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latter compound (Figure 1) shows clearly that the rhodium
atoms of this molecule are inequivalent; the resonances are
manifested as a pair of doublets centered at § = ca. 7644 and
4322 (14.3 X 10?2 cm™) splitting of each doublet is ca. 35 Hz.

The large differences between these '%*Rh resonance posi-
tions is quite remarkable and is a dramatic illustration of the
sensitivity of this measurement to changes in the immediate
environment of this nucleus. In this case, this environment
consists of Rh(N,0,Rh) (in [Rh,(mhp),]) and Rh(N;0ORh)
and Rh(NO,RhA) (in [(Rhy(mhp),),]) and it is notable that
the average of the chemical shifts of these last two nuclei (5984
ppm) is close to the chemical shift of the first (5745 ppm).

The splitting of the '9°Rh resonances of [(Rh,(mph),),] into
doublets is attributed to !J(1%°Rh,'*Rh) coupling, primarily
as a result of a direct interaction via a metal-metal single bond.
The value of lJ(1031{1‘[,1031{1'1) (ny(Z?l’/h’)’x’)’y)ny)w of 35
Hz (29.4 X 10?2 cm™) is the largest so far observed directly.
Lawson and Shapley? have reported 'J(1%Rh,'%Rh) values
of 4.2 Hz (3.5 X 102 cm™) and 4.4 Hz (3.7 X 102 cm™) for
[(n*-CsHs);Rhy(CO);3) and [(°-CsH;),Rhy(NO),], respec-
tively, and Caddy et al.?! have indicated that LJ('Rh,'Rh)
(K) is 17 Hz alone or for [Rh,(C,H,)(C,HMe,) (n°-CoH,),).
However, Mague and Sanger have claimed?? 'J('Rh,'Rh)
(K) values of 128 (+25) Hz (107.6 (£21.0) X 102 cm™) and
167 (£15) Hz (140.3 (£12.6) X 10?2 cm™) from the 3'P NMR
spectra of the “A-frame” complexes [Rh,(CO);Cl(dpm),]-
[BPh,] (dpm = Ph,PCH,PPh,) and [Rh,Cl,(SO,)(dpm),]-
[BPh,], respectively. The magnitudes of these latter two
coupling constants seem surprisingly large, in view of those
observed directly, especially for [(Rh,(mhp),),].

Previous discussions!®2?%2 have suggested that the dominant
contribution to a 'Ky value is the Fermi contact term, which
is predicted to be fairly large and positive for an appreciable
s-orbital involvement in the X~Y bond. This view, with respect
to the !Kgygry value for [(Rhy,(mhp),),], appears to be rea-
sonably consistent with the current theoretical interpreta-
tions®!! of Rh!-Rh! interactions. There is now general
agreement that the 14 electrons of a Rh,** center fill the o,
m, 8, 8%, and =* orbitals of the metal-metal framework; the
latest calculations!! favor the orbital sequence 7*82x*45*2¢2,
for a [Rhy(O,CR),] complex alone or with axially coordinated
H,0 molecules, with a Ss contribution to the Rh—Rh ¢ orbital
of ca. 0.25.

The results of the study clearly demonstrate that “Rh
NMR spectroscopy is potentially a very useful technique for
the study of complexes based on the Rh,** center, and further
studies are in progress.
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Synthesis and Characterization of a Technetium Phosphite
Complex: Hexakis(trimethyl phosphite)technetium(I)
Tetraphenylborate

Sir:

