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Two of the five possible geometrical isomers of [RhCly(edpp),]* were formed by reaction of RhCl3-2H,0
with edpp (edpp=(2-aminoethyl)diphenylphosphine) in 1:2 molar ratio in ethanol. The chlorides of the
isomers were separated by fractional crystallization from ethanol. The structures of the more soluble (main
product) and the less soluble (minor product) complexes were determined by X-ray analyses to have the
trans(C1,Cl), cis(P,P) and cis(Cl,Cl), trans(P,P) configurations, respectively. Crystal data are: for trans(Cl,Cl),
cis(P,P)-[RhCly(edpp).]Cl - 2C,H5;OH, triclinic, space group P1, with a=10.024(3), b=18.865(3), c=9.833(2) A,
«=97.66(1), 8=103.92(2), Y=82.30(2)°, and Z=2, and for cis(Cl,Cl), trans(P,P)-[RhCly(edpp);]Cl - 4H,O, tri-
clinic, space group PI, with a=11.341(4), b=17.780(6), c=8.712(3) A, =95.60(4), B=112.31(3), Y=82.56(4)°,
and Z=2. The trans influence of the P atom on the Rh-N and Rh-P bond lengths is observed. The mean Rh-N
and Rh-P bond lengths (2.125(4) and 2.300(1)A) in the trans(Cl,Cl), cis(P,P) isomer are respectively longer and
shorter than thase of the cis(Cl,Cl), trans(P,P) isomer (2.078(12) and 2.336(3)A). *C NMR and absorption spectra
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of the isomers were recorded and are discussed.

In a previous paper,? we reported the preparation
of [CoClz(edpp)z]*, where edpp denotes (2-aminoeth-
yl)diphenylphosphine. Although five geometrical iso-
mers are possible for the [MCla(edpp)z]-type complex
(Fig. 1), the cobalt(III) complex formed only one
isomer and the structure was determined to have the
trans(C1,Cl),cis(P,P) configuration by X-ray analysis.?
Of the two trans(Cl,Cl) isomers, the formation of the
sterically less favorable trans(Cl,Cl),cis(P,P) isomer
might be attributable to the strong trans effect of the
phosphorus donor atoms.? For the rhodium(III)
complex, [RhClg(edpp)z]* the magnitudes of the steric
and trans effects should be different from those of the
cobalt(ITI) complex, and other isomers than trans-
(CL,Cl),cis(P,P) might be expected to be formed.

This paper describes the preparation and X-ray
structure analyses of the trans(Cl,Cl),cis(P,P) and the
cis(Cl1,Cl),trans(P,P) isomers of [RhClz(edpp)2]*. Also,
the absorption and 3C NMR spectra of the isomers are
compared with each other and with those of related
complexes.

Experimental

The edpp ligand was prepared according to a literature
method,® and handled under an atmosphere of nitrogen
until it formed air-stable rhodium(III) complexes. Absorp-
tion and BCNMR spectra were recorded on a Hitachi 323
spectrophotometer and a JEOL JNM-GX 400 spectrometer,
respectively.

Preparation of trans(Cl,Cl),cis(P,P)-[RhClz(edpp)z]Cl-2C:-
Hs0H (isomer A) and cis(Cl,Cl),trans(P,P)-{RhClx(edpp)z]Cl-

t On leave from Chemistry Department I, University of
Copenhagen, Universitetsparken 5, DK-2100, Copenhagen
@, Denmark.
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Fig. 1. The five possible geometrical isomers of
[M"Clz(edpp)a]*.

H:0 (isomer B). A deaerated ethanol solution (8 cm3) of
RhCl3-2H20 (0.587g, 2.39 mmol) was added to a stirred
solution of edpp (1.098g, 4.79 mmol) in deaerated ethanol
(3 cm3) over a period of 15min. The mixture was heated
at 70°C for 7h and gave a yellow solution together with a
small amount of pale yellow precipitate. The mixture was
evaporated to dryness in vacuo and the residue washed with
diethyl ether to remove excess edpp before it was exposed to
the air. The washed residue was shaken repeatedly with hot
ethanol (ca. 175 cm3) to extract the products until the extracts
were colorless. The combined extracts were heated (ca. 70°C)
and filtered while hot, and the filtrate on evaporation to a
volume of ca. 75 cm? gave a pale yellow precipitate. This was
collected by filtration (The mother liquor was treated as
described below.) and recrystallized from ethanol to yield
a yellow powder of isomer B. Yield: 0.032g. Found: C,
48.75; H, 5.22; N, 4.07%. Calcd for CasH3sN2ClsOP:Rh=
[RhClz(edpp)2]C1-H2O: C, 49.04; H,5.00; N, 4.08%. UV-
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(A)

