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phenylphosphonium)cyclopentadienylidene product (4). One
can envision two means of ylide formation: (a) the diazo ligand
may attack the nickel-phosphine complex to form the
“phosphazine” (1) which decomposes in the presence of the
metal to the ylide (4) or (b) the nickel-diazo complex de-
composes to form a carbene species (PPh;),Ni=CsH, which
preferentially attacks triphenylphosphine rather than diethyl
maleate to form 4.

The reaction chemistry of diazocyclopentadienes coordinated
to Ni(0) is thus very different from that observed for diazo-
methane or diazofluorene Ni systems. Perhaps the ability of
the cyclopentadienyl carbene species :CsH, to stabilize electron
density on the “carbenoid” carbon atom by delocalization into
a Cs aromatic system is one reason for the differing reaction
chemistry. Such stabilization would tend to diminish the
carbenoid character of the C(1) carbon atom and thus inhibit
its reaction as a carbene with olefins to produce cyclopropane
products. In fact the stabilization of the carbene by aroma-
tization would tend to make the C(1) carbon atom more
positive in character and thus facilitate its reaction with
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electron-donor species, such as triphenylphosphine, to give ylide
products.
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The synthesis and structure from IR and NMR data of the complex ({(¢-SCH;)Fe(CO)(P(CH;);),),(CH;COOCCCOOCH,)
are described, and its reactivity toward H* is studied. Protonation gives a chelated (C,0) 1,2-bis(carbomethoxy)ethylene
complex in which the added proton is cis to the carbon-bonded iron atom. The structure of the product has been established
by a crystal structure determination of [((u-SCH3)Fe(CO)(P(CHs;),),),(CH,COOCCHCOOCH,)][B(C¢Hs)4i. In this
complex each iron atom is octahedrally coordinated to two bridging sulfur atoms of the methylthiolato groups, two phosphine
ligands trans to the sulfur atoms, one carbonyl group, and a vinylic carbon atom for one iron atom and an oxygen atom
of the a-carbony! ester group for the other. The compound crystallizes with 4 formula units in the monoclinic space group
C34-P2,/c in a cell of dimensions a = 10.716 (4) A, b = 30.227 (11) A, ¢ = 16.346 (5) A, and 8 = 102.75 (1)°. On the
basis of 5856 unique reflections, the structure was refined by full-matrix least-squares techniques to conventional indices
(on F) of R = 0,050 and R, = 0.057. The Fe—Fe separation of 3.452 (1) A and the dihedral angle around the sulfur atoms
of 157.8° lead to the widest spacing thus far found for this type of dinuclear, sulfur-bridged iron complex.

Introduction

The reaction of alkynes with transition-metal hydrides to
give alkene complexes is well-known and has been extensively
studied.? It has also been found that protonation of mono-
nuclear alkyne complexes of platinum, palladium,** and os-
mium’® gives alkene complexes.

We have shown recently® that photochemical activation
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induces the insertion of an alkyne into the iron—iron bond of
[(u-A)Fe(CO);], complexes (A = SCH;, SC¢H;s, P(CH3),),
and it was of interest to determine if the double o-bonded
alkynes in these complexes have the same type of reactivity
as do alkynes in mononuclear complexes. If protonation oc-
curs, we expected the product to be a o= alkene complex, as
has been encountered in the reaction of methyl vinyl sulfide
with Fe;CO,,” and in the reaction of ethylene with H,Os;-
C0,.2* We thus undertook a study of the protonation of
(#-SCH;),Fe,(CO),_,(P(CH,;);),(CH;COOCCCOOCH,)

(7) King, R. B.; Treichel, P. M.; Stone, F. G. A. J. Am. Chem. Soc. 1961,
83, 3600-3604.

(8) Keister, J. B.; Shapley, J. R. J. Organomet. Chem. 1975, 85, C29-C31.

(9) Deeming, A. J.; Hans, S.; Underhill, M. J. Chem. Soc., Dalton Trans.
1975, 1614-1620.
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Proton Addition to 1,2-Bis(carbomethoxy)acetylene

complexes and determined the X-ray structure of the product
for n = 4.

Experimental Section

Infrared spectra were recorded on a Perkin-Elmer 225 spectrometer.
Proton NMR spectra were obtained on a Varian A60A spectrometer.
The solvent was CH,Cl, with Me,Si as the internal standard. Positive
values indicate low-field chemical shifts. [(u-SCH;)Fe(CO),], was
purchased from Pressure Chemical Co. and CH;COOCCCOOCH;,
from Fluka. [(u- SCH,)Fe(CO)3]2(CH3COOCCCOOCH3) was
prepared by the published method.®

All reactions were carried out under a pure dinitrogen atmosphere
by using Schlenk tubes and vacuum line procedures.

Preparation of [(u-SCH;)Fe(CO)(P(CH;);),],-
(CH;COOCCCOOCH;) (1). [(u-SCH;)Fe(CO);],-
(CH,;COOCCCOOCH3) (400 mg) was dissolved in benzene, and 0.4
mL of P(CHj;), (slight excess) was introduced. The solution was
refluxed for 16 h. Benzene was evaporated under vacuum, and the
residue was dissolved in a minimum of pentane and filtered. Crys-
tallization gave 0.245 mg of orange crystals (yield ~45%). Mp 162
°C dec. Anal. Calcd for C22H43F6206P4SZ: C, 37.28; H, 678; P,
17.51. Found: C, 37.45; H, 6.73; P, 17.22. IR: 1909 (s), 1896 (m)
cm™! [»(CO), hexadecane solution]; 1660 [»(CO) of O=COCH;];
1460 cm™ [y(C=C)] (KBr pellets). 'H NMR: & 1.16 (broad signal,
Jpu =~ 8 Hz), 2.30 (SCH,), 3.63 (OCH3).

