for 
C43HleBgNOPzFe: C, 63.76; H, 5.99; B, 12.01; N, 1.73; P, 7.65; 
Fe, 6.90. Found C, 63.56; H, 5.87; B, 11.76; N, 1.63; P, 7.76; Fe, 
6.68. IR (cm-'): 2544,2518 (B-H), 1912 (MCsO). 'H NMR 
(ppm, CDpClz): 7.44-7.65 (envelope, 30 H, PPN), 3.96 (m, 1 H, 

(br s, 2 H, carborane C-HI, 1.15 (d, 2 H, Ha, JH,-H, = 11 Hz). 

H, +P(C&&), 2.73 (d, 3 H, +P--CH3), 2.55 (9, 3 H, -C(0)CH3), 

-6.9, -7.6, -10.4, -20.1, -22.6 (1:1:2:2:2:1). 
[N(CzHs)~][closo-3,3-(C0)~-3-[Sn(C~Hs)3]-3,1f-FeCzBgH~~] 

-3.6, -9.0, -11.9, -20.4, -23.8 (1:1:2:2:2:1). 
[PPN][ ~I0~0-3-CO-3-(r1~-C3H~)-3,lf-FeCzBgHll] (8). A SO- 

H,, H,H,C--CH,-CH,H,), 2.62 (d, 2 H, H,, J K - H ~  = 7 Hz), 2.15 

llB(lH] NMR (ppm, THF): -3.3, -7.9, -10.8, -13.5, -22.6, -26.3 
(1:1:2:2:2:1). 

[ PPN][ closo -340-3 -  ( q3-C4H,)-3,1,2-FeC2Bfill] (9). To a 
THF solution of Na2[3] (0.74 mmol) was added an equimolar 
solution of methallyl chloride (0.073 mL) in 40 mL of THF. After 
filtering over a Celite pad, the orange solution was photolyzed 
for 18 h, followed by the removal of solvent. The resultant orange 
residue was dissolved in 40 mL of CHSCN, and a solution of 
PPN+Cl- (450 mg, 0.78 mmol) in CH3CN (40 mL) was added. 
After fdtration over a Celite pad, diethyl ether was added, resulting 
in the formation of light orange needles. Recrystallization from 
CH3CN/Eh0 afforded 250 mg (44% yield) of analytically pure 
product. Anal. Calcd for C4,HleBgN02P2Fe: C, 64.58; H, 5.55; 
B, 11.13; N, 1.60; P, 7.09; Fe, 6.39. Found: C, 64.49; H, 5.40; B, 
11.12; N, 1.46; P, 7.21; Fe, 6.29. IR (cm-'): 2534, 2507 (B-H), 
1904 (MC=O). 'H NMR (ppm, CD2Cl.J: 7.66-7.46 (envelope, 
30 H, PPN), 2.30 (s,2 H, 9, H,H,C-C(CH3)-CH,w, 2.06 (br 
s, 2 H, carborane C-H), 1.84 (s, 3 H, -CH3), 1.12 (8, 2 H, H,). 
llB(lH) NMR (ppm, THF): -3.9, -8.1, -11.2, -13.5, -22.8, -26.1 
(1:1:2:2:2:1). 

