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A mixture of hydrous trichloronitrosylruthenium(III) and 8-qulinolinol derivative (4-methyl-, 2,4-dimethyl-,
2-ethyl-, or 5-chloro-8-quinolinol) (mole ratio 1:4—5) was refluxed in ethyl alcohol in the dark to prepare two
kinds of cis-type complexes, [RuCl(qn)2NO] (Hqn=8-quinolinol derivative), cis-1 and cis-2, as major products.
Using 2,4-dimethyl- or 2-ethyl-8-quinolinol, the trans complex was prepared in low yield with the cis-type
complexes. The trans complex could be photochemically generated from the cis-1 complex in dichloromethane
in good yield. The introduction of an alkyl group with an electrondonating nature to the 2-position in the
quinolinol ring could induce the formation of the trans complex. The complexes were characterized by NMR,
IR UV-vis, and field desorption mass spectrometries. From the cis-1-trans photoisomerization reaction in the
presence of 1>°NO (**N atom %=99), a bond rupture between Ru and NO was found to be involved in the

reaction.

The coordinating NO* group behaves as a weak o-
donor and a strong m-acceptor; its peculiarity affects
the synthesis, reactivity, and structure of the {Ru(II)-
NO*} type of nitrosylruthenium(III) complexes.'—>

Geometrically isomeric pairs of [RuCl(qn)2NO]
(Hgn=8-quinolinol) and [RuCl(2mqgn);NO] (H2mqn=
2-methyl-8-quinolinol), cis-1 and cis-2, were pre-
pared from the reaction of hydrous trichloronitro-
sylruthenium(IIT) with the quinolinol (mole ratio 1:5)
in ethanol in the dark, and the structures of the cis-1-
(qn, 2mqn) and cis-2(2mqn) complexes were determined
by X-ray analysis by us.%” In the isomers, the Cl atom
is cis to NO, and the O atom of one of the quinolinolato
ligands is trans to NO. The cis-1 isomer is in a cis(O,
O) and trans(N,N) configuration for the ligating atoms,
N and O, of the quinolinolato ligands; the cis-2 isomer
is in a cis(0,0) and cis(N,N) configuration, as shown
in Fig. 1. Other neutral complexes containing the 8-
quinolinolato ligands could not be prepared.

For the {Ru(II)-NO*} type of nitrosylruthenium(III)
complexes, some geometrical isomerizations induced by
thermal reaction have been reported.®—!? However,
there has been no report concerning photoinduced geo-
metrical isomerization for the nitrosylruthenium (III)
complexes. Since the halide ion may behave as o- and
m-donors, there is a possibility for the preparation of
trans type of isomers in which the halide ion is trans to
the NO. Recently, we have reported that trans-[RuX-
(2mqn)2NO] (X=Cl or Br) can be photochemically pre-
pared from the corresponding cis-1 and cis-2 isomers
using a xenon lamp, and that the trans isomers have
a trans(O,0) and trans(N,N) configuration for the lig-
ating atoms in 2mqn, as shown in Fig. 1.'® However,
trans-[RuCl(qn)2NO] could not be photochemically pre-
pared from two kinds of cis isomers.

In this paper we report on the products pro-
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Fig. 1. Schematic structures of the trans-, cis-1, and
cis-2 types of [RuCl(2mqn);NO] (H2mqn=2-meth-
yl-8-quinolinol), Where the quinolinolato ions is rep-
resented by NO-

duced from the reaction of hydrous trichloronitro-
sylruthenium(III) with 4-methyl-, 2,4-dimethyl-, 2-
ethyl- or 5-chloro-8-quinolinol in a hot ethanol so-
lution in the dark, as well as those from photo-
chemical reactions using a xenon lamp in order to
further examine the effect of introducing methyl,
an ethyl group, or chlorine to the quinoline ring
in the thermal and photochemical preparation re-
actions. The products have been characterized by
NMR (*HCOSY), IR, UV-vis, as well as field de-
sorption mass spectrometries.

Experimental

Measurements. The electronic spectra in dichloro-
methane were recorded on a Hitachi U-3410 spectrometer.
The IR spectra in Nujol mull were measured with JASCO
A-202 and JASCO IR-F spectrometers. The NMR spec-
tra were recorded on a JEOL JNM GSX-400 spectrometer.
CDCl3 was used as a solvent and the chemical shifts were re-
ferred to an internal TMS. The FD mass spectra in the m/z
range 0—1500 were measured by a combined FD unit on a
Hitachi M-80 double-focusing mass spectrometer equipped
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with a Hitachi M-003 data-processing system. The complex
was dissolved in dichloromethane and placed on a carbon
emitter (an emitter current of 15—20 mA; a cathode poten-
tial of —4 kV; and an ion accelerating potential of 3 kV).

Materials. Hydrous trichloronitrosylruthenium (III)
was prepared by the nitrosylation of RuClz-3H20 in a hy-
drochloric acid solution and evaporation of the solution to
dryness.

