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Note

The Regioselective Methylation of Polycyclic Aromatic Hydrocarbons
through Tricarbonylchromium Coordination

Z.Y.Own* { $%5# ) and Li-Ting Chiu ( FE#[EE )
Depariment of Applied Chemistry, Providence University, Shaly, Taiwan, R.0.C.

Deprotonation, methylation, and air oxidation of polycyclic arenes coordinated to chromivm(0), (n°-
arene)Cr{CO);, produced ring-methylated products with high selectivity and in good yield. This procedure
gave 3-methylbenz{alanthracene from (m-benzfalanthracene)Cr(CO);, 3-methylphenanthrene from (1°-
phenanthrene)Cr(COY;, 2-acetyl-6-methylphenanthrene from (n®-2-acetyiphenanthrene)Cr(CO);, and
3,7,12-trimethylbenz[a)anthracene from (n°-7,12-dimethylbenz[a]anthracene) Cr(CO);.

INTRODUCTION

Since 1957, (®’-arene)tricarbonylchromium com-
plexes have drawn the attention of organic and organometal-
lic chemists. Intensive research in this field has led 1o the
development of new techniques for the synthesis of organic
compounds.” The chromium withdraws electron density
from the coordinated arene, as evidenced by the bigh dipole
moment (5.08D for benzene chromium wicarbonyl), the in-
crease in acidity of benzoic acid upon complexation (pK, =
4.77 tor the benzoic acid complex vs. 5.75 for free benzoic
acid) and the decrease in basicity for complexed aniline
(pKo = 13.31 vs. 11.70 for aniline itself) (Fig. 1). This fact
is expected to increase the rate of nucleophilic substitutions
on the aromatic r'mg.7 As a consequence, the arene ring be-
comes activated towards electrophilic attack, rather than the
normal nucleophilic attack. In addition, the electron defi-
cient arene ring is better able to stabilize a negative charge,
thus its deprotonation becomes more favorable. Finally, the
chromium tricarbonyl fragment completely blocks one face
of the arenc, and dirccts incoming reagents to the ring fur-
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Fig. 1. Effect of Cr(CO): moiety to the coordination
Ting.

ther away from the metal. All of these effects have been
used to an advantage in organic synthesis. In particular, a
variety of nucleophilic substitutions on the arene ring can be
carried out on the aromatic system with stereospecific reac-
tions on the functional groups that are attached to the aro-
matic ring.

Polycyclic aromatic hydrocarbons (PAHs) and their
derivatives are widespread as environmental pollutants. Al-
kylated PAHs demonsirate strong carcinogenic and/or mu-
tagenic activities.”* Preparation of these compounds for
biological studies and environmental protection are highly
important and significant, The synthesis of methylated
PAHs using organic methodology requires many steps and
yields are frequently poor. The selective synthesis of 3-
methylbenz[alanthracene requires 5-steps'® or 11-steps,"
depending on the precursor.

In this work, the selective methylation of tour polycy-
clic aromatic hydrocarbons is accomplished using m'-
arene)Cr(CO)s intermediates. The electron-withdrawing
nature of the Cr(CQ); group alters the properties of the com-

" piexed arenes. Reactions of complexed and uncomplexed

arenes are compared.

RESULTS

Preparation of (‘q6-3rene)tricarhonylchromium com-
plexes

The compiexes were prepared from refluxing the solu-
tions of the PAH and chromium hexacarbonyt in a solution
of n-butyl ether and tetrahydrofuran under an atmosphere of
nitrogen tor a period of 2-4 h depending on the arene used.
The purity of these (nG—arenﬂ)uicarbonylchromium com-
plexes was characterized by UV-visible, mass, 'H NMR
spectra, and melting point.
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Methylation

Deprotonation of 2, 5, 9, and 12 with ¢ither n-buty!
lithium or lithium diisopropylamide (LDA) at -78 "C gave
the corresponding lithiated arene. These were not 1solated.
Addition of CHsl at ¢ °C produced the methylated arene
complex. The free arenes were generated by air oxidation of
the chromium complexes.

Scheme I Methylation of (n5-PAH)CK{CO); 2, §, 9,
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Methylation of free arenes

Deprotonation of 1, 4, 11 with either n-butyl lithiym or
lithivn diisopropylamide (LDA) at -78 °C and addition of
CHsl at 0 °C for 24 hours, resulted in no reaction based on
'H NMR analysis. However deprotonation of 2-acetylphen-
anthrene (7) with lithivm diisopropylamide (LDA) at -78
“C, addition of CHsl at 0 "C, stirring at 25 °C and then
quenching with water, followed by work-up procedure,
yielded a yellow solid obtained from CH;CN/hexane which
was identified as 2-propanoylphenanthrene (8).

