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Table I. 'H NMRa and IR Data 
compd 'H NMR, ppm IR u ( C O ) ,  cm-' 

Ia 2.36 (s) 1 9 6 8 , 1 9 2 0 '  
Ib 2 .25  (s) 1 9 7 1 , 1 9 2 1 '  
IC 2.25 (s) 1972,  192OC 
Id 2.43 (s) [9 5 .1  (s) [3  H] 1981 ,  1973e  

a In CDCl,. 
Acetone. Relative number of protons. e Dichloro- 

I1 2.35 (s) [18 HI, -10 .9  (s) [l HIe 1945,  1890e  

All absorption bands are strong. 

methane. 

analogues, the carbonyl stretching frequencies of com- 
pounds Ia-d are lower than their corresponding tricarbonyl 
cations. The lH NMR spectra for compounds Ia-c (Table 
I) all consist of a singlet between 2.25 and 2.36 ppm. 
Compound Id shows two singlets as expected for coordi- 
nated mesytilene (MES) with the aromatic ring protons 
shifted upfield by 1.60 ppm relative to uncoordinated 
mesytilene.12 The proton-decoupled I3C NMR spectrum 
of Ia reveals three singlets: 228.6 (Mn-CO), 104.0 (Mn- 
C-C), and 16.75 ppm (Mn-C-C). The nondecoupled 
spectrum shows the resonance a t  16.75 ppm splits into a 
quartet as expected for the proposed structure. Mass 
spectral data for Ia show a parent ion at mlz 400 and ions 
at mjz 344 and 217 as expected for the parent minus two 
carbonyls and the parent minus two carbonyls and an 
iodide, respectively. The mass spectra of Ib and IC show 
no parent ions but display ions consistent with decompo- 
sition pathways predicted for compounds 

Compound 11, a yellow solid, was synthesized from Ia 
in THF, a t  50 "C, with an excess of NaBH, (eq 2) .  The 

(2) 

reduction required 2-5 h and was monitored by change in 
the CO stretching frequency of the IR spectrum. It was 
isolated by vacuum sublimation from the solid residue left 
by vacuum evaporation of the solvent. This new com- 
pound, to our knowledge, the first reported isolable ($- 
arene)metal carbonyl hydride, has been characterized by 
mass, 'H NMR, and IR spectroscopy and elemental 
analysis (Table I, ref 10 and 11). The chemical shift of the 
Mn-H, (CH2C12) -10.9 ppm, is comparable to that of 
( V ~ - C ~ ( C H ~ ) ~ ) F ~ ( C O ) ~ H ~ ~  and is characteristic of transi- 
tion-metal hydrides. Like compounds I, when heated, I1 
undergoes a transition from 120 to 130 OC with loss of a 
white crystalline solid that melts a t  163 OC. The lack of 
bimolecular elimination of H2 from I1 up to 120 "C is 
consistent with the behavior of (V~-C~(CH~) , )F~(CO)~H,  
which is reported to be thermally ~tab1e.I~ In contrast to 
the instability of C P F ~ ( C O ) ~ H , ~ ~  which decomposes giving 
H2 at 20 OC, the stability of both of these compounds may 
be due to the steric hindrance of bimolecular interaction 
accompanying permethylation of the a ligands. 

Compound Ib reacts with NaCN in refluxing methanol 
to yield, quantitatively by IR,  T ~ - A ~ M ~ ( C O ) ~ C N ,  111 (eq 
3).16 The melting point, IR, and lH NMR all agree with 

(3)  

Ia + NaBH4 - (HMB)Mn(C0)2H 
I1 

Ib + NaCN - (HMB)M~I(CO)~CN 
I11 

(11) Anal. Calcd for Ia: C, 42.02; H, 4.53. Found C, 41.45; H, 4.54. 
Anal. Calcd for I b  C, 47.62; H, 5.14. Found: C, 47.24; H, 5.06. Anal. 
Calcd for IC: C, 54.47; H, 5.88. Found: C, 54.05; H, 5.61. Anal. Calcd 
for I 1  C, 61.32; H, 6.99. Found: C, 61.23; H, 7.11. 