(10). A 1 molar equiv sample of methyl iodide (0.045 mL) was 
added to an orange THF solution of Naz[3] (0.074 mmol), resulting 
in an immediate color change to golden brown. The solution was 
allowed to stir a t  room temperature for 1 h, followed by the 
addition of 2.0 mL of P(CHd3/THF (1.0 M, 2.0 mmol). The 
reaction was refluxed for 7 days. After removal of solvent, the 
yellow residue was dissolved in 40 mL of acetonitrile, and PPN+Cl- 
(450 mg, 0.78 mmol) in CH3CN (40 mL) was added. Filtration 
over a Celite pad was followed by reduction in volume and the 
addition of diethyl ether. The resultant bright yellow microcrystals 
were collected, dried under vacuum, and recrystallized from 
THF/EtzO to afford 230 mg (39% yield) of analytically pure 
product. Anal. Calcd for C4HmBgNO2P3Fe: C, 60.46; H, 6.12; 
B, 11.13; N, 1.60; P, 10.63; Fe, 6.39. Found: C, 60.46; H, 6.12; 
B, 10.63; N, 1.48, P, 10.63; Fe, 6.24. IR (cm-'): 2529,2519 (B-H), 
1893 ( M W ) ,  1564 ( C 4 ) .  lH NMR (ppm, CDZCl& 7.66-7.44 
(envelope, 30 H, PPN), 2.59 (8 ,  3 H, -C(0)CH3), 2.08 (br s, 1 H, 
carborane (C-H), 1.92 (br s, 1 H, carborane C-H), 1.41 (d, 9 
H, P(CH,),, Jp-H = 9 Hz). llB(lHJ NMR (ppm, CH3CN): -8.0, 

Collection and Reduction of X-ray Data for [N(C2H5)r][7]. 
An orange crystal, obtained from a CH3CN/(CzHs)z0 solution, 
was mounted with epoxy on a fiber on a Huber diffractometer 
constructed by Professor C. E. Strouse of this department. Unit 
cell parameters were determined from a least-squares fit of 51 
accurately centered reflections (9.4O < 28 < 20.4'). These di- 
mensions and other parameters, including conditions of data 

[PPN][ cZOSO-~-CO-~-COCH~-~-P(CH~)~~~,~,~-F~C~B~H~~] 

-10.7, -11.3, -13.8, -22.7, -23.3 (2:2:1:1:1:2). 
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Table V. Positional and Equivalent Isotropic Thermal 
Parameters for [N(CJ3,),][7]0 

Sn 0.19711 (2) 0.64104 (2) 0.27169 (1) 0.037 
Fe(3) -0.04214 (4) 0.66728 (3) 0.28300 (3) 0.039 
O(3) 0.05620 (23) 0.43627 (18) 0.38935 (19) 0.062 
C(3) 0.021 29 (29) 0.52802 (25) 0.347 09 (23) 0.045 
O(4) 0.00704 (34) 0.58660 (30) 0.09199 (22) 0.100 
C(4) -0.011 10 (37) 0.61936 (32) 0.16824 (27) 0.063 
C(1) -0.21125 (29) 0.70986 (25) 0.37621 (24) 0.049 
C(2) -0.10925 (29) 0.75893 (23) 0.40349 (22) 0.0 4 
B(4) 
B(5) -0.35993 (38) 0.81457 (35) 0.34838 (36) 0.063 
B(6) -0.26992 (38) 0.81895 (32) 0.44616 (31) 0.056 
B(7) -0.06665 (33) 0.83575 (27) 0.30235 (25) 0.041 
B(8) -0.15813 (35) 0.83330 (29) 0.20209 (26) 0.045 
B(9) -0.327 74 (37) 0.895 86 (33) 0.239 38 (33) 0.058 
B(10) -0.342 13 (39) 0.941 73 (32) 0.35878 (34) 0.061 
B(11) -0.18245 (38) 0.90334 (29) 0.39723 (29) 0.052 
B(12) -0.217 54 (36) 0.952 17 (29) 0.269 16 (29) 0.051 
C(12) 0.16646 (16) 0.83569 (17) 0.09245 (15) 0.053 
C(13) 0.205 97 (16) 0.907 70 (17) 0.021 25 (15) 0.064 
C(14) 0.33286 (16) 0.90245 (17) 0.02056 (15) 0.068 
C(15) 0.42022 (16) 0.82519 (17) 0.09107 (15) 0.069 
C(l6) 0.38070 (16) 0.75318 (17) 0.16227 (15) 0.056 
C(11) 0.25382 (16) 0.75844 (17) 0.16296 (15) 0.043 
C(22) 0.36053 (21) 0.37853 (16) 0.29807 (12) 0.051 
C(23) 0.44849 (21) 0.27493 (16) 0.271 15 (12) 0.062 
C(24) 0.50380 (21) 0.26989 (16) 0.17450 (12) 0.076 
C(25) 0.471 15 (21) 0.36845 (16) 0.10477 (12) 0.090 
C(26) 0.383 19 (21) 0.47205 (16) 0.131 69 (12) 0.073 
C(21) 0.32788 (21) 0.47709 (16) 0.22834 (12) 0.044 
C(32) 0.24098 (22) 0.56471 (18) 0.49756 (15) 0.060 
C(33) 0.29206 (22) 0.55219 (18) 0.59036 (15) 0.068 
C(34) 0.36387 (22) 0.61449 (18) 0.60330 (15) 0.075 
C(35) 0.38459 (22) 0.68931 (18) 0.52343 (15) 0.095 
C(36) 0.333 51 (22) 0.701 84 (18) 0.43063 (15) 0.071 
C(31) 0.26171 (22) 0.63954 (18) 0.41769 (15) 0.043 