4-Methyl-8-quinolinol (H4mqn),'* 2,4-dimethyl-8-quino-
linol (H24mqn),'® and 2-ethyl-8-quinolinol (H2eqn)'® were
prepared according to the methods described in the liter-
ature. The formation of 8-quinolinols was confirmed with
the elemental analyses, melting points, and NMR spectra.
Commercial 5-chloro-8-quinolinol (H5cqn) was recrystallized
from ethanol before use. The other reagents used were of
special grade.

Preparation. [RuCl(24mqgn);NO]:  An ethanol
solution of H24mqn (2.5 mmol in 20 cm®) was added to
an ethanol solution of hydrous trichloronitrosylruthenium-
(III) (0.5 mmol in 20 cm?®) dissolved perfectly upon heat-
ing. After the mixture had been refluxed for 2—5 h in
the dark, the solvent was removed by a rotary evapora-
tor. The dried residue was dissolved in dichloromethane
(ca. 10 cm®) and the insoluble solid was filtered off. The
filtrate was charged on a silica gel column (Wakogel C-300,
¢ 2.5x10—15 cm). Three reddishbrown adsorption bands
were eluted with dichloromethane. The eluates were col-
lected and evaporated to dryness. The yields of the first, sec-
ond, and third reddish-brown compounds (24mqn-a, 24mqn-
b, and 24mqgn-c) were 0.4, 50, and 10%, respectively. For
24mgn-b. Found: C, 51.9; H, 4.0; N, 8.1%. Caled for
RuClC32H2N303: C, 51.7; H, 4.0; N, 8.2%. IR (Nujol):
1840 (v NO), and 318 cm™! (v RuCl). UV (CH2Cl) 25800
(log € 3.83), 37700 (4.63), and 42000 cm ™! (4.59). **C NMR
(CDCl3) 6=167.84, 167.56, 162.83, 158.04, 149.49, 148.83,
143.39, 142.68, 120.26, 128.96, 128.93, 128.87, 125.24,
124.97, 115.19, 114.58, 111.22, 110.64, 27.34, 26.97, 19.07,
and 18.82. For 24mqn-c. Found: C, 51.3; H, 3.8; N, 7.7%.
Calced for RuClC22H2oN3O3s: C, 51.7; H, 4.0; N, 8.2%. IR
(Nujol) 1840 (v NO), and 322 cm™* (v RuCl). UV (CH»Cly)
25800 (log ¢ 3.83), 37700 (4.61), and 41500 cm™" (4.50).
13C NMR (CDCl3) 6=168.70, 164.31, 158.46, 156.91, 149.81,
149.01, 143.02, 142.82, 129.62, 129.57, 129.10, 128.73,
125.42, 123.91, 116.59, 115.54, 110.95, 110.23, 27.19, 23.90,
19.06, and 18.81.