(12) Brill, T. B.; Kotlar, A. J. Inorg. Chem. 1974, 13, 470. 
(13) Davison, A.; McCleverty, J. A.; Wilkinson, G. J .  Chem. So'. 1963, 

1173. 
(14) Michaud, P.; Lapinte, C.; Astruc, D. Ann. N.Y.  Acad. Sci. 1983, 

45, 97. 
(15) Green, M. L. H.; Street, C. N.; Wilkinson, G. Z .  Naturforsch., B: 

Anorg Chem., Org. Chem., Biochem. Biophys., Bid .  1959, 14B, 738. 

literature values.' Ib also reacts with MeLi, a t  -78 "C in 
THF, to quantitatively yield the previously reported $- 
A~MXI(CO)~M~, IV (eq 4).16 The spectroscopic charac- 

(4)  

teristics (IR and NMR) match the literature reported 
values.2 The three reactions summarized in eq 2-4 show 
the synthetic utility of compounds I with respect to nu- 
cleophilic displacement of the halide. This reactivity 
corresponds directly to that displayed by the isoelectronic 
CPF~(CO)~X analogues." 

We are currently in the process of exploring the syn- 
thetic utility of this new series of halides as well as the 
hydride. In addition an X-ray crystallographic study of 
IC is in progress. 

Registry No. Ia, 91230-49-8; Ib, 91230-50-1; IC, 91230-51-2; 

(HBM)Mn(CO),+AlCl,Br-, 91230-54-5; (MES)Mn(C0)3+AlC13Br-, 

Ib + MeLi - (HMB)Mn(C0)2Me 
IV 

Id, 91230-52-3; 11, 91230-53-4; 111, 41638-97-5; IV, 65643-58-5; 

91238-35-6. 

(16) Yields were determined spectroscopidy since the syntheses were 
done on a micro mole scale. 

(17) (a) Piper, T. S.; Wilkinson, G. J. Inorg. Nucl. Chem. 1955, I, 313. 
(b) Reger, D. L.; Culbertaon, E. C. Synth. React. Inorg. Met.-Org. Chem. 
1976, 6, 1. 
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Summary: In  the preferred geometry for [(v-C,H,)Fe- 
(diphosphine)(C=CHR)] PF6 complexes the plane of the 
alkylidenecarbene ligand is not perpendicular to that of 
the cyclopentadienyl ligand; barriers for rotation have 
been evaluated to be 9-10 kcal/mol through 31P NMR 
spectroscopy. The equilibrium composition of the two 
diastereomeric conformers for complexes containing the 
2,3-butanediylbis(diphenylphosphine) ligand is influenced 
by the bulkiness of the substituent on the alkylidene- 
carbene moiety (C6H, vs. CH,); when trans-1,2-cyclo- 
pentanediylbis(dipheny1phosphine) is the ligand, only one 
rotamer is recognizable in the low-temperature spectra 
for R = methyl, tert-butyl, and phenyl. 
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Table I .  Some NMR Parameters and Diastereomenc Composition for [(q-C,H, )Fe(L-L)(C=CHR)]PF, Complexesa 

C=CHR 
complex L-L R =  T, K 8 (C5H5) 8 (PA) ~ ( P B )  J p p ,  HZ 8 (=C) 'Jc-p, HZ % 

1 diphos C,H, 298 5 . 2 3  93.5 365 35 " -  
1 8 0  nd 97 .4  91 .4  42  366  33  

168  nd 103 .2  92 .1  4 8  nd nd 86 
nd 84 .0  93 .7  6 0  nd nd 1 4  

2a (S,S)-chiraphos C,H, 298 5 .01  9 4 . 8  93 .2  5 2  355 2 9 , 3 5  

2b (S,S)-chiraphos CH, 289 4.86' 100.9 9 6 . 1  50  359 2 6 , - 0  
153  nd - 105 9 6 . 6  ndd nd nd 55 ._ 

