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Summary

Several new complexes of general forms. [ Rh(bhqg).LX](bhq = benzo-
[h]quinolin-10-yl-N; X = Cl, Br, L = tri-n-butylphosphine, dimethyl sulfoxide,
pyridine, 4-methylpyridine, methylamine), [Rh(bhq).(L—L)]Cl (L—L = ethyl-
enediamine, S-methylcysteamine, 2-picolylamine. 2,2'-bipyridyl, 1,2-bis(diphenyl-
phosphino) ethane), and [Rh(bhq),L'](L’ = methylmercaptide, acetate ion) were
prepared by reactions of [ Rh(bhq),Cl]; - 1/4CHCIl; with monodentate and bi-
dentate ligands, and were characterized by means of conductivities, and PMR
and IR spectra.

Introduction

In a preliminary communication of this study [1], it was reported that
the reaction of benzo[h]quinoline (abbreviated as Hbhq) with rhodium(III)
chloride hydrate in boiling ethanol yielded complex [Rh(bhq).Cl].- 1/4CHCI,
(B, type I), containing the metallacyclic group A, and that this complex reacted
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with tri-n-butylphosphine (PBu;) and dimethyl sulfide (SMe,) to form the com-
plexes {Rh(bhq),LCl] (C, L = PBu;, SMe;). A similar reaction of iridium(I11) was
recently described [2]. We report here that I reacts with a variety of monodentate
(L) and bidentate (L—L) ligands to give complexes of types C and D.
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Results and discussion

Complex I, [Rh(bhqg).Cl], - 1/4CHCI,, reacted readily with various
monodentate ligands (L) to yield complexes of type 11, [Rh(bhq).LX], where
L is PBu;, SMe., pyridine (py). 4-methylpyridine (y-pic), and dimethy! sulfoxide
(dmso), and with bidentate ligands (L—L) to form complexes of type 111
[Rh(bhq).(L—L)]CI, where L—L is ethylenediamine (en), S-methylcysteamine
(mcy), 2-picolylamine (pa), 2,2"-bipyridyl (bipy) and 1,2-bis(diphenylphos-
phino)ethane (diphos). Complexes of another type 1V, [Rh(bhq).L", were
obtained for L' = methylmercaptide (SMe) and acetate (OAc) ion (Table 1).
These were characterized by elemental analyses, conductivities, and spectro-
scopy. The possibility of optical isomers was not taken into account.

Characteristic bands of the metallated bhq moiety (A) in the infrared
spectra were reported recertly [3] and the features of spectra of the complexes
prepared in this study are consistent with those reported. Therefore, in this
paper, they are not considered. The presence of normally coordinated ligands
(L,L’, L—L) are confirmed by infrared spectra and a few are discussed below.

Tvpe 1l complexes. The two complexes [Rh(bhq).(PBu;)X] (X = Cl, Br)
have a nearly identical PMR spectral pattern (Table 2) and that of the chloro
complex was shown in the figure of ref. 1. Among the remaining complexes of
type 11, only [ Rh(bhq).(y-pic)Cl] is soluble in a suitable solvent for PMR
spectroscopy. In contrast to the PBu; complexes, which showed signals due
to two non-equivalent 9-H protons as a doublet and a triplet [1], this y-pic
complex showed two doublets due to 9-H protons. The assignment that the
triplet of the PBu; complexes results from coupling between P and 9-H atoms
[1] is thus confirmed. One of the two non-equivalent 2-H protons of [Rh-
(bhq).(y-pic)Cl] resonated at a much higher field than the corresponding proton
of the PBu, complexes (Tzble 2). This higher field resonance may be caused by
shielding due to the ring-cLrrent of 4-methylpyridine, since one 2-H is located
in the shielding region of 4-methylpyridine, the aromatic ring of which is reason-
ably assumed to be far from perpendicular to the plane defined by Rh, Cl, and
two metallated C atoms because of steric requirements. On the other hand, the
other 2-H 1s directed towaid a Cl atom and not shielded in this manner.

A very strong band was found at 222 ecm™' for [Rh(bhq).(PBu;)CI],
which was absent in the bromo analog, and is assigned to v(Rh—CIl). A similar
strong band was also observed for the complexes of type II (X = Cl) in the re-
gion 242-219 cm™' . The appreciably low frequency of these bands may be
attributed to a high trans influence of a C donor {5], at the trans position of
which is coordinated the Cl ligand (C).

