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Dynemicin A (1) is a potent antitumor antibiotic
with unique molecular structure and fascinating
mode of action.’ It has been known that DNA
cleaving ability of 1 is attributed to the benzenoid
diradical generation of enediyne system via Berg-
man cycloaromatization reaction.” The activation
of dynemicin A is triggered by epoxide opening in-
duced by developing electron density at C9.° In
our previous study, it was observed that introduction
of halides at C3 exerted deactivating effect in the
epoxide opening of tricyclic model compound.* In
this note we report the electronic effect for epoxide
opening of tricyclic models with electron-donating or
electron-withdrawing group at C2 or C3,

Acid-induced epoxide opening was performed
under weak acidic condition. (Scheme 1) Each
epoxides, 2a-2d were converted to the correspon-
ding diols, 3a-3d and allylic alcohols, d4a-4d in
high yields (>95%), respectively. The allylic al-
cohol was probably generated by dehydration of
the dio).’® To better understand the electronic ef-
fects of the substituents on the aromatic ring for
epoxide opening the electron densities developing
at Cla were calculated. Table 1 shows the reaction
times and electron densities for epoxides.

Experimental results for epoxide opening of
model compounds showed a significant reaction

rate difference. The order of reactivity was re-
latively in accord with that of developing electran
density at Cla calculated by MOPAC-93 methad.
Interestingly, compound 2b with fluorine at C2
showed much less reactivity and low electron den-
sity as compared with compound 2f with fluorine
at C3. This fact implies that fluorine at meta-po-
sition to the epoxide exerts a typical inductive ef-
fect as an electron-withdrawing group, while flu-
orine at para-position to the epoxide confers strong
resonance effect overriding the inductive effect. In-
troduction of a methyl group at C3 also gave po-
sitive effect to epoxide opening. while existance of

2aR=2-CH3; 2pR=2F, 2¢R=2-Cl;
24R=3-CHy; 2¢R=H; 2R =3-F,
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Table 1. Reaction Times for Acid-Induced Epoxide
Opening and Electron Density at Cla of Substituted
Compounds®

. . Electron Den-
Reaction Times"

Epoxides ; Products sities at Cla of

{min) c

Substrates
2a 12 3a, da 4.0866
2b 58 3b, 4b 4.0649
2¢ 33 3¢, 4¢ 40817
2d 3 3d, 4d 4.0981
2e 10 3e, de 40879
2f 7 3f, 4f 4.1012

"Values for 2e and 2f were adapted to compare from re-
ported paper. ref. 4. *End point of the reaction was
checked on TLC. “MOPAC-93 calculation method was
used for electron density at Cla.

a methyl group at C2 yielded rather negative effect
in comparison with unsubstituted compound, 2e."
Unfortunately, introduction of methoxy and nitro
group at C3 which are expected to give strong po-
sitive and negative effect, respectively were failed
because of synthetic problem." But, the large elec-
tron density value" at Cla and the identification of
epoxide-opened products implied that the existence
of methoxy group at C3 would strongly activate
the epoxide opening.

In conclusion. our experimental result shows
that any substituent at C3 can exhibit a significant
positive effect on the rate of the epoxide opening
of dynemicin A models. Futhermore, the result
also indicates that calculation method could be
used to find an optimal derivative of 2, which can
serve as a lead compound for potent enediyne an-
ticancer related to dynemicin A.

EXPERIMENTAL SECTION

Genenral Techiques. Melting points were re-
corded on a Biichi 512 capillary melting point ap-
pratus and were not corrected. NMR spectra were
recorded on a Varian Unity Plus FT-300, Bruker
DPX-300, or Bruker DRX-500 instrument. IR spec-
tra were recorded on a Perkin Elmer {430 IR spec-
trophotometer. All reactions were monitored by