Preparation of [((u-SCH,;)Fe(CO)(P(CH;);)3);:-
(CH;COOCCHCOOCH;)X Where X = PF, (2) and B(CsH,), (3).
An excess of CF;COOH was added to a CH,Cl, solution of 1. The
red solution turned brown immediately. The solution was next
evaporated to dryness and the residue dissolved in methanol. To this
solution was added a slight excess of a water solution of NH,PF;.

" A precipitate immediately appeared which was filtered and dried.
Recrystallization from a CH,Cl,/ether medium gave orange crystals
of 2 in quantitative yield. Mp 95 °C dec; Anal. Calcd for
CHyFFe,O6PsSy: C, 30.91; H, 5.73; P, 18.15; F, 13.14. Found:
C, 30.76; H, 5.56; P, 17.75; F, 13.43. IR: 1938 (s), 1930 (sh) cm™
[»(CO), CH,Cl, solution]; 1700, 1590, 1540 cm™ [»(CO) of COOCH,
and »(C=C) (see text) KBr pellets]. 'H NMR: 4 6.15 (1 H, vinyl
proton), 3.96 (3 H, OCH,), 2.35 (6 H, SCH3), 1.37 (Jpy = 9.2 Hz,
18 H, P(CH3)3), 1.30 (Jpy = 8.2 Hz, 18 H, P(CHj3),). Crystals more
suitable for crystallographic studies were obtained as the B(C¢Hs),
salt, 3. The compound was prepared in the same way, with NaBPh,
(Ph = C¢Hj;) in slight excess being added to the methanol solution
to give immediately an orange precipitate which was then recrystallized
from CH,Cl,. Mp 151 °C for [((u-SCH3)Fe(CO)(P(CH,),)Z)Z-
(CH;COOCCHCOOCH;,)][BPh,], 3.

X-ray Study, Preliminary photographic data for compound 3
revealed monoclinic symmetry. Systematic extinctions (0k0, k = 2n
+ 1, and h0J, I = 2n + 1) are consistent with space group C5;-P2,/c.
All constants were obtained as previously described'® by least-squares
refinement of the setting angles of 12 hand-centered reflections which

" had been chosen from diverse regions of reciprocal space with 24°
< 26(Mo) < 26°. These cell constants and other pertinent data are
shown in Table I. The density of 1.25 g cm™, observed at room

_ temperature by flotation in ZnCl, aqueous solution, may be compared
with that of 1.323 g/cm? calculated for 4 formula units in the low-
temperature cell. Intensity data were collected at —162 °C on a
computer-controlled Picker four-circle diffractometer. A total of 8082
intensities was recorded: out to 26(Mo) = 46.5°, The data were
processed as previously described'! by using a value of p of 0.04. The
5856 unique reflections having F.2 > 3¢(F,?) were used in subsequent
calculations. An absorption correction was applied to the data.'?

(10) Corfield, P. W, R.; Doedens, R. J.; Ibers, J. A, Inorg. Chem. 1967, 6,
197-204. Doedens, R. J.; Ibers, J. A. Ibid. 1967, 6, 204-210.

(11) See, for example: Waters, J. M.; Ibers, J. A. Inorg. Chem. 1977, 16,
3273-3271.

(12) The Northwestern absorption program, AGNOST, includes both the
Coppens—Leiserowitz—Rabinovich logic for Gaussian integration and the
Tompa-De Meulenar analytical method. In addition to various local
programs for the CDC 6600 computer, modified versions of the fol-
lowing were employed: MULTAN, direct method program of Main,
Germain, and Woolfson; Zalkin's FORDAP Fourier summation program;
Johnson’s ORTEP thermal ellipsoid plotting program; Busing and Levy’s
ORFFE error function program. Our full-matrix least-squares program,
NUCLS, in its nongroup form, closely resembles the Busing-Levy ORFLS
program.
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Table I. Summary of Crystal Data and Intensity Collection

compound
formula

fw

a(at —~162°C)
b

c

g

v

Z

density (caled for —162 °C)

density (measd in
ZnCl,(aq))

space group

cryst dimens

boundary faces of the
prism

temp

radiation

linear abs coeff
transmission factors
receiving aperture

[((u-SCH,)Fe(CO)(P(CH,),),),
(CH,COOCCHCOOCH,)] [B(CH,),]

C,¢H¢,BFe,P,0,8,

1028.6

10.716 4) A

30.227 (1D A

16.346 (5) A

102.75 1)°

5164.3 A®

4

1.323gcm™?

1.252)gem™?

