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Reactions of (nG-Arene)tricarbonylchromium Complexes: Hydrogenation,
Nitration, and Bromination

Z.Y.Own ( %88 )
Institute of Applied Chemistry, Providence University, Shalu, Taiwan, R.0.C.

In this study, we explore the reactions of coordinated arencs, e.g., hydrogenation, nitration, and bromi-
nation, to prepare compounds which are not accessible from conventional organic synthesis. The reaction
products formed from reactions with the coordinated and the uncoordinated arencs are compared. The poly-
cyclic aromatic hydrocarbons (PAHg) employed for this study include phenanthrene, methyl- and acetyl-
phenanthrene, and benz[alanthracene (BA), The tricarbonylchromiuim group demonstrated various charac-
teristics which infiuence the reactions in this work, such as an electronic effect to deactivate hydrogenation,
a stetit effect to exhibit highly positional selective nitration, and a free radical mechanism to direct bromine
t0 attack at the ring coordinated to tricarbonylchromium.

INTRODUCTION

Since 1957, (n‘-arene)tricarbonylchromium com-
piexes have drawn the attention of organic and organometal-
tic chemists."™* Intensive researches in this field are not
only-becausc of interest in the coordination chemistry but
also on the basis of the utilization of organometallic com-
plexes to synthesize compounds which cannot be obtained
directly from conventional organic reactions. The strong
clectron-withdrawing character of the tricarbonylchromium
moiety in (n*-arenciricarbonylchromium complexes is able
W reverse the nature of the coordinated arenes. In particu-
lar, a variety of nucleophiiic aromatic substitution reactions
can be carried out on the aromatic system with stereospeci-
fic reactions on the functional groups which are attached to
the aromatic tin g:i““

Polycyclic aromatic hydrocarbons (PAHz) and their
derivalives are wide-spread as environmental pollutants. ™
Some of them demonstrate strong carcinogenic and/or mu-
tagenic activities.® Syntheses of these compounds for
biological and environmental protection studies arc highly
signiticant. ™ In this work, we tuke advantage of coordi-
nated arene 1o study some reactions, such as hydrogenation,
nitraiion, bromination, and alkylation, for preparing com-
pounds which cannot be derived directly from conventional
reactions of arenes. In addition, the products from the par-
allel reactions in the coordinated and the nncoordinated
arengs were carried out for comparison.

RESULTS AND DISCUSSION

Preparation of (né-arene) tricarbonylchromium com-
plexes

The complexes were prepared from refluxing the solu-
tions of the PAH and chromium hexacarbonyl in the mixture
of dibutyl ether and tetrahydrofuran under an atmosphere of
nitrogen for & period of 2-4 h depending on the arene used.

In this study, we explore the eftect of the presence of a
tricarbonylchromium moiety by comparison ot the resulis
from the hydrogenation, nitration, hromination, and methy-
lation of PAHs, substituted PAHs, and their (3 -arenc)iricar-
bonylchromium complexes. Those results are discussed ac-
cording to the types of reactions (Scheme 1, 11, 111).

General characteristical comparison of the PAHs, sub-
stituted PAHs and their (1]6-arene)tricarb0nyl-
chromium complexes

Since an electron-withdrawing character of the tricar-
honylchromium moiety is able to change the nature of the
coordinated arene towards the reactions, (nﬁ-arcnc)(ricuf-
bonylchromium complexes have been utilized to synthesize
the compounds that cannot be oblained by convenional or-
ganic reactions.'” The electron-withdrawing nature of
Cr(COY)y moiety 1s able to decrease the electron density of
the coordinated benzene ring of benz[#)anthracene and to
increase the proton acidity of that ring resulting in different
product distribution from the uncoordinated arene ring,
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Benz[a)anthracene (1) is readily hydrogenated in EA
with 10% Pd/C as a catalyst and 50 psig of hydrogen gas for
24 h, the reaction filtrate was purificd chromatographically
to give a white solid. 5,6-Dihydrobenz{alanthracene (2)
(45% yield). The results show that the reaction site was at K
region (Fig. 2). However, no reaction was observed for
(benz{alanthracene)Cr(CO)s (3) even after an 80 h reaction
period. This result can be rationalized as: (1) the electron
density of the arene in compound 3 was decreased by the
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Cr(CO}s moiety resulting in lower electron density on the K
region causing it to lose its reactivity. (2) the chromium
metal deactivated the catalytic activity of PA/C due to the
bulky moiety (Fig. 2).