thin-layer chromatography carried out on 0.25 mm

E. Merck silica gel plates (60F-254) under UV
lamp. All new compounds were identified by spec-
troscopic methods.

Synthesis of Compound 2a. Representative Pro-
cedure. A solution of 2-methyl-7.8,9,10-tetrahydro-
phenanthridine” (2.00 g, 10.1 mmol} in dichlorome-
thane (30 mL) was cooled to 0"C and treated with
tributyitin hydride (2.66 g, 9.12 mmol) followed by
phenyl chloroformate (1.43 g, 9.12 mmol). After 1 h,
the reaction mixture was poured into saturated aque-
ous sodium bicarbonate solution (50 mL) and ex-
tracted with dichloromethane {2X 50 mL). The com-
bined organic layers were washed with brine (50
mL), dried (Na,SOy), and evaporated in vacuo.
The residue was simply purified by column chro-
matography to yield 2.75 g of product. The pro-
duct {1.62g, 507 mmol) in dichloromethane
(30 mL) and saturated aqueous sodium bicarbonate
(30 mL) was treated with mCPBA (1.48g of a
71% sample, 6.09 mmol) at 0°C. and stirred for
[ h. The soiution was poured into saturated so-
dium bicarbonate solution (50 mL) and extracted.
The aqueous layer was extracted with further di-
chloromethane (2X 30 mL), and the combined or-
ganic lavers were dried (Na,SO,) and evaporated in
vacuo. The residue was purified by flash chro-
matography (silica gel, 25% ethyl acetate in hex-
ane) to give the epoxide 2a (1.14 g, 67%) as a
white solid: mp 109-111°C; IR (KBr} vy, 3040,
2970, 1720, 1500, 1380, 1200 cm '; '"H NMR (300
MHz, CDCl): 8 7.36-7.10 (m. 8H), 4.63 (d. J=
13.5 Hz, 1H), 3.14 (br s, 1H), 2.51 (d, J=13.5 Hz,
1H). 2.36 (s, 3H), 2.25-2.15 (m, 1H), 2.04-1.93 m,
2H), 1.70-1.58 (m, 3H), 1.35-1.23 {(m, 1H); “°C
NMR (75 MHz, CDCl;): & 154.3, 151.3, 135.0,
134.6, 129.7, 1292, 1286, 127.5, 125.9, 1253,
121.6, 67.4, 57.7, 46.3, 25.4, 24.7, 21.1. 20.6, 19.1.

Physical and Spectroscopic Data for Compound
2b. mp 56-58°C: IR (KBr) vm,, 3030, 2940,
1720, 1500, 1370, 1200 cm”'; 'H NMR (300
MHz, CDCly): & 745 (br s, 1H). 7.37-7.32 (m.
ZH), 7.22-7.10¢ (m. 4H), 7.04-6.97 (m, 1H), 4.65
(d, J=14.7 Hz, 1H), 3.11 (br s, tH), 2.47 (dt, J=
14.7, 4.2 Hz, 1H), 2.18-1.90 (m, 3H). 1.70-1.57 m,
3H), 1.35-1.20 (m, 1H): “C NMR {75 MHz
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CDCl): 160.4 (Jop=238 Hz). 154.8, 151.6. 133.7,
129.7, 128.7, 128.2, 126.1, 122.0, 115.2 (Jeer=23
Hz), 114.3 (Joer=23 Hz), 68.0, 57.7, 46.7, 257, 25.0,
209, 19.5.

Physical and Spectroscopic Data for Compound
2c. mp 63-65°C; IR (KBr) v 3060, 2940, 1720,
1490, 1380, 1200 cm '; 'H NMR (300 MHz. CDCly):
8 747-710 (m, 8H), 464 (d, J=144 Hz. 1H),
3.14 (br s, 1H), 2.47 (dt, J=14.7, 42 Hz, 1H}. 2.20-
209 (m, 1H). 2.06-1.89 m, 2H). 1.73-1.57 (m, 3H),
1.34-1.20 (m. 1H); ®C NMR (75 MHz. CDCL;): &
154.0, 1510, 1358, 131.8, 130.7, 129.3, 1280.
1274, 127.1, 1255, 121.5, 67.6, 57.3, 46.1, 25.2,
24.6, 20.4, 19.0.

Physical and Spectroscopic Data for Compound
2d. mp 111-113°C; IR (KBr) vp. 3040, 2940,
1720, 1380, 1200 e¢m '; '"H NMR (300 MHz,
CDClL): & 7.39-7.31 (m, 4H), 7.21-7.12 (m, 3H),
7.01 (d, J=7.5 Hz, 1H), 4.64 (4, J=13.8 Hz, 1H).
3.14 (br s, 1H), 2.49 (br d, J=14.7 Hz, 1H). 2.33
(s. 3H), 2.23-2.12 {m. 1H), 2.07-1.87 m, 2H), 1.70-
1.57 (m, 3H). 1.33-1.20 (m. 1H): ""C NMR (75
MHz. CDCL): § 154.3, 151.2, 138.0, 137.0. 129.2,
1269, 126.7, 126.6, 126.1. 1253, 121.6, 67.3,
57.6.46.3, 25.3, 24.7, 21.2, 20.6. 19.1.

Acid-induced Epoxide Opening of Compound 2a.

