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Dynemicin A (1) is aìpotentautitumor antibiotic with

unique molecular ìstructure 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 ìviaBergman cyclowomatization reac-

tion? The activation of dynemicin A, is triggered by

epoxide opening induced by b~oreduction of quinone

system followed by developing electron density at C-9.3

Electron density at C-9 is dependent upon electron

releasing power of both nitrogen and oxygen on benzene

ring. We reported previously 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 berwene ring and protecting group

on nitrogen represented a significant rate difference for

the epoxide opening reflecting electron density develop-

ing at C-1a. Here, we note the substituent effect for

Dyuemiciu A

epokide opening of tricyclic free amines which me dyne

micin A mimics under basic condition.

Synthesis of Model Gmipound. The synthetic

method for urrsubstituted model compound is represen-

tatively shown in Scheme 1. Compound ~ was treated

with sodium 2-(phenylthio)ethoxide to exchange N-pD

te&g group according to a known methods. Continu-

ously, oxidation with nr-chloroperoxybenzoic acid

(mCPBA) gave the target compound 4 in high yield.

Compounds 5-8 were easily prepared by the same syn-

thetic metkxl alternating the starting material.

Reaction of Model Compounds in Weak Basic

Condition. Compounds 4-8 were treated with l,8-diaz-

abicyclo[5,4,0]undez-7-ene (DBU) to ~ the substituent

effect for epoxide opening at OìC and 40 ìC in wet toL

uene, respectively. Each compound gave the conespond-

ing diols 4a-Sa and enols 4b-8b in 87 to 96í%oyield

(scheme 2).

4
Scheme 1.~a)PbSCH,CHZOH(2.0 equiv.),NW (2.0 ~UV.1
THF, 25 ìC, 15rnin; (b) mCPBA (2.5 equiv.), CH,CIJsat.
NaHCO, (1:1),OìC, 10min.
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Scheme 2. Base-CatalyzedEpoxideOpeningof ModelCom-
pounds.
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Scheme 3. Mechanismfor Product Formation.

The plausible mechaoism for product formation is

shown in Scheme 3. Protection group at N-5 is removed

to give free amiues 4c-8c by base (DBU). The epoxide

opening with the aid of nitrogen gives the intermediate I.

Continually, attack to C- 10a by HzO will give the diols

4a-80. On the other hand, elimination of water from

diols will give the enols 4b-8b. Even though the free

tines could not be isolated and identified, the presum-

able cones.pending spots were observed on TLC during

the reactions.

Rwwtion Tima Tdle 1 shows thi reaction times to

lead to pmduets ëandthe ratios (ah) for diol to enol prod-

ucts at O and 40 ìC, nqectively. The reaetion times at

OìC were very long in comparison with those (7 to 60

rein) under acidic condition at the same tempemmre.~ It

is thought that one reason for slow reaction is due to the

slow deprotection at N-5. But, a significant mction rate

difference appeard for epoxide opening of five com-

pounds. That is, compounds 6-8 with a typicrd electron

withdrawing group at C-3 showed longer reaction times

than that of unsubstituted one 4. On the other handj intro-

duction of fluoriie at C-3 activated the epoxide opening

representing a resonance effect by fluorine. For instance,

the reaction time of eomponnd 5 wasionly a half of that

of unsubstntited one 4. The reaction times at 40 ìC were

dramatically shorter than those of OìC. Product forma-

tion was completed within 40 min for aU compounds.

Starting material spots on TLC disappemed in 15 min

except componmi 8 (20 rnin). The. reactivity for four

compounds 4-7 showed a trend according with elec-

tronic effect of substituents at C-3.

Table 1. ReactionTrees ,andProductRatios for model com-
pouuds*

ReactionTune
Compound

Product Ratio (ah)

o ëc 40 ìc o ìc .40.C

4 7h 20min 1.3 0.7
5 3.5h 15min 4.2 0.8
6 8h 3omin 3.3 1.0
7 >12 h 40 min 2.4 1.0
8 >12h 25 min 7.8 8.6

*AUreactionswere run in duplicateand averaged.

