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terminal C-O stretching bands also fall short of the
number predicted on the basis of the above structure.
The unexpected presence of at least three bridging
C-0 absorptions (in KBr) is easily explained in terms
of the X-ray results, which show that there are two
isomers of Fe;(CO)nP(CsHs); present in the crystal.®

Because the bridging C-O absorptions in both Fes-
(CO)12 and Fes(CO)uP(CeHs); are so much weaker in
solution than in the solid state, it seemed possible that
two or more isomeric forms of these compounds could
be present in solution as has been found in the case of
C0x(CO)s.f In the Coy(CO)s studies, Noack observed
that the position of the equilibrium between the C-O
bridged and the nonbridged structure depended on the
temperature of the solution. We conducted a similar
study on Fe3(CO)y in a thermostated infrared cell and
found that on changing the temperature of the solution
from 15 to 60° no new peaks appeared and the relative
intensities of the carbonyl absorptions remained con-
stant. The temperature variation did, however, change
the intensities of all’' the absorptions, due to the ex-
pansion of the solvent. These results suggest that there
is mot an equilibrium between bridged and nonbridged
species and that only one isomer is present in solution.
Since the terminal C-O stretching spectrum of Fe;(CO)y.
in solution® is greatly different from that of the known
nonbridged metal carbonyl Oss(CO)ys,!t it appears that
Fes(CO)1z does not exist in solution as a nonbridged
structure,
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Recent X-ray crystallographic studies have revealed
that the cyclopolyphosphine system of general formula
(CsH;sP), is surprisingly complex. Form A (mp 150°)
involves five-membered phosphorus rings,® while the
trigonal polymorph of form B (mp 190°) involves six-
membered phosphorus rings.?

At least two polymeric forms of this material are
also known. Perhaps the most interesting structural
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feature is that both forms A and B appear to be (CsHsP)4
in solution,® thereby inferring a facile ring inter-
conversion,

Very recently Kuchen and Grunewald* have pre-
sented gas chromatographic and molecular weight
evidence for the presence of (CoH;P); in what had
heretofore been assumed pure (C;H;P),. The purpose
of this communication is to report mass spectrographic
and P3! nmr evidence which both supports Kuchen and
Grunewald’s conclusions* and suggests that other
alkyl-substituted ‘‘cyclotetraphosphines” are similarly
complex. We also report a new result for the reaction
of Ni(CO), with form A of (C;H;P),.

Experimental Section

The cyclopolyphosphines were prepared by literature methods.?
The mass spectra were run on a CEC 21-102 instrument equipped
with a heated inlet system operating at a temperature of 200°.
The P*® nmr spectra were recorded® on a Varian DP-60 spectrom-
eter at 24.3 Mc/sec. Infrared spectra were run on a Perkin-
Elmer Model 521 spectrophotometer.

For the preparation of (CeHgP )5  Ni(CO)s 0.3787 g of (CsHsP),
(form A) was treated with excess Ni(CQO)s at 0° on a vacuum
line, Carbon monoxide was readily evolved and the solution
turned yellow. Evaporation of the excess Ni(CO) left a yellow
powder. Amnal., Calcd for (CeHsP)-Ni(CO): C, 58.02; H,
3.69; P, 22.68. Found: C, 57.85; H, 3.84; P, 22.65. An
infrared spectrum (Nujol mull) showed peaks at 1995 (broad),
2040, and 2069 cm ! in the carbonyl stretching region, together
with the characteristic’ monosubstituted benzene modes at 687,
730, 738, 997, and 1023 cm ™!,

Results and Discussion

The presence of an intense peak corresponding to the
species (RP); in the mass spectrum of tetraethylcyclo-
tetraphosphine (Table I) strongly suggests the presence
of the pentamer, (C.H;P);, in this compound. This
conclusion is strengthened by Kuchen and Grunewald’s
gas chromatographic and molecular weight experi-
ments* on the same system. Analogous, but less in-
tense, (RP)s+ peaks can also be detected in the mass
spectra of the n-propyl and #-butyl homologs. Ions at
m/e values even higher than those corresponding to
(RP);* were found in the ethyl (m/e = 393) and
n-propyl (m/e = 389) compounds. These presumably
arise from species such as (C;H;P);P;*. No evidence
for the presence of higher polymers was found in the
mass spectra of (CH;sP);, (CF3P)s, or (CF3P)s.