Representative Procedure. A solution of epox-
ide 2a (20 mg, 0,059 mmol) in toluene (3 mL) was
treated with p-toluenesulfonic acid monohydrate
(5.7 mg. 0.029 mmol) and the mixture was stirred
at 0"C. After 12 min the solution was poured into
saturated sodium bicarbonate solution {10 mL) and
extracted with ethyl acetate. The aqueous layer
was extracted with further ethyl acetate (10 mL),
and the combined organic layers were dried (Na;
S0,) and evaporated in vacuo. The residue was pu-
rified by flash column chromatography (silica gel,
33% ethyl acetate in hexane) to give the diol 3a
(10.5mg, 50%) and the allylic alcohol 4a (9
mg. 45%). 3a: white solid; mp 107-109°C; IR
{(KBr) vn 3480, 3040, 2940, 1700, 1380, 1950
em” ", '"H NMR (300 MHz, DMSO-d%: § 7.57 (d.
J=8.4 Hz, 1H), 7.44-7.36 (m, 3H), 7.27-7.17 (m,
3H), 7.01 (4, J=8.4 Hz, 1H). 4.67 (s, 1H), 4.63 (s,
1H), 3.98 (ABq, J=13.5 Hz, 1H), 3.87 (ABq, J=
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13.5 Hz, 1H), 2.28 (s, 3H), 1.87-1.76 (m, 3H),
1.66-1.52 (m, 3H), 1.39-1.23 (m, 2H); "C NMR
(75 MHz. DMSO-d%): § 153.5, 151.2, 135.7, 133.3,
133.0, 129.5. 127.4. 127.2, 125.6. 1229, 122.0,
71.7, 69.9, 51.9, 36.9, 33.3, 22.2, 21.6, 20.8. 4a:
white cryatalline solid: mp 179-181°C; IR (KBr)
Vs 3480, 3030, 2950, 1720, 1380, 1200 cm
'H NMR (300 MHz, DMSO-d°): § 7.52-7.37 {(m,
4H). 7.26-7.16 {m. 3H), 7.00 (d, /=8.4 Hz, 1H).
6.45 (t, J=3.6 Hz, 1H), 5.06 (s, 1H), 4.30 (d, J=
12.9 Hz. 1H). 3.07 (d, /=12.9 Hz, 1H), 2.34-2.21
(m, 2H), 2.27 (s, 3H). 1.98-1.88 (m, 1H). 1.76-1.64
(m, 2H). 1.39 (i, J=12.0 Hz, 1H); ""C NMR (75
MHz, DMSO-d%: § 154.2, 151.7, 133.8, 133.5.
1332, 129.7. 127.7, 126.1, 125.7, 124.6, 1239,
123.7, 122.3, 64.7. 55.5, 33.6, 26.3, 21.0, 16.9.

Physical and Spectroscopic Data for Compound
3b. mp 58-60°C: IR (KBr) v, 3460, 3020, 2940,
1700, 1380, 1200 ecm '; 'H NMR (300 MHz.
DMSO-d%: & 7.74-7.69 (m, 1H), 7.45-7.40 (m,
2H), 7.32-7.19 (m, 4H), 7.09-7.02 (m, 1H), 4.91 (s.
1H), 4.78 (s, 1H), 4.02 (ABq, J=13.5 Hz, 1H), 3.90
(ABq, J=13.5 Hz, 1H), 2.08-1.54 (m, 5H), 1.44-
1.23 (m, 3H); "C NMR (75 MHz, DMSO-d°): &
1593 (Jep=238 Hz), 156.0, 151.0, 139.0, 133.1,
1300, 129.2, 125.1, 125.0, 1139 {Joer=23 Haz).
1134 (Jeep=23 Hz), 72.3, 70.2, 53.6, 374, 339,
230, 21.9.

Physical and Spectroscopic Data for Compound
4b. mp 57-59°C; TR (KBr) vy 3450, 3030, 2940,
1710, 1490, 1380, 1195 cm 'y 'H NMR (300
MHz, DMSO-d%): 3 7.66-7.52 (m, 2H), 7.44-7.17
(m, 2H), 7.26-7.01 (m, 4H), 6.56 (br s, 1H),
5.17 {s, 1H), 4.32 (d. 9=12.8 Hz, 1H), 3.10 (d, J=
128 Hz. 1H), 2.34-2.26 (m, 2H), 2.03-1.88 (m.
1H), 1.77-1.65 (m, 2H), 1.39 {t, J=12.5 Hz, 1H);
C NMR (75 MHz, DMSO-d%: & 159.3 (J¢r=238
Hz), 1540, 151.4. 1323, 129.5, 1284, 1266,
125.7, 125.6, 1222, 122.0. 113.6 (Jocp=23 Hz).
109.3 (Jecr=23 Hz), 64.2, 55.1. 33.1. 26.1. 16.6.