(B)

Chemical formula

[RhClz(C14H16NP)2]C1-2C2HsOH

[RhClz(C14H16NP)2]Cl- 4H20
739.8

Formula weight 759.9
Crystal system Triclinic Triclinic
Space group P P1
a/A 10.024(3) 11.341(4)
b/A 18.865(3) 17.780(6)
c/A 9.833(2) 8.712(3)
a/® 97.66(1) 95.0(4)
B/° 103.92(2) 112.31(3)
y/° 82.30(2) 82.56(4)
v/As 1778.6(6) 1591.2(10)
V4 2 2
Dy/gcm™3 1.42 1.54
Dm/g cm3 1.41(1) 1.56(1)
m(Mo Ka)/mm-™1 8.18 9.10
Color and Habit of crystals Yellow prisms Yellow prisms
Solvent used to recrystallize Ethanol Acetonitrile
Size of specimen/mm3 0.27X0.55X0.55 0.5X0.2X0.15
Number of standard reflections, n and 5 5
variation of their | Fo| amplitudes, 0.99—1.01 0.93—1.01
(l Fol /I Fol iniﬁal)/n
Number of reflections measured 8624 7771
Number of reflections observed 7064 4575
with | Fo| >30(| F,| )
Transmission factor 0.42—0.62 0.65—0.75
R 0.074 0.088
wR 0.089 0.116
Weight w=1=02(| F,|)+(c| F,|)? c=0.025 ¢=0.02
S=[2w(| Fo| —| Fe|)2/(m—n)1¥* 2.8 2.9
Number of observed unique 6650 4353
reflections, m
Number of parameters, n 477 331
(A/0)max for non-hydrogen atoms 0.5 0.3
Peak height in the final difference —2.4—-22 —1.6—2.8

synthesis/e A-3

(CH3CN) 28000 (sh, log e=3.41), 33000 (sh, 4.21), 35400 (4.28),
36100 (sh, 4.28), and 45000 cm™! (sh, 4.51). Single crys-
tals of isomer B, [RhCly(edpp)2]C1-4H20 suitable for X-ray
crystallography were obtained by slow evaporation of an
acetonitrile solution of the chloride at room temperature.
The presence of four molecules of water of crystallization
was suggested by the density and microanalytical data of
the crystals. Found: C, 45.33; H, 4.72; N, 3.76%. Calcd for
C2sH4N2Cl3O4P2Rh: C, 45.41; H, 5.44; N, 3.79%.

By evaporating the mother liquor to a small volume iso-
mer A was obtained as yellow-orange crystals. They were
collected by filtration, washed with ethanol, and air dried.
Yield: 0.25g. Found: C, 50.88; H, 5.51; N, 3.84%. Calcd for
C32H44N2Cl302P2Rh=[RhClz(edpp)2]Cl - 2C:HsOH: C, 50.58;
H, 5.84; N, 3.69%. UV(C:HsOH) 24450 (log £=2.24), 29000
(sh, 2.2), 34500 (sh, 3.97), 38900 (4.40), and 45700 cm™! (sh,
4.67). The crystals effloresce in the air giving off the ethanol
of crystallization.

Crystal Structure Determination. Crystal data and
experimental details are given in Table 1. Crystals of both (A)
and (B) were sealed into capillary tubes together with their
mother liquors and mounted on an automated four-circle
diffractometer, Rigaku AFC-5. Intensities were measured up
to 26=55° by 6—20 scan technique with scan speed 6° min—!
in 0, graphite monochromatized Mo Ka radiation being
used. Lattice constants were determined from 25 26 values

