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Electrophilic Substitution of 3,4-Dihydrocyclopenta[cd|pyrene and the 3-Ketone
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Brominaton of 3,4-dihydrocyclopentacd]pyrene (1) with bromine yielded predominantly the corresponding
8-bromide; on the other hand, a similar reaction of cyclopentafcd|pyren-3(4H)-one (2) afforded the 4-bromide.
The Friedel-Crafts acetylations of 1 and 2 with acetyl chloride in the presence of aluminum chloride occurred at
sites 8, 6, and 1. The isomeric distribution in the acetylation of 1 was similar to that of 2. The relative reactivity
of 2 with 1l-acetylpyrene in acetylation was 0.75. The partial rate factor of site 1 of 1 was less than that of the
corresponding position of 1-acetylpyrene, in spite of the fact that sites 6 and 8 of 1 were more reactive than the
corresponding positions of 1-acetylpyrene. Nitration of 2 using acetyl nitrate in acetic anhydride took place at
positions similar to the case of the acetylation of 2; however, the nitration of 1 gave the 5-nitro derivative in

addition to the 8, 6, and 1-isomers.

Some polycyclic aromatic hydrocarbons (PAHs) hav-
ing a pyrene moiety are widespread environmental pol-
lutants that are contained in exhaust gas,? soot,? and
other sources.® Some of them are mutagens*> and/or
carcinogens.® These facts focus considerably on current
studies concerning the synthesis, electrophilic reactiv-
ity, and spectroscopic examination of PAHs having a
pyrene moiety such as alkylpyrenes, nitropyrenes, ring-
annulated compounds, and alkylene-bridged deriva-
tives.

An electrophilic attack on pyrene is known to usually
occur at site 1, based both on the experimental results”
and on the consideration of a calculation.®) The reaction
of 1-substituted pyrenes usually takes place at the 3-,
6-, and 8-positions.>1®

3,4-Dihydrocyclopenta[cd]pyrene (1)'V and cyclo-
penta[cd|pyren-3(4H)-one (2)'? are detected as en-
vironmental contaminations; these are considered as
3,4-disubstituted pyrenes bearing ethylene and 1-oxo-
ethylene bridges, respectively. However, the elec-
trophilic substitutions of 1 and 2 have not been well-
documented, in spite of an intriguing possibility that
the presence of the distorted benzene rings on these
PAHs may considerably alter the reactivities, compared
to the parent hydrocarbon pyrene.'® Hydrocarbon 1
gave the 6- and 8-derivatives by both electrophilic
nitration!¥ and the Vilsmeier reaction.'® Some of the
methyl-substituted derivatives of 1 have been synthe-
sized from the derivatives of 2 (Scheme 1).1%)

Cyclopenta[cd|pyrene (8), or 3,4-vinylenepyrene, is
both a mutagen®® and a carcinogen.® The reaction of
3 with an electrophile has not been reported, except for

Scheme 1.

the reaction of 3 with nitric acid in acetic anhydride,
which resulted in an extensive decomposition of 3.7
The reactions of 1 and 2 with electrophiles have been
studied as part of a continuous program to investigate
the syntheses and reactions of PAHs, in order to ob-
tain further information regarding the reactivities of 1
and 2. The results described herein may contribute to
our understanding of the reactivities of disubstituted
pyrenes as well as the environmental pollutant 3.

Results

Bromination of 1 with bromine gave predominantly
the 8-bromide (4) (Scheme 2) accompanied by a small
amount of the 6,8-dibromo derivative (5), as is sum-
marized in Table 1. The reaction of 2 with bromine
afforded the 4-bromide (6) and 4,4-dibromide (7). The
yield of 7 increased with increased reaction tempera-
ture and also increased in acetic acid. Bromides 6 and
7 were unstable; for example, ca. 59% of 7 was decom-
posed by allowing a solution of 7 in dichloromethane to
stand for 1 d at room temperature.

The Friedel-Crafts acetylation of 1 with acetyl chlo-
ride in the presence of aluminum chloride afforded three
isomers; namely, 1-acetyl- (8), 6-acetyl- (9), and 8-ace-
tyl-3,4-dihydrocyclopenta[cd]pyrene (10). Isolation of
pure 8 was not possible, since 8 could not be separated
by HPLC from the major product 10; the amount of
8 was then estimated by a comparison of the 'H NMR
signals of a mixture of 8 and 10. Acetylation of 2 gave
the 1-acetyl (11), 6-acetyl (12), and 8-acetyl isomers
(13). The isomeric distribution of products from 2 (11 :
12:13=9:31:61) was similar to that observed from the
same reaction of 1 (8:9:10=7:30:63). The relative
reactivity between 2 and 1-acetylpyrene (14) was found
to be 1.00:1.34 by a competitive method. The same
ratio between 2 and 1 was found to be 1.00:4.23.

