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Insertion of Tetrafluoroethylene into the Fe-Fe Bond of
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Abstract: The insertion of tetrafluoroethylene into the Fe-Fe bond of the dinuclear complex (u(SCH3)Fe(CO)3); is photo-
chemically induced. When the temperature of the reaction is stabilized at 20 °C. the major product is the yellow dinuclear
species u(SCH3)u(CyF4)Fe(CO)g (1), where C;F4 bridges the Fe atoms with two o(C-Fe) bonds. the C-C bond being par-
allel to the Fe-Fe axis. When the temperature is higher. i.e.. 35 °C. the product is the red dinuclear species
#(SCH3)2u(FCCF3)Fes(CO)g (2). which contains a >CF-CF; carbene bridge. It is possible by heating 1 to obtain 2 and
a mechanism for this reaction is proposed. based in part on a study of the action of BF; on 1. The action of BF; on 2. followed
by the addition of trimethylphosphine, affords [u(SCH3);Fe;(CO)3(PCH3)3)2(CCF3)][BF4] (7). which may be a perfluo-
romethylcarbyne complex. A proof for the two different kinds of insertion of C;F4 is presented in the form of crystal structure
determinations of 1and 2. In 1 each iron atom is octahedrally coordinated to three carbonyl groups. two bridging S atoms. and
one C atom of C,F4. The Fe-Fe separationis 3.311 (1) A, the dihedral angle around the S atoms is 135.0°, and the average Fe-
S-Fe angle is 91.6°. Compound 1 crystallizes in the orthorhombic space group D3}-Pbca ina cellof @ = 15.029 (8). b = 13.561
{5). ¢ = 15.437 (8) A. Compound 2 crystallizes with eight formula units in space group C3,-P2,/c of the monoclinic system
in a cell of dimensions a = 11.545 (3). b = 16.681 (5).c = 16.830 (6) A with 8 = 97.86 (2)°. Based on 2471 and 4416 unique
reflections for 1 and 2. respectively. the structures were refined by full-matrix least-squares techniques to conventional agree-
ment indices (on F) of R = 0.044 and R,, = 0.049 for 1 and R = 0.039 and R,, = 0.048 for 2. In 2. each iron atom is also octa-
hedrally coordinated, being bound as in 1to three carbony! groups. two bridging S atoms. but here to the same bridging C atom
of the >CF-CFj; carbene group. The Fe-Fe separation averages 2.963 A, the dihedral angle around the sulfur atoms is 107.2°.
and the average Fe-S-Fe angle is 79.39°. The Fe,S; unit is more compact in 2 than in 1 but less compact than in the starting
material (W(SCH;3)Fe(CO);),. The flexibility of such molecules around the S-S axis. together with the reactivity of the Fe-Fe

bond. is discussed.

The study of the reactivity of the metal-metal bond in di-
nuclear complexes toward alkynes. alkenes. or more generally
small unsaturated molecules is an increasing field of interest.

0002-7863/79/1501-7487801.00/0

This is particularly true for dinuclear complexes with metal
to metal multiple bonds.2* However. insertion reactions of
alkynes and alkenes into metal-metal single bonds in dinuclear

© 1979 American Chemical Society
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Table I. Summary ol Crystal Data and Intensity Collection

compd u{(SCH3),u(C2F4)Fea(CO)s (1)
Tormula CioHeF4Fe)06S-
Tormula weight 473.97 amu
a (at —162 °C) 15.029 (8) A
h 13.561 (5) A
¢ 15.437 (8) A
o)
V 3146 A3
/ 8
density (caled. —162 °C 2.00 g cm~?
density (measured (20 °C) 1.90 gcm~3
in agucous ZnCl,)
spice group D33-Pbea

crystal dimensions
boundary luces of the prism

0.175 X 0.092 X 0.278 mm
{0011, (210). (2T0). (2T0). (210)

crystal volume 0.0425 mm?

temp —~162°C¢?

rudiation Mo Ka from monochromator (AM(Mo Key) =
0.709 30 A)

lincar absorption coefficient 21.7cm"!

transmission factors 0.433-0.708

receiving aperture 4.0 X 4.0 mm: 30 cm from crystal

tuke-oll angle 3.2°

scian speed
scan range
buackground counts

2°in 26/min
0.7° below Kay t0 0.7° above Ka
10 s with rescan option®

2 fimits 2.5-56°
l'inal no. of variables 254
unigue data used 2471 F 2> 30(Fq?)
R=Z|Fo| = |Fll/Z|F,| 0.044
Ry = (Zw(|Fo| — |Fe])?/ 0.049
EWFOZ)I/Z
standard crror in an observation of 1.22¢

p(SCH3)2p(FCCF3)Fea(CO), (2)
CiaHF4Fc20482

473.97 amu

11.545 (3) A

16.681 (3) A

16.830 (6) A

97.86 (1)°

3211 A}
8
1.6 g cm
1.85gcm

-3
-3

C3,-P21 /¢

0.146 X 0.252 X 0.219 mim
{1004, {011}

0.0784 mm?

-162 °C

Mo K« from monochromutor

21.2em™!

0.640-0.763

4.0 X 4.5 mm; 30 ¢m from crystal
2.6°

2°in 26/min

0.6° below Ka to 0.6° above K
10 s with rescan option

2.5-50°

433

4416 Fo? > 30(Fo?)

0.039

0.048

1.26 ¢

unit weight

o The low-temperature system is based on a design by J. C. Hulfman, Ph.D. Thesis, Indiana University. 1974, » The diffractometer was
run under the Vanderbilt disk oriented system (Lenhert, P.G. J. Appl. Crystallogr. 1975, 8, 568).

complexes are less studied.*-® Furthermore. although the
discovery of the first transition-metal carbene was reported 15
years ago,” little is known about carbenes bound to two metal
centers.® 12

We have shown recently!” that with photochemical acti-
vation it is possible to insert the alkynes FaCC=CCF; or
H,COOCC=CCOOCHj; into the Fe—Fe bond of (u(SR)-
Fe(CO):)a complexes (R = CH3 and C4Hs). We have now
cxtended this study to the insertion of C;F4. We find that not
only does C>F, insert directly into the Fe-Fe bond. but it re-
arranges thermally to a bridging carbene ligand which can be
transformed to a perfluoromethylcarbyne ligand. The results
of these investigations are presented here.