(20°<26<30°) with (Mo Ka)=0.71073A. After absorption
correction, the structures were solved by the Patterson-Fourier
method. Two ethanol molecules in (A) could be found from
Fourier synthesis. From the difference synthesis 30 of the 32
hydrogen atoms except those of the ethanol molecules were
found and others were calculated. One of the phenyl groups
bonded to the P(2) atom in (B) exhibited orientational dis-
order. The two sets of positions for the C(24)-—C(28) atoms
were included with 50% population. The dihedral angle
between the least squares planes in two possible orientations
for the disordered phenyl group is 77.8°. The water molecules
as well as the CI- ion could not be found from Fourier
synthesis. The difference synthesis gave five positions with
peak heights 3.7—4.7 e A-3, the distances between them being
longer than 2.65(2)A. We were unable to distinguish the
disordered water molecules from the disordered Cl- ions on
the basis of the difference synthesis. In the present study we
have tentatively assumed that the five positions are all
occupied by Cl- ions and we have estimated their population
parameters by the trial and error method with the restriction
that the isotropic thermal parameters of the Cl- ions remain
almost equal. Positional parameters of all the hydrogen
atoms in (B) were calculated and not refined, although eight
hydrogen atoms were found from difference synthesis. By
introducing these calculated hydrogen atoms, the R factor
reduced from 0.092 to 0.088. Anisotropic thermal parameters
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Table 2. Positional Parameters (X104; for RhX105) and Equivalent Isotropic Temperature Factors
(A) X Y z Beq(A2) (B) X Y z Beq(A2)