Nitration of 1 with acetyl nitrate yielded four com-
pounds, namely 1-nitro- (15), 5-nitro- (16), 6-nitro-
(17),'» and 8-nitro- 3,4-dihydrocyclopentacd]pyrene
(18).'® The isolation of pure 15 failed, and the amount
of 15 was calculated from the 'HNMR spectrum of
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Scheme 2.

Table 1. Electrophilic Substitutions of 1 and 2

Compd. Reaction conditions® __Yield of each site ® /%

Electrophilic Substitution of 3,4-Dihydrocyclopenta[cd]pyrene and the 3-Ketone

1- 4- 5- 6- &

1 Bry(l.1), Fe 88[+4]
AcOH, 20 °C, 5h (100)
1 AcCl (2.8), AlCI3(1.6) 6 27 56
CHyCla, 16,550 (7) (30) (63)
1 AcONO: (1.9) 10 12 32 35
Ac0,0°C,35h (11) (13) (36) (40)
1 HNOs (1.9) 3 4 43 50
AcOH,0°C,025h (3) (4) (43) (50)
2 Br(1.1) 57[+7)
CH;Cl, 0°C,2h (100)
2 Brp (1.1) 64[+21]
AcOH, 20 °C, 3 h (100)
2 AcCl (28), AICl; (15) 8 28 53
CH,Cly, 40°C, 8 h (9) (31) (61)
2 AcONO: (4.8) 16 35 41
AcyO,rt.,3h (17) (38) (45)
2 AcONO; (1.9) 17 29 34
Acy0,40°C,2h (21) (36) (43)
a) (): Molar ratio of reagent vs. substrate. b) []: Ad-

ditional yield of dibromide. (): Isomer distribution of

products.

the mixture. Although the reaction of 1 with nitric
acid gave the same four products, the isomeric dis-
tribution of products (15:16:17:18=3:4:43:50)
was somewhat different from that with acetyl nitrate
(11:13:36:40). Nitration of 2 afforded the 1-nitro
(19), 6-nitro (20), and 8-nitro derivatives (21), but not
the 5-isomer. The ratio of the yield of 20 against that
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of 21 (20:21=38—36 : 46—43) was similar to that be-
tween 17 and 18 (36:40). The yield of 19 (17—21%)
was roughly equal to the combined yield of 15 and 16
(total 24%). Competitive nitration showed that the rel-
ative reactivity between 2 and 14 was 1.00:1.87 and
that between 2 and 1 was 1.00:25.8.

The assignment of signals in the 'H and 3C NMR
spectra of the reaction products was facilitated by
2D NMR techniques, which included normal and long-
range COSY and hetero- COSY procedures. The
I3CNMR spectra of 4 and 9—13 are summarized in
Table 2.

Discussion

The structures of the reaction products were deter-
mined by comparing their spectral data with those of
the parent compounds. In the IR spectra, the carbonyl
absorption of 2 shifts reasonably to a higher wavenum-
ber by substitution of a bromine atom at the C-4 posi-
tion (ca. 11 cm™! per one bromine atom).

In the 'H NMR spectra (see Experimental section),
the protons ortho to the bromine, acetyl, or nitro group
resonate at lower fields (A6=+0.21, +0.39 to +0.50,
or +0.67 to +0.79, respectively) than do the corre-
sponding protons of the parent compounds.'® Similar
low field shifts were observed on the protons peri to
the bromo (Aé=+0.3), acetyl (+0.97 to +1.16), and
nitro substituents (+0.79 to +1.02). The 3Jy—y cou-
pling constants ortho and peri to the acetyl or nitro
group are larger (AJ=0.4—0.5 Hz) than that of the
parent compounds. In the 3CNMR spectra, the car-
bons which bear the bromine or acetyl group resonate
at lower fields (A§d=+5.2, +6.7 to +7.4, respectively)
than do the corresponding carbons of the parent ma-
terials. These findings are very similar to the case of
the indeno[1,2,3-cd|pyrene derivatives'®?® and are use-
ful when considering the spectral analysis of substituted
PAHs.

