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(Fig. 1) was performed, which confirmed the 1:1
stoichiometry. The compound may be conveniently
prepared in benzene or toluene since biscyclopenta-
dienyltungsten dihydride is soluble in such hydro-
carbons but the BF; adduct is not. This adduct does
not have an appreciable BF; dissociation pressure.

Infrared spectra were obtained on Nujol mulls using
a prism-grating Beckman IR9: (C;H;),WH,, 601 (m),
776 (s), 822 (s), 876 (w), 906 (m), 985 (s), 1004 (s).
1053 (w), 1097 (m), 1252 (w), 1415 (m), 1921 (m) cm.;
(CsHg)sWH;-0.95 BFy, 602 (m), 777 (s), 823 (s), 906 (m),
1005 (s), 1053 (s), 1095 (s), 1286 (w), 1917 (m), 1922
(sh) em.~1 The W-H stretching frequency 1921
cm. 7! is shifted to 1917 em. ~! upon complex formation
(the shoulder at 1922 em. ! is attributed to the small
amount of parent compound present in the sample).
The very small frequency shift and negligible change in
relative intensity of this band renders unlikely a single
hydrogen bridge such as that found in B,H;~ (H;B-H-
BH;~).> In the case of (CsH;):WH, -BF; a broad
absorption appears to underlie the bands in the 1100
to 1000 cm. ! region. This broad band isin the correct
region for the asymmetric BF; stretching frequency of
coordinated BFs.® The symmetric BF; stretch, which
is expected to be less intense, cannot be located with
certainty, but, judging from band shapes, it may fall
in the region of the 823 cm. ~! absorption. Due to lack
of a suitable solvent it was not possible to obtain n.m.r.
spectra for the adduct.

In order to rule out the rather unlikely possibility of
BF; interaction with C;H; groups a comparable tensio-
metric titration was performed with ferrocene and BF;,
but a complex did not result.” As noted previously,
boron trifluoride coordinated through a hydrogen
bridge can also be discounted. The remaining alter-
native is a metal-boron bond analogous to (C;H;),WH; T,
Like the protonated species the BF; adduct probably
involves bonding with a lone pair in a hybrid orbital
directed along the twofold axis of the parent molecule
(Fig. 2).#% The similar molecules (C;Hs).MoH. and
(CsHy)ReH are also known to protonate with relative
ease and may prove to have substantial affinities for
Lewis acids.
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Configurations of the Complex Dithiocyanatobis-
(triethylphosphine)cobalt(II)
Sur.
The correlation between phvsicochemical properties
and structure of planar tetracoordinate cobalt(II)

complexes is not well established. The complexes
believed to be square-planar are generally of the spin-
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paired type.! A rigorously square-planar and spin-free
cobaltous anionic complex has been described only very
recently.?

The "pure”’ square-planar complexes of nickel(II)
so far investigated are only of the spin-paired type and
the paramagnetic complexes are either tetrahedral or
octahedral. On the other hand, the existence in solu-
tion of the equilibrium square-planar (diamagnetic) <
tetrahedral (paramagnetic) has clearly been established ?

We wish to report some results which seem to us to
be both novel and important, becavse they suggest the
existence of a similar equilibrium in the tetracoordinate
cobalt(I1I) complex compound [Co(PEt;)(NCS).].

Anhydrous cobaltous thiocyanate in absolute ethanol
reacted with P(C,Hj;); to give a red crystalline product,
which was washed with ice-cold ethanol and dried in an

atmosphere of pure nitrogen, m.p. 72-74° dec.
Anal. Caled. for Co(PEty)o{NCS).: C, 40.9; H,
7.35; N, 6.8; Co, 14.3. Found: C, 40.5; H, 7.4,

N, 6.75; Co, 14.3.

