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CH,P(CeH;)): (It R = Cg¢H;, R’ = CHj;), mp 74°.
The completely methylated tri(tertiary phosphine)
CH,P[CH,CH,P(CH;)); (I: R = R’ = CH;), bp
103° (0.03 mm), was prepared similarly from (CH;).PH
and CH,;P(§)(CH=CH,), followed by LiAlH, reduc-
tion.

CH,
. CHJHLP::CH
/ 3
_CHCHPL _CH,
RP R P—CH,CH,PL
~ - CH,
CH,CH,P
SR _CH,
CH,CH,P
! N,

II

The completely methylated tripod tetra(tertiary
phosphine) P[CH,CH,P(CHj).]s (II) was prepared by a
related method. Addition of 3 equiv of (CH;),PH
(from tetramethyldiphosphine disulfide and LiAlH,?)
to trivinylphosphine sulfide under the usual conditions
gave a solid product which was desulfurized with
LiAlH, in boiling dioxane to give a small quantity of
colorless liguid P[CH,CH,P(CH:)J: (II), bp ~125°
(0.35 mm), which froze slightly below room tempera-
ture. This compound is of interest in being a potential
tetradentate ligand with only aliphatic groups bonded
to the phosphorus atoms.

The vinylphosphine sulfides needed for these syn-
theses are prepared by routine reactions of vinylmag-
nesium bromide with appropriate phosphorus halide
derivatives. Thus, reaction of (CH;).P(S)Br¢ with
vinylmagnesium bromide gave an 8097 yield of white
crystalline sublimable (CH;).P(S)YCH=CH,, mp 52-
54°. Similar reactions of CH;P(S)Cl, and PSCl; with
vinylmagnesium bromide gave an 189 yield of liquid
CH,P(S)(CH=CH,);, bp 88° (0.5 mm), and an 89
yield of liquid SP(CH=CH,);, bp 85° (0.35 mm), re-
spectively.

Investigations of the syntheses of more complex
methylated poly(tertiary phosphines) by this method
and studies on the transition metal complexes of meth-
ylated poly(tertiary phosphines) are currently in pro-
gress and will be reported in future publications.
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Diazonium Complexes of Transition Metals.
Diazotization by Coordinated Nitrosyl

Sir:
We wish to report the generation of aryldiazonium

ligands within the coordination sphere of ruthenium by
reaction of aromatic amines with the nitrosyl group in

N
e
Ng NO CH,CN
Ru + ArNH, ——
N cl
\\N 2+
N
[ ﬁ/ NNAr
LR +HO (1
N cl
Ny

ITa, Ar = p-CH,0C,H,-

b, Ar = p-CH,C,H,-
[Ru(bipy)o(NO)ClJ(PF¢). (I) (bipy is 2,2’-bipyridine).
Although the reactions are novel, they were anticipated
since the coordinated nitrosyl group in I has been shown

to react chemically as NO*.%2 Anal. Caled for
N, 9.61. Found: C, 36.55; H, 2.60; N, 9.43.
Calcd for [(bipy).CIRuN.C¢H,CH;](PFs),: C, 37.70;

H, 2.68; N, 9.78; Cl, 4.18.
2.66; N, 9.64; Cl, 4.34.

Direct reactions between aryldiazonium ions and
transition metal complexes have led to the formation of
arylazo complexes, 39 ortho-substituted phenylazo com-
plexes,!® and metallotetrazenes.!! Most of the isolable
arylazo complexes obtained with the metals Pt,349
Mo,5 Rh,%12Ir,” Re,® Os,!2 and Ru!? can be formulated
as having coordinated ArN=N-; they are charac-
terized by vxx ranging from 1444 to 1642 cm—1.3-10.13
An X-ray crystallographic study on ReCly(N,CsHj)-
(P(CH;)2:C¢H;); has shown that the N=N-Ar bond
angle is 118°, which is close to the 120° angle expected
for sp? nitrogen.®

In contrast to the cases reported previously, the
available chemical and physical evidence indicates that
our compounds should be formulated as containing
ArN=N+. Thus, it appears that the properties of
bound ArN; can vary from arylazo (ArN,™) to diazo-
nium (ArNyt), much as the properties of coordinated
NO have been found to vary from NO- to NO+.14

