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Dynemicin A (1) is a potent antitumor antibiotic with 
unique molec마ar structure and fascinating mode of 
action.1 It has been known that DNA cleaving ability of 
1 is attributed to the benzenoid diradical genwation of 
enediyne system via Beigman cycloaromatization reac­
tion.2 The activation of dynemicin A is triggered by 
epoxide opening induced by bioreduction of quinone 
system, followed by developing electron density at C-9? 
Electron density at C-9 is dependent upon electron 
releasing power of both nitrogen and oxygen on benzene 
ring. We reported previou이y the substituent effect for 
epoxide opening with tricyclic model compounds under 
weak acidic condition.4 For instance, compound 2 with 
substituent at C-3 on benzene ring and protecting group 
on nitrogen represented a significant rate difference for 
the epoxide opening reflecting electron density develop­
ing at C-la. Here, we note the substinient effect for 

epoxide opening of tricyclic free amines which are dyne­
micin A mimics under basic condition.

Synthesis of Model CcmpeumL The synthetic 
method for unsubstituted model compound is represen­
tatively shown in Scheme 1. Compound 3^ was treated 
with sodium 2-(phenylthio)ethoxide to exchange N-pro- 
tecting group according to a known method5. Continu­
ously, oxidation with m-chloroperoxybenzoic acid 
(znCPBA) gave the target compound 4 in high yield. 
Compounds 5-8 were easily prepared by the same syn­
thetic method alternating the starting material.

Reaction of Model Compounds in Weak Basic 
Condition. Compounds 4-8 were treated with 1,8-diaz- 
abicyclo[5,4,0]undec-7-ene (DBU) to see the substituent 
effect for epoxide opening at 0 °C and 40 °C in wet tol­
uene, respectively. Each compound gave the correspond­
ing diols 4a-8a and enols 4b-8b in 87 to 96% yield 
(Scheme 2).

Fig. 1.

Scheme 1. (a) PhSCH2CH2OH (2.0 equiv.), NaH (2.0 eqiiiv.), 
THF, 25 °C, 15 min; (b) mCPBA (2.5 equiv.), CHaCI/sat. 
NaHCO3 (1:1), 0 °C, lOmin.
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Scheme 2. Base-Catalyzed Epoxide Opening of Model Com­
pounds.

o

Scheme 3. Mechanism for Product Formation.

The plausible mechanism for product formation is 
shown in Scheme 3. Protection group at N-5 is removed 
to give free amines 4c-8c by base (DBU). The epoxide 
opening with the aid of nitrogen gives the intermediate I. 
Continually, attack to C-lOa by will give the diols 
4a-8a. On the other hand, elimination of 
diols will give the enols 4b-8b. Even though the free 
amines could not be isolated and identified, the presum­
able corresponding spots were observed on TLC during 
the reactions.

Reaction Time. Table 1 shows the reaction times to 
lead to products and the ratios (a/b) for diol to enol prod­
ucts at 0 and 40 °C, respectively. The reaction times at 
0 °C were very long in comparison with those (7 to 60 
inin) under acidic condition at the same temperarure.43 It 
is thought that one reason for slow reaction is due to ttie 
slow deprotection at N-5. But, a significant reaction rate 
difference appeared for epoxide opaiing of five com­
pounds. That is, compounds 6-8 with a typical electron 
withdrawing groi^j at C-3 showed longer reaction times 
than that of unsubstituted one 4. On the other hand, intro­
duction of fluorine at C-3 activated the epoxide opening 
representing a resonance effect by fluorine. For instance, 
the reaction time of compound 5 was only a half of that 
of uhsubstutited one 4. The reaction times at 40 °C were 
dramatically shorter than those of 0 °C. Product forma­
tion was completed within 40 min for all compounds. 
Starting material spots on TLC dis昵peared in 15 min 
except compound 8 (20 min). The reactivity for four 
compounds 4-7 showed a trend according with elec­
tronic effect of substituents at C-3.

Thble 1. Reaction Times and ftoduct Ratios for model com­
pounds*

*The values were obtained by MOPAC-97 (MNDO) calcu­
lation method.