Experimental Section

All reactions were carried out under a pure dinitrogen atmosphere
using Schlenk tubes and vacuum line procedures. Infrared spectra
(hexadecune solutions) were recorded on a Perkin-Elmer 225 spec-
trometer. "H NMR spectra were recorded on a Varian A-60A spec-
trometer and '°F NMR spectra on a Perkin-Elmer R 10 spectrometer
(dichloromethane solutions). Elemental analyses were performed by
the Service Central de Microanalyse du CNRS. The starting material
((SCH;)Fe(CO)3), was purchased from Pressure Chemical Co. and
C-Fy was generated by pyrolysis of Teflon under vacuum,

Preparation of w(SCH3)u(C2F4FexCO) (1) (1(SCH3)Fe(CO);)a
(0.5 g) was dissolved in benzene and introduced into a vessel fitted with
a Tellon stopcock. From a viicuum line a tenfold excess of CoF4 was
condensed into the vessel. The stirred solution was then irradiated at
20 °C Tor 16 h using a water-cooled 150-W Original Hanau TQ 150
vicreury vapor lamp placed approximately 10 em from the vessel. At
the end ol the reaction the benzene was evaporated to dryness, the
residuc was dissolved in a small amount of toluene and filtered, and
then an equal amount of pentane was added. The solution was then
caoled to =20 °C. Yellow parullelepipeds were obiained (0.210 g, 33%
vield). mp 93 °C dee. Anal. Caled for CigHeF3Fe206S2: C. 25.31: H.

1.26: F. 16.03. Found: C.25.27: H, 1.33: F. 15.64. IR: »(CO) 2100
vw, 2084 vs, 20405, 2033 scm~ L. 'H NMR (CH5Cl1): 6 2.36 (SCH3.
s), 1.86 ppm (SCH3.5). 'F NMR (CH,Cly), CCI3F as reference, AB
spin system: 04 56.4, 6g 61.9 ppm: Jap = 227 Hz.

Preparation of w(SCH3),u(FCCF3)Fex(COlg (2). This compound was
prepared in the same way as 1 except that the solution was irradiated
at 35 °C using a 500-W Original Hanau TQ 718 water-cooled mer-
cury vapor lamp. Evaporation of the solvent gave a green product, 3
(vide inlra). Pentane was then added and CO was bubbled through
the solution. The red compound 2 was regenerated along with some
amount of the starting compound (u(SCH3)}Fe(CO)3)». The pentane
solution was [iltered and cooled to —20 °C. Red, air-stable crystals
ol 2 were obtained (0.250 g, 40% yicld), mp 80 °C. Anal. Caled for
CraHoF4Fea04S5: C,25.31: H, 1.26. F. 16.03. Found: C. 25.39: H,
1.29: F. 16.03. IR: »(CO) 2095 w, 2091 vw, 2074 vs, 2069 m (sh), 2027
s (broad), 2021 shem~'". "H NMR: § 2.17, 2.07 (SCH3 anti isomer):
2.15 ppm broad, SCH; (syn isomer). "YFNMR: 6 70 (3 F) (g). 138
ppm (1 F) (q). J11- = 7 Hz (syn isomer); 6 68.8 (3 F) (d). 136.8 ppm
(1 F) (4). Jy# = 7 Hz (anti isomer).

Isolation of the Green Compound 3. In the above preparation of 2,
alter evaporation ol benzene, the green precipitate was washed with
pentane and dried. The product was then dissolved in a minimum
amount of CH,Cly and immediately precipitated by adding a small
amount of pentane. Anal. Caled for [(u(SCH3)Fe(CO)2]3(CaFa)]a:
C.22.87:H.1.55; F. 13.17. Found: C, 22.49: H, 1.48: F. 12.77.

Preparation of u(SCH3)2pu(C2F4)Fe2(CO)4(P(CH3)3)2 (4) and
MSCH)204(FCCF3)Fex(CO(P(CH3)3)2 (5). To a solution of 1or 2in
pentane was added at room temperature a stoichiometric quantity of
P(CH3)a. Gascous CO was cvolved and respectively 4 or 5 precipitated
as yellow (4) or dark red (5) crystals. They werce purified by recrys-
tallization from a CH5Cla/pentane mixture at —20 °C, yield 90%.
w(SCH3)5u(CaF4)Fes(CO)a(P(CH3)3)» (4). mp 150 °C dee. Anal.
Culed Tor C1yHagFyFe-04P2S2: C,29.47. H, 4.21. P, 10.87: F, 13.33.
l'aund: C,29.50: H, 4.18; P. 10.79: F, 13.43. IR »(CO): 2027 w, 2013
s, 1965 s em~' (CH-Cl> solution), '"H NMR: 6 1.86 (SCH3). 1.45
ppm. Jppe = 8 Hz (P(CH3)3). ""F NMR: 6 49.4 ppm (broad signal).
#(SCH3)u(FCCF3)Fea(CO)(P(CH3)3)2 (5) mp 140 °C dec. Anal.
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Table II. Positional and Thermal Parameters for the Atoms of u(SCH;3),u(C2F4)Fea(CO)e (1)
A 8 2
ATOM X Y Z 811 OR 8,4 822 833 812 811 B8z3
FE(L] 0.454005(451 0.267543(541 0.4663410461 13.48(291 16.90¢(331 11.47¢291 2.05(331 -1.65(261 -0.7L(27Y
FE(21 0.343861 (48 0.415425(4681 0.3914197 (451 16.78(331 16.10¢351 10.47¢301 0.44(291 -3.340(271 1.57(271
sl 0.347850(791 0.310548)851 0.508689(751 12.74(541 18.04(581 9.81(68) -0.26(461 0.40 (431 0.80(%21
521 0.466050(811 D 404762(841 0.409998(781 15.67(541 19.45(621 B.120471 «2.13¢471 0.64 (6l 1.3 06kl
FLl 0.35804¢(601 0.11591 (581 0.35096¢581 25.3(451 23.6(38) 25.6(401 5.10311 -13.7¢(30) -5.5(291
F (2} O.hu513(481 0.21674(731 0.28341 (471 20.9¢311 47.3(531 i5.2(281 =3.8(341 5.0(2&) -16.2(331
FL31 0.23294(401 0.23048¢431 0.35373(59 16.7(3C) 28.3(38) Lleuwla?1 -6.6(241 -1.7¢271 -14.20301
Flu) 0.38493¢581 0.28973¢501 0.24300¢401 53.9(681 49.6(431 14.9¢261 24,4451 -14.80321 -12.8(281
A 0.32495(751 0.13444)761 0.38018(7%) 30,9551 20.2(51) 32.61521 -16.504621 -8.6(391 7.8¢(391
Fe21° De4361L(641 0.16218¢851 0.29705(551 29.6(431 48.3(601 14.3(341 20.30441 =3.91(291 17,2039
Fi31* 0.25016(541 0.253271(561 0.29064 (65} 23,7351 28.2(401 45.00(68) 5. 40351 “20.3 0441 bl
Fia)* 0.37373(751 0.31235(5¢81 0.23904 (44l 58.3(671 28441391 8.4(301 =0.2(37) 490321 -4.2¢261
[ X34 0.62129(251 0.18281¢(341 0.38656(281 16.81(181 54.11271 37.141¢231 10.7¢481 0.9€(471 -16,5(201
o2} 0.54556(251 0.31893¢281 0.62617(231 24.9(191 37.5¢231 15.8(161 -0.5)181 -7.3(151 -2.0(161
c (31 0.40913¢291 D.05466(261 0.54217(271 42.34231 24.50211 20.4¢211 2.3)1101 -1.7¢(181 €.30171
Olsl 0.33488(301 0.52453(331 0.22858(271 40.21241 66.8(30) 20.7¢(491 2.40221 -6.30(481 23.0020)
05} 0.34527(2«1 0.59488(261 0.50303(241 24.4(191 23.4¢241 <5.0¢181 2. 30161 =2.2(161 -6.301461
oél 0.118561(261 0.%04131(271 0.38582¢261 23.2¢201 35.4¢(241 29.91221 -2.6(171 -8.1(161 2.7(181
cl 0.55662(351 0.2C6241(381 0.41801¢(361 17.6(261 27.2(281 19.6(251 1.7¢241 =7.40201 -5.8(221
c«©2) 0.54179(341 0.29139¢371 0.56563 (34l 164.410231 26.8(271 16.2(24) 2.702410 2.90491 1.9(211
c(31 0.42770(361 0.12888(391 0.51224(351 21.21(261 21.6(271 20.5¢251 2.6(211 =5.10(201 -0.6(211
R ) 0.324211371 0.48350(391 0.29165(361 22.60271 J4.6(301 20.3(261 6.3(231 ={.4¢0221 4e90221
c(51 0314890341 0.528014(351 0.45978¢351 15.0¢231 20.6(261 20.4¢241 1.2€201 2.30201 3.5¢(21)
c61 0.49420¢371 0.40987(351 0.38697 (341 22.81271 18.4(251 16.61221 0.7¢241 =S.4 (201 1.30201
c(71 0.33578(¢351 0.38539¢(371 0.60469(32) 19.6(241 28.41(281 10.6¢201 4e2€241 3.8 181 b (1Y)
csl 0.52784¢(371 0.40934(42) 0.308147¢331 32.11281 39.9(341 14.60211 =14 3261 11.410201 -3.2Y231
€9l 0.38615(351 0.21074¢361 0.35709¢331 18,2(241 21.14251 13.1¢221 -1.10211 0.2(18) -5.08(191
cra0l 0.317931451 0.28689(40) 0.32575¢(39) 46,2361 29.1¢301 26.0(28) Q,0(281 -23.3(271 -10.9C241
HIC(T1 0.328 0.346 0.656 2.6
H2C(T7] 0.395 0eb14 0.605 2.6
H3C(T7] 0.295 0.439 0.606 2.6
HiC(81 0.590 0.412 0.319 3.2
H2C (8] 0.515 0.354 0.274 3.2
H3C(81 0.540 0.466 0.275 3.2

