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The fac-[Rh(edmp)s]3+ (edmp=(2-aminoethyl)dimethylphosphine), trans(Cl,Cl),cis(P,P)-[RhClz(edmp)z]*,
and trans-[RhCly(dmpe)z]t (dmpe=1,2-bis(dimethylphosphino)ethane) complexes were prepared and the
molecular structures were determined by the single crystal X-ray diffraction method. Crystal data and final R
values are: fac-[Rh(edmp)s]Brs:-3H20, orthorhombic, Pna2;, a=26.750(4), 5=10.125(1), ¢=9.592(1) A,
V=2598.2(5) A3, Z=4, R=0.039 for 1590 observed unique reflections. trans(Cl,Cl),cis(P,P)-[RhClz(edmp)2]PFs,
monoclinic, P21/a, a=18.197(4), b=12.574(2), c=8.615(1) A, B=96.59(2)°, =1958.2(6) A3, Z=4, R=0.032 for 3379
reflections.  trans(Cl,Cl),cis(P,P)-[RhClg(edmp)2]ClOq, triclinic, P1, a=13.122(2), b=17.952(2), c=12.343(2) A,
a=91.65(2), B=102.46(2), v=80.74(1)°, V'=2802.0(7) A3, Z=6, R=0.070 for 7513 reflections. trans-
[RhClz(dmpe)2]CF3SOs, monoclinic, P21/a, a=13.166(2), b=24.337(4), c=8.002(2) A, B=95.95(2)°, ¥=2550.1(8)
A3, Z=4, R=0.040 for 3201 reflections. It was found that the shorter the Rh-P bond length, the larger the trans
Rh-N bond elongation. The mean Rh-P bond distance in trans-[RhCly(dmpe)2]CF3SOs (2.337(2) A) is longer
than those in fac-[Rh(edmp)s]Brs - 3H20 (2.283(4) A) and trans(Cl,Cl),cis(P,P)-[RhCly(edmp)z]PFs (2.252(2) i)
A series of complexes of trans(X,X),cis(P,P)-[RhXzs(edmp)z]* (X=Cl, Br, I) and trans-[RhXz(dmpe)s]t (X=Cl,
Br) were also prepared and their absorption spectra were compared with one another and with those of the
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corresponding cobalt(III) complexes.

In a previous paper,!) we reported the preparation
of trans(Cl,Cl),cis(P,P) and cis(Cl,Cl),trans(P,P) iso-
mers of [RhCly(edpp)z2]*, where edpp denotes (2-
aminoethyl)diphenylphosphine. The X-ray analyses
of the complexes revealed the trans influence of P
donor atoms on the Rh-N and Rh-P bond lengths.
(2-Aminoethyl)dimethylphosphine (edmp) has less
bulky substituents on the phosphorus atom than does
edpp, and it is interesting to see the steric and elec-
tronic effects of the substituent on P on such proper-
ties as trans influence.

This paper describes the preparation and X-ray
structure analyses of fac-[Rh(edmp)sPt, trans-
(CL,Cl),cis(P,P)-[RhClz(edmp)z]*, and the related
trans-[RhCla(dmpe)2]t complex. A series of com-
plexes of trans(X,X),cis(P,P)-[RhXz(edmp)2]* (X=Cl,
Br, I) and ¢rans-[RhXa(dmpe):]+ (X=CI, Br) were also
prepared and their absorption spectra were compared
with one another and with those of the corresponding
cobalt(III) complexes.

Experimental

The edmp? and dmpe? ligands were prepared according
to literature methods, and handled under an atmosphere of
nitrogen until they formed air-stable rhodium(III) com-
plexes. Absorption, and 'H and 3CNMR spectra were
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recorded on a Hitachi 323 spectrophotometer and a Hitachi
R-90H spectrometer, respectively.

Preparation of Complexes. fac-[Rh(edmp)s]Cls-4H20.
A deaerated ethanol solution (10 cm3) of RhCls - 3H20 (0.40
g, 1.52 mmol) was heated to reflux. To this solution was
added a deaerated ethanol solution (7 cm?3) of edmp (0.74 g, 7
mmol). The mixture was refluxed for 12 h to give a yellow
solution together with a white crystalline solid. The mix-
ture was allowed to cool in an ice bath, and the white
crystals were collected by filtration. The crude product was
dissolved in water (2 cm3) and filtered. The filtrate was
heated and poured into boiling ethanol (25 cm3). The
mixture was allowed to stand at room temperature for a
while, and then in a freezer overnight to yield white crystals.
They were collected by filtration, washed successively with
ethanol and diethyl ether, and air dried. Yield: 0.50 g
(55%). Found: C, 24.03; H, 7.19; N, 7.05; Cl, 17.94%. Calcd
for [Rh(edmp)3]Cls-4H20=C12H44N3Cl304PsRh: C, 24.16;
H, 7.43; N, 7.04; Cl, 17.82%. Thermogravimetry: loss of
weight 127 mg/g sample, i.e. 76.2 gmol-l. Calcd for
[Rh(edmp)3]Cl3-4H20: 72.1 gmol-l. 'HNMR (D:20)
6=1.75—2.05 (18H, four-line multiplet, CHs), 2.10—2.55
(6H, m, CHgP), and 2.6—3.5 (6H m, CH;N). BCNMR
(D20) 6=13.6 (six-line multiplet, CHs), 15.2 (six-line multi-
plet, CHs), 34.9 (six-line multiplet, CH2P), and 42.1 (s,
CH:N). The complex is soluble in water and methanol.

fac-[Rh(edmp)3]Br3-3H20 (1). To an aqueous solution
(1 cm3) of fac-[Rh(edmp)3]Cls - 4H20 (0.10 g, 0.17 mmol) was
added a hot aqueous solution (3 cm3) of NaBr (1.5 g). The
solution was allowed to stand overnight for crystallization.
The colorless crystals were collected by filtration and
washed successively with ice-cold water, ethanol, and di-
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ethyl ether and air dried. Yield: 0.10 g (84% based on the
chloride). The structure of the complex was determined by
X-ray analysis.

