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chart I 

the basis of steric requirements due to the larger coordi- 
nation number and of the different oxidation number of 
the metal. 

Conclusions 
The triethylphosphine-carbon disulfide adduct EbP.CS2 

is a very versatile ligand. Indeed this zwitterion can act 
as a monodentate or bidentate u donor by means of its 
electron-rich sulfur atoms, but it can be also 7r bonded to 
a metal through the conjugated CS2 pseudoallylic system, 
as a four-electron donor (Chart I). 

The formation of the complexes 1-5, in which the 
zwitterion acts as a monodentate ligand, by displacement 
of the weakly coordinated THF ligand from carbonyl de- 
rivatives, is not unexpected. In fact Z has undoubtely 
nucleophilic character, undergoing alkylation with a variety 
of electrophiles such as CH31 to give the phosphonium salt 

Concerning the formation of the unexpected complex 
6, on the basis of the reactivity pattern summarized in 
Scheme I, it is possible to propose a reaction mechanism 
involving the initial formation of the mononuclear com- 
pound 2. The CS? group of the coordinated zwitterion in 
2 can, in fact, displace two CO groups from another 
[Mo(CO),(S,CPEQ] molecule by the four-electron donor 

[Et3PCSSCHJI. 

pseudoallylic CS2 group. The successive displacement of 
another CO molecule by triethylphosphine suggests a re- 
markable back-donation in the metal-pseudoallylic group 
linkage. 

As it is shown in the Experimental Section, at  least in 
two cases the triethylphosphine ligand in compound 6 
comes from the cleavage of the P-CS2 bond in a zwitterion 
molecule. Such a cleavage is not completely unexpected 
in reactions carried out a t  high temperature: it has been 
previously observed in the reaction of Z with Co(I1) 
aquocations and the triphospine l,l,l-tris((dipheny1- 
phosphino)methyl)ethane,26 but it is rather surprising in 
the reaction of Z with [Mo(CO),(C,H,)] which is carried 
out under mild conditions. On the other hand the reaction 
of tertiary phosphines and carbon disulfide is somewhat 
reversible, expecially when higher trialkylphosphines are 
employed.27 
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The title compound ( T - C ~ H ~ ) R ~ ( C O ) ~ H ~  (2), a thermally stable colorless crystalline solid melting at 36-37 
"C, was prepared in 49% yield by UV irradiation of (v-C,H,)Re(CO), with EtzSiH2 and treatment of the 
intermediate hydridosilylrhenium compound with silica gel in CHCl3 Ethanolic KOH deprotonates 2 forming 
[ (T~C,H,)R~(CO),]~- which was isolated as its tetraethylammonium salt. Derivatives prepared from 2 or 
its dianion are ( T - C ~ H $ R ~ ( C O ) ~ ( S ~ C ~ ~ ) H  (4), ( T - C ~ H ~ ) R ~ ( C O ) ~ ( S ~ M ~ ~ ) ~  (5), (s-C5H5)Re(CO)zMez (71, and 
(~-C~H~)Re(C0)~(1-2q -C7H8) (6). IR intensities of carbonyl stretching bands indicate trans stereochemistry 
for 2,4,5, and 7. An unusual reaction of the dianion with acetyl chloride forms ( ~ p C ~ H ~ ) R e ( C O ) ~ ( ~ ~ - v i n y l  
acetate) (8). 

Introduction 
The interest and importance of molecular hydrides of 

transition metals is attested by several major reviews of 
the subject over the past 25 years.' Much current work 
involves hydrido cluster complexes,le but numerous gaps 
remain in our knowledge of mononuclear hydrides, espe- 
cially mononuclear polyhydrides. Thus, a number of or- 
ganometallic hydrides which could reasonably be expected 

(1) (a) Green, M. L. H.; Jones, D. J. Adu. Inorg. Chem. Radiochem. 
1966, 7,115. (b) Ginsberg, A. P. Transition Met .  Chem. (N.Y.) 1966, I, 
112. (c) Muetterties, E. L., Ed. *Transition Metal Hydrides"; Marcel 
Dekker: New York, 1971. (d) Kaesz, H. D.; Saillant, R. B. Chem. Reu. 
1972, 72, 231. (e) Humphries, A. P.; Kaesz, H. D. B o g .  Inorg. Chem. 
1979, 25, 145. 

0276-7333/82/2301-0783$01.25/0 

to exist on the basis of 18-electron formalism have not been 
prepared. 

