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Synthesis and Reactions of the [ (p-Ph,P)Fe,(CO),]- Anion 
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The adion of 2 molar equh of LB&H on (p-CH3C-O)(p-Ph$')Fe&O)s gives a r d v e  speciea which 
IR spectroscopic evidence suggests to be Li[(p-PhzP)Fe&O),]. Thie species reads with acid halides, 
RC(O)Cl, M%NC(S)Cl, M%P(S)Cl, and cldorophosphines; neutral produds of type (~-E)(JPP~~P)F~&O), 
(E = RC-O, MezNC=S, Me2-, R2p) were obtained in good yield. Reaction with CS2 and RNCS gave 
anionic produds, (p-&!=s)(p-Ph2P)Fez(CO)6 and b-mc-8)b-PW)Fe&O),. The [~-Ph2P)Fez(CO)6]- 
reagent is much more reactive than the known [b-CO)Gc-PhzP)Fez(CO),]-. The structure of (p- 
CH,)$=S)(p-PhS)Fe&O), (18b) has been determined by X-ray techniques. Compound 18b c r y s t a l l h  
in the orthorhombic space group P212121 with a = 12.494 (2) A, b = 17.076 (2) A, c = 8.7909 (9) A, V = 
1944.7 (7) A3, and 2 = 4. The two Fe(CO), groups in the complex are bridged by the benzenethiolate and 
the dimethylphosphino sulfide groups, the latter of which is S-bound to one metal and P-bound to the 
other. Within the SPMez ligand the P-S dkstauce of 2.030 (2) A lies intermediate between that of a single 
(2.18 A) and a double (1.95 A) bond. 

Introduction 
Recent investigations in these laboratories' have been 

devoted to a detailed study of the synthesis and reactivity 
of salts of anions of the type [b-CO)(cr-RS)Fez(CO)B]-. It 
was of interest to broaden this work to include salts of 
analogous phosphido-bridged anions, [ b-CO)b-&P)Fe2- 
(C0)J. The simple route which served so well in the 
preparation of thiolate analogs, the reaction of an alkali 
metal or an ammonium alkane- or arenethiolate with 
Fe3(C0)12,1. proved not to be transferable to the reaction 
of Ph2PLi with Fe3(C0)'* However, a more complicated 
route to salts of the [b-co)b-R2P)Fe2(CO),]- anions had 
been reported by Osterloh.2 This synthesis is shown in 
Scheme I. 

Salt 1 could be converted quantitatively to 2 by UV 
irradiation in THF solution. The structure of the anion 
in 2 was confi ied by an X-ray diffraction study of its 
tetraethylammonium ~ a l t . ~ ? ~  This anion reacted with 
trimethyl- and triethyloxonium tetrafluoroborates as an 
0-nucleophile, giving a bridging alkoxymethylidyne com- 
plex, 3. However, it did not react with alkyl iodides or 

9 

acyl bromides, even in refluxing THF? in marked contrast 

(1) (a) Seyferth, D.; Womack, G. B.; Archer, C. M.; Dewan, J. C. Or- 
ganometallics 1989,8,430. (b) Seyferth, D.; Womack, G. B.; Archer, C. 
M.; Fackler, J. P. Jr.; Marler, D. 0. Organometallics 1989,8, 443. 

(2) Oeterloh, W. T. Ph.D. Dieeertation, University of Texas at Austin, 
1982. 

(3) (a) One-electron Oxidation of the [h-CO)h-PRz)Fq+(CO),1- miom 
(R = Et, Ph, c-C6H11, t-Bu) with ferrocenium tetrathoroborate reaulta 
in the neutral radical ~ - ~ ) F e z ( C O ) ,  whose ESR and IR spectra were 
studied: Baker, R. T.; Calabrese, J. C.; Krueic, P. J.; Therien, M. J.; 
Trogler, W. C. J.  Am. Chem. SOC. 1988,110,8392. Krueic, P. J.; Baker, 
R. T.; Calabreee, J. C.; Morton, J. R.; Preston, K. F.; Le Page, Y. J. Am. 
Chem. Soc. 1989,111,1262. (b) Reina, R.; h e l l ,  0.; Seco, M. J. Or- 
ganomet. Chem. 1990,398,285. (c) Walther, B.; Hartung, H.; Bbttcher, 
HA!.; Baumeieter, U.; mhland, U.; Reinhold, J.; Sieler, J.; Ladriere, J.; 
Schiebl, H.-M. Polyhedron 1991,10,2423. (d) Walther, B.; Hartung, H.; 
Reinhold, J.; Jones, P. G.; Mealli, C.; Biittcher, H.-C.; Baumeieter, U.; 
Krug, A.; M6cke1, A. Organometallics 1992, 11, 1542. 

- 2 (11%) 

to the high reactivity of the [(r-CO)(r-RS)Fe2(CO),1- an- 
ions with acyl halides.'" 

Reaction of salt 2 with acyl bromides would have been 
expected to give p-acyl complexea 4. These were acceseible 
by other routes, the reaction of [Et4N] [ ( P - P ~ ~ P ) F ~ ~ ( C O ) ~ ]  

%GO ,PP$ 
I,\ I 

(WjF-Fe(CO& 
4 

with [%O] [BF4] (R = Me, Et) or of Na[b-Ph2P)Fe&CO)e] 
with alkyl iodides and CH30CH2C1.2~4 These reactions 
were not clean, giving other products as well, and the 
reactions with alkyl iodides were slow and the product 
yields were low (15-26%).2 We found that the (p- 
CH3O)b-&P)Fe2(CO), (R = Ph, Et) complexes could 
be prepared more conveniently and in somewhat better 
yields (-40%) by adding f i s t  1 molar equiv of iodo- 
methaue to a THF solution of [Et4N]2[Fe&O)e] and then 
1 equiv of diphenyl- or diethylchlorophosphine. A by- 
product in the case of diphenylchlorophosphine was the 
unbridged acetyl complex 5. The latter underwent de- 
carbonylation in refluxing THF to give (p-CH,C--O)b- 
Ph2P)Fe2(CO)B. 

During the course of our study of the reactivity of the 
[ (p-CO)(p-RS)Fe2(C0)6]- anions, we discovered an alter- 

(4) Note also the preparation of h-CH,C=o)h-PhzP)Fez(CO)s by 
reaction of [h-PhzP)Fe2(CO),]+ with LiCu(CN)CHB in EhO at -78 OC: 
Witter, D. J.; Breckenridge, 5. M.; Cherkas, A. A.; Randall, L. H.; Mae- 
Laughlin, S. A; Taylor, N. J.; Carty, A. J. Organometallics 1990,9,2636. 
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-+-hJ-+ 

(a) Green-black anion 
solution at -78 'C 

5 
nate, albeit less practical, route to the neutral products 
usually derived from reactions of this anion which used 
(p-CH3C4)(p-RS)Fe2(CO)6 as the starting material (eq 
1).la The anionic intermediate in this reaction was pre- 

sumed to be of the type 6, Le., one without a bridging CO 
ligand. A 2 molar equiv amount of the complex hydride 

R 
S [ (OC&FgFdCO&] - 
4 

was required in reaction 1 since the reaction of LiBEbH 
with the acetaldehyde released in its attack on the bridging 
acetyl complex was competitive with the desired reaction. 

In this paper we report that this type of reaction can be 
applied to the synthesis of products of type (p-E)(p- 
Ph2P)Fe2(CO)& 

Results and Discussion 
The starting material required for the synthesis of the 

(p-E)(p-Ph2P)Fe2(CO)6 complexes is readily prepared by 
the sequence shown in eq 2. The reaction also gave the 

5 
unbridged acetyl compound, 5, aa well in 10-15% yield. 
This product undergoes ready thermal decarbonylation in 
refluxing THF to give 7, but usually it was not isolated in 
our Synthesis of 7. 

The reaction of 7 with 2 molar equiv of LiBEhH pro- 
ceeded as expected. When the hydride solution (in THF) 
was added to an orange THF solution of 7 at -78 OC, a 
green-black solution resulted. We believe this solution to 
contain the coordinatively unsaturated anion 8 on the h i s  

B 
of an IR spectroscopic study. The IR spectrum of the 
green-black solution in THF showed five strong bands in 
the terminal CO region (2033 (a), 2OOO (e), 1992 (e, broad), 
1928 (va), 1895 (va) cm-') and only very weak bands at 
1722,1653, and 1581 cm-' (Figure la). Thus the absence 
of a bridging CO ligand is indicated. When, on the other 
hand, carbon monoxide was bubbled through such a 
green-black solution while it was being warmed to room 
temperature, a color change to red was observed and the 
lR spectrum now ahowed strong ban& at 1737 (8) and 1665 
(va) cm-' (Figure lb), in addition to terminal CO bands 
at 2056 (a), 2034 (vs), 2020 (vs), 2013 (a), and 1960-1880 
(broad) cm-'. This process was not reversible; purging the 
red solution with nitrogen did not regenerate the green 

(c) Anion solution + 
CO; purged with 
nitrogen 

- 
1800 1700 1600 15OOcm* 

Figure 1. Infrared B ctra of the p-PPh, anion solution in the 

anion (Figure IC). It is likely that the red solution contains 
anion 9. Osterloh2 reported that Li[ (p-CO)(p-Ph2P)Fe2- 

range 1 ~ 1 8 0 0  cm- p" . 

4c ,PPh, - [ QC)3F!AdaCO)3] 

9 

(co),] showed bridging CO bands in the IR spectrum at 
1664 and 1735 cm-l, while the IR spectrum of Li[(p- 
CO)(p-EtS)Fe2(CO),] had such absorptions at 1670 and 
1745 cm-l.la Attempts to obtain good, clear low-temper- 
ature NMR spectra (lH, 13C, 31P, llB) of the green-black 
solution were unsu- and repeated attempts to isolate 
a stable, crystalline salt of the [b-Ph2P)Fe2(C0),]- anion 
(Li+, Et4N+, Ph4P+, PPN+ counterion) failed. All salts 
decomposed as the solution was allowed to warm from -78 
to -20 OC. The Et4N+ salt of the anion present in the red 
solution could be isolated in 68% yield, and its 'H, 13C, 
and 31P NMR spectra were found to be identical with those 
reported by Osterloh for [Et4Nl [b-co)(p-Ph2P)Fe2(CO),l. 

