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Asy(CF;), reacts with [C;H;Fe(CO)q; and [C:H:Mo(CO )], to give the mononuclear complexes [C;H:M {As-
M

(CF3)} (COW] (M = Fe,n = 2;
[C5H5M{A'\S(CF.?)?}(CO)n—lI?.
(CO)le and [Fe{As(CF;)o} (NO)yls, respectively.

; = Mo, n = 3) which dimerize on irradiation with ultraviolet light to formn
Mny(CO)p and [Fe(CO)(NQ)y] react with Ase(CFy)s to give [Mn {As(CFy).}-
The reactions of Fe(CO); and Cr(CO)s with Asy(CF;), have

also been investigated. The infrared and nuclear inagnetic resonance spectra of the coinpounds are discussed.

In the previous papers of this series, the reactions of
tetrasubstituted-diphosphine and -diarsine ligands with
metal carbonyls and cyclopentadienyl metal carbonyls
have been investigated. Many novel, usually binu-
clear, complexes were obtained from these reactions
and it was shown that the two metal atoms are linked
by phosphorus or arsenic bridges.! There were some
indications that electronegative substituents on the
ligand atom tend to facilitate P-P or As-As bond
cleavage.® It is also possible that such substituents
might sufficiently decrease the donor power of the ligand
atom so as to inhibit bridge formation. In order to
study these effects, we have carried out reactions of
tetrakis(trifluoromethyl)diarsine, As,(CF3)s, with a
selected group of metal carbonyl compounds.

In general, trifluoromethyl-substituted arsines are
very poor donor ligands and thus usually do not form
adducts with mercuric chloride.* The donor proper-
ties of As,{CF;)s have not been investigated in detail,
although it does not form an adduct with methyl
iodide at ¥5° and is not expected to differ greatly in
this respect from other arsines of this type. This
behavior is usually attributed to the high electro-
negativity of the trifluoromethyl! group which decreases
the availability of the lone pair of electrons for dona-
tion.® However, if the current view that =-bonding
makes a significant contribution to the bonding be-
tween transition metals and suitable w-acceptor ligands
is wvalid, then the trifluoromethyl arsines, like PF,;7
should behave as reasonably good ligands toward,
for example, metal carbonyl compounds.

Some indication of the interesting potential of tri-
fluoromethyl-substituted phosphines and arsines as
ligands come from the work of Burg and Mahler.®
They investigated the reactions of nickel carbonyl with
P(CF3)s, P:(CF3)s, and (PCF3): and obtained a series
of stable complexes. Of particular interest is the re-
action of Ni(CO), with Py(CF3): to give a complex
(of proposed structure I) which is red-black in color,
a very unusual color for a zerovalent nickel complex.
More recently, the reactions of (CF;).PI with iron and

CF; CFy
(OC);Nig— PP —>Ni(COJ;
CF; CF,

I

manganese carbonyls were found to give stable bi-
nuclear complexes, probably containing bridging phos-
phorus.®

) Part 111:  R. G. Hayter, J. Am. Chem. Soc., 86, 823 (1964).
) Shell Development Company, Emeryville, California.
) R. G. Hayter, J. Am. Chem. Soc., 85, 3120 (1963).
} W. R, Cullen, Can. J. Chemn., 38, 145 (1960), and references therein.
) W. 1. Cullen, #bil., 38, 439 (1960).
) W. R. Cullen and D. C. Frost, ibid., 40, 390 (1962).
(7) J. Chatt and A. A. Willlams, J. Chem. Soc., 3061 (1951); G. Wilkinson.
J. Am. Chem. Soc., T8, 5501 (1951},
(8) A. B. Burg and W. Mahler, ¢bid., 80, 2334 (1938).
(9) H. J. Emeléus and J. Grobe, Angew. Chem., T4, 467 (1962).

Experimental

Microanalyses! and nolecular weight measuremnents were by
Schwarzkopf Microanalytical Laboratories, Woodside, N. Y.,
and Dr. A. Bernhardt, Max-Planck Institut fiir Kohlenforschung,
Miilheiin, Germnany. Melting points were deterinined in sealed
capillaries under nitrogen and are uncorrected.