DISCUSSION

In this study, we synthesized four (ns-arene)tricar-
bonylchromium complexes by the reflux of Cr{CO)s and n-
butyl ether solution of arenes. The position of chromium
moiety on the ring of the coordinated PAH had been charac-
terized in our previous report.R

The first step of our reaction is a lithiation of the com-
plexing arenes. The ring-lithiated arenechromium tricar-
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Scheme II Methylation of PAH 1, 4,7, 11

Ll Gl
- st
THY —_— No Reacton
@
-7
Hl
- _n. No Reachon
C
—_— S No Reaction

008 % %

A (50%)

bonyl complexes are readily prepared and are generally re-
active towards ¢lectrophiles. This lithiation is possibly are-
versible process like the nucleophilic reaction of the "
1,4-dimethoxynaphthalene }tricarbonylchromivm  com-
plexes, which leads to a kinetic alkylation at the a-position,
but a thermodynamic alkylation at the B-position.”®
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The Cr{CO)s moiety activated the C-H bond of the co-
ordinated benzene ring tor the Li-H exchange. Our reac-
tions for Li-H exchange using a less active base (LDA) were
performed at -78 "C. Our products are expected to be the
thermodynamic resuliants. The products from compound 2,
5 and 12 are lithiated at C(3) position, which is the most
thermodynamic by stable. Another important teason for
this selectivity might be the steric effect of the Cr{C0O); moi-
ety along with another part of the fused ring during the tran-
sition state. This novel process yielded compounds 3, 6, and
13 as a sole product, respectively. Compared with the nor-
mal synthetic procedure of eleven-steps from anthracene’'
or five-steps from benzyl p-tolyl ketone,'* this is, without a
doubt, a valvable route for the organic synthesis of the de-
rivatives of polycyclic aromatic hydrocarbons.

With the presence of an acetyl group on the uncoordi-
nated PAH (i.e., 7), the methylation of lithiated intermediate
took place at the methyl group of the acetyl group, yielding
compound 8. During addition of LDA, the hydrogen of the
methyl can undergo an exchange with lithiom. The lithivm
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in this resultant can bind with an oxygen of the carbonyl
group of the methy! group for further reaction. Under the
same reaction conditions, methylation of coordinated com-
pound 9 resulted in C(6)-Me product (10). This might be
because a hydrogen of the coordinated ring is more acidic
than a hydrogen of the acetyl group for a Li-H exchange and
methylation to yield compound 10.

CONCLUSION

According to this work, we found that the product dis-
tributions from reacting the PAH systems (free or coordi-
nated with tricarbonylchrominm) and LDA foliowed by
treatment with CHsl are divergent. A Cr(CQ); moiety acti-
vated the C-H bond of the coordinated benzene ring for the
Li-H exchange in the initial process, resulting in highly po-
sitional selectivity for alkylation of (nﬁ-arcne)tricarbonyi—
chromium. An elecironic cffect of the metal carbonyl moi-
ely is responsible for this highly sclective reaction,

EXPERIMENTAL SECTION

‘General Procedures

All mp were taken on a Yanagimoto melting point ap-
paratus and are uncorrected. Infrared spectra were recorded
on & Perkin-Elmer Model 883 spectrophotometer, Ultravio-
tet and visiblc absorption spectra were recorded on a Shi-
madzu UV-260 spectrophotometer. Mass spectra were ob-
tained using a JEOL IMS-DX300 spectrometer, with a solid
probe infet, by electron impact with eleciron energy of 70
eV and a source temperature at 250 °C. "H NMR spectra
_ were recorded on a Bruker AC-250 spectrometer. The
- chemical shifts for samples in deuteriochloroform are re-
ported in & units relative to tetramethylsilane.

_m(’-Arene)tricarhonylchromium

The tricarbonylchromium complexes of benzialan-
thracene (1), phenanthene (4), 2-acetylphenanthrene (7),
and 7,12-dimethyl benz[ajanthracene (11) were prepared
according to the literature'® and verified by comparison of
the mp, ‘I NMR spectra with that of the authentic samples
2,5,9,12).

Typical Procedure for Methylation of Either (nﬁ-
Areneftricarbonylchromium or Pelycyclic Aromatic Hy-
drocarbon

To a THF solution containing polycyclic aromatic hy-
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drocarbons (0.8 mmol) at -78 °C, lithium diisopropylamide
(LDA) (0.2 mL) was slowly added with stirring. After 20
min, the temperature of the solution was raised to 0 °C fol-
lowed by addition of excess CHsl. After another 15 min, the
temperature was raised to 25 “C and then quenched with
water (50 mL). The agucous solution obtained from filtra-
tions through a celite layer was extracted with CH,ClL (70
mL x 3). The organic fraction were combined, dried over
MgSO., evaporated and then crystallized from CH;CN/hex-
ane to afford the crystals of polycyclic aromatic hydrocar-
hon derivatives.

