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SUMMARY 

The 6-chlorovinylphosphines R2PC = CCl(CF213 (Ii = C6H8, 

C6Hll) react wi?h Fe(CO)6 yielding compounds of stoichiometry 

R2Pd = C = CF(CF2)2Fe2(CO)6. The crystal structure of one 

of these (R = C6Hll ) has been determined from X-ray diffraction 

data and refined by least-squares to R = 0.037 (2313 reflect- _ 

ions with L > 2.30~). Crystals are triclinic, space group 

ET-., _ a = 10.253(S), -h = 16.590(7), c = 9.390&, CL = 99.88(3), - 

8 = 103.21(2), y = 92_02(2)O, 2 = 2- The fluorinated x-zllyl 

group is a-bonded to one Fe atom and a-bonded to the other.' 

Fluorocarbon bridged dictertiary arsines and nhosnhines) __ 

have been extensively studied in these laboratories as ligancis 

in metal carbonyl complexes (1-k). In a number of cases, 

products with unexpected structures are obtained as an -_AsR2 

moiety is lost from a vinylic position. Usually the dis- 

Dlaced group is bound elsewhere in the molecule as in 

I (1,5,6). 

(Q-GA 
,As, 

sKH,), + Mn&O~,, - “odMl E---f’2 
(CHJ, nS, ,C- CF, 

t%4 
I 
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-.:. -Anevenrmore-d&&tic-reorga.nization ocourswhen cis- 
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_~~fi~~+&&$ ~~CcCF3)AScC~~,-;.-is:: heatedI;~~~~'Mn2(CO~)10.. 1 :' _ 

:&~d-Gkmongst -_the_prbduct is-la molecu.le kth strutiture II (7) . 

:Te&k-a ,noi&l -fl&&ine containing r-ally1 fragment-has-been 

'created by.loss of.~a fluorine'atom from a vinylic CF3. group. 

9 
F3 

2 
Z 
+. 

(qMe> \ 
rr, 

(aJ1, 

(c4s312 

II 

The 6-chlorovinyl derivatives R2EC = CCl(CF2)n <R = sZql= 

aryl; E = As,P 1 are easily obtained by treating R2EH with 

ClC = CCl<CF2), (1,8> and these react normally with group VI 

hexacarbonyls to give compounds such as tCSHll)2PCBF2b- 

Ko<CO)S- The crystal structure of this derivative shows no 

interaction between the vinylic chlorine atom and the metaf(9). 

The same ligands <n=Z) also react with Fe(C019 to give only 

the usual carbonyl substituted products. However, when 

FeCCO)S is heated with R2PC = CCl(CF2)3 (R = CSHll or CSHS), 

complexes of unexpected stoichiometry are obtained. The 

mass spectra show a parent peak corresponding to the formula 

R2PC = CCF(CF2)2Fe2<C0)9 and indicate the presence of six 

carbony groups_ Tfie formula is tonfirmed by microanalysis. 

me infrared spectra show the absence of vCC=C) and v(C-Cl) 

and the Mossbauer spectrum shows the presence of two inequiv- 

alent iron atoms. 

CRYSTALLOGRAPHY 

Crystals of the complex with R=CSHll,III, were obtained 

by allowing a saturated n-hexane solution of the compound to 

cool slowly. Subseqent analysis showed that n-hexane 

solvate molecules are incorporated in the crystal lattice. 

Cell dimensions were obtained by a least-squares fit 

-of the angular narameters of 12.reflections (28>3Co) 

centered on a Picker FACS-I four-circle diffractometer using 
0 

Mo-Ka radiation <graphite monochromator, 1=0.70926A). As the - 

compound decomPoses slowly in an X-ray beam data was collected 

on two crystals: one for reflections 20~390 and t:he other for 

30<29<4Oo. In each case two standard reflections were 
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measured after every 75 data points and the data scaled accord- 

ingly. The scale factors of the two data sets were refined 

independently. 2659 independent reflections were measured by 

the Q-213 scan technique and of these 2313 with I>2.301 were - - 
used in refinement. 