Infrared spectra were measured on a Beckman IR-9 spectro-
photometer. “YF nuclear magnetic resonance spectra were meas-
ured at 56.4 Mc./sec. on a Varian Associates V-4311 instrument
using CCI;F as both solvent and standard. The chemical shifts
were expressed on the ¢ scale,'! although no extrapolation to
infinite dilution was carried out. The 'H n.m.r. spectra were
measured on a Varian Associates A-60 spectrometer using CCLF
as solvent and tetramethylsilane as an internal reference.

All operations, except the handling of the solid complexes, were
carried out in a nitrogen atmosphere. Merck acid-washed alu-
mina was used for chromatographic purifications. The irradia-
tions were carried out in a V'ycor reaction vessel using a General
Electric 360 w. Uviarc lainp. The metal carbouyls were either
purchased or were prepared by methods already described in the
literature.” Tetrakis(trifluoromethyl)diarsine was prepared by
the method of Brandt, ef a/.!3

Preparation of the Complexes. r-Cyclopentadienylbis-
(trifluoromethyl)arsenidotricarbonylmolybdenum.— [C;H:Mo-
(CO)2(0.70 g., 1.43 1inmioles), Aso(CFy)y (0.61 g., 1.43 mmoles),
and toluene (50 ml.) were refluxed together for <4 lir. to give an
orange solution, which was then filtered and evaporated at 15
min. The residual brown oil crystallized at —78° and the result-
ing solid was sublimed at 75° (0.2 mun.). Oily crystals were
obtained at first and finally the pure comnplex sublimed at 83° as
vellow-orange crystals (m.p. 111-117°; yield, 64%§).

Anal. Caled. for CyuH;AsFeMoO;: C, 26.2; H, 1.1, F,
24.9; Mo, 20.95; mol. wt., 438. Found: C, 25.5; H, 0.9;
F, 25.5; Mo, 21.2; 1nol. wt. (CsHy), 444.

The 'H n.nt.r. spectrum shows a singlet due to the cyclopenta-
dienyl protons at 4.52 7 and the F spectrum a singlet at 40.45

r-Cyclopentadienylbis(trifluoromethyl )arsenidodicarbonyliron.
—[CsH;Fe(CO)ly (0.66 g., 1.87 mmoles), Asy(CF;); (0.80 g.,
1.87 mmoles), and toluene (50 ml.) were refluxed together for 16
Iir. to give an orange solution containing some black solid.  After
filtration, the solvent was evaporated at 15 nun., leaving a red
oil which solidified to yellow crystals at —78°. These were dis-
solved in hexane and chromatographed. A faint vellow band was
eluted by 109, benzene-hexane and the main band by 507
benzene-hexane. Evaporation of the yellow-orange eluate gave
a brown oil which crystallized at —78°. Two sublimnations at
35° (0.2 mm.) gave the pure comnplex as orange crystals (m.p.
18-50°; yield, 65%¢).

Anal.  Caled. for CHsAsFsFeO,: C, 27.7; H, 1.3; I,
Fe, 14.3; mol. wt., 390. Found: C, 27.0,27.5; H, 1.2,
F, 28.25, 31.2; Fe, 14.4, 14.9; mol. wt. (CgHg), 376, 340.

The 'H n.m.r. spectrum shows a singlet due to the cyclopenta-
dienyl protons at 5.08 = and the °F spectrum a singlet at 42.16 ¢.

Di-u-(bis(trifluoromethyl)arsenido)-di-r-cyclopentadienyl-
tetracarbonyldimolybdenum.— A solution of [C;H;Mo | As(CFs)s} -
(CO)M] (0.69 g.) in nethylcyclohexane (30 ml.) was stirred and
irradiated with ultraviolet light for 16 hr. The solution changed
fromn vellow to black and deposited black crystals. These were

29.2;
1.25;

(10) Unfortunately direct oxygen analysis could not be performed in the
presence of fluorine.

(11) G. Filipovich and G. V. D. Tiers, J. Phys. Chem., 68, 761 (1959)

(12) (a) ’CsHsFe(COxnl: T. S. Piper, F. A. Cotton, and G. Wilkinson,
J. Inorg. Nl Chen., 1, 165 (1955); (b)) [CsHsMo(CO)sl.: R. G. Hayter,
Inorg. Chem., 2, 1031 (1963): (c) [Fe(C0)»(NO):]: W. Hieber and H.
Beutner, Z. anorg. allgem. Chem., 320, 101 (1963).