Cih —P2,/c
0.144 x 0.289 x 0.317 mm
{001}, {121}

-162°C

Mo Ka (A(Mo Ka,) =0.7093 A) from
monochromator

7.91 cm™

0.795-0.902

4.0 X 4.5 mm; 30 cm from crystal

takeoff angle 27°
scan speed 2% in 20/min
scan range 0.75 ° below Ko, to 0.75° above Ko,
bked counts 10s
26 limits 2.8-46.5°
final no. of variables 382
unique data used 5856 (Fo? > 3a(Fp?))
quantity minimized Iw(lFgl— IFo)?
weight w=4F% o' (Fy*)
R=ZIIFgl— IFl|f 0.050

ZIF,
Ry, = (Zw(IlFyl- 0.057

IFo )2/ ZwF 1yV?
std error in an observn 1.54

of unit wt

The structure was solved by standard Patterson and Fourier methods
and refined by full-matrix least-squares techniques.'? Values of the
atomic scattering factors! and the anomalous terms'* were from the
usual sources. The effects of anomalous dispersion for the Fe, S, and
P atoms were included in F.!* The phenyl rings of the BPh, anions
were treated as rigid groups16 with a C-C distance of 1.392 A and
a C-H distance of 0.95 A. Refinement of an isotropic model converged
to values of R and R,, of 0.08 and 0.11, respectively.

A difference Fourier map clearly revealed the positions of all the
49 H atoms. Their contribution to F, was then calculated and used
for the final cycles of refinement which included anisotropic thermal
parameters for all nonhydrogen atoms except the C atoms of the phenyl
rings. In the calculation of the fixed contribution of the H atoms,
an isotropic thermal parameter assigned to each H atom was 1 A?
greater than that of the atom to which it is attached.

The final values of R and R, are 0.050 and 0.057. An analysis
of Tw(|F,) - |F)?as a funct1on of |F,, setting angles, and Miller
indices shows no trends. A final difference Fourier map shows some
peaks of the order of 0.6 (2) e/A? associated with the benzene rings.
These peaks are approximately 11% of the heights of typical light-atom
peaks on earlier Fourier maps. Thus the final difference Fourier map
is essentially featureless.

In Table II we present the atomic parameters of the nongroup atoms
together with their standard deviations as derived from the inverse
matrix. Group parameters appear in Table III. In Table IV we
present the positions of the 49 H atoms of the complex cation.!” Table
V lists the root-mean-square amplitudes of vibration for those atoms
refined anisotropically.!” A listing of 10[F,] vs. 10|F,| is available,"”

(13) Cromer, D. T.; Waber, J. T. “International Tables for X-ray
Crystallography” Kynoch Press: Birmingham, England 1974; Vol. 1V,
Table 2.2A. Cromer, D. T, Ibid., Table 2.3.1.

(14) Stewart,R. F.; Davndson, E.R; Slmpson W.T.J. Chem. Phys. 19685,
42, 3175-3179.

(15) Ibers, J. A.; Hamilton, W. C. Acta Crystallogr. 1964, 17, 781-782.

(16) La Placa, S. J,; Ibers, J. A. Acta Crystallogr. 1965, 18, 511-519.

(17) Supplementary material.
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Table I Positional and Thermal Parameters for the Nongroup Atoms of [((u-SCH,)Fe(CO)(P(CH,),),),(CH,COOCCHCOOCH,)] [B(C,H,),}

ATOM X "1l np?2 Hil LI¥4 H]3 23
AA AR AR A AL IR A S A R R Y L Y Y P Y R X Y Y A R Y R R R R Y Y Y P T Y R R Y S R P R R PP A Y A Y AT Y Y T Y Y )