Crystal dara. - C26H2gFgFe206P, f-w. 675.17, tziclinic, 

snace group Pz,a = 10_253(5), b = 15.590(7), c = 9_3?0(Q)A, c( = 99.88(33), - 

$ = 103_21(2) y =.92_02(2)O, 1-T = lQ35z3, D4 = 1.54, $(2=2) = 1.56 g Cm , 
-i 

- 
u = 11.58 cm _ 

The structure was solved by ccnventicnal Patterson and 

Fourier methods and refined by full-matrix least-squares 

with anisotropic temper ature factors for all- non-hydrogen 

atoms except the cyclohexyl and n-hexane carbon atoms r&ich 

were refined isotopically. The function being minimized was 

Xw(l~,l-l~,i)2 
2 1 where tne weights w_ were taken to be l/crF _ - 

The central carbon atom of the n-hexane molecule was foEnd 

to be disordered over two sites. Each site c.zas therefore 

assigned an estimated relative occunancy nronortional to __ 

F(4f3) 

Figure 1 

Profected view of the molecule showing 50% probability thermal 

ellipsoids and atomic labelling scheme. Hydrogen atoms have 

beendeleted for clarity. 



_-_i. 262 >: : -_ -. _- _- .-’ -. _--. _: . .._‘.__ .__ : : - .: ... 
.- 

:,__ ‘.. .~. i 

. 

: 
.-. 

.‘.__ .-~ .__ _ : 

:$_e~~clec^:-. :.‘- ---; _ 
+ron-~denslfy in a. Fourier.synthe-s%and.tlhe poSitiOM1~ 

and.fempera&&e--factors &llokied to refine in-&rther..least- 
.- 

squgires -cycles.- ..?@_ hydrog{n_atoms were _helh-invarie.nt at 

their geometrically c&ulated.positions (~&~=0:95$ and 

were assigned the temperature factors of.the carbon atoms 

to which they were-'attached. The methyl hydrogens of the 

n-hexane molecule were located in a difference .map and .the 

positions modified to give an idealized geometry about-the 

carbon atom. 

In the final cycle no parameter shift exceeded 0.10 

and a difference map revealed no significant features. Final 

E was 0.037 and F&0.045.*- Scattering factors were for the 

-neutral atoms <10,X) with anomalous dispersion corrections 

being applied for Fe and P (12); no correction was applied 

for absorption. Results are presented in Tables I - III. ** 

RESULTS AND DISCUSSION 

The loss of the 8 vinylic chlorine atom enables the ring 

to o-bond through C(2) to Fe<21 to complete a four membered 

chelate ring. The Fe(2)-C(2) bonding distance of 1.938(5)x 

is comparable with Fe-C a-bonds in related compounds (13-15). 

In addition a y fluorine atom is displaced, creating a 

n-ally1 sys'tem through C(l), C(2) and C(3) which enables the 

group to s-bond to Fe(l). The bonds in the C(3)-C(4)-C(5)-C(l) 

portion of the.ring are considerably longer than the 

C(l)-C(2)-C(3) region showing that the a-ally1 electron 

delocaiization is largely confined to the latter. Moreover 

the C(2)-C(3) bond <1.393(-71% is significantly shorter than 

C(l)-C(2) (1.447(7!% suggesting that delocalization is not 

complete and that C<2)-Cc3) pos'desses greater double bond 

character than C(l)-C(2). As the 3-electron a-bonding between 

the sr-ally1 segment of the -fluorocarbon ring and Fe(l) can be 

regarded as a combination of bonding-modes A and B, A would be 

expected to be the major contributor. The greater c r2-tur-e of 

The table of structure factors has been deposited as NAPS Document 
No. 03277. Order from ASIS,FIAPS, c/o Microfiche Publications, P-0. 
Box 3513, Grand Central Station, New York, N.Y. 10017. Price on 
request. Advance payment is required 
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L k 

Figure 2 

Stereoscopic drawing (20% ellinsoids) showing molecular _ 

packing within the unit cell. Disordered atoms are shown 

with broken outlines and hydrogen atoms have an arb-itrary 

radius of 0.12. 

Fel A 

Fe-Ccl) would cause it to be shorter than Fe-C(3), which is 

in agreement with the crystallographic results <2.083(S) c-f. 

2.121csAL 

The eclipsed configuration of the carbonyls on the iron 

atoms is probably a consequence of the bridging nature of 

the fluorocarbon. This feature has been observed .in several 

related compounds with bridging ligands (13,161. tie Fe-Fe 

distance of 2.668(2)2 is intermediate in the range 2.51-2.87x 

(Continued on p. 268) 
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-Interat?mic distances (i) and angles (deg.), uith least-squares e-s-d's 

in n&?entheses. .-.. For C/F and C/O the values corrected for thermal motion 

-follow the uncorrected values. 