The dihydrides 1 and 3 are well-known, and many as- 
pects of their chemistry have been exp1ored.l We now 
report the synthesis and some reactions of the novel di- 
hydride 2, which constitutes the middle member of an 

1 2 3 

isoelectronic series formed by successive replacement 7- 
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C5H5 groupsza with pairs of carbonyls as the electronic 
requirement of the metal decreases. Another interesting 
aspect of 2 is that it is a member of the relatively small 
group of mononuclear polyhydrides known at present that 
do not contain phosphorus ligands. 

Results and Discussion 
Synthesis of ( Q - C ~ H ~ ) R ~ ( C O ) ~ H ~  (2). The new hy- 

dride was first observed in trace amounts during product 
workup from photochemical reactions of silanes with (tp 
C5H5)Re(C0)3.2b We have now established that 2 may be 
prepared in reasonable (49%) yield by the sequence of eq 
1 and that a hydridosilylrhenium intermediate is involved. 

Hoyano and Graham 

( rl -C, H )Ret CO), H ( 2 ) 
Table I. Spectroscopic Properties of 

infrareda v(CO), cm-' 2022 (m) 1954 (s) 
Ramanb v(Re-H), cm-' 1996 1969 

v(Re-D),C cm" 1411 1398 

'3C) 6 82.65e 194.09 
NMRd 'H, 6 5.28 (s, 5 H) -9.26 (s, 2 H) 

a In n-heptane. Solid state, see Figure 1. For 
(q-C,H,)Re(CO),D,. C,D, solution. e C,H, carbons. 

silicic acid 
(tl-C5H5)Re(CO)z(SiEtzH)H 

(tl-C5H5)Re(C0)2Hz (1) 
2 

Pure 2 was separated from unreacted starting materials 
by careful chromatography on silicic acid using heptane. 
Because of convenience and availability, the silane gen- 
e r d y  used in the synthesis was E@iHz; some other silanes 
such as Me#iHz and PhCH@H3 resulted in similar yields. 
However, use of the same procedure with Ph,SiH, EkSiH, 
Me,SiH, or Ph#iH2 led to much lower yields of 2; the main 
product isolated was the hydridosilylrhenium compound, 
e.g., (T~C~H~)R~(CO),(S~P~~)H.~~ The crucial factor here 
appears to be the susceptibility of the rhenium-silicon 
bond to cleavage by the silicic acid-chloroform medium, 
and this is influenced by the substituents. 

Silicic acid conversion of a rhenium-silicon to a rheni- 
um-hydrogen bond was presumably involved in the syn- 
thesis of H2Re2(C0)8 from Ph2SiH2Re2(C0)8.3 A likely 
route for the conversion would involve the -OH groups of 
silicic acid, as suggested in eq 2; this process resembles the 
known reaction of Me3SiMn(CO)5 with water or methanol: 
Re-SiR3 + HO-Si= - Re-H + R3Si-O-Si= (2) 

We have also obtained the dihydride 2 by reduction of 
( T ~ C ~ H , ) R ~ ( C O ) ~ B ~ ~ ~  with either NaBH4 or (i-C4Hg)2AlH, 
but yields are in the 10-15% range at  best. These re- 
ductions are not straightforward, and there is considerable 
decomposition during the reaction. 

Properties of ( Q - C ~ H ~ ) R ~ ( C O ) ~ H ~  (2). When very 
pure, 2 is a colorless crystalline solid (mp 3637 "C) which 
can be handled for several hours in air, either in the solid 
state or in solution, without noticeable decomposition. I t  
sublimes readily (room temperature (0.005mmHg)) and has 
high solubility in common organic solvents, including pa- 
raffm hydrocarbons. Compound 2 is thermally very stable, 
and no reaction or decomposition occurred when it was 
refluxed in various hydrocarbon solvents with boiling 
points up to 140 "C. In this respect it differs from the 
isoelectronic HZOs(C0)4 (3) which forms polynuclear 
carbonyl hydrides with loss of H2 and CO under those 
 condition^.^^^ 

(2) (a) We use the prefix 9 without superscript to imply that all the 
atoms in a ring or chain, or all the multiply bonded ligand atoms, are 
bound to the central atom. This is in accordance with recommendations 
of the International Union of Pure and Applied Chemistry: Pure Appl. 
Chem.. 1971,28,1. (b) Dona, D. F.; Hoyano, J. K.; Graham, W. A. G. Can. 
J .  Chem., 1981,59, 1455. 

(3) Bennett, M. J.: Graham, W. A. G.: Hovano, J. K.: Hutcheon, W. 
L. J. Am. Chem. SOC. 1972, sk, 6232. 

5, 601. 

