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1,1-Dimethyl-A3-phosphabenzene and
1,1-Dimethyl-AS-arsabenzene
Sir:

Despite rather extensive investigation of the chemistry of
A3-phosphabenzenes 1,'? the question whether these structures
possess appreciable aromatic stabilization (1') or whether they
are better represented as delocalized ylides (1", 1", 1""*") re-
mains open. The basicity of the ring-unsubstituted 1,1-di-
phenyl-A>-phosphabenzene 1a, prepared by a rather laborious
route, suggests an ylide type of bonding.? Unfortunately, data
are limited and no NMR spectra have appeared for 1a. Most
of the investigations have focused on the more readily available
1,1-disubstituted-2,4,6-triaryl-A3-phosphabenzenes 2.! The
chemistry and spectra of 2 have usually been discussed in terms
of an aromatic model.! Since the heavy substitution of 2 may
mask the properties of the parent ring system, a reinvestigation
of the ring-unsubstituted-A>-phosphabenzenes seems war-
ranted. We now wish to report on a facile synthesis of 1,1-
dimethyl-A\*-phosphabenzene, 1b, and on a similar synthesis
of the first A>-arsabenzene 3.3

The readily available 1-methyl-2,4-phosphacyclohexadiene,
4* may be quaternarized with methyl iodide to give 50% of the
phosphonium salt 5, mp 198-199°C dec. 'H NMRS?
(Me,S0-dg) 6 7.1 (ddd, J = 35, 12, 5.5 Hz, 1 H), 6.6-6.0 (m,
3H),33(dd,J =17,4Hz, 2 H),2.0(d,J = 15 Hz, 6 H).
Addition of this salt to Me;SO containing excess dimsyl anion
produced the desired 1,1-dimethyl-A’-phosphabenzene, 1b.
The proton NMR spectrum illustrated in Figure | shows sig-
nals for Hj (Hs) centered at § 6.70 (Jpy = 34 Hz), for Hs as
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Figure 1, The lower field portion of the H NMR spectra of 1,1-di-
methyl-AS-arsabenzene, 3 (above), and 1,1-dimethyl-A\3-phosphabenzene,
1b (below). Peak positions are indicated downfield (&) from internal

Me4Si.

-

0 - ). - () - 0
P P7 P

R~ SR R

p
/ +
NG R~ Ng RT R

1/ 1,, ‘III IIIN
a, R=CdH,
b, R = CH;,
Ph
&
X
Ph P Ph
R
2
SIS
—
i |
CH, CH,
8E=P 4E=P
9,E=As 6, E=As
— I —
/E\ +[H*] /E\
CH,” * 'CH, CH, CH,
5 E=P I E=P
7. E=As 3 E=As

a triplet at 8 4.62 (J = 7.5 Hz), for H, (Hs) as doublet of
doublets at 6 3.98 (J = 17, 11 Hz), and for the methyl groups
as a doublet at § 1.5 (J = 13.5 Hz). '3C NMR (Me,SO) &
139.2 (s for C3, Cs), 94.0 (d, J = 22 Hz for C4), 67.5(d, J =
94 Hz for C,, C¢), 24.7 (d, J = 57 Hz for CH3). Treating 1b
with acid leads back to the phosphonium salt 5. Four P-ring
protons of 5 readily exchange for deuterium in Me;SO-dg
containing D;0 and base. The H NMR signals for the protons
at Hy, Hy, and Hg completely disappear while the peaks for Hj
(a 35 Hz doublet at 6 7.1) and for Hs (a 22 Hz doublet at § 6.1)
and for the methyl groups remain undiminished. The facile
interconversion of 1 and 5 is similar to that reported by Markl
for 1a.3

In a completely analogous manner 1-methyl-2,4-arsacy-
clohexadiene, 6,* can be quaternarized to salt 7, mp 195-197
°C. '"H NMR (Me,S0-d¢) 6 7.0 (dm, J = 12 Hz, 1 H), 6.6 (d,
J=12Hz, 1 H),6.2(m,2H),3.4(d,J =3Hz, 2H),2.2 s,
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6 H). The arsonium salt 7 reversibly yields 1,1-dimethyl-
AS-arsabenzene 3 on treatment with dimsyl anion in Me,SO.
The proton NMR spectrum illustrated in Figure 1 shows sig-
nals for Hj, Hs as a multiplet centered at § 6.63, for H, as an
8 Hz triplet at 4.43 partially overlapping with 10 Hz doublet
at 4.34 for H,, Hg, while the methyl groups are at § 1.5. 13C
NMR (Me,S0) 6 138.6 (for Cs3, Cs), 91.8 (for Cy), 70.3 (for
C,, Cs) 22.4 (for CH3). Again four ring protons of 7 at Hy, Hy,
and Hg are washed out with D,O-Me>SO and base.b