[RuCl(2eqn);NO]: Preparation and chromatographic
separation were carried out on the same scale and by a sim-
ilar procedure as that for [RuCl(24mqn)2NO]. The yields of
the first, second, and third reddish-brown compounds (2eqn-
a, 2eqn-b, and 2eqn-c) were 0.5, 42, and 7%, respectively.
Upon refluxing under a dinitrogen atmosphere, the yields
of the 2eqn-b and -c increased by about twice as much.
For 2eqn-b. Found: C,50.9; H, 3.9; N, 8.2%. Calcd for
RUCICQ2H20N303: C, 51.7; H, 4.0; N, 8.2%. IR (Nujol)
1824 (v NO) and 316 cm™' (v RuCl). UV (CH2Cl) 25000
(log € 3.74), 37300 (4.65), and 41800 cm™* (4.53). '*CNMR
(CDCl3) 6=168.93, 167.71, 164.21, 163.23, 143.61, 143.06,
140.35, 139.47, 129.59, 129.20, 129.08, 129.01, 123.23,
122.20, 115.32, 114.74 (2C), 114.26, 33.58, 32.62, 15.49, and
14.16. For 2eqn-c. Found: C, 52.0; H, 3.7; N, 7.9%. Calcd
fOI‘ RuClszHzoNaOs: C, 51.7; H, 4.0; N, 8.2%. IR (Nujol)
1830 (¥ NO) and 322 cm™! (v RuCl). UV (CH2Cl2): 25000
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(log € 3.76) 37200 (4.65) and 40800 cm ™! (4.53). '*C NMR-
(CDCls) 6=168.62, 163.93, 163.58, 163.22, 143.51, 143.09,
140.38, 139.43, 129.93 (2C), 129.29, 128.69, 122.25, 121.09,
116.73, 115.73 114.54, 113.91, 33.56, 30.97, 13.87, and 13.60.
[RuCl(4mgn);NO]:  An ethanol solution (100 cm?®)
of 1.5 mmol of hydrous trichloronitrosylruthenium(IIT) and
6 mmol of H4mqn was refluxed in the dark; a similar chro-
matographic procedure to that for [RuCl(24mqn)2NO] or
[RuCl(2eqn)2NO] was carried out using dichloromethane
as an eluent. A PLC plate (20x20x0.2 cm, Merck) was
used for further purification. The yields from the major
first and second adsorption bands (4mqn-b and 4mgn-c)
were 26 and 11%, respectively. For 4mqn-b. Found: C,
48.8; H, 3.3; N, 8.4%. Calced for RuClConszOs: C,
49.7; H, 3.3; N, 8.7%. IR (Nujol) 1840 (v NO) and 314
cm™! (v RuCl). UV (CH2Cly) 25400 (log ¢ 3.90), 29900
(3.53), 38800 (4.61), and 41900 cm™! (4.56). 3CNMR
(CDCl3) 6=168.00, 165.00, 150.52, 149.12, 147.57, 145.92,
143.12, 142.23, 130.71, 130.67, 130.64, 130.39, 122.97,
122.43, 115.01, 114.87, 111.42, 110.53, 19.50, and 19.03.
For 4mqn-c. Found: C, 49.5; H, 3.7; N, 8.8%. Calcd for
RuClCQOH16N303: C, 49.8; H, 3.3; N, 8.7%. IR (Nujol)
1840 (v NO) and 310 cm™! (v RuCl). UV (CH,Clz) 25400
(log € 3.91), 29800 (3.59), and 39100 cm ™" (4.64). *3*CNMR,
(CDCls) 6=169.25, 164.03, 150.44, 149.38, 144.50, 144.19,
142.72, 142.36, 131.22, 131.19, 130.73, 130.47, 123.35,
121.90, 116.62, 115.50, 111.11, 110.28, 19.36, and 19.10.
[RuCl(5¢cqn)2NO]: A similar procedure to that for
[RuCl(4mqn)2NO] was used for the synthesis. One mmol
of hydrous trichloronitrosylruthenium(III) and 4 mmol of
H5cqn were used. Two elution bands were obtained by chro-
matographic separation (Wakogel C-300 ¢ 2.5x15 cm) us-
ing dichloromethane as an eluent. The yields of the first
and second adsorption bands (5cqn-b and 5cqn-c) were 24
and 20%, respectively. For 5cqn-b. Found: C, 41.1; H, 2.1;
N, 7.9%. Calcd fOl‘ RuClaClusNsO:;: C, 41.3; H, 1.9;
N, 8.1%. IR (Nujol) 1840 (v NO) and 332 cm™* (v RuCl).
UV (CH:Cl2) 23800 (log € 3.91), 29100 (3.56), 32100 (3.64),
37700 (4.55), and 42700 cm~' (4.60). 3CNMR (CDCls)
6=166.83, 163.71, 148.80, 147.21, 144.23, 143.24, 137.92,
136.66, 130.76, 130.47, 128.09, 128.04, 122.97, 122.52,
117.44, 116.54, 114.93, and 114.69. For 5cqn-c. Found:
C, 40.6; H, 1.9; N, 7.9%. Calcd for RuClsC1sH10N303: C,
41.3; H, 1.9; N, 8.1%. IR (Nujol) 1840 (v NO) and 330
cm™! (v RuCl). UV (CH,Cl,) 23700 (log € 3.83), 29000
(8.54), 31700 (3.61), 37800 (4.53), and 40600 cm™" (4.49).
BBCNMR (CDCl3) §=168.11, 162.70, 145.92, 145.54, 143.78,
143.33, 137.84, 136.88, 131.33, 131.30, 128.15, 127.90,
123.37, 122.10, 117.21, 116.44, 116.35, and 115.57.
[RuCl(2mqgn);NO] and [RuCl(gqn)2NO]: cis-1 and
cis-2, and trans-[RuCl(2mqn)2NO] were prepared accord-
ing to Refs. 6 and 13, respectively. cis-1 and cis-2 [RuCl-
(qn)2NO] were prepared according to Ref. 7.
Photochemical Preparation. 24mqgn-a:  After
24mqn-b (0.1 mmol) had been dissolved in dichlorometh-
ane (20 cm®) and then degassed by the freeze-pump-thaw
method, nitrogen monoxide (1 mmol) derived from potas-
sium nitrate was trapped into a Pyrex vessel containing the
solution. The solution was irradiated with a xenon lamp
(300 W) through a combination of a UV cut filter (UV36,
Hoya) and a water filter for about 4 h at room temperature.
The solution was darkened. After the solvent and resid-
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ual gas had been removed, the solid residue was dissolved
in dichloromethane again. The solution was charged on a
silica-gel column (Wakogel C-300, ¢ 1.5x10—20 cm), and
then eluted with dichloromethane. From the first adsorption
band 24mqn-a was obtained (yield 30%), and 24mqn-b was
recovered from the second adsorption band (60%). In the
absence of nitrogen monoxide, the yield of 24mqn-a was 5%
and the recovery of 24mqn-b 30%. Found: C, 51.9; H, 3.8;
N, 8.0%. Calcd for RuClszHzoN:;Og: C, 51.7; H, 4.0; N,
8.2%. IR (Nujol) 1828, 1805 (sh) (v NO) and 315 cm™* (v
RuCl). UV (CH:Cly) 25100 (log € 3.87), 37300 (4.66), and
41500 cm™! (4.58). *CNMR (CDCl3) §=168.10, 161.22,
149.01, 142.85, 129.10, 128.67, 125.28, 115.06, 109.74, 24.53,
and 18.97.