Nitration

Sodium nitrate in trifluorcacetic acid was added to a
solution of benz{ajanthracene (1} in acetic acid on an ice
bath, after further addition of acetic anhydride, the mixtore
was stirred at 0 "C for 3 I, the precipitate was collected by
filtrating and washing with water. The residue was sepa-
rated chromatographically over silical gel with EA/hexane
{1:20) as an eluent to yield 7-nitrobenz[a]anthracene (4)
{(43% yield). Using the same nitration procedure to coordi-
nated compound 3 with a worse yicld of 34%. However,
presence of the substituent on the PAH leading to the differ-
ent product distributions is due to variation of electron dis-
tribution on the arene system. During nitration of 2-methyl-
phenanthrene (9), with an efectron-donating methyl group,
directs the Cr(CO)s moiety to bind on the terminal ring of
phenanthrene leading more yields on 2-methyl-O-nitrophen-
anthrene (11). In contrast, nitration of compound (12) the
electron withdrawing 2-acetyl functional group directs the



(n°-Arene)tricarbonylchromium Complexcs

Cr(CO); to attack the benzene ring away from the substi-
tuted aromatic ring yields the less steric hindered product 2-
acetyl-10-nitrophenanthrene (13) (see Scheme I1).

Bromination

Benz{ajanthracene (1) in the CClL solution and excess
NM-bromosuccinimide was refluxed for 2 h. After filtration,
the residue was chromatographically separated to give
brown 7-bromobenz[alanthracene) (14) solid (65% vield).
The brominatton is using NBS as a bromine source in CCly
solution, 3-bromobenz[alanthracene (15) was obtained
from compound 3 vs 7-bromobenz[afanthracenc (14) ob-
tained from uncoordinated benz[alanthracene. The frec
radical pathway was adapted to explain the difterence in the
position for brominaling in this system. During the bromi-
Tation of benztalantiracene, which received an electron, the
radical shali be located at the most stable position of
benz{alanthracene {i.e., Cg)- 10 accept the bromine radical,
yielding compound 14. On the otlier hand, the bromination
of compound’ 3, the presence of the free radical in the
Cr(CO}: coordinated ring can be stabilized by the Cr metal
Lo accept a bromine radical o yield compound 15. Both
radicals are-operated in ditterent fashions resuliing in differ-
ent products. However, substituents on the uncoordinaied
PAH will dircct the position for ion coming group according
to their natore. Presence of a methyl group (i.e., compound
5) gave three products (16, 17, 18) with relatively zood
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Fig. 1. Mechanism of hydrogenation of polycyclic aro-
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yields, while an acetyl group (i.e., compound 10) led to a
single product (19) with low yield. The Cr(CO); moiety on
the PAH will direct a site on the coordinated ring for bromi-
nation. The yields of the bromination products are strongly
dependent on the nature of the substituent.

CONCLUSION

According to this work, we found that the product dis-
tributions for reacting the PAH systems (i.¢., coordimated
PAH and uncoordinated PALT} are strongly dependent on the
nature of incoming groups, the substituent, and the presence
of Cr(CO)s. Various reaction mechanists must be operated
for the nitration, hydrogenation, and hromination. The re-
sults were summarized as follows:

e Hydrogenation of (n‘-arene)tricarbonylchromium
does not take place because the electron density of the most
electron-rich double bond (the 5,6-position) is decreased (0
the electron withdrawing motety-tricarbonylchromium
group.

o Nitration of (n°-arene)tricarbonyichromium cxhibits
higher selectivity, presumably because of the steric effect ot
the tricarbonylichromium moicty.

e Bromination of (®-arene)tricarbonylchromium re-
sults in the bromine attacking on the metal coordinated ring.
This may be due to the free radical ransfer mechanism.

EXPERIMENTAL SECTION

General Procedures

m.p.s. were taken on 4 Yanagimoto melting point appa-
ratus and are uncorrected. Infrared spectra were recorded
on 4 Perkin-Elmer Model 883 spectrometer. Ultraviolet and
visible ahsorption spectra were recorded on 4 Shimadzy
UV-260 spectrophotometer. Mass spectra were obtained us-
ing  JEOL JMS-DX300 spectromeler, with a solid probe in-
let, by clectron impact with electron encigy of 70 eV and
source temperature at 250 "C. 'H NMR spectra werc re-
corded on a Bruker AC-250 spectrometer. The chemical
shifts tor samples in deuteriochloroform are reported in 6
units relative to tetramethyisilane.