FFt]) 0.005R0(6) Dea2nKT(2) Ue3326618) 3s.2(T) .47 (R) 13,13 0e2i2) 4.vi3) “ted(l
FFt2) 0.055RA(6) 0.3169%5(2) 0.,37860(s) 2%.2t1) .41 18) 11,2(3) G.i2) 8.7(3) Geb(l
St1) U.1514101) G.3A214 1) 0e02435(7) 37441} 420(1) 12.11%) ~0sh(3) 31 (6) vel (2
St2) =0.116911) 0.38357¢4) 0,32067(T) 32. (1) 34R1(1) 1604 (5) Ned(? Tali6) Dok (2)
P “«0e1437¢1) De8haTL () 0.24078(8) sl ) 4s11(2) 204014} 1e743) b7 ek (2)
Pt?) 0a1603¢1) UeaT7R321(8) 0433H05¢(A) 43.(1) 4,2(2) 17.0(8) =Z2sc(4) 3. 747} Vel (2y
P} ~0.03791(1) 0.25744 (s) Q.30700t) 374010 6101 13.115%) =0.0(3} LYRIL} el (2)
Pa) 0.2254 (1) 0.277501(s) G.453]19(H) Al [YRARY] 14,3(5%) 1.0(3) Re2ib) 1.7(2)
o) ~0.0%141(4) Oenha?(})) VeeT](2) 104,1(5) Yelih) 28.(2) S.tl) 27.(3) =2.0(8)
a2y ~0.06T77L3) 0.1 (1) JeB1H0(2) 4T.i8) Hed(h) 17.(23 N.(1)y 14,¢2) 2eb(T)
003) De2750(3) 0¥ Ta( ) DelalThigl SYetls) LRS-} 23 (2) s.tl) Zhet?) Dk (T)
0s) 0.048R13) 0.39427(10) 0.2¢71(2) 37.00) 3e21(8) 154(1) 1en{9) T.(2) =JaS(H)
0S) N.0202¢3) 043344 1(]) Delasfic) ane 3) Selte) 13.11) 1e419) aot2) ~Ja9(h)
(k) 0.4297(3) 0e3lnltl) N.208212) 45, 1(8) 11.1(5) 2,2} Tell) 20,2} Def (R)
cil) =0.0802(5) Vedaun{?} Neaiduts) “ha (D) bob(h) ?3.(2) 2.1 lel3) =Jelln)
ci) «N.N195(%) 0.38445(7) U.4n27(3) a8, (S) 4eBm) 19.(2) -?2.t1) Gat3) Ve (D)
cCtn N.laa]is) 0.2304 (1) DePb2?(3) 354 {9} Pef(92) 12.(2) ~2.411 6 l2) veli(ay
C(s) 0.0719(0) 73536 (2) 0.,2171(3) 2hei5) Hea(6) 1tet2) “?.t1) 12.(3 =-1s0{9)
cts) =040359(5) DgAINKA(?) NeD 750 () The (&) T.7(T) Ye (2 Set2) -8e(3) 1e3C10)
cCi&) Na2620(a) 0.702(2) Ge?73a(3) A4, (5) Sa1(8) 12.(2) | 1.1 ne (3} o8 (9)
cn 0.31R3{s) NeAIRT(2) UePUDY () 33.(5) Ses i) 15.(2) ~4all) Ye () ~Zes0(19)
CA) D.4924 (%) N.A37¢(°2) Jelwll (&) 6he (k) 18,3¢(10) Wt Petd) 27.103) “al))
M 0.1331(%) NHa24r9(?} Ne5306(13) b0eld) Tert?) 1l1e¢2) -?.t) 3.t ~te& (9
ce1m) =0,2303(5) Ve INRR () Nedvll(3) “leiS) hat t7) 3043 3. t1) 17.(3 ETRA R
caIn -0.N9Q(5) DebnT0(?) NDelevits) B (&) AeTLT) 1va(2) 1ei2) 3. 13) c2(10)
ct12y =0a.7149(S) ueSt20(?) J.2H1K(8) THe (T} febtT) 37.(1 R, (20 144 (s) letl)
C(1y =N, 2A17(Y) Te4387(7) Nel902( 31} bHe(H) Te1(7) 3.3 2.2} -9, () 3a11)
C(14) 0.7571(6) YesA&TN(?) 1e2524(4) Ta, i) 11e8¢(y) 35.t3 =1hs12) N.is) =~el1l
Ci1s) N.2hna (k) Hetn? (/) Je3evid) 504(%) 5.816] A TEE]] -5, (2) 0.t3) RN B
C(1a) 0.1234(5) 0.8370(2) Oe3zaki(3) 69.(n} 4.81(n} 32.13) LLTRY ] -, (3) 2 il)
C(17) 00707 (0} 1e?2105¢2) e 3086 (3) 324 (3) 4.RlB) 18.12) =l.t1) S5+ (3) Je (¥
[D L} N 1We?2(5) 0.72080(?) BeR409(3) “«Ta(9) LYLALY) 19.t2) 4,11} S« (3 hORE R L]
cl9) N,03I8F(9) #e2120(2) Yed2797(3) 60, 08) Dl te) 18412) =l () 19:. (3 ~2:2(9)
ci20) 0,2848(9) Ne?2?277(2} 0.8118(3) 37, (%) Ge?2(6) 2net2) 2.0 11.13) LeSUIM
ct21) 0.3721(5) N.3061(2) Nea%13(3) aelH) Sadib)} 1vat2) latl) leat3) velt9)y
c2” 0.203A(5) e 2559/ (?) 0,%535(3} bhrg(B) VeHiT) 20 t2) &, (?) Tt ~atl)

- N.a60H(5) D4020H(7) 041703(3) ble (k) kPLILY] 13.t2) sl 9.t le9tl0)

I T XY R S R R R R R Y Y R R Y R R R R Y Y Y Ry R T R Y R Yy Y Yy Y PRI YT Y YT Y Y YT T Y PP Ty

FSTIMATED STANDARD DEVIATINNS IN THE LFAST SIONIFICAnT FIGUKF(S) 4k GIVEN IN PAMENTHESES IN TwId> aAND ALL SURSEQUENT TaAnLES, TwE
» 2

FORM OF THE ANTISOTRORIC THFRMAL FLLIRSOID IS0 FXP «(4lln PHEOK oMIIL +2H12WKe2B1INLERRRAKL) o THE GUANTITIES HIVEN IN Tt TaALF

-
ARE THE THERMAL COEFFICIFNTS x 10 o

Figure 1. Stereoscopic view of a unit cell of [((u-SCH3)Fe(CO)(P(CH3)1),),(CH;COOCCHCOOCH,)][B(C¢Hs),s]. The z axis is horizontal
from left to right, the x axis is perpendicular from bottom to top, and the y axis comes out of the paper. The vibrational ellipsoids are drawn

at the 30% level. Hydrogen atoms of the complex cation are omitted.