Both the PBu; complexes (X = Cl, Br) showed two bands at 434 and
390 cm™! which were absent in the other complexes. These bands may arise
from the PBu; moiety or from an Rh—P bond. [Rh(bhq),(SMe;)Cl1] showed
6(CSC) at 683 ecm™ and a band at 263 cm™ may be attributed to ¥(Rh—S).
When the pyridine in [Rh(bhq).(py)Cl] was replaced with pyridine-ds, the
two deformation vibrations at 631 and 434 cm™' shifted to 604 and 398 cm™!,
respectively, the positions showing the coordination of the pyridine N atom
[61, and the band at 210 cm.™' shifted below 200 cm™' showing that it may
be »(Rh—N).[Rh(bhqg).(dmso):{] (X = CI, Br) exhibited ¥(S=0) at 1092 and



3]

"HOMJ U] 5 "Wwnaiaads  d 2W Aq pawaund seminiHo jo daussard ayg, p “wnyads Yd Y 4q pauwrjjuod
S9M 11013 10 23Uasad YL 5 1235 Y[ AQ PAIIAYD 1AM 635A[AL 1AL DU WNNDBA JapUN I O L[ I8 SSO] IYF[oM A3 WO} PIINWNET q 'Wg-0T "12 uatem u p

(OT:¥A) (10’9 (51°L9)

(LI"LCT'L :O%H L8 %' 0T L9 2£°08 GIg-91e OtHE- 10 ((soudip)d(bya)yy |
(Lg9) (88°F) @v'1a) ¢aap)

(F4'8)90°6 :O%H Z99 94k I¥'rg 1'68 c92 OtHe 1 [(Sounibyauy )
weg €4:X%] (L9r9) (3ap)

(69'2)L3'C :O%H 028 Lok L9'19 0'96 gre OLH I (AT (byq)yy )
(SI°'8) (18e) (29'L9) (*29p)

(89°219€°g1 :LDTHD 918 99°¢ roLe F'98 a6z pCI0FND 1D [(md) 2 (bYQY Y]
(8L°G) e'n 0L'g9) (0ap)

(F1°)TT°C :0%H r8'G 8t 08'89 0'L6 gig OTH D [(Ud)i(bYyq)yy |
(96°%) 98P (r8'c9) (2ap)

£gy 68T £9 €9 g0g 2 HOW3- L@V 0)ibyayyl

(8L) (98'9) (rg'19)

L8C 50'9 8¢'[9 125-022 [ag(tngd)(byayy |
(1y'p) (18°e) (£6'29) (-2ap)

(€8°2)66'T :0°H vo'r 96¢ 00'ce 963 O%H: lag (vswp)i(byaqiyy ]
(685 0X:}) OL'39) (29p)

26y £Le bE'gg Q6% Lip(oswp)(byaq)yy )
(€r Q) (1e'e) (26'29) (-2ap)

(GL'Dgk'1:0%H 9g'0 Lu't 69'29 aLe OtHe/1 - [(GIS)UbYa)yy]
(eeL) (v (06'09) (-23p)

qIGFET)LB 21 11H01T + ANTHN 9gL 80°F vL'09 o¥e HOMI- [IDGITHN) by
(ri ro'e) (82'69) (*23p)

82'L 88°¢ 2819 aze f1o0e1d-L)I(bya)yy )
ze'L) 69°c) (88'19) (2ap)

qQz'L F9'e 09'19 org (D (Ad)E(byay )

