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SUMMARY

The B-chlorovinylphosphines R2PC = C1(CF ) (R = CGHS’
CGHTI) react with Fe(CO)5 yielding compounds of sto1ch10mervy
R,PC = C == CF(CF.,) Fe, (CO) The crystal structure of one

of these (R = CGHil§ has been determined from X-ray diffraction
data and refined by least-squares to R = 0.037 (2313 reflect-
igns with I > 2.301). Crystals are triclinic,ospace group

P1, a = 10.253(5), b = 15.590(7), ¢ = 9.390(4)A, a = 99.88(3),
B = 103.21(2), y = 92.02(2)°, 2 = 2. The fluorinated w-allyl

group is o-bonded to one Fe atom and n-bonded to the other.

Fluorccarbon bridged di(tertiary arsines and phosphines)
have been extensively studied in these laboratories as ligands
in metal carbonyl complexes (1-4). In & number of cases,
products with unexpected structures are obtained as an —ASRz
moiety is lost from a vinylic position. Usually the dis-
placed group is bound elsewhere in the molecule as in
I (1,5,6).
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ﬁandfamongst the Droduct 1s a molecule w1th structure TI (f)
:Here ‘a- novel fluorlne contalnlng n—allyl fragment has been

:qpeated by_loss‘or,a_fluorlne atom from,aVVLnyllc CF3_group;’
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The B8~chlorovinyl derivatives R9EC = CCl(CF3), (R = dkyl.
aryl; E = As,®) are easily obtained by treating REH with
CiC = CCl(CF5), (1,8) and these react normally with group VI
hexacarbonyls to give compounds such as (CgHij)2PC = CCL(CFyh-
Mo(CO)g. The crystal structure of this derivative shows no
interaction between the vinylic chlorine atom and the metal(9).
The same ligands (n=2) alsc react with Fe(CO)g to give only
the usual carbonyl substituted products. However, when
Fe(CO)5 is heated with RzPé—_—EEI?Er2)3 (R = CgHyj or CgHg),
complexes of unexpected stoichiometry are obtained. The
mass spectra show a parent peak corresponding to the formula
RzPé_;TEEETEFZ)QFeZ(CO)E and indicate the presence of six
carbonyl groups. The formula is confirmed by microanalysis.
The infrared spectra show the absence of vw(C=C) and v(C-Cl)
and the Mdéssbauer spectrum shows the presence of two inequiv-

alent iron atoms.

CRYSTALLOGRAPHY

Crystals of the complex with R=CgH;;,III, were obtained
by allowing a saturated n-hexane solution of the'éompound to
cool slowly. Subsequent analysis showed that n-hexane
solvate molecules are incorporated in the crystal lattice.

Cell dimensions were cbtained by a least-squares fit
of the angular parameters of 12 reflections (26>3C0)
centered on . a Picker FACS-T fouw-c1wc1e dlffractometer using
Mo-Ke radiation (graphite monochromator, 1=0. 70°26A)- As the
compound decomposes slowly in an X-ray beam data was collected
on two cfystals: one for reflections. 28<39° and the other for

8<28<400, 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 68-28 scan technique and of these 2313 with I>2.30; were

used in refinement.

Crystal data. - CogHpgFgFep0gP, f.w. 675.17, triclinic,

— @]
space group Pl,a = 10.253(5), b = 15.590(7), ¢ = 9.320MA, a = 99.88(3),
» - o . -3
B = 103.21(2), ¥ = 92.02(2)°, U = 14354°, D = 1.5%, D (Z2) = 1.56 g em ,

= 11.68 cm .

The structure was solved by cenventiconal Patterson and
Fourier methods and refined by full-matrix ieast-squares
with anisotropic temperature factors for all non-hydrogen
atoms except the cyclohexyl and n-hexane carbon atoms which
were refined isotopically. The function being minimized was
ZE(lEO!—lch)z where the weights w were taken to be 1/°F2’
The central carbon atom of the n-hexane molecule was found

+o be disordered over two sites. Each site was therefore

assigned an estimated relative occupancy proportional to

Figure 1
Projected view of the molecule showing 50% probability thermal
ellipsoids and atomic labelling scheme. Hydrogen atoms have

been deleted for clarity.