mer-[RhCl3{P(n-Bu)s}3]. Attempts to prepare the com-
plex by the published methods*® did not lead to any crystal-
lization of the complex. The complex was prepared by a
modified method of Intille.5 A deaerated ethanol solution
(10 cm3) containing RhCls-3H20 (0.94 g, 3.6 mmol) and
tributylphosphine (4 cm3, 16 mmol) was refluxed for 1.5 h to
give an orange solution. The solvent was evaporated off
under reduced pressure and the residual orange oil was
dissolved in hexane (20 cm3). The solution was then added
to water (20 cm3), and hexane was evaporated slowly (1—2 d)
at room temperature. The orange crystals deposited were
collected by filtration, washed thoroughly with water and
dried in a desiccator over P4Oj. Yield: 2.1 g (72%).
Found: C, 52.25; H, 10.11%. Calcd for [RhCIs{P(n-
Bu)s}s]=CssHs:1ClsPsRh:  C, 52.92; H, 10.00%. The 'H
NMR spectrum was identical with that reported by Intille.®

trans(Cl,Cl),cis(P,P)-[RhClx(edmp)2]PFs (2a). To a de-
aerated stirred benzene solution (50 cm3) of mer-[RhCls{P(n-
Bu)s}s] (1.63 g, 2.0 mmol) was added dropwise edmp (0.53 g,
5.0 mmol). The mixture was refluxed for 1 h to give a
yellow precipitate. After cooling for a while, the precipi-
tate was collected on a glass filter by filtration, washed with
diethyl ether and dried in a desiccator over P4O1. The
product (ca. 0.9 g) was hygroscopic, mixed with ethanol (50
cm3), and the mixture was filtered to leave a small amount of
white crystals on the filter. Yield: 0.04 g. This product
was fac-[Rh(edmp)s]Cls. The yellow filtrate was evapo-
rated to nearly dryness under reduced pressure, and the
residue was redissolved in water (50 cm3). The solution
was passed through a short column (¢1.0 cm X3 cm) of SP-
Sephadex C-25 in order to remove highly charged species.
The yellow eluate was applied on a column (¢2.5 cm X 30
cm) of SP-Sephadex C-25. The adsorbed product was
eluted with 0.05 moldm~3 NaCl. The eluate containing
the fastest-moving yellow main band was collected and
evaporated to dryness under reduced pressure. The residue
was shaken with ethanol (3 X 20 cm3) to extract the complex,
the solvent was evaporated to dryness under reduced pres-
sure, and the residue was dissolved in water (10 cm8). The
solution was filtered, heated to 90 °C, and to this solution
was added a saturated aqueous solution (4 cm3) of NH4PFe.
The mixture was allowed to stand at room temperature for a
while, and then in a refrigerator overnight to yield yellow
crystals. They were collected by filtration, washed succes-
sively with ethanol and diethyl ether, and dried in air.
Yield: 0.30 g (28%). Found: C, 18.01; H, 4.63; N, 5.32; Cl,
13.27%. Calcd for [RhClz(edmp)2]PFe=CsH24N2Cl2FePsRh:
C, 18.16; H, 4.57; N, 5.30; Cl, 13.40%. 'HNMR (CsDsNOg)
6=1.84—1.97 (12H, filled-in-doublet, CHs), 2.15—2.6 (4H,
m, CHzP), 3.05—3.8 (4H, m, CH2N), and 4.2—4.65 (4H, br,
NH;). BCNMR (CD3CN) 6=10.9 (filled-in doublet, CHs),
32.9 (filled-in doublet, CH2P), and 40.8 (s, CHz2N). The
complex is soluble in acetonitrile,
ethanol, and water. Single crystals suitable for X-ray anal-
ysis were obtained by slow evaporation of a methanol solu-
tion of the complex.

trans(Cl,Cl),cis(P,P)-{RhClx(edmp)2]C1O4 (2b). An aque-
ous solution of trans(Cl,Cl),cis(P,P)-[RhCla(edmp)2]PFs (ca.
0.1 g) was applied on a column of SP-Sephadex C-25. The
complex was eluted with 0.1 mol dm~3 NaCl, and the eluate
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was evaporated to dryness under reduced pressure. The
complex was extracted with ethanol, and the solvent was
evaporated. The residue was dissolved in water (5 cm®) and
to this solution was added a hot solution of LiClO4 (2 g) in
water (2 cm3). The mixture was allowed to stand for crys-
tallization. ~ Single crystals for X-ray analysis were obtained
by recrystallization from ethanol.
trans(Br,Br),cis(P,P)-[RhBry(edmp):]JPFs. This complex
was prepared from trans(Cl,Cl),cis(P,P)-[RhCls(edmp)2]PFg
and KBr. To a hot aqueous solution (12 cm3) of
trans(Cl,Cl),cis(P,P)-[RhClg(edmp)2]PFs (0.1 g, 0.19 mmol)
was added a large excess of KBr (5 g, 42 mmol), and the
mixture was refluxed for 20 h. The solution was evapo-
rated to dryness under reduced pressure, and the residue was
shaken with acetonitrile (ca. 60 cm?) to extract the products
until the extracts were colorless. The combined extracts
were evaporated to dryness under reduced pressure. The
residue was dissolved in water (60 cm3) and the solution was
applied on a column (¢2.5 cm X15 cm) of Sp-Sephadex C-
25. By elution with 0.05 mol dm—3KBr, two yellow bands
developed, the slower-moving one remaining almost at the
top of the column. The eluate containing the faster-
moving band was collected and evaporated to dryness under
reduced pressure. The residue was extracted repeatedly with
acetonitrile, and the solvent was removed under reduced
pressure. The residue was dissolved in boiling water (10
cm3), and to this solution was added a solution of NH4PFg
(0.5 g) in water (2 cm3). The mixture was allowed to stand
first at room temperature and then overnight in a refrigera-
tor to yield yellow crystals. They were collected by filtra-
tion, washed successively with ice-cold water and diethyl
ether, and dried in air. Yield: 0.05 g (43%). Found:
C, 1557, H, 3.89; N, 4.53% Calcd for [RhBre-

. (edmp)2]PFe=CgH24N2BraFsPsRh: C, 15.55; H, 3.91; N, 4.53%.

trans(LI),cis(P,P)-[Rhlx(edmp)2]PFs. This complex was
prepared in a similar method to that for the dibromo com-
plex, Nal in ethanol being used instead of KBr and dichlo-
romethane as the extraction solvent. The product was pur-
ified by SP-Sephadex C-25 column chromatography (eluent:
0.05 moldm=-3 Nal). Yield: 0.06 g (44%, reddish needles).
Found: C, 13.49; H, 3.38; N, 3.95%. Calcd for [Rhls-
(edmp)2]PFe=CsHa4N2Fel2PsRh: C, 13.50; H, 3.40; N, 3.94%.

trans-[RhCly(dmpe)2]CF3SO3; (3). To a deaerated, boil-
ing ethanol solution (50 cm3) of RhCls-3Hz20 (0.54 g, 2.05
mmol) was added dropwise dmpe (0.8 g, 5.3 mmol). The
mixture was refluxed for 2 h to give a yellow solution
together with a small amount of brownish precipitate.
After cooling to room temperature, the mixture was filtered,
and the filtrate was evaporated to dryness under reduced
pressure. The yellow residue was washed with diethyl
ether and was dissolved in water (50 cm?). The solution
was filtered, and the filtrate was applied on a column (¢ 2.5
cm X 30 cm) of SP-Sephadex C-25. The rest of the proce-
dure was the same as that for trans(Cl,Cl),cis(P,P)-
[RhClz(edmp)2]PFs except that NaCF3SOs-H20 was used
instead of NHPF; for crystallization. Yield: 0.38 g (30%).
Found: C, 24.96; H, 5.23; Cl, 11.46; S, 5.82%. Calcd for
[RhCly(dmpe)2]CF3SO3=Ci3Ha2Cl2F30sSP4sRh: C, 25.06; H,
5.18; Cl1,11.38; S, 5.14%. 'H NMR (CsDsNOg2) 6=1.65—1.90
(24H, b, CHs) and 2.0—2.4 (8H, m, CHz). The complex is
soluble in acetonitrile, acetone, ethanol, and methanol, and
slightly soluble in water. Yellow needle-like crystals
grown from aqueous solution were used for X-ray analysis.
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Table 1.
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Crystal Data, Experimental Conditions, and Refinement Details
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1

Chemical formula

Formula weight
Space group

Dn and Dx/Mgm—3

# (MoKa)/mm—1!
Color of crystals

Size of specimen/mm?