Chemicals

Silica gel and atl solvents were purchased trom Merck
Chemical Co. and used without further purification. Chro-
mium hexucarbonyl, N-bromosuccinimide, trittuoroacetic
acid, anhydrous magnesium solfate, acetic anhydride, #-bu-
tyl lithium, 2-methylphenanthrene (5), and 2-acetylphenan-
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threne (10) were purchased trom Aldrich Chemical Co..

General Procedure for Preparation of (}}6—Arene)tricar-
bonylchronium Complexes

farenc = phenanthrene, benz[alanthracene (BA)(1)),
Benziglanihracenetricarbonylchromium (3), 2-Methyl-
phenanthrenetricarbonylchromium (9), 2-Acctyiphenan-
threnetricarbonylchromium (12) were prepared according to
procedures previously described.™

Hydrogenation of Benzla]anthracene (BA, 1)

Benzf{a}anthracene (50 mg, (.22 mmol} in ethy! ace-
tate (30 mL) was hydrogenated in the presence of Pd/C
(10%, 40 mg) as a catalyst under H; atmosphere (50 psig).”
After the solution had been magnetically stirred for 24 h at
room temperature, Upon tiltration through celite, the fil-
trate was separated chromatographically through silica gel
containing 3% of trinitrofluorenone {TNF) with ¢thyl ace-
tate/hexane as an eluent 1o give a white solid. 5,6-Dihy-
drobenz|alanthracene (2) giving (22.6 mg, 45%); which
was recrystallized from methanol; mp 95-96 °C; UV-visible
(CHCly) Auax 302 (& = 16500), 267 (e = 49970), 258 (€ =
43320, 247 (e = 28600), 234 (e = 25600) nim; MS m/z (rely-
tive intensity) 230 (IM]*, 100}, 215 (IM-CH;)*, 15), 202
(IM-C:Ha]", 8), 114 (IM-CoHs)", 28). 108 ([M-CsH 4", 10);
'HNMR §2.82 (t, J= 6.6 Hz, 2H, Hs), 2.9 (m, 2H, He), 7.08
(L, 1H, J= 1.2 Hz, Ha), 7.16 (1, 1H, J = 7.7 Hz, Hy), 7.31 {dd,
1H, J=873,69Hz, Hy), 7.4(d, 1H, J = 7.8 Hz, Hy), 7.4 (dd,
1H, /=83,6.9 Hz, Hy), 7.55 (4, 1H, J=7.7 Hz, Hy), 7.65
(s, 1H, He), 7.78 (d. 1H, J= 8.3 Hz, Hp;), 7.98 (s, |H, Hy),
and 8.32 (s, 1H, Hy,).

Hydrogenation of Benz[a]anthracenetricarbonyl-
chromium (3)

The same hydrogenation procedure was employed for
the hydrogenation of compound 3, resulting in no reaction
based on NMR analysis.

Typical Procedure for Nitration of Either (n6-Arene)tri-
carbonylichromium or Polycyclic Aromatic Hydrocar-
bon

Sodium nitrate (17 mg, 0.2 mmol} in trifluoroacetic
acid (15 mL} was added in portions to a solution of
benz[a)anihracene (45 mg, 0.2 mmol) in acetic acid (50 mL)
on an ice bath. After further addition of acetic anhydride
(25 ml.), the mixture was stirred at 0 °C for 3h. After
quenching with ice-water (200 mL) the precipitate was col-
lected by filtrating and washing with water. The residue was
separated chromatographically over silical gel with EA/hex-
ane (1:20) as an eluent to yield 7-nitrobenzialanthracene (4)
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(24 mg, 43% yield); mp 165-167 °C; IR (KBr) 1516, 1366
(vnaz) ™', MS m/z (relative intensity) 273 (IM]", 100), 243
(IM-NOV", 543, 227 (IM-NQ:]", 48), 215 ([M-CNO-]", 88);
'H NMR § 7.50 (dd, 1H, J = 8.3, 6.9 Hz. Hs), 7.59 (44, 1H,
J=83,69Hz, Hy), 7.59 (dd, 1H, J=8.3,6.9 Hz, Hi), 7.78
(dd, 1H, J = 8.3, 6.9 Hz, Hs), 7.82 (d, 1H, J= 8.3 Hz, Ha).
7.88 (d, 1H, 7= 9.0 Hz, Hs), 7.88 (d, 1H, J = 8.3 Hz, H;)),
8.03 (d, 1H, J=9.0 Hz, He), 8.15 (4, 1H, J = 8.2 Hz, Hs),
8.40 (m, 1H, Hy), 8.52 (d, 1H, J = 8.5 Hz, H,), and 8.97 (s,
1H, Hi2).

