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Abstract

Reactions of [Rh(COD)CIl], with the ligand RN(PX,), (1: R=CHs; X=0CH;) give mono- or disubstituted complexes of
the type [Rhy(COD)ClL{n*CHN(P(OCH;),).}] or [RhCHn*-CH;N(P(OCH;),).}], depending on the reaction conditions.
Reaction of 1 with [Rh(CO),Cl], gives the symmetric binuclear complex, [Rh(CO)CKu-CHsN(P(OCgHs),),}}., whereas the
same reaction with 2 (R =CH,; X=0CH;) leads to the formation of an asymmetric complex of the type [Rh(CO)(u-CO)CH{-
CH,N(P(OC4Hs),),}]; containing both terminal and bridging CO groups. Interestingly the reaction of 3 (R = C¢H;s, X = OC¢H,Br-
p) with either [Rh(COD)CI], or [Rh(CO),Cl}, leads only to the formation of the chlorine bridged binuclear complex, [RhCl{n*-
CHsN(P(OCeH Br-p).).}}.. The structural elucidation of the complexes was carried out by elemental analyses, IR and *'P

NMR spectroscopic data.
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1. Introduction

Previous papers of this series have discussed the
reactions of various transition metal derivatives with
diphosphazane ligands of the type RN(PX,), (R=C:H;
or CH;; X=O0R’, R'=alkyl or aryl). As a continuation
of our work [1-10] and for the interest of others [11],
we report herein the syntheses and characterization of
binuclear rhodium(I) complexes of RN(PX,), (1:
R=CsH;, X=0C:H;; 2: R=CH,, X=0CH;; 3:
R =C¢H;, X=0CsH,Br-p). A preliminary account of
the work described in this paper has appeared in the
proceedings of two conferences [1,2].

2. Experimental
All manipulations were carried out under dinitrogen

by standard Schlenk line techniques. Solvents were
dried and distilled prior to use. The light petroleum
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ether used was the fraction of b.p. 60-80 °C. X,PN-
(R)PX; (1-3), [3] [Rh(COD)CI], [12] and [Rh(CO),Cl],
[13] were prepared according to published procedures.
NMR and IR spectroscopic measurements were carried
out as described previously [3].

2.1. Preparation of [Rh(CO)CI-
{I»L'CoHsN(P(OctsHs)z)z}]z 4)

Method 1

A solution of 1 (0.269 g, 0.51 mmol) in benzene (20
ml) was added dropwise to a solution of [Rh(CO),Cl],
(0.10 g, 0.25 mmol) also in benzene (10 ml). The
reaction mixture was stirred for 1 h. Concentration of
the resulting solution under reduced pressure followed
by the addition of petrol gave a yellow precipitate which
was filtered, washed with petroleum ether and recrys-
tallized from a 1:2 mixture of benzene and petroleum
ether to give analytically pure yellow crystals of 4.
Yield 80%; m.p. 140-142 °C. Anal. Calc. for
CeHsoCLN,O,,P.Rh,: C, 54.2; H, 3.8; N, 2.1. Found:
C, 53.8; H, 3.6; N, 2.0%. IR (mull): »(CO) 2040 cm .
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Method 2

A mixture of [Rh(COD)Cl], (0.10 g, 0.20 mmol) and
1 (0.213 g, 0.40 mmol) was dissolved in 30 ml of
acetonitrile under an atmosphere of CO at 25 °C; CO
was bubbled through the solution for 30 min. Stirring
was continued for 1 h at 4045 °C during which time
a yellow precipitate was formed. The precipitate was
filtered and recrystallized as described above to give
4 in 98% yield.

2.2. Preparation of [RHCI(CO)-
{u-CH;N(P(OC4Hs)2) 5] ; (5)

This was prepared in the same way as in Method
1, from 2 (0.23 g, 0.51 mmol) and [Rh(CO),Cl], (0.10
g, 0.25 mmol), as a yellow crystalline solid. Yield 68%;
m.p. 135 °C dec. Anal. Calc. for C;,H,,CI,N,O;,P,Rh;:
C, 50.2; H, 3.8; N, 2.2. Found: C, 49.6; H, 3.6; N, 1.9%.
IR (CH,Cl,): »(C0O) 2000, 1830 cm ™~ '. "HNMR (CDCl,):
8 3.28 (t, *J(PH)=10 Hz), 7.15 (m, OPh).