Physical and Spectroscopic Data for Compound
3¢. mp 73-75°C; IR (KBr) vimay 3480, 3040, 2940,
1700, 1480, 1380, 1200 cm : 'H NMR (300
MHz, DMSO-d%: & 7.76 (d, J=9.3 Hz, 1H), 7.54
(d, J=2.7 Hz. 1H), 7.45-7.40 (m, 2H), 7.30-7.20
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(m, 4H), 4.92 (s. LH), 4.79 (s, 1H), 4.04 (ABgq, J=
13.8 Hz. 1H), 392 (ABq, J=13.8 Hz. 1H), 2.02-
1.54 (m, 5H), 1.45-1.30 (m, 3H); ""C NMR (75
MHz, DMSO-d%): & 1534, 151.1, 138.8, 134.7,
129.7, 129.5, 128.1, 1265, 125.8. 124.6, 122.1,
71.8, 69.6, 52.0, 37.3. 33.3, 224, 21.2.

Physical and Spectroscopic Data for Compound
d4c. mp 165-167°C; IR (KBr) v, 3460, 3040,
2950, 1710, 1480, 1380, 1200 ¢m™'; 'H NMR
(300 MHz, DMSO-d®): & 7.74 (s, 1H), 7.66 (d. J=
8.7 Hz, 1H), 7.44-7.39 (m. 2H), 7.29-7.18 (m, 4H),
6.57 (br s, 1H), 5.16 (s, 1H), 4.32 (d, J=12.8 Hz,
1H), 3.11 (d, J=12.8 Hz, 1H), 2.34-2.08 (m, 2H),
2.01-1.87 (m, 1H). 1.82-1.52 (m, 2H). 1.40 (t, J=
12.6 Hz, 1H): '*C NMR (75 MHz, DMSO-d%: &
153.8, 151.3. 134.8, 132.0, 129.6, 129.5. 128.8,
1282, 1263, 1256, 1230, 122.1, 1220, 64.1, 55.0,
332, 26.1, 16.6.

Physical and Spectroscopic Data for Compound
3d. mp 66-68°C; IR (KBr) vnax 3460, 3040,
2940, 1700, 1380, 1200 e¢m™'; 'H NMR
(300 MHz, DMS0-d%): 8 7.53 (s, 1H), 7.46-
7.40 (m, 3H), 7.28-7.19 (m. 3H), 6.95 (d, J=
8.4 Hz. 1H), 4.68 (s, 1H). 4.64 (s. 1H), 3.98
(ABq. J=13.8 Hz. 1H). 3.89 (ABq. J=13.8
Hz. 1H), 2.25 (s, 3H), 1.87-1.77 (m, 3H),
1.65-1.50 (m, 3H), 1.42-1.34 (m. 1H), 1.27-
1.17 ¢m. 1H); "C NMR (75 MHz, DMSO-d*): &
153.5, 1512, 135.8, 135.7, 132.8. 129.5, 1269,
1257, 125.1, 123.3, 122.1, 71.6, 69.8, 51.8, 36.8,
332,221, 21.7, 21.1.

Physical and Spectroscopic Data for Compound
4d. mp 177-179°C: IR (KBr) vy, 3470, 3060,
2950, 1720, 1375, 1200 cm ' ’; 'H NMR (300
MHz. pyridine-d*): 8 7.83 (s, 1H), 7.63-7.57 (m,
2H), 7.43-729 (m, 3H), 7.15 (1, J=84 Hz, 1H),
6.92 (d, /=8.4 Hz, 1H), 6.36 {br s, 1H), 4,84 (d, J=
13.8 Hz, 1H), 3.26 (d, J=13.8 Hz, 1H), 2.35-2.18
(m. 2H), 2.21 (s, 3H), 2.04-1.96 (m, 1H), 1.75-1.65
(m, 2H), 1.45 (br t, J=12.6 Hz, 1H); *C NMR (75
MHz, DMSO-d%): & 1549, 152.5, 1369, 136.6,

134.0, 1296, 125.7, 125.6, 125.5, 1242, 123.7,
122.7, 122.5, 65.4, 56.3, 34.1, 26.5, 21.1, 17.5.
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