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Figure 2. Perspective view along the Co—~C bond.

P(OCH3),, a small quantity (<10% yield) of (CH,0),PCo-
(DH),CH,NO, formed which was heavily contaminated with
(CH,;0),PCo(DH),NO,. (LCo(DH),NO, also formed in the
case of L. = substituted pyridine but to a negligible extent.)
Later fractions yielded H,OCo(DH),P(O)(OCH,),.5,2 It
is known that this complex can be produced from nucleophilic
attack at the phosphite ester carbon of cobaloximes containing
trimethyl phosphite as a ligand.%? For L = P(C¢Hj);, no
useful product was obtained.

While this work was in progress, three preparations of
pyCo(DH),CH,NQ, were reported. Widdowson and Roussi
obtained this complex in a yield of 19% by alkylation of the
cobalt(I) anion with BrCH,NO,.2> These workers found
alternatively that a yield of 24% could be obtained by al-
kylating (py),Co}(DH), with BrCH,NO; in the presence of
zinc dust. Beck and co-workers realized a yield of 58% of
pyCo(DH),CH,NO, by treating pyCo(DH),Cl with NaC-
H,NO, in THF.?' This latter synthesis gives comparable
results to that reported here but is not as convenient.?*

Structure. An ORTEP drawing of a crystallographically
independent molecule of pyCo(DH),CH,NO, with the atom
numbering scheme is shown in Figure 1. Bond lengths and
selected bond angles are listed in Table III. The CH,NO,
group is bonded via C to the cobalt.

The cobalt atom has a distorted octahedral stereochemistry
and is displaced (toward py) 0.02 A above the plane of the
four oxime N donors, which are coplanar within £0.008 A.
The two oxime ligands make an angle of 0.2°, In addition,
both make angles of 3.0° with the four-nitrogen-donor equa-
torial plane. These values suggest a slightly stepped confor-
mation of the essentially planar equatorial ligands. The co-
ordinated pyridine (planar within £0.002 A) makes an angle
of 87.5° with the equatorial plane. The orientation of the py
ligand is that always found in pyCo(DH),R compounds, i.e.,
nearly bisecting the oxime bridges.*** The C(9)-NO, group
is planar within £0.007 A and makes an angle of 28.0° with
the equatorial plane. Its orientation is shown in Figure 2.

The bond lengths and angles in the oxime ligands are quite
normal.’** The Co-C bond length of 2.002 (3) A is not
significantly different from the value of 1.998 (5) A reported

(21) Beck, W.; Kemmerich, T.; Boshme, H. Z. Naturforsch., B: Anorg.
Chem., Org. Chem. 1979, 348, 200.

(22) Trogler, W. C.; Epps, L. A; Marzilli, L. G. Inorg. Chem. 1974, 13,
2748.

(23) Roussi, P. F.; Widdowson, D. A. J. Chem. Soc., Chem. Commun. 1979,
810.

(24) Costa and co-workers reported the preparation of LCo(salen)CH,NO,
(L = H;0, MeOH; salen = N,N"-bis(salicylidene)ethylenediamine) by
addition of CH3;NOQ; to HyOCo(salen)OH, but this method probably
is not applicable to cobaloximes. See: Bigotto, A.; Costa, G.; Mestroni,
G.; Pellizer, G.; Puxeddu, A.; Reisenhofer, E.; Stefani, L.; Tauzher, G.
Inorg. Chim. Acta Rev. 1970, 4, 41.

(25) Lenhert, P. G. J. Chem. Soc., Chem. Commun. 1967, 980.

Table IV. Structural Data for pyCo(DH),R Complexes

R Co-N(py),A Co-C,A dSA abdeg
i-C,H,° 2.099(2) 2.085(3) 0.02 4.0
CH,?¢ 2.068(3) 1.998(5) 0.04 3.2
CH,COOCH,®  2.040 (6)  2.040 (6)

CH,NO,’ 2.028(3) 2002(3) 0.02 02

4 Displacement of Co out of the four-nitrogen-donor atom equa-
torial plane. Y Angle between the planes passing through the ox-
ime ligands. © Reference 1, ¢ Reference 3. © Reference 25,

f This work.

for the methyl complex,® whereas the Co-N(py) distance is
only 2.028 (3) A. The C(9)-Co-N(6) angle is 176.01 (8)°,
the bending being away from the NO, group. The Co—-C-
(9)-N(5) angle is 113.7 (2)° and does not differ significantly
from those for Co—C—C of 114.3 (2) and 114.0 (2)° found in
pyCo(DH),-i-C;H,.!

