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Catalytic hydrogenation of fused heteroaromatic compounds, acridine, quinoline and qui-
naldine, selectively occurs at the nitrogen containing rings to give 9,10-dihydroacridine,
1,2,3,4-tetrahydroquinoline and 1,2,3,4-tetrahydroquinaldine in the homogeneous solution
prepared from the reaction of [Ir(COD)(PPh3}(PhCN)]C104 (COD = 1,5-cyclooctadiene) with
H, (5 atm) at 50°C, while isoquinoline and indole are not hydrogenated under the same experi-
mental conditions. In the presence of the rhodium analog [Rh(COD)(PPh;}(PhCN)]ClO4 how-
ever, both isoquinoline and indole are also hydrogenated at the nitrogen containing rings,
which is understood in terms of heterogeneous catalysis by metallic rhodium powders pro-
duced in the reduction of the rhodium compound under the same experimental conditions
(50°C, 5 atm of Hy).
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1. Introduction

Hydrogenation of fused heteroaromatic nitrogen compounds has been studied
to understand and develop the catalytic systems effective for hydrodenitrogenation
of coal compounds [1-4]. A number of rhodium and ruthenium complexes [1-4]
have been found to catalyze the hydrogenation of a variety of fused heteroaromatic
nitrogen compounds at relatively low temperature (as low as 40°C) and under low
pressure of hydrogen (as low as 2 atm) while a single iridium complex,
[Ir(COD)(PPh;),]Cl104 (COD = 1,5-cyclooctadiene), to our knowledge, has been
reported to be active for the hydrogenation of one binuclear heteroaromatic nitro-
gen compound, quinoline, at high temperature, 150°C [4].

In this paper, we report regioselective hydrogenation of fused heteroatomic
nitrogen compounds catalyzed by the homogeneous solution obtained from the
reaction of [Ir(COD)(PPh;)(PhCN)]CI1O4 with H, under relatively mild conditions
(50°C, 5 atm of H;) and related data obtained with the rhodium analog,
[Rh(COD)(PPh3)(PhCN)]ClO;.

! To whom correspondence should be addressed.

©J.C. Baltzer AG, Science Publishers



240 C.S. Chinet al. / Hydrogenation of heteroaromatic compounds by iridium complex

2. Experimental

Metal complexes, [Irf(COD)(PPh3;)(PhCN)]JCIO; (denoted by Ir-1),
[Rh(COD)(PPh3)(PhCN)ICIOs (Rh-1), [Irf(COD)(PhCN),]CIOs (Ir-2), and
[Rh(COD)(PhCN)z]CIO4 (Rb-2), were prepared by the similar manner as
described in the literature {5]. All the fused heferoaromatic nitrogen compounds
were purchased from Aldrich and used without further purification. All the experi-
ments were cartied out in the same manner described below for the hydrogenation
of acridine with Ir-1. The CH,Cl, solution {5:0 ml) of Ir-1 (0.1 mmol, 77 mg) and
acridine (3.0 mmol, 550 mg) under H, (5 atm) in a bomb reactor (Parr 1341,
volume 360 ml) was putin an overrmaintained at 50°C for a planned period of time
(1-10 h) and ¢oeled down toe room temperature at intervals. Then, the reaction
mixture was analyzed by 1H-NMR measurements in CDCl;, as it was done
previously [1-3], after CH,Cl, ‘was removed by blowing nitrogen through the
reactlon mixture. "H-NMR (CDCl;, 60 MHz, ppm): acridine, 7.2-8.5 (m, 9H);
_ 6acr1d1ne 4.0 (s, 2H), 5.7-6.3 (s, 1H), 6.5-7.4 (m, 8H); quinoline,
9.0 (m, JH), 1,2,3,4-tetrahydroquinoline, 4.0 (s, 1H), 3.3 (t, 2H), 2.9 (t, 2H),
2.0 i(m;.2H),72-8.5 (m,.4H); octahydroquinoline, 2.5-3.5 (m, 2H), .0.8-2.0
(m, 13H) qulnaldme 2.7 (s{3H), 7.148.1'(m, 6H); 1,2,3,4-tetrahydroquinaldine,
1.1¢d, 3,1 32,0 (m, 2H), 2.5-2.9 (m, 2H), 3.0-3.5 (m, 1H), 6.4-7.0 (m, SH);
octahydroqulnaldme 1.0-2.5 (m 16H), 2.5-4.0 (m, 1H); isoquinoline, 7.5-8.0 (m,
5H), 8.6 (d, 1H), 9.3 (s, 1H); 1,2,3 4—tetrahydr01soqu1nol1ne 2.8-3.3 (m, 4H), 4.0
(s, lH), 7.0 (s, 4H); octahydroisoquinoline, 1.5-2.5 (m, 9H), 2.5-3.1 (m, 3H);
indole, 6,5 (s, 1H), 7.0-7.8 (m, 6H); 2,3-dihydroindole (indoline), 2.7-3.7 (m, 4H),
6.8-7.3 (m, 4H); hexahydromdole (indolidine), 0.8-3.0 (two broad signals).