Our studies confirmed Osterloh's observation that the 
[ (p-CO)(p-Ph,P)Fe,(CO),]- anion is a rather unreactive 
nucleophile. Addition of C2H6C(0)Cl, Me2NC(S)C1, or 
Ph2PCl to the red solution obtained by bubbling CO 
through the initially formed green-black anion solution 
resulted in formation of several low-yield products in ad- 
dition to an appreciable amount of decompition products 
that were immobile on column chromatography. However, 
we found that the reaction of the red anion, generated by 
Osterloh's procedure, with t-BuSC1, did give the expected 
product, (p-t-BuS)(~Ph2P)Fe2(C0),, in 79% yield. The 
Osterloh red anion, as reported recently by other workers, 
reads also with other more reactive electrophiles such as 
L,MHgCl complexes (L,M = q-C6H5Mo(CO)3, s-C,H6W- 
(COI3, M~I(CO)~, CO(CO)~, ~-CgH$e(C0)2?b Ph3PMC1 (M 

In any case, the red anion, whether generated by our 
procedure a~ the lithium salt or by Osterloh's procedure 
as the Et4N+ salt, is not an especially useful nucleophilic 
reagent in reactions with organic halides. On the other 
hand, the green-black anion 8 is a very reactive and gen- 
erally useful reagent for the preparation of complexes of 
type (p-E)(pPh2P)Fe2(CO),. However, there is a limita- 

= CU, Ag, A u ) , ~  RCO2H (R CH3, CF3),& and R2PCLM 
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tion: it is stable in THF solution at -78 "C for only about 
1 h and decomposes rapidly as the temperature is raised 
to room temperature. The obvious difference between the 
[ (p-CO)(p-Ph2P)Fe2(CO),]- anions is the coordinatively 
unsaturated nature of the former. This should lead to a 
higher reactivity toward electrophiles, as has been ob- 
served. 

It must be emphasized that 2 molar equiv of LiBEbH 
are required for the high yield conversion of (p-CH,C= 
O)(p-Ph2P)Fe2(CO), to the [ (p-Ph2P)Fe2(C0)6]- anion. 
The reason for this probably is the same as that for the 
same requirement of stoichiometry in the case of (p- 
CH3C-O)(JL-EtS)Fe&O),+'8 This requirement was made 
clear in a reaction of (p-CH3C=O)(JL-Ph2P)Fez(CO), with 
only 1 molar equiv of LiBEtH in THF at -78 "C, followed 
by addition of EtC(0)Cl. Two complexes were isolated 
(pL-CH3C=O)(~-Ph2P)Fe2(CO),, the starting material, in 
51% yield, and the expected product, (p-EtC=O)(p- 
Ph2P)Fe2(CO),, in 18% yield. 

In our preparative experiments, the following general 
procedure served we& (JL-cH3~)(JL-Ph2P)F~(co),  and 
2 molar equiv of LiBEbH were allowed to react in THF 
solution at -78 "C during a period of 45-60 min. Then the 
electrophile was added and the reaction mixture was al- 
lowed to warm very slowly to room temperature. A re- 
action time of 18 h generally was used, although for some 
electrophiles a shorter reaction time sufficed. 

Readions of green-black anion 8 with acyl chlorides gave 
bridging acyl complexes, (p-RC=o)(JL-Ph2P)Fe2(co)6 (R 
= Et, i-Pr, Ph, PhCH2, PhCH=CH, CH3CH=CH, 
(CHJ2C=CH) in good (40-91%) yield. No such product 
was formed with (CH,),CC(O)Cl, presumably because 
attack at the carbonyl carbon atom of this bulky acyl 
chloride is hindered. The C=O stretching frequencies in 
the IR spectra of these products were observed between 
1457 and 1458 cm-', in agreement with prior reports on 
similar complexes: 

cHhC=O , PPh, v(C0) = 1483 an-' 
I /\I (ref. 5 )  
I 

PbPMe 
(OC)#e-Fe(CO)3 

19 

Seyferth et al. 

which compares well with similar coupling found in the 
I3C NMR spectra of 10 (20.5 Hz) and 11 (21.3 Hz). Some 
of our acyl products were isolated by column chromatog- 
raphy as oils from which the pentane eluent could not be 
removed completely. Some, but not all, of these could be 
convertad to the solid mono(tripheny1phoephine) substi- 
tution products 14, which gave satisfactory C, H analyses. 

11 v(C0) = 1515 cm-' - 
(ref. 2 )  

(p-CH,C=O)(k-E tS)Fe2(CO), 
K O )  = 1510 an-' 

u (ref. la) 

The I3C NMR resonances of the acyl carbon atoms of the 
products were found far downfield at around 300 ppm 
(range 291-306 ppm) which also is in agreement with lit- 
erature data for similar complexes: lo,& = 2W.R6 ll,& 
= 299.25;2 12, aC = 307.6;'* 13, bc = 324.4.6 Furthermore, 

in the I3C NMR spectra of (r-RC=O)(r-Ph2P)Fe2(CO)6 
the two-bond coupling J(RC~)--(ph8) was around 20 Hz, 

(5) Yu, Y.-P.; Gallucci, J.; Wojcicki, A. J.  Am. Chem. SOC. 1983,105, 

(6) Targos, T. S.; Geoffroy, G. L.; Rheingold, A. L. J .  Organomet. 
4826. 

Chem. 1986,299, 223. 

PPh, 
14 

The structure shown is based on the fact that their I3C 
NMR spectra showed no additional 2Jc+ coupling which 
would have been expected if substitution had occurred at 
the other iron atom. 

The reaction of acryloyl chloride with anion 8 did not 
give a p-acyl complex (eq 3). By analogy with our findings 
in the chemistry of [ (p-CO)(p-RS)Fe2(CO),]- anions,' the 

H 

p-acyl complex (JL-CH~HCxO)(JL-Ph2P)Fe2(CO), most 
likely was formed initially and underwent decarbonylation 
at room temperature, in solution or during the isolation 
procedure, to give the p-a,r-vinyl complex 15. 
As expected, NJV-dimethylthiocarbamoyl chloride re- 

acted with a solution of anion 8 to give 16. Dimethyl- 
thiophosphinic chloride, (CHJ2P(S)C1, reacted with anion 

(cH32N\CS 

( W 3 F  pq:(:o), 

(00 pe- A FdCO), I 

( W p e -  I A Le(co), 
g R = E t  
B R=Ph 

16 

8 in similar fashion, giving orange 17. Since such a reaction 
of the analogous p-thiolato anions had not been inveati- 
gated, reactions of (CH,),P(S)Cl with [EbNH] [(JL-CO)(JL- 

( c H 3 y  0mh2 

- 17 

RS)Fe2(CO),] (R = Et, Ph) were carried out. In each case 
a dark red, crystalline product, 18, was obtained. The 

((3I34P-s ,SR 

structure of 18b was confirmed by a single-crystal X-ray 
diffraction study (see below). A rhodium complex analo- 
gous to 17 was known, but this compound, 19, had been 
prepared by reaction of ( c ~ - ( C H , ) ~ P ) ~ R ~ ~ ~ - C B H ~ ) ~  with 
elemental sulfur.' 

(CHhP=S /P(cH3, b \ i h  
&h- L? 39 

Curiously, in proceeees whose course at the preeent time 
is obscure, the reactions of anion 8 with (CH3)2P(0)C1 and 

(7) Kliigert, B.; Rheingold, A. L.; Werner, H. Znorg. Chem. 1988,27, 
1354. 
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lIp-PhP)FedCO)d- 

(CH,),P(NR)Cl (R = t-Bu, Ph) gave simple bridging 
phosphido complexes 20a,b, respectively. Complex 20b 

RTxV- 
(OC)3F--Pe(CO), 

Organometallics, Vol. 11, No. 7, 1992 2673 

also could be prepared by reaction of anion 8 with Ph2PC1. 
When PC13 was used in place of Ph2PC1 in a reaction with 
d o n  8, the complex (p-C12P)~-Ph2P)Fe2(C0)6 (2Oc) was 
isolated. 

Some reactions of the green-black THF solution of the 
presumed anion 8 also were carried out with neutral 
electrophiles. These, as expected on the basis of known 
[ (pc-co) b-RS)Fe2(CO),]- chemistry,lb gave anionic com- 
plexes 88 products which required a subsequent reaction 
with an electrophile to give a neutral product. Thus anion 
8 reacted with sulfur as shown in eq 4. Complexes of type 

[(P-%p)Fe2(co&]- + i s ,  - (Wpe-Fe(CO), 
-7SF 

I R1 

RMmz 
(4) 

(OC)#+-Fe(CO), 

21 had already been prepared by reaction of [(p-CO)(p- 
RS)Fe2(CO),]- with Ph2PC1' and of [ (p-Ph2P)Fe2(Co),]- 
with t-BuSC1 (see above). Such p-thiolato, p-phosphido 
Fe&O), complexes, including P-functional complexes, will 
be the subject of a subsequent paper. 