Methylation of 2-Acetylphenanthrene (7)

After the work-up process, the yellow resultant was
idcntified as 2-propanoylphenanthrene (8) (94 mg, 50%
yield); mp 100-102 °C (1it.” 99-102 °C); UV-visible
(CH2Ch) Asax 267 (& = 19000), 293 (e = 5800) nm; MS m/z
{rclative intensity) 234 ([M]", 6), 220 ({M-CHa]", 83), 205
(IM-CzHsl", 20), 177 ((M-C3Hs01", 76); '"H NMR & 1.10 {1,
3H, J=0.02 Hz, -CHa), 2.81 (g, 2H, /= 0.02 Hz, -CHz), 747
{dd, 14, J = 8.3, 6.9 Hz, Hy), 7.54 (dd, 1H, J = 8.3, 6.9 Hz,
Hg), 7.77 (d, 1H, J = 8.3 Hz, Hs), 7.90(d, 1H, J = 8.6 Hz,
Hs), 7.90 (d, 1H. J = 8.6 Hz, Hio), 7.95 (d, 1H, J= 8.8 Hz,
Ha), 8.41 (s, 1H, Hy), 8.44 (d, 1H, J = 8.5 Hz, Hs), and 8.63
{d, 1H, J = 8.8 Hz, Hy).

Methylation of Benz[a]anthracene (1}
After work-up, there was no reactlion, based on NMR
analysis.

Methylation of Phenanthrene (4)
After work-up, there was no reaction, based on NMR
analysis.

Methylation of 7,12-Dimethylhenz[ajanthracene (11)
After work-up, there was no reaction, hased on NMR
analysis.

Methylation of BenzjaJanthracenetricarhonylchromium
2} ‘

After the work-up process, the orange solid was iden-
tified as 3-methylbenz[alanthracene (3) (62 mg, 32% yield);
mp 160-161 °C (lit.”? 160 °C); MS m/z (relative intensity)
242 ([M]", 100), 227 ([M-CHs[", 54), 214 ([M-C;H.]", 48),
'H NMR & 2.55 (s, 3H, -CHs), 7.35 (d, 1H, J = 8.8 Hz, H)),
7.45{dd, 1H, J= 8.3, 69 Hz, Hy), 7.53 (s, 1H, Ho), 7.53 {d,
1H, J=8§.6 Hz, Hs), 7.66 (d, 1H, J= 8.6 Hz, Hq), 7.69 (d, 1H,
J =283 Hz, Hy), 7.74 (dd, 1H, J = 8.3, 6.9 Hz, Hi0), 7.95 (4,
1H, J = 8.3 Hz, Hj7), 8.10 (s, 1H, Hy), 8.38 (d, 1H, /= 8.8
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HZ. I"I[). and 8.59 (S, ]H, H[z).

Methylation of Phenanthrenetricarbonylchrominm (5)

After the work-up process, the orange solid was iden-
titied as 3-methylphenanthrene (6) (111 mg, 73% yield);
UV-visible (CH2CLz) Auax 255 (& = 49000), 229 (g = S0000)
nm; mp 63-64 °C (lit." 62-63 °C); MS m/z (relative inten-
sity) 192 ([M]*, 31), 177 ([M-CH,]", 83); '"H NMR 8 2.6 {m,
3H, -CHs), 7.33(d, 1H, J=8.2 Hz. Hy), 7.5 (dd, 1H, J =83,
6.9 Hz, Hy), 7.54 {dd, 1. /=85, 6.9 Hz, He), 7.6 (d, 2H,
=86 Hz, Hsuo}, 7.78 (d, 1H, J = 8.3 Hz, Hy), 823 (s, 1H,
H.), 8.39 (d, 1H, J=8.5 Hz, H;), and 7.7 (d, 1H, J = 8.2 Hz,
Hy),

Methylation of 2-Acetylphenanthrenetricarbonyi-
chromium (9) i

After work-up process, the yellow resultant was iden-
tified as 2-acetyl-6-methylphenanthrene (10) (126 mg, 68%
yicld); UV-visible (CHaClz) A 293 (& = 2800), 267 (¢ =
9300), 202 (e = 2600) nm; MS m/z (relative intensity) 234
(IMT", 6), 205 {[M-C2Hs]™, 1000, 177 ([M-C3Hs077, 76); 'H
NMR & 2.45 (s, 3H, -COCHs), 2.6 (m, 3H, -CHs), 7.33 (d,
H, J=8.2Hz, Hy), 7.67 (d, 111, J = 8.6 Hz, I1,), 7.7 (4, 11,
J=8.2Hz, Hy), 7.71 (d, 1H, J = 8.6 Hz, Hyg), 8.00(d, 1H, J
= 8.8 Hz, H3), 8.56 (d, 1H, J= 8.8 Hz, Hy), 8.31 (s, 1 H, Hs),
and 8.46 (s, 1H, Hy); Anal. Caled for C7H,,0: C, 90.85:; H,
9.15. Found: C, 90.69; H, 9.11.