4 Estimated standard deviations in the least significant figure(s) are given in parentheses in this and all subsequent tables. # The form of
the anisotropic thermal ellipsoid is exp(— (81142 + B22k? + (3312 + 2B12hk + 281341 + 2823k()). Here and in Table 1V the thermal coefficients

have been multiplied by 104,

Culed Tor Ci4H 3 F4Fes04P-S: C,29.47: H, 4.21: P, 10.87; F. 13.33.
Found: C.29.38: H,4.23: P, 10.52: F. 13.10. IR »(CO): 2017 w, 1977
s, 1953 sem~! (CH,Cl; solution). '"H NMR: 6 1.86 (SCH3(s)). 2.20
(SCH3)(d)) Jpu = 0.9 Hz, 1.30 ppm PCHs. Jpy = 7.8 Hz, '9F NMR:
0 66.6 (3 F) (broad signal), 130 ppm (1 F) (broad signal).

Preparation of | (SCH3)2Fex(CO)(P(CH3)3)2( FCCF)BF 4] (6). To
a yellow solution of 4 in CH-Cls at 0 °C was added a stoichiometric
quantity of BF3:O(CH3)a. The solution turned violet. Chilled diethy!
cther was added (1:1 mixture). The solution was then kept at —20 °C
and  maroon crystals  precipitated. [u(SCH3)2Fe>(CO)4-
(P(CH3)3)2(FCCF4)][BF4]. mp 72 °C dec. Anal. Caled for
CraHyBFFes04P>S5: C, 26.33: H, 3.76; F, 20.84. Found: C, 26.16:
11, 3.71: F, 20.66. IR »(CO): 2054 w, 2040’5, 2003 s cm~! (CH,Cl>»
solution), »(C=C) 1600 cm~'. '"H NMR: 6 2.81, 2.28 (SCHi;. broad
signals), 168, Jpiy = 11 Hz (P(CH3)3). 1.57 ppm. Jen = 11.5 Hz
(P(CH3)3).

Preparation of {w(SCH1)2Fe2(CO)3(P(CH3)3)20CCF3)|[BF4) (7). To
asolurion of §in CH2Cla was added at room temperature a stoichio-
metric amount of BF3*O(CHj)a. The reddish solution turned bright
red and dicthyl ether was added. Evolution of CO was detected. with
I mol af CO being evolved per mol of 5. From the solution a1 —20 °C
dark  red  cerystals  precipitated.  [u(SCH3)2Fe2(CO)s-
(P(CH3)1)2(CCF3)][BF4], mp 182 °C dec. Anal. Caled for
C13H24BF5Fe,03P2S45: €, 25.57. H. 3.93; F., 21 .80. Found: C, 25.55;
H.3.72:F. 21.74. IR »(CO): 2042 vs, 20155, 1984 w (CH,Cl; solu-
tion). '"H NMR: 6 2.62 (SCHs. q) Jpy = 2.6 Hz, 2.13 (SCH3. 5). 1.96
(P(CH3)3) JPH = 10 Hz, 1.65 ppm (P(CH3)3) ./pH = 11 Hz. 'gF
NMR: ¢ 78.4 ppm (CF3. broad signal).

Collection and Reduction of the X-ray Data. A. Compound 1. Pre-
liminary photographic data revealed that crystals of 1 belong to the
orthorhombic system and show systematic extinctions (0k/. k = 2n
+ 10404, 1= 2n+ 1:hkO. h = 2n + 1) consistent with the space group
D33-Pbea. All cell constants were obtained as previously described!4

by a least-squares refinement of the setting angles of 19 hand-centered
reflections which had been chosen from diverse regions of reciprocal
space with 24° < 26(Mo) < 26°. These cell constants and other per-
tinent data are presented in Table 1. Intensity data were collected at
—162 °C on a computer-controlled Picker four-circle diffractometer
by procedures standard for this labaratory.'5 A total of 4564 intensities
were recorded out to 26(Mo) < 56°, The data were processed, as de-
scribed previously,!* using a value of p of 0.04. After processing!® only
those 2471 unique reflections having Fo? > 30(F,2) were used in
subsequent calculations.