2eqn-a: The starting compound was 2eqn-b. The
preparation and chromatographic separation procedure were
the same as for those for 24mqn-a. 2eqn-a was obtained
from the first adsorption band (yield 25%) and 2eqn-b was
recovered from the second adsorption band (70%). In the
absence of nitrogen monoxide, the yield of 2eqn-a and the
recovery of 2eqn-b were comparable to those in the presence
of nitrogen monoxide. Found: C, 52.6; H, 3.4; N, 7.8%.
Calcd fOI‘ RuClszH20N303: C, 51.7; H, 4.0; N, 8.2%. IR
(Nujol) 1825, 1838 (sh), 1810 (sh) (v NO), and 315 cm™* (v
RuCl). UV (CH:Cly) 24700 (log € 3.73), 37000 (4.66), and
40700 cm™! (4.52). 3CNMR (CDCl3) §=168.09, 167.24,
143.14, 139.87, 129.48, 128.81, 123.49, 115.13, 113.14, 30.62,
and 15.54.

Photochemical Reaction in the Presence of Nitro-
gen Monoxide. 4mgn and 5cqn Complexes: 4mqgn-
b, -c, 5cqn-b, or -c¢ dissolved in dichloromethane was irradi-
ated in the presence of ten equivalents of nitrogen monoxide,
and the products were separated chromatographically by the
procedure described in the previous section. Only the orig-
inal complex was recovered and a portion of it was decom-
posed to form unidentified denitrosyleted green species. In
the absence of nitrogen monoxide, both 4mqgn-b and 5cqn-b
were mostly decomposed with evolving nitrogen monoxide
to form the green species.

24mqn and 2eqn Complexes: The same irradiation
to 2eqn-c or 24mqn-c resulted in the decomposition of al-
most all of the starting complex, although 24mqn-a (2%) and
24mqn-b (4%), as well as 2eqn-a (2%) and 2eqn-b (10%) were
generated. On the same irradiating to 24mqgn-a or 2eqn-
a, 24mqn-b or 2eqn-b was obtained (ca. 60%), and 30% of
24mqn-a or 2eqn-a was recovered.

Photochemical Isomerization in the Presence of
Nitrogen ['°N] Monoxide. The same experiments for
2eqn-a and 2eqn-b were carried out in the presence of >NO
(**N atom %=99). The dichloromethane solution of 2eqn-a
(0.05 mmol in 10 cm®) or of 2eqn-b (0.1 mmol in 20 cm®) was
degassed and ten equivalents of **NO was added. Then, the
solution was separately irradiated for 0.5, 1, 3, 5, or 10 h.
During irradiation, the solution was stirred vigorously and
the rather wide surface of the solution was contacted with
gaseous NO. After irradiation, the solvent and residual gas
were removed. The residue was dissolved in dichlorometh-
ane, and the starting complex and product were separated
by a silica-gel column (Wakogel C-300, ¢ 2.5X8 cm) using
dichloromethane as the eluent. For the eluates of each com-
plex, the band strengths in the absorbance of the *NO and
15NO stretching vibrations were measured in a CaFs liquid
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cell (0.5 mm length) by using a Perkin Elmer 1600 FT-IR
spectrometer. The amounts of the starting complex and the
product were determined spectrophotometrically.

Results and Discussion

The products of the preparations in the dark, as well
as the photochemical preparation and reaction schemes
are summarized in Table 1. ,

Identification of the Complexes. FD Mass
Spectra: The FD mass spectra of 24mqn-a, -b, -
¢; 2eqn-a, -b, -¢; 4mqn-b, -¢, and 5cqn-b, -¢ showed
the molecular ions as well as its isotopic peaks in the
range m/z 505—517, 505—517, 477—488, and 517—
530, respectively. Although no other peaks were ob-
served in the m/z 0—1500 range, dipositive-charged
molecular ions were observed for 24mqn-a and 24mqgn-
b. The observed relative intensities of the isotopic pat-
terns agreed with those calculated in consideration of
the isotopic abundance for all elements of the com-
plexes. S.D.=0.011 for 24mqgn-a, 0.013 for -b, 0.018
for -¢; 0.030 for 2eqn-a, 0.022 for -b, 0.032 for -c; 0.018
for 4mqn-b, 0.037 for -¢; and 0.054 for 5cqn-b, 0.030 for
-c. The FD mass spectrum in the region of m/z 505—
517 for 24mqn-b is shown in Fig. 2. The elemental
analyses were also consistent with the chemical formu-
lae proposed for the complexes. These suggest that the
obtained complexes are the monomer and geometrical
isomers of each other.

