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Summary

Novel carbonyl complexes of rhodium(I) and rhodium(III) containing the
bidenate nitrogen donor ligand 2,2"-biquinoline (big) have been prepared; they
are of the types RhX(CO); biq and RhX(CO)biq (X = Cl, Br, I). Cationic car-
bonyl and substituted carbonyl complexes of the types [Rh(CO).biq]ClO, and
[Rh(CO)biql.,]ClO,, where L is a tertiary phosphine or arsine have also been iso-
lated. In spite of considerable steric crowding around the nitrogen atoms, 2,2'"-
biquinoline behaves much like 2,2'-bipyridine in forming carbonyl complexes of
rhodium. '

- Introduction

Cationic complexes of rhodium(I) of the types [Rh(CO),(N—N)]" and [Rh-
(CO){(N—N)L,]" where N—N = 2,2"-bipyridyl (bipy) or 1,10-phenanthroline
(phen) and L = tertiary phosphine or arsine, were first synthesised in these labor-
atories [1,2]. Considerable interest has been shown in these and related com-
plexes [15—17]. 2,2'-Biquinoline (biqg) is a bidentate nitrogen donor ligand
closely related to bipy, but it has been suggested [3] that the steric crowding
caused by the hydrogen atoms in the benzo rings would markedly change the
metal chelating properties of biq compared with those of bipy. It was therefore
of interest to prepare and study the properties of carbonyl complexes of rhodi-

um containing biq.
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Except for the isolation of a few complexes of the first transition series and
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those of the zinc triad [4—10], investigations on the complexing property of big
with transition metals (particularly platinum group metals) has received little
attention. Biquinoline has, however, been used for a long time as an analytical
reagent in the estimation of copper [4,11]. Ruthenium and osmium complexes
of the type [M(biq);](ClO,), (M = Ru, Os) have been isolated by Klassen [12].
Tripathi and coworkers [13] have prepa.red a carbonyl complex of molybdenum
containing biq, Mo(CO),biq. We recently reported some simple complexes of
rhodium of the type [Rh(biq).X,]X [14], and the syntheses and characterisation
of a series of carbonyl complexes of rhodium(I) and rhodium(III) containing
biq, are reported below.

Results and discussion

Rhodium(Ill) perchlorate reacts with carbon monoxide and biq in a warm
alcohol to give orange crystals of the four-coordinate cationic complex [Rh-
(CO).biq]". This compound behaves as a 1/1 electrolyte in nitrobenzene and
shows two carbonyl stretching bands at 2040 and 2100 cm™! in the infrared due
to the presence of two cis carbonyl groups in the cation (configuration I). The
reacticn of RhX, - nH,O (X = (i, Br) in a hot alcoholic medium with carbon
monoxide and biq, in the presence of an excess of NaClO, does naot yield the
above cation, and instead the salt biq - ClO, separates. However, in the absence
of NaClO, and when X = Cl, the five-coordinate complex RhCi(CO),biq is ob-
tained as shining orange-red crystals. The bromo analogue could not be isolated
pure by the above method; the yellow crystalline solid which separates from the
reaction mixture RhBr; - nH,O, carbon monoxide and biq shows three v(CQ)
peaks at 1967, 2000 and 2063 cm™', indicating that it may be a mixture of two
or more species. Passage of carben monoxide through an alcoholic solution con-
taining RhCl; - nH,O0, an excess of lithium iodide, and biq gives a dark crystalline
solid, which has been identified as the iodorhodium(III) carbonyl, RhI;(CO)biq
(»(CO) 2073 em™'). This compound is very sparingly soluble in some common
organic solvents, and may be recrystallised by Soxhlet extraction with dichloro-
methane as solvent. We have, however, been able to isolate both chloro- and bro-
mo-carbonyl compiexes of rhodium(I) of the type RhX(CO),biq (X = CI, Br)
starting from the dihalo-bridged diene complex [RhX(COD)].. The orange-
yvellow diene complex reacts with biq in refluxing methanol to give dark red
crystals of the neutral complex RhX(COD)biqg. It is noteworthy that a similar
reaction with phen [15,16] gives the ionic compound [Rh(phen)(COD)]ICL The
carbonyl compounds RhX(CO),biq (X = Cl, Br) are easily prepared by bubbling
carbon monoxide through an acetone solution of the red diene complex RhX-
(COD)big. The carbonyl compounds RhX(CO),biq are non-electrolytes in nitro-
benzene and show two v(CO) bands between 1967 and 2053 cm™'. The chloro
compound shows a v(Rh—Cl) band at 305 ecm™, while the bromo compound
shows a »(Rh—Br) band at 214 cm™'. Attempts to isolate the iodorhodium(I)
carbonyl complex, RhI(CQ),biqg, by the metathetical reaction of RhX(CO).big
(X = Cl, Br) with Lil were unsuccessful. The chloro compound RhC1(CO).big
reacts readily with siiver perchlorate to form the cat1on1c complex [Rh-
(CO),biq]ClO,.