B. Compound 2. Preliminary film data showed that crystals of 2
belong to the monochnic system and show systematic extinctions (040,
k =2n+ 1. h0l. I = 2n + 1) consistent with the space group
C34-P2,/c. Cell constants were obtained by a least-squares refinement
of the setting of 22 hand-centered reflections with 23° < 26(Mo) <
26°. These cell constants and other pertinent data are listed in Table
l. Intensity data were collected at —162 °C. A total of 6218 intensities
reflections were recorded out to 20(Mo) < 50°. The data were pro-
cessed in the normal manner using a value of p of 0.04.'4 Only those
4416 unique reflections having F,2 > 3a(F,2) were used in subsequent
calculations.

Solution and Refinement of the Structures. Complex 1. The two iron
atoms together with the two sulfur atoms were located in a normal
Patterson synthesis. The positions of the remaining nonhydrogen
atoms were obtained through the usual combination of lull-matrix
least-squares reflinements and diflerence Fourier syntheses, Around
the fluorine atoms of 1the C»F 4 group eight electron density maxima
of heighi 4-5 ¢/A* were located on u diflerence Fourier map. These
maxima correspond 10 two alternative positions for four fluorine
atoms. Owing in large measure to the acquisition ol low-temperature
data, the disorder problem has been resolved, even though the shortest
distance between the maxima is abour 0.7 A. During the course of
full-marix, least-squares refinement the positional and thermal pa-
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Table IV. Positional and Thermal Parameters for the Atoms of u(SCH3),u(FCCF3)Fes(CO)6 (2)

A ]
ATOM x ¥ z L18] 822 %33 812 813 823
FE(YA
2 0,028835152 0.438367(361 0.163009(34) ?5.80(49) 12.79(231 9.33(22) 1.16(26) 2.36(2%) e.07(18)
FE(21A
-0.038332(53) 0.433723137)  0.326359(16) 26.85(50) 16,57(2%) 11.210>3 31128 1.75126, Tewl (19}
FE(LIB
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0.118545191)  0.373018(62) 0,2769389(6)) 22,3719 11.98¢38) 13.07(39) 0,22 (44 1.67164) Te6103D)
5¢214
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Feia
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0419957(22) 0.54452(15) 0.30011¢15) 36.0(22) 16.61)0) 22,3110 1.5021 “3.9(12) -6.71(80)
F(31A
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FreIR
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Figure 1. A sketch ol the structure of u(SCH;3)au(CaF4)Fea(CO)g without
the carbonyl groups 1o show the two dillerent environments lor uorine
atoms F(2), F(4) and F(1). 1F(3).

rameters of the eight fluorine atoms were allowed to vary indepen-
dently. A variable occupuancy factor, c, was assigned to those four
fluorine atoms giving almost a staggered geometry, and the occupancy
ol the other four fluorine atoms was constrained to 1 — a.

Atomic scatiering lactors for the nonhydrogen atoms were taken
Irom the usual tabulation,'” whereas the hydrogen scattering factars
used were those of Stewart ¢t al.'® Anomalous dispersion terms for
the Fe and S atoms were included in F.1Y

Refinement of an isotropic model converged to values of R and R.
of 0.067 and 0.076. A dilference Fourier mup clearly revealed the
positions of the six H atoms of the two methyl groups. Their positions
wereidealized (C-H = 0.95 A). Their contributions to F. were then
fixed during the final cycles of refinement which included an isotropic
secondiry extinction correction and anisotropic thermal parameters
Tor all but the hydrogen atoms. For cach hydrogen atom, an isotopic
thermal parameter was assigned with a value 1.0 A2 greater than that
ol the C atom to which it is attached.

The final positional and thermal parameters of all atoms appear
in Table 11. The occupancy of atoms F(1)-F(4) is 0.54 und that of
atoms F(1)'-F(4) is 0.46. Table 111 contains the root-meuan-square
amplitudes of vibration.™” A listing of the observed and calculated
structure amplitudes is available.??

Complex 2. The direct methods approach,'® based on 499 nor-
nualized structure factors, yvielded the correct positions of the four Fe
and four S atoms belonging 10 two independent dinuclear molecules
in the asymmetric unit. All other atoms, including the hydrogen atoms
ol the methyl groups, were Tound in subsequent difference Fourier
syntheses. The existence of the >CFCF; bridge came as a complete
surprise.

Refinement of a completely isotropic model for the two independent
molecules with no contribution 'rom H atoms converged to values ol
R o 0.060 and R, o 0.074. A subscquent difference Fourier map
revealed the positions of hydrogen atoms ol the methyl groups. These
were treated asin 1. The linal Tull-matrix least-squares relinements,
involving 433 variables and 4416 observations, were carried out by
remote hookup 1o the CDC 7600 computer at Lawrence Berkeley
Laboratory. Final values of the parameters of all atonts are given in
Table 1V. The root-meuan-square amplitudes of vibration are listed
in Table V2" A listing of the observed and caleulated structure am-
plitudes is available.??

Results

Syntheses and Reactions. When C-F is added to a benzene
solution of (u(SCH3:)Fe(CO),)- and irradiation is carried out
so that the temperature of the solution is ca. 20 °C, a dia-
magnetic dinuclear compound, u(SCH3)>u(C-F4)Fea(CO)q
(1). may be obtained from this solution as yellow crystals. The
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Figure 2. Proposcd mechanism ol rearrangement ol the C>Fy bridging
group in u(SCH3)u(CaF4)Fea(CO), 10 give the >CF-CF; bridge in
R(SCH:)2u(FCCF3)Fea(CO)s.

spectral properties of 1 are completely consistent with its
solid-state structure as found by diffraction methods (vide
infra). Complex 1 shows an infrared spectrum in the »(CO)
stretching region which is very similar to that observed for
u(SCH1)>u(F:CC=CCF;)Fe-(CO)g in which the alkyne is
o bonded to the two iron atoms.'> The '"H NMR spectrum
shows clearly that the two SCHj groups are in the anti position.
The °F NMR spectrum shows an approximate AB system in
a region of resonance for C;F,4 bridging two metallic centers:?!
this AB spin system is consistent with the fact that sincc the
SCH: groups are in the anti position two of the four fluorine
atoms are indeed nearer to the SCH; group which is in the endo
position (Figure 1).

