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Experimental Section

Analyses were performed by Galbraith Laboratories, Inc.
The compounds rich in aziridine presented some difficulty in
handling since aziridine is readily sublimed from the sample
under normal room conditions.

The thermal decompositions were run in an Abderhalden
condenser. Decomposition was continued until the sample
weight became constant.

Magnetic moments were determined by the Gouy method using
mercuric tetrathiocyanatocobaltate(II) as standard. Diamag-
netic corrections were made using Pascal’s constants.

Electronicrabsorption spectra were recorded with a Cary 14
spectrophotometer. Absorption of solids was measured with
Nujol mulls on filter paper.

All chemicals were of reagent grade.
by Dow Chemical Co., Midland, Mich.

Hexaaziridinenickel(II) Chloride, [Ni(Az)s]Cl:.—A heteroge-
neous reaction between aziridine and anhydrous nickel(II) chloride
is run in a beaker surrounded by ice. The resulting violet mass
is treated with dry ether to improve the physical form and filtered.
After several washings with dry ether, the solid product is dried
in a desiccator over KOH pellets. Care must be taken in han-
dling this compound because it readily loses aziridine on standing.
It was difficult to obtain satisfactory analytical data for this
reason. [Ni(Az);]Cl, can also be prepared by the direct reac-
tion of aziridine with Ni(Az)iCl, or Ni(Az),Cl,.

Dichlorotetraaziridinenickel(I1), Ni(Az);Cl,.—To a solution
of hydrated nickel(II) chloride in methanol, an excess of aziridine
is added. The addition is made at ice bath temperature with
stirring, producing a deep blue color. Slow addition of a small
amount of ether causes precipitation of the blue product which is
isolated by filtration and dried in a desiccator over KOH pellets.
Ni(Az)Cl; can also be prepared by dissolving Ni(Az)Cl; in an
ethanol solution of aziridine and isolating the product in the same
manner described above.

Dichlorodiaziridinenickel(II), Ni(Az),Cl,.—Ni(Az),Cly is pre-
pared by the thermal decomposition of [Ni(Az)]Cly or Ni(Az)s-
Cl; in an Abderhalden apparatus at 100° and a pressure of ap-
proximately & Torr. All attempts to prepare this compound
directly from nickel(II) chloride have been unsuccessful.

Aziridine was supplied
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Although azido-bridged complexes have been pre-
sumed by several authors,!—* it is recently that such
complexes have been fully characterized .5~
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NotEs

This paper reports the preparation of new Rh! azido-
bridged complexes by a general method which can be
extended to the synthesis of analogous transition metal
complexes.

Experimental Section

Materials.-—The compounds [(CO)RhCI],8 [CsHi:RhCl],,?
[C1oH1zRhCl];,? [C;HRhClp, 0 [CsHRhCl]2, 1 and [(P(CsHs)g)e-
RhCl};'? were synthesized as described in the literature, Tetra-
butylammonium azide was prepared as described by Gutmann.!3
Absolute methanol was dried and purified by distillation after
refluxing over Mg(OCHj3),.  All the chemicals used were reagent
grade.

Preparation of [(CO),RhN;l,.—To a stirred suspension of
0.388 g (1 mmol) of [(CO);RhCl}; in 20 ml of dry methanol,
0.140 g (2.15 mmol) of sodium azide was added in a nitrogen
atmosphere at room temperature. Immediately the solution
turned yellow-brown while a deep red precipitate was formed.
After 1 hr the solution was filtered and the dimeric compound was
recrystallized from dichloromethane—-methanol. The yield was
almost quantitative (mp 120-125° dec). The compound is air
stable in the solid state, although it decomposes in solution to a
dark insoluble solid (probably a polymeric form). The com-
plex [(CO):RhN;]; is soluble in CH,Cl, and CHCl;, slightly
soluble in methanol, and insoluble in hydrocarbons.

Preparation of [(diene)RhN;],.—These complexes were pre-
pared in an almost quantitative yield by the following procedure.

To a suspension of 0.1 mmol of [(diene)RhCl], in dry methanol
a twofold molar excess of solid NaN; was added with stirring in a
nitrogen atmosphere. After 4-5 hr the reaction mixture was
filtered and washed with a few milliliters of water to remove the
excess of sodium azide, methanol, and ether. All the complexes
prepared with the procedure described above were recrystallized
from dichloromethane-hexane. Analytical data and physical
properties of [(diene)RhNj;]; are reported in Table I.