Units of (V) are A2. Units of each esd, in parentheses, are 
those of the least significant digit of the corresponding parameter. 
Isotropic values are [l/(8r2)]B,.u 

collection, are summarized in Table IV. Data were collected at  
25 O C  in the 6-28 scan mode. Three intense reflections, (1,3,-2), 
(1,0,3), and (3,-2,-1), were monitored every 97 reflections to check 
stability. Intensities of these reflections fluctuated ca. *5% with 
no decay during the course of the experiment (81.9 h). Of the 
6302 unique reflections measured, 5572 were considered observed 
(I > 30(Z)) and were used in the subsequent structure analysis. 
Data were corrected for Lorentz and polarization effects. Pro- 
grams used in this work include locally modified versions of 
crystallographic programs listed in the reference section.21 

Solution a n d  Refinement of the St ruc ture  of [N(C2- 
H,),][7]. Atoms were located by use of statistical methods 
(SHELXM).*~ All calculations were performed on the VAX 3100 
crystallographic computer. All methyl and phenyl hydrogens were 
included in calculated positions as members of rigid grou s, C-H 
= 1.0 A, HC-H = 109.5' and C C  = 1.395 A, C-H = 1.0 if, angles 
= 120', respectively. The other hydrogens of the cation were also 
included in calculated positions. Position parameters for car- 
boranyl hydrogens were included in located positions. H atoms 
were assigned u values of 0.12,0.10,0.08, and 0.04 A2 for methyl, 
methylene, phenyl, and carboranyl hydrogens, respectively. 
Scattering factors for hydrogen were obtained from Stewart et  
al.22 and for other atoms were taken from ref 23. Anomalous 
dispersion terms were applied to the scattering of Fe. The largest 
peak on a final difference electron density map was 0.5 e A*. Final 

atom X Y 2 (V) 

-0.24868 (36) 0.74598 (31) 0.25471 (30) 0.0 1 1 

Table VI. Positional and Equivalent Isotropic Thermal 

atom X Y z ( v z ,  
Parameters for [PPN][8]0 

C(O1) 0.0316 (11) 0.2829 (5) 0.2958 (7) 0.033 (7) 
C(03) 0.3390 (19) 0.2500 0.4202 (10) 0.065 (12) 
C(04) 0.0916 (17) 0.2016 (8) 0.4582 (9) 0.093 (13) 
C(05) 0.0140 (29) 0.2500 0.4467 (16) 0.117 (24) 
O(03) 0.4507 (13) 0.2500 0.4529 (6) 0.081 (9) 
Fe(3) 0.1749 (3) 0.2500 0.3728 (1) 0.063 (2) 
B(04) 0.2061 (14) 0.3067 (5) 0.2876 (8) 0.063 (9) 
B(05) 0.0840 (17) 0.3045 (6) 0.2139 (10) 0.081 (11) 
B(06) -0.0295 (27) 0.2500 0.2200 (14) 0.101 (20) 
B(08) 0.3242 (19) 0.2500 0.2842 (9) 0.077 (13) 
B(09) 0.2678 (17) 0.2854 (6) 0.2034 (8) 0.118 (13) 
B(10) 0.1159 (30) 0.2500 0.1613 (12) 0.129 (23) 