The solid compound, stable at room temperature for
months in the absence of oxygen, decomposes in a few
seconds in contact with air. Preparation and measure-
ments were carried out in an atmosphere of nitrogen to
avoid oxidation,

The solid compound dissolves in alcohols giving
solutions which initially are yellow-brown. Solutions
in aprotic solvents (acetone, dimethylformamide, di-
chloromethane, and benzene) are deep blue or green.
The spectrum in benzene or dichloromethane solution

-in the 500-1800-mu region is extremely similar to the

spectra of tetrahedral complexes such as [Co(PCys).-
(NCS)2] and [Co(PPh;):(CNS),].* In the 500-700-
my region the solution spectra exhibit the characteristic
multicomponent band associated with the *A; <« T,
(P) transition in tetrahedral (or pseudo-tetrahedral)
complexes.*® The spectrum of the crystalline complex
does not show absorption bands in this region. Thus,
the electronic spectra indicate that the compound is not
tetrahedral in the solid, whereas the tetrahedral species
predominates in solution. We say predominates,
because there sre distinctive features in the 400--500-
my region which strongly suggest the presence of non-
tetrahedral species in CH,Cl, solution. In this region
the extinction coefficient of the solution is greater than
150; whereas it is less than 30 for solutions of [Co-
PCY,’;)Q(NCS))], [CO(PEQ)QCIQ], and [CO(PEta)zBYQ] at
the same concentration. The occurrence of both tetra-
hedral and nontetrahedral species in CH,Cl, solution is
supported by magnetic and infrared measuremments.
The average magnetic moment at 25° of solid [Co-
(PEt;):(NCS);] corrected for diamagnetism is 2.3 B.M.,
in agreement with a low spin square-planar structure.
An octahedral spin-paired coordination would require a
noticeably smaller moment (1.7-2.0 B.M.).! The
magnetic moment at 25° in CH.Cl, (0.24 M solution)
is 3.50 B.M. By analogy with the mosments found for
solid [Co{PPh;),(CNS):| and [Co(PCy;)2(NCS).] (4.45
and 4.4 B.M., respectively) and for [Co(PCys)2(NCS).]
in CH,Cl, solution (4.35 B.M. in 0.27 M solution), it is
reasonable to assume that the moment of the (not
isolated) tetrahedral isomer of [Co(PEt;)2(NCS).] is
about 4.40 B.M. Hence, the moment 3.5 found in
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CH,Cl, indicates that both high-spin and low-spin
species are present in this solvent. Moreover, in view
of the above it is tempting to postulate a planar struc-
ture for the low-spin compound.

The infrared spectrum of solid [Co(PEt;)(NCS),]
in Nujol mull shows a strong band at 2090 cm.™!
assigned to the CN stretching vibration of the SCN
group and does not have absorption bands in the 2130-
2160-cm. ! region. The possibility that the metal may
effectively be six-coordinated through SCN groups
seems in this case to be ruled out. It is worth noting
that the CN stretching frequency of trans-[Ni(PEts).-
(NCS)2] has the same value of 2090 cm.—!. The two
strong bands observed at &30 and 795 cm.~! in the
spectrum of [Co(PEt;)(NCS):] but absent in the spec-
tra of [Co(PEt;),Cly] and [Co(PEt;):Br,] are assigned
to the CS (pseudo-symmetrical N-C-S) stretching
vibration of the CNS group in isothiocyanates.® The
doublet structure might arise either from a c¢is- or from
a distorted ¢rams-planar configuration. Similar con-
clusions apply to the infrared spectra in CH.Cl, solu-
tion. In particular the spectra of 0.25 M solutions in
this solvent exhibit bands having the integral intensity
of coordinate isothiocyanate groups.

Conductivity measurements were made in CH,Cl,
at 25° at a concentration of 10=% /. The small con-
ductivity (<0.9 ohm~!cm. ~? mole—!) indicates that the
complex is a nonelectrolyte in CH.Cl; and could arise
from partial rearrangement in solution to the ionic
form [Co(PEty),][Co(NCS)4] (AMm found for 1.8 X 1073
M N(C.H;)4Br, 13.2).