Preparation of (P(C¢Hj;);):Rh(CO)N;.—A solution of 0.200 g
(0.5 mmol) of [(CO);RhN;]sin CH,Cl; was treated with an excess
of triphenylphosphine (0.500 g) in a nitrogen atmosphere. Aftera
few minutes the solution turned from orange-yellow to pale
yellow, and after 20 min the solvent was removed leaving a yellow
solid which was washed several times with hexane and crystallized
from CH.Cl,-hexane.

Its ir spectrum and physical properties are identical with those
of the compound prepared according to the literature procedure
by metathesis from (P(CsHs)a)th(CO)CI and N(C2H5>4N3.“’l5

Preparation of (diene)Rh(P(C¢Hj;);)N;.—A. stirred suspension
of 0.100 g [(diene)RhNj;]; (diene = C;Hjz, CsHiz, CioHiz) in petro-
leum ether (bp 40-60°) was treated dropwise with a petroleum
ether solution containing the stoichiometric amount of tri-
phenylphosphine. After 10 hr the mixture was filtered and the
yellow residue was washed with hexane. The complexes (diene)-
Rh(P(CsH;)3N; were characterized by their elemental analysis
and ir spectra (see Tables I and IT).

Reactions of Azido-Bridged Complexes with Carbon Monoxide.
—When carbon monoxide was bubbled through a CH;Cl; solu-
tion of [(CO);RhNj;l: or [(diene)RhNj], for 24 hr at room tem-
perature, the complex [(CO).Rh(NCO)}: was obtained in both
cases, after evaporation of the solvent and recrystallization from
CHCly—pentane. Thered [(CO)Rh(NCO)]; complex melts with
decomposition at 170-175° and is stable in air in the solid state
but decomposes very slowly in solution. It dissolves in chlo-
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TaABLE 1
CoLors, DECOMPOSITION TEMPERATURES, AND ANALYTICAL DATA FOR Azipo COMPLEXES
Analyses, %
C H N

Complex?® Color Dec pt, °C Caled Found Caled Found Caled Found
[(CsHi2)RhN;l2 Yellow 187-190 37.96 38.5 4.78 4.6 16.60 16.6
[(C:Hs)RhN;], Yellow 174-176 35.46 35.2 3.40 3.3 17.73 17.8
[(C1oH12)Rh N3], Yellow 179-182 44.34 44.6 4.36 4.3 15.16 15.2
[(CsHs)RUN;)s Yellow 173-177 38.57 38.8 3.24 3.2 16.87 16.7
(CrHs)Rh(P(CeHj)3)Ns Yellow 138-143 60.13 61.2 4.64 4.5 8.41 8.3
(CsHi2)Rh(P(CeHs)s) N3 Yellow 105-108 60.58 61.6 5.28 5.4 8.15 8.3
(C10H12)Rh(P(CeH3)3)Ns Brown-yellow 104-108 62,34 63.0 5.04 5.8 7.79 7.9
[(CO):RhN;]. Red 120-125 11.95 12.2 e ce 20.91 20.6
(CO)Rh(P(CeHs)Ns Yellow 167-171 65.20 65.1 4.43 4.4 6.17 6.2
[(CO)R(NCO)]: Red 170-175 17.92 18.25 0.03 6.97 6.82

a CgHy, = cycloocta-1,5-diene, C;Hg = norbornadiene, CigHys = dicyclopentadiene, and CsH; = cyclooctatetraene.

TABLE II
INFRARED BanDs (cM™*) oF [(CO)RhX]; (X = N; NCO, Cl, Br) COMPLEXES®
vas(Ng) vs(N3)

Compound »(CO) vas(NCO) »g(NCO) ——————~Other bands~— —
[(CO)RIhN;], 2135 w, 2087 s, 2063 vw, 2029 s, 1994 w? 2002 sb 1279 m¢ 723 w, 610 m, 554 w, 501 w, 449 we
[(CO)RK(NCO)]. 2139 w, 2089 s, 2063 vw, 2035 s, 1995 w? 2185 sb 1336 me° 721 vw, 618 w, 607 w, 583 m,

509 vw, 431 vwe
[(CO)RhCl]44 2105 m, 2089 s, 2080 vw, 2035 s, 2003 w 610 m, 483 m
[(CO)RhBr],4 2100 m, 2087 s, 2075 vw, 2032 s, 2001 w 599 m, 475 m

o Abbreviations: v, very; s, strong; m, medium; w, weak,
and J. R. Wilt, J. Chem. Phys., 36, 1094 (1962).

rinated solvents to give yellow solutions like the analogous
[(CO):RhN;l2.