Results and Discussion

Syntheses and Reactions. The substitution of carbonyl
groups in [(u-SCH;)Fe(CO),],(CH;COOCCCOOCH;) by
trimethylphosphine ligands is facile, four CO groups being
displaced in benzene under reflux to give in good yield [(u-
SCH;)Fe(CO)(P(CH,);3],(CH;COOCCCOOCH3), 1. This
compound shows two infrared-active bands in the »(CO)
stretching region and a band of moderate intensity at 1460
cm™! which we attribute to the »(C==C) stretching vibration.
The »(C=C) band in the unsubstituted complex is at 1516
cm™'.® This shift in frequency of 56 cm™' to lower energy is
the expected result of the substitution of four CO groups by
trimethylphosphine ligands. The 'H NMR spectrum of 1
shows a broad signal for the P(CH;); groups and one signal
for the SCH; and OCH,; groups. These results strongly
suggest that the molecule has C,, symmetry with the phosphine
ligands trans to the SCHj thiolato bridges and with the SCH;
groups in a syn conformation.

Protonation of the P(CH;);-substituted complexes by tri-
fluoroacetic acid occurs readily for both the tri- and tetra-
substituted derivatives, but only the tetrasubstituted product

has been fully characterized as hexafluorophosphate or tet-
raphenylborate salts. The [((u-SCH;)Fe(CO)(P(CH;)4)5)y-
(CH;COOCCHCOOCH,)]* cations, associated with either
PF,~ or BPh,™ anions, show two infrared-active bands in the
v(CO) stretching region which are shifted 29 cm™' to higher
frequencies relative to 1. This increase in frequency is much
lower than that generally observed after protonation of a metal
center, i.e., about 80-100 cm™"."® Thus, the proton is not
bonded to an iron atom. In the PFg salt one band of medium
intensity is observed at 1700 cm™ which we attribute to the
v(CO) band of the ester group. Two other bands of equal
medium intensity are observed at 1590 and 1540 ecm™. Their
assignment is less certain as in this region bands associated
with either an ester carbonyl group coordinated to a metal
atom!?? or a »(C==C) vibration of alkene CH;COOC=CH-

(18) Arabi, M. S; Mathieu, R.; Poilblanc, R. J. Organomet. Chem. 1976,
104, 323-330 and references therein,

(19) Roe, D. M.; Calvo, C.; Krishnamachari, N., Maitlis, P. M. J. Chem.
Soc., Dalton Trans. 1975, 125-132

(20) Canziani, F.; Garlaschelli, L.; Malatesta, M. C. J. Organomet. Chem.
1978, 146, 179-196.
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Table ITI. Derived Parameters for the Rigid Group Atoms of [(
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(u-SCH,)Fe(CO)(P(CH,),),),(CH,COOCCHCOOCH,)] [B(C,H,),]

ATOM A ﬂudl ATOM x A R(A’)
..‘.........................}...........'.I.......'.......................................O...'................'.....'.............0
ct2dy D.4le6() 0ebhQ4R(T) DeledTte) 1.981(9) C(I5) 0.4403(2) 0.010801¢10) 0.2693(1) 1.53(9)
Ci2s)y 0.,3%07(3) 0.8T103(T) A,039n (2} 1.78¢9) [ L} 0-5030(1)‘ 0.5R492(9) 0.32161(2) 2.00(9)
ces) 043203¢3) VeT1185(9) 00N 2.06(9) com 0.4R15(3) . 0e57973(9) v.4N18¢2) 2.511)
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COOCH; ¢ bonded to a metal®?2 are expected. The fact that
the band at 1700 cm™ has about the same intensity as these
two bands suggests that one of these is a »(CO) stretching
vibration of a coordinated ester group. The 'H NMR spec-
trum shows two triplets for the P(CH;), resonance ina'1/1
ratio and one signal for the SCH, resonance. Furthermore,
there are two signals in the OCH, region and one broad signal
in the vinyl proton region.

These spectroscopic results strongly suggest that protonation
of 1 gives an alkene complex. But is cdordination through the
oxygen atom of one of the ester groups, and what is the dis-
position of the added hydrogen atom relative to the carbon-
bound iron atom? Since these questions could not be answered
from the spectroscopic study, an X-ray study of the BPh, salt,
3, was carried out.

Description of the Structure. The crystal structure of 3
consists of the packing of four discrete [((u-SCH,)Fe-
(CO)(P(CH;)3),),(CH;COOCCHCOOCH;)]* cations and
four discrete BPh,™ anions, as shown in Figure 1. ~ Figure 2
shows a perspective view of the complex cation along with the
labeling scheme. Figure 3 is a stereoscopic view of this cation.

Figure 2. Perspective representation of the [((u-SCH,)Fe(CO)(P-
(CHj)3)2)2(CH;COOCCHCOOCHS;)]* cation. The vibrational el-
lipsoids are drawn at the 50% probability level. The labeling scheme
is also shown.

Bond distances and angles of interest are given in Tables V
and VII. '
In the dinuclear cation the two iron atoms are each octa-
hedrally coordinated to two bridging sulfur atoms of the
methylthiolato group, two phosphine ligands trans to the sulfur
atoms, and one carbonyl group. The sixth position of atom

(21) Blackmore, T.; Bruce, M. L; Stone, F. G. A. J. Chem. Soc., Dalton
Trans. 1974, 106-112.
(22) Booth, B. L,; Lloyd, A. D. J. Organomet. Chem. 1972, 35, 195-201.
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Figure 3. Stereoscopic view of the [{(u~-SCH,)Fe(CO)(P(CHj)3),),(CH;COOCCHCOOCH;)]* cation. The vibrational elllpsmds are drawn
at the 50% probability level for the nonhydrogen atoms while those for the H atoms are drawn arbitrarily small.

