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Crystal and Molecular Structures of [WBr(dppe),N,CCL]*[PF,]- and

By HowarDp M. COLQUHOUN*
(I1.C.1. Corporate Laboratory, P. O. Box 11, The Heath, Runcorn, Cheshive WAT 4QE)

and Trevor J. KiNG
(Department of Chemistry, University of Nottingham, Nottingham NGT7 2RD)

Summary A complex of dichlorodiazomethane, [WBr-
(dppe)eN,CCl,]* [PFg]~, which is formed by reaction of
[WBr(dppe),N,H,]*Br— with CXCl; (X = Br or H) in the
presence of a diphenyl iodonium salt and aqueous base,
undergoes rapid reaction with nucleophiles to give a
range of novel organodinitrogen complexes; the molecular
structures of the parent dichlorodiazomethane complex,
and its reaction product with dicyanomethanide ion (a
vinyl diazenido complex), were determined by single-
crystal X-ray analysis.

LicaTiNnG dinitrogen, in the molybdenum and tungsten
complexes trans-[M(N,),(dppe),], undergoes a variety of
reactions with organic halides to yield derivatives contain-
ing alkyl-, acyl-, or aroyl-diazenido ligands.! With
alkylidene dihalides, diazoalkane complexes are formed,?2
though the latter are equally accessible by condensation of
dinitrogen-derived hydrazido(2—) complexes with alde-
hydes or ketones.? Such hydrazido(2—) complexes also
condense with 2,4-dinitrofluorobenzene in the presence of
base, giving complexes of the 2,4-dinitrophenyldiazenido
ligand,* and we have attempted analogous arylation

+ dppe = Ph,PCH,CH,PPh,.

reactions with diphenyliodonium salts in an effort to
prepare corresponding phenyl diazenido complexes.

When carried out in the two-phase system CHCl,— aq.
5% w/v K,CO,;, reaction between equimolar quantities of
[WBr(dppe),N,H,]*Br~ and Ph,I*Cl~ yielded, not the
anticipated product, but a complex of the previously
unknown molecule dichlorodiazomethane. This cationic
complex, formulated as [WBr(dppe),(NN=CCL)]*, was
isolated in low (<(59%,) vield as its hexafluorophosphate
salt, and showed strong ir. bands at 1535 (vC=N) and
962 cm~! (vCCl). Its structure was confirmed by a single-
crystal X-ray study [Figure, (a)] which revealed inter alia
that the endo-chlorine lies in a sterically crowded position
among the phenyl groups of a diphosphine ligand. As in
the corresponding 2-diazopropane complex, this steric
crowding results in a bending of some 11° from linearity at
the metal-bound nitrogen.

Crystal data: CyH (BrCLF,N,P.W, M = 1316-5, tetra-
gonal, space group 14, a = b = 21-415(5), ¢ = 25-034(6) A,
U = 114806 A®, D¢ = 1-524, Dy = 1-51gem™3, Z = 8,
p(Mo-K,) = 31-6 cm™—!. The structure was solved by
heavy-atom methods, and refined by least-squares to
R = 0-074 for 4722 independent observed reflections
I = 3o0()], collected on a Hilger-Watt four-circle
diffractometer.}

1 The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre,
University Chemical Laboratory, Lensfield Rd., Cambridge CB2 1EW. Any request should be accompanied by the full literature

citation for this communication.
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Figure (a), The structure of the [VVBr(dppe) (N,CClLy) 1+

cation Bond lengths and angles W-N(1), 175 ) N(1)-N(2),
135(3) N(2)-C(53), 1-28(3), C(583)-Cl(2), 17 C(53)-Cl(2),
170(3) A, W-N(1 )-N(2) 169(2), N(I) N( —C(53) 122(2)°
(b), The structure of [WBr(dppe {NC(Cl (CV )2}] Bond
lengths and angles W-N(1), 1783(5), N( (2, 1.289(8),

2)-C(53), 1 300(8), C(53)-Cl(1), 1 726(7), (53)-C(54) 140(1),
C(54)-C(55), 1 38(1), C(54)-C(56), 140(1) C(55)-N(4), 116(1),
C(56)-N(3), 1 16(1 )A W-N(1)-N(2), 171 5(5), N(1)-N(2)-C(53),