The X-ray powder pattern of [Co(PEt;):(NCS):],
as it differs considerably from those obtained for the
tetrahedral [Zn(PEt;).(NCS),] as well as for the planar
trans-[Ni(PEty)(NCS)2] and cis-[Pt(PEt;),(NCS);], is
not of great help in establishing the structure of the
compound.

A reasonable conclusion which can be drawn from
the combined analytical, conductance, spectral, and
magnetic data is that [Co(PEt;)(NCS),] is an example
of conformational isomerism between a low-spin
(probably planar) and a high-spin (tetrahedral) form.

This problem is being further investigated and de-
tailed reports will follow.
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Competition Between Ionic and Free-Radical
Reactions during Chlorination of Cyclohexene.
Spontaneous Generation of Radicals

Sir:

Although considerable evidence suggests that chlorin-
ation of olefins in polar solvents involves electrophilic
attack by chlorine,! the mechanism of chlorination in
nongolar solvents has not been as extensively studied.
St.ch chlorinations produce both addition and substi-
tution products.? Taft® has attempted to correlate
the addition—-substitution ratio with olefin structure on
the basis of ionic intermediates; indeed, labeling ex-
periments strongly suggest that chlorination of iso-
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butylene proceeds by an ionic pathway.! However,
several workers® have observed that chlorination of an
olefin can induce chlorination of paraffinic solvents;
these reactions appear to involve free-radical chain
reactions. We wish to report some of our studies on
chlorination of cyclohexene which shed light on this
apparent anomaly.

Passage of chlorine diluted with nitrogen into cyclo-
hexene in the absence of light at 25.0° produces in a
rapid reaction® three major products: 1,2-dichlo-
rocyclohexane (I),” 3-chlorocyclohexene (II), and 4-
chlorocyclohexene (I11)%; admixture with cyclohexane
leads to considerable chlorocyclohexane (IV). Use of
oxygen as a carrier gas eliminates III (and TV with
cyclohexane present), whereas I and II are produced in a

Cl Cl
cl
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cl
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still rapid reaction®; use of polar solvents such as aceto-
nitrile also eliminates III and IV. This behavior sug-
gests the existence of both an ionic pathway producing
I and II and a radical pathway producing I, II, and
111.

Chlorination of cyclohexene diluted with 1,1,2-
trichlorotrifluoroethane at low conversion (0.2-0.8
mmole of chlorine per 15 ml. of reaction mixture) gave
the striking results plotted in Fig. 1; analysis was by
temperature-programned gl.c. on a polypropylene
glycol column. As dilution increased, chlorination
under nitrogen in the absence of light gave constant
ratios of III/I1 and I/II down to a mole fraction of
olefin of ~(0.40 followed by a sharp decrease of III/11
toward zero at infinite dilution and a simultaneous less
dramatic increase in I/II (curves 2 and 5). We there-
fore feel that at mole fractions >0.40 the reaction is
almost exclusively radical, whereas at lower concentra-
tions of olefin the ionic reaction becomes predominant.
Consistent with this view is the fact that illumination
(three 275-watt sunlamps at 6-9 in. through Pyrex) did
not change the 111,11 and 1/1I ratios at high concentra-
tion (the expected result only if reaction were already
entirely radical), but did practically eliminate the
changes in 11111 and I/II at low concentration (curves
3 and 4). If we assume that the radical process
produces I, II, and III in the ratio 1.95:1.00:0.60
(the high concentration limit) and that the ionic process
produces I and II in the same ratio under nitrogen as
under oxygen at a given concentration of olefin {curve
1), the observed III/II ratios can be used to calculate
the percentage of radical reaction (r) at each concen-
tration and the corresponding value of 1/II based on
this » and the previous assumptions (Table I). The
calculated results for I/II agree with the observed
values within the apparent experimental error; to this
extent the assumption that the radical yield ratio (1.95:
1.00:0.60) is independent of dilution is confirmed.

Use of cyclohexane as diluent gave comparable
results for cyclohexene-derived products and also al-
lowed determination of the relative reactivities of a
4-cyclohexenyl hydrogen atom and a cyclohexyl hydro-
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