nunits of (U) are A2. Units of each esd, in parentheses, are 
those of the least significant digit of the corresponding parameter. 
Isotropic values are [l/(8r2)]B,.24 A more complete list of pa- 
rameters is included with the supplementary material. 

Table VII. Positional and Equivalent Isotropic Thermal 
Parameters for [PPN][ l0ln 

atom X N z (V) 
0.70894 (13) 0.60823 (10) 
0.73266 (91) 0.75849 (62) 
0.59013 (90) 0.701 54 (67) 
0.7452 (10) 0.71250 (78) 
0.7027 (11) 0.82737 (84) 
0.6027 (12) 0.81880 (83) 
0.5002 (10) 0.61694 (80) 
0.5953 (10) 0.62337 (80) 
0.6090 (11) 0.74060 (82) 
0.5209 (12) 0.80663 (81) 
0.4539 (11) 0.728 25 (83) 
0.4554 (11) 0.679 19 (83) 
0.6385 (10) 0.48228 (83) 
0.58918 (80) 0.405 36 (55) 

0.219 88 (8) 
0.27558 (58) 
0.20357 (58) 
0.35241 (65) 
0.37500 (69) 
0.27709 (76) 
0.227 17 (68) 
0.32551 (66) 
0.40544 (67) 
0.35990 (70) 
0.249 17 (68) 
0.32762 (69) 
0.17101 (67) 
0.14306 (54) 

0.0411 (8) 
0.0536 (63) 
0.0490 (60) 
0.0463 (68) 
0.0556 (76) 
0.0718 (87) 
0.0399 (67) 
0.0433 (67) 
0.0526 (73) 
0.0760 (86) 
0.0466 (69) 
0.0449 (68) 
0.0521 (70) 
0.0878 (62) 

i(14) 0.7707 (10) 0.60766 (84) 0.11388 (86) 0.0440 (66) 
C(15) 0.7230 (14) 0.5371 (10) 0.03143 (73) 0.1400 (13) 
P(O1) 0.91180 (27) 0.58609 (21) 0.25553 (17) 0.0495 (17) 
C(16) 0.9689 (13) 0.49535 (93) 0.17043 (68) 0.0955 (93) 
C(17) 1.05350 (95) 0.69244 (81) 0.29003 (78) 0.0340 (64) 
C(l8) 0.9286 (11) 0.54169 (79) 0.34013 (67) 0.0844 (82) 

"Units of (V) are A2. Units of each esd, in parentheses, are 
those of the least significant digit of the corresponding parameter. 
Isotropic values are [ 1 / ( 8 ~ ~ ) ] B , . ~  

positional and thermal parameters for non-hydrogen atoms are 
given in Table V. 

Collection and Reduction of X-ray Data for [PPN][8]. An 
orange crystal, obtained from a CH3CN/(C2H5)20 solution, was 
mounted with epoxy on a thin glass fiber on a modified Huber 
diffractometer. Systematic absences were found for Oh0 reflections 
for which k # 2n. Unit cell parameters were determined from 
a least-squares fit of 49 accurately centered reflections (9.4O < 
28 < 20.0'). These dimensions and other parameters, including 
conditions of data collection, are summarized in Table IV. Data 
were collected a t  25 'C in the 8-28 scan mode. Three intense 
reflections, (0,3,-4), (0,3,4), and (2,2,0), were monitored every 97 
reflections to check stability. Intensities of these reflections did 
not decay during the course of the experiment (90.7 h, fluctuation 
10%). Of the 8514 unique reflections measured, 3379 were 
considered observed (I > 3a(I)) and were used in the subsequent 
structure analysis. Data were corrected for Lorentz and polar- 
ization effects. Pronrams used include locallv modified versions 
of the crystallograpkc programs listed in thereference section?* 