Rh 18897( 4) 24027( 2) 4348( 3) 3.0 Rh 33210( 8) 28037( 5) 320(12) 2.8
CK(1) 1923( 1) 1153( 1) 23( 1) 4.1 Ci(1) 3463( 3) 4103( 2) —130( 4) 4.3
Cl(2) 2102( 2) 3625( 1) 1121( 1) 4.8 Cl(2) 2160( 3) 3003( 2) 1810( 4) 5.0
Cl(0) 6525( 2) 2564( 1) —6344( 2) 6.6 P(1) 5273( 3) 2648( 2) 2270( 4) 3.3
P(1) —429( 1) 2475( 1)  403( 1) 3.2 P(2) 1477( 3) 2900( 2) —2381( 4) 3.7
P2) 1987( 1) 2556( 1) —I1817( 1) 3.1 N(1) 3295(10)  1654( 5) 250(13) 4.4
N(1) 2153( 4) 2302( 2) 2619( 4) 4.1 N(2) 4249( 9) 2594( 6) —1639(12) 4.0
N(2) 4071( 4) 2243( 3)  768( 5) 4.4 c(1) 5408(14) 1638( 7) 2543(19) 5.8
C(1) —292( 6) 2185( 3) 2148( 6) 4.5 C(2) 4189(23) 1341(11) 1708(31) 13.7
C(2) 877( 6) 2520( 3) 3138( 5) 4.9 C(3) 2227(13) 2930( 8) —3859(17) 5.6
C(3) 3797( 5) 2728( 3) —1461( 6) 4.1 C(4) 3426(13) 2434( 8) —3366(15) 5.1
C(4) 4618( 5) 2165( 4) —511( 6) 4.9 C(5) 5449(10) 3117( 6)  4258(13) 3.3
C(5) —1471( 5) 3339(3) 379 5) 3.6 C(6) 6363(12)  2803( 8) 5766(16) 5.0
C(6) —1265( 6) 3856( 3) —410( 6) 4.5 C(7) 6478(15) 3194( 9) 7238(15) 6.1
C(7) —2140( 7) 4495( 3) —513( 7) 5.2 C(8) 5779(13)  3881( 8) 7330(15) 4.9
C(8) —3188( 6) 4623( 3) 155( 8) 5.5 C(9) 4913(13)  4159( 7) 5953(16) 4.7
C(9) —3397( 6) 4120( 4) 952( 8) 5.9 C(10) 4704(11)  3805( 7) 4335(15) 4.1
C(10) —2547( 5) 3474( 3) 1086( 6) 4.5 C(11) 6684(10) 2853( 7) 1962(14) 3.8
C(11) —1544( 5) 1885( 3) —870( 5) 3.4 C(12) 6811(13) 3618( 9) 1950(21) 6.4
C(12) —2382( 5) 2153( 3) —2084( 5) 4.0 C(13) 7931(13)  3835(11) 1707(22) 7.7
C(13) —3209( 6) 1717( 4) —3078( 6) 5.0 C(14) 8860(12) 3287(11) 1641(18) 6.8
C(14) —3219( 7) 1004( 4) —2872( 7) 5.5 C(15) 8741(13)  2558(11) 1704(18) 7.0
C(15) —2402( 7)  739( 3) —1670( 8) 5.4 C(16) 7645(13)  2313( 9) 1846(17) 5.5
C(16) —1569( 6) 1178( 3) —677( 6) 4.5 C(17) 520(10) 2096( 6) —2993(14) 3.3
C(17) 955( 5) 3299( 3) —2716( 5) 3.5 C(18) 389(16) 1671( 7) —4416(18) 5.8
C(18) —252( 5) 3208( 3) —3725( 5) 3.9 C(19) —413(21)  1090(10) —4813(22) 9.0
C(19) —1044( 6) 3785( 4) —4322( 6) 5.2 C(20) —988(17) 934( 9) —3747(23) 8.0
C(20) —670( 7) 4462( 4) —3925( 7) 5.7 C(21) —795(15) 1361( 8) —2335(19) 6.0
C(21) 530( 8) 4571( 3) —2927( 7) 5.8 C(22) —46(12) 1924 7) —1925(17) 4.9
C(22) 1328( 6) 3996( 3) —2318( 6) 4.6 C(23) 296(11) 3722( 7) —2717(19) 5.8
C(23) 1794( 5) 1793( 3) —3160( 5) 3.4 C(24A)  —835(24) 3722(13) —3943(30) 4.1
C(24) 2773( 5) 1572( 3) —3983( 6) 4.1 C(25A) —1699(26) 4377(14) —4098(33) 4.7
C(25) 2547( 7) 1030( 3) —5070( 6) 5.1 C(26A) —1635(25) 4913(14) —3036(31) 4.4
C(26) 1328( 8)  705( 3) —5394( 7) 5.6 C(27A)  —729(30) 4794(16) —1450(38) 5.8
C(27) 339( 7) 922( 4) —4585( 8) 5.7 C(28A) 306(26) 4215(14) —1173(33) 4.6
C(28) 614( 6) 1445( 3) —3451( 6) 4.4 C(24B)  —580(31) 3828(16) —2411(38) 5.9
o(01)1 5029( 5) 1215( 3) —6878( 6) 6.7 C(25B) —1544(28) 4557(15) —2639(35) 5.3
C(o1)1 5785(13) 532( 7) —7127(15) 11.3 C(26B) —1240(28) 5042(15) —3607(35) 5.1
C(01)2 6680(17)  514(10) —8036(20) 15.0 C(27B)  —336(30) 4990(16) —3951(38) 6.1
0(02)1 4078( 5) 3084( 3)  5023( 6) 7.2 C(28B) 470(31) 4319(16) —3814(38) 6.0
C(02)1 3760(10) 3863( 6)  5125(12) 9.0 Cl(01)®  8254(15)  295( 8) 584(19) 5.6
C(02)2 4792(13) 4191( 7)  6251(15) 11.7 C1(02) 1254(16)  841( 9) 1837(20) 5.3

Cl(03) 5915(16) 1060( 9) —1879(20) 5.2

Cl1(04) 3237(20)  331(11) —2251(26) 5.1

Cl(05) 3783(25)  287(13) —4965(32) 4.6

a) Population parameters of disordered Cl- ion: CI(01), 0.25; C1(02), 0.23; C1(03), 0.22; C1(04), 0.17; and CI1(05), 0.13.

were introduced for all the non-hydrogen atoms except for
the ethanol molecules in (A) and for the disordered CI- ion
and a phenyl group in (B). The function, 3w|| Fo|—| F||2
was minimized by block-diagonal least squares. Complex
neutral-atom scattering factors were used.#? The calcula-
tions were carried out on a FACOM M380-R computer at
Keio University with the UNICS III computation program
system.» The final atomic parameters and bond lengths
and bond angles are listed in Tables 2 and 3.9

Results and Discussion

Preparation, Absorption and 3C NMR Spectra of
the Two Isomers of [RhClxedpp)2]*. Rhodium(III)
chloride was reacted with edpp in a 1:2 molar ratio
in ethanol to form a mixture of two isomers of

[RhClz(edpp)2]Cl. The mixture was separated into the
isomers A and B by fractional crystallization from
ethanol. Isomer B is much less soluble in ethanol
than isomer A. The relative abundance of isomer B to
isomer A was ca. 1:10. No isomerization of the iso-
mers took place on refluxing in ethanol.