When C-F4 is added to a benzene solution of (u(SCH;)-
Fe(CO)s3)sand irradiation is carried out so that the tempera-
ture of the solution is ca. 35 °C. a different product is obtained.
From this red solution a diamagnetic dinuclear complex.
u(SCH1)>u(FCCF3)Fea(CO), (2). is obtained as red crystals.
The nature of this product was first established from the
solid-state crystal structure (vide infra). The spectral properties
of this material are consistent with that formulation. The 'H
NMR spectrum shows that the complex is a mixture of syn and
anti isomers in the ratio 2/1. The '"F NMR spectrum shows
two sets of signals. a doublet and a quartet. in the ratio 3:1
consistent with a rearrangement of the C-F; group into a
carbene bridge >CF-CFj, as in Co2(CO)7(FCCF,).¢

It is also possible to effect this rearrangement and obtain 2
by heating 1 in refluxing pentane. This transformation even
occurs in the infrared beam of the Perkin-Elmer 225 spec-
trometer. Compound 2 is stable in the solid state but in solution
it gives. under vacuum. a green precipitate (3). Compound 3
is soluble in acetone or dichloromethane, but the solution is
unstable and quickly turns red. The infrared spectrum shows
this red solution to be a mixture of (u(SCH3)Fe(CO);)-and
2. If CO gas is added to a solution of 3, the same mixture is
readily obtained. Furthermore, if P(CH3): is added.
p(SCH3)>u(FCCF3) Fea(CO)4(P(CH 1)) (§) and
(u(SCH;)Fe(CO)>P(CH3)3)- are obtained. The instability
of 3 prevents further characterization, although a chemical
analysis of the fresh precipitate agrees satisfactorily with the
formulation ((L(SCH3)Fe(CO)»);(CaFy)),.

The fluorine migration which leads from 1 to 2 is a well-
cestablished reaction. as it occurs. for instance. in the reaction
of nucleophilic carbonyl metal anions with perfluoroallyl
chloride®? and in the reactions of hexafluorobuta-1.3-diene
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Figure 3. Overall summary of the proposed mechanism and identified
products in the rearrangement of the C»F4 bridging group 1o the >CF-CF;
bridge and 1o the C-CF; terminal carbyne group.

with hydridopentacarbonylmanganese.?* The same type of
rcarrangement has also been observed in the reaction of hex-
afluoropropene with Pt(1.5-CgH 1), for which a mechanism
hus been suggested.?! A similar mechanism s proposed here
(Figure 2). In the proposed intermediate compound A of
Figure 2 there is a o-7 bonded vinyl group. We can consider
the 8-carbon atom of this group to be electrophilic. as it is. for
instance. in OssH(HC=CH,)(CO)¢.2* Thus it seems rea-
sonable that an attack of F~ on this carbon atom of the CF;
group generates the carbene compound 2. Attempts to isolate
the proposed intermediate compound A of Figure 2 using
BF::O(CH3)>. a fluoride ion abstractor for metal perfluo-
roalkyl compounds.?® failed when starting with compound 1.
But if P(CH3)5 is added. two CO groups being substituted. the
expected parent compound  [u(SCHj3)2Fer(CO)y-
(P(CH3)3)2(FCCF,)][BF4) (6) is obtained. When starting
with /.L(SCH3)2/.L(C2F4)Fez(CO)4P(CH3)3)z (4) compound
6 1s obtained in better yield. As for compound 4. compound 6
shows three infrared-active bands in the »(CO) stretching
region but these are shifted to higher frequencies and a new,
strong band at 1600 cm™! appears which s in the region of the
»(C=C) stretching frequency of a coordinated fluoro olefin.?®
Another strong band at 1030 cm™! 1s characteristic of BF4™.
This result strongly suggests that 6 has structure A of Figure
2. Furthermore, this structure is consistent with the '"H NMR
spectrum, which shows the two phosphine ligands to be
chemically different. Unfortunately the low solubility of 6
together with tts low stability at room temperature did not
allow us to obtain its I?F NMR spectrum.

When a solution of 6 in dichloromethane ts left at room
temperature. the color rapidly changes from violet to deep red
and | mol of CO gas is evolved per mol of 6. Infrared spectra
in the »(CO) stretching region show that a new compound 7
has been formed which exhibits three infrared-active v(CO)
bands at slightly lower frequencies and with different relative
intensities than 6. The F NMR spectrum shows a single
resonance at 78.4 ppm. Furthermore compound 7 is obtained
when 5 is reacted with | equiv of BF3:O(CH3),. Compound
7 analyzes as [Fe2(SCH;1)2(CO)3(P(CH3)3)2(CCF3)]{BFa).
As the "H NMR spectrum of 7 shows that the phosphine li-
gands are chemically different, we propose a structure for 7
in which the C-CF; group is a terminal carbyne ligand and in
which there is an Fe-Fe bond. Such a compound would appear
to be the first example of a perfluoroalkylcarbyne complex. At
this point. a question remains unanswered: how does 6 rear-
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Figure 4. Stereoscopie view of a unit cell of u(SCH3),u(C3F4)Fey(CO)e.
The x axis is horizontal from left to right. the y axis is perpendicular from
bottom to top, and the z axis comes out of the paper. The vibrational el-
lipsoids are drawn at the 30% level. Hydrogen atoms are omitted. Disorder
of the fluorine atoms is not shown.

molecule ol

Figure 5.
u(SCH3)2u(C5F4) Fea(CO)g. The vibrational ellipsoids are drawn at 50%
probubility level. The kibeling scheme is also shown.

A perspective  representation of

range to give 77 The most probable route seems to be the ab-
straction of F~ from BF.~ giving compound § which is then
attacked by the liberated BF; to give compound 7 after CO
evolution. These proposed reactions are sketched in Figure
3.

Description of the Structures of 1 and 2, The crystal struc-
ture of 1 consists of the packing of eight dinuclear molecules.
A stereoscopic packing diagram of the unit cell is shown in
Figure 4. Bond distances and bond angles are given in Tables
VIand VII, respectively. Figure 5 shows a perspective view of
molecule 1 which includes the labeling scheme. while the ste-
reoscopic view in Figure 6 depicts the disorder of the fluorine
atoms. Table V11120 presents information on least-squares
planes. The dinuclear molecule has roughly a mirror plane
containing the two sulfur bridging atoms and the midpoint
between the two iron atoms. Each iron atom is octahedrally
coordinated to two bridging sulfur atoms of the methylthiolato
groups. three carbon atoms of the carbon groups. and one
carbon atom of the C,F, group. The **flap™ angle. the dihedral
angle between the two planes containing S(1). S(2). and the
equatorial carbon atoms of the carbonyl groups. is 135.0°
(Table V111), the separation of the two iron atoms is 3.311 (1)
A. and the mean Fe(1)-S-Fe(2) angle is 91.6 (1)°. These
values show clearly that the dinuclear unit is opened around
the S-S axis compared with the (u(SC2Hs)Fe(CO)3): com-
plex.2” The C-F, group bridges the two iron atoms through two
a(C-Fe) bonds (C(9)-Fe(1) and C(10)-Fe(2)). so that the
C(9)-C(10) bond is parallel to the Fe(1)-Fe(2) direction. The
C(9)-C(10) bond distance of 1.534 (7) A is typical for a single
bond. The methyl groups have their expected staggered con-
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Table VI, Sclected Distances (A) in u(SCH3)>u(C1F4)Fea(CO)e