The nitration of 1 has been reported to give 17 and
18 in a ratio of 51:49.'Y The present experiment shows
that the reaction of 1 gives four components. The prod-
uct selectivity of nitration increases when nitric acid is
used in acetic acid. On the other hand, bromination of
1 occurs predominantly at the C-8 position, giving 4.
The selectivity in acetylation of 1 is higher than that of
nitration, and lower than that of bromination. This sug-
gests that the product selectivity in electrophilic substi-
tution of 1 is in accord with the reaction constant (p*)
of each reaction.

Bromination of 2 occurs predominantly at C-4, giving
6 and 7. This is explained by saying that the reaction
proceeds through a contribution of the corresponding
enolate tautomer, as is the case regarding the bromi-
nation of 14.2Y Therefore, one possibility concerning
the reaction sequences in acetylation and nitration of 2
is that the formation of the corresponding enolate form
(that is, enol acetate and enol nitrate, respectively), the
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Table 2.
Acetyl Compds.,

I3CNMR Spectra of 1, 2, Bromide 4, and
9—13

Chemical shift (6/ppm)
Site 1 2 4 9 10 11 12 13

1 124.8 125.6 125.3 126.4 126.0 132.1 126.9 126.5
2 121.4 120.6 122.0 122.0 122.0 122.2 121.1 120.9
2a 141.9 130.1 142.7 143.7 143.6 128.6 131.0 131.0
2b 136.5 144.4 136.4 135.7 136.3 145.7 143.3 144.1
3 31.7 202.2 31.7 31.7 31.7 201.4 201.9 2014
4 30.4 422 30.7 309 304 419 424 418
4a 144.8 133.5 145.1 147.8 147.6 132.8 136.0 135.8
5 118.4 121.5 118.2 116.7 118.3 123.7 119.6 121.1
5a 133.4 131.8 132.8 132.0 136.7 131.4 130.0 134.6
6 123.8 127.2 124.4 130.6 122.7 128.4 134.6 126.1
7 126.0 126.9 129.7 127.7 128.0 127.3 127.7 128.2
8 122.7 125.6 117.5 121.7 129.1 126.6 124.7 131.9
8a 131.1 130.6 129.6 134.2 129.7 129.8 133.2 128.7
9 126.8 130.9 125.2 126.4 124.8 132.8 130.6 128.9
10 126.1 126.1 127.6 128.3 128.5 125.1 128.1 128.1
10a  128.1 134.3 127.9 128.1 127.6 132.6 134.1 133.5
10b  122.2 121.3 121.2 121.7 121.7 121.5 121.2 120.8
10c  123.6 122.7 124.8 123.9 123.8 122.1 123.2 123.0
Me — — — 303 299 298 304 301
-CO- — — — 202.1 201.4 200.8 202.1 201.3

substitution reaction of the enol form, and the decom-
position of the products giving the corresponding keto
forms during the reaction and/or separation procedure.
However, no evidence has been detected regarding these
intermediate products.

Although the reactivity of 2 is less than that of 1, it is
interesting that the regioselectivity observed for the ace-
tylation and nitration of 2 is similar to that observed for
1. Thus, the effect of the electron-withdrawing earbon-
yl group of 2 on the regioselectivity does not differ from
that of the electron-releasing methylene group of 1, ex-
cept that the former retards the reaction rate. A similar
tendency is recognized in the acetylation of 14, 1-ethyl-,
and 1-bromopyrene.®?” These observations may be as-
cribable to the fact that the electron density on the rings
is decreased by the electron-attractive carbonyl group.
However, the decrease in electrons on the rings is rela-
tively small in the large PAHs which have abundant 7-
electrons. The electron-releasing methylene group acts
in the opposite way. Consequently, the regioselectivity
of 2 is similar to that of 1, and substitution occurs at
the most reactive C-1 of the pyrene moiety.'®

The isomeric distribution of products in the Friedel-
Crafts acetylation of 14 was 35:27: 38 for 1,3-diacetyl-,
1,6-diacetyl-, and 1,8-diacetylpyrene, respectively.??
The partial rate factor (f) of 1, 2, and 14 in acetyl-
ation (and nitration) is roughly estimated using the
value “f/6K”, where K is the relative reactivity of 2
with benzene, or K =ka/kppu (Scheme 3). This value
indicates only the ratio of the reactivities between any
two positions in one reaction, not the absolute reaction
rate; therefore, the value obtained regarding the ace-
tylation of 1 is not correlated to the value observed in
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Scheme 3. Ratio of partial rate factors in Friedel-
Crafts acetylation. ([]:nitration using AcONO;)

the nitration of 1. Since the reaction mechanism in the
acetylation of 1 cannot be shown to be identical to that
of 2, the reaction rate obtained here is the apparent
rate of the overall reaction under the stated conditions.
Thus, the ratio of the partial rate factor between 1 and
2 is an apparent ratio.