nd - 105 95 .2  ndd nd nd 45  

1 7 3  nd 71.4 72.9 6 1  nd nd > 9 0  

152  nd 14.6 75.7 6 2  nd nd > 9 0  

168  nd 74.8 71.6 60  nd nd > 90  

dc = diastereomeric 

3a trans-cypenphos C,H, 298  5 . 0 0  71.5 69.0 61  361  2 9 , 3 7  

3b  trans-cypenphos CH, 289 4 .86'  74.6 7 2 . 1  6 1  362  2 8 , 3 7  

1 3 . 8  6 8 . 2  60  364  2 8 , 3 6  3c  trans-cypenphos t-C,H, 298 4.78 

The spectra were obtained from either a Bruker AM 300 WB or a Bruker WP 200 using mixtures CD,CI,/CDCl, 
(70-30)  as the solvent for I'P and 13C spectra and CDCl, (unless otherwise stated) for 'H spectra. 
composition. 
resolution of these t w o  doublets. nd = not determined. 

At  298  K in CD,CI,. * The coupling constant cannot be exactly given because o f  the incomplete 

Transition-metal alkylidenecarbene (vinylidene) com- 
plexes have been the subject of much recent interest.'r2 
Stereochemical studies on such complexes, however, are 
still rare.3 Since the substituted alkylidenecarbene ligand 

(=c=c\ /R ) 

R'  

is a two-dimensional chiral simplex? it forms a chiral unit 
when bound to a metal in a complex that does not have 
a symmetry plane which would contain that ligand. Dia- 
stereomers will therefore arise, if in the complex another 
chirality element is present. This has been indeed rec- 
ognized in pseudotetrahedral rhenium complexes in which 
the rhenium atom is a chirality p enter.^ No example of 
diastereomeric equilibria for complexes having chiral lig- 
ands has been reported as far as we are aware. Such type 
of investigation can contribute to a better understanding 
of the basic phenomena in homogeneous asymmetric ca- 
t a l ~ s i s . ~  

We report some results of the investigation of diaste- 
reomeric equilibria in complexes of the type [(7-C5H5)- 
Fe(C=CHR)(L-L)]PF6 (Figure l ) ,  where L-L is a Cz di- 
phosphine, namely, (2S,3S)-2,3-butanediylbis(diphenyl- 
phosphine) (chiraphos)6 or racemic trans-1,2-cyclo- 
pentanediylbis(dipheny1phosphine)' (trans-cypenphos) 
and R = C6H5, t-C4Hg, and CH3 by using 31P NMR spec- 
troscopy. Also the [ (o-C5H5)Fe(C=CHPh)(diphos)]PF6 
complex (where diphos is 1,2-ethanediylbis(diphenyl- 
phosphine)) (Figure 1) has been investigated, in order to 
identify the preferred geometry of the vinylidene ligands 
within the complexes in solution. 

In spite of the high endothennicity of the transformation 
alkyne-alkylidenecarbene? the compounds form smoothly 
(reaction time less than 1 h at room temperature) when 
(q-C5H5)Fe(L-L)Br complexes (obtained according to lit- 
erature proceduresgJO) are treated1'J2 with monosubsti- 

(1) Bruce, M. I.; Swincer, A. Adv. Organomet. Chem. 1983, 22, 59. 
(2) Wolf, J.; Werner, H.; Serhadli, 0.; Ziegler, M. L. Angew. Chem. 

1983. 95. 428 and references cited therein. 
(3 )  Wong, A.; Gladysz, J. A. J. Am. Chem. SOC. 1982,104,4948. 
(4) Prelog, V.; Helmchen, G. Angew. Chem. 1982, 94, 614. 
(5) (a) Brunner, H. Acc. Chem. Res. 1979, 12, 250. (b) Brunner, H. 

(6) Fryzuk, M. D.; Bosnich, B. J. Am. Chem. SOC. 1977, 99, 6262. 
(7) Allen, D. L.; Gibson, V. C.; Green, M. L. H.; Skinner, J. F.; Bashkin, 

(8) Stang, P. J. Acc. Chem. Res. 1982, 15, 348. 
(9) King, R. B.; Houk, L. W.; Pannell, K. H. Znorg. Chem. 1969, 8, 

Angew. Chem. 1983,95,921. 

J.; Grebenik, P. D. J. Chem. SOC., Chem. Commun. 1983,895. 