Ltbe,elec ron den51ty in a. Fourler synthesws and tne p051t10na1:
and temperature factors allowed to reflne in- further 1east-
wsouares cycles.- The hydrogen atoms we”e ‘held: ;nVarlent at
thelr geometrlcally calculated p031t10ns (—C d-O SSA) ‘and

were a551gned the temperature facrows of the carbon atoms

to whlch they were attached ‘The methyl hydrogens of the
vn-hexane molecuTe were 1ocated 1n a. dlf‘erence maD and the
positions moleled to alve an 1deallzea geometry about ‘the
-carbon atom.

" In the final cycle mo parameter shift exceeded 0. ic
and a difference map reveaTed no significant features. Final
R was 0.037 and Rg0.045. °~ Scattering factors were for the
neutral atoms (10,11) with anomalous dispersion corrections
being applied for Fe and P (12); no correction was applied
for absorption. Results are presented in Tables I - ITT. **

RESULTS AND DISCUSSICN

The loss of the B vinylic chlorine atom enables the ring
to o-bond through C(2) to Fe(2) to complete & four memberec
chelate ring. The Fe(2)-C(2) bonding distance of 1. 938(5)A
is comparable with Fe-C o-bonds in related compounds (13-15).

Tn addition a Y'fluorine atom is displaced, creating a
m-allyl system through C(1), C(2) and C(3) which enables the
group to w-bond to Fe(l). The bonds in the C(3)-C(%)-C(5)-C(1)
portion of the.ring are considerably longer than the
Cc(1)-C(2)-C(3) region showing that the m-allyl electron
delocalization is largely confined to the latter. Moreover
the C(2)-C(3) bond (1.393(7)3) is significantly shorter than
C(1)-C(2) (1.8u7¢(7)R) suggesting that deiocalizatidn is not
complete and that C(2)-C(3) poséesses greater double bond
character than C(1)-C(2). As the 3-electron w-bonding between
the m-allyl 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 o nature of

rl]P {_iP l/z;r
= Gull E, I-jE, ;)2/21*5 12

&

Wl
é

* ¥
The table of structure factors has been deposited as NAPS Document
‘No. 03277. Order from ASIS,NAPS, c/o Microfiche Publications, P.O.
Box 3513, Grand Central Station, MNew York, N.Y. 10017. Price on
request. Advance payment is required
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Figure 2

Stereoscopic drawing (20% ellipsoids) showing molecular
packing within the unit cell. Disordered atoms are shown
with broken outlines and hydrogen atoms have an arbitrary
radius of 0.12.

A5 _=Cl—5
ca_/ | ceF i
Fel A , Fel

Fe-C(1l) would cause it to be shorter than Fe-C(3), which is
in agreement with the crystallographic results (2.083(5) c.f.
2.121¢5)%) .

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 (13,16). The Fe-Fe
distance of 2.668(2)& is intermediate in the range 2.51-2.872

(Continued on p. 268)
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TABLE II

SR o
‘Interatomic distances (A) and angles (deg.), with least-squares e.s.d's
'iﬁfgérénthéses.' For C/F and C/0 the values corrected for thermal motion

- follow- the uncorrected values.