The most important structural result is that the Co-N(py)
bond length is significantly shorter than those so far reported
for any other alkylcobaloximes, which vary from 2.040 (6) to
2.099 (2) A (see Table IV). This is the first structural
evaluation of a complex containing the CH,NO, ligand. The
result indicates that the CH,NO, group exerts a trans influ-
ence weaker than that of CH, and slightly weaker than that
of CH,COOCH;. For a typical acido ligand, N3, the Co—N-
(py) bond length is 1.973 (5) A.2® On the other hand, i-C;H,
lengthens the trans Co-N(py) bond more than CH;.! Thus,
as expected, acceptor groups such as NO, and COOCH, at-
tract electron density from the carbon atom bound to cobalt,
decreasing its trans-influencing ability. On the contrary,
methyl groups which increase electron density on the o-bonded
carbon atom increase its trans-influencing ability. Work in
progress in these laboratories suggests that the effects of the
CH,NQ, group on structure, reactivity, and spectra is inter-
mediate between those of the more trans-directing alkyl groups
and the less trans-directing acido groups. The results of these
comparative studies will be reported once a larger number of
compounds has been studied.?
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Triborane(7) Adducts of Phosphine and Methylphosphines
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The base strength of phosphine (PH;) toward borane(3) is
considerably weaker than the base strength of methyl-sub-
stituted phosphines. Thus, phosphine—borane(3) PH;BH,!
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Figure 1. Structures of the phosphine adducts of triborane(7) (L =
PH,;, CH;PH,, (CH;),PH). II is the low-temperature, stable form.

dissociates to diborane(6) and phosphine above -30 °C,?
whereas the BH; adducts of methylphosphines are undisso-
ciated at room temperature.*> The phosphine adducts of
triborane(7) are expected to be more stable than those of
borane(3) with respect to the dissociative decomposition, since
the acid strength of triborane(7) generally is considered to be
stronger than that of borane(3). It was of interest to us to
examine the stabilities of the triborane adducts of the series
of methylphosphines. Of these series, only trimethyl-
phosphine—triborane(7) had been prepared. This stable solid
had been synthesized by the direct reaction of tetraborane(10)
with trimethylphosphine.® The BH; adducts of the series of
methylphosphines had also been prepared by the direct reaction
of diborane with the appropriate phosphine.!”> Although it
had been found that the reaction pattern of tetraborane(10)
with the series of methylamines was markedly different from
that of diborane(6) with the same series of amines,’ it seemed
reasonable to attempt the syntheses of the remaining tri-
borane(7) adducts of the methylphosphines by the direct
method.

Results and Discussion

A. Syntheses and Properties. Treatments of tetraborane(10)
with phosphine, methylphosphine, and dimethylphosphine
above 0 °C resulted in the formation of the borane(3) and
triborane(7) adducts of the respective phosphines (eq 1-3).

B,H,, + 2PH, > PH,-BH, + PH,"B,H,
}

PH, + ',B,H, (1
B,H,, + 2CH,PH, —CH,PH,-BH, + CH,PH,"B,H, (2)
B.H,, + 2(CH,),PH - (CH,),PH-BH, + (CH,),PH-B,H, (3)

Symmetrical cleavage of tetraborane(10) occurred as in the
reactions of diborane(6) with the phosphines.!* These tri-
borane(7) adducts, which could be separated from the more
volatile borane(3) adducts were stable, colorless liquids of low
volatility. Phosphine—triborane(7) also formed when tetra-
hydrofuran—triborane(7) was treated with PH;. The dis-
placement reaction in a dichloromethane solution was nearly
complete at 0 °C (eq 4).