Attempted Preparation of [(P(C¢H;);):RhN;];.—To a stirred
suspension of 0.265 g (0.2 mmol) of [(P(CsHs)3):RhCl]; in 20 ml
of dry methanol 0.013 g of NaN; was added under nitrogen at
room temperature. After 4 hr the resulting solution was evapo-
rated to dryness. The yellow-orange solid was dissolved in di-
chloromethane and precipitated with hexane. The analysis was
not consistent with a compound of the formula [(P(C¢Hs)s)s-
RhNj;l.. Further attempts to purify the yellow solid either by
chromatography on alumina or by fractional crystallization were
unsuccessful.

Instrumentation.—Ir spectra were recorded on a Perkin-
Elmer 621 double-beam spectrophotometer. Conductivity mea-
surements were carried out with a LKB 5300 B conductivity
bridge.

Results and Discussion

It has been shown that in complexes of the type
[(L.):RhCl]; (I, = CO, !/:(diolefin)) the chloride can
be easily replaced by other anions, such as Br—, I,
carboxylate, nitrate, thiocarbonate, sulfate, etc.,%1!2
leading to the corresponding dimeric complexes. The
same reaction occurs with the azide ion

[(L#):RhCl]; + 2Nz~ —> [(L#):RhN3}, + 2Cl1~
L, = CO, Y/y(cycloocta-1,5-diene), /;(norbornadiene),

1/,(dicyclopentadiene), !/;(cyclooctatetraene).
Carbonyl Derivatives.—When a methanolic suspen-

® Cyclohexane solution.

¢ Nujol mull, ¢ Data from C. W. Garland

metal bonds, as in rhodium carbonyl chloride itself 12-16
It dissolves in chlorinated solvents giving yellow solu-
tions.

The ir spectrum of [(CO),RhN;]; in cyclohexane so-
lution shows an additional band at 2092 cm ™! (s), with
respect to the analogous [(CO);RhX ], (X = Cl, Br,
NCO), due to v,(N3s) (Table II). The reaction pro-
duct does not exhibit bands in the 200-400-cm ! region
due to the v(Rh-Cl), whereas a new medium-strong
band appears at 1279 ecm ! attributable to »,(N3) in the
azido-bridged complex.

Diene Derivatives.—Following the same preparative
route described for the carbonyl derivatives, dimeric
compounds of the type [(diene)RhN;]; were obtained.
Analytical data and some physical properties of these
complexes are reported in Table I. They are soluble
in chlorinated solvents, slightly soluble in hydrocarbons,
and insoluble in alcohols. These complexes are air
stable in the solid state and decompose in solution to
give brown unidentified materials. In their ir spectra,
reported in Table IT1I, the positions of v.s(N;) and »s(N3)

TasLE IIT

FREQUENCIES OF THE FUNDAMENTAL N; VIBRATIONS OF
DioLEFIN-AzIDO COMPLEXES OF Rh! ¢

. . ; . Yas, ¥s, 5,
sion of [(CO).RhCl], is allowed to react with the Complex cmat emat em -t
stoichiometric amount of NaNj, a red precipitate is [(CeH1) RhNs] 2058 vs 1279 s 574 w
[(C7Hs)RhN;)2 2059 vs 1281 s 578 vw, 558 w
‘formed. slowly an.d the stable compound [(C_O)thN.a, lo [(C1H1) RENs]s 2062 vs 1278 s 577 w
is obtained. This compound was characterized by its [(CsHg)RONG]s 2058 vs 1284 s 579 vw, 568 vw
. . (CtHs)Rh(P(CsHs)s)Ns 2025 vs 1278 m e

eleme.:ntal analysis an.d ir spectrum. o (CoHm Rh(P(CeHO)Ns 2038 ve 1282 m

It is a nonconducting compound in dichloromethane (CxHi)RU(P(CsHs)s)Ns 2046 vs 1278 w

and air stable in the solid state but decomposes in so-
lutions of most common organic solvents to give a dark
solid which is probably a polymeric form. In the solid
state it is dichroic, suggesting the presence of metal—

¢ Abbreviations: v, very; s, strong; m, medium; w, weak.
Spectra taken in Nujol mull.