Laue group
Range of h, k, and [

Systematic

absences

Possible space group

Variation of five standard
reflections

S Fol /A Fo|initia)/5

Number of reflections measured
Number of reflections

observed [|Fo|3>0(F.|)]
Transmission factor, 4

Number of unique reflections
Final R value

(4/0)max for nonhydrogen atoms
Ac/e A-3

[Rh(PCsH12N)s]-

Brs-3H2:0

712.0

Pna2,

1.78(2), 1.82
5.42

Colorless
0.36X0.40X0.50

mmm
0=h=13
0=k=34
0=i=12

hOl, h odd;
0kl, k+1 odd
Pna2; or Pnam
0.99—1.01

3172
1591

0.121—0.275
1591

0.039

0.42

—0.93, 0.62

2a 2b 3
[RhCla(PCsHi12N)z]- [RhCla(PCsH12N)2]- [RhCl2(P2CeHis)2]-
PFs ClOy CFsSOs
528.8 483.5 623.2
P2i/a P1 P21/a
—Y1.79 1.70(2), 1.72 1.63(2), 1.62
1.79 1.51 1.23
Yellow Yellow Yellow
Sphere of 0.45 (5) 0.60><0.43<0.30 0.25X0.25X0.50
mm in diameter '
2/m 1 2/m
—23=h=23 —17=h=17 —17=h=17
0=k=16 —23=k=0 0=k=31
o=i=11 —16=I=16 0=I=10
hOl, h odd; hO0l, h odd;
0k0, k odd 0k0, k odd
P21/a Pl or P1 P21/a
0.99—1.01 0.99—1.00 1.00—1.01
4794 13283 6269
3607 7775 3411
0.624—0.628 0.623—0.726 0.718—0.757
3379 7513 3201
0.032 0.070 0.040
0.50 0.27 0.27
—0.57, 0.35 —1.08, 1.84 —0.62, 0.34

a) Dn, for 2a was not measured because almost all of the crystals became opaque gradually in methanol solution
and quickly in the air. A transparent part of the crystal was used for X-ray intensity measuerment.

Table 2. Fractional Coordinates (X104, X105 for Rh) and Equivalent Thermal Parameters (>X10)