Binary zerovalent or low-valent transition-metal phosphite
complexes are interesting because of their analogy to transi-
tion-metal carbonyls and their applications in catalysis.
Well-characterized zerovalent complexes include M[P-
(OCHy); (M = Cr, Mo, W),™S Re,[P(OR; ], (R = CH,,
C¢H,),2*” M[P(OR)3]s (M = Fe, Ru, Os, R = CH;; M = Fe,
R = C,H;, C;H;, Ry = (CH,);CC,Hs),*!? M,[P(OR);]s (M
= Co, Rh, Ir, R = aryl; M = Co, R = CH,, C,H)!*"'®# M-
[P(OR);]4, (M = Co, Ni, Pd, Pt, R = CH;; M = Co, R =
i-CyH;; M = Ni, Pt, R = aryl; and numerous others where
M = Ni),!4161927 and Ni[P(O-o-tolyl);];.2* Among the
low-valent complexes are Fe[P(OCH),]s¢°*,>!! M[P(OR),]s*
(M = Co,Rh, R =CH;; M = Co, R = C,H;, i-C;H,, R, =
(CH,);CC,Hj), »1014162%32 Co[P(OR);]¢** (R = CH3, CH;,
i-CyH,),2*2 M[P(OR);]s** (M = Ni, P4, R = CHy; M = N;j,
R3 = (CH2)3CC2H5),8‘10'31'32 and M[P(OR)3]4+ (M = Cu, Ag,
R = CH,, C,;H; M = Ag, R; = (CH,),CC,H;, (CH);-
(CH,)3),*'7** and the unusual anions Co[P(OR;);],” (R =
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CH,, C,H,, C¢H,).!4153  Synthetic routes to these complexes
usually start either with low-valent chlorides (which may be
reduced by alkali-metal amalgams in the presence of phos-
phite) or with metal carbonyls that are activated thermally
or photochemically to substitution by phosphite.

In this communication, we report the synthesis and char-
acterization of the first binary technetium phosphite complex,
Tc[P(OCHj,)4]¢*. This is the first ionic phosphite complex
to be characterized from group 7B. The Re[P(OCHj;);]¢*
species that was postulated has not yet been described.? In
addition, we have prepared the complex by the direct reduction
of NaTcO, with P(OCH,);, an unprecedented reduction from
M(VII) to M(I) in a single, fast, and simple reaction to give
the phosphite complex. Finally, the title complex, a cationic
technetium complex, is of interest in nuclear medicine, similar
to other recently characterized cationic complexes.¢38

Synthesis of T¢[P(OCH,);]¢* is readily accomplished in an
inert atmosphere by adding excess P(OCH3), to a methanolic
solution of NaTcO, (200:1 millimolar ratio), sealing the
mixture in a pressure bottle (0.2 L), and heating at 100 °C
for 0.5 h. Although the best yields are obtained by using
freshly distilled P(OCH,), and dried methanol, substantial
amounts of the complex form when reagents of lower purity
are used. The reaction was not attempted in the presence of
air or water because of the sensitivity of P(OCHj;), to these
substances. The ease with which the reduction from Tc(VII)
to Te(I) is accomplished is remarkable and demonstrates the
powerful reductive action of P(OCHj3;); on oxo species. Re-
duction of sodium pertechnetate to the monovalent complex
can be achieved in neat P(OCH,), and in tetrahydrofuran
solutions of the ligand, demonstrating that P(OCH,), alone
can be considered the reducing agent. Although methanol may
also be involved in the reduction, its presence is not essential
to the reaction. Other procedures leading to Tc(I) complexes
either start with lower oxidation states, produce isolable in-
termediates, or use auxiliary reducing agents. For example,
preparation of the Tc(CNR)¢* complexes®® uses TcO,™ as
starting material with dithionite as reducing agent, and in the
dmpe (dmpe = 1,2-bis(dimethylphosphino)ethane) series,*6’
TcO,(dmpe),* and Tc(dmpe),Cl,* can be isolated as inter-
mediates in the formation of Tc(dmpe),*, which appears only
after prolonged reaction. Although the initial TcO, /P-
(OCH,), solution is red and may contain a complex of the
intermediate oxidation state, reduction to the Tc(I) compound
proceeds even at room temperature.