Reaction of anion 8 with carbon disulfide proceeded as 
shown in eq 6. Analogous (p-RSC=S)(p(-R'S)Fe,(CO), 
complexes have been prepared similarly from [ (p-CO)(p- 

C I S  /PPh -s\ 

[(p--ph?P)Fe2(c%r + c% - (W3Fe-FdCO) l/\l (5) 

(R = CH, C& PhCH, I R X  

R'S)Fe2(CO)6]-.1b Alkyl ieothiacyanates reacted similarly 
(eq 6). In the case where both R and R' were CH3, the 
product obtained was the same one, 16, that had been 

R Y  - 
C I S  ,PP$ 
l/\l 

[(~P~P)Fe2(co)6]- + RNcs - (OO,F-FdCO), 
Y 

/R'I 
R, 

(6)  

24 a R = R = C H ,  
b R=R=Cf15 

R=Ph,R=CH, 

obtained in the reaction of anion 8 with (CH3),NC(S)C1. 
The p-thiolate anions, [ (p-CO)(p-RS)Fe,(CO),]-, reacted 

Table I. *lP NMR and IR Spectral Data for Me2P=S 
Derivatives 

c o m d  . .,. .. 
Me2P(S)C1 85.7 615 
~-Me2P=S)(r-EtS)Fe2(CO)a 54.3 615 
(pMe2P=S)(p-PhS)Fe2(CO)e 56.7 615 
(r-MelP=S)Gc-Ph2P)Fel(CO)s 36.8, 184.4 612 
~-CdiH6Fe(Me2P=S)(C0)2° not reported 620 
~pC,F,Fe(pMe~P=43) ( CO)Jb 37.6 53 1 
(?-C,Me,)2Rh2(r-Me2PPS)~-Me2P)e 9.4, 118.3 550 

"Lindner, E.; Krieg, C.-P. J.  Organomet. Chem. 1984, 269, 65. 
Meesbauer, B.; Meyer, H.; Walther, B.; Rahman, A. F. M. M.; Oli- 
ver, J. P. Znorg. Chem. 1989,22, 272. *Reference 8. cFbference 7. 

in the same manner with isothiocyanates. In that case, 
however, the counterion was not Li+ but [&NH]+ and the 
initially formed anionic product w a  sufficiently basic to 
deprotonase the triethylammonium ion, giving (p 
RNHC=S)(p-R'S)Fe2(CO), as product. In line with this, 
treatment of the anionic product 23 (R = Et) with tri- 
ethylammonium bromide resulted in formation of 26. 

23 
Most of our studies were carried out using (p-CH3C= 

O)(p-Ph,P)Fe,(CO), as starting material. A few reactions 
used (p-CH3C-o)(p-Et2P)Fe2(CO),, and the observed 
chemistry was essentially the same. Treatment of this 
complex with 2 molar equiv of LiBEhH in THF at -78 OC 
gave a green-black solution with IR ban& at 2044 (m/w), 
2012 (e), 1937 (ve, broad), 1910 (ve, broad), 1893 (vs, broad), 
1734 (w), and 1660 (w) cm-l. Bubbling CO into this so- 
lution at -78 OC while it was warming to room temperature 
resulted in a color change to brown-yellow. In addition 
to strong bands in the terminal CO region at 2065,2060, 
2020,2018, and 1960-1890 cm-l, the infrared spectrum of 
this solution showed absorptions in the bridging CO region 
at 1733 (m) and 1660 (8) cm-l. Addition of (CH3),NC(S)C1 
to a green-black solution that presumably contained the 
[(p-Et$)Fe,(CO),]- anion resulted in formation of (p- 
(CH~,N(=-S)(p-E~P)Fe,(CO), in 61% yield. In contrast, 
when (CH3),NC(S)C1 was added to a [(p-EhP)Fe,(CO),]- 
solution that had been treated with carbon monoxide as 
described above and presumably now contained the [ (p- 
CO) (pL-Et2P)Fe2(CO),]- anion, the same product wae 
formed only in 17% yield. 

This brief study has served to provide an entry to un- 
symmetrically bridged Fe,(C0)6 complexes of type (p- 
E)(p-&P)Fe,(CO),. The p-diphenylphosphido analog of 
the [(pCO)(p-RS)Fe2(CO)6]- anions shows poor reactivity 
toward electrophiles that are sources of three-electron 
bridging group. However, the coordinatively unsaturated 
[(p-&P)Fe,(CO),]- anions that are produced by the action 
of 2 molar equiv of LiBEt3H on (p-CH3C4)(p-&P)- 
Fe2(C0)6 complexes are very reactive and useful reagents. 
The scope of their application in the synthesis of (p-E)- 
(p-&P)Fe2(CO), complexes has been delineated in this 
investigation, but considering the more highly developed 
chemistry of the [ (p-CO)(p-RS)Fe2(CO)6]- anion,' much 
more chemistry of the [ (p-R$)Fe&O),]- anion should be 
poesible. 

Characterization of (p(CH3)2P=S)(p-Ph2P)Fez- 
(CO)* and (rc-(CH3)zP-S)(~-~)Fe2(CO)~ (R = Et, Ph): 
Spectroscopy and X-ray Diffraction (R = Ph). Im- 
portant spectral data are given in Table I. The 31P NMR 
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2574 Organometallics, Vol. 11, No. 7, 1992 Seyferth et al. 

FtgUre 2. Molecular etructure of (p-PhS)(p-Me2P=S)Fe&O)e 
showing 20% probability ellipsoids. 

Table 11. Bond Lengths in (r-SPh)(r-Me~=.8)(Fel(CO)', 
with Estimated Standard Deviations in the Least 

Significant Digit in Parentheses 
bond bond distance, A bond bond dietance, A 

Fe(l)-Fe(2) 2.6408 (8) P C ( 8 )  1.815 (6) 
Fe(l)-S(l) 2.247 (1) 0(1)C(1)  1.133 (6) 
Fe(l)-S(2) 2.369 (1) 0 ( 2 ) 4 ( 2 )  1.120 (6) 
Fe(l)-C(l) 1.767 (5) 0 ( 3 ) 4 ( 3 )  1.133 (6) 
Fe(l)-C(2) 1.805 (5) O(41-W) 1.133 (6) 
Fe(lIC(3) 1.803 (5) 0 ( 5 ) C ( 5 )  1.130 (6) 
Fe(2)-S(l) 2.262 (1) 0(6)-C(6) 1.130 (6) 
Fe(2)-P 2.260 (1) C( l l )4(12)  1.386 (6) 
Fe(2)C(4) 1.797 (5) C( 1 l ) C (  16) 1.375 (7) 
Fe(2I-W) 1.788 (5 )  C(12)4(13) 1.397 (7) 
Fe(2)4(6) 1.819 (5) C(13)4(14) 1.371 (8) 

1.799 (4) C( 1 4 ) C (  15) 1.352 (8) 
1.399 (7) S(2)-P 2.030 (2) C(15)4(16) 

P C ( 7 )  1.814 (6) 

spectra of the new p-(CH,),P=S complexes showed 
chemical shifts for the p-(CH,),P=S ligand between 35 
and 55 ppm in agreement with those of other p-thio- 
phosphinito complexes. The upfield chemical shift of 
p-(CH&P=S from that of the free ligand has been noted 
for other thiophosphinito comp1exes.S The signal due to 
the bridging phoephido group of this complex was observed 
at 184 ppm, in the normal range for neutral b-phosphi- 
do)diiron hexacarbonyl complexes (14CHOO ppm). In the 
'H NMR spectrum of 18a,b and 17, the methyl groups of 
the p-(CHJ@=S ligand showed a 2JH-p of 10 Hz in accord 
with the coupling constant found for the thiophosphinito 
bridge of Cp*,~-P(CH3),)b-(CH3)2P-S)Rh,.8 

The u(P=S) stretch in the IR spectrum for this class of 
complexes has been assigned as a medium intensity band 
between 550 and 620 cm-l? The assignments for the new 
compounds, 17 and 18a,b, are included in Table I. The 
free ligand has a 4P-S) stretch at 615 cm-' and this 
absorption is not significantly shifted upon coordination 
to the diiron core. This has also been noted for other 
p-(CH,),P=S complexes10 and has shown that the tran- 
sition metal and the other ligands have only a small in- 
fluence on the P-S bond. 

S(1)6(11) 

(8) Lindner, E.; Krieg, C.-P.; Hiller, W.; Fawzi, R. Chem. Ber. 1985, 

(9) Morgan, M.; Cuadrado, I.; Pascual, C.; Maeeguer, J. R.; Luaada, J. 

(10) Pinillce, M. T.; Jaraunta, M. P.; Oro, L. A.; Tiripicchio, A.; Ti- 

118, 1398. 

Inorg. Chim. Acta 1987,192,257. 

ripicchio-Camellini, M. T. J.  Organomet. Chem. 1988,339,181. 

Table 111. Bond Angles in (r-SPh)(r-Me~)F~(CO)' ,  with 
Estimated Stoadud Deviations in the h r t  Signifiant Digit 

in P a r e n t h  
bond bond 

angle, deg bond angle, deg 
Fe(a)-Fe(l)-S(l) 54.41 (3) C(4)-Fe(2)-C(5) 103.6 (2) 
Fe(2)-Fe( 1)-S(2) 86.65 (4) C(4)-Fe(2)-C(6) 92.9 (3) 
Fe(a)-Fe(l)C(l) 91.0 (2) C(S)-Fe(2)4(6) 89.6 (2) 
Fe(2)-Fe( 11-C (2) 160.6 (2) Fe(l)-S(l)-Fe(2) 71.72 (4) 
Fe(2)-Fe(l)C(3) 97.3 (2) Fe(l)-S(l)C(ll) 115.6 (1) 
S(l)-Fe(l)43(2) 84.04 (5)  Fe(2)-S(l)-C(ll) 111.2 (1) 
S(l)-Fe(l)-C(l) 95.5 (2) Fe(l)-S(2)-P 88.48 (5) 
S(l)-Fe(l)-C(2) 106.3 (2) Fe(2)-P-S(2) 
S(l)-Fe(l)C(3) 160.6 (2) Fe(2)-P-C(7) 116.2 (2) 
S(2)-Fe(l)C(1) 177.5 (2) Fe(2)-P-C(8) 116.2 (2) 
S(2)-Fe(l)C(2) 89.8 (2) S(2)-P-C(7) 107.3 (2) 
S(2)-Fe(l)-C(3) 86.5 (2) S(2)-P-C(8) 108.1 (2) 
C(l)-Fe( l)-C (2) 92.7 (2) C(7)-P-C(8) 102.2 (3) 
C(l)-Fe(1)4!(3) 92.8 (2) Fe(l)-C(l)-O(l) 176.3 (5) 
C(2)-Fe(l)C(3) 101.5 (2) Fe(l)-C(2)-0(2) 177.6 (5) 
Fe(l)-Fe(2)-9(1) 53.89 (3) Fe(l)-C(3)-0(3) 179.1 (5) 
Fe(l)-Fe(2)-P 77.17 (4) Fe(2)4(4)-0(4) 178.5 (6) 
Fe(l)-Fe(2)C(4) 157.1 (2) Fe(2)6(5)-0(5) 178.5 (5) 
Fe(l)-Fe(2)-C(5) 95.4 (2) Fe(2)4(6)-0(6) 176.5 (5) 
Fe(l)-Fe(2)*(6) 100.0 (2) S(l)-C(ll)-C(l2) 120.0 (3) 
S(l)-Fe(2)-P 84.63 (5) S(l)-C(ll)-C(l6) 119.4 (3) 
S(l)-Fe(2)4(4) 106.9 (2) C(12)4(1l)-C(16) 120.5 (4) 
S(l)-Fe(2)4(6) 149.2 (2) C(ll)-C(l2)4(13) 119.2 (5) 
S(l)-Fe(2)-C(6) 93.4 (2) C(12)-C(13)-C(14) 120.1 (5)  
P-Fe(2)4(4) 89.7 (2) C(13)4(14)-C(15) 120.5 (5) 
P-Fe(2)4(5) 91.0 (2) C(14)-C(15)-C(16) 120.7 (5) 
P-Fe(2)-C(6) 177.2 (2) C(ll)-C(l6)-C(15) 119.2 (5) 