Reaction progress was checked by TLC. The reac­
tion time for epoxide opening is associated with electron 
density developing at C-la； Electron densities for free 
amines 4c-8c were calculated by MOR4C-97 (Table 2). 
The trend of the calculated values was in relatively 
accord with that of experimental result Especially, any 
trace of 5c with the highest value was not observed on 
TLC until the reaction was terminated at 40 °C.

Product Ratio. Experimental results showed a signif­
icant differrace on the ratio of product formation (Table 
1). At 0 °C, the fonnation of diols 4a-8a was superior to 
enols 4b-8b. And, the product formation was competi­
tive at 40 °C. It is thought that the increase of enol prod­
uct ratios at 40 °C in comparison with 0°C is due to the 
activated water elimination. But, the biased values for 
both reaction time and product ratio of compound 8 at 40 
°C were not understood.

In conclusion, our experimental result showed that 
substituent at C-3 of tricyclic model compound can 
exhibit a significant effect on the rate of the epoxide 
opening under basic condition. This means that a new 
enediyne anticancer related to dynemicin A can be 
developed by intToducin흥 a proper substituent on ben­
zene ring*

Reaction Time Product Ratio (a/b)

0°C 40 °C 0°C 40 °C

4 7h 20 min 1.3 0.7
5 3.5 h 15 min 4.2 0.8
6 8h 30 min 3.3 L0
7 >12 h 40 min 2.4 L0
8 >12h 25 min 7.8 8.6

*AU reactions w仗e rmn in duplicate and averaged.

Table 2. Electron density at C-la of free amines*-

Compound Electron Density

4c 4.118
5c 4.134
6c 4.112
7c 4.105
8c 4091
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EXPERIMENTAL SECTION

Genenral Techniques. NMR spectra were recorded 
on a Bruker DPX-300 or 500 instrument All reactions 
were monitored by thin-layer chromatography carried 
out on 0.25mm 표 Merck silica gel plates (60F-254) 
under UV light All new compounds were identified by 
spectroscopic methods.

Synthesis of Compound 4 Representative proce­
dure. Ib a suspension of NaH (250 mg of 60% disper­
sion in mineral oil, 6.23 mmol) in dry THF (12 mL) was 
added 2-(phenylthio)ethariol (0.84 mL, 6.23 mmol) fol­
lowed by stirriii잉 at 25 °C for 5 min. The 琪siting solu­
tion was added to a solution of 3 (1.00 g, 3.12 mmol) in 
dry THF (19 mL). After stirring at 25 °C for 10 min, the 
reaction mixture was diluted with ethyl ether (50 inL), 
poured into H2O (100 mlj, and extracted with efliyl eth^ 
(2 x 100 mL). The combined organic layers were dried 
(NazSQj) and evaporated 血 vacuo. The residue was puri­
fied by column chromatography (silica, 33% ethyl ether 
in hexane) to give 由e jKoduct in quantitative yield. Ib a 
solution of the above product in dichloromethane (15 
mL) and saturated aqueous sodium bicarbonate (15 mL) 
was added.mCPBA (70%, 1.35 g, 7.81 mmol) followed 
by stirring at 0 °C for 10 min. The reaction mixture was 
poured into saturated aqueous sodium bicarbonate (100 
mL) and extracted with dichloromethane (2X 100 mL). 
The combined organic layers were dryed (NajSO*)  and 
evaporated m vacuo. The residue was purified by col­
umn chromatography (silica; 67% ethyl ether in hexane) 
to provide 4 (1.15 g*  88% from 3) ： H NMR (500 MHz, 
DMSQ&): &7.88 어,，=7,6 Hz, 2H； 部。mafic), 7.70 (t, 
声크7,6 Hz, 1H, aromatic), 7.61 (& J=7.6 H么 2H, aro­
matic), 7.45 (d, J=7.6 Hz, 1H, aromatie), 7.24-7.17 (m, 
2H, aromatic), 7.14 (t, J=7.6 Hz, 1H, aromatic), 4.31 (br 
s, 1H, OCHz), 4.22 (br s, 1H, QGH^ 4.05 (br s, 1H, 
NC%), 3.75-3.68 (m, 2H, SCH由 2.92 어, J=14.1 Hz, 
1H, NCH2), 2.32-2.28 (m, 1H, g, 2.14208 (m, 1H, 
CH?), 1.854.80 (m, 1H, CH办 1.74-1.68 (m, 1H, GZA), 
1.51-1.44 (m, 2H, C&), 1.42-1.37 (m, 1H, CH*  1.22­
1.17 (m, 1H, C日2)； 13C NMR (125.8 MHz, DMSOd)： 
8 154.0,139.3, 136.7； 134.0,129.5,129.4,127.7,127.6, 
126:8, 125.6, 124.9, 67.4, 59.2, 57.0, 54.1, 45.0, 247,
24.2, 20.0, 188