UV-vis Spectra: It has been reported that the
dnt(Ru)—m*(NO) charge-transfer band for the {Ru-
(I1)-NO*} type of nitrosylruthenium(III) complexes is
observed in the 21000—23800 cm™! range with £<50
mol~! dm3 cm™1.8161" The dn(Ru)—n*(qn) (Hqn=
8-quinolinol derivative) bands for the complexes were
observed at about 24000—26000 cm™! with log €=
3.7—3.9. The dn(Ru)—7*(NO) bands were obscured
by the more intense drt(Ru)—m*(qu) bands. The
charge-transfer bands in the qn ligands were observed
at ca. 37000—38000 cm~! with log e=4—5 and ca.
41000—42000 cm~! with log e=4.5, as observed for
other nitrosylruthenium(III) complexes with the 8-
quinolinolato ligand.®"

IR Spectra: The NO stretching vibrations were
observed in the 1800—1840 cm™! region, indicating
that the studied complexes were of the {Ru(II)-NO*}
type.*~™ The Ru—Cl stretching bands were observed at
310—330 cm 1.

13CNMR. Spectra: The spectra for 24mqn-
a and 2eqn-a showed that two of the 8-quinolinolato
ligands are geometrically equivalent, as observed for
trans-[RuX(2mqn),NO] (X=Cl or Br; H2mgn=2-meth-
yl-8-quinolinol).'® Considering the steric hindrance due
to the methyl or ethyl groups in the 2-position of the
quinolinolato ligands, the a type of complexes are trans
isomer with a trans(O,0) and trans(N,N) configura-
tion, as shown in Fig. 1. On the other hand, the b and
¢ types of complexes were shown to have geometrically
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Table 1. Products of Preparations in the Dark,® and Photochemical Preparation and Re-
action Schemes®
Ligand Products of preparation Ref. Photochemical preparation Ref.
in the dark (yield/%®) and reaction schemes
24mqn a b c This work c—b2a This work
(0.4) (50) (10) \'decomposition
2eqn a b c This work c—b2a This work
(0.5)  (42) ) \‘decomposition
4mqgn b c This work No isomerization This work
(26) (11)
5cqn b c This work No isomerization This work
(24) (20)
2mqn cis-1 cis-2 6 cis-2—cis-12trans? 13
(42) 9)
qn cis-1 cis-2 7 No isomerization? 7
(67) (10)

a) In boiling ethyl alcohol.
ture: Light source, a xenon lamp (300 W).

b) In dichloromethane in the presence of NO gas at room tempera-
c) Based on hydrous trichloronitorosylruthenium(III).

d) In dichloromethane in the absence of NO gas at room temperature: Light source, a xenon lamp

(300 W).
517
516
515
514
a— ————

1 —
e ————
O —

509
508
507
506 O calculated
505 I observed
Fig. 2. FD mass spectra of cis-1 [RuCl(24mqn)2NO]

(24mqn-b) (H24mqn=2,4-dimethyl-8-quinolinol).

unequivalent 8-quinolinolato ligands. Thus, the b and
c are cis isomers.

1HNMR Spectra: The structures of two kinds
of cis-[RuCl(2mqn)2NO], cis-1 and cis-2 isomers, have
been determined by the present authors.®) However,
no detailed measurments or discussion for the 'H NMR
spectra have yet been performed. On the basis of the
'H COSY spectra for the cis-1 and cis-2 isomers, an at-
tempt was made determine the structures of the b and ¢
types of complexes. The observed resonances and their
assignments are summarized in Table 2.

1) 2mgn Complexes. The signals due to the
quinolinolato rings and the methyl groups were ob-
served in the ranges of §=6.8 to 8.5 and §=1.8 to 3.4,
respectively. The 1H COSY spectrum of the ring proton
region for the cis-1 isomer is shown in Fig. 3.

Five pairs of the signals were observed, and those

pairs could be divided into two groups. One (§=7.38,
7.39, 8.17, 8.23) was assigned to the 3- and 4-H protons,
and another (§=6.87, 6.92, 7.10, 7.14, 7.37, 7.39) to the
5-, 6-, and 7-H protons. The 24mqn complexes showed
3-H to be singlet; the signals were distinguishable from
the others, and these 3-H protons were observed at
6§=6.9—7.3 (see Table 2) and shifted to —0.23—+0.12
ppm from the 3-H proton of H24mqn. The 3-H protons
of the 2mqn complexes are also expected to show the
same tendency as do the 24mqn complexes. Two 3-H
protons are in a similar environment, since cis-1 [RuCl-
(2mqn)zNO] has a trans(N,N) configuration. Thus, the
signals at 6=7.38 and 7.39 were assigned to the 3-H
protons, and those at §=8.17 and 8.23 to the 4-protons.
The 6-H protons were assigned to §=7.37 and 7.39 ac-
cording to the splitting pattern. The 5-H protons are
the most distant from the ligating atoms, similarly to
the 4-H protons, and directed toward the outside of the
complex. Hence, the ¢ values are nearly equal to those
of the 5-H proton in H2mqn. Contrary, the 7-H protons
are largely influenced by coordination. Thus, the 5-H
protons were assigned to §=7.10 and 7.14, and the 7-H
protons to §=6.87 and 6.92.