Fe(1) - Fe(2) 2.668(2) c(11) - o(11) 1.183,1.182(7)
Fe(1) - c(1) 2.083(5) c(12) - o(12) 1.125,1.3170(7)
Fe(1} - c(2) 1.955(5) c(13) - 0(13) 1.144,1.161(6)
Fe(1) - c(3) 2.121(5) c(21) - o(21) 1.134,1.180(7)
Fe(1l) -~ C(11) 1.797(8) c(22) - 0(22) 1.1uh,1.177(7)
Fe(l) - c(12) 1.813(7) c(23) - 0(23) 1.133,1.163(6)
Fe(1) - c(13) 1.79u(86) c(51) - c(52). 1.517(7)
Fe(2) - P 2.32u(2) c(52) - c(53) 1.52u(8)
Fe(2) - C(2) 1.938(5) c{53) - c(su) 1.521(8)
Fe(2) - c(21) 1.79u4(6) c(su) - c(55) 1.50u(9)
Fe(2) - c(22) 1.781(7) c(55) - ¢c{(56) 1.522(8)
Fe(2) - €(23) 1.81:(s) . c(s6) - €(51) 1.531(7)

P - c(1) 1.796(5) c(61l) - c(62) 1.538(7)

P - c(51) 1.860(5) . c(62) - C(83) 1.519(8)

P - c(s1) 1.8u7(s) c(63) - c(sy) 1.519(8)
c(1) - c(2) 1.447(7) c(su) - c(85) 1.510(8)
c(2) - c(3) 1.393(7) c(65) - C(s65) 1.518(8)
c(3) - c(w) 1.502(8) c(s6) - C(61) 1.534(7)
c(a) - c(s) 1.559(8) c(a1) - c(92) 1.87(1)
e(5) - (1) 1.496(7) c(92) - c(93) 1.51(2)
c(3) - F(3a) 1.356,1.376(6) c(93) - c(93)? 1.47(2)
c(#) - F(uA) 1.362,1.391(7) c(91) - c(s92)p 1.45(4)
c(4) - F(4B) 1.354,1.371(7) c(92)p- C(93) 1.38(4)
c(5) - F(5A) 1.368,1.392(7)

c(5) - F(5B) 1.350,1.367(7) c(92)....c(a2)p ‘0.98(1)
Fe{2) - Fe(1) - c(11) g9.0(2) c(u) - C(3) -F(3a) 115.8(4)
Fe(2) - Fe{l) - C(12) 168.4(2) Cc(3) - c(u) -F(ua) 111.1(5)
Fe(2) - Fe(1) - c(13) 83.3(2) Cc(3) - c(&) -F(=B) 3114.5(5)
C(11) - Fe(l) - C(22) 92.6(3) Cc(5) - c(u) -F(sa) 110.3(5)
€(11) - Fe(1) - c(13) 95.5(2) C(5) - c(u) - F(uB) 112.3(5)
c(12) -~ Fe(1) - €(13) 9u.u(2) F(uA)- c(u) - F(uB)  105.1(4)
Fe(l) - Fe(2) - P 78.31(5) Cc(1) - c(5) - F(5A) 112.8(4)
Fe(l) - Fe(2) -c(2) 57.0(1) c(1l) - ¢(5) - F(5B) 115.9(u)
Fe(l) - Fe(2) -c(21) '88.0(2) c(u) - ¢(5) - F(5A) 109.8(4)
Fé(l)r - Fe(2) -C(22)° 156.6(2) c{#) - c(s) - F(58)  111.8(%)

Fe(1) - Fe(2) -C(23)  107.3(2) F(5A)- C(5) - F(5B)  103.9(%)



6578(1) ;?E(?’ e —0(11)}7}176 l(o)r;'
162.7(2)° 7 Fe(1) -c(12): -0(12) '{175 2(8) -