On the basis of the present evidence we cannot reject
the hypothesis that the higher polymers were produced
by thermal rearrangement of the cyclotetraphosphines
at the relatively high inlet temperatures (200°) neces-
sary for their vaporization. However, comparable
temperatures appear to have been employed by
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TaBLE I
Mass SPECTRA OF CYCLOPOLYPHOSPHINES?

Rel Rel
m/e intensity  Assignment n/e intensity Assignment
(CHsP ) (CzHsP)n
230 53.6  (CHsP)t 393 2.3 (C:H:P )Pyt
215 39.0 {(CHs;PuP* 300 61.2 (CoHsP )T
184 4.5 (CHsP).™ 271 100.0 (CeHgP )P+
122 100.0 (CHs)sP.* 240 3.9 (CoHsP )yt
61 60.1 (CHs)P ™ 161 93.8 C.H;PH™*
(n-CsH1P)n (2-CsHoP)y
389 3.7  (CH:P)uPs™ 440 0.1 (CsHoP )5
370 2.5 (CsHy P)a 352 0.2 (CsHoP )™t
327 21.7 (CH;P):P* 264 9.5 (CiHeP)st
296 1.4 (CHPLT 48 87.8 CH:PH.* (?)
43 100.0 (C:Hyp)* 41 100.0 CsHs ™ (?)
(CFgP)4 (CF3P>5
400 90.6  (CFsP)™* 500 0.1 (CFsP)s ™
331 38.8 (CFssP™ 400 26.1 (CF3P)st
169 2.2 (CF;).P* 231 14.1 (CFy)P+
143 100.0 CF;PPC* 143 44.9 CF;PPC+
69 70.3  CFs* 69 100 CF;*

+ Only includes peaks of high intensity and those germane
to the discussion.

others’ when distilling these compounds. Additional
small peaks were also found in the P® nmr spectra of
the ethyl, n-propyl, and n-butyl compounds.® These
may be due to impurities, of course, but the original
compounds were found to yield satisfactory elemental
analyses,® and, furthermore, the #-butyl compound gave
the same P3! nmr spectrum regardless of whether it
was prepared by Rauhut and Semsel’s method’ or by
the magnesium coupling of #-C,HyPCl..

The Raman spectra of several alkyl-substituted
cyclopolyphosphines have been interpreted on the
assumption that they are pure cyclotetraphosphines.®
In this study the appearance of more than one Raman-
active P-C stretching mode was attributed to either
coupling effects or the presence of rotational isomers,
In view of the foregoing it is also possible that the
additional P—-C stretches could arise from admixture
of the cyclotetraphosphines with higher polymers.
The interpretation of the Raman spectrall of forms A
and B of (CsH;P), in terms of different conformers of
tetraphenylcyclotetraphosphine is at variance with the
X-ray crystallographic data.>?

Studies of the reaction of form A of (CsH;P), with
metal carbonyls indicate that the nature of the product
is highly dependent upon reaction conditions. For
instance, Ang and Shannon!? isolated a compound of
formula (C¢HsP),-Ni(CO); from the reaction of form
A of (C¢HsP), with Ni(CO), in diethyl ether at 15°,

(8) W. A, Henderson, et al.,3 report P31 chemical shifts of —17, —13, and
— 14 ppm relative to 85% HsPOs for (CoHsP)4, (32-CsHrP)s, and (n-CsHoP)y,
respectively. 'We found a broad singlet at — 16 ppm in the ethyl compound,
peaks at —53, — 16, and —12 ppm in the n-propyl compound, and peaks
at —13 and — 17 ppm in the z-butyl compound.
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Found: C, 39.88, H, 8.42; P, 51.39.
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whereas we isolated (CeH;P); Ni(CO); under compar-
able conditions but in the absence of ether.

Until the conditions for the isolation of a particular
cyclopolyphosphine have been determined it may be
expedient to use (CF3P), and (CF;P)s for spectroscopic
studies, etc. These compounds do not appear to be
complicated by the presence of higher polymers and the
conditions for ring interconversion have been precisely
determined.!?
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The ability of the carbon atoms of the o-carborane
moiety to participate in the formation of a six-mem-
bered heterocyclic ring skeleton has recently been dis-
played with the examples of a diphospha-? and a disila-
cyclohexane? system
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The simplest such ring system yet to be described is
the cyclohexane-like skeleton composed of carbon
atoms only, four of which are contributed from two
carborane nuclei.

When phosgene was allowed to react with o0-ByoHie-
C:Li; to generate the desired type of compound,
(0-B1eH1sCy- CO); was obtained as a high-melting
solid (mp 315°) in 509, yield. All chemical and in-
strumental analyses including molecular weight de-
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