S(B)-Fe(l)-Fe(P)-P -7.64 (5) 
C(l)-Fe(l)-Fe(2)C(6) -9.0 (2) 
C(3)-Fe(l)-Fe(2)-C(5) -11.4 (2) 

106.35 (6) 

Torsion Angles 

The molecular structure of (p-CH3)2P=S)(p-PhS)Fe,- 
(CO), (lab) is shown in Figure 2 with the bond distances 
and bond angles for the complex listed in Tables I1 and 
III. The structure reveals the expected butterfly structure 
of doubly-bridged diiron hexacarbonyl complexes, in which 
each metal has a dietortedatahedral geometry, comprising 
the Fe-Fe bond, the two bridging groups, and the three 
terminal carbonyls. Distortion from an idealized geometry 
results primarily from the strain imposed by the bridging 
thiolate group, leaving rather acute S(1)-Fe-Fe angles 
of ca. M0. Otherwise the parameters involving the thiolate 
bridge and the F (CO), core are as expected. The Fe-Fe 

for single bonds (2.43-2.88 A)," and the thiolate ligand 
bridges symmetrically, with Fe-S distances (2.247 (l), 
2.262 (1) A) in agreement with those of other p-SR diiron 
complexm.lJ2 The acute Fe(l)-S(l)-Fe(a) angle (71.72 
(4)O) is as expected in the preaence of a metal-metal bond. 

The thiophosphinito ligand binds as an q2 bridge, with 
the sulfur bound to one metal and phosphorus to the other, 
much as has been observed in other structures containing 

The Fe(lIS(2) bond, at 2.359 ::p is longer than the Fe-S bonds involving the thiolate 
bridge but is still normal for such an interaction. This 
lengthening may result from the strain imposed by the 
four-membered Fe(l)-Fe(2)-P-S(2) ring. Although the 
Fe(2)-P-S(2) angle is normal (106.35 (6)O), the comparable 
angle at S(2) (Le., Fe(l)-S(2)-P) is rather acute, at 88.48 

bond (2.6408 (8) 1 ) lies within the range previously noted 

SPR, 

(11) Churchill, M. R. Inorg. Chem. 1967,6, 190. 
(12) (a) He&, W.; Davia, R E. Cryst. Struct. Commun. 1972,1,403. 

(b) Hsan, C.; Dahl, L. F. Inorg. Chem. 1966,4, 1. (c) Dahl, L. F.; Wei, 
C.-H. Inorg. Chem. 1963,2, 328. 

(13) Mmbauer, B.; Meyer, H.; Walther, B.; Hew, M. J.; Rahman, A. 
F. M. M.; Oliver, J. P. Inorg. Chem. 1983,22, 272.- 

(14) Wagner, K. P.; Hem, R. W.; Treichel, P. M.; Calabrese. J. C. 
Inorg. Cheh. 1976,14, 1121. 

(15) Lindner, E.; Bouachir, F.; Hiller, W. J. Organomet. Chem. 1981, 
210, c37. 
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( 5 ) O .  This strain has previously been observed in com- 
plexes in which a thiophosphinito group bridges a met- 
al-metal bond, resulting in analogous angles at sulfur of 
between ca. 81 and 87O and angles at phosphorus of be- 
tween ca. 108 and 114°.13J4 By contrast, in a thio- 
phosphinito-bridged complex in which there is no metal- 
metal bond, the angle at sulfur opens up to 108°,16 and in 
an even less strained environment, in which a thio- 
phosphinato group is +bound through sulfur, the angle 
at sulfur is almost 123°,'6 as expected if sulfur utilizes one 
of ita lone pairs for binding to the metal. In spite of the 
apparent strain at S(2), the complex is not twisted sig- 
nificantly about the F e F e  bond, with relevant torsion 
angles less than 11.4O (see Table III). The Fe(2)-P bond 
length (2.260 (1) A) is also somewhat longer than the Fe-P 
single bond of a phoephido bridge (2.18-2.20 A)." The 
P-S(2) bond distance (2.030 (2) A) lies between the ex- 
tremes typical of double (1.95 A) and single (2.18 A) 
bonds,la consistent with significant multiple-bond char- 
acter. This value compares well to the P-S distances, of 
ca. 2.0 A, observed in a number of thiophosphinito com- 
p le~es ,8 ,~*~~J~ irrespective of the coordination modes ob- 
served. 

Experimental Section 
General Comments. All reactions were carried out under an 

inert atmaephere of prepuriiled nitrogen or argon Solvents W, 
EhO) were p d i e d  by standard methods and purged with inert 
gm prior to u8& Diphenylchlorophosphine w88 distilled and stored 
at  room temperature under an inert atmosphere. Lithium tri- 
ethylborohydride (1 M solution in THF) was obtained from 
Aldrich and kept refrigerated under an inert atmosphere. Diiron 
nonacarbonyl was obtained from Strem Chemical Co. and stored 
cold in the drybox. [NEt4]z[Fe2(CO)8] was prepared by the lit- 
erature procedure." All other reagenta were dietilled whenever 
appropriate and degassed with inert gas prior to use. 

The progress of all reactions was monitored by thin-layer 
chromatography (Baker Flex-Silica Gel IB-F). Purification of the 
compounds was effected by fitration chromatography in which 
the reaction products, after removal of the solvent by t rapbt rap  
distillation, were dissolved in pentane/methylene chloride and 
chromatographed on a bed of 200 mL of silicic acid (100-300 meah, 
Sigma or Mallinkrodt) in a 3WmL glees fritted funnel. In some 
cases, further purification was effected by medium-preeeure 
column chromatography using a 450- X 25-mm gravity column 
with Sigma 230-mesh silica gel. All chromatographic sepa- 
rations were carried out without the exclusion of atmospheric 
oxygen and moisture. Solid products were recrystallized from 
deoxygenated pentane/methylene chloride at -20 O C .  

Infrared spectra (NaCl solution cella) were obtained using a 
Perkin-Elmer Model 1430 double-beam grating infrared spec- 
trometer and were referenced with polystyrene film. Proton NMR 
spectra were recorded on either a Jeol F X W ,  Bruker WM-250, 
or Varian XI.-300 spectrometer operating at 90,250, or 300 MHz, 
reapectively. 31P[H) NMR spectra were recorded on either a Jeol 
FXSO-Q or a Varian XL-300 spectrometer operating at 36.2 or 
121.64 MHz, respectively, using an external standard of 85% 
aqueous &Po4 as a reference. '9c NMR spectra were recorded 
on either a Bruker WM-270 or a Varian XL-300 spectrometer 
operating at 67.9 or 75.4 MHz, respectively. Electron impact ma88 
spectra were obtained using a Finniian-3200 mam spectrometer 
operating at 70 eV. Masees were correlated using the following 
isotopes 'H, 'F, 14N, '9, 31P, %, q l ,  and 6BFe. Melting pointa 

(16) Gelmini, L.; Stephan, D. W. Organometallics 1987,6, 1515. 
(17) (a) Ginsburg, R. E.; Rothrock, C. K.; Finke, R. G.; Collmau, J. P.; 

Dahl, L. F. J.  Am. Chem. Soe. 1979,101,6550. (b) Yu, Y.-F.; Gallucci, 
J.; Wojcicki, A J.  Chem. SOC. Chem. Commun. 1984,653. (c) Carty, A. 
J.; Mott, G. N.; Taylor, N. J.; Yule, J. E. J.  Am. Chem. SOC. 1978, 100, 
3051. 

(18) Ambrosiue, H. D. M. M.; Noordik, J. H.; Ariaans, G. J. A. J. 
Chem. SOC., Chem. Commun. 1980,832. 

(19) Gelmini, L.; Stephan, D. W. Can. J.  Chem. 1988,66, 2647. 
(20) Collman, J. P.; Rothock, R. K.; Finke, R. G.; Moore, E. J.; 

Rose-Munch, F. Inorg. Chem. 1982,21, 146. 

of analytically pure cryatalline and d i d  products were detsrmined 
in air using a Bolchi melting point apparatus and are unmmcted. 
Microanalysee were performed by Scnudinavian Microanalytical 
Laboratory in Herlev, Denmark. 

Table IV gives 'H and NMR data for all new compounds 
and '8c NMR data for bridging G-0 and C - 4  moietiee. 

Preparation of (p-CHaC=O)(p-Ph~)Fe,(CO), (7). A 
2 0 0 . d  Schlenk flask equipped with a magnetic stir-bar and a 
rubber septum was charged with 3.20 g (5.37 "01) of 
[E%4N12[Fe2(CO)a] and 100 mL of THF. Iodomethane (0.75 g, 
5.37 "01) was added, and the resulting solution was stirred at 
room temperature for 3-4 h. A color change from red to brown 
was noted. Diphenylchlorophosphine (0.96 mL, 5.37 "01) was 
added dropwise by syringe, causing gas evolution and the for- 
mation of a precipitate. The reaction mixture was stirred for 18 
h. Subsequently, the solvent was removed at reduced p m u r e ,  
leaving an orangebrown solid residue. The latter was dissolved 
in pentane and p d e d  by filtration chromatography (silicic acid). 
Elution with CH2Clz/pentane (1/4 v/v) gave 1.11 g (41%) of 7, 
an orauge solid, mp 116-117 OC (from pentane). Anal. Calcd for 
C&IuO,PFea: C, 47.29; H, 2.58. Found C, 47.55; H, 2.67. IR 
(CHCla): u ( M )  1473, terminal CO, 2058 (e), 2018 (ve), 1991 
(vel, 1978 (e), 1959 (ah) cm-'. 