PH3 + THF‘B3H7 - PH3'B3H7 + THF (4)

Phosphine-triborane(7), which appeared to be the least
stable of the three triborane(7) adducts, showed only slight
decomposition after standing at room temperature for 24 h.
The two methylphosphine—triborane(7) adducts showed no
decomposition up to 1 month at room temperature. The ob-
served stability of PH;+B;H, is in sharp contrast to the in-
stability of PH;BH; and reflects the strong Lewis acidity of
triborane(7) toward PH; relative to that of borane(3). Similar
stability differences between the adducts of the two boranes
have been seen for ether adducts; the BH; adduct of tetra-

McGandy, E. L. Diss. Abstr. 1961, 22, 754, Rudolph, R. W,; Parry,
R. W,; Farran, C. J. Inorg. Chem. 1966, 5, 723.

Gamble, E. L.; Gilmont, P. J. Am. Chem. Soc. 1940, 62, 717.

Burg, A. B.; Wagner, R. L. J. Am. Chem. Soc. 1953, 75, 3872.
Parry, R. W.; Edwards, L. J. J. Am. Chem. Soc. 1959, 81, 3554.
Edwards, L. J,; Hough, W. V. U. S, Patent 3 281 218 (C1.23-358), Oct
25, 1966.

Dodds, A. R.,; Kodama, G. Inorg. Chem. 1977, 16, 2900.

NMR Data® for the Triborane(7) Adducts of Methylphosphines

Table 1.
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The 'H shifts were

and 85% orthophosphoric acid for 'H, ''B, and *'P, respectively, shifts to higher field being taken as ncgative.

Based on the multiplet (octet) structure of the signal. € Each of the H(2,3) signals is a doublet (I'igurc 2).

5 )1b’

@ Shifts are indicated relative to tetramcthylsilane, BF,-O(C,H

measurcd relative to the CH,Cl, shift which was taken as § 5.28.
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hydrofuran readily decomposes at room temperature to the
ether and diborane(6),” whereas THF-B3H; has been isolated
as an unstable solid at room temperature.®

B. NMR Spectra and Nonrigidity of the Phosphine Adducts
of Triborane(7). The !'B, 'H, and *'P NMR data for the
triborane(7) adducts of the series of methylphosphines are
listed in Table I. The data are consistent with those expected
for the structures shown in Figure 1, which were drawn on
the basis of the reported structures of NH;-B;H,® and CO-
B;H..1% Like the triborane(7) adducts of amines'! and eth-
ers,!? the molecules of these phosphine adducts of fluxional
at room temperature with respect to a tautomeric motion of
the seven hydrogen atoms in the B;H; unit.> Because of the
rapid tautomeric motion at room temperature, the B(2,3)
signals of ByH, adducts usually appear as multiplets.''"!* The
octet structure, which is expected due to the equal coupling
of the boron atoms to all seven hydrogen atoms, was not
observed for the phosphine adducts of triborane(7) studied
here. Instead, a complex multiplet consisting of apparent
odd-number peaks was seen for the B(2,3) signal of each
adduct. This may be due to the additional couplings of the
B(2,3) atoms to the B(1) atom and to the phosphorus atom.
Similar complications of the spectral appearance were observed
for some of the amine adducts of triborane(7).!! Tt was noted,
however, that the equal coupling of the seven hydrogen atoms
to the phosphorus atom was seen in the 'H and *'P NMR
spectra of PH;-ByH;; the !'B spin-decoupled Hy signal was
a doublet (Jpy, = 10.8 Hz), and each member of the quartet
of the 3!P signal appeared to be a quartet of octets (J = 10.7
Hz). Furthermore, an octet structure due to the Hy-Hy
coupling (J = 2.2 Hz) was discernible in the !'B spin-decoupled
Hp signal of the PH;-B;H;.

At sufficiently low temperatures the tautomeric motion
became slow relative to the NMR time scale, and the spectra
at the low temperatures reflected the static structure (I in
Figure 1) of the molecules. Thus, the B(1) signal (the high-
field signal) became an apparent quartet due to the coupling
of the B(1) atom to the phosphorus atom and to the two
hydrogen atoms, where Jpg =~ Jyg, and the B(2,3) signal
became a triplet due to the coupling to the two terminal hy-
drogen atoms. These spectral features at the low temperatures
were indeed the same as those reported for the B;H, adducts
of HPF,,!* PF,N(CH,),,'* and PF,X (X = F, Cl, Br)."> The
temperature dependence of the 'H NMR spectra was observed
also. As the temperature was lowered, the doublet signal of
the Hg atoms broadened and then split into the signals of H(1),
H(2,3), and H(bridge) atoms. The assignment for each signal
was confirmed by single frequency decoupling experiments.
It was noted that the H(2,3) signal of PH4B;H; appeared as
a doublet. The H(2,3) signals of CH;PH,B;H, and (C-
H,;),PH-B;H, were doublets also, but their doublet feature was
obscured by the presence of the multiplet signal of the methyl
protons on the high-field side of the H(2,3) signals. Each
member of the H(2,3) doublet of PH;B;H, was further split
into a doublet (Figure 2). If the H(2,3) atoms were coupled