1942. 

L A 

Figure 1. 1, (R = H, R' = C,H5; 2a, R = CH3, R' = C,H,; 2b, 
R = R' = CH,; 3a, R, R = -(CH&-, R' = C & , ;  3b, R, R = 
-(CH&3-, R' = CH3; 3c, R, R = -(CHz)S-, R' = t-C,H,. 

tuted acetylenes in methanol in the presence of KPF6 or 
NH,PF6 as the halogen ~cavenger.'~ The nature of the 
complexes is inferred by the presence in the 13C NMR 
spectrum of a resonance at  355-365 ppm's3J1J4 (Table I) 
and by u(C=C) bands in their IR spectra' between 1620 
and 1670 cm-'. 

For the similar [ (7-C5H5)Ru(C=CHMe)(PMe3),]PF, 
complex, it has been found15 that the plane of the ethy- 
lidenecarbene ligand bisects the molecular symmetry plane 
in the solid state (this corresponds to the geometry re- 
ported in Figure 1). However, recent SCF calculations for 
iron complexes imply similar total orbital energies for that 
conformation and for the one in which the plane of the 
alkylidenecarbene ligand coincides with the molecular 
symmetry plane.16 

Variable-temperature 31P NMR spectroscopy on 1 
(Figure 1 and Table I) allows us to identify the preferred 
geometry for that ligand. As a matter of fact, the single 
line observable in the spectrum at room temperature gives 
rise to an AB quartet a t  low temperature (Table I), the 
coalescence temperature being 210 K. If we reasonably 
assume (vide infra) that A-6 equilibration of the chelation 
ring is still rapid at  the temperature of the limiting spec- 

(10) Felkin, H.; Knowles, P. J.; Meunier, B. J. Organomet. Chem. 1978, 

(11) Bruce, M. I.; Wallis, R. C. A u t .  J.  Chem. 1979, 32, 1471. 
(12) Abbott, S.; Davies, S. G.; Warner, P. J. Organomet. Chem. 1983, 

246, C65. 
(13) Correct elemental analyses have been obtained for all of the re- 

ported complexes, e.g., 2b and 3b. Calcd for CSH,F$eP3 (2b): C, 59.04; 
H, 5.09. Found: C, 58.52; H, 5.02. Calcd for CwH,F$eP3 (3b): C, 59.69; 
H, 5.01. Found C, 58.67; H, 5.11. 

(14) (a) Adams, R. D.; Davidson, A.; Selegue, J. P. J. Am. Chem. SOC. 
1979,101,7232. (b) Boland-Lussier, B. E.; Churchill, M. R.; Hughes, R. 
P.; Reingold, A. L. Organometallics 1982, 1, 628. 

(15) Bruce, M. I.; Wong, F. S.; Skelton, B. W.; White, A. H. J. Chem. 
SOC., Dalton Tram. 1982, 2203. 

(16) KostiE, N. M.; Fenske, R. F. Organometallics 1982, 1, 974. 

146, 151. 
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trum, an AB quartet for the two phosphorus atoms can 
only arise from the geometry reported in Figure 1 (some 
distortion from that idealized geometry appears possible). 
For this geometry the two phosphorus atoms are diaste- 
reotopic17 and the two rotamers are enantiomers. In the 
alternative geometry the two phosphorus atoms would be 
enanti~topic'~ and the two rotamers would be diastereo- 
mers (a two-line spectrum is in principle expected). This 
latter geometry was proposed for the carbene complex 
[(rl-C5H5)Fe(diphos)(=CH2) 1' and accords with the ge- 
ometry of the alkylidenecarbene complexes on the basis 
of the fact that in metallocumulenes complexes neigh- 
boring homologues have orthogonal carbon 7~ termini.3 

I t  is to remark that the line at  298 K does not exactly 
coincide with the baricenter of the AB quartet observed 
at  low temperature (Table I). This may be attributed to 
a simple temperature-dependent solvent effect, to a shift 
of the equilibrium betwen X and 6 diastereomeric confor- 
mations of the chelation ring, and/or even to some con- 
formational adjustment of the benzylidenecarbene ligand. 
If that implies (as it appears possible) a variation of the 
chemical shift difference of the phosphorus resonances, the 
line shape analysis (AH* = 10.2 f 0.2 kcal/mol, AS* = 2.7 
f 0.9 eu) gives only a rough extimate of the energetics of 
the process. The energy barrier for rotation estimated 
from the coalescence tempera t~re '~  is -9.4 kcal/mol. 