Table2. Electrondensityat C-la of &e amines*~

Compound ElecrmnDensity

4C 4.118
5C 4.134
k 4.112
7C 4.105
8C 4.091

*ífhevalues wemobtained by MOPAC-97(MNDO) calcu-
lation methcd.

Reaetion progress was cbeeked by TLC. The mic-

tion time for epoxide opening is associated with elechon

density developing at C-1a. Electron densities for free

amines 4c-8c were calculated by MOPAC-97 (Talk 2).

The trend of the ealctdated values was in relatively

accord with that of experimental msolt. Especially, any

trace of 5c with the highest value was not observed on

TLC nntil the reaetion was terminated at 40 ëC.

Product Ratio. Experimental results showed asignif-

ic,autdiffenmce on the ratio of prmluct formation (Talk

1). At OëC, the formation of diols 4a-8a was superior to

enok 4b-81x And, the product formation was competi-

tive at 40 ìC. It is thought that the increase of enol pro-

ductratios at 40 ëC in comparison with OëC is due to the

activated water elimination. BUL the biased values for

both reaction time and product ratio of compound 8 at 40

ìC wem not understood.

In conclusion, our experimental result showed that

substitoent at C-3 of tricyclic model compound cau

exhibk 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 ix?

developed by introducing a proper substituent on hem

zene ring.
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EXPERIMENTAL SECTION

Gimenral Techniques. NMR spectra we~ recorded

on a Broker DPX-3(K)or 5(XIinstrument All mwtions

wm monitored by thin:layer chromatography cafried

out on 0.25mm E. Merck silica gel plates (60F-254)

under W light. All new compounds were identified by

spxtioscopic methods.

Synthesis of Compound 4. Reprt!shtative proc-

edure,To 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)ethanol (0.841M+ 6.23 mmol) fol-

lowed by stirring at 25 ìC for 5 min. The resulting solu-

tion was added to a solution of 3 (1.00 g; 3.12 mmol) in

dry THF (19 mL). After wining at 25 ëC for 10 rein, the

reaction mixtire was diluted with ethyl ether (50 mL),

powd intoíH,O (100mLJ, and extmctcd with ethyl ether

(2X 1~ @, The combined organic layers were dried

(f%,so,) and &p03kXi h VUCUO. ëfhl? %iikíe W= pUri-

fied by cohurui chromatogmphy (sili@ 33% ethyl @her

in hexane) to give the product in quantitative yield, To a

solution of the above pnxluct in dichloiomelhane (15

mL) and satumted aquas sodium bicarbonate (15 mL)

WtlS addcdJ&PBA (70í70,1.35 g, 7.81 mmol) followed

by stirring at OìC for 10 min. The rea&on mixtum was

pourwl into saturated aqueous sodium bicarbonate (100

mL) and ex@actedwith dichloromethane (2Ix 100 mL).

The combined organic layers were dryed (Na,SOJ and

evaporated in WZCUO.l%emsidue was pmi&d by col-

WIXIc~gpphy (si.li~ 67% ,ethyl ether in hwme)

to provide 4 (1.15 g, 88% from 3). ëH NMR (500 MHz,

DMSO-&): 6.7.88 (d, J=7,6 Hz, 2H; fUí031MtiC), 7.70 (t,

.J=7.6 Hz, lH, aromatic), 7.61 (t+ .l=7.6 Hz, 2H, aro-

IIKitiC), 7.45 (dj J=7.6 Hz,. lH, 0r033U3tiC), 7.24-7.17 (m

2H, aromatic),7.14 (t .l=7.6 Hz; lH, aromatic), 4.31 (lx

s, lH, OCFL), 4.22 (brs, lH, KY@ 4.05 (br s, lH,

NCHJ, 3.75-3.68 (q 2H, SCHJ, 2.92 (d, .1=14.1 Hz,

lH, NCH,), 2.32-2.28 (m, lH, C&), 2.14-2.08 (m, 1H,

CEL), 1.85.1.80 (IIL lH, W,), 1.74+1.68(m, lH, Ci%),

1.51-1.44 (m, 2H,CHJ, 1.42-1.37 (m, H+, CHJ, L22-

1.17 (m, lH, Cl-1,);ìC NMR(125.8 MHz, DMSO-L%]

ii 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, 24.7,

24.2,20.0, 18.8.