13410 N i o) NV O, )d W x9[dwo)

(25) ("POJU2)pUNO] EISATTUY

AIYVJIIUL SIXTTINOD AHL WO VIVA TVOLLATVNY ANV 'STLLIALLONANOD 'SINIOd ONILLTIN

L IT19V.L



274

-~

TABLE 2
SELECTED SIGNALS OF PMR SPECTRA(S, ppm)®

Complex Solvent 2-H 1-H 9-H
fRh{bhq)aCl} »-1/4CHCI3 CDCli3 9.33(d)b 8.35(d) 5.99(d)
[R.h(bhq)z('l"Bu:;)Cl] CDCl3 16.09(d), 9.11(d) 8.26(d) 6.33(d), 5.94(¢)
[ Rh(bhq)»(PBu3)Brl CECl3 10.26¢(d), 9.13(d) 8.33(d) 6.27(d). 6.01(t)
[Rh(bhq),(y-pic)Cl] CECl; 10.14(d), 8.85(d) 8.26(d) 6.31(d), 6.18(d)
[Rh(bhq)2(0OACc)}-EtOH CECl;3 9.21(d) 8.39(d) 6.18(d)
[Rb(bhq)2(mcy)]Cl 3H;0 CDCl; 10 16(d). 9.07(d) 8 39(d) 6.30(d). 6.19(d)
[Rh(bhq)a(en)]Ci-H20 (CD3)2S0O 9.43(d) 8.72(d) 6.15(d)
[Rh(bhq)a(pa)1CI-CHaCla (C123)2SO 9.66(d), —¢ 8.70(d) 6.25(d). 6.14(d)
fRh(bhq)a(bipy)ICI-H20 (C1>3)>CO —C —C 6.33(d)

G Major part of signals due to bhq moieties appeared between 8.1-6.8 ppm excep! for [ Rh(bhq)>(diphos)]-
Ci-4H->0O which showed extremely complicated signals between 8.1-6.0 ppm. b All the multiplicities of
si1gnals in this table are assigned by referring to rough shapes with neglecting small spluttings (d, doublet.

t. tnptet). € These signals were obscured by hgand (L—L) signals.

1096 em ™!, respectively, and normal S-coordination of dmso is suggested for
the two [7]. In the far infrared spectral region, the two bands at 408 and 360
cm™' of the chloro complex lowered to 373 and 337 cm™, respectively, on
replacement of dmso with dmso-dg, implying that these bands are related to the
internal modes of dmso or v(Rh—S).

Type Il complexes. All type 1II complexes, [ Rh(bhqg).(L—L)]Cl, were
1/1 electrolytes in solutians (Table 1) [8] and showed no band assignable to
v(Rh—CIl). These complex.es are, therefore, formulated as D and the Cl atom
is not coordinated. The PMR spectra of the ethylenediamine and 2,2'-bi-
pyridyl complexes showed no splitting of the resonances due to 2-H and 9-H,
while these signals split into two for the 2-picolylamine and S-methylcysteamine
complexes, because they are unsymmetrically bidentate ligands. The signals
dye to the SMe group were observed as a singlet at 1.04 ppm and no evidence
was obtained for the presence of isomers arising from an asymmetrically coordi-
nating sulfur atom.

In the case of the 2-picolylamine complex only one 2-H resonance appeared
as an isolated signal, and the other 2-H signal may be at a much higher field and
may overlap with the major part of signals above 8.0 ppm. This may be due to
the fact that the pyridyl moiety can shield one 2-H as 4-methylpyridine. It is
interesting that no signals are observed at lower field than 8.1 ppm for the 1,2-
bis(diphenylphosphino)ethane complex and for the 2,2'-bipyridyl complex no
signals lower than 8.9 ppm. These facts may also result from the shielding ef-
fect of an aromatic ring-current, since molecular models reveal that both the
2-H protons can be located in the shielding region of aromatic rings.

Type [V complexes. The infrared spectrum of {Rh(bhq).(SMe)]}- 1/2H.O
showed characteristic bands of an SMe group at 2960 and 2905 cm™'. How-
ever, other bands are difficult to assign because of the complicated spectral
pattern. This complex is insoluble in common solvents for PMR measurements.

The methyl resonance due to the OAc group of [Rh(bhq),(OAc)]- EtOH
was observed as a singlet at 1.85 ppm, and the 2-H and 9-H signals of the bhq
moieties did not split (Table 2) to indicate that they are, respectively, equiva-
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lent. The infrared spectrum exhibited two strong bands at 1564 and 1404 cm™',
the positions of which are close to those expected for a bidentate acetate ion
[8]. The bands observed at 667 and 226 cm™' are tentatively assigned to m(C=0)
and v(Rh—O), respectively. The structure is, therefore, assumed to be of type
D, but not charged, where L—L is a bidentate acetate ion. The proposed struc-
ture is consistent with that of bis(2-(phenylazo)phenyl-N)acetatornodium(II1)
Jdetermined by X-ray spectroscopy [10].