(7) Elliot, J. R;; Roth, W. L.; Roedel, G. F.; Boldebuck, E. M. J. Am.
Chem. Soc. 1952, 74, 5211. Rice, B.; Livasy, J. A.; Schaeffer, G. W.
Ibid. 1955, 77, 2750.

(8) Edwards, L. J.; Hough, W. V,; Ford, M. D. Proc. Int. Congr. Pure Appl.
Chem. 1958, 16, 475.

(9) Nordman, C. E.; Reimann, C. J. Am. Chem. Soc. 1959, 81, 3538.
(10) Glore, J. D; Rathke, J. W ; Schaeffer, R. Inorg. Chem. 1973, 12, 2175.
(11) Dodds, A. R.; Kodama, G. Inorg. Chem. 1976, 15, 741.

(12) Kodama, G. Inorg. Chem. 1975, 14, 452.

(13) Lipscomb, W. N. Adv. Inorg. Chem. Radiochem. 1954, 1, 134. Lip-
scomb, W. N. “Boron Hydrides”; W. A. Benjamin: New York, 1963;
p 128. Eaton, G. R,; Lipscomb, W. N. “NMR Studies of Boron Hy-
drides and Related Compounds™; W. A. Benjamin: New York, 1969;
p6l.

(14) Lory E. R.; Ritter, D. M. Inorg. Chem. 1971, 10, 939.

(15) Paine, R. T.; Parry, R, W. Inorg. Chem. 1972, [1, 268.

Notes

f—l
6.3 Mz

P—20 Hz—

Figure 2. H(2,3) signal of PH;-B;H; at =90 °C (*!B spin decoupled,
solvent CD,Cly).

Table II. Comparison of NMR Data for the BH; and B;H,
Adducts of Methylphosphines

adducts PH,

CH,PH, (CH,),PH (CH,),P ref

5("'B) BH, -60.8 -58.8 —-57.2 ~55.1 b

B,;H, —51.3 —-49.5 —46.9 —45.0 a

sC'P) BH, -113 -68.5 -30.8 -1.8 b

B,H, -96.3 —56.3 —24.5 -1.3 a

BH, 27 43 54 64 b

JBps B,H, 80 81 92 102 a
Hz

@ This work. ® References 18-20.

to the phosphorus atom'$2¢ and to the bridge hydrogen atom
(Hy)'® the signal would be a double doublet. If, however, the
phosphine ligand was fixed on one side of the molecule at the
low temperatures,'® two of the four H(2,3) atoms would
become nonequivalent to the other two hydrogen atoms and
the H(2,3) signal would appear as a complex (or simply broad)
second-order spectrum. The exact cause of the observed
double-doublet feature has not yet been established. Further
studies are needed for the elucidation of the cause.

The temperature at which the !'B spectrum of the static
structure became recognizable was highest for the PH, adduct
in the series and went down with increasing methyl substitu-
tion; these temperatures were approximately —50, -70, and —85
°C for PH3'B3H7, CH3PH2'B3H7, and (CH3)2PH'B3H7, re-
spectively. Trimethylphosphine—triborane(7) did not show the
spectrum of the static form even at -90 °C. Apparently the
ease of the hydrogen tautomerism for the series of the tri-
borane(7) adducts is related to the base strengths of the
phosphine ligands. Within this series of the compounds, the
trend observed is in accord with the theoretical prediction
reported by Brown and Lipscomb.!’