2.3. Preparation of [RH,CIl,(COD)-
{TIZ'C6H5N (P (0C6H5)2)2}] (6)

A solution of 1 (0.11 g, 0.20 mmol) in benzene (20
ml) was added dropwise to a solution of [Rh(COD)CI],
(0.10 g, 0.20 mmol) also in benzene (10 ml). The
reaction mixture was stirred for 30 min at 25 °C.
Concentration of the resulting solution under reduced
pressure folowed by the addition of diethyl ether gave
light yellow precipitate of 6. An analytically pure sample
was obtained by recrystallizing the crude product in a
1:2 mixture of CH,Cl, and petroleum ether. Yield 62%;
m.p. 165 °C dec. Anal. Calc. for C;3H;,CLLNO,P,Rh,:
C, 51.1; H, 4.1; N, 1.5. Found: C, 50.1; H, 3.9; N, 1.4%.

2.4. Preparation of [RHCI{n*-CsH;N(P(OC4H),)J},
(7)

A solution of 1 (0.213 g, 0.40 mmol) in benzene (20
ml) was added dropwise to a solution of [Rh(COD)Cl],
(0.10 g, 0.20 mmol) also in benzene (10 ml). The
reaction mixture was stirred for 1 h. The resulting
reaction mixture was worked up as described above
for 6 to obtain 7 in 65% yield; m.p. 141-143 °C. Anal.
Calc. for CeHsoCLN,OgP,Rh;: C, 54.3; H, 3.8; N, 2.1.
Found: C, 53.6; H, 3.6; N, 2.0%.

2.5. Preparation of [RHCI{n*-Cs;H;N-
(P(OCsH Br-p);).}], (8)

A solution of 3 (0.41 g, 0.48 mmol) in benzene (15
ml) was added dropwise to a solution of [Rh(COD)CI],
(0.095 g, 0.24 mmol) also in benzene (20 ml). The
reaction mixture was stirred for 1 h. The resulting
reaction mixture was worked up as described above

for 6 to obtain 8 in 68% yield; m.p. 240 °C dec. Anal.
Calc. for CgH,,BrCl,N,O.P,Rh,: C, 36,7; H, 2,1; N,
1.4. Found: C, 36.4; H, 2.1; N, 1.3%.

Reaction of 3 (0.50 mmol) with [Rh(COD)Cl], (0.25
mmol) under CO atmosphere or with [Rh(CO),Cl},
(0.25 mmol) under similar reaction conditions to those
described above gives the same product 8 in 80% yield.

3. Results and discussion

It is well established that the treatment of
[RhX(diene)], (X =Cl, Br or I) with tertiary phosphines,
L (L=PPh;, PMePh,), leads to cleavage of the halide
bridges and the formation of complexes of the type
[RhX(diene)L] [14,15]. In contrast, a strong m-acceptor
tertiary phosphine such as P(OPh), has been shown
to preferentially displace the diene groups from this
dimeric species to afford successively [Rh,X,-
(diene{P(OPh),},], [Rh,X,{P(OPh).},] and [RhX-
{P(OPh);}s] [16]. In the present study bis(phos-
phino)amines behave similarly to P(OPh),.