A second, dark orange band was eluted with CH2Clz/pentane 
(2/3 v/v) to give a low (6%) yield of a red-orange solid, 6, mp 
112-114 OC dec (pentane). Anal. Calcd for CzlH1a0$Fe2: C, 

1654 (a), terminal CO, 2080 (a), 2020 (vel, 2008 (ve), 1997 (ah), 
1914 (m) cm-'. 

The preparation usually was carried out on a 17-mmol scale 
(10.2 g of [M[Fe&O)J ,  2.43 g of CH& and 3.77 g of P-1) 
and gave, on the average, a 52% yield (4.34 g) of 7 on fitration 
chromatography with 1/4 (v/v) CH2C12/pentane on silica gel. 
Byproduct 5 was not isolated. 

Derivatives. i. (p-CHa(=-O)(p-Php)Fea(CO),(PP4) (14, 
R = CHI). A solution of 7 (1.53 g, 3.0 mmol) and 0.79 g (3.0 mmol) 
of Phap in 100 mL of THF was heated at reflux for 22 b. Removal 
of the solvent at reduced preaaure left a brownaange, oily residue 
that was puriiled by filtration chromatography. Elution with 1/9 
CH&&/pentane afforded an orange solid (starting material, 40% 
recovery); further elution with 4/5 CHzClz/pentane gave 1.27 g 
(57%) of the dark red-orange mono(tripheny1phosphine) sub- 
Btitution product, mp 17S180 O C .  Anal Calcd for Cs7HaO&Fs 
C, 59.87; H, 3.80. Found C, 59.51; H, 3.93. IR (CHCU: v ( W )  
1497, terminal CO, 2036 (81,1985 (~81,1947 (81, 1928 (m) cm-'. 

ii. (p-CH~C==O)(p-Ph~)Fe,(CO)~(Ph~H&HpPh~). A 
similar procedure was uaed in the reaction of 1.97 g (4.94 "01) 
of Ph#CH2CH2PPh2 (Strem) and 2.50 g (4.93 mmol) of 7 in 100 
mL of THF. The brown-orange product was purified by filtration 
chromatography (4/6 CH&&/pentane) and preparative Tu= (3/7 
CHZC&/pentane). The fmt band to elute decompoeed; the second 
gave 1.52 g (36%) of deep red solid which was recryatallid from 
CH2Clz to give pure product, mp 135-140 "C dec (with gas evo- 
lution); resulting solid, mp 165-166 "C. Anal. Calcd for 
CMH~O$p$Fe2: C, 62.15; H, 4.39. Found C, 62.10; H, 4.62. IR 

Preparation of (p-CHaC~)(p-Etp)Fet(CO)a. The same 
procedure was used in the reaction of 10.00 g (16.77 "01) of 1, 

in THF. Filtration chromatography (1/9 v/v CH2C12/pentane) 
gave 2.49 g (36%) of the product as an orange oil. 

A satisfactory analysis could not be obtained, so the mono- 
(triphenylphosphine) substitution product, (p-CH3C==O)(p- 
Etzp)F~(co)~(PPhJ, mp 133-134 O C ,  was prepared. Anal. Calcd 
for CpaHaeO&Fe: C, 53.90, H, 4.37. Found C, 54.50; H, 4.55. 

Generation of a Solution Containing the [ (p-Ph#)FeI- 
(C0)J Anion. A 100-mL W e n k  flask equipped with a stir-bar 
and a rubber septum was charged with 7 (typically, 0.51 g, 1.0 
"01) and degassed using three evacuation/inert gas back-fi 
cyclea. THF (30 mL) was added by syringe, and the solution w88 
cooled to -78 O C  (dry ice/acetone). A 2 molar equiv amount of 
a 1.0 M solution of LiBEgH in THF was added. The initially 
clear orange solution immediately darkened to green-black. The 
resulting solution was stirred at -78 O C  for 45-60 min, and then 
2 molar equiv (usually a alight excess) of the electrophile was added 
at -78 O C .  Upon completion of the addition, the reaction mixture 

47.06, H, 2.44. Found C, 47.20; H, 2.52. IR (CHClS): ~(0) 

(CHCls) (terminal CO): 1987 (a), 1984 (w), 1916 (e), 1896 (8). 

1.06 mL (16.86 -01) Of CHJ, and 2.09 g (16.79 "01) Of E m 1  
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Table IV. NMR Spectral Data 
lH (b) ,  ppma (solvent (b), ppm (solvent 13C [bridging 
used WBB CDZClz. d w l l ~  CDCq b c - 0  or ~CLSJ, 

compd unless otherwise epecfied) unless otherwise specified ppm (''Jc_P, He) 
(p-CH3CEO)Occ-PhzP)Fe~(CO)6 (7) 2.00 (8, 3 H, CH3) 182.4 301.4 (22.0) 
(CH3C-O)Oc-P4P)Fe~(C0h (6) 2.97 (E, 3 H, CH3) 298.08 (19.5) 
(p-CH3C.cO)Oc-PhzP)Fe2(CO)s(PPh3) (14, R = CH3) 1.63 (8, 3 H, CH3) 

(CDClJ 

2.20-2.60 (m, CHJ 

1.28-1.47 (m, 6 H, CHs of Et) 

1.45 (s, 3 H, CH3) 

1.82-1.94 (complex overlapping dq, 
4 H, CHz of Et) 

2.26 (8, 3 H, CH3CO) 

0.32 (t, J 
2.54 (dq, JH-H 

7.3 Hz, 3 H, CH&HzcEo) 
7.3 Hz, ' J H - ~  

17.8 Hz. 1 H, CHaCHd+O) 
2.20 (dq, 8H-H 
0.15 Id. J = 7.9 Hz. 3 H. CHd 

7.3 H i  'JH--~  
17.8 Hz, 1 H, CHaCH2C-O) 

0.88 (d; J = 7.1 Hz; 3 H; CHJ 
2.64 (m, 1 H, CH) 

3.41 (d, J 16.2 Hz, 1 H Of PhCHJ 
3.95 (d, J = 16.2 Hz, 1 H Of PhCHz) 
6.56 (d, J = 15.9 Hz, 1 H, CHC-4) 

7.02 (d, J = 15.9 Hz, 1 H, PhCH) 
1.77 (d, J = 6.6 Hz, 3 H, CH3) 

5.88 (d, J = 15.3 Hz, 1 H, C H C 4 )  
6.47 (m, 1 H, CHsCH) 
1.06 (e, 3 H, CHacie to H) 

6.37 (a, 1 H, =CH) 
1.60 ( ~ , 3  H, CHa t r ~  to H) 

2.59 (ddd, &-H a-13.4 Hz, 'JH-P ss 
2.1 Hz, 1 H, FeCH) 

3.47 (m, 1 H, H cis to Fe) 
8.65 (m, 1 H, H trm to Fe) 

(aCetom-d6) 

2.84 (E, 3 H, CHsN) 
3.56 (E, 3 H, CHSN) 

0.93 (d, 'JH-P 
1.92 (d, 'JH-P 
0.75 (d, 'JH-P 
1.91 (d, 'JH-P 

10.0 Hz, 3 H, CHJ 
10.0 Hz, 3 H, CHJ 
12.2 Hz, 3 H, CH3) 
12.2 Hz, 3 H, CH3) 

2.19 (E, 3 H, CH3) 
0.86 (t, JH-H 7.6 Hz, 3 H, CH3) 

2.67, 2.92 (complex dq, 1 H, 
diaatereotopic CHJ 

7.30-7.8 (m, 10 H, Ph) 
3.98 (8. 2 H. CH,) . .  . 
0.85 (t, JH-H 7.3 Hz, 3 H, CH3) 
3.15 (m, 2 H, CHI) 
(NH not observed) 
0.54 (t, JH-H = 7.51 Hz, 3 H, CH3) 
1.39 (t, JH-H 7.15 Hz, 3 H, CH3) 

3.12 (E, 2.46 H, CH3) 

3.81 (E, 0.54 H. CHd 

3.39, 3.82 (m, 2 H each, CH,) 

. .  
2.13 (d, ' J P - ~ . =  l . i H z ,  3 H, CH3) 
(CDCM 
1.38 (m. 6 H. CHa of Et) 
2.11, 2.26 (m., 4 H, CHZ of Et) 
3.21 (E, 3 H, NCHs) 
3.47 (E, 3 H, NCH,) 
(CDCld 
1.51 (d, ' J ~ - H  
1.57 (t, JH-H 

10.4 Hz, 3 H, PCHs) 
7.3 Hz, 3 H, 

CH3 of equatorial Et) 

~.~ ~ 

154.5 

175.1 (broad s) 
59.3 (d, Jp-p 

50.4 (d. 'Ju-u 121.0 hd 

67.5 Hz, P h 8 )  

56.6 (d; zJJ;I-P = 65.0 Hz) 
183.6 (dd, 'Jp-p = 65.0 Hz, 

'Jp-p 121.0 Hz) 
193.5 

58.7 (d, 'Jp-p 47.7 Hz, PhaP) 
183.8 (broad a, EhP) 
181.8 

183.1 

58.8 (d, Jp-p 
165.2 (d, Jp-p = 29.4 Hz) 
186.8 
58.4 (d, Jp-p 29.3 Hz) 
168.4 (d, Jp-p = 29.3 Hz) 
182.4 

185.7 

29.3 Hz, PhSP) 

184.8 

184.1 

175.5 

191.0 

36.8 (d, 2Jp-p = 31.0 Hz, Me2PS) 
184.4 (d, 'Jp-p 31.0 Hz) 

111.1 (d, Jp-p = 154.8 He, Me2P) 
149.9 (d, Jp-p = 154.8 Hz, PhzP) 
126.2 (d, 'Jp-p 125.0 Hz, Ph2P) 
322.8 (d, 'Jp-p 125.0 Hz, CIZP) 
192.2 
192.7 

193.0 
189.6 

190.5 

189.3 (major) 