The change in chemical shifts and coupling constants for
the series of the adducts ran parallel with those observed for
the series of methylphosphine adducts of borane(3).18-2 As

(16) (a) A 3Jpppy value of 12 Hz has been found for BsHg-P(CH,)y:
Kameda, M.; Kodama, G, an unpublished result reported at the 2nd
Chemical Congress of the North American Continent, Las Vegas, NV,
August 1980; INOR 75. (b) A /5y value of 7.0 Hz was reported for
B,Hg: Gaines, D. F.; Schaeffer, R.; Tebbe, F. J. Phys. Chem. 1963, 67,
1937. Schaeffer, R. in “Progress in Boron Chemistry”; Steinberg, H.,
McCloskey, A. L., Ed.; Pergamon Press: New York, 1964; Vol. 1, p
427. (c) The low-temperature P NMR signals of PHyB3H, in CH,Cl,
were broad and did not provide useful information on the coupling of
the hydrogens to the phosphorus atom.

(17) Brown, L. D.; Lipscomb, W. N. Inorg. Chem. 1977, 16, 1.

(18) Morse, K. W. Ph.D. Thesis, The University of Michigan, 1966.

(19) Cowley, A. H,; Damasco, M. C. J. Am, Chem. Soc. 1971, 93, 6815.
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the methyl substitution progressed, the resonance signals of
the phosphorus atom and the boron atom (attached to the
phosphorus) both shifted downfield, and the B-P coupling
constant increased. However, the values of the chemical shifts
and the coupling constants for each corresponding pair of
compounds were different. The B-P coupling constant was
larger, and the 3P shift value was more positive for each
triborane(7) adduct than for the corresponding borane(3)
adduct. See Table II. These differences were considered to
reflect the stronger acid strength of triborane(7), over that of
borane(3), toward the phosphines. The qualitative relationship
between the B-P coupling constant and the dative bond
strength had been noted earlier by several investigators,!5-2!

Experimental Section

Chemicals. Laboratory stock tetraborane(10) which had been
purified as described elsewhere!! was used. Phosphine®? and me-
thylphosphines®® were prepared by the literature methods. Reagent
grade dichloromethane and tetrahydrofuran were stored over molecular
sieves and LiAlH,, respectively. Trimethylphosphine—triborane(7)
was prepared by the direct, stoichiometric reaction of ByH;o with
P(CH,),.> The borane(3) adduct of P(CH,); was sublimed out from
the product mixture. Volatile compounds were handled in conventional
vacuum lines.

Instruments. The NMR spectra were recorded on a Varian XL-
100-15 spectrometer equipped with a spin-decoupler unit (Gyrocode)
and a variable-temperature control unit. The operating frequencies
were 100, 40.5, and 32.1 MHz for 'H, *'P, and ''B nuclei, respectively.
The mass spectral data were obtained on an AEI MS-30 mass
spectrometer operating in the electron impact mode at 70 eV.

Reactions of B,H, with Phosphines. A 0.94-mmol sample of B;H o
was dissolved in 2 mL of CH,Cl, in a 100-mL round-bottom flask
equipped with a Teflon needle valve, and a 2.86-mmol sample of PH,
was condensed in the flask. The flask was then allowed to warm to
room temperature and stand for 2 h while the solution was agitated.
The volatile components were then pumped out at 0 °C. The solvent,
PH;, B,H,, PH.BH; and B,H,, were the volatile constituents. The
triborane(7) adduct, PH,-B;H,, that remained in the flask could be
distilled out slowly at room temperature. The yields were 40-60%
on the basis of the amount of B4H,, used.

The reactions of B4H,, with CH;PH; and (CH;),PH were per-
formed similarly, except that the reactants were mixed in 1:2 (bo-
rane:phosphine) ratios. (The use of a large excess of these phosphines
resulted in the formation of the diborane(4) adducts of the phosphines.
The fast reaction of (CH,),P-B,H; with (CH,),P at room temperature
to give (CH;);P-BH; and B,H,-2P(CH,), was noted earlier.*) The
borane(3) adducts were separated from the triborane(7) adducts by
pumping on the mixtures of 0 °C and then briefly at room temperature
and were identified by their ''B NMR spectra. The yields of the clear
liquid methylphosphine adducts of triborane(7) were virtually
quantitative. The mass spectra of these three adducts were typical
of triborane(7) adducts, as the highest m/e appeared at two units less
than the molecular ion masses of the adducts.'!