Spe&oscopic data for compound 6. ëH NMR (300

MHz, DMSO-dJ: 67.92 (d, J=7.6 Hz, 2H, zlKX3MtiC),

7.73 (L J=7.6 Hz, lH, 81tX3MtiC), 7.64 (t+J=7.6 Hz, 2H,

M033MtiC), .7.51 (d, J=7.6 Hz, lH, ZUU3MtiC), 7.42 (d, J=

2.1 Hz, lH, M033MtiC), 7.25 (old,.l=7.6, 2,1 Hz, lH, ar-

omatic),4.41-4.31 (m, 2H, OCZfZ),4.12-4.05 (m, lH,

NCH,), 3.77 (br ìS, 2H, SCH,), 3.00 (d, J=14.3 Hz, lH,

NCHJ, 2.35-2.28 (m, lH, Cl%), 2.17-2.07 (m, lH, CFL),

1.90-1.71 (nL 2H, Ci%), 1.53-1.36 (m, 3H, Cl/,), 1.30-

1.18 (m, lH, CHJ; ë3CNMR (75.5 MHz, DMSO-&) 6

153.6, 139.2, 137.9, 133.9, 132.1, 129.4, 128.5, 128.4,

127.5, 125.2, 124.7, 67.5, 59.4, 56.7,34.0, 44.8, 24.6,

24,1, 19.8, 18.8,

BaseInduced Ewxide Opening of Compound 4.

Representative proeedum. A solution of epoxide 4 (20

mg, 0.048 mmol). in wet toluene (2 mL) was cooled to

OìC (icdwater bath) and then, DBU (15 mg, 0.097

mmol) was added ì10the solution. The ,naction progress

was probed at a proper intervalby TLC. When the pro-

duct”formationwascbmpleted the soIution wds:coiwen-

trated in vaam The residue was purified by mlumn

chromatogmphy (silieaj 33% ethyl acetate k. hexane) to

give diol 40 (5,5 mg” 52%) and allyIic alcohol 41.343.9

mg, 40%). 4w. ëH .NMR (300 ~ DMSOd.J: 87,19

(old,~=7.7, 1.2 H.z, IH, W03@iC), 6.86 (td; ~=7.7, 1.2

Hz, lH, aromatic), 6.46-6.40 (m, 2H, armnatic),.5.71 (lx

S, lH, NH), 4.29 (lx S, lH, OH), ì3.87 @r S, lH, OH),

3.13 (& J=11,3.Hz, lH, NCJL), 2.87 (br d, J=ll.3 Hz,

lH, NW,), 1.95-1:85 (m, lH, CHJ, 1.77-1.70 (~ IH,

CH,), 1.60-1.45 (nL 3H, CH2), 1.35-1.22(nL2H, CH2J

1.10-0.98(IU lH, CH,); ë3CNMR (75.5 MHz, DMSO-

&] 6144.1, 127.4, 127.3, 126.5, 114.8, 113.3, 71..9,

69.7, 48.7, 33.7, 31.6, 23.5, 22.5. 4X !H NMR (300

MHZ; DMSO-&): 67.25. (da J=7.8, 1.2 Hz, lH, w

33MtiC), 6.87 (td,.J=7.8, 1.2 Hz, lH, ~0331dC), 6.5@6.42

(~ 2H, WOL3MtiC), 6.00 (L J=3.9 Hz, lH, CHCIW, 5.77

(bZS, lH,NH), 4.20 (lx S, lH, OH), 3.04 (old,J=12.1, 3.1

Hz; lH, NW,), 2.87 (d, J=12.1 Hz, lH, MY-f,), 2t18-

2.12 (u 2H, CHJ, 1.92-1.80 (m, lH, CHJ, 1.73-1.58

(Q 2H, CH,), 1.34-1.25 (m IH, ClI,} ìC NMR (75,5

MHz, DMSO-dJ 6143.9, 134.5, 127.2, 124.2, 118.3,

.118.1, 115.5,:!14.0, 62.9,52.2,34.6,26.0, 17.3.