Atom x Y z B./(A2X10) Atom x y z B.o/(A2X10)
1 P(2) 1929(1)  1107(1) 1172(1) 33
Rh 13627(3)  76919(8) 0* 15 N(1) —48(2)  3157(3) 531(4) 40
Br(1) 9923(1)  7411(1) 4962(3) 35 N(2) 675(2)  1348(3) —1301(3) 33
Br(2) 3773(1)  7673(2) 167(2) 45 P 1195(1) —2780(1) 3560(1) 42
Br(3) 7299(1)  7290(2) 3711(2) 41 F(1) 1291(2) —3688(3) 2322(4) 83
0(l) 8889(4)  8017(9) 6845(13) 47 F(2) 2044(2) —2590(5) 3704(5) 127
0(2) 784(5)  5413(14)  3815(16) 76 F(3) 1255(2) —3634(3) 4911(4) 83
0(3) 7133(4)  4131(12)  4253(20) 84 F(4) 1061(3) —1892(4) 4686(5) 128
P(1) 514(1)  7809(3) 271(4) 20 F(5) 1090(2) —1973(2) 2138(4) 70
P(2) 1341(1)  5934(3)  —1483(4) 20 F(6) 343(2) —3014(4) 3338(5) 9
P(3) 1422(1)  9230(3) —1731(4) 19 C(1) 367(3)  3997(4) 3049(7) 60
N(1) 1355(4)  9084(10)  1752(12) 24 C(2) 1165(3)  2425(4) 4945(5) 52
N(2) 1457(4)  6206(11)  1587(13) 29 C(3) 1981(3)  3944(4) 3384(5) 49
N(3) 2169(4)  7891(9) 32(16) 24 C(4) 1671(3) 143(4) —386(5) 43
C(1) 119(5)  8435(14) —1088(19) 27 C(5) 2823(3)  1654(5) 864(7) 58
C2) 185(5)  6353(13) 883(19) 31 C(6) 2125(3) 326(4) 2929(5) 52
Cc(3) 450(6)  9002(13)  1688(15) 29 C(NHA 46(4)  4195(6) 1463(10) 38
C(4) 903(5)  8938(13)  2607(15) 24 C(7)B —266(5)  3605(9) 1968(12) 49
C(5) 789(5)  5559(14) —2483(17) 29 C(8) 1313(3) 740(4)  —1779(5) 41
C(6) 1827(6)  5747(13) —2762(17) 31
C(7) 1384(6)  4552(12)  —314(14) 22 2b
C(8) 1689(6)  4943(12) 972(17) 28 Rh(A) 98585(7) 64643(5)  37924(7) 28
C(9) 1259(6)  10887(14) —1266(18) 34 Rh(B) 43698(6) 63560(5) —19411(6) 23
C(10) 1149(5)  8963(13) —3441(17) 29 Rh(C) 25069(7) 99641(5)  23582(7) 33
C(11) 2094(5)  9295(14) —2052(16) 26 CI(1)A  10509(3)  7591(2) 4292(3) 46
C(12) 2341(5)  9136(14) —612(16) 26 CI(2)A  9249(3)  5304(2) 3457(3) 48
CI(1)B  5713(2)  5856(2) —460(2) 39
2a CI(2)B  3051(2)  6766(2) —3494(2) 43
Rh 9422(1)  21962(2) 8824(3) 23 CI(1)C  1808(3)  9004(2) 1284(3) 65
CI(1) 250(1) 940(1) 2078(1) 42 Cl2)C  3273(3) 10959(2) 3298(3) 54
Cl(2) 1516(1)  3492(1) —529(1) 38 C1(3) 4904(2)  3825(2)  —3540(3) 41
P(1) 1167(1)  3121(1) 3129(1) 30 Cl(4) 10751(3)  3181(2) 1711(3) 69
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Table 2. (Continued)
Atom x y z B./(A2X10) Atom x y z B.o/(A2X10)
Cl(5) 6913(4)  10008(3) 1445(4) 83 0(33) 4757(9)  3085(7)  —3434(10) 82
P()A  8332(3)  7119(2) 2876(4) 64 0(34) 5444(10)  3875(7)  —4396(10) 92
P(2)A  10726(3)  6276(2) 2398(3) 51 O(41)  11324(15)  3704(11)  2183(15) 153
P(1)B 3369(2)  6888(2) —1767(2) 31 0(42) 10661(20) 2732(15)  2506(22) 233
P(2)B 5208(2)  7325(2)  —2146(2) 29 0(43) 9765(15)  3521(11)  1308(16) 165
P(1)C 1014(3)  10285(2) 2965(3) 48 O(44)  11073(20)  2800(14) 881(71) 220
P@2)C  3405(3)  9154(2) 3713(3) 47 0O(51) 6544(14)  9864(10)  2312(15) 142
N(A  9200(10)  6564(7) 5243(10) 64 0(52) 6933(14)  9378(10) 748(15) 151
N(2)A 11314(8)  5854(6) 4768(9) 49 0(53) 6316(16) 10614(12) 791(17) 174
N(1)B  3616(7)  5388(5) —1802(7) 30 0O(54) 7740(21) 10305(15)  1792(23) 241
N(2)B  5298(7)  5786(5) —3053(7) 33
N(I)C  1728(10) 10764(7) 1034(10) 68 3
N@2)C  3954(10)  9673(7) 1685(10) 64 Rh 21040(3) 12289(2)  —3334(5) 32
C(H)A  7678(14) 7404(10)  4169(10) 82 CI(1) 1361(1) 758(1) 1811(2) 58
C(2)A  8352(17) 7931(12)  2063(18) 105 Cl1(2) 2844(1)  1702(1)  —2474(2) 55
C(3)A  7430(12)  6596(8)  1941(12) 59 P(1) 3715(1) 1115(1) 1144(2) 48
C(4)A  12076(18)  5876(13)  3155(19) 111 P(2) 2082(1)  2048(1) 1196(2) 48
C(5)A  10277(14)  5633(10)  1303(15) 78 P(3) 504(1) 1345(1)  —1845(2) 58
C(6)A  10965(15)  7105(11)  1683(16) 87 P(4) 2151(1) 414(1)  —1869(2) 46
C(T)A  8022(17) 6845(12)  4937(18) 103 C(1) 6400(5)  1222(3)  —3781(9) 65
C(8)A  12046(15)  5490(11)  4114(16) 90 F(1) 6852(4) 1196(2)  —2257(5) 95
C()B  2835(10)  6079(7) —360(10) 43 F(2) 5736(4)  1622(2)  —3822(6) 109
C(2)B  4031(11)  7303(8) 521(12) 54 F(3) 5853(4) 765(2)  —4070(6) 100
C(3)B  2217(11) 7617(8) —1286(12) 56 S(1) 7273(1) 1309(1)  —5357(2) 59
C(4)B  5898(10) 7008(7) —3248(10) 42 o) 6628(4) 1297(3)  —6870(6) 96
C(5)B  4418(11) 8227(8)  —2623(11) 51 02) 7765(5) 1820(3)  —4868(9) 110
C(6)B  6186(11) 7597(8)  —1002(11) 53 0(3) 7932(4) 839(2)  —5086(7) 87
C(7)B  2632(9)  5573(7) —1385(10) 38 C(2) 3892(7)  1675(4) 2579(14) 131
C(8)B  6240(10) 6135(7) —3105(10) 41 C(3) 3291(7)  2100(4) 2494(14) 123
c()c 165(16) 10929(12)  1815(17) 96 C(4) 382(8) 788(6)  —3245(19) 215
Cc(2)C 231(12)  9557(9) 3124(13) 65 C(5) 979(7) 366(4) —3211(13) 125
C(3)C  1043(19) 10829(14)  4249(20) 117 C(6) 4799(5) 1125(4) —26(11) 99
C4)C  4727(14) 8967(10)  3421(15) 80 C(7) 3965(6) 510(4) 2425(11) 96
C()C  3621(14)  9537(10)  5129(14) 77 C(8) 2022(9)  2682(3) 118(12) 120
C(6)C  2993(12)  8234(9) 3802(13) 61 C(9) 1158(7)  2133(4) 2658(12) 105
Cc(7)C 655(15) 10952(11) 928(15) 83 C(10) 234(7) 1949(5) —3068(13) 132
C()C  4613(14) 8935(10)  2207(15) 83 C(11)  —589(6) 1347(5) —679(14) 121
0o(31) 3899(8) - 4289(6) —3804(8) 67 C(12) 2216(9)  —229(3) —759(10) 108
0(32) 5457(8) . 4084(6) —2527(8) 63 C(13) 3105(8) 349(4)  —3291(12) 109

a) This parameter was used to define the origin of the unit cell along z and is listed without e.s.d.

trans-[RhBry(dmpe)2]JCF3SO3;. This complex was pre-
pared from trans-{RhClz(dmpe):]JCFsSOs and KBr by the
same method as that described for trans(Br,Br),cis(P,P)-
[RhBrz(edmp)2]*, and isolated as the trifluoromethanesulfo-
nate. Yield: 39%. Found: C, 21.91; H, 4.58%. Calcd for
[RhBrz(dmpe)2]CFsSO3=Ci3Hs2Br2FsOsSPsRh: C, 21.93; H,
4.53%.

Crystal Structure Determination. Experimental condi-
tions and refinement informations are listed in Table 1.
For trans(Cl,Cl),cis(P,P)-[RhCly(edmp)z]*, structure analy-
sis of the PFg salt (2a) was also performed, because the
structure of the ClO4 salt (2b) could not be determined
accurately (P1, Z=6, R=0.070). Intensities were measured
to 20=55° using graphite monochromatized Mo Ke radia-
tion (A=0.71073 A) on a Rigaku four-circle diffractometer
AFC-5. The 6-26 scan technique was employed at a scan
rate of 6°min-! in #. Lattice constants were determined
from 14—36 260 values (20<26<30). Absorption correc-
tions were made by the numerical Gauss-integration
method® for polyhedral crystals and by utilizing the correc-
tion factors” for a spherical sample. Systematic absences of