Fe(l).- Fe(2) 

Fe(l) - C(1) 

Fe(l) - C(2) 

Fe(l) - C(3) 

Fell! - C(ll) 

Fe(l) - C(12) 

Fe(l) - C(13) 

Fe(2) - P 

Fe(2) - C(2) 

Fe(2) - C(21) 

Fe(2) - Cc221 

Fe(2) - C(23) 

P - C(1) 

P - C(U) 

P - C(61) 

C(1) - C(2) 

C(2) - C(3) 

C(3) - C(4) 

C(4) - C(5) 

C(5) - C(l) 

2.668(2) 

2.083(S) 

1.955(5) 

2.121(S) 

l-797(6) 

l-813(7) 

1.794(6) 

2.324(2) 

1.938(S) 

l-794(6) 

l-781(7) 

l-914:(6) : 

l-796(5) 

1.860(5) - 

l-847(5) 

1.447(7) 

1.393(7) 

1.502(8) 

1.559(8) 

l-496(7) 

C(3) - F(3A) 1.356,1.376(6) 

C(4) - f(4A) l-362,1.391(7) 

C(4) - F(4B) 1.354,1.371(7) 

C(5) - F(5A) l-368,1.392(7) 

C(5) - F(5B) 1.350,1.367(7) 

Fe(2) - Fe(l) - C(U) 99.0(2) 

Fe'e(2) - Fe(l) - C(12) 168.4(2) 

Fe(2) - Fe(l) - C(13) 83.3(2) 

C(U) - Fe(l) - Cc121 92.6(3) 

C(U) -- Fee(l) - C(13) 95.5(2) 

C(12) - Fe(l) - C(13) 94.4(2) 

Fe(l) - Fe(2) - P 78.31(5) 

Fe(l) - Fe(2) -C(2) 47.0(l) 

Fe(l) - Fe(2) -C(21) .88.0(2) 

Fe(l) -.Fe(2) -C(22)- 156.6<2) 

Fe(l) - Fe(2) -C(23) 107.9(2) 

~(11) - o(lli 

C(12) - o(12) 

cc131 - O(13) 

C(21) - O(21) 

C(22) - O(22) 

C(23) - O(23) 

C(51) - C(52)_ 

C(52) - Cc531 

C(53) - cc541 

C(54) - C(55) 

Cc551 - C(56) 

C(56) - C(51) 

Cc611 - C(62) 

C(62) - C(63) 

C(63) - C(64) 

C(64) - C(65) 

C(65) - Cc661 

Cc661 - C(61) 

C(91) - cc921 

C(92) - cc931 

cc931 - cc93ja 

cc911 - C(92)P 

C(92)P- cc931 

cc921 . . ..C(92)? 

C(4) - C(3) -F(3A) 

C(3) - C(4) -F(4A) 

C(3) - C(4) -l=(4B) 

C(5) - C(4) -F(4A) 

C(5) - C(4) - X45) 

F(4A)- C(4) - F(4B) 

c(1) - C(5) - F(5A) 

C(1) - C(5) - F(5B) 

c(4) - C(5) - F(5A) 

c(4) - C(5) - F(59) 

F(5A)- C(5) - F(SB) 

1.141,1.182(7) 

1.125,1_170(7) 

1.144,1.161(6) 

1.134,1.180(7) 

1.144,1.177(7) 

1.133,1.163(6) 

l-517(7) 

1.524(E) 

1.521(E) 

l-504(9) 

1.522(E) 

1.531(7) 

l-536(7) 

1.519(8) 

l-519(8). 

1.510(8) 

1.518(E) 

l-534(7) 

1.47(l) 

l-41(2) 

l-47(2) 

1.45(4) 

1.38.(4) 

-0.98(4) 

115.8(4) 

lll.rts) 

114.6(S) 

110.9(5) 

112;3(5) 

105.1(4) 

112.8(4) 

115.9(4) 

109.6x4) 

111..S(4) 

103.9(4) 



_.: .. ,: ..~ - - 

: .._: p .L 7.~2) L&j> I:-- 
__p ;,. F&(2)-_-c(&. :::c 

: . 
_ .y .Fe(2 j- +-~-;---cc2i). : .- .P 

-.. 

P': Fec2j -: +23) LL 
.~~ij-?e(~eis) _-:c(2~) 

'.- r_(2j;fef2)-:r.C(22). 

&2).-Fe(2).,&23). 

: C(21~-Pe(2):-.c(ti)1 

C(al;-Fe& ---C(23) 

-cizz)-&e(2)-- c&3) 

'. 're(2) - P. - cc-l) .. 