The reaction of [Rh(COD)CI], with 1 in 1:1 and 1:2
mole ratio in benzene leads to the successive replace-
ment of the diene ligands and the formation of 6 and
7, respectively, as shown in Scheme 1. In these complexes
bis(phosphino)amines exhibit a chelating mode of co-
ordination. They are moderately stable to air in the
solid state but decompose slowly in solution. The re-
action of two equivalents of 1 with [Rh(CO),Cl], in
benzene results in the formation of the binuclear rho-
dium complex 4 which is analogous to the Ph,PCH,PPh,
(dppm) complex, [Rh(CO)CHu-dppm}], [17,18]. Com-
plex 4 can also be prepared by the reaction of 1 with
[Rh(COD)CI}; in 2:1 molar ratio under CO atmosphere
in benzene or acetonitrile. The yield is quantitative.
Similarly the reaction of 2 with [Rh(COD)Cl], affords

€ (R=C¢Hs, X=0CgHs) 7 (R=CgHg, X= OC5H5)
1:2 B (R=C¢Hs, X=0CgHBr-p)
[Rh (COD)C1],

X. p/\rx

2 2
[Rh(CO) ,C1] 2
P /co
c1— Rh<
‘ a” C
Xsz yx2 xzp\ /1>x2
N N

R

R
4 (R=CgHs, X=0CgHs) 5 (R=CHj, X=0CgHs)

Scheme 1.
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Table 1
3'P NMR *® spectroscopic data for ligands 1-3 and their complexes

Compound 8P 'J(RhP)
(ppm) (Hz)

CeHsN(P(OC4Hs),)2 (1) 127.7
CH,N(P(OCeHs),); (2) 135.1
CsHsN(P(OCsH,Br-p),), (3) 130.5

[Rh(CO)Cl{u-CHsN(P(OCeHs),)o}l: (4)
[Rh(CO)YCHu-CHsN(P{OCH:),). ). (5)
[RhZClz(COD){le'CsHsN(P(OCsHs)z)z}] )
[RhCl{"lz‘CsHsN(P(OcsHs)z)z}]z (7
[RhCH{n?-CH;N(P(OCH,Br-p),)o}: (8)

112.9(d) 214

114.0(d) 1877
88.8(d) 2825
86.1(d) 284
90.2(d) 2812

= All spectra in CDCl;; ppm vs. 85%H,PO,; d=doublet.

R R
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N N
R R
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Scheme 2.

the binuclear complex 5, a product of similar stoichi-
ometry, but whose IR spectrum reveals the presence
of bridging as well as a terminal carbonyl group in-
dicating that it has an unsymmetrical structure (see
Scheme 1).

The bis(phosphino)amine 3 behaves somewhat dif-
ferently with rhodium derivatives. Reaction of 3 with
either [Rh(CO),Cl], or [Rh(COD)CI], leads only to
the formation of the chloro bridged complex 8, analogous
to 7. Reaction of 3 with [Rh(COD)CI], under CO
atmosphere also leads to the formation of complex 8.

3.1. Spectroscopic aspects

The IR spectrum of complex 4 shows a strong ab-
sorption at 2020 cm~' characteristic of CO trans to Cl
with trans-bridging diphosphine ligands [18,19]. The IR
spectrum of complex 5 shows the presence of a bridging
as well as a terminal carbonyl group (IR (mull or
CH,CL,): »(CO)=2000, 1830 cm~') suggesting an un-
usual asymmetric structure analogous to [RhCI(CO){u-
(P(OCH,;),),NC,H,}], [20],the structure of which has
been confirmed by single crystal X-ray analysis.

The *'P NMR data for diphosphazanes and their
complexes are listed in Table 1. The *'P NMR spectra
of complexes 6 and 7 show doublets centered at 88.7
and 86.1 ppm with J(RhP) couplings of 282 and 284
Hz, respectively. Complex 4 also shows a doublet at

112.9 ppm with a *J(RhP) coupling of 214 Hz. The *'P
NMR spectrum of complex 5 show a major doublet at
114 ppm with a 'J(RhP) value of 187.5 Hz attributed
to the symmetric isomer. This indicates that the asym-
metric complex 5 is in equilibrium with the symmetric
structure in solution through a fluxional process in-
volving exchange of the terminal and bridging carbonyl
groups (Scheme 2). The *'P NMR data clearly indicate
that in solution the equilibrium is shifted towards the
symmetric isomer Sa. In addition to the major doublet
attributed to 5a, the spectrum shows other less intense
signals which are not resolved. These signals may be
due to the presence of isomer 5 which would be
anticipated to give rise to a complex AA'BB’XY type
of spectrum. Variable temperature NMR measurements
at high field are required to throw further light on the
fluxional process.