1 indicate that the space group is Pna2; (No. 33) or Pnam [acb
setting of Pnma (No. 62)]. Since Z=4 and the complex
cation is chiral, the space group was determined to be Prna2;.
The structure was difficult to solve because Rh and all Br
atoms nearly lie on the glide plane at y=1/4 or y=3/4 (see
Fig. 3). Position of the Rh atom was obtained from E map,
and coordinated P and N atoms were located in the weighted
Fourier synthesis. The structure of 2a was solved by the
heavy atom method. C(7) atom in the edmp ligand is
disordered (see Fig. 5). The population parameters of two
possible positions A and B were estimated to be 0.5.  All the
non-hydrogen atoms were refined anisotropically. The 7
hydrogen atoms among 36 in 1 and 11 among 30 in 2a were
located by the difference synthesis and others were calcu-
lated. Before the structure determination of 2a was carried
out, the structure of 2b had been determined. The posi-
tions of the three independent Rh atoms obtained from the E
map were confirmed by Patterson function. The other
non-hydrogen atoms were located by Fourier syntheses. In
order to reduce the number of parameters, C, N, and O
atoms were refined isotropically and H atoms were not
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included in the refinement. The structure of 3 was solved
by Patterson-Fourier method. There exists structural dis-
order in the dmpe chelate rings (see Fig. 8). The thermal
ellipsoids of the carbon atoms in the P-C-C-P moieties were
unusually elongated perpendicular to the chelate ring with
Beq values 12—22 A2, and the five-membered chelate rings
were almost flat with unrealistic C-C bond length of 1.30(1)
A. The split atom model was not introduced for this
complex, because several possible conformations could be
assigned to the five-membered rings and appropriate posi-
tions of the methyl groups corresponding to each conforma-
tion should be taken into account. Such a procedure
would lead to equivocal results. Fortunately, the positions
of the P atoms do not seem to be affected severely by the
disorder. Complex neutral-atom scattering factors were
used.® The calculations were carried out on a FACOM
M380R computer at Keio University with the computation
program system UNICS-IIL® The function, 3lw|| Fo|—| F¢||2
was minimized by block-diagonal least squares. The final
atomic parameters are listed in Table 2 and the bond lengths
and bond angles within the complex cations in Table 3.10

Table 3. Bond Lengths (I/A)
and Bond Angles (¢/ °)
1

Rh-P(1) 2.288(3) P(2)-C(7) 1.797(13)

Rh-P(2) 2.279(3) P(3)-C(9) 1.790(15)

Rh-P(3) 2.282(4)  P(3)-C(10) 1.816(16)

Rh-N(1) 2.193(11) P(3)-C(11) 1.825(14)

Rh-N(2) 2.155(12)  N(1)-C(4) 1.468(18)

Rh-N(3) 2.166(11) N(2)-C(8) 1.539(18)

P(1)-C(1) 1.794(17) N(3)-C(12) 1.477(18)

P(1)-C(2) 1.814(14) C(3)-C(4) 1.500(21)

P(1)-C(3) 1.826(14) C(7)-C(8) 1.531(21)

P(2)-C(5) 1.801(15) C(11)-C(12) 1.540(21)

P(2)-C(6) 1.798(16)
P(1)-Rh-P(2) 94.9(1) Rh-P(2)-C(5) 121.2(5)
P(1)-Rh-P(3) 96.7(1) Rh-P(2)-C(6) 119.3(5)
P(1)-Rh-N(1) 82.6(3) Rh-P(2)-C(7) 102.5(4)
P(1)-Rh-N(2) 94.1(3) C(5)-P(2)-C(6) 102.0(7)
P(1)-Rh-N(3) 168.93) C(5)-P(2)-C(7)  102.7(6)
P(2)-Rh-P(3) 94.6(1) C(6)-P(2)-C(7)  107.3(7)
P(2)-Rh-N(1) 168.4(3) Rh-P(3)-C(9) 116.2(5)
P(2)-Rh-N(2) 84.2(3) Rh-P(3)-C(10) 121.9(5)
P(2)-Rh-N(3) 96.1(3) Rh-P(3)-C(11)  102.5(4)
P(3)-Rh-N(1) 96.9(3) C(9)-P(3)-C(10)  105.5(7)
P(3)-Rh-N(2) 169.2(3) C(9)-P(3)-C(11)  104.4(6)
P(3)-Rh-N(3) 83.0(3) C(10)-P(3)-C(11) 104.4(7)
N(1)-Rh-N(2) 84.8(4) Rh-N(1)-C(4)  111.8(8)
N(1)-Rh-N(3) 86.5(4) Rh-N(2)-C(8)  110.9(8)
N(2)-Rh-N(3) 86.5(4) Rh-N(3)-C(12) 112.6(8)
Rh-P(1)-C(1) 121.3(5) P(1)-C(3)-C(4) 109.5(10)
Rh-P(1)-C(2) 118.4(5) N(1)-C(4)-C(3) 109.4(12)
Rh-P(1)-C(3) 102.2(5) P(2)-C(7)-C(8) 109.6(9)
C()-P(1)-C(2)  103.7(7) N(2)-C(8)-C(7)  108.0(11)
C(1)-P(1)-C(3)  104.6(7) P(3)-C(11)-C(12) 105.5(10)
C(2)-P(1)-C(3)  104.5(6) N(3)-C(12)-C(11) 109.3(11)

2a

Rh-CI(1) 2.3323(13) N(1)-C(7)A 1.532(9)

Rh-Cl1(2) 2.3484(14) N(2)-C(8) 1.487(7)

Rh-P(1) 2.2547(10) P-F(1) 1.586(4)

Rh-P(2) 2.2494(17) P-F(2) 1.554(4)

Rh-N(1) 2.162(4)  P-F(3) 1.578(4)

Rh-N(2)

P(1)-C(1)
P(1)-C(2)
P(1)-C(3)
P(2)-C(4)
P(2)-C(5)
P(2)-C(6)

CI(1)-Rh-C1(2)
CI(1)-Rh-P(1)
CI(1)-Rh-P(2)
CI(1)-Rh-N(1)
CI(1)-Rh-N(2)
C1(2)-Rh-P(1)
C1(2)-Rh-P(2)
C1(2)-Rh-N(1)
C1(2)-Rh-N(2)
P(1)-Rh-P(2)
P(1)-Rh-N(1)
P(1)-Rh-N(2)
P(2)-Rh-N(1)
P(2)-Rh-N(2)
N(1)-Rh-N(2)
Rh-P(1)-C(1)
Rh-P(1)-C(2)
Rh-P(1)-C(3)
C(1)-P(1)-C(2)
C(1)-P(1)-C(3)
C(2)-P(1)-C(3)
Rh-P(2)-C(4)
Rh-P(2)-C(5)
Rh-P(2)-C(6)
C(4)-P(2)-C(5)
C(4)-P(2)-C(6)

Rh-CI(1)
Rh-CI(2)
Rh-P(1)
Rh-P(2)
Rh-P(3)
Rh-P(4)
P(1)-C(2)
P(1)-C(6)
P(1)-C(7)
P(2)-C(3)

Cl(1)-Rh-C1(2)
Cl(1)-Rh-P(1)
01(1) _Rh-P(2)