K. N. Izu. Akad. Nauk SSSR, Ser. Khim. 1969,1826. 

(4) Berry, A. D.; MacDiarmid, A. G. Znorg. Nucl. Chem. Lett .  1969, 

(5) Nesmeyanov, A. N.; Kolobova, N. E.; Makarov, Yu. V.; Anisimov, 

.a- I---- 
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cm-1 
Figure 1. Raman spectra of solid-state samples of (q-C5H5)Re- 
(C0)2H2 (2) and ita deuterated form. 

IR and NMR spectroscopic data for 2 are summarized 
in Table I. The lower frequency (asymmetric) carbonyl 
stretching vibration in the infrared spectrum is more in- 
tense than the higher frequency band, indicative of the 
trans geometry shown in 2.2bf' No infrared bands due to 
v(Re-H) are observable in the infrared even at  higher 
concentration, but two v(Re-H) bands appear in the Ra- 
man spectrum, appropriately shifted in the dideuteride 
( V - C ~ H ~ ) R ~ ( C O ) ~ D ~  (see Figure 1). The two Re-H 
stretching bands are clearly the symmetric and asymmetric 
combinations and occur in the region expected for terminal 
hydrides.ld 

The 'H NMR spectrum (Table I) shows the R e H  signal 
a t  6 -9.86. The mass spectrum of 2 shows the molecular 
ion, and competitive loss of CO and H as would be ex- 
pected for terminally bonded  hydride^.^ There is a 
tendency for hydrogens to be lost in pairs; for example, 
the intensity ratio for the ions C5H5Re(C0)z+, C5H5Re- 
(C0)2H+, and C5H5Re(C0)zHz+ is 12:1:7, as determined 
by a fitting program similar to one described.1° 

Reactions of (tpC5H5)Re(CO)zHz (2). The dihydride 
undergoes several reactions with electrophiles as summa- 
rized in eq 3. The reaction of 2 with SnCl, is similar to 

~ ~ u ~ s - ( ? - C ~ H ~ ) R ~ ( C O ) ~ ( S ~ C I ~ ) H  (Sa) SnC14 

4 

tranS-(?-C,Hs)Re(CO)2(SnMe3;! (3b)  

(?-CsHs)Re(C0)2(1,2 -@+id (3c)  

We have recently prepared 

5 

6 

that of HzOs(C0)4.6J1 

(6) Moes, J. R.; Graham, W. A. G. J. Chem. SOC., Dalton Trans. 1977, 
89. Moas, J. R.; Graham, W. A. G. J.  Organomet. Chem. 1970,23, C47. 

(7) Evans, J.; Norton, J. R. J.  Am. Chem. SOC. 1974, 96, 7577. 
(8) King, R. B.; Reimann, R. H.; Darensbourg, D. J. J .  Organomet. 

Chem. 1975, 93, C23. 
(9) Smith, J. M.; Mehner, K.; Kaesz, H. D. J.  Am. Chem. SOC. 1967, 

89, 1759. 
(10) Knox, S. A. R.; Koepke, J. W.; Andrews, M. A.; Kaesz, H. D. J. 

Am. Chem. SOC. 1975,97, 3942. 



Synthesis of (7-C&15)Re(CO)&z Organometallics, Vol. 1, No. 6, 1982 785 

Table 11. Infrared Carbonyl Stretching Frequencies 
compd u( CO), cm" 

1969 (s),'1902 (s ) '  
1849 (s), 1775 (s )  
2009 (m), 1940 (s) 
1986 (s), 1915 (s )  

[Et,Nl*[(rl-CSH,)Re(CO)2 I "  
(rl-CsH,)Re(CO)zMe, (7 )  
( rl -C, H, )Re( CO) A C&O, 1 ( 8 )  

a In heptane solution unless otherwise indicated; w = 
weak, m = medium, s = strong. 
solution. Tetrahydrofuran solution. Acetate car- 
bonyl band at 1748 (m) cm-'. 

trans-(~pC~H,)Re(CO)~(SnCl~)H (4) by an alternative route 
involving protonation of the [(a-C5H5)Re(C0)2SnC13]- 
anion.,b 

In the reaction with Me3SnC1 (eq 3b) a base was re- 
quired to carry the reaction to completion. Although we 
were unable to isolate the presumed intermediate (7- 
C5H5)Re(CO),(SnMe3)H, it was detected spectroscopically 
during the course of the reaction. When the reaction of 
2 with 1 mol of Me3SnCl was monitored by IR, new 
product bands first appeared at 1988 (m) and 1925 (8)  cm-l, 
which we attribute to the monohydride intermediate. 
These bands soon disappeared with the development of 
bands due to 5 and 2. This suggests that a facile dispro- 
portionation (eq 4) occurs. 