Spedmcopic r@ta for compound 5a ëH NMR (5tXl

MHZ, DMSO-dJ 87.23-7.18 (m, lH, aromatic), 6.24-

6.17 (m, 2H, aromatic), 6.12 (brs, lH, NH), 4,21. (brs,

lH, OH), 4.02 (lxs, lH, OH), 3.14 (brd, J=ll.3 Hz, lH,
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NCH2), .2.90 (h, lH, NCFL), 1.95-1.85 (m, IH, C&),

1.76-1.70 (m, lH, CFL), 1.60-1.50 @ 3H, CH,), 1.42-

1.25 (m, 2H, CIL), 1.11-1.03 (m, lH, CH,); ìC NMR

(125.8 MHz, DMSO-&): 8163.4 (íJ.,=239 Hz), 146.9,

129.4, 119.0, iti.2 (2Jw=22 ìHz), 99.6’ (2~C>~ Hz),

71.7, 69.5, 48.5,33.7, 31.5, 23.5,22.5.

S~iC ~~ for ~mpo~d ~. ëH NMR (3W

~Z, DMSO-&): 67.25 (M, .k8.5, 6.8 Hz, lH, aro-

matic), 6.27-6.20 (m, 2H, aromatic), 6.18 (br cl, .l=3.7

Hz, IH, NH), 5.97 (t, J=3.2 Hz, lH, Cl/CH,), 4.39 (S,

IH, OH), 3.08 (d~ J=12.2, 3.7 Hz, lH, NCH2), 2.90 (d,

J=12.2 Hz, lH, NCZA), 2.18-2.12 (m, 2H, Cl%}, 1.92-

1.82 (m, lH, Clf,), 1.69 (dt, J=12.9, 3.2 Hz, lH, CH2),

1.63-1.59 (m, IH, CH,), 1.30 (td, 1=13.3, 3.2 Hz, lH,

CHZ); ëiCNMR (125.8 MHz, DMSO-&): S 162.1 (íJC.=

240 Hz), 145,3, 129.5, 125.9, 118.0, 114.9, 101.9 (2~CF=

22 Hz), 99.1 (2.h=24 Hz), 62.7,51.8,34.6,26.0, 17.3.

Spechscopic data for compound 6a. ëH NMR (300

ha-k, DMSO-W: 87.2o (d, .l=8.O Hz, IH, aromatic),

6.46-6.42 (m, 2H, aromatic), 6.14 (h s, lH, NH), 4.48

(hs, lH, OH), 4.08 (lxs, lH, OH), 3.15 (h cl, J=ll.1

Hz, lH, NCIA), 2.99 (br, lH, NCIQ, 1.95-1.85 (m, lH,

CH,), 1.8(LI .68 (m, lH, Clh), 1,65-1.50 (m, 3H, Ck$),

1.45-1.35 (m, 2H, CEQ, 1.17-1,05 (m, 1H, CHJ; ë3C

NMR (75.5 MI-kDMSO-&)8145.5; 131.8,128.3,123.5,

118.3,114.1,70.6,68.2, 47.2,33.7,32.6,22.2, 2L4.

Specbwcopic data for compound 6b. ëH NMR (3LXI

MI%, DMSO-&): 57.24 (d, J=8.3 Hz, IH, aromatic),

6.53(cL J=2.O Hz, lH, aromatic), 6.44 (old, .l=8.3, 2.0 Hz,

lH, aromatic), 6.23 (d, J=3.4 Hz, lH, NH), 6.03 (t, J=4.O

Hz, lH, CHCHJ, 4.50 (s, lH, OH), 3.11-3.06 (m, IH,

NCIQ, 2.91-2.87 (n~ lH, NCH2), 2.17-2.12 (m, 2H,

Cli,), 1.90-1.82 (m, IH, CFL), 1.71-1.58 (m, 2H, CM,

1.34-1.24 (~ lH, CIL); ë3CNMR (75.5 MHz, DMSO-

&): 8145.1, 133.6, 131.5, 125.9, 119.1, 117.3, 114.9,

112.6,65.2,51.8, 34.5,26.1, 17.3.