The factors at C-1 and C-6 of 2 are less than those of
the correspondent positions (C-3 and C-8, respectively)
of 14; however, fz of 2 is larger than f of 14. Also, C-1
of 1 is less reactive than the corresponding position of
14. These situations should be due to a distortion of the
pyrene skeleton by 1-oxoethylene or an ethylene bridge.
These are in some degree explained based on the chem-
ical shift of the 13C NMR spectra. The signals of the
reactive positions (C-8, C-6, and C-1) of 1 resonate at
122.7, 123.8, and 124.8 ppm, respectively. Smaller re-
activities at the C-2 position (121.4 ppm, gives no sub-
stitution product) and C-5 position (118.4 ppm, gives
only nitrated product) of 1 may be due a steric factor
during the formation of Wheland intermediates.

The electron density at each carbon is calculated us-
ing the CNDO/2 (complete neglect of differential over-
lap) procedure: the density of each carbon is large in
the order C5>Cg>Cg>C; in 1, and C;>Cg=Cyg in
2. These findings can hardly explain the experimental
results mentioned above.

In conclusion, the reactions of 1 and 2 with elec-
trophiles take place at the positions which correspond
to more reactive position of the mother skeleton pyrene.
However, the relative reactivities of each position de-
pend on the substrate. The results are useful for as-
signing the nitro and methyl derivatives of 1 and 2,
which might exist as environmental pollutants.

Experimental

The melting points are uncorrected. The column, Zorbax
SIL (Du Pont, 4.6 mm i.d., 15 cm) was used for analytical
HPLC (flow rate, 1 mlmin~!). The IR spectra (KBr pellets)
were recorded with a JASCO IR Report-100. The UV-vis
spectra (EtOH) were obtained with a Shimadzu UV-180.
The 'H and *C NMR spectra (0.7 ml CDCl3) were recorded
with a Varian VXR-300. The sample used was ca. 2 mg for
'HNMR, and 10—30 mg for 3CNMR spectra. The mass
spectra were recorded with a Hitachi M-80 equipped with a
direct inlet and operated at an ionization voltage of 70 eV.

Materials.!?  1-(Bromoacetyl)pyrene was obtained ei-
ther by bromination®") of 14 (yield 57%) or by the reaction
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of pyrene with bromoacetyl bromide in the presence of AlCls
in CH2Cl; at 0 *C (yield 71%): Mp 127—128 °C (PhH-hex-
ane) (lit,'? mp 128—129 °C); IR 1660 cm™!; UV Amax 390
(log € 4.07), 365 (4.25), 286 (4.31), 235 nm (4.61); *3C NMR
6=34.1 (CHz), 123.8 (Cs), 123.9 (C1oc), 124.5 (C1o), 124.9
(C1ob), 126.4 (Cg), 126.5 (C7), 126.6 (Cs), 126.7 (C2), 126.9
(Ca), 128.2 (C1), 130.1 (Cs), 130.2 (Cs), 130.3 (Csa), 130.5
(C10a), 130.8 (Csa), 134.5 (Caa), 194.5 (CO).

Ketone 2 was synthesized by irradiation with a high-pres-
sure mercury lamp via a Pyrex filter to a solution of the
above-mentioned bromo ketone in CCly for 3 h in 43% yield
(78% yield by HPLC): Mp 203—205 °C (hexane) (lit, mp*?
213—214 °C, mp?® 201—203 °C); IR 1713 cm ~!. Hydro-
carbon 1 was obtained by a Wolff-Kishner reducton of 2%
(97% yield): Mp 133—135 °C (hexane) (lit,’® mp 134 °C).

Bromination of 1.  Bromine (43 mg, 0.27 mmol) in
AcOH (2 ml) was added to a mixture of 1 (57 mg, 0.25
mmol) and Fe (10 mg) in AcOH (10 ml) at 20 °C for 1
h. After stirring for an additional 4 h, the mixture was
diluted with water. The resulting precipitate was dissolved
in CH2Clz, and the CH2Cl; solution was washed with water
and dried over NagSQOy; the solution was analyzed by HPLC
(mobile phase, hexane): 4 (Vg 5.7 ml), 5 (4.6 ml), coronene
(11.7 ml, added as an internal reference to the test solution).