Nitration of Benz|a]anthracenetricarbonylchromium (3)

Same procedure for the nitration of benz{a]anthracene
was carried for the nitration of compound 3. The residue
was separated chromatographically over silica gel with
EA/hexane (1:20) as an eluent to give 7-nitrobenz{alanthra-
cene (19 mg, 34% yield). The spectra of this product are
identical with those of the authentic sample.

From Nitration of 2-Methylphenanthrene (5)

Same proceduse for the nitration of benz|[alanthracene
was carried for the nitration of compound 5. 2-Methy!-1-ni-
trophenanthrene (6}, 2-methyl-4-nitrophenanthrene (7) and
2-methyl-9-nitrophenanthrene (8) were obtained upon chro-
matographic separation over silica gel with EA/hexane
(1:20) as an eluent. Those resultants were then purified by
recrystailization from CH:Cl/hexane. Compound 6 (14
mg, 31% yield); mp 157-158 “C; IR (KBr) 1590, 1380
(Vnoz) em'; MS m/z (relative intensity) 238 ([M]', 100), 192
(IM-NO.]*, 48), 177 ((IM-CHsNO;]", 88); 'H NMR § 2.70
(i, 3H, -CH3), 7.50 (dd, 1H, J= 8.3, 6.9 He, Hy), 7.52 (d,
1H, J = 8.8 Hz, Hy), 7.63 (dd, 11, J = 8.5, 6.9 Hz, Hg), 7.85
(d, 1H, J=8.3 Hz, Hy). 7.88 (d, LH, J=8.4 Hz, Hy), .40 (4,
1H, J = 8.4 Hz, Hyo), 8.54 (d, 1H, J = 8.5 Hz, H5), and 8.68
(d, tH, J = 8.8 Hz, H,). Compound 7 (21 mg, 44% yield),
mp 158-159 °C; IR (KBr) 1590, 1390 (vyo2) cm’; MS m/z
(relative intensity) 238 {([M]*, 100}, 192 ([M-NO;J", 48),
177 ((M-CH;NO,]*, 88); '"H NMR & 2.58 (m, 3H, -CHa),
7.52(dd, 1H, /=83, 6.9 Hz, Hy), 7.65 (dd, iH, /=85,6.9
Hz, He), 7.74 (s, 1H, H5), 7.7¢ (a4, 1H, J = 8.6 Hz, H,), 7.81
(m, LH, /= 8.6 Hz, Hig), 7.86 (m, 1H, H,), 7.96 (d, 1H, J =
8.3 Hz, Hg), and 8.73 (d, 1H, J = 8.5 Hz, Hs). Compound 8
(7 mg, 16% yield); mp 156-157 °C; IR {KBr) 1600, 1350-
(Vno2) cm'; MS m/z (relative intensity) 238 ({M]°, 100), 192
([M-NO.)", 48), 177 ([M-CH;NO,]", 88); 'H NMR & 2.54
(m, 3H, -CHs), 7.38 (d, IH, /= 8.8 Hz, H1), 7.66 {dd, 1H; J
= 8.5, 6.9 Hz, Hej, 7.85 (m, 1H, H,), 7.91 (d, 1H, J = 7.4 Hz,
Hy), 8.03 (dd, 1H, J= 7.4, 6.9 Hz, Hy), 854 (d, 1H, J=8.8
Hz, Hi), 870 (m, 1H, Hyo), and 8.73 (d, 1H, /= 8.5 Hz, Hs);
Anal. Caled for CsHiNO;: C, 93.16; H, 6.84. Found: C,
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U3.22; H,6.71.

From Nitration of 2-Methylphenanthrenetricarbonyl-
chromiam (9)

Same procedure was used for nitration of compound 9.
Compound 8 (36 mg, 74% yield) was obtained upon separa-
tion over silica gel with EA/hexane (1:20) as an eluent. The
spectra of this product are identical with the authetic sam-
ple.