(16) L. F. Dahl, C. Martell, and D. L. Wampler, J. Amer. Chem. Soc., 88,
1761 (1961).
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are practically unchanged by varying the coordinated

diolefins. It can be seen that the v,(N;) in the [(CO),-

RhN;]; dimer is higher than that of the analogous diene

derivatives and of other d® azido-bridged complexes.5”
For the [(L,):RhN3], two structures are possible

N

|

N
AN ~ /IL\ ~

Rh Rh Rh Rh

S NN=N=NT DN -~ \T/ ~

A N

[

N

B

Both structures have Ds, symmetry and so cannot be
distinguished on the basis of the number of infrared-
active vibrations. However, the appearance of v, in
the ir spectra of the azido-bridged complexes as a
medium-strong band strongly supports structure B in
which a single atom is bridging.

Bridge-Splitting Reactions of the [(Lx),RhN;3]; Com-
plexes.—To study the reactivity of the dimeric com-
plexes, we have carried out some bridge-splitting re-
actions with triphenylphosphine and amines.

The reactions of [(L,):RhN;]. with triphenylphos-
phine are similar to those observed for the analogous
chloro-bridged complexes, the monomeric [(L,):Rh-
(P(CsHs)3)N3] being obtained. The infrared spectra of
these products show that the v, (N3) is lower (~30
cm~!) than that of the corresponding dimeric com-
pounds.

In the case of amines such as pyridine or p-toluidine,
no reaction occurs even with a large excess of ligand.
The attempted preparation of the monomeric com-
pounds (diene)RhNjs(amine) by methathesis from the
chloro derivatives was unsuccessful and in fact [(diene)-
RhN;], was isolated from the reaction of (diene)Rh-
(amine)Cl with Nj;—. This behavior reflects the
greater stability of the azido-bridged complexes with
respect to the corresponding chloro compounds.

Reactions of [(L,);RhN;], with CO.—It has been
shown!41 that azido complexes of the types (CO)ML;N;
(M = Rh, Ir) and M(Nj)sL, (M = Pd, Pt) react with
carbon monoxide to give the corresponding cyanato
complexes. A similar reaction occurs with the [(L,)s-
RhN;]: complexes. These compounds and the diene
derivatives react with carbon monoxide in dichloro-
methane at room temperature to give the cyanato-
bridged complex {(CO).Rh(NCO)],. The cyanato-
bridged compound has been characterized by elemental
analysis (Table I) and its ir spectrum (Table II). It
dissolves in chlorinated solvents giving yellow solu-
tions. Its infrared spectrum in cyclohexane solution
shows bands at 2185 (s) and 1303 em™! (m) attributed
to vas(NCO) and »,(NCO), respectively.”

The following scheme is likely for the reaction of
[(diene)RhNj;], with carbon monoxide

(17) J. Nelsonand 8. M. Nelson, J. Chem. Soc. A, 1597 (1969).
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This is in agreement with the fact that the overall
reaction is complete after 1 day, whereas it is known
that the displacement of the olefin by CO in complexes
of the type (diene)RhLCl is fast (~1 hr).’®* Moreover,
an ir spectrum of the reaction mixture taken after 3 hr
shows »,s(NCO) and v,s(N3) at 2185 and 2092 cm™?,
respectively, indicating that no olefin derivative is
present.

The method reported in this paper for the prepara-
tions of the azido- and cyanato-bridged complexes of
Rh' appears to be of general applicability, although it
was not possible to isolate [(P(C¢H;);):RhN;].. The
preparation of other azido-bridged complexes of Pt!!
and Pd!! is in progress and will be reported in a further
publication.
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Recently, Kieft and Nakamoto? and Panunzi, et al.,?
prepared a novel Pt(II) complex, chloro(glycino)(eth-
ylene)platinum(II), by treating Zeise’s salt with gly-

cine. They proposed structure I in which the nitrogen
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