Table VI. Bond Lengths (&) for
[((u-SCH,)Fe(CO)(P(CH,),),),(CH,COOCCHCOOCH,)] [B(C,H,),]

Fe(1)-Fe(2) 3.452 (1) P(3)»-C17) 1.818 (5)
Fe(1)-C(1) 1.711 (6) P(3)>C(18) 1.810 (5)
Fe(1>-0(4) 2.054 (3) P(3)-C(19) 1.819 (5)
Fe(1)P(1) 2,251 (2) P4)-C(20) 1.824 (5)
Fe(1)-P(2) 2.259 (1) P(4)»-C(21) 1.826 (5)
Fe(1)-S(1) 2.339 (1) P(4)>-C(22) 1.831 (5)
Fe(1)-S(2) 2.299 (1) C(1)»0Q) 1.153 (6)
Fe(2)-C(2) 1.762 (5) C(2»0Q2) 1.149 (5)
Fe(2-C(3) 2.049 4) C(3)-C(4) 1.467 (6)
Fe(2)-P(3) 2.233 (1) C(3)-C(6) 1.340 (6)
Fe(2)>-P(4) 2.270 (1) C4)-0@4) 1.230 (5)
Fe(2)-S(1) 2.297 (1) C(4)-0(5) 1.334 (5)
Fe(2)-S(2) 2.364 (1) C(5)-0(5) 1.455 (6)
S(1)»C(9) 1.819 (5) C(6)-C(7) 1.479 (6)
S(2)-C(10) 1.810 (5) C(7)~0(3) 1.195 (5)
P(1)-C(11) 1.812 (5) C(7-0(6) 1.350 (6)
P(1>-C(12) 1.816 (5) C(8)»-0(6) 1.441 (6)
P(1)»-C(13) 1.825 (5) B~-C(23) 1.680 (6)
P(2)»-C(14) 1.813 (6) B-C(29) 1.684 (6)
P(2)-C(15) 1.806 (5) B-C(35) 1.683 (6)
P(2)-C(16) 1.821 (5) B-C(41) 1.680 (6)

Fe(2) is occupied by the C(3) vinylic carbon atom and for
Fe(1) by the O(4) oxygen atom of a carbonyl ester group. The
dihedral angle between the Fe(1)-S(1)-S(2) and Fe(2)-S-
(1)*S(2) planes is 157.8°, and the separatlon between the two
iron atoms is 3.452 (1) A This opening around the S-S axis
is the largest found to date in a series? of sulfur-bridged,
dinuclear complexes of iron, as shown in Table VIII. This
wide opening allows the two SCH, groups to be in a syn
configuration which, for example, is forbidden for steric reasons
in [(u-SCH;)Fe(CO);],.%

A principal feature of the structure is that the 1,2-bis-
(carbomethoxy)ethylene group is o bonded to atom Fe(2)
through the C(3) vinylic carbon atom and to atom Fe(l)
through the O(4) oxygen atom of the carbonyl ester group.
The two methoxy carbonyl groups are mutually cis, and the
added proton on atom C(6) is cis to the Fe(2) atom with
respect to the C(3)==C(6) double bond. Even though the

(23) Dahl, L. F.; Wei, C. H. Inorg. Chem. 1963, 2, 328-333.

(24) Hanslee, W.; Davis, R. E. Cryst. Struct. Commun. 1972, 1, 403.

(25) Le Borgne, G.; Grandjean, D.; Mathieu, R.; Poilblanc, R. J. Organomet.
Chem. 1977, 131, 429-438.

(26) Savariault, J. M.; Bonnet, J. J.; Mathieu, R.; Galy, J. C. R. Hebd
Seances Acad, Sci. 1977, 284, 663-665,

(27) Schultz, A. J.; Eisenberg, R, Inorg. Chem. 1973, 12, 518-525.

(28) Davidson, J. L.; Harrison, W.; Sharp, D. W. A;; Sim, G. A. J. Orga-
nomet. Chem. 1972, 46, C47-C49.

(29) Bonnet, J. J.; Mathieu, R.; Poilblanc, R.; Ibers, J. A. J. Am. Chem. Soc.
1979, 101, 7487-7496.

(30) Ferguson, G.; Hannaway, C.; Islam, K. M. Chem. Commun. 1968,
1165-1166.

Table VII. Bond Angles (Deg) for
[((u-SCH,)Fe(CO}(P(CH ;),),),(CH,COOCCHCOOCH,)] [ B(C4Hj),]