Reaction of THF-B,H, with PH;. A 0.96-mmol sample of tetra-
hydrofuran-triborane(7) was prepared® in a reaction tube (22-mm
0.d. Pyrex tube), and the adduct was dissolved in diethyl ether (ca.
2 mL). A 1.25-mmol sample of PH; was condensed into the tube
at—196 °C, and the tube was allowed to warm to —80 °C. The tube
was then allowed to warm to higher temperatures in stepwise in-
crements of 10 °C, while the solution was agitated continuously. At
each step, the pressure of the system was monitored for the absorption
of the PH; vapor by the solution. A decrease in the pressure was not
observed until the mixture was warmed to 0 °C. Unchanged phosphine
was fractioned out from the reaction mixture when the pressure change
became undetectable. The phosphine that was recovered was 0.32
mmol, indicating that the displacement reaction was 97% complete.
Upon removal of other volatile components from the reaction mixture
at -23 °C, a clear liquid remained in the reaction tube. The ''B NMR
spectrum of this liquid in a CH,Cl, solution was that of PH,.B;H,

(20) Rudolph, R. W; Schultz, C. W. J. Am. Chem. Soc. 1971, 93, 6821.
(21) Paine, R. T; Parry, R. W. Inorg. Chem. 1972, 11, 1237.

(22) Gokhale, S. D.; Jolly, W. L. Inorg. Synth. 1967, 9, 56.

(23) Jolly, W. L. Inorg. Synth. 1968, 11, 124, 126.

(24) Kodama, G.; Kameda, M. Inorg. Chem. 1979, 18, 3302.
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containing a small amount of THF-B,H,.!?
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A facile synthetic route for UCp4, UCp;, U(COT),, and
other related organoactinides has been achieved by the direct
reaction of a fresh reactive uranium powder from electrolytic
amalgamation with respective organic substrates.! In this
work we further demonstrate the applicability of the uranium
powder method to the simple synthesis of UCp,X, where X
= Cl, Br, and I, respectively. The uranium powder was reacted
with cyclopentadiene and alkyl halides simultaneously under
a mild condition to obtain the respective complexes. Previously
these complexes were prepared by treating uranium tetra-
halides with alkali or thalium cyclopentadienide.?"

Experimental Section

Infrared spectra were obtained on a Perkin Elmer 397 IR spec-
trophotometer. Proton NMR spectra were recorded at 80.0 MHz
on a Varian Associates FT-80A. Chemical shifts to high field of
internal standard (Me,Si) are given as positive. Mass spectra were
obtained with use of a Varian-Mat 112 spectrometer. Gaseous
products were analyzed with a Varian 3700 gas chromatograph.
Elemental analyses were performed by Universal Consultant Corp.
and are shown in Table I. All the operations were carried out under
nitrogen in a glovebag or in an evacuated system. Organic solvents
were distilled from drying agents prior to use. The starting material,
uranium amalgam, was prepared as described elsewhere.®* Thermal
decomposition at 107 torr and 150 °C gave the reactive metal powder.
The compound UCp; was freshly prepared prior to use as described
elsewhere.!

Reactions of Ethyl Bromide or Iodide and Cyclopentadiene with
Uranium Powder. Fifty milliliters of a benzene solution of ethyl
bromide (3 mL) or ethyl iodide (3 mL) and 3 mL of freshly distilled
cyclopentadiene were added to a round-bottom flask containing 5 g
of freshly prepared uranium powder in an evacuated system. The
reaction mixture was heated and refluxed until it turned from colorless
to brown within a few minutes. After a 4-h reaction period, the gaseous
products were collected and analyzed; the results are shown in Table
II. The mixture was filtered; the filtrate was pumped to dryness,
washed with hexane several times, and finally dried in vacuo. The
solid was characterized as tricyclopentadienyluranium(IV) bromide
and iodide. The yields were 85% and 90% for UCp;Br and UCp;,],
respectively.

Reactions of Methylene Chloride or Carbon Tetrachloride and
Cyclopentadiene with Fresh Uranium Powder. Fifty milliliters of a
benzene solution of methylene chloride (3 mL) or carbon tetrachloride
(3 mL) and 3 mL of freshly distilled cyclopentadiene were added to
a flask containing 5 g of freshly prepared uranium powder in an

*To whom correspondence should be addressed: C.C.C., Institute of
Nuclear Energy Research; C.T.C., National Tsing Hua University.
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