The *H COSY spectrum in the ring proton region for
the cis-2 isomer is shown in Fig. 4. The assignments
were performed in the same manner as that for the cis-
1 isomer. The signals were classified to groups A and B,
as shown in the Table 2. The § values in group A were
nearly equal to those observed for the cis-1 isomer. In
group B, although the §=8.15 due to 4-H and 7.12 due
to the 5-H protons were nearly equal to those for the
cis-1 isomer, the §=7.04 (3-H), 7.54 (6-H), and 7.50 (7-
H) were largely shifted from those for the cis-1 isomer.
In addition, the §=1.83 due to the CH3 group in group
B shifted largely to upfield, as compared with §=3.16,
due to another CH3 group. These shifts were caused
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Table 2. 'HNMR Data of Nitrosylruthenium Complexes

Complex Group 2-H 3H 4H 5H 6H 7H» CHs3 CH3; CH;
H2maqn 727 800 7.26 7.36 7.4 2.70
trans(2mqn) 738 843 723 745 7.08  3.32
cis-1(2mqn) 739 823 714 739 687 3.33
738 817 7.0 737 692  3.09
cis-2(2mqn) A 742 818 710 736 685 3.16
B 704 815 712 754 750 1.83
A —0.38 —0.03 +0.02 +0.18 +40.65 —1.33
H24mqn 7.13 739 738 712 266 263
24mqn-a 7.24 722 746 715 327 271
24mqn-b 7.25 721 739 685 327 2.72
7.25 718 737 691  3.03 2.72
24mqn-c A 7.27 716 7.35 6.83 3.09 273
B 6.90 718 753 748 179 2.64
A —0.37 +0.02 +0.18 +0.65 —1.30 —0.09
H2eqn 731 804 728 737 714 140 2.99
2eqn-a 742 823 721 746 7.07 153 3.73
2eqn-b 745 827 714 740 694 1.61 3.89 3.72
744 822 711 7.38 690  1.47 3.33
2eqn-c A 749 822 709 735 6.86 1.65 3.47 3.35
B 709 817 711 753 750  0.55 2.37 2.00
A —0.40 —0.05 +0.02 +0.18 +0.64 —1.10
H4mgqn 871 7.41 749 747 710 266
4mqn-b 9.23 747 7.30 752 7.08 283
851 7.41 729 751 696 281
4mqn-c A 8.55  7.48 728 750 694 2.84
B 7.19  7.00 725 7.64 751  2.69
A -1.36 —0.48 +0.03 +0.14 +0.57 —0.15
Hb5cqn 883 7.57 8.53 752 7.11
5cqn-b 9.41 7.76 881 758  7.01
869 7.71 8.71 7.57  6.89
5cqn-c A 875 7.80 8.76 7.57  6.89
B 740 7.34 867 771 T.44
A -135 —0.46 —0.09 +0.14 +0.55
Hqn 877 740 812 731 744 7.58
qn-b(cis-1) 937 7.63 845 7.24 752 7.10
865 7.57 835 7.23 751 6.98
qn-c A 870 7.65 840 723 751  6.97
B 731 718 830 7.19 7.64 7.3
A 132 —047 —0.10 +0.04 +0.13 +0.56

a) A and B for cis-2.
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Fig. 3. 'HCOSY spectrum of cis-1 [RuCl(2mqn)>NO] (H2mqn=2-methyl-8-quinolinol). *: solvent.

by a paramagnetic ring-current effect of the quinolino-
lato ring, as expected form the cis(N,N) and cis(O,0)
configuration of the cis-2 isomer. Thus, group A could
be assigned to quinolinolato ring A, whose O atom co-
ordinates in trans to the NO, and group B to another
quinolinolato ring B (see Table 2). The signal due to
the 3-H proton in ring B shifted to upfield by 0.38 ppm,
as compared with that in ring A. The 6-H and 7-H pro-
tons in ring B shifted downfield by 0.18 and 0.65 ppm,
respectively. Because the 4-H and 5-H protons exist far
away from the ligating atoms, and are directed to the
outside of the complex, their § values hardly changed
with the structure change from the cis-1 to the cis-2
isomer.

These results show that the 'HNMR spectra of the
cis-1 and cis-2 isomers reflect the structure of the com-
plexes. The resonances due to two kinds of the quino-
linolato ligands of the cis-1 complex could not be dis-
tinctively assigned because the two quinolinolato pro-
tons are in a similar environment.

2) 24mqgn and 2eqn Complexes. The data
show that 24mpn-b and 2eqn-b contain two kinds of the
quinolinolato ligands. The two-quinolinolato protons
were resonated near to each other. The tendency was
the same as that of cis-1[RuCl(2mqn),NO]. The 24mqn-
¢ and 2eqn-c spectra were also classified to groups A
and B. The difference (A) between the signals of group

A and those of group B have a strong resemblance to
the difference in cis-2[RuCl(2mqn),NO]. It is thus con-
cluded that 24mqn-b and 2eqn-b have a trans(N,N) and
¢is(0,0), and that 24mqgn-c and 2eqn-c have a cis(N,N)
and cis(0,0) configuration.