Spectroscopic data for compound 6. E NMR (300 

MHz, DMSOd): 8 7.92 (d, J=7.6 Hz, 2H, aromatic), 
7.73 (t, J=7.6 Hz, 1H, aromatic), 7.64 (t, J=7.6 Hz, 2H, 
aromatic), 7.51 (d, J=l,6 Hz, 1H, aromatic), 742 (d, J= 
2.1 Hz, 1H, aromatic), 7.25 (dd, J=7.6, 2.1 Hz, 1H, aro­
matic), 4.41431 (m, 2H, OCR), 4.12-4.05 (m, 1H, 
NCH2), 3.77 (br s, 가!, SCft), 3.00 (d, J=14.3 Hz, 1H, 
NCR), 2.35-2.28 (m, 1H, CH» 2.17-2.07 (m, 1H, CH?), 
1.90-1.71 (叫 간% CH£), 1.53-1.36 (m, 3H, CH，, 1.30­
1.18 (m, 1H, CH2); l3C NMR (75.5 MHz, DMSOd)： 8
153.6, 1392 137.9, 133.9, 132.1, 129.4, 128.5, 1284 
127.5, 125.2, 1247, 67.5, 594, 56.7, 54.0, 448, 24.6, 
24.1, 19.8, 18.8.

Base-Induced Epoxide Opening of Compound 4. 
Representative procedure. A solution of epoxide 4 (20 
mg, 0.048 ftimol) in wet toluene (2 mL) was cooled to 
0°C (ice/water bath) and then, DBU (15 mg, 0.097 
minol) was added to the solution. The reaction pogress 
was probed at a proper interval by TLC. When the prod­
uct fonnation was completed the solution was： concen­
trated in vac^ The residue was purified by column 
chromatogr^)hy (silica, 33% ethyl acetate in hracane) to 
give diol 4a (5,5 mg, 52%) and allylic alcohol 44(3.9 
mg, 40%). 4a:】H NMR (300 MHz, DMSQ&): 67J9 
(dd, /=7.7, 1.2 Hz, 1H, aromatic), 6.86 (td, L2 
Hz, 1H, aromatic), 6.46^6.40 (m, 2H, aroma血),571 (br 
s, 1H, N诳429 (br s, 1H, OH), 3.87 (br s, 1H, OH), 
3.13 但 1H? NC&), 2.87 (br d, J=1L3 Hz,
1且 NC&), 1.95-1.85 (m, 1H, CH2), 1.77-1.70 (m, 1H, 

1.60-1.45 (m, 3H, C/^), 135-1.22 (m, 2H, C反办 

1.10-0.98 (m, 1H, GH2); 13C NMR (75.5 MHz, DMSO- 
&): 8144.1, 127.4, 127.3, 126.5, 114.8, 113.3, 71,9, 
69.7, 48.7, 33.7, 31.6, 23.5, 22.5. 4b: 'H NMR (300 
MHz, DMSOd)： 87.25 (dd, M7.8, 1.2 田,1H, an> 
matic), 6.87 (td, *=7 ：8,1.2 Hz, 1H, aromatic), 6.50:6.42 
(m, 2H, aromatic), 6.00 (t, J=3.9 Hz, 1H, CHC理),5.77 
(br & 1H； NH), 4.20 (brs, 1H, OH), 3.04 (dd, 丄 3.1 
Hz,： 1H, NG0), 2.87 (d, J=12.1 Hz, 1H, NGH2), 118­
2.12 (m, 2H, CH고), 1.92-1.80 (m, 1H, CH办 1.73-1.58 
(m, 2H, CH2), 1.34-1.25 (tn, 1H, Cft); 13C NMR (755 
MHz, DMSOd): 5143.9, 134.5, 127.2, 124.2, H8.3, 
*118.1, 115.5,114.0, .62.9, 52.2, 34.6, 26.0, 17.3.