The neutral dicarbonyl complexes RhX(CO),biq (X = Cl, Br) must have one
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of the three configurations II to IV. Similar dicarbonyl complexes of rhodium(I)
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containing bipy and phen of the type RhX(CO).(N—N) (N—N = bipy, phen;
X = Cl, Br, I) have been reported by Mestroni et al. [17] and Gillard and
coworkers [16].

The neutral dicarbonyl complexes RhX(CO),big (X = Ci, Br) add halogens in
alcohol to give the corresponding rhodium(IIl) complexes RhX(CO)biq (X =
Cl, Br). The orange-yellow products show a single »(CO) peak around 2100 cm™.
Two configurations V and VI are possible for these compounds. Results of their
far infrared spectra are listed in Table 1. Assignments have been made by com-
parison with those for rhodium(III) complexes containing rhodium—halogen and
rhodium—nitrogen bonds {16,18—24]. These results support configuration VI
for the new rhodium(11l) carbonyl compounds.

Reactions between the rhodium(l) carbonyl compounds and molecular oxy-
gen, nitrogen, and hydrogen were investigated by bubbling these gases through
an acetone solution of the complexes, RhX(CO).biq. It was found that in all the

TABLE 1
FAR-INFRARED SPECTRAL DATA FOR CARBONYL COMPLEXES OF RHODIUM(I) AND RHODIUM(IID)

Compound v(Rh—X) ¢ Other bands
(cm™!)
RhCI(CO)3;biq 305vs 276w, 265m, 199w, 210w, 170m,
138m, 109m
RhBr(CO)sbiq 214s 420w, 398m, 320w, 240w
RhCl3(CO)biq 330vs (Cl trans N) 434m, 415s, 310(sh), 157m, 110m
351vs (Cl trans Cb)
RhBr3(CO)biq 246vs (Br trans N) 413s, 293s
281s (Br trans Br) 271(sh), 161m

@ par-infrared spectra taken in polyethylene powder; w, weaks:s, strong: vs, very strong:m, medium: (sh),
shoulder.



96

(g'2) (6'9) (2'8%) (711ds)

8% 8’9 g'8g 9061 ‘¥ 161
(L'3) (8'v) (6'LY) (111ds)
L'g L'y 0'LS LY61 ‘€E6T
(L'2) (g'v) (L)
8'7 L'y 0'LS LEGI
(8'2) (z'%) (g'99)
6% 'y ¥'99 £161
(6'3) (6'e) (y'sq)
8% 'y L'SS 0261
(9'2) (6'e) (1'09)
12 v £'69 9€61
(+'2) (9'g) (4'a9)
£ 9'c £'qg 0ge6l
(L) (0'g) (6'99)
q9'3 8'p 1'99 1261
(8'2) (4 2] (¢'99)
L'? q'p L'¥9 ov61
(9°¢) (o'1n) (L'63)
9'¢ 9'T 6'63 £L03
(9'y) (1'2) (y°98)
vy 6'T 0'9¢ 0012
(2'9) (g'2) Z'ov)
L'y a9z 'Ly 0213
(Lg) r'g) (g'8p)
9'g 'z P8y £903 ‘0861
(2'9) (L'2) (g°'g89)
29 9'g 7'69 0802 'L961
(r's) ') (1'L9)
2'q 84 6'9¢ -
(9'g) (8'#) (1'29)
9's L' 8'19 -
(6'L) (X)) (9°09)
8'L g 809 2 0011
(') (r'a) (L'9%)
L'e £'2 L'9¥ 0012 '0%07
N H 0
(j-uw)
((%) (*porea) punoyg) wiup eazdeuy q (00N