(4) 
The reaction of 2 with tropylium (C7H7+) cation was of 

interest in view of the behavior of monohydrides toward 
this strong electrophile and hydride abstractor.12J3 Re- 
action of 2 and [C,H7][BF4] either did not occur or was 
very slow but proceeded more rapidly when triethylamine 
was added (eq 3c) forming 6, a 1,2-q2 complex of 1,3,5- 
cycloheptatriene. Convincing evidence for this coordina- 
tion mode of cycloheptatriene is provided by the seven 
different 13C NMR signals for this ring; the two observed 
'TO signals confirm the unsymmetrical coordination. The 
only other well-defined neutral v2-C7Hs complex is (7- 
C,H,)Mn(CO),( 1-2-s2-C7Hs), formed by reaction of C7H8 
with photochemically generated (7-C5H5)Mn(C0),THF.14 
We have also prepared 6 photochemically. The detailed 
course of the reaction of eq 3c is not known, but we con- 
sider that likely intermediates are [ (s-C,H,)Re(CO),- 
(H)(l-2-$-C7Ha)]+, formed by hydride abstraction and 
coordination of the resulting C7H8,12 or the tautomeric 
[(~-C5H5)Re(Co)~(a3-C7H~)lf. 

[ ( s - C ~ H ~ ) R ~ ( C O ) ~ ] ~ -  and Its Reactions. While tri- 
ethylamine displaced the equilibrium of eq 3b, it was in- 
effective even in excess when similar reactions of 2 with 
alkyl halides were attempted. Spectroscopic studies 
showed that 2 was not sufficiently acidic to be deproton- 
ated by Et3N to an observable extent. We therefore set 
out to deprotonate 2 with stronger bases in the hope that 
the resulting anion would be useful synthetically. 

After a number of attempts using various bases and 
solvents, ethanolic KOH was found to deprotonate 2 
conveniently forming a dianion, which could be obtained 
as an analytically pure yellow solid with large counterions 
such as Et4N+ or (Ph3P),N+ (eq 5) .  Elemental analysis 

Dichloromethane 

(a-C5H5)Re(C0),(SnMe3)H - 2 + 5 

(11) Moss, J. R.; Graham, W. A. G. J. Organomet. Chem. 1969, 18, 

(12) Sweet, J. R.; Graham, W. A. G. J. Organomet. Chem. 1981,217, 

(13) Hoyano, J. K.; May, C. J.; Graham, W. A. G. Znorg. Chem.,  in 

(14) Benson, I. B.; Knox, S. A. R.; Stansfield, R. F. D.; Woodward, P. 

P24. 

c37. 

press. 

J. Chem. Soc., Dalton Trans. 1981, 51. 

[Et4NI2[(a-C5H5)Re(c0),1 ( 5 )  
is consistent with formulation as a dianion, as is the IR 
spectrum; carbonyl stretching bands (Table 11) occur at 
1849 and 1775 cm-l, some 160 cm-' lower than in 2. Re- 
actions so far investigated also support the dianion for- 
mulation and are shown in eq 6. 

M e I / T H F  
truns - (7 -CsHs)Re (C0)zMez 

7 (6a) 

5 (6b) 

( ~ - C S H ~ ) R ~ ( C O ) Z ( C ~ H ~ ~ Z )  (6c) 

The dimethylrhenium derivative 7 from eq 6a forms 
stable, pale yellow crystals. Nesmeyanov et al.15 have 
previously prepared 7 from (q-C5H5)Re(CO)2Br, and 
CH3MgI. The bis(trimethy1tin) derivative 5 is identical 
with the compound obtained in eq 3b. 

Compound 8, formed from acetyl chloride in eq 6c, is 
formulated as an T2-vinyl acetate complex. A reasonable 
reaction sequence leading to 8 is shown in eq 7 ,  where Re 

Me3SnCI/THF 
trans - (7 - Cs H 5 )  Re(C O)z(SnMea)~ 

CH3COCI/THF E 8 

[ (7-C5H5) Re(CO)e12- 

(0 (11) ,OC(O)CH3 
Re2- - Re=C:O- __t Re=C 

\ 
CH3 

CH3 Y ( 7 )  
H, ,OC(O)CH, 

C 

CHz 
Re-lI 

represents the (q-C,H,)Re(CO), moiety. Initial formation 
of an acylate anion would be followed by attack of a second 
mole of acetyl chloride on the acylate oxygen to form the 
acetoxycarbene complex. The latter, upon shift of hy- 
drogen to the carbene carbon and coordination of the 
double bond produced, would yield 8. There is precedent 
for step ii,16 and a process that may be similar to step iii 
has been studied. Thus, Fischer et al.17 observed that 
tertiary nitrogen bases reacted with (OC),Cr=C(OCH3)- 
CR2H forming (OC),CrNR3 and the vinyl ether CH30- 
(H)C=CR2. Although it was suggested that the carbene 
fragment underwent the hydrogen shift after displace- 
ment,17 the possibility of a shift on the complexed ligand 
with subsequent displacement of the olefin cannot be ex- 
cluded. In the reaction leading to 8, just what basic species 
(if any) is involved is unclear; if it is tetrahydrofuran (the 
solvent), a product having coordinated olefin would be 
expected regardless of the details of the shift. 