Figure 2 shows the absorption spectra of isomers
A and B together with that of trans(Cl,Cl),cis(P,P)-
[CoClz(edpp)z]*.1:2 The spectral pattern of isomer
A is quite similar to that of trans(Cl,Cl),cis(P,P)-
[CoClz(edpp)z]*, although all the bands of isomer A
are shifted by 7000—10000 cm~! toward higher energy
compared to the corresponding bands of the cobalt(III)
complex. Thus isomer A is suggested to have the trans-
(CLCl),cis(P,P) configuration. The same structure was
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Table 3. Bond Lengths (I/A) and Bond Angles (¢/°)
(A) (B) (A) (B)

Rh - Cl(1) 2.335( 2) 2.358( 4) P(2) - Rh - N(2) 83.7( 1) 83.5( 3)
Rh - ClI(2) 2.338( 2) 2.362( 4) N(l) - Rh - N(@2) 87.3( 2) 92.6( 4)
Rh - P(1) 2.303( 1) 2.334( 3) Rh - P(1) - C() 98.9( 2) 101.1( 4)
Rh - P(2) 2.297( 1) 2.337( 3) Rh - P1) - C©B) 120.3( 2) 120.1( 4)
Rh - N(1) 2.131( 4) 2.076( 9) Rh - P(1) - C(11) 120.2( 2) 117.2( 5)
Rh - N(2) 2.118( 4) 2.079(12) C1)y - P11y - C(5) 105.9( 3) 106.4( 6)
P(l) - C(1) 1.838( 6) 1.814(13) cl) - Py - (1) 106.7( 3) 108.2( 6)
P(l) - C(5) 1.814( 5) 1.798(12) Cb) - P1) - C11 103.2( 2) 103.0( 6)
P(l) - C(11) 1.829( 5) 1.806(14) Rh - P2 - C@3) 98.4( 2) 98.6( 6)
P2) - C3) 1.828( 5) 1.800(18) Rh - P2 - C17) 121.0( 2) 117.0( 4)
P2) - C(17) 1.822( 5) 1.822(12) Rh - P2) - C(23) 118.9( 2) 121.9( 4)
P2) - C(23) 1.816( 5) 1.815(12) CG3) - PR - C17 107.3( 2) 108.0( 7)
N() - C©2) 1.477( 7) 1.402(23) C3) - PQ - C23 106.1( 2) 106.1( 7)
N@2) - C4) 1.471( 8)  1.461(14) C(17) - P@2) - C(23) 103.6( 2)  103.9( 5)
)y -C2Q 1.485( 8) 1.439(27) Rh - N@1) - C?2) 113.4( 3) 116.3(10)
C3) -CH) 1.529( 8) 1.460(19) Rh - N@2) - C4) 115.5( 3) 115.6( 8)
C(5) - C(6) 1.389( 9) 1.439(15) P(l) - C1) - C2 107.5( 4) 110.8(12)
C(5) - C(10) 1.397( 8) 1.405(16) N() - C2 - 1) 109.3( 4) 120.7(19)
Cc®6) - C(7) 1.393( 8) 1.367(19) P2 - C3) - C4 106.3( 4) 109.6(10)
7y - C(8) 1.347(11) 1.380(21) N@2) - C4 - C3) 108.0( 5) 111.9(11)
C@8) - C9) 1.374(11) 1.320(16) P(l) - C(5) - C(6) 120.5( 4) 120.7( 8)
C9) - C(10) 1.392( 8) 1.432(18) P(l) - CB) - C0) 120.1( 4) 119.6( 8)
C(11) - C(12) 1.397( 7) 1.388(21) C®6) - CB) - C0) 119.2( 5) 119.8(10)
C(11) - C(16) 1.376( 8) 1.383(19) Cb) - C6) - C7) 120.1( 6) 118.1(12)
C(12) - C(13) 1.378( 8) 1.468(26) ce)y - 7)) - C@® 120.7( 6) 122.8(12)
C(13) - C(14) 1.388(11) 1.353(23) a7y - C@8) - C9 119.8( 6) 119.2(12)
C(14) - C(15) 1.378( 9) 1.329(28) c®8) - CH - cqo 121.4( 6) 123.3(12)
C(15) - C(16) 1.383( 8) 1.420(25) C() - C(1o) - CoH) 118.6( 6) 116.8(10)
C(17) - C(18) 1.382( 6) 1.355(18) P(l) - C11) - (12) 119.4( 4) 115.4(10)
C(17) - C22) 1.395( 8) 1.390(22) P(1) - C@1l1) - C(l6) 121.8( 4) 124.8(11)
C(18) - C(19) 1.369( 8) 1.396(26) C(2) - C(11) - C(16) 118.8( 5) 119.7(13)
C(19) - C(20) 1.360(11) 1.386(34) C(11) - Cc12) - C(13) 120.7( 5) 119.0(14)
C(20) - C(21) 1.377( 9) 1.339(24) C(12) - C(13) - C(14) 119.9( 6) 118.9(17)
C(21) - C(22) 1.373( 8) 1.331(21) C(13) - C(14) - C(15) 119.6( 6) 121.2(17)
C(23) - C(24) 1.405( 8) C(14) - C(15) - C(16) 120.4( 6) 122.2(16)
C(23) - C(28) 1.381( 8) C(l11) - C(6) - C(15) 120.7( 5) 118.8(14)
C(24) - C(25) 1.376( 8) P2) - C17) - (C(18) 122.3( 4) 121.3(11)
C(25) - C(26) 1.390(10) P2) - C17) - C22) 119.6( 4) 117.4(10)
C(26) - C(27) 1.403(11) C(18) - CQ17) - C(22) 117.9( 5) 121.2(12)
C(27) - C(28) 1.387( 9) C(17) - C(18) - C(19) 120.8( 5) 116.9(17)
CI(l1) - Rh - Cl(2) 172.1( 1) 95.2( 1) C(18) - C(19) - C(20) 120.8( 5) 121.0(17)
Cl(1) - Rh - P() 88.7( 1) 93.6( 1) C(19) - C20) - C21) 119.9( 7) 119.3(18)
Cl(1) - Rh - P2 95.0( 1) 87.6( 1) C(20) - C21) - C22) 119.7( 6) 121.2(18)
Cl(l1) - Rh - N(1) 88.0( 1) 177.1( 3) C(17) - C22) - C21) 120.9( 5) 120.2(13)
Cl(1) - Rh - N(@©2) 87.0( 1) 86.6( 3) P2) - C23) - C24) 121.8( 4)