The ethyl region spectra of the 2eqn complexes are
shown in Fig. 5. The CH; protons of one of the ethyl
groups for 2eqn-b and thoseé of the two ethyl groups for
2eqn-c were observed as multiplets. Each of the CHy
protons in 2eqn-b resonated at different frequencies, and
the geminal-type coupling (J=15 Hz) was observed,
since the CHy group of ring A trans to the NO can
not rotate freely. For 2eqn-c, the CH, group of ring
B, in addition to the CH, group of ring A, also can not
rotate because of a steric hindrance of ring A. The ring-
current effect of ring A also caused upfield shifts of the
resonances due to the CH, and the CHg groups in ring
B.

The spectra of 24mqn-a and 2eqn-a showed that two
of the quinolinolato ligands coordinated equivalently to
the ruthenium, indicating that 24mqn-a and 2eqn-a
have trans(N,N) and trans(O,0) configurations. The
CH;, protons of 2eqn-a also split into a multiplet, which
shows the presence of a steric hindrance between the
ethyl group and the other quinolinolato ring.

3) 4mgn and 5cqn Complexes. 4mqgn-b and
5cqn-b as well as 4mqgn-c and 5cqn-¢ showed spectral
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Fig. 4.

patterns that are characteristic of the cis-1 and cis-2
isomers, respectively. The 2-H protons were observed
at §=8.51 and 9.23 for 4mqn-b and at §=7.19 and 8.55
for 4mqn-c. Since the 2-H protons exist in the nearest
position from the ligating atom, these signals are very
sensitive to the effect of the neighboring ligand, as ob-
served for the 6-H protons of the Ru-bpy complexes.!®
The upfield (6=7.19, —1.36 from the §=8.55) shift was
caused by a paramagnetic ring-current effect of ring A
in 4mqgn-c. The downfield (6§=9.23, +0.72 from the
6=8.51) shift may be caused by an interaction with the
Cl~ ligand in 4mqn-b. Thus, the resonances at §=7.19
for 4mqn-c and §=9.23 for 4mqn-b were assigned to the
2-H proton in ring B. The same phenomena were also
observed for 5cqn-b and -c.

The spectra of qn-b and gn-c were also shown to be of
the cis-1 and cis-2 types, respectively. The NMR data
of cis-1[RuCl(qn)eNO] (gn-b) support the structure de-
termined by an X-ray crystal analysis.”

Thus, the b type of complexes was assigned to the
cis-1 type and the c type of complexes to the cis-2 type
from detailed analyses of the NMR spectra.

Preparation in the Dark. As shown in Table 1,
by using 8-quinolinol or 2-methyl-8-quinolinol, the cis-
1 and cis-2 type of complexes were prepared through a
thermal reaction; the trans isomer, however, could not
be prepared.®” The same result was obtained using 4-
methyl- or 5-chloro-8-quinolinol. On the other hand,
the trans isomer was prepared in low yield (ca. 0.5%)

'H COSY spectrum of cis-2 [RuCl(2mqn)2NO] (H2mqn=2-methyl-8-quinolinol). *: solvent.

using 2,4-dimethyl- or 2-ethyl-8-quinolinol. The cis com-
plexes of 24mqn or 2eqn did not isomerize upon boiling
in CH5Cl,. When the cis-1 isomer of 2eqn was refluxed
in ethyl alcohol in the dark, the trans isomer was pre-
pared in ca. 0.4% yield. In the presence of H2eqn, the
trans and cis-2 isomers were confirmed to be prepared
in the refluxed solution by HPLC analysis. These facts
suggest that a further addition of the CH3 group or an
introduction of the CoHy group with its electron-donat-
ing nature to the 2-position in the quinolinol ring, or
an increase of the reaction temperature, prompts the
formation of a trans isomer.

Photochemical Preparation and Reaction.
24mqgn and 2eqn Complexes: An attempt was
made to prepare the trans isomers photochemically in
CH3Cl;. The trans isomer, 24mqn-a or 2eqn-a, could be
prepared in good yield (ca. 30%), and the starting cis-
1 isomer, 24mqn-b or 2eqn-b, was recovered (ca. 60%)
under reaction in the presence of NO. Upon irradiating
to the trans isomer (24mqgn-a or 2eqn-a) the cis-1 isomer
(24mqn-b or 2eqn-b) was obtained in ca. 60% yield, and
30% of 24mqn-a or 2eqn-a was recovered. This trans-
cis-1 reversible isomerizations of 24mqn and 2eqn were
similar to those of [RuX(2mqn);NO] (X=Cl or Br),'®
and the yields of the trans isomer from the cis-1 isomer
and of the cis-1 isomer from the trans isomer were com-
parable to those for the corresponding 2mqn complexes.