3. Results and discussion

It has:been already known-that the reaetion ‘of [Ir(COD)(PPh3)(PhCN)]ClO4
(Ir-¥) with Hs preduces.a: homogeneous solution. that catalyzes .nitriles to give
amines [6]. Fhis homodgeneous solution is catalytically active also for the hydroge-
nation of some selécted fused heteroaromatic nitrogen compounds, and the hydro-
genation occurs regioselectively at the nitrogen containing rings. :

-«The hydrogenation can be monitored.for several days without a s1gn1ﬁcant
decrease inrate. It is;seen in table 1 that only the nitrogen containing rings of the
substrates are hydrogenated leaving the. non-heteroaromatic. rings intact as
observed before by-others [1-4]. The relative rates of the hydrogenation may not be
clearly understood until the detailed mechanism is-established..It may be said, how-
ever, that steric effects on the interactions between the iridium metal and the nitro-
gen:atoms of ‘the substratés play a role in: determining the rates of the
hydrogenation since it is noticed that the hydrogenation is‘faster for the more hin-
dered nitrogens of quinaldine and acridine than for the less hindered one of quino-
line, while the even more less hindered nitrogen of isoquinoline is not hydrogen-
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Table 1

Hydrogenation of fused heteroatomic nitrogen compounds (3 0 mmol) with. [Ir(COD)(PPhs)
(PhCN)ICIO4 (Ir-1, 0.1 mmol), [Rh(COD)(PPhg)(PhCN)]C104, (Rh-1, 0.1 mmol), [Ir(COD)
(PhCN),IC104 (Ir-2, 0.1 amol), and [Rh(COD)(PhCN},]C10; (Rh-2, 0. 1 mmol); respectively, in
CH,Cl, (5.0 ml)at 50°C under 5 atmof hydrogen

Substrate

a)
]
Q
g
©
-~

Turnover number (sub/ M h) a

Ir-1 - ‘Rh-1 Ir-2 Rh-2

’ 7.5 20 5" 42

@ :

|

Q
=

acridine H
@E@ E@EJ 11 0.5 33 5.2
quinoline H '
O @ ©©\ 63 0.4 5.7 12
quinaldine

ON - - 0.2 - -
isoquinoline [

\ B2 T ) |

‘:© N i;[N - 0.3 40 4.6

indole

* Disappearance of substrarte (inmole) per metal (in mole) per hour.

ated at all under the same experimental conditions. Strong interactions between
the metal and the nitrogen seem to depress the rate of the hydrogenatlon Fish and
co- workers found somewhat different relative rates with a rhodium complex from
our resultsin table 1: hydrogenatlon rate decreases in the following order, acridine
> qu1nol1ne > isoquinoline in the presence of [RhCp* (CH3 CN), ]2+ C= CsMe5 ),
which they explained as the results of both steric and electronic effects on the inter-
actions between the metal and substrates [1,2]. The catalytlcally active species pres-
ent in the solutlon obtalned from the reactlon of Ir-1 and H,. should contaln the
moiety of “Ir(PPh3 )(PhCN)(ClO4)” accordlng tothe f ollowmg equatlon

[Ir(COD) (FPhs3)(PhEN)|CIO, + 2H; ~ “Ir(PPh;)(PhCNJ(C10,)” + CgHis .

Ir-1
(1)

#1 Unpublished results: the reaction of [Ir(COD)(PPh;3)(PhCN)]ClO4 with H, (5 atm) at 50°C in
CH,Cl, produces C3Hy and a brown solution which contains PRh3, PiCN and C1O; .
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Since both PhCN and ClOj are well known to be labile ligands which are readily
replaced by other ligands, the ligands around the iridium of the catalytically active
species may not entirely control the interactions between the iridium and the nitro-
gen atoms of substrates.

The rhodium analog, [Rh(COD)(PPh3)(PhCN)]CIO,4 (Rh-1), shows different
reactivities from those of the iridium complex Ir-1. All of five substrates in table 1
are found to be slowly hydrogenated in the presence of Rh-1 at 50°C under 5 atm of
hydrogen (see table 1). It should be mentioned here that metallic rhodium powders
are slowly produced during the catalytic hydrogenation with Rh-1 in CH,Cl, at
50°Cunder 5 atm of hydrogen according to

[Rh(COD)(PPhs) (PhCN)|CIO, + $H, ~
Rh-1

Rh 4 C3H,s + PhCH,NH; + PPh; + HCIO, . (2)

A small amount of rhodium metallic fine powders can be separated by filtration
of the catalytically active reaction mixture. Therefore, the hydrogenation data with
Rh-1 in table 1 are probably due to, at least in part, the catalytic activities of the
metallic rhodium powders present in the reaction mixture. We have found in this
study that metallic powders of both iridium and rhodium (see below) show much
higher catalytic activities for the hydrogenation of those substrates in table 1 than
those with Ir-1 and Rh-1 shown in table 1.

We have also found that (i) significant amounts of metallic powders of both iri-
dium [6] and rhodium were produced from the reactions of non-phosphine com-
plexes, [M(COD)(PhCN),]ClO4 (M = Ir (It-2), Rh (Rh-2)) with H; according to
the following equation:

[M(COD)(PhCN),|CIO4 + 2H, —M + CsHys + 2PhCH,NH, + HCIO;,  (3)

and (ii) the catalytic hydrogenation of those heteroaromatic nitrogen com-
pounds is considerably faster in the presence of non-triphenylphosphine com-
plexes, Ir-2 and Rh-2, than that with triphenylphosphine complexes, Ir-1 and
Rh-1, respectively. These observations may suggest that the higher rates with Ir-
2 and Rh-2 are, in part, due to those metallic iridium and rhodium powders.
In fact, the fine metallic powders separated from the reactions of Ir-2 and Rh-2
with H, show much higher catalytic activities for hydrogenation of those het-
eroatomic compounds in the absence of PhCH,NH; and HCIO4. For example,
the turnover numbers could be as high as 22 acridine/Ir h (mole acridine per
mole iridium per hour), 8.0 acridine/Rh h, and 5.2 quinoline/Rh h with metal-
lic powders separated under the same experimental conditions, at 50°C under
5 atm of H,.
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