In the NMR spectra of 1b and 3 the H,, Hy, and Hg protons
have chemical shift values well outside the aromatic region and
are markedly upfield from the range of olefinic protons of their
conjugate acids, 5 and 7. On the other hand the H; and H;
protons of 1 and 3 are relatively highly deshielded. However,
the signals for these protons occur approximately half a part
per million upfield from the corresponding H; protons of
conjugate acids 5 and 7. The absences of any shift to lower
fields for H3 and Hjs as well as the large upfield shift of H,, Hy,
and Hg suggest that there are no appreciable ring current ef-
fects in A>-phosphabenzenes and A>-arsabenzenes.” In fact the
NMR spectra, together with proton exchange data, strongly
suggest that C,, C4, and Cg bear a high electron density. Thus
we must view the ring carbon atoms as favoring a pentadienyl
anion which is stabilized largely by electrostatic interaction
with the positive heteroatom.

The C NMR spectral data on 1 and 3 further support these
conclusions.” Signals for C; and C¢ occur more than 60 ppm
upfield from the signals of C; and Cs.% As in the proton NMR
spectra the signal for Cy4 is not shifted as far upfield. Very likely
this is a consequence of polarization of the carbanionic pen-
tadienyl system by the positive heteroatom.® It is striking that
the chemical shift values of ylides 1 and 3 are very nearly
identical with those of anions 8 and 9, available from depro-
tonation of 1 and 3.%!0 It seems highly likely that the electron
density at each carbon is very similar. In contrast to the near
identity of chemical shift values of anions and ylides, the
31p_13C and 3!'P-'H coupling constants are markedly diver-
gent for 1 and 8,*'! an expected consequence of the different
hybridization at P in the two systems.

'H and '3C NMR spectra of 1,1-dimethyl-A3-phospha-
benzene and 1,1-dimethyl-AS-arsabenzene present strong
presumptive evidence that these compounds are ylidic in
character. In this respect they strongly resemble the thiaben-
zenes.>!2!13 Several bonding proposals have been put forward
for A3-phosphabenzenes'? and similar cyclic systems!>-16.17
conjugated via d-p w-bonding to higher row elements, Our
findings do not rule out the use of the ultimate arsenic and
phosphorus d orbitals in bonding of the A*-phosphabenzenes
and the A3-arsabenzenes, but they do strongly argue against
any bonding proposal in which appreciable electron density
is donated from carbon to the heteroatoms.

Acknowledgment. We wish to thank the National Science
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Ligand Effects and Product Distributions in
Molybdothiol Catalyst Systems

Sir:
The reduction of acetylene to ethylene is one of the reactions
catalyzed by nitrogenase and is commonly used to assay for

the activity of this enzyme.! The complex, Mo;O4(cys)»2~, 1
(X =Y = H),? is reported to mimic the enzyme in this re-

X 0 2=
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——c\ /\ \ /' / N
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spect,3-¢ catalyzing the formation of ethylene (but with small
amounts of ethane), the reducing power being supplied either
by NaBH4** or electrolytically.® Although complexes of
molybdenum seem superior as catalysts to those of other
transition metals,® structural variations in the ligand have not
been systematically pursued. We have therefore initiated a
program of preparation and testing of Mo complexes con-
taining cysteine-related ligands as potential catalysts. These
studies reveal several rather striking results. Even with the
cysteine complex, we find the major reduction product of
acetylene in borate buffer to be 1,3-butadiene (C4Hg), not
ethylene. The production of C4He presumably went unnoticed
in all previous investigations. Further, we observe that seem-
ingly minor changes in ligand or buffer have profound effects
on the product distribution and /or catalytic activity.

Typical reactions were run in 15-ml “Hypovials” (Pierce
Chemical Co.) as follows: Septum-sealed vials containing 25
mg of complex and 3.5 ml of pH 9.6 buffer (0.1 M Na,;B,0-
10H,0 or 0.2 M Na,COj3) were flushed with acetylene and
kept at 30 °C for 4-6 h7 before initiating the reaction by in-
jection of 0.10 ml of 2 M NaBH, in DMF.# Reaction mixtures
were then shaken® (30 °C bath) and the gas phase analyzed!®
by GC on Porapak N (temperature programming). The results
are summarized in Table I.

Butadiene (C4Hg) was found to be a major product for those
complexes in Table I which were catalytically active in the
reduction of acetylene. A preparative scale reaction using 1 (X
= Y = H) yielded sufficient C4Hg for characterization by
methods other than GC. The product was separated by trap-
ping at —50 °C and confirmed to be butadiene by its NMR and
mass spectra. Its formation constitutes an overall two-electron
reductive dimerization of acetylene.

Our first attempts at ligand variation involved methyl sub-
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