C(1}Fe(1)0(4) 171.5(Q2) C(12)-P(1}-Fe(l) 116.7(2)
C(1»Fe(1)-P(1)  89.4 (2) C(13)P(1}Fe(l) 116.8 (2)
C(1»Fe(1}P(2)  94.0(2) C(14)»P(2)}-C(15) 101.5 (3)
C(1)-Fe(1)»S(1)  92.1(2) C(14)-P(2)-C(16) 104.0 (3)
C(1»Fe(1}S(2)  96.5(2) C(14)»P(2)}-Fe(l) 111.6 (2)
O@)»Fe(1»P(1) 843 (1) C(5)-P(2)}C(16) 99.7 (2)
O@)»Fe(1)P2)  92.2(1) CU5)FP2)-Fe(l) 115.5(2)
O@rFe(1)»S(1) 937 (1) C(16)}PQ)Fe(l) 121.9 (2)
O(4)Fe(1)S(2)  78.2(1) C(7)}P(3)»-C(18) 10L7 (2)
P(1»Fe(1)-PQ)  94.8 (1) CU7)P(3)»-C(19) 103.1(2)
P(1Fe(1>-S(2)  93.4 (1) C(17)P(3)-Fe(2) 116.6 (2)
P(1)Fe(1)-S(1)  175.2(1) CA8*P(B3}C(19) 99.1 2)
PQyFe(1»-S(2) 166.7 (1) C(18%P(3)y-Fe(2) 115.0 2)
PQ2yFe(1»-S(1)  89.6 (1) C(19-P(4)»-C(21) 118.6 (2)
S(1-Fe(1)-S(2)  81.9(1) C(0»P(4)}-C(21) 102.3 (2)
CQ)»Fe(2C(3) 176.6 2) CQ0¥%P(4)}C(22)  99.0 (2)
C(2yFe(2P(3)  93.1(2) C(20-P@&4)-Fe(2) 121.7 (2)
CQ)yFe(2P4)  87.2(2) CQ1)»P(4)}C(22) 98.8 (2)

C(2)-Fe(2)~S(1)
C(2)-Fe(2)-5(2)

97.5 2) C(21)»P(4»Fe(2) 116.3 (2)
87.5(2) C(22)P(4)-Fe(2) 114.9 (2)

C(3¥-Fe(2)-P(3)  89.9 (1) Fe(1»C(1)}O(1) 177.6 (5)
CB3)Fe(2¥P(4)  94.0 (1) Fe(2C(2»-0(2) 179.2 8)
C(3)Fe(2yS(1)  79.4 (1) CU@)yO@)»Fe(l) 127.7 (3)
C(3)Fe(2S(2)  90.8 (1) C@4)rC(3)-C(6) 1143 (4)
P(3)-Fe(2}P@4) 952 (1) CU)}CG3)FFe) 115.4(3)
P(3)-Fe(2»-S(1)  167.8 (1) C(6}-C(3)-Fe(2) 130.0 (3)
PG)»Fe(2)-S2) 929 (1) CG3)»C@4)}0@4) 1252 (4)
P(4>Fe(2)-S(1)  91.4 (1) C(B)XC@4)}0(5) 113.2 (4)
P(4)-Fe(2)-S(2)  170.5 (1) O@)C@4)rO(5)  121.3 (4)
S(1»Fe(2)-S(2)  81.4 (1) C@)»O(5)-C(5)  115.8 (4)
CO»S(1)-Fe(l) 108.1 (2) CQB}XC(6)-C(7)  123.2 (4)
C(9)-S(1>Fe(2) 109.4 2) C(6)}-C(7)-0(3) 127.3 (4)
Fe(1)-S(1»Fe2) 96.2(1) OG> C(7X0(6) 122.1(4)
C(10}S(2)>Fe(l) 110.7 (2) C(6)}-C(7}0(6)  110.5 (4)
C(10)-SQ2)»Fe(2) 111.1 2) C(7)-O(6)»C(8)  115.0 (4)
Fe(1»-S(2>Fe(2) 95.5(1) C(23»B-C@l)  103.2 (5)
C(L1}P(1)»C(12) 103.3 (2) C(@23»B-C(35)  113.0 (5)
C(11)-P(1)>-C(13) 100.5 2) C(23%B-C(29)  112.1(5)
C(11)}-P(1)»-Fe(l) 116.4 (2) C(35-B-C(41)  113.6 (5)
C(12)-P(1)-C(13) 100.5 (3) C(29)-B-C(41)  112.3 (5)

C(29)-B-C(35)  102.9 (5)

formation of chelate complexes with the 1,2-bis(carbometh-
oxy)ethylene group is not uncommon when the adduct results
from trans addition,’®?° to our knowledge this is the first
example where chelation involves an oxygen atom of the a-
carbomethoxy group.!

The four phosphorus atoms of the phosphine ligands are

(31) Dickson, R. S.; Mok, C.; Pain, G. J. Organomet. Chem. 1979, 166,
385-402. These authors discuss the protonation of a dimetalated hex-
afluorobutyne in (CpRh(CO)),(CF;CCCF,) to give [(CpRh(COQ)),-
(CF;CCHCF,)]*. One of the two structures they propose involves a
o-m ethylene complex.
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Table VIII, Bond Distances (A) and Bond Angles (Deg) in Some Dinuclear Sulfur-Bridged Iron Complexes

distance or angle

Fe-Fe Fe-S/ Fe-S-Fe/ Fe-P Fe~C(CO)  dihedral angle®
[Fe(SC,H,)(CO),] . 2.537(10)  2.259(7) 68.3 (3) 1.81 2) 95.2 (5)
[Fe(SC,H,)(CO),] ,° 2.516 (2) 2.270 2) 67.3 (1)
[ Fe(SCH,)(C0),(P(CH,),)] £ 2.518 (1) 2.273 (1) 67.3 (1) 2221 (Q2) - 1745 4) 90.9
[Fe(SCH,)(CO),(P(CH,),C.Hy} ,H  2.594 (3) 2.274 (4) 69.5 (1) 2242 (5) 175Q) 93.3
Fe,(SCF,),(CO)* 3.062 (6) 2.305 (4) 83.3 1) 1.80
[Fe(SCH,)(CO),],(C,Fo)f 3.266 (1) 2.304 (1) 88.8 (1) 1.8164 (4),kl
1.840 (6)
[Fe(SCH,)(CO),] ,(C,F,)# 3.311 (1) 2.310 (3) 91.61 (5) 1801 (5)F 135.0
‘ 1.859 (6)
[(C,H,)Fe(CO)(SC,H,)] ,» 3.39 2.262 (6) 98 171
[((u-SCH,)Fe(CO)P(CH,),),), 3.452 (1) 2.297 (1), 96.2(1), 2253 (1)  L711(6),™" 157.8
(CH,COOCCHCOOCH,)] * ¢ 2.339 (1) 95.5 (1) 1.762 (5)"