Compounds Ila and IIb have N-N stretching fre-
quencies at 2095 and 2080 cm—! in acetonitrile solution,
compared to ~2260 cm~! for the uncomplexed tetra-
fluoroborate salts (KBr pellets). These values are the
highest yet reported for the ArN; ligand by about 200
cm~!. For comparison, the vno values for [Ru(bipy).-
(NO)CI)J(PF¢). and NO+SbClg~ are 1932 (acetonitrile)
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and 2250 cm~—1,'* respectively. Compound Ila was
shown to be a 2:1 electrolyte by a conductometric titra-
tion in acetone, as expected for a diazonium complex of
ruthenium(Il). Reaction | (Ar = p-CH;0C¢H ) was
also carried out using Ru(bipy),(}*NO)Cl*+, and the
diazonium product showed a Awyx of ca. —30 cm—!
(acetonitrile). The observed shift in »xy shows that
the nitrosyl nitrogen is incorporated into the product,
probably still bound to the ruthenium. The impor-
tance of back-bonding in both the nitrosyl and dia-
zonium complexes is clear from their electronic spectra.
The spectra of bis-2,2’-bipyridyl complexes of ruthe-
nium(II) are characterized by intense, low energy t,, —
7*(bipy) transitions (e.g., Amax 355 nm for Ru(bipy),Cl
in dichloromethane).'*1¢  For the complexes Ru(bipy).-
(NO)C1**+ and Ru(bipy)(N.C¢H,OCH;)Cl%+ in aceto-
nitrile, the first transitions are observed at A\ma.x 325 and
Amsx 353 nm, respectively, indicating considerable sta-
bilization of the t;, levels by = bonding.

Recently, Laing, Robinson, and Uttley have reported
the preparations of the complexes MX;(N:Ar)(P-
(CeHs)s): (M = Ru, Os; X = CIl, Br) by direct reac-
tion between diazonium tetrafluoroborate salts and
MX(P(C¢H;);); in the presence of LiX.'2 Their re-
ported »xn values occur in the range 1850-1900 cm—1,
and from a preliminary X-ray study!? the N-N-Ar
angle in one of the ruthenium complexes was found to
be 137°. This report raises the interesting possibility
that a range of cases intermediate between ArN=N-
and ArN=N+* may exist in which the N-N-Ar bond
angle varies from ~120 to ~180° with corresponding
changes in »yn and in chemical reactivity.

In addition to physical properties of bound ArN,*,
compound Ila showed chemical reactivity character-
istic of a diazonium ligand stabilized by complexation.
At 60° in aqueous solution N, gas is evolved. With
excess KI, p-iodoanisole was produced along with
Ru(bipy)d, and N, (eq 2). Complex Ila also reacts

N
N N==NC,H 0CH,

HQOLKI. 60° EtOHlﬂvnaphthol—NaOH
I OH
S0
&
OCH,

+ +
Ru(bipy),], + N, Ru(bipy),(OH)Cl

with g-naphthol in alkaline ethanolic solution to pro-
duce the known azo coupling product. The reaction
of [Ru(bipy)x(NO)CIJ(PF¢). with other aryl amines and
with aliphatic amines seems to be general and further
reactions are currently under investigation.
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A Chain Photoreaction of Sodium Borohydride
with Halogenated Aromatic Hydrocarbons.
Evidence for Initiation by Aryl Radicals

Sir:

We wish to report that the photoreduction of the
chloro, bromo, and iodo derivatives of aromatic hydro-
carbons by sodium borohydride in aqueous acetonitrile
solution proceeds vig a radical chain mechanism to give
the hydrocarbon in virtually 10097 yield and in a quan-
tum yield often considerably in excess of unity.

Continuing our studies! into the photoreduction of
aromatics, we irradiated (A 254 nm) solutions (0.5 M) of
chloro-, bromo-, and iodobenzene with NaBH, (1.0
M) in 6] v/v aqueous acetonitrile. The sole organic
product (glc) in all cases was benzene, formed in quanti-
tative yield. The corresponding quantum yields? were
0.5, 5.7, and 7.5, respectively. In addition, (i) a gas
was evolved shown to be mainly hydrogen with traces of
diborane (m/e 28, 14), (ii) the solution contained halide
ion,-and (iii) a white solid was precipitated giving a posi-
tive test for borate. There was no detectable reaction
with fluorobenzene.

To accommodate these results, we propose the mecha-
nism shown in Scheme I.

Scheme 1
CeH;- X L [CeH;-X]* —> C¢H;- + X- initiation

X +BH, —» BH;-~ + X~ + H*
C¢H;- + BH,- —> BH;.-~ + C¢H:H

} propagation
CeH;X 4+ BH;-~ —> C¢H;- + BH; + X~

H:0
2BH; —> B;H; —> borate + H,

CiH;- + X —> CH:X termination

The intervention of phenyl radicals was demon-
strated (i) by showing that the photoreduction was
totally inhibited by small amounts of acrylonitrile (an
efficient trap for phenyl radicals) and (ii) by irradiating
a mixture of chlorobenzene (0.5 M) and acrylonitrile
(0.5 M) in acetonitrile, a procedure which gave rise to

the products 1, 2, and 3.

CN
H.
Ctts H O CeH; CeH; CN
1

2 3
It is known?®-® that phenyl radicals generated by the
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