The solvent of the solution was evaporated off, and the
resulting residue was fractionally recrystallized from hexane
to give 29 mg (38%) of 4: Mp 136—137 °C; IR 3024, 2920,
1643, 1589, 1431, 1411, 1077, 913, 863, 834, 674 cm™*; UV
Amax 384 (log £ 3.63), 363 (4.10), 355 (4.47), 338 (4.39), 281
(4.64), 276 (4.37), 246 nm (4.78); 'HNMR 6=3.57—3.61
(2H, m, H4), 3.67—3.71 (2H, m, Hs), 7.74 (1H, t, J=1.6
Hz, Hs), 7.91 (1H, d, J=7.7 Hz, Hy), 7.92 (1H, d, J=8.4
Hz, He), 8.14 (1H, d, J=9.2 Hz, Hyo), 8.15 (1H, d, J=8.4
Hz, H;), 8.16 (1H, d, J=7.7 Hz, H,), 8.31 (1H, d, J=9.2
Hz, Ho); MS m/z 308, 306 (M1), 227.

Also, a trace amount of 5 was isolated: Mp 175—178 °C
(decomp); *HNMR, §=3.56—3.64 (2H, m, Ha), 3.66—3.71
(2H, m, H3), 7.94 (1H, d, J=7.7 Hz, H,), 8.08 (1H, bs, Hs),
8.13 (1H, d, J=9.3 Hz, H.o), 8.18 (1H, d, J=7.7 Hz, H,),
8.26 (1H, d, /=9.3 Hz, Hy), 8.43 (1H, s, Hr).

Bromination of 2.  Bromine (43 mg, 0.27 mmol) in
AcOH (10 ml) was added to a solution of 2 (60.5 mg, 0.25
mmol) in AcOH (40 ml) at 20 °C for 2 h, and the mixture
was stirred for an additional 1 h. The organic matter was
extracted with CH2Clz, and the solution was analyzed by
HPLC (hexane/THF, 9:1): 6 (Vg 13.4 ml), 7 (16.8 ml), 2
(18.7 ml), fluorene (2.52 ml, as a reference). The residual
part of the solution was chromatographed on silica gel (PhH:
hexane=1:1) to give 5.8 mg (6%) of 7: Mp 254—255 °C
(decomp) (PhH); IR, 1735 cm™'; UV Amax 400 (log ¢ 3.94),
357 (4.23), 345 (4.11), 319 (3.84), 285 (4.32), 261 (4.45), 230
nm (4.58); 'THNMR 6=8.20 (1H, t, J="7.8 Hz, H;), 8.24 (1H,
d, J=9.0 Hz, Hyo), 8.40 (1H, d, J=9.0 Hz, Hy), 8.40 (1H,
d, J=7.4 Hz, H,), 8.41 (1H, d, J=7.8 Hz, Hsg), 8.50 (1H, d,
J=7.4 Hz, Hy), 8.53 (1H, d, J=7.8 Hz, Hs), 8.54 (1H, bs,
Hs); MS m/z 402, 400, 398 (M*), 321, 319 (M—Br)*, 240.

The second eluate gave 34 mg (42%) of 6: Mp 194—196
°C (decomp) (PhH); IR 1723 cm™; UV Amax 395 (log ¢
4.02), 371 (3.99), 358 (4.27), 343 (4.12), 287 (4.38), 247 nm
(4.41); 'HNMR 6=5.81 (1H, d, J=1.0 Hz, Hy), 8.15 (1H, t,
J=17.5 Hz, Hy), 8.21 (1H, d, J=9.0 Hz, Hio), 8.27 (1H, bs,
Hs), 8.34 (1H, d, J=8.1 Hz, H;), 8.36 (1H, d, J=9.0 Hz,
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Hy), 8.36 (1H, d, J=7.5 Hz, Hs), 8.42 (1H, d, J=7.5 Hz,
He), 8.42 (1H, d, J=8.1 Hz, H,); 3CNMR 6§=44.8, 120.9,
121.6, 123.2, 123.8, 126.0, 126.0, 126.2, 126.5, 127.2, 128.0,
130.5, 131.3, 131.5, 134.5, 134.7, 142.6, 196.3; MS m/z 322,
320 (M), 241, 213.