Solution and  Refinement of the St ruc ture  of [PPN][8]. 
Atoms were located by use of the heavy-atom method. All cal- 
culations were performed on the VAX 3100 crys~lographic 
computer. All phenyl hydrogens were included in calculated 
positions as members of rigid groups, C-H = 1.0 A, angles = 120'. 
All carboranyl hydrogens were kept in located positions. Hydrogen 

(21) CARESS (Broach, Coppens, Becker, and Blessing), peak profile 
and@% Lorentz and polarization C O ~ ~ ~ O W  O m  (Bush, Martin, and 
Levy) structure factor calculation and full-matrix least-squares refine- 
ment; ABSORB (Coppens, Edwards, and Hamilton), absorption correction 
calculation; 5 ~ ~ ~ x 8 8  and 9 ~ ~ ~ x 7 6  (Sheldrjck), stm&m andpis packwe; 
O R m  (Johnson), figure plotting. 

(22) Stewart, R. F.; Davidson, E. R.; Simpson, W .  T. J.  Chem. Phys. 
1965,42,3175. 

(23) International Tables for X-ray Crystallography; Kynoch Press: 
Birmingham, England, 1974; Vol. IV. (24) Hamilton, W. C. Acta Crystallogr. 1959, 12, 609. 
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atom were assigned u valuea of 0.07 A+. Scattering factors for 
hydrogen were obtained from Stewart et aLIB and for other atoms 
were taka from ref 23. Anomalous dispersion terms were applied 
to the scattering of Fe and P. The lar est peak on a final dif- 

thermal parameters for non-hydrogen atoms are given in Table 
VI. 

Collection and Reduction of X-ray Data for [PPN][10]. 
An amber crystal, obtained from a (CH2),0/C2H&0 solution, 
was mounted with epoxy on a thin glesa fiber on a modified Huber 
diffractometer. Unit cell parameters were determined from a 
least-squares fit of 25 accurately centered reflections (9.5' C 28 
< 16.4"). These dimensions and other parameters, including 
conditions of data collection, are summarized in Table IV. Data 
were collected at 25 "C in the 8-28 scan mode. Three intense 
reflections, (2,-1,4), (0,3,3), and (3,1,-3), were monitored every 
97 reflections to check stability. Intensities of these reflections 
decayed less than 1% with a maximum fluctuation of f4.7% 
during the course of the experiment (55.2 h). Of the 5761 unique 
reflections measured, 3272 were considered observed ( I  > 3a(Z)) 
and were used in the subsequent structure analysis. Data were 
corrected for Lorentz and polarization effects. Programs used 
include locally modified versions of the programs listed in the 
reference section.21 

ference electron density map was M.5 e 1 d. Final positional and 

Solution and Refinement of the Structure of [PPNItIOl. 
Atoms were located by use of the heavy-atom method. All cal- 
culations were performed on the VAX 3100 crystallographic 
computer. All phenyl hydrogens were included in calculated 
positions as members of rigid groups, C-H = 1.0 A, angles = 120". 
All methyl hydrogens were included in calculated positions, C-H 
= 1.0 A, H-C-H = 109.5'. All carboranyl hydrogens were kept 
in located positions. Hydrogen atoms were aeaigned u values based 
on those of the attached atoms. Scattering factors for hydrogen 
were obtained from Stewart et aLlB and for other atoms were taken 
from ref 23. Anomalous dispersion terms were applied to the 
scattering of Fe and P. The lar est peak on a final difference 