191.5 
142.3 
200.1 

54.3 (t, JP-H = 10.1 Hz) 

312.14 

301.36 (4.6) 

292.88 (19.8) 

302.13 (22.0) 

305.98 (20.2) 

291.59 (19.5) 
289.29 (15.7) 

298.68 (19.6) 

286.26 (23.9) 

286.83 (19.0) 

285.43 (12.3) 

242.23 (13.6) 

302.72 (7.9) 
302.14 (not 

observed) 

301.08 (10.7) 
246.75 (10.7) 

238.61 (6.61) 

248.03 (10.9) 

242.69 (12.5) 
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Table IV (Continued) 
'H (a), ppm" (solvent (6~1, ppm (solvent 13C [bridging 

wed W= CDzClz. wed W= CDClS 6- or 6c-31, 
compd unlese otherwise specified) unless otherwise specified ppm CzJGp, Hz) 

Oc-(CH3)2PlcS)(p-EtS)Fez(CO)s (184 1.76 (d, 2 J p _ ~  = 9.1 Hz, 3 H, PCHJ 

1.62 (d, zJp-H = 10.3 Hz, 3 H, PCHJ 

2.73 (q, JH-H 
CH2 of Et) 

7.3 Hz, 2 H, 

(a-(CH3)zP--S)(a-PhS)Fez(CO)s (lab) 56.7 
1.85 (d, 'JP_H = 9.0 Hz, 3 H, PCHS) 

Ph C-H resonances not listed; complete 'H NMR spectra are in supplementary material. 

was allowed to warm slowly to room temperature. During this 
time the mixture changed slowly from green-black to orange. 
Subsequently, solvent and other volatile6 were removed by 
trap-btrap distillation (room temperature, high vacuum, -78 or 
-196 OC trap). The residue was purified by filtration chroma- 
tography (silicic acid). 

Reactions of the [ (p-Ph#)Fe2(CO)J Anion with Elec- 
trophiles. (a) Propionyl Chloride. Filtration chromatography 
(silicic acid, 1/9 v/v CH2C12/pentane) gave (p-C&,C=o)(p 
Ph2P)Fe2(CO)6 (48) as an orange solid, mp 98.0-99.0 OC (from 
CH,Cl,/pentane) in 72% yield. Anal. Calcd for C21H1507PFe2: 
C, 48.32; H, 2.90. Found: C, 48.27; H, 3.05. 

(b) Isobutyryl Chloride. Filtration chromatography (1/20 
v/v CH,Cl,/pentane) gave Gc-(CH3,CHC-O)Gc-PhzP)Fez(CO)s 
(4b) as an orange oil, in 77% yield, and the mono(tripheny1- 
phosphine) substitution product (p-(CH,),CHC--O)(p-Ph,P)- 
Fe2(CO)6(PPh3) (ab') was prepared as a red-orange solid, mp 
168-169 OC dec. Anal. Calcd for C3eH320,J'2Fe2: C, 60.81; H, 
4.19. Found: C, 61.13; H, 4.51. 

(c) Benzoyl Chloride. Filtration chromatography (1/9 v/v 
CH,C&/pentane) gave an orange oil in 86% yield which, according 
to ita NMR spectra, was Oc-PhC--O)Gc-Ph,P)Fe,(CO), (44, and 
the mono(tripheny1phosphine) substitution product (p-PhC- 
O)(p-Ph,P)Fez(CO),(PPh3) ( 4 4  was prepared as a red-orange 
solid, mp 174-176 OC dec. Anal. Calcd for C42HBo0,J'2Fe2: C, 
62.72; H, 3.76. Found C, 62.32; H, 3.98. 

(d) Phenylaoetyl Chloride. Filtration chromatography (1/9 
v/v CH2Cll/pentane) gave the product (p-PhCH,C-O)(p- 
Pe)Fe&0)6 (4d) as an orange oil in 45% yield. This compound 
had been prepared by Osterloh.2 

(e) trans -Cinnamoyl Chloride. Filtration chromatography 
(1/9 v/v CH,Cl,/pentane) gave an orange oil in 50% yield, whoae 
NMR spectra were consistent with ita formulation as (ptrans- 
PhCH=CHC-O)Gc-Ph2P)Fe&O)s (481, although a Batisfactory 
analysis could not be obtained. Attempted reaction of the oil with 
Ph3P in refluxing THF resulted in decomposition. A figure of 
the 'H NMR spectrum of the orange oil showing the presence of 
pentane can be found in the supplementary material. 

(f) tmndhtonyl  Chloride. Filtration d"atography (1/9 
v/v CH&&/pentane) gave an orange oil which was purified further 
by column chromatography. The multing orange oil (39% yield) 
held traces of pentane tenaciously (a figure of the 'H NMR 
spectrum is in the supplementary material) and did not give a 
satisfactory C, H analysis. Attempts to prepare a mono(tri- 
phenylphoephine) substitution product resulted in decomposition. 

(g) 3,3-Dimethylacryloyl Chloride. Purification was carried 
out as in (0 above. The resulting, slightly air-sensitive orange 
oil (84% yield) was kept in high vacuum for 2 days, but pentane 
still was present (a figure of the 'H NMR spectrum is in the 
supplementary material). A red-orange, solid mono(tripheny1- 
phosphine) substitution product could be prepared, b- 
(CH3),C-CHC-o)(r-Ph,P)Fe(CO)S(PPh3) (4%). Anal. Calcd 
for C,,,H3,O6P2Fe2: C, 61.41; H, 4.12. Found: c, 60.93; H, 4.32. 

(h) Acryloyl Chloride. Filtration chromatography (1/20 v/v 
CH2Clz/pentane) gave an orange-red solid, mp 128-129 OC 
(CH,Cl,/pentane), ~ - a , ? r - C H ~ H ) ~ - P ~ ) F e z ( C O ) e  (15) in 52% 
yield. Anal. Calcd for C&Il303Fe2: C, 48.83; H, 2.66. Found 
C, 48.69; H, 2.81. 

(i) NJV-Dimethylthiocarboyl Chloride. Reaction of the 
green-black anion solution obtained by adding 2.0 mmol of 

Fez(CO)s at  -78 OC with 0.25 g (2.03 mmol) of Me2NC(S)C1 in 
THF gave, after warming to mom temperature, an orange solution. 
Trap-to-trap distillation and filtration chromatography of the 

LiBEhH (1 M in THF) to 0.97 -01 Of b-CH&30)b-Ph2P)- 

residue (1/9 v/v CH&lz/pentane) afforded 0.48 g (89% yield) 
of an orange solid, Gc-(CH3),NCES)(cc-PhzP)Fez(CO)6 (181, mp 
139-140 OC dec (to a red solid which melted at 149-150 "C) 
(CH9C12/pentane). Anal. Calcd for C21Hl@&NPFe2: C, 46.60; 
H, 2.92. Found C, 45.62; H, 3.19. 

(i) Dimethylthiophosphinic Chloride. Using the standard 
procedure, 0.19 g (1.49 "01) of (CH3)zP(S)C12' was added, at  
-78 "C, to a green-black solution of the anion prepared from 0.64 
mmol of (p-CH3C=O)(~-PhnP)Fez(CO)6 and 1.29 mmol of 
LiBEhH. Slow warming to room temperature was followed by 
stirring for 18 h, trap-to-trap distillation, and filtration chro- 
matography (1/4 v/v CH2C12/pentane). An orange solid, mp 
145146 OC (red melt) (CH2C12/pentane), (p-(CH3)zP--S)&- 
Ph2P)Fe2(CO)6 (171, was obtained in 36% yield. Anal. Calcd for 

(k) Mmethylphoephinic Chloride. The m e  procedure was 
used in the reaction of the green-black anion solution (from 0.86 
mmol of (p-CH3C=.0)(p-Ph2P)Fez(CO)6 and 1.69 mmol of 
LiBEbH) with 0.19 g (1.69 mmol) of (CH3)2P(0)Cl. Filtration 
chromatography (1/9 v/v CH,C&/pentane) of the reaction reaidue 
gave 0.35 g, 76%) of Gc-Me2P)Gc-Ph,P)Fe,(Co)6 (ZOa), an orange 
solid, mp 122-123 OC. Anal. Calcd for C@lsO,J'zFez: C, 45.67; 
H, 3.07. Found C, 45.82; H, 3.16, 

(1) Diphenylchlorophosphine. To the standard green-black 
anion solution (from 0.98 mmol of gl-CH&=O)Gc-PhZp)F&O)6 
and 1.96 "01 of LIBEBH) was added at  -78 "C 0.43 g (1.96 
mmol) of Ph2PC1. The usual workup gave (p-Ph2P)2Fe2(CO)6 
(20b), a yellow solid, mp 186-188 OC, in 72% yield. Ita spec- 
troscopic properties were in good agreement with those reported 
for this compound.a0 

This product also was formed in 44% yield in the reaction of 
the green-black anion solution with Ph2P(Cl)=NPh. 

(m) Phosphorus Trichloride. Upon addition, at  -78 OC, of 
0.24 g (1.72 m o l )  of PC13 to the green-black anion solution from 
0.70 "01 of Gc-CH3C=..0)(p-PhzP)Fez(CO)6 and 1.40 "01 of 
LiBEhH there occurred an immediate color change to orange. 
The orange oil which remained after solvent removal gave, on 
filtration chromatography (1/9 v/v CH&&/pentane), 0.24 g (62%) 
of yellow, crystalline Gc-C1zP)~-PhzP)Fe2(co)6 ( 2 0 ~ )  mp 135-136 
OC. Anal. Calcd for Cl&loCl,0~2Fe,: C, 38.14; H, 1.78. Found 
C, 38.48; H, 1.84. 

(n) Carbon Disulfide. (i) Iodomethane Quench. To the 
standard green-black anion solution (from 0.98 mmol of ( p -  
CH3C4)(~-Ph2P)Fez(CO)6 and 1.97 mmol of LiBEhH) was 
added, at -78 OC, 0.32 g (4.16 mmol) of C&. The reaction mixture 
was stirred at  0 OC, during which time it became red-brown in 
color. Then 0.57 g (4.12 mmol) of CH31 was added and the 
resulting solution w a ~  stirred at  room temperature for 18 h. The 
usual workup, including filtration chromatography (1/9 v/v 
CH2C12/pentane), gave 0.45 g (82%) of light orange crystals, mp 
134-135 OC (pentane), of Gc-CH3Sc=s)Gc-PhzP)Fez(CO)6 (22a). 
Anal. Calcd for C&130sPSzFez: c, 43.20; H, 2.36. Found c, 
43.27; H, 2.60. 