Friedel-Crafts Acetylation of 1. Acetyl chloride
(0.1 ml, 1.4 mmol) was added to a mixture of 1 (114 mg,
0.5 mmol) and AlClz (110 mg, 0.82 mmol) in CH2Cl; (10
ml) at r.t. for 2 min; the resulting mixture was stirred
for 5.5 h. After quenching by the addition of crushed ice,
a part of the organic layer was submitted to HPLC (hex-
ane/THF, 98:2):8 (Vg 15.9 ml), 9 (12.6 ml), 10 (13.6 ml),
fluorenone (6.8 ml, as a reference). The residual part was
chromatographed on silica gel (PhH : hexane=1:1) to give
5.3 mg (4%) of 9: Mp 168—169 °C (hexane); IR 1670 cm™?;
UV Amax 400 (log € 4.13), 364 (4.24), 349 (4.10), 290 (4.37),
244 nm (4.55); 'HNMR 6§=2.90 (3H, s, Me), 3.68 (2H, t,
J=3.2 Hz, H4), 3.69 (2H, t, J=3.2 Hz, H3), 7.94 (1H, d,
J=17.7 Hz, H), 8.02 (1H, d, J=9.1 Hz, Hy), 8.05 (1H, d,
J=8.1 Hz, Hg), 8.15 (1H, d, J=9.1 Hz, Hyo), 8.20 (1H, d,
J=17.7 Hz, H,), 8.38 (1H, d, J=8.1 Hz, H7), 8.90 (1H, t,
J=1.5 Hz, Hs); MS m/z 270 (M™), 227. Found: C, 88.93;
H, 5.24%. Calcd for C20H140: C, 88.86; H, 5.22%.

The second eluate afforded 13.2 mg (10%) of 10: Mp
143—145 °C (hexane); IR 1664 cm™; UV Apax 391 (log €
4.23), 377 (4.32), 291 (4.35), 245 nm (4.45); 'HNMR 6§=2.90
(3H, s, Me), 3.63 (2H, t, J=5.7 Hz, H4), 3.72 (2H, t, J=5.7
Hz, H3), 7.81 (1H, t, J=1.6 Hz, Hs), 7.95 (1H, d, J=7.8 Hz,
H.), 8.07 (1H, d, J=8.1 Hz, Hs), 8.21 (1H, d, J=7.8 Hz,
H,), 8.22 (1H, d, J=9.6 Hz, Hio), 8.40 (1H, d, J=8.1 Hz,
H-), 9.16 (1H, d, J=9.6 Hz, Hy); MS m/z 270 (M), 227.
Found: C, 88.93; H, 5.26%. Calcd for CooH;140: C, 88.86;
H, 5.22%.

The mother liquor after isolation of 10 contained 8 in ad-
dition to 10; however, pure 8 could not be isolated. Char-
acteristic 'HNMR signals of 8: §=7.90 (bs, Hs), 8.00 (t,
J=17.9 Hz, Hr), 8.32 (s, Hz), 9.01 (d, J=9.6 Hz, Hio).

Friedel-Crafts Acetylation of 2. Acetyl chloride
(1.0 ml, 14 mmol) was added at once to a mixture of 2
(121 mg, 0.5 mmol) and AlCls (1.0 g, 7.6 mmol) in CH2Cl;
(20 ml) and the resulting mixture was refluxed for 8 h. Af-
ter treatment, a part of the organic layer was submitted to
HPLC (hexane/THF, 9:1): 11 (Vg 6.7 ml), 12 (16.8 ml),
13 (22.1 ml), fluorene (2.52 ml, as a reference). The residual
part was chromatographed on silica gel (PhH) to give 12 mg
(8%) of 12: Mp 238—239 °C (decomp) (PhH-hexane); IR
1715, 1685 cm™; UV Amax 397 (log € 4.24), 375 (4.26), 289
(4.25), 256 nm (4.39); 'HNMR, §=2.94 (3H, s, Me), 4.04
(2H, d, J=1.1 Hz, Hy), 8.26 (1H, d, J=9.0 Hz, Hyo), 8.29
(1H, d, J=8.2 Hz, Hs), 8.30 (1H, d, J=9.0 Hz, Hy), 8.34
(1H, d, J=8.0 Hz, H,), 8.38 (1H, d, J=8.0 Hz, H3), 8.47
(1H, d, J=8.2 Hz, H7), 8.96 (1H, t, J=1.1 Hz, Hs); MS m/2
284 (M™1), 269, 241. Found: C, 84.10; H, 4.23%. Calcd for
020H1202: C, 84.49; H, 4.25%.