Cl(2) - Rh - P(1) 95.7( 1) 92.0( 1) P2) - C23) - C(28) 119.6( 4)

Cl(2) - Rh - P2) 90.2( 1) 93.5( 1) C(24) - C(23) - (C(28) 118.5( 5)

Cl(2) - Rh - N(1) 86.0( 1) 85.7( 3) C(23) - C(24) - C(25) 120.7( 5)

Cl(2) - Rh - N(2) 87.5( 1) 176.4( 3) C(24) - C(25) - C(26) 120.4( 6)

P(1) - Rh - P(2) 105.4( 1) 174.1( 1) C(25) - C(26) - C(27) 119.6( 6)

P(1) - Rh - N(1) 83.9( 1) 83.6( 3) C(26) - C(27) - C(28) 119.2( 7)

P(1) - Rh - N(2) 170.3( 1) 90.9( 3) C(23) - C(28) - C(27) 121.5( 6)

P@2) - Rh - N(I) 170.3(1) 95.1( 3)

suggested by the 3CNMR spectrum, and the assign-
ment was confirmed by the X-ray structure determi-
nation (vide infra). The lowest-energy absorption band
at 24450 cm~? of isomer A can be assigned to the split
component (I,) of the first absorption band, 'Ajg— 1Ty,
(On). The band is at higher energy by 8550cm™1! than
the I, band of the cobalt(III) complex. A similar ener-
gy difference (8550cm™!) is observed between the I,
bands of trans-[RhCle(en)z]*? and trans-[ CoClz(en)z]*®
(en=ethylenediamine). The trans-dichloro rhodium-