(13) G. R. A. Brandt, H. J. Emeléus, and R. N. Haszeldine, J. Chem.
Soc., 2352 (1952)
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filtered and crystallized from methylcyclohexane to give a dark
green solution and, on cooling, brown crystals, with a yellow-~
green streak (m.p. 320-330° dec., with darkening and sublimation
above 280°; yield, 469%).

Anal. Caled. for CisHppAsFieMo,0,: C, 25.15; H, 1.2; F,
26.5; Mo, 22.3; mol. wt., 860. Found: C, 25.0; H, 1.8;
F, 26.3; Mo, 24.6, 24.9; mol. wt. (C¢Hs), 828.

The 'H spectrum shows a singlet at 4.44 r due to the cyclo-~
pentadienyl! protons and the '%F spectrum a singlet at 46.29 ¢.

Di-u-(bis(trifluoromethyl)arsenido )-di-r~-cyclopentadienyl-
dicarbonyldiiron.—Irradiation of [C;HsFe{As(CF;)}(CO).] as
described above gave a dark brown solution. After evaporation
of solvent, the residual sticky solid was sublimed first at 60° and
0.2 mm. to remove a yellow oil and then at 95° (0.2 mm.) to
give vellow-brown crystals (m.p. 260-262° dec.; yield, 60%).

Anal. Caled. for CgHpAsFioFe 0q: C, 26.535; H, 1.4; F,
31.5; Fe, 15.4; mol. wt., 724. Found: C, 26.8; H, 1.5; F,
31.35; Fe, 15.5; mol. wt. (CsHs), 771.

In the 'H n.m.r. spectrum absorption due to the cyclopenta-~
dienyl protons is observed at 5.43 r. The absorption consists of
two singlets separated by 0.7 ¢.p.s., the peak at higher fleld being
the stronger by a factor of 1.65. The “F n.m.r. spectrum con-
sists of a strong singlet at 48.57 ¢ flanked by two weak quartetsat
46.15 and 51.38 ¢, respectively, the coupling constant (Jrr’)
being 6.65 c.p.s.

Di-u-(bis(trifluoromethyl)arsenido)octacarbonyldimanganese.
—Manganese carbonyl (0.465 g., 1.19 mmoles), tetrakis-
(trifluoromethyl)diarsine (0.506 g., 1.19 mmoles), and methyl-
cvclohexane (50 ml.) were refluxed together for 16 hr. to give an
orange-yellow solution. After evaporation of solvent at 15 mm.,
the residue was sublimed at 60-80° (0.1 mm.) to give an orange
solid. This was dissolved in hexane and chromatographed. Hex-~
ane eluted a single yellow band and the eluate gave a yellow solid
on evaporation. Crystallization from hexane gave the pure
complex as pale yellow crystals (m.p. 111-120° dec.; vield, 25%%).

Anal. Caled. for CpAs;FioMn,Os: C, 19.0; F, 30.0; Mn,
14.5; mol. wt., 760. Found: C, 19.3; F, 29.8; Mn, 14.7;
mol. wt. (CsHs), 772.

The YF n.m.r. spectrum shows a single peak at 45.84 ¢.

Di-u-(bis(trifluoromethyl)arsenido jtetranitrosyldiiron.—Iron
dicarbonyldinitrosyl (0.53 g., 3.08 mmoles), Ase(CF;)s (0.658 g.,
1.54 mmoles), and methylcyclohexane (50 ml.) were refluxed to-
gether for 3 hr. to give a dark red solution. After filtration, the
solvent was removed at 15 mm. leaving black crystals. Sublima~
tion at 60° (0.2 mm.) gave initially a red oil and finally black
culgic) crystals of the pure complex (m.p. 120-125° dec.; yield,
38%%).

Anal. Caled. for CiAsyFiFesNyOy:
34.7; Fe, 17.0; N, 8.5. Found:
Fe, 20.1; N, 8.5.