- From Nitration of 2-Acetylphenanthrene (10)
Same procedure for nitration of benz[a)anthracene
= was used for the nitration of compound 19. 2-Acetyl-9-ni-
trophenanthrene (11) 118 mg, 36% yield) was obtained upon
separation over silica gel with EA/hexane (1:20) as an elu-
- ent and recrystallized from methanol; mp 140-141 °C; IR
- (KBr) 1576, 1390 (vno2) cm’; MS m/z (relative intensity)
=265 (IM]", 100), 235 ({M-NQJ", 54), 219 ((M-NO,|*, 48),
204 ([M-CHsNO]", 88), 176 ([M-CH;CONOQ,]*, 88); 'H
T_"NMR 8.2.45 (s, 3H, -CHa), 7.67 (dd, 1H, J = 8.5, 6.9 Hz,
Hg), 7.92 (d, 1H, J=7.4 Hz, Hy), 8.03 (dd, 1H, J =74, 6.9
-Hz, Hs), 8.05 (d, 1H, J= 8.8 Hz, Hy), 8.71 (s, |H, H,), 8.74
= {d, 1H, J= 8.8 Hz, H,), 8.76 (d, 1H, J= 8.5 Hz, Hs), and 8.86
{s; TH, Hio); Anal. Caled for C,cH \NOs: C, 90.85; H, 9.15.
~ Found: C,90.56; H, 9.11.

From VNitrati{m of 2-Acetylphenanthrenetricarbonyl-
chromium (12)
Same procedure for nitration of benzialanthracene
... was performed for nitrating compound 12. 10-Nitro-2-ace-
tyl-phenanthrene (13) (8 mg, 13% yield) was obtained upon
separation over silica gel with EA/hexane (1:20) as an elu-
_ent and recrystallized from methanol; mp 141-142 °C; IR
(KB1) 1600, 1390 (vnoz) cm™'; MS m/z (relative intensity)
=265 (IMT*, 100}, 235 ({M-NOJ*, 54, 219 ([IM-NQ,J', 48},
— 204 (IM-CH;NO.J", 88), 176 ([M-CHsCONO,}*, 88); 'H
NMR &2.45 (s, 3H, CHs), 7.52 (dd, 1H, J = 8.5, 6.9 Hz, Hs),
7.53(dd, 1H, J=8.3,6.9 Hz, Hy), 7.88 (d, 1H, J = 8.3 Hz,
Hg), 8.17 (d, 1H, J = 8.8 Hz, HJ), 8.42 (s, 1H, H,), 8.60 (d,
1M, J=8.5 Hz, Hs), 8.76 (s, 1H, Hy), and 8.9 (d, 1H, /= 8.9
Hz, Hy); Anal. Caled for CisH,;NOs: C, 90.85; H, 9.15.
Found: C, 90.62; H, 9.05.

Typical Procedure for Bromination of Either (nﬁ-
Arene)tricarbonylchromium or Polycyclic Aromatic Hy-
drocarbon

A CClL solution contains compound 1 (171 mg, 0.75
mmol) and excess N-bromosuccinimide (0.2 mg, NBS) was
refluxed for 2 h. After filtration, and evaporization (o dry,
residue was chromatographically separated with EA/bexane
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(1:20) as an eluent followed by recrystallizaton 1o give
brown solid (145 mg, 65% yield) of 7-bromobenz]a]anthra-
cene) (14); MS m/z (relative intensity) 308 ([M1's.1, 99),
306 ([MI%8cs, 100), 226 ({M-HBraml', 69), 224 ([M-
HBrus]", 69), 'H NMR 8 7.45 (dd, 1H, J=8.3, 6.9 Hz, Hio),
7.51(dd, 1H, J=8.3,6.9 Hz, H), 7.56 (dd, 1H,J=9.2,6.9
Hz, Hy), 7.65 (dd, 1H, J= 85,69 Hz, Hy), 7.73 (d, 1H, J =
9.0Hz,Hs),7.80(d, 1H,/=83Hz, H,\),7.86(d, 1H, J=83
Hz, He), 8.11(d, IH, J=9.2 Hz, Hye), 8.27 (d, 1H., J=9.0 Hz,
He), 8.46 (d, 1H, J= 8.5 Hz, Hy), and 8.65 (s, 1H, Hy2); Anal.
Caled for CigH Br: C, 94.18; H, 5.82. 'Found: C, 94.01; H,
5.71.