Isolation of the Tc[P(OCH3;)3]* cation is based on the low
solubility of the tetraphenylborate salt in methanol. Thus,
when an argon-saturated solution of NaB(C¢Hj), in methanol
(1 M) is added to the cooled reaction mixture, a white pre-
cipitate forms immediately. The precipitate can be collected
by filtration using Schlenk techniques and recrystallized from
methanol. Typical yields range from 50 to 75%, but a second
and third crop of crystals can be grown by evaporation of the
mother liquor, substantially increasing the yield. Depending
on the rate at which the white-colorless crystals form, either
needles (fast) or plates (slow) are obtained. The crystals are
stable in air for at least 6 months. Elemental analyses on the
crystalline material are consistent with the formulation Te-
[P(OCH;);]6B(CeHs)s.
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Nuclear magnetic resonance spectra of Tc[P(OCH,),l¢*
were obtained for *Tc (I = °/,) and 3'P ({ = !/,) in deuterated
chloroform and methanol, respectively. The **Tc spectrum
contains the expected septet centered at —422 ppm vs. TcO,~
with a Tc—P coupling constant of 909 Hz. This coupling
constant with technetium is much larger than those observed
previously for oxygen, fluorine, or hydrogen® and implies a
large Tc-P interaction. The 3!'P spectrum contains a decet
centered at —158.5 ppm vs. 85% H,PO, with a P-Tc coupling
constant of 909 Hz. This chemical shift is well within the
range observed for other metal phosphite complexes.*** The
3P spectrum clearly shows the nuclear Overhauser enhance-
ment of the outermost peaks, whose intensity is noticeably
larger than that of the eight inner peaks. The NMR spectra
are readily interpreted as arising from an octahedral TcPg
moiety containing six electronically equivalent phosphorus
nuclei.

Mass spectra of Tc[P(OCH3);]4B(C¢Hs), were obtained by
fast atom bombardment mass spectrometry. In the positive-ion
mode, the parent peak is at m/e 843 (calcd 843.4). Peaks at
mje 719, 595, and 471 correspond to loss of one, two, and three
ligands from the parent ion. The peaks at m/e 719 and 595
are of approximately equal intensity and are the base peaks
of the spectrum. Successive loss of CH, fragments is suggested
by peaks occurring at m/e 829, 815, and 801 as well as m/e
705, 691, and 677. In the negative-ion mode, the parent peak
is observed at m/e 319 (calcd 319.2).

Infrared spectra of T¢c[P(OCH;);]4B(C¢H;), were taken
from a pressed KBr pellet. The vibrational frequencies due
to the P—O bonds shifted to higher energy in the complex (1011
to 1048 and 726 to 762 cm™), indicating that the P(OCH,),
was coordinated to Tc. Bands to due B(C¢Hs),~ were virtually
unchanged from those of NaB(C¢Hj;),, as expected for ionic
tetraphenylborate.

In addition to the bands expected from P(OCH,); and
B(C4Hs),, an additional strong band that appeared at 538
cm™! was tentatively assigned to a Tc—P vibration. Although
a weak band does appear at 511 cm™ in uncomplexed P(O-
CH,;)s, the intensity of the band at 538 cm™! suggests that it
may include the Tc—P band since the relative intensities of all
other P(OCH,); bands are unchanged from the uncomplexed
ligand while this band greatly increases in intensity. However,
in view of the fact that Tc-Cl stretching frequencies in Tc-
(diars),CL,* (diars = 1,2-bis(diphenylarsino)ethane) occur near
330 cm™! and those for Tc(dmpe)Cl,* are at nearly the same
energy,*® confirmation of the assignment of the Tc—P band
must await infrared characterization of more members of this
class of compounds.
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Isolation and Characterization of a
Molybdenum-Containing Product in a Hydrazine-Forming
Reaction’

Sir:
The isolation of MoBr,(triphos), where triphos = PhP-
(CH,CH,PPh,),, from the ammonia-forming reaction of an-
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