The ¥F n.m.r. spectrum shows a singlet at 43.52 ¢.

Reaction between Iron Pentacarbonyl and As,(CF;);.—Fe-~
(CO), (0.61 g., 3.12 mmoles), Asy(CF;)4 (0.668 g., 1.56 mmoles),
and ethylcyclohexane (50 ml.) were refluxed together for 16 hr.
to give a red solution and some black solid. After filtration, the
solvent was evaporated at 15 mm., leaving oily red crystals.
After washing with a little hexane, the crystals were sublimed,
first at 60° to remove a red oil and then at 85° (0.1 mm.) to give
dark red crystals, two batches (A and B) being collected (m.p.
(A or B) 160-165° dec.; total vield, 230 mg.).

Anal. Caled. for CipAs;FyFe,Qs: C, 17.0; As, 21.2; F, 32.3;
Fe, 15.8. Caled. for Ci7AsFaFe;04: C, 16.1; As, 23.6; F, 36.0;
Fe, 13.2. Found (A): C, 16.6; As, 22.1, F, 38.0, 37.6; Fe,
13.5, 13.3. Found (B): C, 15.3; F, 39.8; Fe, 10.9, 11.2.

The ¥F n.m.r. spectrum of B shows a pair of equal intensity
singlets at 40.91 and 41.17 ¢, respectively. No fine structure was
observed, even under high resolution. The spectrum of A was
complex and showed, in addition to the singlets present in B, two
additional pairs of similar singlets.

C, 7.3; As, 22.8; F,
C, 7.35; As, 19.3; F, 31.1;

Discussion

Cyclopentadienyl  Metal Derivatives.—[C;H;Fe-
(CO)2]; and [CsHsMo(CO);)s react with tetrakis-
(trifluoromethyl)diarsine to give the mononuclear
complexes, [CsHsFe{As(CFy):}(CO);] and. [C;H;Mo-
{As(CF3)2}{ (CO)s] (II), respectively. Under similar
conditions tetramethyldiarsine reacts to give the arsenic-
bridged complexes [C;H;M{As(CHy):}(CO,)] (n =
I, M = Fe; n =2, M = Mo).212® This difference is
probably due to the weakening of the electron-donating
power of the arsenic atom effected by the strongly elec-
tronegative trifluoromethyl groups. Dimerization with
expulsion of carbon monoxide therefore does not take
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place under the usual conditions. The resulting
mononuclear complexes are analogous to the halogeno
and organo derivatives, [C;H;Fe(CO),X] and [Cs-
H;Mo(CO0),X] (X = halogen, alkyl, or aryl)."* The
properties of the compounds are consistent with this;
they are volatile, low-melting, very soluble com-
pounds which decompose slowly in air in the solid state.
The infrared spectra show only terminal carbonyl
absorption, two bands being found for the iron com-
pound and three for the molybdenum. These are the
same number of bands as are found for the correspond-
ing halogeno complexes, the frequencies being almost
identical with those of the iodo analogs.!*

CF C
@\ (ASQQ / 0] co
NS
Mo Mo,
ac / \\AS(CF ) CO (CFy),
oc (O T
I

The n.m.r. spectra of both mononuclear arsine com-
plexes show a singlet due to the cyclopentadienyl
protons and a singlet due to the equivalent fluorine
nuclei ‘of the trifluoromethyl groups. The spectra
are thus consistent with the proposed structures, there
being no reason to expect isomerism or nonequivalence
of either type of resonant nucleus.