ring. Final positional and thermal parameters for nonhydrogen 
atoms are given in Table VII. 
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electron density map was 0.6 e A -! and was located near a phenyl 
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2-0xametallacyclobutane complexes (M = Mo (24, W (2b)) can be prepared by adding pentafluoro- 
benzaldehyde to M(CH-~-BU)(NA~)(O-~-BU)~ (M = Mo (la), W (lb)). Two isomers are observed for 2a 
and 2b that contain t-Bu and Php substituenta trans or cis to one another (the trans isomer predominating) 
and that decompose to give trans- or cis-Ph&H=CH(t-Bu), respectively. An X-ray structure of the major 
isomer of 2a (2a-trans) showed it to be a square pyramid containing an apical imido ligand and pseudo- 
equatorial a-t-Bu and B-PhF groups in a slightly puckered MoOC2 ring. It is proposed that cis isomers 
of 2 also contain a pseudoequatorial a-t-Bu group. At 25 OC k-trans decompoees twice as rapidly as 2b-trans, 
and at 5.0 "C 2b-cis decomposes -25 times more rapidly than tb-trans. These findings are all consistent 
with square-pyramidal 2-oxametallacyclobutane complexes being more stable when they contain trans a 
and B substituents, when electron-withdrawing substituents are present on the ring, and when a bulky 
substituent is present in the pseudoequatorial a position. These results are discussed in relation to findings 
concerning analogous MCS metallacyclobutane complexes. 

Introduction 
2-0xametallacyclobutane (metallaoxetane) complexes 

are plausible intermediates in transition-metal-catalyzed 
olefin epoxidation reactions' and Wittig-like reactions 

(1) (a) Collman, J. P.; Brauman, J. L.; Meunier, B.; Hayashi, T.; KO- 
dadek, T.; Rsybuclr, S. A J. Am. Chem. Soc. 1986,107,2000. (b) Groves, 
J. T.; Avarh-Neiaaer, G. E.; Fish, K. M.; Imachi, M.; Kuczkowski, R. L. 
J. Am. Chem. Soc 1986,108,3837. (c) Sharplens, K. B.; Teranishi, A. Y.; 
BBckvall, J.-E. J. Am. Chem. Soc. 1977,99,3120. (d) Milstein, D.; Ca- 
hbreae, J. C. J. Am. Chem. SOC. 1982,104,3773. (e) Alper, H.; Arzou- 
manian, H.; Petrignani, J.-P.; Saldana-Maldonado, M. J. Chem. Soc., 
Chem. Commun. 1986,340. (0 Girardet, M.; Meunier, B. Tetrahedron 
Lett. 1987,2955. (9) Mock, W. L.; Bieniarz, C. Organometallics 1985,4, 
1917. (h) Walba, D. M.; DePuy, C. H.; Grabowski, J. J.; Bierbaum, V. 
M. Organometallics 1984,3, 498. 

0276-7333/91/2310-1062$02.50/0 

between high oxidation state alkylidene Complexes and the 
carbonyl functionality.23 However, examples usually can 
be prepared only by indirect methods.' An exception in 

(2) (a) Schrock, R. R. J .  Am. Chem. Soc. 1976,98,5999. (b) Tebbe, 
F. N.; Parshall, G. W.; Reddy, G. S. J. Am. Chem. SOC. 1978,101,3611. 
(c) Pinee, S. H.; zahlar, R; Evans, D. A, Grubbe, R. H. J. Am. Chem. Soc. 
1980,102,3270. (d) Buchwald, S. L.; Grubbs, R. H. J.  Am. Chem. Soc. 
1988,105,5490. (e )  Aguero, A.; Krem, J.; &born, J. A. J. Chem. Soc., 
Chem. Commun. 1986,531. 

(3) (a) 3-Oxaplatinacyclobutane complexes have been reported.8b So 
far there is no evidence that 3-heteroatom metallacycles are formed in 
reactions between alkylidene complexes and the carbonyl function. (b) 
Hoover, J. F.; Stryker, J. M. J. Am. Chem. SOC. 1989, 111,6486. 
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