(III) complexes of dppe? (dppe=1,2-bis(diphenylphos-
phino)ethane) and en” show the I, band at 23700 and
24600 cm™!, respectively. Thus the spectrochemical
series for the ligands can be determined as en=2edpp>
dppe. The same order, en=edpp has been reported
for the trans-dichloro cobalt(IIlI) complexes.!:? The
spectral data of trans-[CoClz(dppe)z]* is not available;
the complex is reported to be extremely unstable.1
However, dppe forms a stable cobalt(III) complex with
two acac ligands (acac=2,4-pentanedionate ion). The
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Fig. 2. Absorption spectra of trans(Cl,Cl), cis(P,P)-
[RhClz(edpp)2]Cl- 2C2Hs0H (isomer A) in ethanol
(-—-), cis(Cl,Cl), trans(P,P)-[RhCls(edpp)2]Cl-H20
(isomer B) in acetonitrile (—), and trans(C1,Cl), cis
(P,P)-[CoClz(edpp)2]Cl-2H20 in methanol
(—=).

energy of the first absorption band of [Co(acac):L]*
(L=dppe, edpp, en) decreases in the order dppe>
edpp=en.1? This order is reversed to that for the trans-
dichloro complexes. The apparent disagreementin the
order may be ascribed to the difference in steric repul-
sion among the complexes. Examination of molecular
models indicates that severe steric repulsions occur
in trans-[MClz(dppe)z]* (M=Co, Rh), whereas [ Co(acac)z-
(dppe)]* has no particular steric repulsions. In the
absence of severe steric repulsions, therefore, it is
apparent that the ranking of dppe in the spectro-
chemical series is higher than that of en. The I, band of
isomer A is observed as a shoulder (ca. 29000 cm™—?) and
the second absorption band is hidden by the strong
charge-transfer (CT) bands.

The first d-d absorption band of isomer B is almost
hidden by strong bands in the higher energy region.
However, the shoulder at ca. 28000 cm~! can be as-
signed to a part of the first absorption band, since
cis-[RhClz(en)2]* shows the first d-d band maximum
at nearly the same wavenumber (28400 cm~1).? The
shoulder of isomer B is at higher energy than that
of the I, band of isomer A. These positions correspond
well to those of the lowest energy d-d transition bands
of the cis (28800 cm~1) and trans (24500 cm™1) isomers of
[RhClz(dmpe)z]+ @ (dmpe=1,2-bis(dimethylphosphino)-
ethane). From these results isomer B is suggested to
have a cis(Cl,Cl) configuration. The first absorption
band of isomer B is more intense than that of isomer
A. Similar trends where cis-isomers exhibit more
intense absorption bands than the corresponding
trans-isomers were observed between the cis- and
trans-isomers of [RhXgs(en)2]*? (X=Cl, Br, I, etc.) and
[RhClz(dmpe)2]*.? The bands around 33000 cm™! in
the absorption spectrum of isomer B may be assigned
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to a CT transition Rh'™-P.19 Since the bands are at
lower energy than the corresponding band of isomer
A, isomer B would be assigned to have a trans(P,P)
configuration. The trans(P,P) isomer of a bis(phos-
phine) cobalt(III) complex is reported to exhibit the
Co™-P CT band at lower energy than the corre-
sponding cis(P,P) isomer.12:1®  Similar absorption
spectral characteristics to those of isomers B and A
have been observed for cis(NCS,NCS),trans(P,P)- and
trans(NCS,NCS),cis(P,P)-[Co(NCS)z(edpp)2]*.19