Carbonyl stretching frequencies for the derivatives of 
2 are summarized in Table 11. In all species where cis and 
trans isomers are possible, the trans isomer only is present 
in the solutions on the basis of relative band intensities. 

Both [NO][PF6] and [C7H7][BF4] react very rapidly with 
the [(q-C5H5)Re(CO),l2- anion in THF at  room tempera- 
ture to produce the dihydride 2 in good yield. We presume 
that these reactions proceed by oxidation of the anion 
forming metal-centered radicals which then abstract hy- 
drogen atoms from the solvent. This would imply a Re-H 
bond strength greater than that of the a-C-H bond in 
THF, which is given as 92 kcal mol-'.ls f. 

(15) Nesmeyanov, A. N.; Kolobova, N. E.; Makarov, Yu. V.; Anisimov, 

(16) Sawa, Y.; Ryang, M.; Tsutsumi, S. J. Org. Chem. 1970,35,4183. 
(17) Fischer, E. 0.; Maasbol, A. J. Organomet. Chem. 1968,12, P15. 

(18) Golden, D. M.; Benson, S.  W. Chem. Reu. 1969, 69, 125. 

K. N. Zh. Obshch. Khim. 1974,44, 2222. 

Fischer, E. 0.; Plebst, D. Chem. Ber. 1974, 107, 3326. 
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Conclusions 
T h e  number of known dicarbonyl(pcyclopentadieny1)- 

rhenium(II1) derivatives is not large. These consist of 
(q-C5H5)Re(CO)2Br2,1g (q-C5H5)Re(C0),(X)Me ( X  = Br, 
I),20+21 ( V - C ~ H ~ ) R ~ ( C O ) ~ ( X ) H , ~ ~  ( V - C , H , ) R ~ ( C O ) ~ M ~ ~ , ~ ~  
(~-C5H5)Re(C0)2(I)HgC1,20 (.rl-C5H5)Re(CO)2(Br)HgBr,20 
(T-C~H,)R~(CO)~(CH~P~)H,~~ and ten  derivatives of the 
formula ( T ~ C ~ H , ) R ~ ( C O ) ~ ( E R J R ' ,  where ER, is a silyl, 
germyl, or t in  ligand and R' is H, Me, or SnMe,.2b 

W e  have now prepared the dihydride 2, the simplest 
member of this class, as a stable and readily accessible 
compound that provides a valuable synthetic start ing 
point. As noted above, 2 is closely related through t h e  
18-electron rule to H20s(CO), (3), and in the same way 
[(q-C,H5)Re(CO),l2- is an analogue of t h e  useful anion 
[0s(CO),l2-. We are  currently attempting t o  extend this 
method t o  the synthesis of other new mononuclear poly- 
hydrides. It is of interest that two phosphine derivatives 
of 2, (r,-C5H5)Re(PRJ2H2, have recently been prepared by 
a qui te  different route start ing with H7Re(PR3)2.23 

Experimental Section 
All reactions were carried out under an atmosphere of nitrogen 

mainly by the use of Schlenk-type apparatus. Solvents were dried 
by standard procedures (if necessary) and deaerated just prior 
to use. The reagents used were commercial reagent gradient 
quality or were prepared according to published procedures. The 
(v-C,H,)R~(CO)~ was prepared in nearly quantitative yield from 
CjH5T1 and BrRe(C0),.lgn 

Melting points were taken in capillaries and are uncorrected. 
Infrared spectra were recorded on a Perkin-Elmer 337 grating 
spectrometer and in expanded form on a Hewlett-Packard 7127A 
recorder; spectra were calibrated with gaseous carbon monoxide. 
'H NMR measurements were made on Varian HA-100, Varian 
HA-lOO/Digilab F T  system, and Bruker WH-200 instruments. 
The proton-decoupled 13C NMR measurements were obtained 
on the Bruker HFX-90/Nicolet 1085 system in the FT mode. 
Mass spectra were obtained on an AEI-MS-12 instrument op- 
erating at 15-70-eV ionizing voltage. Microanalyses were carried 
out by the microanalytical laboratory of this department. 