From Bromination of Benz[a]anthracenetricarbonyl-
chromium (3)

Same procedure for bromination of compound 1 was
used for the bromination of compound 3. After work-up and
recrystallization to yield brown solid (190 mg, 82%) of 3-
bromobenz{ajanthracene) (15); MS m/z (relative intensity)
308 (M) amy, 99), 306 (M1 59, 100), 226 ([M-HBf5w]",
69), 224 (M-HBras]", 69); '"H NMR 8 7.45 (44, 14, J =
8.3,6.9,Hy}, 7.69(d. J=83Hz, Hs), 7.71 {(d, 1H, F=8.9 Hy,
Hy), 7.73 (d, 1H, J = 8.6 Hz, Hs), 7.74 (dd, 1H, J=873,6.9,
Flig), 7.77 (s, 1H, Hy), 7.77 (d, 1H, J = 8.6 He, He), 7.95 (d,
J=83Hz Hy), 8.1 (s, 1H, H2), 8.24 (d, 1H, /=89 Hz, H,),
and 8.66 (s, 1H, His).

From Bromination of 2-Methylphenanthrene (5)

Same procedure for bromination of compound 1 was
used to brominate compound 5. After work-up procedure
and separation by chromatographic method, the resultants
were identified as 1-bromo-2-methylphenanthrene (16), 4-
bromo-2-methylphenanthrene {(17) and 9-bromo-2-methyl-
phenanthrene (18). Compound 16 (41 mg, 21% yield); mp
157-159 °C; MS mv/z {relative intensity) 271 ({M]", 100),
192 (M-Bs}", 48), 177 (IM-CH;Br]*, 88); '"H NMR § 2.46
{s,3H, -CHs), 7.34 (d, 1H, /= 8.8 Hz, H3), 7.50 (aqd, 1H, J =
83,69 Hz, Hy), 765 (dd, 1H, J=8.5,69 Hz, H), 7.72 (4,
1H,7=8.4Hz H,},7.87 (d, {H, J=8.3 Hz, Hyg), 8.47 (4, 111,
J=8.7Hz, H,, Hs), and 8.18 (d, 1H, J= 8.4 Hz, H;;). Com-
pound 17 (68 mg, 33% vield), mp 157-158 °C; MS m#z
(relative intensity) 271 ({M]", 100}, 192 ({M-B«]", 48), 177
{IM-CH;Br]", 88); '"H NMR & 2.47 (s, 3H, -CHs), 7.49 (s,
1H, Hs), 7.55 (dd, 1H, J = 8.5, 6.9 Hz, He), 7.56 (dd, 1H, J=
8.3,6.9 Hz, H),7.72(d, IH, J= 8.6 Hz, Hy), 7.73 (d, LH, J
= 8.6 Hz, Hg), 7.76 (d, 1H, J = 8.6 Hz, H,o), 7.89 (d, 1H, J =
8.3Hz, H,), 841 (d, 1H,J=8.5,H;5),and 842 (d, IH, /=8.5
Hz, Hy). Compound 18 (23 mg, 11% yield); mp 158-159
“C; MS m/z (relative intensity) 271 ([M]*, 100), 192 ([M-
Brl", 48), 177 ({M-CH,B1)", 88); '"H NMR § 2.55 (s, 3H,
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-CHs), 7.40 (4, 1H, J = 8.8 Hz, Ha), 7.53 (s, 1H, Hy), 7.62
(dd, 1H, J=8.5,6.9 Hz, He), 7.67 (dd, 1H, J=8.4, 6.9 Hz,
Ho), 8.15 (s, LH, Hyo), 8.23 (d, 1H, J = 8.4 Hz, Hy), 8.48 (d,
1H, J = 8.8 Hz, H4}, and 8.52 (d, 11, J = 8.5 Hz, Hs); Anal.
Caled for CisHy: C, 93.16; H, 6.84. Found: C, 93.01; H,
6.68,

Bromination of 2-Methylphenanthrenetricarbonyl-
chromium (9)

Sume procedure for bromination of compound 1 was
adapted for the bromination of compound 9. After work-up,
the white solid was identified as 4-bromo-2-methylphenan-
threne (17) (57 mg, 80% yield) by comparison of the spectra
with those of the authetic sample.