Figure 3 shows the 13C NMR spectra of isomers A and
B in dimethyl-ds sulfoxide. The spectral assignment
was made according to previous work on bis(acac)
cobaly(III) complexes of edpp and related ligands.!?
The mutual arrangement of the two chlorine donor
atoms can be assigned on the basis of the number of
the resonances. Isomer A exhibits six kinds of signals
and can be assigned to either of the two trans(Cl,Cl)
isomers (Figs. 1 and 3). This assignment is in accord
with that given on the basis of the absorption spec-
trum. The spectrum of isomer B shows one kind of
signal for each carbon of the two methylenes of the
edpp ligands, while the two phenyl groups on each
phosphorus atom are observed diastereotopically. Thus
isomer B is suggested to have either cis(Cl,Cl),trans-
(P,P)(Cs) or cis(Cl,Cl),cis(P,P)(Cg) configuration from
symmetry argument. One of the most noticeable as-
pects in the two spectra is the difference in line shape
of the P-CH: and P-C; signals; the signals for isomer
B appear as a 1:2:1 triplet, while those for isomer A
as a five-line multplet. Such differences can be ex-
plained on the basis of the difference in magnitude
of the phosphorus-phosphorus coupling constant,
2]pp between the two isomers. The appearance of the
phosphine a-carbon multiplet in the 3CNMR spec-
trum of a bis(phosphine) complex has been shown to
be a function of 2Jpp.15:1® In a trans(P,P) complex
2Jpp is usually large so that the signal appears as a 1:2:1
triplet (so-called virtually coupled triplet). On the other
hand, a five-line multiplet is expected to appear only
for a cis(P,P) complex. Hence isomers B and A can be
assigned to cis(Cl,Cl),trans(P,P), and trans(Cl,Cl),cis-
(P,P), respectively. These assignments are confirmed
by the X-ray analyses.

Structures of (A) and (B). Figure 4 shows perspec-
tive drawings of the complex cations (A) and (B). The
main product, (A) is the trans(Cl,Cl),cis(P,P) isomer.
The lesser product, (B) is the cis(Cl,Cl),trans(P,P)
isomer. The structures agree with' the assignments
based on the 3CNMR and absorption spectra. Both
complex cations have a pseudo twofold axis running
through the Rh atom and the midpoint of the N(1)
and N(2) atoms. The trans influence of the P atom on
the Rh-N and Rh-P bond lengths is seen from Table
3. The mean Rh-N bond length, 2.125(4)A, in (A)
is longer than that in (B) by 0.047(12)A. The mean
Rh-P bond length, 2.336(3) A, in (B) is longer than that
in (A) by 0.036(3)A. It is noted that the mean Co-P
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Fig. 3. BCNMR spectra of (A) trans(Cl,Cl), cis(P,P) (isomer A)- and (B) cis(C1,Cl),
trans(P,P) (isomer B)- [RhClz(edpp)z2]* in dimethyl-de sulfoxide. The numbers in
parentheses are the coupling constants in Hz of the triplet signals.

(A) (B)

Fig. 4. Molecular structures of (A) and (B). Some of the phenyl rings are
shaded for clarity.



June, 1986]

C

CN§/

cl(os)

Structures of two isomers of [RhCl,{(C¢H;),PCH;CH,;NH,},]*

]
° ,,m,({: )03

1707

Fig. 5. A view of the crystal structure of (B) perpendicular to ab. The
shaded circles represent the disordered Cl- ion.

bond length in the trans(NCS,NCS),cis(P,P) isomer of
[Co(NCS)z(edpp)z]* is almost the same as that in the
cis(NCS,NCS),trans(P,P) isomer, although the mean
Co-NH; bond length in the former is longer than that
in the latter by 0.031(4) A.1¥ The molecular structure of
(A) is essentially the same as that of the corresponding
cobalt(IIT) complex.? The mean M-Cl and M-N bond
lengths in (A) are longer than those in the cobalt(III)
complex by ca. 0.10A.2 On the other hand, the mean
M-P bond length in (A) is longer than that in the
cobalt(IIT) complex only by 0.045(3)A. These results
may indicate a stronger affinity of Rh3* for P than

Co?* for P.
The close contact between the phenyl groups in (A) is

avoided by the large P(1)-Rh-P(2) angle, 105.4(1)° and
the appropriate orientations of the phenyl groups.
The shortest non-bonded C---C distance is 3.516(8)
A for C(6)--C(17). The angle between the two co-
ordination planes through Rh, N(1) and P(l), and
through Rh, N(2) and P(2) atoms is 5.1°. The large
thermal parameter of C(2) in (B) may be due to the
puckering motion of the five-membered chelate ring.
The crystal structure of (B) is shown in Fig. 5. The C1~-
ions are distributed over five sets of general positions
with different population parameters and are between
the layers of complex cations parallel to the ac plane;
the shortest interatomic distance involving them is
3.042)A for Cl(04)--N(1). Water molecules, which
were not included in the structure refinement, might
also be accommodated randomly in the hollow. The
positional disorder of counter ions was also reported
for [Cof(NH2CH2CH3):NCH2CH2N(CH2CH2NH2)o}]Brs-
H,0.17
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