Preparation of (q-C5H5)Re(C0)2H2 (2). A solution of (7- 
C5Hj)Re(C0)3 (2.00 g, 5.97 mmol) and EhSiH, (5.0 g, 57 mmol) 
in 250 mL of cyclohexane was irradiated by using a 450-W UV 
source through a water-cooled quartz jacket for 10 h. IR indicated 
approximately a 1:l mixture of (v-C,H,)Re(CO), and (?-CjH5)- 
Re(CO)2(SiEhH)H.24 After removal of the solvent under vacuum, 
the residual oil was stirred for 3 h with 10 g of silicic acid and 
50 mL of chloroform. This mixture was filtered, and an additional 
50 mL of chloroform was used to ensure all product was removed 
from the silicic acid; IR of the combined filtrates indicated that 
(?-C5H5)Re(CO), and 2 were the only carbonyl compounds present. 
The chloroform was evaporated, leaving a reddish oil, which was 
then carefully chromatographed on a 50-g silicic acid column made 
up and eluted with heptane. The fractions were monitored by 
IR in the carbonyl stretching region and showed a separation of 
the two compounds with 2 eluted first. The fractions containing 
product were evaporated, and the residue was sublimed at  30 "C 
(0.005 mm) to afford colorless crystals of (tpC5H5)Re(C0)2H2 (0.90 
g, 49%), mp 36-37 "C. 

Hoyano and Graham 

Anal. Calcd for C7H702Re: C, 27.18; H, 2.28. Found C, 26.95; 
H, 2.19. 

Preparation of (q-C5H5)Re(C0)2D2. To a sample of (7- 
CjHj)Re(C0)2H2 (100 mg) dissolved in 20 mL of heptane was 
added D20 (2 mL), florisil(O.20 g which had been pretreated with 
D20), and Et3N (0.50 mL). This reaction mixture was stirred 
vigorously for 24 h. The heptane layer was decanted and then 
evaporated under vacuum. The residue was sublimed at 30 "C 
to afford colorless crystals of the product (60 mg); the mass 
spectrum indicated that deuteration was more than 90% complete. 

Preparation of ( T & , H ~ ) R ~ ( C O ) ~ ( S ~ C ~ , ) H  (4). A solution 
of 2 (0.20 g, 0.65 "01) in heptane (25 mL) was treated with SnC1, 
(0.30 g, 1.15 mmol) and then stirred for 1 h. The resulting pale 
yellow solid precipitate was filtered, washed with heptane (2 X 
10 mL), and then dried under vacuum. This solid was crystallized 
from heptane-dichloromethane to yield pale yellow crystals of 
the product (0.18 g, 52%), mp 130 "C dec. 

Anal. Calcd for C7H6Cl3O2Sn: C, 15.76; H, 1.13. Found: C, 
15.88; H, 1.20. 

Preparation of (q-C5H5)Re(CO)2(SnMe3)2 (5). A solution 
of 2 (0.15 g, 0.50 mmol) and MeBSnCl (0.18 g, 0.90 mmol) in 
heptane (25 mL) was treated with 0.10 mL of Et3N. There was 
an immediate precipitate of Et3NHC1; the mixture was stirred 
for 2 h. The precipitate was filtered off, and then the heptane 
filtrate was evaporated under vacuum. The residue was sublimed 
at  30 "C for 5 h to remove any remaining 2, after which subli- 
mation at 70 "C (0.005 mm) afforded white crystals of the product 
(200 mg, 62%): mp 105-106 "C; 'H NMR (CDC13) 6 5.03 (s, 5 
H), 0.42 (s, 18 H, J('l7Sn-CH3) = 46.4 Hz, J(11gSn-CH3) = 48.6 
Hz); mass spectrum, molecular ion observed and peaks corre- 
sponding to competitive CO and CH3 loss. 

Anal. Calcd for C13H2,02ReSn2: C, 24.59; H, 3.65. Found: C, 
24.95; H, 3.78. 

Preparation of (q-C5H5)Re(C0)2C7HB (6). A solution of 2 
(0.155 g, 0.50 mmol) in tetrahydrofuran (20 mL) was treated with 
C7H7BF4 (0.15 g, 0.84 "01) and EGN (0.25 mL), and the resulting 
mixture was stirred for 30 h. The solvent and volatiles were 
removed under vacuum, and the remainder was dissolved in 
heptane (25 mL) and filtered through a short florisil column. The 
column was first washed with 50 mL of heptane, followed by 75 
mL of dichloromethane; the latter fraction contained the product. 
After the dichloromethane was removed under vacuum, the white 
solid residue was recrystallized from heptane to yield white crystals 
of the product (120 mg, 60%): 'H NMR (CDCl,) b 6.77 (q ,1  H), 
6.0 (m, 3 H), 5.26 (s, 5 H, CjH5), 3.83 (9, 1 H), 3.18 (m, 2 H), 2.08 
(m, 1 H); 13C NMR (CDCl,) 6 203.9 (carbonyl), 202.4 (carbonyl), 
138.0, 134.2, 128.2, 125.3, 85.9 (CsHj), 78.4, 77.0, 76.5; mass 
spectrum, parent ion and loss of two carbonyls observed; C7H7+ 
is the most intense ion. 