CI(1)-Rh-P(3)
Cl(1)-Rh-P(4)
C1(2)-Rh-P(1)
C1(2)-Rh-P(2)
C1(2)-Rh-P(3)
C1(2)-Rh-P(4)
P(1)-Rh-P(2)
P(1)-Rh-P(3)
P(1)-Rh-P(4)
P(2)-Rh-P(3)
P(2)-Rh-P(4)
P(3)-Rh-P(4)
Rh-P(1)-C(2)
Rh-P(1)-C(6)
Rh-P(1)-C(7)
C(2)-P(1)-C(6)
C(2)-P(1)-C(7)
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1.814(6)
1.805(5)

173.33(5)
91.37(4)
90.20(5)
87.50(10)
88.37(8)
92.23(4)
94.77(5)
87.29(10)
87.76(8)
98.91(5)
84.16(10)

177.20(8)

176.22(11)
83.88(9)
93.04(12)

102.42)

2.359(2)
2.357(2)
2.335(1)
2.341(2)
2.335(1)
2.337(2)
1.782(11)
1.786(8)
1.805(10)
1.813(9)

179.8(1)
89.9(1)
90.3(1)
90.9(1)
90.3(1)
90.2(1)
89.6(1)
89.0(1)
89.8(1)
84.0(1)

179.2(1)
95.4(1)
96.2(1)

179.1(1)
84.4(1)

106.7(3)

117.8(3)

119.1(3)

105.6(4)

104.7(5)

P-F(4)
P-F(5)
P-F(6)
C(1)-C(T)A
C(4)-C(8)
N(1)-C(7)B
C(1)-C(7)B

C(5)-P(2)-C(6)
Rh-N(1)-C(7)A
Rh-N(2)-C(8)
F(1)-P-F(2)
F(1)-P-F(3)
F(1)-P-F(4)
F(1)-P-F(5)
F(1)-P-F(6)
F(2)-P-F(3)
F(2)-P-F(4)
F(2)-P-F(5)
F(2)-P-F(6)
F(3)-P-F(4)
F(3)-P-F(5)
F(3)-P-F(6)
F(4)-P-F(5)
F(4)-P-F(6)
(5)-P-F(6) .
P(1)-C(1)-C(7)A
P(2)-C(4)-C(8)
R

N(1)-C(7)A-C(1)

N(2)-C(8)-C(4)
h-N(1)-C(7)B

F
P(1)-C(1)-C(7)B
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1.517(5)
1.585(3)
1.568(4)
1.445(10)
1.500(6)
1.456(11)
1.480(11)

103.6(2)
111.2(3)
112.9(3)
88.8(2)
90.1(2)
176.6(2)

113.7(5)
112.6(5)

N(1)-C(7)B-C(1) 113.3(7)

P(2)-C(8)
P(2)-C(9)
P(3)-C(4)
P(3)-C(10)
P(3)-C(11)
P(4)-C(5)
P(4)-C(12)
P(4)-C(13)
C(2)-C(3)
C(4)-C(5)

C(6)-P(1)-C(7)
Rh-P(2)-C(3)
Rh-P(2)-C(8)
Rh-P(2)-C(9)
C(3)-P(2)-C(8)
C(3)-P(2)-C(9)
C(8)-P(2)-C(9)
Rh-P(3)-C(4)
Rh-P(3)-C(10)
Rh-P(3)-C(11)
C(4)-P(3)-C(10)
C(4)-P(3)-C(11)

C(10)-P(3)-C(11)

Rh-P(4)-C(5)
Rh-P(4)-C(12)
Rh-P(4)-C(13)
C(5)-P(4)-C(12)
C(5)-P(4)-C(13)

C(12)-P(4)-C(13)

1.787(11)
1.300(13)”
1.292(16)”

101.5(4)
107.5(3)
119.4(3)
119.2(3)
102.2(4)
103.5(4)
102.7(4)
104.8(5)
120.2(4)
117.4(3)

a) These short distances are unrealistic (see text).
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Results and Discussion

fac-[Rh(edmp)sPP*. The addition of an excess of
edmp to rhodium(III) chloride in ethanol yielded
[Rh(edmp)3]Cls. The complex was also obtained as a

log €

20 30 40 50
V/10%cm’

Fig. 1. Absorption spectra of fac-[Rh(edmp)s]Cls-
4H20 in water (—) and fac-[Co(edmp)s]Brs-
3H20 in water (----).
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by-product in the preparation of [RhClz(edmp)q]*
from mer-[RhCls{P(n-Bu)s}s] and edmp in benzene.
The geometrical configuration of [Rh(edmp)s]3t is
assigned on the basis of the 3CNMR spectrum. The
complex in DO shows one, one, and two kinds of
resonances for the NCHz, PCHs, and CHs groups,
respectively. Thus the complex can be assigned to
the fac(Cs) configuration, and the assignment was
confirmed by the X-ray structure determination (vide
infra). Figure 1 compares the absorption spectrum
of fac-[Rh(edmp)s]?* with that of fac-[Co(edmp)s]3* 2
and the data are given in Table 4. The lowest-energy
absorption band at 37300 cm-! of the rhodium(III)
complex can be assigned to the first d-d absorption
band, 1A1;—1T1,(On). The band is at higher energy
by 13600 cm-! than the corresponding band of the
cobalt(III) complex. The ratio of postions (¥rn/¥co)
of the first absorption band for the complexes is
1.57. It should be noted that the value is very close
to the spectrochemical parameter for rhodium(IIIl),
1.56 given by Shimura (the parameter for cobalt(III)
is 1.00).1 The second d-d absorption band,
1A1,—51T(On) of fac-[Rh(edmp)st is hidden by the
charge-transfer bands. The strong band at 47400
cm~! may be assigned to the Rh-P charge-transfer
transition, since such a strong band is not observed for
[Rh(en)s]3* 2 (en=ethylenediamine) in this region.
Figure 2 shows a perspective view of the
[Rh(edmp)s]?* ion (1). The complex has approxi-

Table 4. Absorption Spectral Data”

Complex

7/103 cm~1 (loge)

fac-[Rh(edmp)3]Cls - 4H20
trans(Cl,Cl),cis(P,P)-[RhCly(edmp)2]PFs
trans(Br,Br),cis(P,P)-[RhBry(edmp)2]PFs
trans(1,1),cis(P,P)-[Rhlz(edmp)2]PFg
trans-[ RhCly(dmpe)2]CF3SO3
trans-[RhBrz(dmpe)2]CF3SO3

37.3(3.27) 47.4(4.69)
25.5(2.34) 37.7(3.59) 47.0(4.72)

21(1.4)" 24.2(2.32) 33.0(3.36) 42.6(4.62)

19(1.7)® 22.3(2.40) 28.1(3.92) 37.0(4.53) 41(3.9)”
25.9(2.42) 32.6(3.78) 43.0(4.61) 46(4.4)"
24.5(2.15)” 29.8(3.40) 35(3.75)" 42.1(4.58)

a) Solvent:CH3sOH except for fac-[Rh(edmp)s]Cls - 4HzO (Hz0). b) Shoulder.