a Reference 23. P Reference 24. € Reference 25. ¢ Reference 26. © Reference 27. ! Reference 28. # Reference 29. " Reference 30.
! This work. / Averaged values from equivalent distances or angles are given. ¥ C trans to 8. ! C trans to C of C,F, or C,F,. ™ Ctrans to

0O@4). ™ Ctrans to C(3). © Angle between Fe(1)-S(1)-S(2) and Fe(2)-S(1)-S(2).

trans to the bridging sulfur atoms, as deduced from spectro-
scopic data. The Fe~P bond lengths are in the range usually
found in sulfur-bridged, dinuclear compounds of iron (see
Table VIII). Similarly, the Fe—C (of carbonyl groups) dis-
tances are in the usual range, but the Fe(1)—C(1) bond length
of 1,712 (6) A trans to atom O(4) is significantly shorter than
the Fe(2)—-C(2) bond of 1.762 (5) A trans to atom C(3) as
a result of the different trans effects. The Fe(2)—C(3) bond
length of 2.049 (3) A is in the range found for other Fe-C-
(sp?)*? or Ru~C(sp?* compounds.

The Fe(1)-S(1)-Fe(2)-S(2) ring is surprisingly asymmetric
with two equivalent Fe(1)-S(2) and Fe(2)-S(1) bond lengths,
2.299 (1) and 2.297 (1) A, respectively, while the other two,
Fe(1)-S(1) and Fe(2)-S(2), are significantly longer, 2.339
(1) and 2.364 (1) A. Usually such rings are found with
equivalent Fe—S bond lengths (Table VIII).

The C(4)-0(4) bond length of 1.230 (5) A is longer than
the C(7)-O(3) bond length of 1.195 (5) A, as a result of the
coordination of atom O(4) to Fe(1). All other distances in
the 1,2-bis(carbomethoxy)ethylene group are normal 333

Model building shows clearly that the conformation of the
alkene group is essentially the result of steric constraints im-
posed by the iron dimer complex on this cis geometry. The
dihedral angle between the vinyl plane and the methoxy group,
i.e., through atoms C(3), C(4), C(6), C(7) and O(4), O(5),
C(4), C(5), respectively, is 68.5°.

Thus, the protonation of the dimetalated alkyne in [(u-
SCH,;)Fe(CO)(P(CH,),)],(CH;COOCCCOOCH;) gives a
monometalated alkene in which the added proton is cis to the
carbon-bound iron atom. But does protonation occur through
a direct attack of H* on a metalated carbon atom of the alkyne
group, or is an iron hydride species formed with subsequent
insertion of the Fe—H group into the coordinated alkyne bond?
We favor the second alternative. The action on 1 of CH,*
(as the trimethyloxonium or methyltrifluorosulfonate salt)
gives the same protonated product. Presumably CH,* adds
to an iron atom, and a hydride is generated through a-elim-

(32) Smith, W, F; Taylor, N. J.; Carty, A. J. J. Chem. Soc., Chem. Com-
mun. 1976, 896-898.

(33) Smart, L. E. J. Chem. Soc., Dalton Trans. 1976, 390-394,

(34) Yasuda, T.; Kai, Y.; Yasuoka, N.; Kasai, N. Bull. Chem. Soc. Jpn.
1977, 50, 2888-2891.
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ination, as has already been observed in molybdenum com-
plexes.’> Scheme I shows a possible mechanism? for the
proton addition, i.e., protonation of atom Fe(1) to form the
hydride intermediate, proton transfer to atom C(6) of the
alkyne group, and then rotation about the Fe(2)-C(3) bond
with subsequent formation of the Fe(1)-O(4) bond. The
mechanism involving a metal hydride intermediate, followed
by insertion of the metal-hydrogen bond into an alkyne bond,
has been invoked in the protonation of a mononuclear platinum
alkyne complex.’

Acknowledgments.  This work was partially supported by
NATO Grant No. 1280 and by Grant CHE76-10335 of the
U.S. National Science Foundation. J.J.B. wishes to ac-
knowlzdge the receipt of a NSF-CNRS Exchange Fellowship,
which made his leave from the University of Toulouse possible.

Registry No. 1, 73574-62-6; 2, 73574-64-8; 3, 73610-82-9; [(u-
SCH;)Fe(C0);],(CH;COOCCCOOCH;), 65585-29-7.

Supplementary Material Available: Table IV, the idealized positions
of the hydrogen atoms, Table V, the root-mean-square amplitudes
of vibration, and a listing of structure amplitudes (22 pages). Ordering
information is given on any current masthead page.

(35) Connor, J. A,; Riley, P, 1. J. Chem. Soc., Chem. Commun. 1976,
149-150,
(36) We are indebted to the reviewer for comments on this mechanism.