A similar investigation on the corresponding (23,s)- 
chiraphos containing complexes 2 (Figure 1 and Table I) 
reveals the same type of nonrigid behavior. For these 
complexes no significant population for the conformer 
having the X conformation of the five-membered chelate 
ring is expected.6 For complex 2a the pair of doublets 
present in the spectrum at  room temperature gives rise to 
two pair, of doublets of relative intensities 86:14 at  168 K. 
Coalescence of PA (Table I) takes place at a temperature 
(-220 K) higher than that of P B  (-205 K), as expected,20 
allowing us to evaluate an energy barrier for rotation of 
-9.7 kcal/mol for the prevailing rotamer, the difference 
in free energy of formation for the two diastereomeric 
rotamers being -0.55 kcal/mol. Diastereomeric equilib- 
rium is -5545 for complex 2b at 153 K the energy barrier 

Communications 

(17) Eliel, E. E. Top. Cum. Chem. 1982, 105, 1. 
(18) Brookhart. M.: Tucker. J. R.: Flood. T. C.: Jensen. J. J.  Am. 

Chem. SOC. 1980, >02,'1203. ' 

(19) Kost, D.; Carlson, E. H.; Raban, M. J. Chem. SOC. D 1971,656. 
(20) Faller, J. W. Adu. Organomet. Chem. 1977, 16, 211. 

for rotation seems somewhat lower than that of 2a. The 
signal corresponding to P B  (Table I) decoalesces a t  - 180 
K and splits into two doublets, which are still not com- 
pletely resolved at  153 K. At this temperature the signal 
of PA, which has considerably shifted downfield, has 
broadened but still not split. 

For the complexes 3, which contain the trans-cypenphos 
ligand, only one set of signals is evident in the low-tem- 
perature spectra (Table I). This may be attributed to a 
larger prevalence of one conformation of the alkylidene- 
carbene ligand or to a substantially smaller rotational 
barrier than in complexes 1 and 2; the latter explanation 
appears much less probable. In fact for these three com- 
plexes by lowering the temperature the downfield signal 
due to the phosphorus atom labeled PA in Table I retains 
more or less its chemical shift. By contrast, the signal 
corresponding to the other phosphorus atom (PB) (which 
is broader than that of PA at  higher temperature) shifts 
downfield. For the complexes 3a and 3b this shift causes 
the upfield signal to become downfield at  low temperature; 
the phosphorus atoms appear isocronous at  233 K for 3a 
and at 210 K for 3b. The signals retain always the coupling 
with each other. A comparison with the behavior of com- 
plexes 2 suggests that this shift is caused by the decreasing 
of the concentration below the detection limits of the less 
stable rotamer as a consequence of the decreasing tem- 
perature. 

Studies are in progress on similar ruthenium complexes 
also containing analogous C1 chiral diphosphine ligands;21 
they reveal the optical stability a t  the metal atom and 
should eventually cast more light on the influence of the 
chirality a t  the metal (in addition to that of the chiral 
ligand) on the reported phenomena of asymmetric dis- 
crimination. Such chirality a t  the metal can indeed play 
a very important role on asymmetric transformations in- 
volving prochiral organic ligands bound to chiral transi- 
tion-metal complexes.22 

Acknowledgment. G. C. wishes to thank the 
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(21) Morandini, F.; Consiglio, G.; Straub, B.; Ciani, G.; Sironi, A. J.  
Chem. SOC., Dalton Trans. 1983,2293. 

(22) Brookhart, M.; T m e r s ,  D.; Tucker, J. R.; Williams, G. D.; Husk, 
G. R.; Brunner, H.; Hammer, B. J. Am. Chem. SOC. 1983, 105, 6721. 
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