Methylation of 7,12-Dimethylhenz[a]anthracenetricar-
honylchromium (12)

After the work-up procedure, the orange solid was
identitied as 3,7,12-trimethy] benz[a]anthracene (13) (100
mg, 49% yield), mp 121-122 °C (lit.” 122 °C); MS m/z
(relative intensity) 270 ([M]", 100), 255 ((M-CHa]*, 54),
240 (JM-C,Hq)", 48), 225 ({M-C3Hs)"%, 54); '"H NMR § 2.54
(s, 3H, 3-CH3), 3.10 (s, 3H, 7-CHa), 3.24 (s, 3H, 12-CHs),
7.04 (dd. 111, J=8.9,6.9 Hz, H,0), 7.05 (dd, 1H, /= 8.9, 6.9
Hz, He), 7.29 (q, 1H, J = 8.5 Hz, H,), 7.47 (s, 1H, Hy), 7.62
{d, 1H,J=8.8 Hz, H,,), 7.63 (d, 1H, J= 8.6 Hz, H), 7.64 (4,
1H, J=9.0 Hz, Hs), 7.77 (d, 1H, J= 9.0 Hz, H,), and 8.07 (d,
1H, J=8.8 Hz, H,).

ACKNOWLEDGMENT

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

Own and Chin

Received March 20, 1998.

Key Words
Polycyclic aromatic hydrocarbons (PAHSs);
Benz[a]anthracene, Phenanthrene; 2-Acetyl-phen-
anthrene; 7,12-Dimethyibenz{a]anthracene; (m°-
Arenepricarbonylchromiuvm complex; Methylation.

REFERENCES

I. Nicholls, B.; Whitig, M. C. J. Chem. Soc. 1959, 551.

2. Fischer, E. O.; Kogler, H. P. Z. Naturforsch. 1958, 13b,
197,

3. Strohmeier, W.; Gerlach, K. Chem. Ber. 1961, 94, 398.

4. Review: Hegedus, .. §. Transition Metals in the Synthe-
sis of Complex Organic Molecules; University Science
Books: Mill Valley, CA, 1994, Chapter 10.

5. Semmelhack, M. F.; Bisaha, J.; Czarny, M. J. Ami. Chem.
Soc. 1979, 101, 768.

6. (a) Card, R. J.; Trahanovsky, W. 8. J. Org. Chem. 1980,
45, 2560. (b) Gilday, . P;; Negri, J. T.; Widdowson, D.
A, Tetrahedron 1989, 45, 4605. (¢) Dickens, P. J;
Gilday, 1. P; Negri, 1. T.; Widdowson, D. A. Pure App!.
Chem. 1990, 62, 575. (d) Hunter, A. D.; McLernon, . L.
Organometallics 1989, 8, 2679.

7. Mino, T.; Matsuda, T.; Maruhashi, K.; Yamashita, M.
Organometallics 1997, 16, 3241.

& Kundig, E. P.; Dessobry, V.; Simmons, D. P. [ Am.
Chem. Soc. 1983, 103, 6962.

9. Lofroth, G.; Hehner, E.; Alftheim, I.; Moller, M. Science
{(Wash), 1980, 209, 1037.

10. Wang, C. Y,; Rappaport, R. F,; Sawyer, R. E.; Talcou, T.
W. Cancer Lett. 1978, 3, 39.

11. RosenKranz, H. 8. Mutar. Res. 1982, 101, 1.

12. Mukherji, S. M.; Dabas, K. 8. Indian J. Chem. 1971, 9,
1192,

13. Pataki, J. 7. Med. Chem. 1971, I4(10), 940.

14.Newman, M. S.; Ctsuka, S. J Nar. Cancer Inst. 1958,
21,721,

15. Newman, M. §_; Gaertner, R. J. Am. Chem. Soc. 1950,
72,264.

16.0wn, Z. Y.; Wang, S. M_; Chung, J. F.; Miller, D. W.; Fu,
P.P. Inorganic Chemistry 1993, 32, 152.

17.Mitra, A; Gupta, M. D. Tetrahedron, 1976, 32, 2731.

18. Pandit, U. K.; Kloetzel, M. C. J. Am. Chem. Soc. 1961,
83,482,

19. Nechvatal, G.; Widdowson, P. A. J. Chem. Soc., Chem.
Commum. 1982, 467.