Experimental

It was found that complex I was more conveniently prepared by using
2-methoxyethanol as solvent instead of ethanol [1], and stirring for a day at
room temperature and then refluxing for another day. The crude product
itRh(bhq),Cl], (V), which was obtained in a yield of 93%, was used as a start-
ing material in all preparations unless otherwise noted. Analysis: found, C,
62.36; H, 3.33; N, 5.69. Rh, C..H,.N,Cl,caled.: C, 63.25; H, 3.26: N, 5.67%.

When complex V was recrystallized from chloroform and n-hexane, com-
plex I, reported previously [1], was obtained.

[Rh(bhq).(py)Cl]

To a suspension of 1 mmol of V in 30 ml chloroform was added 1.0
ml pyridine and the mixture was heated on a hot plate. When the mixture
became clear, it was immediately filtered and the filtrate was allowed to stand
at room temperature. The fine yellow crystals obtained were washed with
chloroform and dried in air. The yield was 85%.

In a similar manner, [ Rh(bhq).(y-pic)Cl] was prepared by using 4-methyl-
pyridine, but addition of ethanol to the filtrate was necessary to precipitate the
more soluble complex. The product was washed with ethanol.

[Rh(bhq).(NH,Me)Cl]- EtOH

To a dichloromethane solution (30 ml) of 1 mmol of V was added 1.5
ml of a 30% ethanolic solution of methylamine. To the mixture, concentrated to
ca. 20 ml, was added 20 ml ethanol and the mixture allowed to stand at room
temperature. A yellow powder precipitated, which was washed with ethanol and
dried in air. The yield was 60%.

[RRh(bhq),(SMe)]- 1/2H,0

To a suspension of 1 mmol of pure complex I in 50 ml ethanol was
added 1.5 mmol of a 20% aqueous solution of sodium methylmercaptide, and
the mixture stirred for a day at room temperature. The resulting orange-
brown powder was washed with ethanol, water, and ethanol, and dried in air.
The yield was nearly quantitative.

[Rh(bhq ),(dmso)Cl]

In 5 ml dimethy! sulfoxide 0.5 mmol of V was dissolved and to the
solution was added 15 ml ethanol, yeilow crystals precipitated, which were
washed with ethanol and dried in air. The yield was 85%.
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[Rh(bhq);(dmso)Brj-H.O

To a dimethyl sulfoxide solution (5 ml) of 1.0 g lithium bromide was
added 0.5 mmol of V and the mixture heated for 3 h. To the filtered sol-
ution was added 15 ml of ethanol to precipitate yellow crystals in 75% yield.

[Rh(bhq).(PBu;jBr]
This complex was obtained by a metathesis reaction of [Rh(bhq).(PBu,)-
Cl} [1] with lithium bromide in an acetone—chloroform mixture.

[Rh(bhq),(OAc)]- EtOH

The mizture of 1 mmol of V and 1.5 mmol of silver acetate in 50 ml
chloroform was refluxed for 2 h. and then filtered. The filtrate was concen-
trated to ca. 15 ml and 20 ml ethanol was added to precipitate yellow cry-
stals in 65% yield.

[RRh(bhqg).(en)] CI-H.O

To a suspension of 1 mmol of V in 50 m! ethanol was added 1 mmol
of ethylenediamine and the mixture heated until all the suspending mat-
erial had been dissolved. The solution was filtered and concentrated to a small
volume to precipitate yellow fine crystals. The yield was 65%.

In a similar manner, [ Rh(bhq),(L—L)1Cl, where L—L is bipyridyl, S-
methylcysteamine, and 1,2-bis(diphenyiphosphino)ethane, were prepared in
reasonable yields.

[Rh(bhq).(pa)] Cl-CH,CL,

To a dichloromethan: solution (30 ml) of 1 mmol of V was added 1
mmol of 2-picolylamine and the mixture heated on a hot plate for a few
minutes. Fine, light yellow crystals resulted, which were washed with dichloro-
methane and dried in air. "’he yield was 85%.

Measurements

The methods of measurements were the same as those reported previously
[11], but conductivities were measured with a TOA CM-6A conductivity ap-
paratus for ca. 1072 Af solutions at 25.0 °C.
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