The second eluate gave 44 mg (31%) of 13:Mp 212—
214 °C (decomp) (PhH-hexane); IR 1708, 1674 cm™!; UV
Amax 407 (log € 4.39), 385 (4.24), 366 (4.45), 288 (4.44), 277
(4.30), 265 (4.25), 249 nm (4.46); 'HNMR 6=2.95 (3H, s,
Me), 4.02 (2H, d, J=1.1 Hz, Hy4), 8.01 (1H, bs, Hs), 8.31
(1H, d, J=9.4 Hz, Hio), 8.32 (1H, d, J=8.1 Hz, Hs), 8.35
(1H, d, J=8.0 Hz, Hy), 8.39 (1H, d, J=8.0 Hz, H»), 8.51
(1H, d, J=8.1 Hz, Hy), 9.31 (1H, d, J=9.4 Hz, Hg); MS
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m/z 284 (M), 269, 241. Found: C, 84.30; H, 4.30%. Calcd
for Conlzozt C, 84.49; H, 4.25%.

The other eluates after isolation of 12 and 13 were com-
bined and treated with preparative HPLC to give 11 mg
(8%) of 11: Mp 224—225 °C (decomp) (PhH-hexane); IR
1712, 1678 cm™!; UV Amax 395 (log ¢ 4.25), 386 (4.28),
376 (4.29), 301 (4.19), 279 (4.34), 258 nm (4.11); 'HNMR
6=2.96 (3H, s, Me), 4.03 (2H, bs, H4), 8.12 (1H, bs, Hs),
8.16 (1H, t, J=7.7 Hz, Hy), 8.37 (1H, d, J=T7.7 Hz, Hs),
8.39 (1H, d, J=7.7 Hz, Hsg), 8.46 (1H, d, J=9.3 Hz, Hy),
8.80 (1H, s, H2), 9.20 (1H, d, J=9.3 Hz, H1o); MS m/z 284
(M), 269, 241.

Nitration of 1.1 An acetyl nitrate solution (1 ml,
0.95 mmol; prepared from 1 ml of fumed HNO3; and 24 ml
of AcoO under ice-cooling 30 min prior to use) was added
to a solution of 1 (114 mg, 0.5 mmol) in AcoO (13 ml)
at 0 °C for 2 min, and the resulting solution was stirred
under ice-cooling for 3.5 h. The mixture was extracted
with CH2Cl; and the solution was analyzed by HPLC (hex-
ane/THF, 199:1): 15 (Vg 12.4 ml), 16 (11.4 ml), 17 (124
ml), 18 (14.4 ml), fluorenone (17.5 ml, as a reference). The
residual part was separated by means of preparative HPLC
(hexane/THF, 49:1), and the first eluate afforded 7.8 mg
(6%) of 16: Mp 245—247 °C (decomp) (MeOH); IR 1500,
1322 cm™}; UV Amax 408, 366, 330, 316, 302, 265, 256, 240
nm; 'HNMR 6=3.73 (2H, t, J=5.3 Hz, H3), 3.99 (2H, t,
J=5.3 Hz, Hy), 7.97 (1H, d, J=7.8 Hz, H;), 8.06 (2H, s,
Ho,10), 8.10 (1H, t, J=7.7 Hz, H7), 8.19 (1H, d, J=7.7 Hz,
Hsg), 8.29 (1H, d, J=7.8 Hz, H:), 8.89 (1H, d, J=7.7 Hz,
He); MS m/z 273 (M™1), 227. Found: C, 79.07; H, 4.14; N,
5.09%. Calcd for ClsHquN: C, 79.11; H, 4.06; N, 5.13%.

The second eluate gave a mixture of 15 and 17. The
'HNMR spectrym of the mixture showed the formation ra-
tio of 15 and 17. Characteristic 'H NMR. of 15: §=7.93 (s,
Hs), 8.05 (t, J=7.9 Hz, H7), 8.59 (s, H2), 8.85 (d, J=9.6
Hz, Hio). Evaporation of the solution and recrystallization
of the residue from MeOH yielded 33.2 mg (24%) of 17:'¥
Mp 205—207 °C (decomp); IR 1500, 1321 cm™*; MS m/z
273 (M), 227.

The third eluate of preparative HPLC gave 28.3 mg (21%)
of 18:'*) Mp 179—181 °C (decomp) (MeOH); IR 1492, 1308
cm™!; MS m/z 273 (M™1), 227.