Bromination of 2-Acetylphenanthrene (10)

Same procedure for bromination of compound 1 was
adapted for the bromination of compound 19. Afier work-
up procedure, the white solid was identified as 2-acetyl-9-
bromophenanthrene (19) (63 mg, 29% yield); mp 145-147
“Ci MS m/z (relative intensity) 299 ([M1*ami. 99), 297
([MV 89, 100), 220 ([M-Br]", 69), 205 ([M-Br-CHa}", 69);
"H NMR 3 2.45 (s, 3H, -CH3), 7.62 (dd, 1H, /= 8.5, 6.9 Hz,
He), 7.67 (dd, i1H, /= 84, 6.9 Hz, Hy), 8.07 (d, 1H, J=8.8
He, Hj), 8.18 (s, 1H, Hue), 823 (d, 1H, J = 8.4 Hz, Hy), 8.52
{s, IH, H,), 8.62 (d, 1H, J=8.5 Hz, Hs), and 8.67 (d, 1H, J =
8.8 Hz, Hq); Anal. Caled for CigHyBr: C, 90.85; H, 9.15.
Found: C. 90.77: H, 9.03.

Bromination of 2-Acetylphenanthrenetricarbonyl-
chromium (12) )

Same procedure for bromination of compound 1 was
adapted for the bromination of compound 12. After work-
up process, the white solid was identified as 2-acetyl-7-bro-
mophenanthrene (20} (57 mg, 25% vyield); mp 146-147 °C;
MS m/z (relative intensity) 299 ((M] i, 993, 297 (IM] 70,
100), 220 ([M-Br]™, 69), 205 (IM-Br-CHs]*, 69), '"H NMR &
2.45 (s, 3H, -CHa), 7.72 (d. 1H, J = 8.9 Hz, He}, 7.78 (s, 1H,
He). 7.81 (d, 1H, J = 8.6 Hz, Hy0), 7.8% (d. H, J = 8.6 Hz,
Hs), 8.02 (d. 1H, J = 8.8 Hz, H3), 8.35 (d. 1H,J = 8.9 Hz,
Hs), 8.49 (s, IH, Hy), and 8.64 (d, 1H, /= 8.8 Hz, Ha}; Anal.
Culed tor Ci6l)Br: €, 90.85; H, 9.15. Found: C, 90.69; H,
9.01.

ACKNOWLEDGMENT

We gratetully acknowledge the financial support from
the National Science Council, ROC (NSC 82-0209-M-126-
016).

Own

Received October 24, 1997.

Key Words
Hydrogenation; Nitration;, Bromination, Arene,
Tricarbonyl chromium; Polycyclic aromatic hydro-
carhons.

REFERENCES

1. {a) Rober, ). C.; Waller, S. T. J. Org. Chem, 1980, 45,
2560. (b) Gilday, I. P.; Negriy, J. T.; Widdowson, D. A,
Tetrahedron 1989, 45, 4605. (¢} Dickens, P. J.; Gilday, I.
P, Negri, J. T.; Widdowson, D. A. Pure Appl. Chem.
199¢, 62, 575. (d) Kundig, E. P; Perret, C.; Rudolph, B.
Helv. Chim. Acta 1990, 73, 1970. (e) Hunter, A. D_;
Mclermon, J. L. Organometallics 1989, 8, 2679.

2. (a) Nichols, B.; Whiting, M. C. Proc. Chem. Soc. (Lon-
don) 1958, 152. (b) Nichols, B.; Whiting, M. C. J.
Chem. Soc. 1959, 551. (¢) Semmelhack, M. I<; Bisaha,
I, Czarny, M. J. Am. Chem. Soc. 1979, /101, 768.

3. Natta, G.; Ercoli, R.; Calderazzo, F. Chim. Ind. (Milan)
1958, 40, 287.

4. Fischer, E. 0. Ofele, K.; Naiurtorsch, 7Z.. Teil B 1958,
13,458,

5. Suohmeier, W, Chem. Ber. 1961, 94, 1961.

6. Muir, K. W_; Ferguson, G.; Sim, G, A. J. Chem. Soc. (B
1968, 467.

7. Nicholson, B, J. J Am. Chem. Soc. 1966, 88, 5156.

8. Wilkinson, G.; Stone, F. G. A_; Abel, E. W. Comprehen-
sive Organometallic Chemistry, Pregamon: lLondon
1982, 3, 1003,

9. Kundig, E. P;; Desobry, V;; Simmons, D. P. J Am. Chem.
Soc. 1983, 105, 6962.

10. Alemagna, A.; Cremonesi, P.; Buttero, P. D.; Licandro,
E; Maorana, S. J. Org. Chem. 1983, 48, 3114.

11. Traylor, T. G.; Stewart, K. I. J. Am. Chem. Soc. 1986,
108, 6977,

12. Ziegler, T.; Tschinke, V.; Ursenbach, C. [ Am. Chem.
Soc. 1987, 109, 4825,

I3 Moriarty, R. M.; Engerer, S. C.; Parkash, O.; Prakash, 1.;
Gill, U. S_; Freeman, W, A, J. Org. Chem. 1987, 52, 153.