Anal. Calcd for C1,Hl3O2Re: C, 42.10; H, 3.28. Found: C, 42.51; 
H, 3.41. 

Deprotonation of (q-CsH5)Re(C0)2Hp A sample of 2 (0.31 
g, 1.00 mmol) was added to 10 mL of a 0.4 M KOH solution in 
ethanol. The resulting mixture was stirred for 4 h to produce an 
orange solution. Then a solution of Et,NBr (0.45 g, 2.14 mmol) 
in 5 mL of ethanol was added, and stirring produced a small 
amount of a yellow precipitate. This mixture was concentrated 
(vacuum) to about half volume, resulting in more of the precip- 
itate. The yellow solid was filtered off, washed with cold ethanol 
(2 X 3 mL), and dried to yield the crude anion (0.30 g, 53%). 
Analytical samples were obtained by recrystallization from tet- 
rahydrofuran, in which it was slightly soluble. Similar results were 
obtained by using (Ph3P)2NCl instead of Et4NBr. 

Anal. Calcd for C23H45N202Re: C, 48.65; H, 7.99; N, 4.93. 
Found: C, 49.10; H, 8.20; N, 5.10. 

Preparation of (q-CsHs)Re(CO)2(CH3), (7). The tetra- 
ethylammonium salt of the anion prepared above (0.20 g, 0.35 
mmol) was stirred with 0.15 mL of methyl iodide in 20 mL of 
tetrahydrofuran for 1 h. The solvent was removed under vacuum 
and the residue extracted with 30 mL of benzene. Evaporation 
of the benzene gave a yellow solid, which was sublimed at  45 "C 
(0.005 mm) to afford pale yellow solid product (65 mg, 55%): mp 
150-155 "C ;  'H NMR (CDC1,) 6 5.05 (s, 5 H, cyclopentadienyl 
protons), 0.77 (s, 6 H, methyl protons); mass spectrum, molecular 
ion and loss of two carbonyls observed along with competitive 
loss of methyl groups. 

(19) (a) King, R. B.; Reimann, R. H. Inorg. Chem. 1976,15, 179. (b) 
Nesmeyanov, A. N.; Kolobova, N. E.; Makarov, Y. V.; Anisimov, K. N. 
Izu. Akad. Nauk SSSR, Ser. Khim. 1969, 1687. 

(20) Nesmeyanov, A. N.; Kolobova, N. E.; Makarov, Y. V.; Anisimov, 
K. N. Z. Obshch. Khim. 1974,44, 2179. 

(21) Aleksandrov, G. G.; Struchkov, Y. T.; Makarov, Y. V. Zh. Strukt. 
Khim. 1973, 14, 98. 

(22) Fischer, E. 0.; Frank, A. Chem. Ber. 1978, 111, 3740. 
(23) Baudry, D.; Ephritikhine, M. J. Chem. Soc., Chem. Commun. 

1980, 249. Baudry, D.; Ephritikhine, M.; Felkin, H. Ibid. 1980, 1243. 
(24) Continued irradiation beyond this point led to some decomposi- 

tion and complications during product recovery. An approximately 50% 
conversion of (q-C5HS)Re(C0)3 may be near the optimum, since uncon- 
sumed starting material is so easily recovered. 



Organometallics 1982,1, 787-793 787 

Anal. Calcd for C&1102Re: C, 32.04; H, 3.29. Found C, 32.32; 
H, 3.31. 

Preparation of (q-C5H5)Re(C0)z(C4H602) (8). The tetra- 
ethylammonium salt of the anion prepared above (0.15 g, 0.26 
mmol) was stirred with acetyl chloride (50 mg, 0.64 mmol) in 10 
mL of tetrahydrofuran for 10 h. Solvent was removed (vacuum), 
and the residue was extracted with heptane (30 mL); IR spectrum 
showed product plus some (?-C6H5)Re(CO), and 2. This heptane 
extract was placed on a 50-g florisil column. Elution with 100 
mL of a 1:l mixture of dichloromethane and heptane removed 
the two carbonyl impurities, and then 75 mL of pure dichloro- 
methane eluted the product. Evaporation of the solvent and 
sublimation of the residue under vacuum resulted in a pale yellow 
solid product (50 mg, 50%): mp 38-41 "C; 'H NMR (CDCl,) 6 

6.49 (dd, 1 H), 5.30 (9, 5 H, cyclopentadienyl), 2.28 (dd, 1 H), 2.13 
(dd, 1 H), 2.03 (s, 3 H); mass spectrum, M+, (M - CO)+, (M - 
2CO)+, (C4H602)+. 