Spectroscopic d|ata for compound 5a. 'H NMR (500 
MHz, DMSO4): 8 7.23-7.18 (m, 1H, aromatic), 6.24­
6.17 (id, 2H, aromatic), 6.12 (br s, 1H, NH), 4.21 (br s, 
1H, OH), 4.02 (br s, 1H, OH), 3.14 (br d, J=lL3 Hz, 1H,
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NC反2), 2.90 (br, 1H, NC1%), 1.95-1.85 (m, 1H, CH), 
1.76-1.70 (m, 1H, 1.60-1.50 (m, 3H, CH2), 1.42­
1.25 (m, 2H, CHz), 1.11-1.03 (m, 1H, C法)；nC NMR 
(125.8 MHz, DMSO서& 6 163.4 (7^=239 Hz), 146.9, 
129.4, H9.0, 102.2 (2JCf=22 Hz), 99.6 (2Jcf=24 Hz), 
71.7, 69.5, 48.5, 33.7, 31.5, 23.5, 22.5.

Spectroscopic data for compound 5b. 1H NMR (300 
MHz, DMSOd): 6 7.25 (dd, J그8.5, 6.8 Hz, 1H, aro­
matic), 6.27-6.20 (m, 가七 aromatic), 6.18 (br d, J=3.7 
Hz, 1H, NH)’ 5.97 (t, J=3.2 Hz, 1H, CHCHj, 4.39 (s, 
1H, OH), 3.08 (dd, J=12.2, 3.7 Hz, 1H, NC也),2.90 (d, 
J=12.2 Hz, 1H, NCH，, 2.18-2.12 (m, 가1, C用), 1.92­
1.82 (m, 1H, C%), 1.69 어t, J=12.9, 3.2 Hz, 1H, C用), 

1.63-1.59 (m, 1H, C//2), 1.30 (td, 7=13.3, 3.2 Hz, 1H, 
CH。； 13C NMR (125.8 MHz, DMSOd): 8 162.1 (7^= 
240 Hz), 145,3, 129.5, 125.9, 118.0, 114.9,101.9 (2/Cf= 
22 Hz), 99.1 (VCf=24 Hz), 62.7, 51.8, 34.6, 26.0, 17.3.

Spectroscopic data for compound 6a. 'H NMR (300 
MHz, DMSO-cL)： 57.20 (d,丿 =8.0 Hz, 1H, aromatic), 
6.46-6.42 (m, 2H, aromatic), 6.14 (br s, 1H, NH), 4.48 
(br s, 1H, OH), 4.08 (br s, 1H, OH), 3.15 (br d, J=ll.l 
Hz, 1H, NCHz), 2.99 (br, 1H, NC反2), 1.95-1.85 (m, 1H, 
CH» 1.80丄68 (m, 1H, CH2), 1.65-1.50 (m, 3H, C//2), 
1.45-1.35 (m, 2H, CH2), 1.17-L05 (m, 1H, C//2); 13C 
NMR (75.5 MHz, DMSO4)： 6 145.5,131.8,128.3,123.5,
1183,114.1,70.6,68.2,47.2, 33.7, 32.6, 222 21.4.

Spectroscopic data for compound 6b. 'HNMR (300 
MHz, DMSO-dd): 5 7.24 (d,丿=8.3 Hz, 1H, aromatic), 
6.53(d, <7=2.0 Hz, 1H} aromatic), 6.44 (dd, J=8.3,2.0 Hz, 
1H, aromatic), 6.23 (d, J=3.4 Hz, 1H, NT/), 6.03 (t, J=4.0 
Hz, 1H, CHCH，，4.50 (s, 1H, OH), 3.11-3.06 (m, 1H, 
NCI%), 2.91-2.87 (m, 1H, NC&), 2.17-2.12 (m, 2H, 
CH分,1.90-1.82 (m, 1H, C%), 1.71-1.58 (m, 2H, C%), 
1.34-1.24 (m, 1H, Cft); 13C NMR (75.5 MHz, DMSO- 
&): 5145.1, 133.6, 131.5, 125.9, 12丄 1173, 114.9,
112.6, 65.2, 51.8, 345, 26.1, 17.3.