7493

Table VII. Sclected Angles (deg) in u(SCH3)au(CF4)Fes(CO),

(1) (1)
Fe-Fe S-Fe-S
Fe(1)-Fe(2) 3.311(1) S(1)-Fe(1)-S(2) 80.49(5)
. S-Fe-C(trans-cquatorial)
Fe(D)-S(1) ’3"(’) S(1)-Fe(1)-C(1) 171.6(2)
I“C(I)—S‘(Z) 2.310(2) 2.310(3)¢ S(2)-Fe(1)-C(3) 171.7(2) 171.5(7)
F_c(2)—§(l) 2.306(2) S(1)-Fe(2)-C(4) 170.4(2) ’
Fe(2)-S(2) 2.310(2) S(2)-Fe(2)-C(6) 172.1(2)
Fe(1)-C(1) Fe- C(IL;](L)IJEE;I \ ‘ S(1)-Fe-C(cis-equitorial)
Fe(1)-C(3) 1.802(5) S(1)-Fe(1)-C(3) 91.4(2) 91.5(2)
Fe(2)-C(4) 1 799(3) 1.801(5) S(1)-Fe(2)-C(6) 91.6(2)
Fe(2)-Cc6) :801(6) S(2)-Fe-C(cis-cquatorial)
Fe-C(axial) S(2)-Fe(1)-C(1) 93.7(2) 93.4(2)
Fe(1) C(2) I.859(6) 1.859(6) S(2)-Fe(2)-C(4) 93.142)
AN
Fe() € "858(“ S(1)-Fe-C(axial)
Fe- C(C»F4)} S(1)-Fe(1)-C(2) 93.6(2)} 93.5(2)
Fe(1)-C(9) 2.033(5) 2.024(11) S(1)-Fe(2)-C(5) 93.4(2) -
Fe(2)-C(10) 2.016(5)
C-C(CFy) o S(2)-Fe-Caxial)
~CleaFy 3(2)-Fe(1)-C(2 88.
C(9)-C10) 1.534(7) e ) s } 88.6(2)
S(1)-C(7) 15;;_12(5) S-Fe-ClCaFy)
- : S(1)}-Fe(1)-C(9) 83.2(2
S(2)-C(8) I.827(5)} H821(8) S(Z;-FCEI;—CE‘)) 87.3%2;
C-F 5(1)-Fe(2)}-C(10) 82.0(2)
CH)-F(1) 1.357(9) S(2)-Fe(2)-C(10) 88.8(2)
C(9)-F(2) 1.444(9) Fe-S-Fe
CO-F(1) 143011 “e(1)-S(1)-Fe(2 91.64(5
C(9)-F(2y 1.362(9) e reG) Rl ! 91.61(5)
CO0)-F&) 3008 Fo-S(1)-CO1)
“(10)-F(4) . ) (1 =S(1)—
C(10)-F(3) 1.241(9) 41013) Fel2)-S(1)-C0) s 107,62
C(10)-F(4) 1.617(10)
=0 o S
= e(1)- S(2)= 2
C(1)-0(1) 1.132(6) };§§§_§§5§C§8§ | ,§;-,§2§} 13.2(2)
C(2)-0(2) 1.127(6)
C(3)-0(3) 1.142(6) 1.132(7) ‘ FC—C—F_
C(4H-04) 1.127(6) Fe(l)y C(9)-F(1) 116.5(5)Y
C(5)-0(5) 1.126(6) Fe(1)-C(9)-F(2) 109.4(4)
C(6)-0(6) 1.1359(6) ) Fe()-C(9)-F(1y 107.1(5)
o - ‘ i } l'e(1)-C(9)-F(2)y 114.0(5) } 111.9
@ Here und in subsequent distance und angle 1ables the number in Fe(2)-C(10)-F(3) 105.3(4)
parentheses following a mean value is the larger standard deviation Fe(2)-C(10)-F(4) 117.5(5)
ol a single observation as estimated from the inverse matrix or from Fe(2)-C(10)-F(3Y 120.8(5)
the individual values on the assumption that they are from the same Fe(2)-C(10)-F(4)’ 104.2(4)
population.
Fe—C=0
Fe(1)-C(1)-0(1) 178.1(5)
figuration with respect to the S-Fe bonds, as shown by the Fe(1)-C(2)-0(2) 178.8(5)
values for the H-C-S-Fe torsion angles (Table 1X).20 Fe(1)-C(3)-0(3) 178.3(5) ¢ 178.4(5)
Model building of the dinuclear molecule of 1 shows that Fe(2)-C(4)-O(4) 178.5(5)
the two alternative positions for the fluorine atoms of the '“_C(%)‘C(S)‘O(S) 178.4(5)
bridging C-F, group can be reached with only a slight defor- Fe(2)-C(6)-0(6) 178.1(5)
mation of the S(1)-Fe(1)-C(9)-C(10)-Fe(2)-S(2) ring. i.e.. C C-F
with slight shifts of the C(9) and C(10) carbon atoms. This C(10)-C(9)-F(1) [RERTEN
observation explains why the disorder of the fluorine atoms has C(10)-C(9)-F(2) 97.1(5)
satisfactorily been resolved without taking account of alter- C(10)-C(9)-F(1)’ 97.8(6)
native positions for the two carbon atoms C(9) and C(10) to C(10)-C(9)-F(2) H1B.6(6) X 106
which they are attached: the anisotropic thermal motion of the E((g)):g((:g)):fg)) | ?;g((j}
carbon atoms is sufficient to handle this. However. the eight C(9)-C(10)-F(3)’ ! I(vbl(é)
C-F bond distances vary from 1.357 (9) to 1.444 (9) A around C(9)-C(10)-F(4)’ 93:3(7)}
atom C(9) and from 1.240 (9) to 1.617 (10) A around atom
C(10). These variations are likely a manifestation of the dis- F-C-F
order. F(1)-C(9)-F(2) 100.9(5)
The crystal structure of 2 consists of the packing of eight E((Q/_C(:((Ig()))_FF((zd,))/ 18(7);)22; 99
dinuclear molecules. There are two independent dinuclear FGY-CU10)-F(4)" 95.3(7)

molecules, which we denote A and B. in the asymmetric unit.
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Figure 6. A stercoscopic view ol a molecule of u(SCH 3)au(CyF4)Fea(CO),
showing the disorder ol the fluorine atoms. The vibrational ellipsoids are
drawn at 50% probability level. Hyvdrogen atoms are omitied.

Figure 7. Stereoscopic view ol i unit cell of g(SCH3)u(FCCF3)Fea(CO),.
The v axis is perpendicular. the 1 axis goes from right 10 lelt. and the =
axis comes out of the paper. The vibrational ellipsoids are drawn at the
30% probability level. Hydrogen atoms are omirted.