(1)

Fig. 2. A perspective view of fac-[Rh(edmp)s]3* (1) and edge-on views of the five-

membered edmp chelate rings.
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mate C3 symmetry, and the P atoms are arranged in a
facial manner as expected from the BCNMR spec-
trum. The C-C bonds in the chelate rings are nearly
parallel to the pseudo-Cs axis of the complex ion, and
the complex can be designated as the lels isomer.
Three methyl groups C(1), C(5), and C(10) are dis-
posed nearly parallel to the pseudo-Cs axis. The
short nonbonded C---C, C---H, and H--H distances
among these methyl groups are 3.60(2)—3.70(2),
2.94(14)—3.03(14), and 2.33(17)—2.45(17) A, respec-
tively. The H---H repulsions are released by adjust-
ing the mutual disposition of C-H bonds in the
methyl groups. Such a crowded structure seems to be
responsible for a distorted gauche conformation of
the two edmp chelate rings (Fig. 2). In fac-4-
[Co(edmp)s]3*, all three chelate rings take a pseudo
(distorted) A-gauche conformation.? The Rh-N dis-
tance averages 2.171(12) A, which is significantly
longer than that (2.062(7) A) of [Rh(en)s]3*,!3 and that
(2.076(4) A) of lels-[Rh(chxn)s]P* ¥ (chxn=trans-1,2-
cyclohexanediamine). The elongation of Rh-N dis-
tances can be attributed to the strong trans influence
of the P donor atoms (vide infra). As seen from Fig.
3, the Br(3) atom lies approximately on the pseudo-Cs

Fig. 3. A projection of the crystal structure of fac-

[Rh(edmp)s]Brs-3H20 (1) along c. Black and
hatched ellipsoids represent Br~ ions and H20
molecules, respectively.

K. P. SimonseN, N. Suzuki, M. Hamapa, M. KojiMa, S. OHsa, Y. Sarto, and J. Fujita

[Vol. 62, No. 12

Table 5. Intermolecular Hydrogen Bonds
(distances in A)?

A---H-B (symmetry code) A--B A---H H-B
1

Br(3)--H(NI)I-N(1) (iii) 3.441(11) 2.55(14) 0.97(14)
Br(3)---H(N2)1-N(2) (iii) 3.397(12) 2.43(12) 0.99(14)
Br(3)-~-H(N3)I-N(3) (iii) 3.551(15) 2.61(15) 0.97(15)
O(2)--H(N2)2-N(2) (i) 2.907(19) 2.03(14) 1.01(12)
O(3)--H(N3)2-N(3) (@i1) 2.870(16) 1.96(12) 0.97(12)

Symmetry code: (i) x, y, z, (ii) 1—x, 1=y, 1/2+z,
(iii) 1/2—x, 3/2—y, 1/2+z.
a) There are no hydrogen bonds in 2a and 3.

axis of the complex cation of 1 to form three N-H---Br
hydrogen bonds. The hydrogen bond distances are
listed in Table 5.
trans(X,X),cis(P,P)-[RhXz(edmp)2]*(X=Cl, Br, I)
and trans(X,X)-[RhXza(dmpe)2]*(X=CIl, Br). By reac-
tion of mer-[RhCls{P(n-Bu)s}s] with edmp in benzene,
[RhClz(edmp)z]t was formed. Although five geomet-
rical isomers are possible for [RhClz(edmp)z]t, only
one isomer was isolated. No fraction indicative of
other isomers was obtained in SP-Sephadex column
chromatography. The BCNMR spectrum of this
complex exhibits three kinds of signals, indicating
that the complex is either of the two trans(Cl,Cl)
isomers. It should be noted that the P-CH; and P-
CHs signals appear as a filled-in doublet. The
appearance of the phosphine a-carbon multiplet in
the 3C NMR spectrum of a complex containing two
phosphorus donor atoms has been shown to be a
function of 2J,,.1516) A filled-in doublet is expected
to appear only for a cis(P,P) complex. Hence

20 30 40 50
$,/10%cm™!

Fig. 4. Absorption spectra of trans(Cl,Ci),cis(P,P)-
[RhClz(edmp)2]PFs in methanol (—) and trans-
(CLCl),cis(P,P)-[CoClz(edmp)2]Cl in methanol
(===-)-
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(2a)
Fig. 5. A perspective view of trans(Cl,Cl),cis(P,P)-[RhCly(edmp)z]* (2a)
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<3 c®

c(s)

and edge-on views of the five-membered edmp chelate rings.

[RhClz(edmp)e]t can be assigned to trans(Cl,Cl),
cis(P,P). The same structure was suggested by the
absorption spectrum. Figure 4 compares the absorp-
tion spectrum of the complex with that of
trans(Cl,Cl),cis(P,P)-[CoClz(edmp)2]*.1” Both spec-
tra are quite similar in pattern, although all of the
bands of the rhodium(III) complex are shifted by
7500—9500 cm~! toward higher energy compared to
the corresponding bands of the cobalt(III) complex.
Thus the rhodium(III) complex is suggested to have
the trans(Cl,Cl),cis(P,P) configuration. This assign-
ment was confirmed by the X-ray structure determina-
tion (vide infra). The low-energy absorption band at
25500 cm-! of the rhodium(III) complex can be
assigned to the split component (1.) of the first absorp-
tion band, 'A;; — 1Ty, (Oh). The I. component is
shifted toward higher energy by a factor of 1.5 on
going from the cobalt(III) complex (16600 cm-!) to the
rhodium(III) complex (25500 cm-!). The I, and
second absorption bands of the rhodium(III) complex
are hidden by the strong charge-tansfer bands.

Figure 5 shows a perspective drawing of the com-
plex cation 2a. 2a is the trans(Cl,Cl), cis(P,P) isomer,
and the structure agrees with the assignment based on
the 3CNMR and absorption spectra. As illustrated
in Fig. 5, one of the edmp chelate rings of 2a is
disordered. In 2b, three independent complex ions
take different conformations, 686(A4), 64, or 8(4) envelope,
suggesting flexibility of the edmp chelate rings (Fig.
6). The P(1)-Rh-P(2) angle of 98.91(5)° in 2a is
smaller than 105.4(1)° in trans(Cl,Cl),cis(P,P)-
[RhCla(edpp)2]t,? on account of less bulky substitu-
ents on phosphorus atoms. The mean Rh-N bond
length in 2a, 2.165(4) A is longer than that in trans-
[RhClz(en)2]NOs (2.063(2) A)1® due to trans influence
of the coordinated P atom. In Fig. 7, the M-N bond
distance (M=Co or Rh) affected by the trans influence
is plotted against the M-P bond distance. The elon-
gation is smaller in the trans(Cl,Cl),cis(P,P)-

3
) @n
P()
1)

<2

A

3) o8
c
D o . c®
AP )
150} ci4)
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6
o8
Rh
= S X IP2)
c@
a C e

2)
(2b)

Fig. 6. Edge-on views of the five-membered edmp
chelate rings in trans(Cl,Cl), cis(P,P)-[RhClz(edmp)z]-
ClO4 (2b).