From the cis-2 isomers of 24mqn and 2eqn, small
amounts of the trans isomer of 24mqn (2%) and the cis-
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Fig. 5. 'HNMR spectra in the CHz group region of
2eqn complexes. A: 2eqn-a, B: 2eqn-b, C: 2eqn-c.

1 isomer of 24mqn (2%), as well as the trans isomer of
2eqn (4%) and the cis-1 isomer of 2eqn (10%), were pre-
pared; however, almost all of the cis-2 isomers decom-
posed, even in the presence of NO. In both cases of cis-
2 [RuCl(2mqgn)2NO] and cis-2 [RuBr(2mgn);NO], the
trans and cis-1 isomers were prepared in ca. 25% yields
and 30% of the cis-2 isomer was recovered.'® The cis-
2 isomers of the 24mqn and 2eqn complexes seem to be
more unstable than the cis-2 isomer of 2mgn complex.
4mqgn and 5cqn Complexes: From the cis iso-
mers, 4mqn-b, -c, and 5cqn-b, -c, the corresponding
trans isomer could not be prepared and the original
complex was recovered, even in the presence of NO.
Photochemical trans-cis-1 Isomerization in the
Presence of Nitrogen['®N] Monoxide. As shown
in the previous section, reversible isomerization reac-

tions between the trans and the cis-1 complexes of

24mqn and 2eqn were observed. The mechanism of the
cis-1-trans isomerization for the 2eqn complexes was
preliminarily explored. Table 3 shows the results of
the photochemical reaction in the presence of 1°NO.
In spite of the strict experimental procedure, increases
in the irradiation time caused a decomposition of the
complex during the cis-to-trans isomerization; during
the trans-to-cis isomerization the decomposition of the
complex was observed from the initial irradiation. The
14NO and 5NO stretching vibrations of the trans iso-
‘mer in dichloromethane were observed at 1843 and 1806
cm™!, and those of the cis-1 isomer were also observed
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Table 3. Isomerization Yield and Area Ratio in Ab-
sorbance of *NO-stretching band to **NO-one for
cis—trans Isomerization of cis- and trans-[RuCl-
(2eqn)2NOQ] (H2eqn=2-ethyl-8-quinolinol)

cis to trans Isomerization

Irradiation Yield/% Recovery/% Area ratio (**NO/NO)

time/h  (trans) (cis-1) (trans) (cis-1)
0.5 12 78 23 0.5
1 13 84 23 0.5
3 23 66 18 4.3
5 25 64 9.3 7.6
10 24 54 8.7 8.4

trans to cis Isomerization

Irradiation Yield/% Recovery/% Area ratio (**NO/'NO)

time/h (cis-1) (trans) (cis-1) (trans)
0.5 39 45 14 0.7
1 50 33 12 1.8
3 61 25 11 8.1
5 62 25 8.1 8.0

a) Mole ratio of the complex to !°NO (!°N atom
%=99)=1:10.

at 1843 and 1806 cm ™!, respectively.

The longer was the irradiation time, the greater was
the degree of isomerization increased, to reach a pho-
tostationary state. When the irradiation took place for
only a short time, the ratio of SNO to *NO for the
isomerization product was larger than 10, and that for
the starting materials was smaller than 10. The ratio of
15NO to “NO for the product became almost equal to
that for the starting materials, and the photostationary
state was achieved after the 5—10 h-irradiation.

The cis-1-to-trans isomerization reaction for the
24mqn complex was carried out on the same scale (the
cis-1 isomer, 0.100 mmol in 20 cm?® of CH,Cly; the mole
ratio of the cis-1 isomer to 1SNO was 1:10). The yield
of the trans isomer was 27%, and 67% of the cis-1 iso-
mer was recovered after the 4.5 h-irradiation, at which
point the photostationary state was thought to have
been established. The 1NO and *NO stretching bands
were observed for both the trans and the cis-1; the ratio
(1*NO/NO) was 6 for both of the isomers.

These results suggest that the photostationary state
is present and a Ru—NO bond rupture takes part in both
the cis-to-trans and the trans-to-cis isomerizations; a
further investigation, however, is necessary to elucidate
the reaction mechanism.

Conclusion

Concerning the reaction of hydrous trichloronitro-
sylruthenium(III) with 2,4-dimetyl- or 2-ethyl-8-quino-
linol in hot ethyl alcohol in the dark, a small amount
of the trans isomer was prepared along with the cis iso-
mers. A further introduction of the methyl group to the
4-position in 2-methyl-8-quinolinol and an introduction
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of the ethyl group with a better electron-donating na-
ture than that of the methyl group to the 2-position in
8-quinolinol seem to be involved in the preparation of
the trans isomer upon a thermal reaction. The intro-
duction of an electron-donating group, such as a methyl
or ethyl group, to the 2-position in the 8-quinolinolato
ligand seems to cause a photoinduced cis-trans isomer-
ization.

The present work was partially supported by the
Shinsei Fund.
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