A stereoscopic packing diagram of the unit cell is shown in
Figure 7. Bond distances, bond angles. and least-squares planes
are listed in Tables X, X1, and X11.>9 respectively. Figure 8
shows a perspective view of one molecule of compound 2. The
dinuclear molecule has roughly a mirror plane which contains
atoms S(1).S(2). and C(9) (see Table X11). Each iron atom
18 octahedrally coordinated to two bridging sulfur atoms of the
methylthiolato groups. three carbon atoms of the carbonyl
groups. and the bridging carbon atom of the CF-CF; group.
The “flap™ angle between the two planes containing S(1). S(2).
and the equatorial carbon atoms of carbonyl groups averages
107.6 (5)° (Table X11). The mean value for the separation of
the two iron atoms is 2.963 (6) A and the mean Fe(1)-S-Fe(2)
angle is 79.4 (2)°. The FeaSa core is thus more compact than
in 1 but less than in (u(SC>H<)Fe(CO);)>. The CF-CFi group
behaves as a bridging carbene, the fluorine atoms of the tri-
fluoromethy! portion being in a staggered position with respect
to the C(9)-F(1) bond in both molecules A and B, as can be
scen in Figure 8 or from F(/)-C(10)-C(9)-F(1) (/ = 2. 3. 0or
4) torsion angles given in Table X111.20 The average Fe-C
bond of 2.037 A in 2 s in the expected range?”-2* for a carbene
group bridging two metal atoms. The two methyl groups oc-
cupy positions which give an anti configuration for both mol-
ccules A and B. For the methyl group in the endo position. in
both molecules A and B the hydrogen atoms are eclipsed with
respect to the S-Fe bonds (see Table X111 for H-C-S-Fe
torsion angles). For the methyl group in the exo position. the
hydrogen atoms are in the staggered configuration in molecule
A and in the eclipsed configuration in molecule B with respect
to the S-Fe bonds. This difference in the configuration of the
F atoms on the exo methyl group is the major one between
molecules A and B.

The average Fe-C(carbonyl) distance trans to any bridging
sulfur atom (1.801 A for 1. 1.790 A for 2) lies within the ex-
peeted range.2? ¥ The Fe-C axial carbonyl distance, however.
is significantly longer (1.859 (6) A for 1. 1.848 (5) A for 2)
suggesting facile CO abstraction which is consistent with the
formation of the green product 3.

The Fe,S; core varies considerably from compound 1 to
compound 2 and is compared with those observed in various
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Figure 8. A perspective represemation ol one ol the two independent
molecules of u(SCH3)u(FCCF) Fex(CO).

Table X. Sclected Distances (A) in u(SCH3)2u(FCCF3)Fea(CO),
(2)

molecule A molccule B av values
Fe-Fe
Fe(1)-Fe(2) 2.958(1) 2.969(1) 2.963(6)
Fe-S
Fe(1)-S(1) 2.316(1) 2.321(2)
Fe(1)-S(2) 2.314(1) 2.323(1) 2.320(4)
Fe(2)-S() 2.319(1) 2.316(1) T
Fe(2)-S(2) 2.323(1) 2.326(1)
Fe- ((Lquaxorul)
Fe(1)-C(1) 1.785(%) 1.787(3)
Fe(1)-C(2) 1.791(5) 1.784(5)
Fe(2)-C(4) 1.805(3) Lrggs) 70000
Fe(2)-C(5) 1.786(5) 1.793(5)
Fe-Caxial)
Fe(1)-C(3) 1.855(5) 1.842(5) } )
Fe(2)-C(6) 1.849(5) 1.848(5) 1.848(5)
Fe-C(carbene)
Fe(D)-C(9) 2.028(5) 2.048(3) } 2.037(7)
Fe(2)-C(9) 2.036(5) 2.0335(5) o
C-C
C(9)- C(10) 1.487(7) 1.488(7) 1.488(7)
C(9)-F
C(9)-F(1) 1.444(5) 1.436(53) 1.440(5)
CF,
C(10)-F(2) 1.336(3) 1.344(6)
C(10)-F(3) 1.358(5) 1.374(6) 1.354(14)
C(10)-F4) 1.364(6) 1.347(5
S-C
S(H-C(7) 1.820(5) I.SIO(S)}
S(2)-C(8) 1.812(4) 1.821(4) 1.816(6)
C=0
C(H-0() 1.137(5) 1.140(6)
C(2)-0(2) 1.143(5) 1.143(5)
C(3)-0(3) 1.130(5) 1.135(5) 1.137(6)
C(4)-0(4) 1.127(3) 1.138(5) o
C(5)-0(5) 1.139(5) 1.143(6)
C(6)-0(6) 1.131(5) 1.132(5)

{#(SR)Fe(CO)31)> complexes>? ' in Table X1V. As pointed
out carlier.* different substituents on the sulfur bridging atom
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Table XI. Sclected Bond Angles (deg) in
#(SCH3)au(FCCF3)Fex(CO)q

molecule molecule av
A B valucs
S-Fe-S
S(1)-Fe(1)-S(2) 81.62(5) 81.49(4)
S(1)- Fe(2)-S(2) 8136(5)  gisi4)  o00D
S-Fe-C(trans equatorial
carbonyl)
S(1)-Fe(1)-C(1) 168.3(1) 168.5(2)
S(2)-Fe(1)-C(2) 170.6(1) 171.7(2) 170.2(1.5)
S(1)-Fe(2)-C(4) 169.6(2) 169.6(1) ’
S(2)-Fe(2)-C(5) 170.2(1) 173.1(1)

S-Fe-C{cis equatorial
carbonyl)