Nitration of 2.  An acetyl nitrate solution (1 ml, 2.4
mmol) was added to a solution of 2 (121 mg, 0.5 mmol) in
Ac20 (13 ml) at r.t. for 2 min, and the resulting solution was
stirred at r.t. for 3 h. After treatment as usual, HPLC (hex-
ane/THF, 19:1) was carried out: 19 (Vg 26.2 ml), 20 (23.5
ml), 21 (29.3 ml), fluorene (2.43 ml, as a reference). The
residual part of the solution was evaporated and the residue
was chromatographed by preparative HPLC (hexane/THF,
17:3). The first fraction was evaporated and recrystallized
from CH2Cl; to give 25 mg (17%) of 20: Mp 290—292 °C
(decomp); IR 1716 cm™'; UV Amax 395 (log € 3.95), 380
(3.90), 325 (3.70), 313 (3.74), 290 (3.81), 248 nm (4.14);
'HNMR 6=4.10 (2H, d, J=1.2 Hz, H,), 8.32 (1H, d, /=8.6
Hz, Hs), 8.34 (1H, d, J=8.9 Hz, Hyo), 8.37 (1H, d, J=8.9
Hz, Ho), 8.46 (2H, s, Hy 2), 8.75 (1H, d, J=8.6 Hz, Hy), 8.84
(1H, t, J=1.2 Hz, H5); MS m/z 287 (M%), 257. Found: C,
75.39; H, 3.24; N, 4.64%. Calcd for C1sH9O3N: C, 75.26; H,
3.16; N, 4.88%.

The second fraction yielded 13 mg (8%) of 19: Mp 266—
267 °C. (decomp) (CH:Clz); IR 1720 cm™?; UV Amax 399
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(log £ 4.24), 379 (4.21), 334 (3.89), 318 (3.92), 284 (4.16),
279 (4.15), 239 nm (4.35); ' HNMR 6=4.07 (2H, d, J=1.2
Hz, H,), 8.21 (1H, bs, Hs), 8.24 (1H, t, J=7.8 Hz, Hy), 8.45
(1H, d, J=7.8 Hz, Hg), 8.48 (1H, d, J=7.8 Hz, Hg), 8.56
(1H, d, J=9.5 Hz, Hy), 9.01 (1H, d, J=9.5 Hz, Hy,), 9.07
(1H, s, Ha); MS m/z 287 (M), 257.

The third fraction gave 26 mg (18%) of 21: Mp 295—297
°C (decomp) (CHClp); IR 1718 cm™?; UV Amax 412 (log €
4.23), 378 (4.15), 360 (s, 4.02), 289 (4.19), 234 nm (4.47);
'HNMR 6=4.08 (2H, d, J=1.2 Hz, Hy), 8.10 (1H, bs, Hs),
8.36 (1H, d, J=8.6 Hz, Hg), 8.45 (1H, d, J=9.3 Hz, Hio),
8.46 (1H, d, J=8.3 Hz, H; or H,), 8.47 (1H, d, J=8.3 Hz,
H, or H,), 8.83 (1H, d, J=8.6 Hz, H7), 9.20 (1H, d, J=9.3
Hz, Hg); MS m/z 287 (M%), 257. Found: C, 75.05; H, 3.26;
N, 4.73%. Calcd for C13HgO3N: C, 75.26; H, 3.16; N, 4.88%.

Competitive Acetylation. Acetyl chloride (0.08 ml,
1.1 mmol) was added at once to a stirred mixture of 2 (20.0
mg, 0.08 mmol), 14 (20.0 mg, 0.08 mmol), AlCls (0.13 g,
1 mmol), and PhNO; (12.0 mg, 0.10 mmol, as a reference)
in CH2Cl; (7 ml) at r.t. A small portion of the mixture
was taken out at one min intervals and analyzed by HPLC
(hexane/THF, 9:1; Vg of PhNOg, 3.82 ml). Each of the
conversions was plotted and the ratio of the reaction rates
of 2 and 14 at time=0 was calculated from each slope. The
average ratio of the three trials was 1.34/1.00 for 14/2.

A mixture of 1 (19.4 mg, 0.085 mmol), 2 (41.0 mg, 0.169
mmol), AlCl3 (0.4 g, 3 mmol), and PhNO2 (24.0 mg, 0.20
mmol) in CH2Cl; (7 ml) was acetylated at 40 °C with AcCl
(0.15 ml, 2.1 mmol); the relative reactivity was 4.23/1.00 for
1/2 as an average.

Competitive Nitration. A mixture of 2 (20.0 mg,
0.08 mmol), 14 (20.0 mg, 0.08 mol), and PhNO; (12.0 mg,
0.10 mmol) in AczO (20 ml) was mixed with AcONO; (0.34
mmol) at r.t. The average ratio of the reaction rate was
1.87/1.00 for 14/2.

The average ratio of 1/2 was 25.8/1.00 by the reaction of
1 (9.7 mg, 0.043 mmol), 2 (41.0 mg, 0.169 mmol), PhNO,
(48.0 mg, 0.40 mmol), and AcONO; (0.19 mmol) in CH2Cl,
(20 ml).
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