On irradiation with ultraviolet light both [C;H;Fe-
{AS(CFa)Q}(CO)Q] and [CsHﬂ\IO{r\S(CFa)Q}(CO)a] un-
dergo dimerization with loss of carbon monoxide to
give [Cs;HsFe{As(CF3):}(CO)], and [CsHsMo|As(C-
F3)2](CO);). (III), respectively. These compounds
have spectral properties very similar to those pre-
viously observed for the analogous compounds derived
from As:(CHj),*1?" and hence undoubtedly also have
arsenic-bridged structures. The iron complex appears
to exhibit cis—frans isomerism (as does [C;HzFe{As-
(CHj3)e} (CO) J5)? although no attempt was made here
to separate the isomers owing to the limited amount
of material available. However, the n.m.r. spectra in
particular clearly indicate the presence of both isomers.
The symmetrical frans isomer appears to be present
in the greater quantity (ce. 609) and gives rise to the
stronger higher-field singlet in the proton spectrum and
to the central singlet in the fluorine spectrum. The
cis isomer accounts for the weaker cyclopentadienyl
resonance and for the two quartets in the F spectrum.
In the ¢is isomer, the two trifluoromethyl groups at-
tached to each bridging arsenic are in different environ-
ments and hence have different chemical shifts. In
cis-[CsHsFe{As(CH;)} (CO) |, each type of methyl
group gave rise to a singlet absorption.® but here
quartets are observed due to coupling between the tri-
fluoromethyl groups attached to each arsenic atom.
Jrr: (6.65 c.p.s.) is of the same order of magnitude
as that observed in (CFj),AsCl (7.85 c.p.s.) from 13C
satellite spectra.’® The carbonyl region of the infrared
spectrum also contains more bands than expected for
a single isomer and is thus consistent with a mixture
of isomers.

The n.m.r. spectra of [CsHsMo}As(CF3)sl(CO).l,
indicate the presence of only one isomeric form, a
symmetrical one, since only one fluorine and one pro-
ton resonance are observed. The infrared spectrum,
however, shows the presence of one broad band in the
carbonyl! region rather than the two sharp bands ex-
pected by analogy with [CsH;Mo{As(CHy)e} (CO)ele. 12

(14) T. S. Piper and G. Wilkinson, J. Inorg. Nucl. Chem., 3, 104 (19/6),
and references therein.
(15) R. K. Harris, J. Mol. Speciry., 10, 309 (1963).



1032

W. R. CuLLEN aND R. G. HAVTER

Vol. 86

TaBLE 1

INFRARED SPECTRA

——-Absorption bands in the carbonyl region (em. ~1)——

Solution in carbon disulfide

[CsHsMo{ As(CFy), H(CO)) 2040, 1974, 1956 (all vs)

[CsHiFe{ As(CFy), H(CON) 2038 (vs), 1995 (vs)

[C:H Mol As(CFy), 1 (CO My 1928 (br)

[CH;Fel As(CF;), H(CO), 1998 (vs), 1985 (s),

1973 (s)

[Mn{As(CFy), }(CONs 2084 (1n), 2044 (vs),

2026 (s), 2011 (vs),

Halocarbon mull
2040 (s), 1972 (s),
1964 (s), 1940 (s),
1920 (sh)

2044 (s), 2000 (s)

1915 (br)

2000 (s), 1970 (vs),
1924 (w)

2092 (m), 2052 (s),
2032 (sh), 2020 (vs),

Other absorption bands (em. -1ye,b
3125 (w), 1432 (w), 1422 (w), 1139 (vs), 1110 (sh),
1101 (vs), 1084 (vs), 1058 (s), 1012 (w), 1002 (w),
939 (w), 871 (w), 837 (s), 722 (m), 573 (n1), 549 (s),
490 (sh), 482 (s), 460 (i), 442 (1), 435 (1n)

1257 (w), 1248 (w), 1142 (vs), 1100 (vs), 1084 (vs),
1058 (vs), 1015 (s), 1002 (s), 888 (m ), 868 (m), 8356
(s), 836 (m), 720 (s), 618 (s), 603 (in), 583 (vs),
566 (vs), 303 (m), 452 (m)

3018 (w), 1420 (m), 1238 (s), 1255 (s), 1195 (s),
1158 (vs), 1150 (vs), 1122 (vs), 1102 (sh), 1037 (1n),
1004 (m), 971 (s), 924 (m), 919 (in), 899 (1n), 873
(s), 850 (s), 840 (s), 831 (s), 820 (s), 804 (sh), 788
(m), 749 (w), 715 (m), 705 (s), 670 (m), 646 (1n),
602 (m), 515 (s), 508 (s), 463 (s)

1432 (1in), 1422 (m), 1369 (w), 1254 (w), 1149 (vs),
1130 (sh), 1113 (vs), 1091 (m), 1060 (m), 1012 (in),
1002 (m), 880 (w), 860 (m), 843 (m), 836 (m), 725
(m), 600 (m), 546 (s), 530 (1n)