Spectroscopic data for compound ”7a. ëH NMR (500

MHz, DMSO-&): 67.13 (d, J=8.2 Hz, lH, aromatic),

6.60 (d, J=I.9 Hz, lH, MO1310tiC), 6.56 (old, J=8.2, 1.9

Hz, lH, aromatic), 6.14 (brs, IH, NH), 4.49 (brs, lH,

OH), 4.09 (hs, lH, OH), 3.13 (lxs, lH, NCHJ, 2.98

(lx, lH, NCLQ, 1.95-1.84 (m, lH, Clid, 1.78-1.70 (m,

lH, CH,), 1.63-1.50 (m, 3H, CZ-L), 1.42-1.38 (m, lH,

CH,), 1.35-1.29 (m, lH, CIL), 1.15-1.05 (m, IH, CHZk

ìC NMR (125.8 MHz, DMSO-&] 8145.8, 128.6,

2000, vol. #, No.5

126.3, 120.5, 117,7, 116.9, 70.6, 68.2,47.2, 34.5, 32.6,

22.2,21.5.

s~ic *~ for compo~d ~. ëH W (500

MHz, DMSO-&): 67.18 (~ J=8.4 Hz, lH;” aromatic),

6:67 (d; J=l.9 Hz, lH, aromatic), 6.55 (old, J=8.4, 1.9

Hz, lH, aromatic), 6.21 (br S, lH, NH), 6.% (t, +4.0

Hz, lH, CHCHZ), 4.49 (S, lH, OH), 3.08 (old,J=12.3, 3.1

Hz,, lH, NCH,), .2.88 (d, J=12.3 Hz, IH, NCHJ, 2.20-

2.11 (U 2H, CHJ, 1.90-1,81 (m, lH, CHZ), 1.71-1.66

(m, lH, CIQ, 1.64-1.59 (m, lH, CH,), 1.33-1.27 (m,

lH, CIf2} ìC NMR (125.8 MHz, DMSO-rL.): 6145.4,

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. ëH NMR (300

rvn+z, DMSO-@ 86.99 (d, J=8.1 Hz, IH, aromatic),

6.81 (hs, lH, aromatic), 6.75 (lx d, J=8.I Hz, lH, aro-

matic), 6.09 (brs, lH, NH), 4.49 (lxs, 1H, OH), 4.08 @r

s, lH, OH), 3.17-3.08 (m, lH, NCHJ, 3.00-2.90 (lx, lH,

NCH,), 1,95-1.83 (m, lH, CHZ), 1.78-1.68 (m, lH, CH,),

1.65-1.48 (m, 3H, CH,), 1.45-1.28 (m, 2H, CH,), 1.15-

1.05 (m, lH, CHJ; ë3CNMR (75.5 MHz, DMSO-d.J:

S 145.9, 128.7.125.4, 123.0, 120.8, 97.0, 70.7, 68.1,

47.2, 34.5, 32.5,22.2,21.5.

Spectmwopic data forîcompnund 8b. ëH NMR (300

MI%, DMSO-@: 87.03 (d, J=8.1 Hz, lH, aromatic),

6.88 (brs, lH, aromatic), 6.70 (br d, J=8.1 Hz, lH, aro-

matic), 6.15 (br s, 1H, NH), 6.04 (br s, 1H, CHCI%),

4.49 (brs, lH, OH), 3.10-3.05 (m, lH, NCIL), 2.95-2.85

(m, lH, NCIL), 2.20-2.10 (m 2H, CHI), 1.90-1.80 (m,

IH, cw2), 1.75-1.55 (m, 21-LCFZZ),1.35-1.25 (m, lH,

CH2~ ìC NMR (75.5 ~ DMSO-&): 8146.2, 127.6,

126.3, 125.4, 123.6, 119.2, 116.1, 94.9, 652, 51.7, 34.5,

26.0, 17.2.
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