Fe<21 - p_-. C(S) 

Fe{?) - P - C(61) 

C(A) - P - C(51) 

C(I) - P - C(61) 

cX51) - P'- C(61) 

C(5) _~C(I) - C(2) 

ccz) - C(2).- C(3) 

C(2) - -C(3) - C(4) 

c<3) .- C(4) - C(5) 

C(4) - C(5) - C(1) 

P - C(I) - C(2) 

P :.CCl) - C(5) 

Fe(2) - CC2? - C(1) 

Fe(2) --C!(2) - C(3). 

cC2) - C(3) - F(3A) 

.,. ~_. _ ._. . .‘- 

.: _. ,I 
: ; ._ ;_._ :- 

-:-62+3&l F&l_> All> .-c&l, 1 1?6,_1(6) 

k+2.7(2).- _i-. &pjr-C(x2):lo(i2~ 175.2(6) : 
-. 97_oi2)- .-.- Fe_<1)--d(13).-0(13j"- 176.4i7). 

99$2j -. F&2) -c<Zl) LO(a) 178.7(6). 
-. 
93.X(-2). Fe(2) -X(22) -0(22) -176.9(s) 

109;8(2) .Fee(2)-X(23) -0(23) 177.8(6) 

153.4(Z) P-&1) - C&2) li2.8(3) 

9x.4:(2) P-C(5L) - Ci56). G5.5(.3) 

94.9(2) C(56j - C<51) - C(52) X1.6(4) 

95.4(2) ct51) - C(52) - C(53) 110.3(4) 

80.4(2) Cl52) - C(53) - C(54) 110.9(5) 

127.1<2) C(53)-- C(54) - C155) 112-o(5) 

117.5(2) C(54) - Ct55) --C(56) 111.7(S) 

110-L(2) c(55) - C(56) - C<51) 109.7(4) 

110 4'2) . . P - C(61) - C(62) l-09.7(3) 

107.0(2) P.- C(61) - C(66) 115.4(3) 

llo;s(Y)~ C(66) - C(61) - C(62) 110.5(4) 

X03.2(4) C(61) - C(62) - C(63) 11X.5(4) 

110.9(4) C(62) - C(63) - C(64) 111.4(S) 

103.0(4) C(63) - C(64:) - C(65) 111.3i5) 

102.7(4) C(64) - C(65) - CC661 L12.1(5) 

9x3.1(3) C(65) - C(66) - C(61) 110.6(4) 

139.9(4) cc911 - cc921 - cc931 118(l) 

142.0(41 C(92) - CC931 - C(93)?22(1) 

104.3(3) c(91) - C(92)?- Cc931 li2(3) 

124.6(S) c(g2)P- C(93) - C(93)%35(2) 

a AZorn at ( I-X, -y, -2) 

reported for Fe-Fe bonds in iron carbony 1 complexes with lig- 

ands containing.phosphorus or arsenic (171. 

The structural feature that seems to be necessary for the 

formation 05 _t&e r-ally1 systems in 11 and III is the grouping 

R2E-C=C<Z)-CF2 but it is difficult to account for the normal 

reaction of (c@?l~)ZpC = CCL(CF*)*. Reactions of other tert- 

iary phosphines and atisines~of this type are being investig- 

ated., 

In related studies Carty and co-workers (15,X8) have 

found that the _alkrynyl derivatives R2ECSCF3 give unusual 

clusters on--reaction with ironcarbonyls but loss of a 

fluorine atom was not observed. : 

..- : 
: 
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TABLE III 

De'viations of atoms (iZ> from least-squares planes. The 

equations of the planes are referred to the orthogonal axes, 

a,B’ and & 

a) Plane defined by C(l), C(2) and C(3) 

-0-4366~ - 0.87Qay - 0.21022 f 4.1037 = 0 

c(1) o-0 Fe(2) 0.837 C(4) -0.740 

C(2) 0.0 P 0.034 C(5) -0.696 

C(3) 0.0 F(3A) -0.042 

b) Plane defined by C(l), C(3), C(4) and C(5) 

-0.5038x - 0.5942y - 0.6270~ + 4-7178 = 0 x2=27.1 

C(1) -0.009 ? -0.605 F(4k) -1.160 

C(3) 0.010 c(2) -0.432 F(48) 0.992 

C(4) -0.019 F(3A) -0.200 F(5A) -1.068 

C(i) 0.017 F(58) 1.072 

Dihedral angle betsreen planes a and b is 29.4O. 
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