{IKWNIAOHY ANV {(IDWNIAOHY 0 STXITINO0 TANOTUVD U0 VIVA T

£'82

9'93

'z

oV

881—G81
L0Z—40Z
532—€23
122—612
983—¥E3
VEZ—EET

092<
802902
103—008

0LI<

0LIL

991<

g91<

081<
812—912

€44
gre—o1g

061<
oy

0P

10 *d'IW

K213 iy
K31D
29810004
porajuei)
asoy

poY

pax ofuniQ
MOTRA
Py

Novg

pax aduwiQ
MOPA
umolg

pa1 sduwiQ
umoaq Mg
pax yug
MOTPA

adumQ

mogw)d

“(_LYO10)a , *tofnN uy uades e3j0ads Y1 q 0548 '¥9 1L dudZUIQONU U} ([-PToW ZWD [ _W0) 22ULIINPUOD IB[ON 0

POIIUSVE AD)bia(0D)uN |
YO10[UsvngZud)bia(00)yu] -

YOI (svadZud) (00 )

Y010 (%(sv1atua)bia(0oIuy ]

YOoesvamud)big(0oduu )

YorolesvEna)biaoo)yu)

Yo HasEua)bi(oo)yul

vo1012d€101-Db1a(0D)yH)

Yo10(2(aEyd)bia(0 )]

b0 Ty

« bigfoo)taguy

big(00)€ouY

bial(00)aguy

bit(00) Uy

ghi(aoouy

1pha(aod)uy

Yo . big

Yo hat(0o)vy)

punodiod

VOILATTVNY ANV STILUIJOUI TVOISAHI ‘T ATLVL



97

cases, both the carbon monoxide molecules were eliminated as shown by the
infrared spectra of the resulting insoluble solids, which appeared to be polymeric
in nature. There was, however, no indication for the addition of O,, N, or H, to
the metal.

We have also carried out a series of substitution reactions of the cation [Rh-
(CO),biq]" with a variety of tertiary phosphines and arsines. The dicarbonyl
cation reacts in alcohol with tertiary phosphines and arsines to give five-coordi-
nate cationic complexes of the type [Rh(CO)biqL,]ClO, where L = PPh,, p-tol,P,
Ph,Sb, Ph,As, Ph.MeAs, Ph,EtAs, Ph,PrAs, Ph,BuAs and Cy,As. Several of these °
substituted cations have also been prepared by treatment of the five-coordinate
cationic complexes [Rh(CO),L;]C10, (L = tertiary phosphine or arsine) with
big in alcohol. The products show a single v(CO) peak around 1950 cm™' (Table
2) and a »(ClO;") band at 1100 em™!, and behave as 1/1 electrolytes in nitrobenz-
ene. The PMR spactrum of the complex containing Ph.MeAs shows a single me-
thyl resonance at 7 8.5 ppm suggesting that the two arsines are trans to each .
other (configuration VII). The corresponding Ph,EtAs derivative shows a methyl
triplet centred at 7 8.9 ppm and a methylene quartet centred around 7 7.97 ppm.
Similarly, the Ph,PrAs analogue shows a methyl triplet at 7 9.15 ppm and a com-
plex methylene resonance between 78.0 and 8.8 ppm, favouring the trans dispo-
sition of the two ligands. Hence it is suggested that the cations have configuration
VII, (but configuration VIII cannot be totally ruled out, since the two arsine
ligands are in identical environments).