Spectroscopic data for compound 7a. 'H NMR (500 
MHz, DMSOd): 8 7.13 (d, J=8.2 Hz, 1H, aromatic), 
6.60 (d, <^=1.9 Hz, 1H, aromatic), 6.56 (dd, J=8.2, 1.9 
Hz, 1H, aromatic), 6.14 (br s, 1H, NH), 4.49 (br s, 1H, 
OH), 4.09 (br s, 1H, OH), 3.13 (br s, 1H, NCH3), 2.98 
(br, 1H, NC&), 1.95-1.84 (m, 1H, CH» 1.78-1.70 (m, 
1H, CH认 1.63-1.50 (m, 3H, CH分,1.42-1.38 (m, 1H, 
C&), 1.35-1.29 (m, 1H, CH分,1.15-1.05 (m, 1H, C召2)； 
,3C NMR (125.8 MHz, DMSO-dQ: 8145.8, 128.6, 
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126.3, 120.5, 117.7, 116.9, 70.6, 68.2, 47.2, 34.5, 32.6,
22.2, 21.5.

Spectroscopic data fbr compound 7b. *H  NMR (500 
MHz, DMSOde): 67.18 (d, J=8.4 Hz, 1H； aromatic), 
6.67 (d, J=1.9 Hz, 1H, aromatic), 6.55 (dd, J=8.4, 1.9 
Hz, 1H, aromatic)^ 6.21 (br s, 1H, NH), 6.04 (t, J=4.0 
Hz, 1H, CHCH，, 4.49 (s, 1H, OH), 3.08 (dd, J=12.3,3.1 
Hz„ 1H, NC%), 288 (d, J=12.3 Hz, 1H, NCR), 2.20­
2.11 (m, 2H, CH?), 1.90-1.81 (m, 1H, Cl%), 1.71-1.66 
(m, 1H, CH^ 1.64-1.59 (m, 1H, CH讯 1.33-L27 (m, 
1H, C&)； 13C NMR (125.8 MHz, DMSO-dQ: 6 145.4,
133.7, 126.3, 120.2, 119.2, 117.7, 117.6, 115.5, 62.6,
51.7, 34.5, 26.1, 17.3.

Spectroscopic data for compound 8a. *H  NMR (300 
MHz, DMSOd)： 86.99 (d, J=8.1 Hz, 1H, aromatic), 
6.81 (br s, 1니, aromatic), 6.75 (br d, J=8.1 Hz, 1H, aro­
matic), 6.09 (br s, 1H, NH), 4.49 (br s, 1H, OH), 4.08 (br 
s, 1H, OH), 3.17-3.08 (m, 1H, NC/72), 3.00-2.90 (br, 1H, 
NC772), 1.95-1.83 (m, 1H, CW), 1.78-1.68 (m, 1H, CH》, 
L65-1.48 (m, 3H, CH，，1.45-1.28 (m, 2H, CH2), 1.15­
1.05 (m, 1H, CH，； 13C NMR (75.5 MHz, DMSO-cU): 
8 145.9, 128.7, 125.4, 123.0, 120.8, 97.0, 70.7, 68.1,
47.2, 34.5, 325, 22.2, 21.5.

Spectroscopic data fbr compound 8b. 'HNMR (300 
MHz, DMSOd): 87.03 (d, J=8.1 Hz, 1H, aromatic), 
6.88 (br s, 1H, aromatic), 670 (br d, J=8.1 Hz, 1H, aro­
matic), 6.15 (br s, 1H, NH), 6.04 (br s, 1H, C//CH3), 
4.49 (br s, 1H, OH), 3.10-3.05 (m, 1H, NC/切, 2.95-2.85 
(m, 1H, NC%), 2.20-2.10 (m, 2H, CH认 L90니.80 (m, 
1H, C&), 1.75-1.55 (m, 2H, CH» 135-1.25 (m, 1H, 
Cft); 13C NMR (75.5 MHz, DMSO서Q: 8 146.2, 127.6, 
126.3, 125.4, 123.6, 119.2, 116.1, 94.9, 65.2, 51.7, 34.5, 
26.0, 17.2.
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