14. Harada, A.; Saeki, K.; Takahashi, S. Organometallics
1989, 8, 730.

15.Review: L. 8. Hegedus Transition Metals in the Syathe-
sis of Complex Organic Molecules; University Science
Books: Mill Valley, CA, 1994, Chapter-10.

16. Wiberg, N; Veith, M. Chem. Ber. 1971, 104, 3151,

17.Fu, P. P; Harvey, R. G. Tetrahedron Leiters 1977, 5,
415-418. :



(nE-Arene)lricarbony}chromium Complexes

18.Connor, J. A, Martin-Simmons, 1. A_; Skinner, H. A_;
Zafarani-Moattar, M. T. J. Organomet. Chem. 1979,
179, 331.

19.Fu, P. P; Lee, H. M,; Harvey, R, G. J. Org. Chem. 1980,
435, 14.

20, Alemagan, A.; Buttero, P. D.; Gorini, C.; Landini, D,; Li-
cando, E.; Maiotana, S, J. Org. Chem. 1983, 48, 605.
21.Kirss, R. U.; Treichel, P. M.; Haller, K. I. Organometal-

lics 1987, 6, 242,

22.Coliman, J. P,; Hegedus, L. S.; Norton, J. R.; Finke, R,
G, X. Principle and Applications of Organotransition
Metal Chemisiry, University Science Books, Mill Valley,
CA., 1987, pp. 921-940.

23. Hunter, A. D.; McLernon, J. L. Organometallics 1989,
8, 2679.

24.Mino, T.; Matsuda, T.; Maruhashi, K.; Yamashita, M.
Organometallics 1997, 16, 3241-3242.

25. Dipple, A. Polynuclear Aromatic Carcinogens, pp 245-
314. in: Chemical Carcinogens, ACS Monograph 173, C.
Searie (ed), American Chemical Society, Washington,
D.C., 1976.

26.Gelboin, H. V.; P. O. P. Ts’o {ed), Polycyclic Hydrocar-
bons and Cancer: Chemistry, Molecul Biology and Envi-
ronntent, Academic Press, Vol. I, 1978,

27.Rosenkranz, H. S.; Mermelstein, R. Mutation Research
1983, 174,217,

1. Chin. Chem. Soc., Vol. 45, No. 3. 1998 423

28. Wang, Y. Y.; Rappaport, S. M_; Sawyer, R F; Talcott, R.
E.; Wei, E. T. Cancer Letter 1978, 5, 39.

29, Lofroth, G.; Hetner, E.; Altheim, 1.; Molle, M. Science
1980, 209, 1037,

30. RosenKranz, H. S.; Mccoy, E. C.; Sanders, D. R ; Butler,
M.; Kiriazides, D. K.; Mermelstein, R. Science 1981,
209, 1039,

31.Wang, C. Y.; Lee, M.-S.; King, C. M.; Warner, P. O. Che-
mosphere 1986, 9, 83.

32.Mcoy, E. C.; Rosenkranz, H. S. Cancer Leiter 1982,
102, 1.

33.Rosenkranz, H. S.; Mermelstein, R. Mutation Res.
1983, 114,217

34, Clark, D. R.; Broods, A. L.; Li, A. P; Hadley, W. M_;
Hanson, R. L.; McClellan, R. O. Environ. Muragenesis
1982, 4, 333,

35.Li, A. P: Clark, C. R.; Hanson, R. L.; Henderson, T. R ;
Hobbs, C. H. Eaviron. Mutagenesis 1982, 4, 407.

36.Schuetzle, D. Environ. Health Perspect. 1983, 17, 65.

37.Ball, L. M.; Kohan, M. I.; [mmon, XI. P; Claxton, L. D.;
Lewtas, J. Carcinogenesis (London) 1984, 5, 1557.

38.Chou, M. W.; Heflich, R. H.; Casciano, D. A; Miller, D.
W.; Freeman, I. P;; Evans, F. E.; Fu, P.P. J Med. Chem. '
1984, 27, 1156.

39.0wn, Z. Y., Wang, S, M_; Chung, J. F.: Miller, D. W ;
Fu, P. P. Inorganic Chemistry 1993, 32, 152.