(ii) Iodoethane Quench. A similar reaction was carried out 
in which C2H61 was added to the red-brown anion Solution. 
Filtration chromatography (1/20 v/v CH,Cl,/pentane) gave an 
orange oil, 22b, in about 50% yield which retained pentane in 
spite of high-vacuum (room-temperature) treatment for 2 days. 
The 'H NMR spectrum (figure in supplementary material) and 
the C, H analysis showed this. Anal. Calcd for CnHl5O6S2PFe2: 
C, 45.39; H, 2.60. Found C, 49.46; H, 3.59. 

C@&sP&$ C, 43.05; H, 2.89. Found C, 43.01; H, 2.95. 

(21) Maier, L. Chem. Ber. 1961, 94, 3051. 
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Attempted reaction of this product with PhSp in refluxing THF 
resulted in decomposition. 

(iii) Benzyl Chloride. The same problem was encountered 
in the synthesis and isolation of (p-PhCH8C==S)(p-Ph2P)Fe2- 
(CO), (224 when benzyl chloride was added to the red-brown 
anion solution. The orange oil that was isolated in about 75% 
yield retained pentane tenaciously and decomposed when treated 
with P h p  in refluxing THF. 

(0) Methyl Isothiocyanate. To the green-black anion solution 
prepared by reaction of 0.97 mmol of (p-CH3C=O)(p-Ph2P)- 
F0&C0), and 1.93 mmol of LiBEtJ-I in THF at -78 OC was added 
0.15 g (2.05 "01) of CHsNCS in 5 mol of THF. Within 15 min 
at -78 OC the solution became red-brown in color. Iodomethane 
(0.46 g, 3.2 mmol) was added. The reaction mixture was warmed 
slowly to room temperature and stirred for 18 h. Filtration 
chromatography after removal of solvent (1/9 v/v CH2C12/pen- 
tane) gave 0.42 g (79%) of light orange solid (p-(CH3I2NC= 
s)(p-Ph&')Fe&o)6, which was identical in all respects with the 
product of the reaction of the green-black anion solution with 

Seyferth et al. 

(CHd2NC-S)(p-Et,P)Fe2(CO), (261, mp 104-110 "c (pentane). 

C, 34.28; H, 3.60; N, 3.06. 
In another experiment, CO was bubbled into the Li[(p- 

E@)Fe2(CO),] green-black solution at  -78 OC to give a clear 
brown-yellow solution. This solution was warmed to room tem- 
perature, and 0.29 g (2.34 mmol) of (CHJ2NC(S)Cl in 3 mL of 
THF was added. Further processing was as above. Column 
chromatography served to separate the major product, (p- 
(CHS)2NC=S)(p-Et$')Fe2(CO)6, in 17% yield from several very 
minor producta. 

Reaction of [Et,N][(a-CO)(a-Ph,P)Fet(CO)6] with tert- 
Butanerulfenyl Chloride. tertButanaulfeny1 chloride (pre- 
pared by addition of 0.13 g (0.10 "01) of S02Cl2 to 0.21 g (0.93 
"01) of di-tert-butyl disulfide at  -78 OC)" was added at -78 
OC to a THF solution of 0.47 g (0.76 "01) of [Et4N][(p-CO)- 
(p-Ph2P)Fe2(CO),] prepared by the method of Osterloh? The 
solution darkened to brown-orange. It was warmed slowly to room 
temperature and stirred for 18 h. After removal of solvent, fil- 
tration chromatography (1/9 v/v CHzC12/pentane) gave (p-t- 
BuS)(~-PW)F~&O)~ an orauge solid, whae spectra agreed with 
those in the literature.u 

Reaction of [Et8NH][ (pCO)(fi-EtS)Fe,(CO)a] with Di- 
methylthiophosphinic chloride. A 100-mL Schlenk h s k  was 
charged with 3.00 g (5.96 "01) of F ~ S ( C O ) ~  and evacuated/argon 

then 0.60 g (5.96 "01) of triethylamine and 0.37 g (5.96 "01) 
of C 2 w H  were added. Within 45 min at  room temperature the 
initially green solution had turned red, indicating the formation 
of [EhNH][ (p-CO)(p-EtS)Fe2(C0),].'. Upon addition of (C- 
H3)2P(S)C1 (0.80 g, 6.23 mmol) no immediate reaction was a p  
parent, but during a reaction time of 18 h at  room temperature 
TLC indicated the formation of a single orange-red product. 
Removal of solvent in vacuo left a red-brown residue which was 
purified by filtration chromatography (1/4 v/v CH2C12/pentane) 
to give 2.24 g (87%) of red, crystalline ( ~ - ( c H ~ ) ~ w ) ( p - E t S ) -  
Fe2(COI6 (Ma), mp 6 H 1  OC (CH2C12/pentane). Anal. Calcd 
for Cl&l106S2PFe$ C, 27.68; H, 2.55. Found C, 27.70; H, 2.58. 

In another experiment, (CH3)2P(S)C1 (6.23 "01) was added 
to a THF solution of [ & m ]  [ (p-Co)(p-Phs)Fe&!o)e (from 5.96 
mmol each of Fe3(C0)12, triethylamine, and benzenethiol). The 
same general procedure gave f i t  (p-Ph&Fe&O)6 (16.5%) on 
elution with pentane. Further elution with 1/4 v/v CH2C12/ 
pentane gave (p-(CH3)2P-S)(p-PhS)Fe2(C0)6 (18b), orange-red 
crystals, mp 139-140 OC (pentane/CH&ld, in 62% yield. Anal. 
Calcd for C14H1106S2PFe2: C, 34.88; H, 2.30. Found C, 34.94; 
H, 2.41. 

Crystallization of the Tetraethylammonium Salt of the 
"Red-CO Anion". Carbon monoxide was bubbled for 5 min 
through the green-black anion solution (generated from 0.98 mmol 
of 7 and 1.96 mmol of LiBEGH in THF) at  -78 "C under argon. 
While the CO stream was continued, the now red solution was 
allowed to warm slowly to room temperature. The CO stream 
was continued for 30 min more. The solvent was removed at 
reduced pressure, leaving an oily red residue which was redieeolved 
in 5 mL of CH2ClP. A slurry of 0.25 g (1.53 mmol) of [Et4N]C1 
in THF/Et,O was added. A red-orange powder precipitated as 
the solution was cooled at  -30 OC overnight. The solid was 
recrystallized from CH2C12/pentane giving 0.42 g (68%) of 
[Et4N][ (p-CO)(p-Ph2P)Fe2(CO),]. 'H NMR (acetone-d6, 300 

Hz, 8 H, CH2), 7.26 and 7.62 (m, 10 H, C$d. '% NMR (DMSO, 

Hz, CHa,126.7-140.5 (m, Cas) ,  225.8 (Jcp = 11.3 Hz) (aU COS). 
31P NMR (CD2C12, 121.6 MHz): Sp 124.0 (8). [Osterloh repork2 
'H NMFt (acetone&, 90 MHz) 6 1.32 (t, 12 H), 3.40 (q, 8 H), 7.20 
and 7.60 (m, 10 H); lSC NMR (CD2C12, 50.3 MHz) 6c 7.8 (CHS), 
53.1 (t, CH2), 127.8-141.1 (m, Cab),  227 (d, Jc-p = 11.9 Hz) (all 

X-ray Crystallography. X-ray Data Collection. Suitable 
crystals of (p-(CH3)2P=S)(p-PhS)Fez(CO)6 were grown from 

Anal C d d  for Cal6O&PFe$ C, 34.17; H, 3.53; N, 3.06. Found: 

back-- three times. THF (40 mL) WBB addeed by c(uIl1u1B, and 

MHz): 6 1.38 (t, 12 H, J 7.4 

75.4 e): 6c 7.2 (q, JDH = 129.4 Hz, CH3), 51.5 (t, J ~ W  = 143.5 

7.4 Hz, 12 H, CH3), 3.48 (q, J 

COS); "P NMR (CD2C12, 36.4 MHz) 6p 124.8 (81.1 

(CH&NC(S)C1(16). 
(p) Ethyl Iaothiocyanate. (i) Methylammonium Bromide 

Quench. The same procedure was used in the formation and 
reaction of the [(p-C&NC=S)(D-PW)Fe&ZO)J anion solution 
(from 1.0 mmol of ~ - c H ~ ~ ) ( p - P h Z p ) F e & o ) ,  and 2.01 mmol 
of LiBEhH, followed by 0.18 g (2.06 mmol) of C2HsNCS) with 
0.39 g (2.13 mmol) of [EhNHIBr as a slurry in 10 mL of THF. 
Filtration chromatography, &r removal of solvent, gave an 
orange oil which was subjected to column chromatography. The 
product, (p-C2H~NH~)(p-Ph&')Fe2(C0), (26), obtained in 
about 80% yield, retained pentane tenaciously even after 4 days 
in vacuum. Attempted reaction with PhsP in refluxing THF 
resulted in decomposition. 

(ii) Iodoethane Quench. Addition of C a d  to the red-brown 
[ (p-C2H~NC-S)(a-Ph2P)Fe2(CO),]- anion solution gave (p- 
(C2H6)2NC-S)Oc-PhzP)Fe2(CO)s (24b) as an orange, oily solid 
in about 65% yield which presented the m e  problem of isolation 
and purification. 

(q) Phenyl Irothiocyanate. Using the above procedure, 0.25 
g (1.85 m o l )  of PhNCS was added to the green-black anion 
solution prepared from 0.923 mmol of (p-CHsC=O)(p-Ph2P)- 
Fe&O), and 1.85 mmoi of LiBEtJ-I. To the resulting red-brown 
solution was added 1.85 mmol of CH31. After a reaction time of 
18 h at  room temperature, solvent removal and filtration chro- 
matography (1/9 v/v CH&&/pentane) gave 0.28 g (50%) of an 
orange solid, (p-Ph(CH3)NC=S)(p-Ph2P)Fe2(CO), (24~1, mp 
15fb160 OC. Anal. Calcd for C&laO&SPFe: C, 50.76; H, 2.95; 
N, 2.28. Found C, 51.09; H, 3.28; N, 2.28. 