S(1)-Fe(1)-C(2) 89.1(1) 90.4(2)
S(2)-Fe(1)-C(1) 94.0(1) 94.8(1) 92.002.1)
S(1) -Fe(2)-C(5) 89.6(1) 92.3(1) e
S(2)-Fe(2)-C(4) 93.9(2) 91.6(1)
S-Fe-C(axial carbonyl)
S(1)-Fe(1)-C(3) 95.1(1) 94.1(1)
S(2)-Fe(1)-C(3) 88.0(1) 89.4(1) 91.5(2.6)
S(1)-Fe(2)-C(6) 93.0(1) 91.9(1) e
S(2)-Fe(2)-C(6) 88.8(1) 91.9(1)
S-Fe -C(carbene)
S(1)-Fe(1)--C(9) 79.2(1) 78.5(1)
S(2)-Fe(1)-C(9) 79.9(1) 79.8(1) 79.4(6)
S(1)-Fe(2)-C(9) 79.0(1) 78.9(1) :
S(2)-Fe(2)-C(9) 79.5(1) 80.0(1)
Fe-S-Fe
Fe(1)-S(1)-Fe(2) 79.31(4) 79.61(4) 79.4(2)
Fe(1)-S(2)-Fe(2) 79.25(4) 79.37(4) :
Fe-S-CH3(exo)
Fe(1)-S(1)-C(7) 108.5(2) 108.8(2)} 109.0(5)
Fe(2)-S(1)-C(7) 109.4(2) 109.3(2) :
Fe-S-CHa(endo)
Fe(1)-S(2)-C(8) 113.4(2) |||.0(2)’ 112.401.1)
Fe(2)-S(2)-C(8) 111.7(2) 112.2(2) A
Fe-C-Fe
Fe(1)-C(9)-Fe(2) 93.4(1) 93.3(1) 93.4(1)
Fe-C--F
Fe(1)-C(9)-F(1) 113.1(3) 111.9(3)
Fe(2)-C(9)-F(1) 111.6(3) 112.9(3) H2.4(7)
Fe-C-C
Fe(1)-C(9)-C(10) 118.4(3) 118.3(3) 119.4(1.2
Fe(2)-C(9)-C(10)  120.7(3) 120.0(3) 4(1.2)
Fe-C=0
Fe(1)-C(1)-0O(1) 178.3(4) I78.6(5)W
Fe(1)-C(2)-0(2) 178.2(4) 177.8(5)
Fe(1)-C(3)-0(3) 176.5(4) 178.7(4) 178.0(9)
Fe(2)-C(4)-0(4) 178.6(4) 178.2(4)
Fe(2)-C(5)-0(5) 179.7(4) 177.5(4)
Fe(2)-C(6)-0(6) 177.0(4) 177.2(4)
F-C-C
F(1)-C(9)-C(10) 100.3(4) 101.1(3) 100.7(6)
F-C-CF;
C(9)-C(10)-F(2) 112.8(4) 112.8(4)
C(9)-C(10)-F(3) 112.1(4) 111.9(4) 112.5(5)
C(9)-C(10)-F(4) 112.2(4) 113.3(4)
F-C-F of CF;
F(2)-C(10)-F(3) 106.5(4) 106.0(4)
F(2)-C(10)-F(4) 107.0(4) 106.8(4) 106.2(6)
F(3)-C(10)-F(4) 105.7(4) 105.4(4)

Table XIV. Comparison of Selected Average Values of Distances
(A) and Angles (deg) in u(SCH3)u(C,F4)Fe2(CO)g (1) and
w(SCH3)u(FCCF3)Fey(CO)¢ (2) with Those in u(SR)Fe(CO)3),
Compounds

range for
{(u(SR)-
1 2 Fe(CO)3),4
Distances
Fe(1)-Fe(2) 3.311(1) 2.963(6) 2.507-2.540
Fe-S 2.310(3) 2.320(4) 2.248-2.281
Fe-C(equatorial) 1.801(5) 1.790(7) 1.772-1.810
Fe-C(axial) 1.859(6) 1.848(5)
S-S 2.986(2) 3.029(7) 2.817-2.932
Angles
Fe-S-Fe 91.61(5) 79.4(6) 67.0-68.8
S-Fe-C(trans) 171.5(7) 170.2(1.5)
S-Fe-C(cis) 91.5-934 92.0(2.1)
S-Fe-C(axial) 88.6-93.5 91.5(2.6)
flap angle 135.0 107.6 87.9-95.2

of thiolate groups produce only small differences in the ge-
ometry of the central Fe,S» core: the ranges are reported in
Table X1V, This relatively constant geometry can be consid-
cred typical when the bridging atoms are sulfur and when the
bent Fe-Fe bond is present. This geometry is only slightly af-
fected when these complexes are protonated to yield hy-
drido-bridged species.’? But. as expected. there is a consider-
able change in Fe»S; geometry when a carbene (compound 2)
or C» (compound 1) bridge is formed. Major changes occur
in the “flap™ angle. the Fe-S-Fe angle. and the Fe-Fe distance.
while the Fe-S distances are only slightly affected (Table
X1V). The changes naturally are larger for compound 1 than
for compound 2.
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Abstract: The crystal and molecular structure of Fe(n3-CgH;3)(P(OMe);); has been determined at =80 °C by X-ray diffrac-
tion. The monoclinic crystals (C2/c) have unit cell dimensions @ = 14.940 (3) A, b = 11.626 (3} A. ¢ = 29952 (5) A. 8 =
103.88 (2)°. and ¥ = 5050.5 A3, Full-matrix least-squares refinement led to R(Fo) = 0.035 and R,.(F,) = 0.036. The coordi-
nation sphere about the iron atom is a distorted square pyramid if the #3-cycloocteny! group is considered to be a bidentate li-
gand. The n’-allylic group is symmetrical but skewed with respect to the basal plane. This twisting allows a hydrogen atom on

a carbon atom attached to the n3-allylic group to have a very weak (2.77 (2)

) interaction with the metal center. Extended

Hiicke! theory, with the inclusion of two-body repulsion, has been used to reproduce molecular geometries, including bond
lengths, of 16-, 17-, and 18-electron complexes of the type [M(n3-alkenyl)}(P(OMe)3]**. Barriers to several intramolecular
rearrangements have been calculated for these species and agree well with NMR and ESR measurements. The bonding in the

16-. 17-, and 18-electron species is discussed.

Introduction
The dimeric species. [Fe(n3-allyl)(CO);]. prepared by a

T

OC—iFe—IR—CO
4/
d %

one-electron reduction of FeX(%3-allyl)(CO)3; complexes
(where X = halide). has been shown to exist in equilibrium
with its paramagnetic monomer.!=3 This monomer-dimer
cquilibrium is very sensitive to steric effects. Thus. if substit-
uents are added to the allyl group.' or one or more of the car-
bonyl ligands are replaced with phosphorus ligands.!? the
equilibrium is shifted dramatically toward the monomeric
species.

The phosphite complex [Fe(n-cyclooctenyl)(P(O-
Me)1)a][BF4]*° (1) undergoes a similar one-electron reduction
to give the monomeric species Fe(n3-cyclooctenyl)-
(P(OMe)1)1:® (2). Complex 2 shows no tendency to form a

0002-7863/79/1501-7496$01.00/0

diamagnetic dimer. Additionally, it is fluxional on the ESR
time scale, showing hyperfine coupling to three nonequivalent’
phosphorus nuclet in slow exchange at —140 °C. As the system
is warmed a dynamic process begins to equilibrate the two
similar phosphorus nuclei until at —60 °C the spectrum ap-
pears as a doublet of triplets. As the system is warmed further.
a second. independent fluxional process begins to equilibrate
all three phosphorus nuclei. giving a quartet at 140 °C. While
we were able to simulate the permutational behavior of the
phosphorus nuclef. without some knowledge of the ground-state
geometry, we were unable to draw any conclustons about the
physical dynamic process related to that permutational be-
havior.

The crystal structure of the dimeric species [Fe(n?-
C:H:)(CO)3)> has been reported.? but from spectroscopic
measurements the solution structure of 2 ts clearly of lower
symmetry than would be expected for half of the dimer. Two
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