124 9(6)° Phenyl groups are omitted for clarity

In order to rationalise formation of the dichlorodiazo-
methane complex, we suggest the following sequence of
reactions (1) deprotonation of the hydrazido(2—) com-
plex,® (u) one-electron oxidation of the resulting diazemdo
complex [WBr(dppe),N,H] (which may be regarded as a
WO complex, containing Br— and [N,H}t ligands) by
PhyI*, giving the WI-dimitrogen complex [WBr(dppe),N,],
a proton, and diphenyl 10odine Ph,I., (1) decomposition of
the latter’ to iodobenzene, and a phenyl radical which
abstracts hydrogen from the solvent, (1v) combmation of
the trichloromethyl radical thus formed with [WBr(dppe),-
N,] by attack at dimitrogen,® and (v) 1omisation of the
resulting trichloromethyl diazemido complex to give the
observed cation In agreement with this mechanism,
replacing chloroform by bromotrichloromethane (an
excellent source of trichloromethyl radicals) increases the
yield of dichlorodiazomethane complex to ca 609, An
analogous mechanism has in fact been recently proposed
for the formation of a trichloromethyl 1socyanide complex
m a reaction mvolving [Cr(CO);CN]~ and PhN,* in
chloroform ?

Despite 1ts hydrolytic stability (being prepared in the
presence of aqueous base) dichlorodiazomethane 1s other-
wise a highly reactive ligand, undergoing rapid reaction
with a varniety of nucleophiles (fluoride, ammomnia, amines,
alkoxides, and carbanions) to give a range of novel organo-
nitrogen ligands § These reactions are summarised 1n the
Scheme, and appear to be governed in part by steric
factors, so that primary amines for example yield disubsti-
tuted products whereas the bullier secondary amuines
afford only exo-monosubstituted derivatives

In the reaction with dicyanomethanide 1on, mono-
substitution 1s followed by deprotonation at carbon, so that
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the product constitutes the first example of a vinyl di-
azemido complex  The structure of this compound [Figure,
(b)] was determined by X-ray methods, which showed all
three C-C bonds 1n the vinyl fragment to be essentially the
same length (1-38—1 40 A) 1mplying extensive delocalisa-
tion of electron density within the planar metal-ligand
T-system

Crystal data C;eH, BrCIN,P,W CH,Cl, M = 1285 05,
monochinic, space group P2,/c, a = 12 202(3), b = 20 818(5),
c=21435(5) A, B =1008(1)°, U =53485A% D, =
1596, Dy = 1-59gcm=3, Z =4, pu(Mo-K,) = 33-9 cm™?
The structure was solved as above, and refined to R = 0 047
for 7376 independent observed reflections [I > 3 o(I)] §

The chemistry of higating dichlorodiazomethane closely
parallels that of the iminium 1on [Me,N=CCl,}*, though the

§ Satisfactory analytical and spectroscopic data have been obtained for all new complexes.
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latter is more reactive, and the results described here We are grateful to Drs. W. Hewertson and R. A. Head
suggest that the dichlorodiazomethane complex should for valuable discussions, and to Miss S. Kilshaw for experi-
prove as versatile a reagent as its organic analogue has mental assistance.

been shown to be in more conventional areas of organic
synthesis.10 (Received, 10th June 1980; Com. 638.)

1 J. Chatt, A. A. Diamantis, G. A. Heath, N. E. Hooper, and G. J. Leigh, | Chem. Soc., Dalton Trans., 1977, 688.
2 R. Ben-Shoshan, J. Chatt, W. Hussain, and G. J. Leigh, J. Organomet. Chem., 1976, 112, C9.

3 M. Hidai, Y. Mizobe, M. Sato, T. Kodama, and Y. Uchida, J. Am. Chem. Soc., 1978, 100, 5740.

4 H. M. Colquhoun, J. Chem. Res., 1979, (S5)325; (M)3671.

5 J. Chatt, R. A. Head, P. B. Hitchcock, W. Hussain, and G. J. Leigh, J. Organomet. Chem., 1977, 133, Cl.

8 J. Chatt, A. J. Pearman, and R. L. Richards, J. Chem. Soc , Dalton Trans , 1976, 1520.

7 G. Olah, ‘Halonium Ions,” Wiley, New York, 1975, p. 75.

8 J. Chatt, R A. Head, G. J. Leigh, and C. J. Pickett, J. Chem. Soc., Dalton Tvans., 1978, 1638.

? W. P. Fehlhammer and F. Degel, Angew. Chem., Int. Ed. Engl., 1979, 18, 75.

10 Z. Janousek and H. G. Viehe, Adv. Org. Chem., 1976, 9, 343.