Anal. Calcd for C11H1104Re: C, 33.59; H, 2.80. Found C, 33.70; 
H, 2.95. 
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Under a CO atmosphere Mn(CO),(CH3) reacts with diborane to produce alkanes and olefins up to C4. 
The yield drops greatly from Cz through C4 products, suggesting a chain growth mechanism. Addition 
of BF3 to the reaction mixture alters the product distribution by increasing the yield of the longer chain 
and more saturated hydrocarbons. The reaction of ( T ~ - C ~ H ~ ) F ~ ( C O ) ~ ( C H ~ )  with CO and diborane requires 
the presence of BF3 to produce Cz and higher products, and the function of BF3 is to promote CO migratory 
insertion. Isotopic labeling experiments confirm diborane as a source of hydrogen in the products and 
also demonstrate that carbon atoms in the hydrocarbon products are derived from CO. These general 
observations are consistent with a repetitive series of migratory insertion and reduction steps, but the presence 
of unsaturated hydrocarbons and oxygen-containing organics as well as the isotopic composition of the 
hydrocarbons indicate a complex set of intermediate steps. 

Introduction 

Since the initial report in 1939,' the reduction of organic 
carbonyl groups by boron and aluminum hydrides has 
received widespread application.2 The varying strengths 
and selectivities of these reagents allow considerable con- 
trol over the specific reaction. More recently these inor- 
ganic hydrides have found application as well in organo- 
metallic s y ~ t e m s . ~ ' ~  The course of the reactions differs 

(1) Schlesinger, H. I.; Burg, A. B.; Brown, H. C. J. Am. Chem. SOC. 

(2) Brown, H. C. "Organic Synthesis Via Boranes", Wiley-Interscience: 

(3) Brookhart, M.; Tucker, J. R. J. Am. Chem. SOC. 1981, 103, 979. 
(4) Davison, A.; Reger, D. L. J. Am. Chem. SOC. 1972, 94, 9238. 
(5) Green, M. L. H. J. Chen. SOC. A 1971, 497. 
(6) Collins, T.  S.; Roper, W. R. J. Organomet. Chem. 1978, 159, 73. 
(7) Green, M. L. H.; Nagy, P. L. I. J.  Organomet. Chem. 1963, I ,  58. 
(8) Tam, W.; Wong, W.; Gladysz, J. A. J. Am. Chem. SOC. 1979,101, 

(9) Sweet, J. R.; Graham, W. A. G. J.  Organomet. Chem. 1979,173, 

1939, 61, 673. 

New York, 1975. 

15. 

c9. 
(10) Casey, C. P.; Andrews, M. A.; McAlister, D. R.; Rinz, J. E. J. Am. 

(11) Bodnar, T.; Coman, G.; LaCroce, S.; Lambert, C.; Menard, K.; 

(12) Wong, A.; Atwood, J. D. J. Organomet. Chem. 1981, 210, 39. 

Chem. SOC. 1980, 102, 19. 

Cutler, A. J. Am. Chem. SOC. 1981, 103, 24. 

slightly in the organic and organometallic systems. In a 
typical organic procedure the initial reduction is followed 
by a hydrolysis step to produce an alcohol, while in the 
organometallic systems hydrolysis is not always required 
to produce a boron-free product. 

As seen in the following examples, the extent of reaction 
varies from transfer of a single hydride (eq 1) to more 
complex reactions involving several equivalents of hydride 
(eq 2). A borohydride reagent, BH,, BR3H-, or B(ORI3H-, 

(1) 

O ( m - l ~ +  - -  - 
LnM--COm+ 

8R3H , S H 4 ,  or B (OR)3H - LnM-C 
'H 

m = O , l  

BHi 
[ ( T ~ - C ~ H ~ ) ( N O ) ( C O ) ~ R ~ I +  - 

(.r15-C5H,)(NO)(CO)Re(CH3) (2) 

can attack and transfer a single hydride to the electrophilic 

(13) Thorn, D. L. J. Am. Chem. SOC. 1980, 102, 71. 
(14) van Doorn, J. A.; Master, C.; Volger, H. C. J. Organomet. Chem. 

(15) Masters, C.; van der Woude, C.; van Doorn, J. A. J. Am. Chem. 
1976, 105, 245. 

So. 1979, 101, 16. 
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