X X
(N X (N cO
Nﬂx Nﬂx
co X
v VI
L N
Nw ( L
oc A N N ' L
L co
VII VIII

Various reactions involving the carbonyl complexes are shown in Scheme 1.

It is seen that biq reacts with rhodium halides in more or less the same way
as bipy and phen in spite of the fact that there is considerable steric crowding
around the nitrogen atoms. The big-containing compounds are generally less
soluble in aicohols than their bipy or phen analogues [2]. The comparative ease
of isolation of the big-containing compounds as solids may be attributed to this

lower solubility.
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Scheme 1

Rh(Cl1O4)5-nH 20 [Rh(coO)bigL,]ClO,

\ 2L
3 O, bia™ _~ RhX5(CO)bigq
[Rn(cO)Lbig]ClO,
2 AgClO, X2
e O [Rhx(C0O)] —29 w RhX(CO),biq
C‘/' (in soln.)

RhX3*nH,0 acetone | CO

Alc, COD -

b ,
[Rhx(cOD)], ——— % ——= RhX(COD)biq

(L =tertiary phosphine or arsine; X =CI, Br; Alc = Alcohol)

Experimental

The infrared (Nujol mull), far infrared (polyethylene powder) and NMR (in
CDCl,;) spectral measurements were carried out with Carl Zeiss UR 10, Polytec
FIR 30 Fourier spectrophotometers and a Varian T-60 instrument, respec-
tively. Conductivity measurements were made with Toshniwal Instruments Con-
ductivity Bridge Type CL 01.02.

The complexes of the type [ Rh(CO),L;]CIO, and [RhX(COD)], were made
by published methods [2,25]. Microanalyses were carried out at the University
of Surrey (England) and the University of Sussex (England). .

Dicarbonyl-2,2'-biquinolylrhodium(I) perchlorate, [Rh{CO), biq]CIO,

Carbon monoxide was passed through a warm ethanolic solution of rhodium
perchlorate for 1 h. The calculated amount of biq was added, and the passage
of carbon monoxide was continued. Orange red crystals of the required com-
pound separated.

Carbonyl-2,2'-biquinolylbis(tertiary phosphine or arsine)rhodium(I) perchlorate,
[RR(CO)bigL-]CIO,

To an ethanolic suspension of [Rh(CO),biq]ClO, or [ Rh(CO).L,;ICIO,, the
calculated amount of the ligand L or biqg was added and the mixture was refluxed
on a steam-bath for 1 h. The solution was evaporated to small volume under
reduced pressure, and the required compound deposited.

Halo-2,2"-biquinolyl-1,5-cyclooctadienerhodium(I), RhX(COD)biq (X = CI, Br)
The calculated amount of big was added to a methanolic solution of [RhX-
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(COD)].. The mixture was refluxed on a steam-bath for 1 h, and shining red
crystals separated.

Halodicarbonyl-2,2'niquinolyIrhodium(I), RhX(CO),biq (X = CI, Br)

Carbon monoxide was bubbled through an acetone solution of RhX(COD)biq
until the colour changed to yellow. The excess of solvent was removed under
reduced pressure, and the required compound separated out as red or brown
crystals.

Trihalocarbonyl-2,2'-biquinolylrhodium(III), RhX,(CO)biq (X = Cl, Br. I)

To an ethanolic suspension of RhX(CO),biq either chlorine in carbon tetra-
chloride or bromine in ethanol was added in the mole ratic 1/1. The mixture
was refluxed on a steam-bath for 1 h, when shining yvellow or orange yellow
crystals of the compound separated out.

The iodo compound RhI,;(CO)biqg was prepared as follows. Carbon monoxide
was bubbled through a refluxing ethanolic solution of RhCl; - nH,O until the
solution turned pale yellow. An excess of Lil was added, followed by an equi-
molar amount of biq and bubbling of carbon monoxide was continued. Dark
shining crystals separated out.
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