The *'P NMR spectrum of complex 8 is similar to
that of the complex 7 which shows a doublet at 90.2
ppm with a very large 'J(RhP) coupling of 281 Hz.

4, Conclusions

The reactions of various diphosphazanes with rho-
dium(I) derivatives have led to the formation of different
types of complexes depending upon the influence of
substituents on both the phosphorus and nitrogen atoms
on the coordinating phosphorus centers. This clearly
demonstrates the versatility of diphosphazanes. Thus
functionalities with a wide range of steric and electronic
attributes can be introduced at both trivalent phosphorus
and nitrogen centers which can cause dramatic changes
in their coordination behaviour {8]. These results also
suggests that the bite angle is not the only factor which
decides the coordination behaviour of bisphosphines.

Acknowledgement

We thank the Department of Science and Technology,
New Delhi for financial support.

References

[1] M.S. Balakrishna, T.K. Prakasha and S.S. Krishnamurthy, Proc.
Indian Natl. Sci. Acad., Part A, 55 (1989) 335.

[2] M.S. Balakrishna, T.K. Prakasha and S.S. Krishnamurthy, Phos-
phorus, Sulfur, Silicon, 49/50 (1990) 409.

[3] M.S. Balakrishna, T.K. Prakasha, S.S. Krishnamurthy, U. Sir-
iwardane and N.S. Hosmane, J. Organomet. Chem., 390 (1990)
203.

[4] T. Pradeep, M.S. Hegde, M.S. Balakrishna and S.S. Krish-
namurthy, J. Electron Spectrosc. Relat. Phenom., 53 (1990) 119.

[5] M.S. Balakrishna, S.S. Krishnamurthy and H. Manohar, Or-
ganometallics, 10 (1991) 2522.



248

(6]
g
(8]
[9]
(10]

1]

M.S. Balakrishna, S.S. Krishnamurthy | Inorganica Chimica Acta 230 (1995) 245-248

M.S. Balakrishna and S.S. Krishnamurthy, Indian J. Chem.,
Sect. A, 30 (1991) 536.

M.S. Balakrishna and S.S. Krishnamurthy, J. Organomet. Chem.,
424 (1992) 243.

M.S. Balakrishna, S.S. Krishnamurthy, R. Murugavel, M. Netaji
and LI. Mathews, J. Chem. Soc., Dalton Trans., (1993) 477.
R.P. Kamalesh Babu, S.S. Krishnamurthy and M. Netaji, Het-
eroat. Chem., 2 (1991) 447.

R.P. Kamalesh Babu, S.S. Krishnamurthy and M. Netaji, J.
Organomet. Chem., 454 (1993) 157.

M.S. Balakrishna, V.S. Reddy, S.S. Krishnamurthy, J.F. Nixon
and J.C.T.R. Burckett St. Laurent, Coord. Chem. Rev., 129
(1994) 1-90, and refs. therein.

[12]
[13]
{14]
[15]

[16]
1171
[18]
[19]
{20]

J.A. McCleverty and G. Wilkinson, Inorg. Synth., 6 (1966) 211.
J. Chatt and LM. Venazi, J. Chem. Soc., (1957) 4735.

M.A. Bennett and G. Wilkinson, J. Chem. Soc., (1961) 1418.
K. Vrieze, H.G. Volger and A.P. Praat, J. Organomet. Chem.,
13 (1968) 1185.

L.M. Haines, Inorg. Chem., 9 (1970) 1517.

J.T. Mague and J.P. Mitchener, Inorg. Chem., 8 (1969) 119.
AR. Sanger, J. Chem. Soc., Dalton Trans., (1977) 120.

A.R. Sanger, J. Chem. Soc., Dalton Trans., (1975) 893.

G.S. Field, R.J. Haines, E. Meintjies, B. Sigworth and V.
Rooyer, J. Organomet. Chem., 268 (1984) C43.