S oser.o(z) T Fe(l) <6€13) ~0(13)  176.4(7).
Lre@2) - c(23) © U egim(2) - - Fe(2) -c(21) =0(21)  178.7(8)
: ifu(25-fe(2\’¥lé(21)-?éﬁjj,93.1(2)w- - Fe(2) -C(22) -0(22) -176.9(5)
©o(2)iFe(2) —c(22). - 108.8(2) | Fe(2) -c(23) -0(23)  177.8(6)
| C(2)-Fe(2) = 0(23)  L153.4(2)  P-c(S1) - C(52) | 112.8(3)
Ce(21)-Fe(2)7- €(22).. . 91.m(2) - -P-C(51) - e(s6) - 115.5(3)
;1c(21)—Fe(2) -»ccga)”r ..9u.9(2) - .c(56) - c(51) ~ €(52) 111.6(%)
‘c(22)-Fe(2).- c(23) .~ 95.8(2) . (51) - C(52) - C(53) 110.3(%)
" Fe(2) -'P_-'C(l}"‘f: - 80.(2)  €(52) - c(53) - c(54) 110.9(5)
Fe{2) - P —.C(51) . 127.1(2) - €(53) - c(54) - C(S5) 112.0(5)
Fe(2) - P - C(61) ©117.5(2) - . . c(58) - c(55) -.c(56) 111.7(5)
(1) - P - e(51) 110.1(2) c(55) - ¢(56) - C(S1) 109.7(1)
e(1) - P - c(s1)  110.4(2) P - c(61) ~ C(62) 109.7(3)
- ¢(51) - P - -C(61) 107.0(2) P - c(61) - C(86) 115.4(3)
S e(5) - (1) - () 110:5(4)- c(86) - c(61) ~ c(62) 110.5(%)
e(z) - c(2) - e(3) 103.2{4) c(61) - c(82) - C(63) 111.5(%)
c(2) - c(3) = c(1) 110.9(%) C(62) - C(63) - C(6%) 111.%(5)
(3) = o(s) - c(5) 103.0(%) c(63) - C(64) - C(65) 111.3(5)
c(&) - 2(5) - c(1) ©102.7(%) c(eu) - c(65) - c(66) 112.1(S)
P - c(1) - c(2) - 98.1(3) c(65) - ¢(66) - C(61) 110.6(4)
P - ¢{1) - ¢(5) ©o13g.9(w) ¢(a1) - c(e2) - c(93) 118(1)
Fe(2) - C(2) - ¢(1) 142.0(x) c(92) - (93} - c(23)%122(1)
Fe(2) - €(2) - c(3) 108.3(3) c(91) - c(92)P- C(93) 122(3)
c{2) - c(3) - F(3A)  124.6(5) c(92)P- €(33) - €(23)°135(2)
a tom at ( 1-x, -y, -2)

reported for Fe-Fe bonds in iron carbonyl complexes with lig-
ands containing. phosphorus or arsenic (17).

The structural feature that seems to be necessary for the
formatﬂon of the m-allyl systems in IX and III is the grouping
RpE-C= Cc(Zy~ Cr2 but it is difficult to account for the normal
reaction of (C5P11)2P5_:TE:T(&r2)2. Reactions of other tert-
1ary phosphlnesrand arsines.of this type are being investig-
ated. B ' ,

“In related sLudles Cavty and. co—workers (15,18) have
found’ tha; the alkrvnyl derivatives RpEC= CCF3 give unusua1
clusters on- reac;lon with" ‘iron carbonyls but loss. of a’

fluorlne atom was not observea.
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NG : oy .
Deviations of atoms (A) from least-squares planres. The

equétibns of'the planes are referred to the orthogomnal axes,

a,p' and c*

Plane defined by C(1l), C(2) and c(3)

a)
-0.4366x - 0.87u8y - 0.2102z + 4.1037 = 0
c(1) 0.0 Fe(2) 0.837 c(4) -0.7430
c(2) 0.0 P 0.03u c(5) -0.696
c(3) 0.0 F(34) -0.0u2

b) Plane defined by €(1), C(3), C(4) and c(5)

. -0.5038x - 0.5942y - 0.6270z + 4.7178 = O x2=27.1
c(1) -0.009 ® -0.605 F{(44) -1.160
c(3) 0.010 c(2) -0.432 F(u#B) 0.992
c(u) -0.019 F(34) -0.200 F(54A) -1.068
c(3) 0.017 F(5B) 1.072

Dihedral angle between planes a and b is 29.4°,
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