[MCla(edpp)2]t complexes (circular symbols) than
those in the others. This trend seems to be due to the
longer M-P bond length in the edpp complexes. In
general, the shorter the M-P bond length, the larger
the M-N bond elongation. The elongations of the
Rh-N bond distances (0.07—0.11 A) by the trans influ-
ence are larger than those (0.03—0.07 A) of the Co-N
bond distances. Figure 7 clearly shows that the dif-
ference (<0.05A) between Rh-P and Co-P bond
lengths is much smaller than that (ca. 0.1 A) between
Rh-N and Co-N bond lengths. All these results sug-
gest a stronger affinity of P for Rh3* than for Co?*.
The trans influence of P on the Rh-P bond length, the
lengthening of mutually trans Rh-P bonds, was
observed in the trans-[RhCly(dmpe)]t complex (3).

" The mean Rh-P bond distance is 2.337(2) A, which is

longer than those in complexes 1 and 2a, 2.283(4) A
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against the trans M-P bond length in A=I;
O=2a; O=trans(Cl,Cl),cis(P,P)-[RhClz(edpp):2]Cl -
2C2H50H;) A=fac-[Co(edmp)s]Brs-3H20;? @@=
trans(Cl,Cl),cis(P,P)-[CoClz(R-ebpp)2]C104"  (R-
ebpp=(R)-(2-aminoethyl)butylphenylphosphine);
@=trans(Cl,Cl),cis(P,P)-{CoClz(edpp)2]1/2(CoCly);}"
O=trans(NCS,NCS),cis(P,P)-[Co(NCS)z(edpp)z]Br -
3H20- (CH3)2CO.25 The circles on the vertical
axis indicate bond distances in the [M(en)s]?* com-
plexes (M=Co?) and Rh!¥).
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Fig. 8. A perspective view of trans-[RhClay(dmpe)q]*
(3) and edge-on views of the five-membered dmpe
chelate rings.

and 2.252(2) A, respectively.

[RhClx(dmpe)z]t was prepared by refluxing an
ethanol solution of RhCls:-3H20 and dmpe. Butter
and Chatt reported that a mixture of the cis and trans

K. P. SimonseN, N. Suzuki, M. Hamapa, M. KojiMa, S. OnBa, Y. Sarro, and J. Fujira

[Vol. 62, No. 12

log €

—_

1 L | 1 | 1

20 30 40 50
/103 cni!

Fig. 9. Absorption spectra of trans-[RhClz(dmpe)z]-
CF3S03 (—), trans-[RhBry(dmpe)2]CF3SOs (----),
and trans-[CoClx(dmpe)2]C104 (—+—) in meth-
anol.

isomers of this complex was yielded by a similar
reaction.1? We obtained only one isomer, no fraction
indicative of the other isomer being obtained
in column chromatography. The structure was
assigned to the trans isomer on the basis of the
IHNMR and absortion spectra, and the assignment
was confirmed by X-ray analysis (Fig. 8). In the
1H NMR spectrum, the complex shows a similar spec-
tral pattern to that of trans-[CoClz(dmpe)z]*.20 The
IHNMR spectral pattern of cis-[CoCly(dmpe)z]t is
quite different from that of the trans isomer.20 The
absorption spectral pattern of trans-[RhClz(dmpe)s]*
is similar to that of the corresponding cobalt(III)
complex; here also the ratio of positions (Prn/Pco) of
the I, band for the rhodium(III) complex (25900 cm~-?)
to that for the cobalt(III) complex (17300 cm—1)20) is
1.5 (Fig. 9 and Table 4). The I, band of trans-
[RhClz(dmpe)2]* is at higher energy (25900 cm=-1) than
that of trans(Cl,Cl),cis(P,P)-[RhCly(edmp)2]* (25500
cm~Y). The trans-dichloro rhodium(III) complexes
of en, edpp, and Mes-en (=N,N,N’,N’- tetramethyl-
ethylenediamine) show the I, band at 24600,21) 24450,1
and 22000 cm-1,22 respectively. Thus the spectro-
chemical series for the ligands can be determined as
dmpe>edmp>en=edpp>Mes-en. The same order
has been reported for the trans-dichloro cobalt(III)
complexes.172023) [RhXz(edmp)z]t (X=Br, I) and
[RhBrz(dmpe)s2]* were prepared by substitution reac-
tions from the trans-dichloro complexes and potas-
sium bromide or sodium iodide. The configurations
were retained in the reactions as indicated from the
absorption spectra. The absorption spectra of
trans(X,X),cis(P,P)-[RhXs(edmp)z]* (X=Cl, Br, I) are
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Fig. 10. Absorption spectra of trans(Cl,Cl),cis(P,P)-
[RhClz(edmp)2]PFs (—), trans(Br,Br),cis(P,P)-
[RhBra(edmp)2]PFe (----), and trans((1,I),cis(P,P)-
[RhIz(edmp)2]PFg (— - —) in MeOH.

shown in Fig. 10. The spectral patterns of the com-
plexes are similar to one another. In the series, the
energy of the I, component decreases in the order C1>
Br>1. The complexes show a shoulder at the low
energy side of the I, band and the absorption may be
assigned to a spin-forbidden transition. The
shoulder becomes more pronounced as X proceeds
from ClI through Br to I.  All of the complexes show
two intense charge-transfer bands at energies higher
than 28000 cm-!. Both of the charge-transfer bands
shift to lower energy in the order X=CI>Br>1, suggest-
ing that the bands are attributable mainly to the Rh-X
charge-transfer transitions. In trans-{CoXz(dmpe)q]*

(X=Cl, Br, I), the positions of the Co-X charge- .

transfer transitions change in the same order2® and in
trans-[Co(H20)z(dmpe)z]* they are missing.2¥ Fig-
ure 9 shows the absorption spectra of trans-
[RhXg(dmpe)s]* (X=Cl, Br). The band at 32600 cm-!
in the dichloro complex and the band at 29800 cm-! in
the dibromo complex are assigned to the Rh-Cl and
Rh-Br charge-transfer transitions, respectively. The
bands are at lower energy than the corresponding
bands in the edmp complexes, and the I, component
of trans-[RhBry(dmpe)q]* is observed as a shoulder by
the overlap of the Rh-Br charge-transfer band. The
intensity of this Rh-Br charge-transfer band (29800
cm~1, loge=3.40) is remarkably smaller than that of
the corresponding Rh-Cl charge-transfer band at
32600 cm~1! (loge=3.78). The same trend is observed
in many phosphine and arsine complexes of cobalt-
(IIT) and rhodium(III). The origin of the shoulder at
ca. 35000 cm~! in the dibromo complex is unknown.
The corresponding transition is not observed in the
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dichloro complex, however, a similar transition is
observed in trans-[CoBrz(dmpe)z]*.20
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