(r) Elemental Sulfur. (i) Iodomethane Quench. To the 
green-black anion solution in THF at -78 OC (from 0.51 mmol 
of (p-CHSC~)(p-Ph2P)Fe2(CO)6 and 1.01 mmol of LiBEhH) 
was added 0.04 g (1.18 mmol as "S") of sublimed S8 as a THF 
slurry. The solution was stirred at 0 OC for 30 min, during which 
time the color changed to clear emerald green. Iodomethane (1.12 
mmol) was added, and the reaction mixture was stirred for 18 
h at  room temperature. Removal of solvent left an orange oil 
which was purified by filtration chromatography (3/7 v/v 
CH&&/pentane). The product, (p-CH$)(p-Ph&')Fea(CO)B (21a), 
mp 133-134 OC (CH2Clz/pentane), an orange solid, was isolated 
in 77% yield. Anal. Calcd for Cl$-Il3O~PFe2: C, 44.57; H, 2.56. 
Found C, 44.64; H, 2.74. 

(ii) Iodoethane Quench. The same general procedure was 
used, except that C a d  was used in place of CHJ. The product, 
@-C&S)(D-PhZp)Fe&O)B, an orange solid, was obtained in 54% 
meld. Ita 'H and 31P NMR spectra were in agreement with 
iiterature d a h P  

Reaction of Li[ (fi-Ettp)Fe,(CO),] with NJV-Dimethyl- 
thiocarbamovl Chloride. Usinn the usual Drocedure. 3.18 mL 

- 

of 1M LiB- in THF (3.18 mil) was addd,  at -78 oC, to 0.66 

After 45 min, 0.39 g (3.18 "01) of (CH3)2NC(S)Cl in 5 mL of 
THF was added (at -78 "(2). After a reaction time of 18 h at room 
temperature, solvent removal and filtration chromatography (1/20 
v/v CH2C12/pentane) gave 0.44 g (61%) of orange-yellow (p- 

g (1.69 -01) Of (D-CH.qM)(p-E@)F%(CO)6 in 40 mL Of THF. 

(22) Archer, C. M. PbD. Dissertation, MIT, 1986. Manuscript in 
preparation. 

(23) Still, I. W. J.; Kutney, G. W.; McLean, D. J. Org. Chem. 1982,47, 

(24) Womack, G. B. Ph.D. Dissertation, MIT, 1984. Manuscript in 
560. 

preparation. 
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fw 
cryst shape 
cryst dimens, mm 
space group 
temp, OC 
radiation (h, A) 

ceU parame 
a, A 
b, A 
e ,  A 
V, A* 
z 

dcalcd), g cm-* 
linear abe coeHt 
range of t r a m  factors 
detector aperture, mm 
takeoff angle, deg 
max 28, deg 
crystd-detector distance, mm 
scantype 
scan rate, deg mi& 
scan width, deg 
total no. of unique reflections 
total no. of obens (NO) 
final no. of parame 

error in obe of unit wt (GOF)" 
Rb 
RP 

varied (Nv) 

48i.64 
Plate 
0.66 X 0.08 X 0.39 
~ 1 2 1 2 1  
21 
graphite-monochromated 

12.494 (2) 
17.706 (2) 
8.7909 (9) 
1944.7 (7) 
4 
1.646 
18.037 
0.807-1.712 
(3.00 + tan 8) wide x 4.00 high 
3.0 
54.0 
173 

1.06-6.67 

Mo Ka (0.71069) 

8/29 

0.60 + 0.347 tan e 
2442 (h?&,l) 
1981 
196 

1.327 
0.0326 
0.0407 

pentane/CH2C12 solution at -20 "C. Data were collected on an 
Enraf-Nonius CAD4 dSfra&m&r with use of Mo Ka radiation. 
Unit cell parameters were obtained from a leasbsquarea refiie- 
ment of the setting angles of 26 reflections in the range 18.0' I 
28 5 26.0°. The dBmction symmetry and the systematic abeences 
h00 (h = odd), OkO (k = odd), 001 (I = odd) were consistent with 
the space group P212121. Diffraction data were collected to a 
maximum 28 = &io, and background counta were obtained by 
extending the ~ ~ 8 1 1 2 6 %  on each side of the peaks. Three re- 
flections wen choeen as intensity standards end were remeaswed 
at 12Gmin intervals of X-ray exposure. There was no significant 
variation in the intensities of these standards, so no correction 
was applied. Abeorption corrections were applied to the data by 
using the method of Walker and Stuart.% See Table V for a 
summary of crystal data and X-ray collection information. 

Structure Solution and Refinement. The structure was 
e ~ h r e d b y ~ o f ~ v t ~ ~ ~ , ~ w h i c h ~ u c c e e d e d i n l o c a t i n g t h e F ~  
core atoms. Subsequent leaet.eguaree r&emen)nR and difference 
Fourier Syntheses led to the location of all remaining atom. 
Atomic acntt8ring fadors28 and anomalous &pereion termss were 

(25) Walker, N.; Stuart, D. Acta Crystallogr., Section A: Found. 
Cryetallogr. 1983, A39,1681. 

(26) Main, P.; Lasinger, L.; Woofeon, M. M.; Germain, G.; Declercq, 
J. P. MULTAN 11/82, A System of Computer Programs for the Auto- 
matic Solution of Cryetal Structuree from X-ray Diffraction Data. 
University of York, York, England, and University of Louvain, Louvain, 
Belgium. 

(27) F'rogram umed were thw of the Enraf-Noniua Structure Deter- 
mination Package by B. A. Frenz, in addition to local program by R G. 
Ball. 

T8ble VI. Positional and Thermal Parameten for the 
Non-Hydrogen Atoms of [Fe2(CO)6(r-SPM~)(fi-SPh)] 

atom X Y 2 B, A2 
Fe(1) 0.27676 (6) 0.19983 (4) 0.16810 (7) 2.66 (1) 
Fe(2) 0.16187 (6) 0.23622 (4) 0.39910 (7) 2.87 (1) 
S(1) 0.32724 (8) 0.26649 (7) 0.3747 (1) 2.76 (2) 
S(2) 0.3290 (1) 0.09402 (7) 0.3132 (2) 3.76 (2) 
P 0.2127 (1) 0.12059 (7) 0.4662 (1) 3.41 (2) 
O(1) 0.2072 (4) 0.3290 (2) -0.0088 (6) 6.1 (1) 
O(2) 0.4663 (4) 0.1836 (3) -0.0239 (5) 7.3 (1) 
O(3) 0.1262 (3) 0.0976 (3) 0.0164 (6) 6.0 (1) 
O(4) 0.0943 (3) 0.2629 (3) 0.7176 (6) 6.8 (1) 
O(6) -0.0427 (3) 0.1719 (3) 0.2690 (6) 6.9 (1) 
O(6) 0.0769 (3) 0.3868 (2) 0.3057 (6) 6.6 (1) 
C(1) 0.2324 (4) 0.2793 (3) 0.0641 (6) 3.7 (1) 
C(2) 0.3961 (4) 0.1893 (3) 0.0623 (6) 4.2 (1) 
C(3) 0.1846 (4) 0.1372 93) 0.0733 (6) 3.9 (1) 
C(4) 0.1163 (4) 0.2536 (3) 0.6904 (6) 4.6 (1) 
C(6) 0.0331 (4) 0.1969 93) 0.3199 (6) 3.7 (1) 
C(6) 0.1075 (4) 0.3292 (3) 0.3381 (7) 4.2 (1) 
C(7) 0.2706 (6) 0.1123 (4) 0.6637 (7) 6.4 (2) 
C(8) 0.1147 (6) 0.0449 (3) 0.4647 (9) 6.0 (2) 
C(11) 0.3466 (4) 0.3663 (3) 0.3463 (6) 2.89 (a)* 
C(12) 0.4004 (4) 0.3912 (3) 0.2197 (6) 3.8 (1)s 
C(13) 0.4191 (4) 0.4686 (3) 0.2042 (6) 4.4 (1)* 
C(14) 0.3817 96) 0.5180 (3) 0.3121 (7) 4.8 (1)* 
C(16) 0.3296 (6) 0.4922 (4) 0.4366 (7) 6.1 (1)* 
C(16) 0.3109 (4) 0.4149 (3) 0.4669 (6) 4.0 (1)* 

"Starred values refer to atoms that were refined ieotropically. 
Anisotropically refined atoms are given in the form of the isotropic 
equivalent displacement parameter ae (4/3)[a2f3(l,l) + b2f3(2,2) + 
c28(3,3) + ab(- r)8(1,2) + d c o e  8)8(1,3) + W o e  d8(2,3)1. 

taken from the usual tabulations. Although hydrogen atom were 
located, they were not refiied but were input in their idealized 
positions and assigned isotropic thermal parameters of 20% 
greater than that of the attached carbon. Refinement ofthe other 
enantiomorph led to significantly higher residuals, establishing 
the original hand as correct. On the final difference Fourier map 
no residual was higher than 0.38 e/Aa. The f i i  positional and 
ieotropic thermal parameters for the non-hydrogen atom are given 
in Table VI. 
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Supplementary Material Available: A listing of charac- 
terization data (melting points and IR, 'H, 19C, and 91P NMR, 
and 70-eV E1 mass spectra) for all new compounds, tables of 
anisotropic and isotropic thermal parameters and hydrogen atom 
parameters for compound 18b, and figures of 'H NMR spectra 
of product oils that retained pentane (33 pages). Ordering in- 
formation is given on any current masthead page. 
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(28) (a) Cromer, D. T.; Waber, J. T. International Tablee for X-ray 
Crystallography; Kynoch Prese: Birmingham, 1974; VoL W ,  Table 2 . a  
(b) Stewart, R. F.; Davidson, E. R.; Simpson, W. T. J.  Chem. Phys. 1966, 
42, 3176. 

(29) Cromer, D. T.; Liberman, D. J.  Chem. Phys. 1970,53, 1891. 
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