1157 (s), 1128 (sh), 1116 (s), 1107 (s), 732 (1n), 646
(vs), 625 (vs), 496 (m), 472 (m)

)
1979 (s) 1987 (m)
[Fe{;\s(Cstﬁ}(:\'O)gIz 1883 (sh), 1822 (vs), 1157 (vs), 1134 (vs), 1118 (vs), 1100 (vs), 736 (s),
1798 (vs)* 725 (sh), 6848 (im), 642 (1), 571 (s)
Products from Fe(CO); A 2092 (m1), 2065 (vs), 2100 (s), 2090 (s), 1170 (sh), 1152 (vs), 1120 (vs), 1094 (vs), 1087 (sh),
reaction 2058 (vs), 2036 (s)? 2078 (s), 2060 (vs), 1060 (sh), 734 (s), 726 (s), 608 (sh), 598 (vs), 590
2034 (s) (sh), 533 (w), 520 (m), 505 (1n)
B 2101 (s), 2061 (vs), 2100 (s), 2078 (s), 1178 (vs), 1150 (vs), 1116 (vs), 1093 (vs), 1083 (vs),
2051 (s)° 2060 (vs) 1056 (sh), 733 (s), 725 (s), 598 (vs), 590 (sh), 338

« Nyjol mull 400-1300 cin. 7!, halocarbon mull 1300-4000 cin. 1,
* Bands due to vxo vibrations. ¢ 1,2-Dichloroethane solution.

This is probably due to the accidental superposition
of the two anticipated bands.

Metal Carbonyl Derivatives.—As,(CF3)s reacts with
manganese carbonvl to give a volatile, yellow, crystalline
complex, [Mn{As(CF;):}(CO):]e.  This compound
shows terininal carbonyl absorption only and a single
fluorine resonance in its n.m.r. spectrum, indicating
the symunetrical arsenic-bridged structure (IV). A
number of complexes of this general type have recently

(CFs):
Ve
(CO)Mn
\\
As
(CFy)e
8%

AN
Mn(CO)
7

been characterized.'

[Fe(CO)2(NO);]reacts with tetrakis(trifluoromethyl)-
diarsine to give a volatile, dark red complex, [Fe-
{As(CFy):}(NO);]». The compound was insufficiently
soluble for a molecular weight determination, but its
volatility and diamagnetism (from the evidence of a
sharp n.an.r. spectruin) indicates that = 2. The
complex therefore probably has structure V and is
thus analogous to other sulfur-'* and arsenic!’-bridged

i16) J. T. Thomas, J. H. Robertson, and . G. Cox, Acta Cryst, 11, 599
(1958).
(17) R. G. Hayter and {,. I'. Williams, Inorg. Chem., in press.

(w), 331 (w), 504 (1n), 463 (w)
® Bands in the range 1050~1160 cm. ! are due to C—F vibrations.

¢ Chloroform solution.

(ng)Q
ON\Fe‘/ S\Fe/ NO
T N
(CFy),
v

irondinitrosyl complexes. The single resonance in the
BF n.m.r. spectrum is consistent with a planar four-
membered ring, and the iron atoms are probably tetra-
hedrally coordinated.®

Iron pentacarbonyl reacts with As,(CF;)s to give a
dark red crystalline product which was sublimed in
two batches, A and B. A analyzed reasonably well for
the composition [Fe;{As(CF;)s}s(CO),], but the in-
frared and n.m.r. spectra showed it to be a mixture
of B and at least one other complex. B was apparently
pure and its n.m.r. spectrum showed two equal singlets,
as would be expected for [Fe{As(CFj):|(CO);)s, by
analogy with [Fe{As(CHj):}(CO);)..® However, ele-
mental analysis did not fit this or any other reasonable
formulation. The relatively low yield from this re-
action has prevented our investigating these prod-
ucts in further detail.

Chromium carbonyl reacted with As,(CF;)s in boiling
ethylcyclohexane to give a pale yellow solution, but
no crystalline complex could be isolated.

(18) R. G. Hayter, ibid., in press.



