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Development of an Efficient Synthetic Method for a Novel Anticancer
Substance Isolated from Insect-flower

Haiyan Che*, Ngoc Tuyen Truong®**** Deok Hyo Yoon**, Tae Woong Kim**,
Gi-Ho Sung*** and Haeil Park**
*College of Pharmacy, **College of Natural Sciences of Kangwon National University, Chunchon 200-701 Korea
SRural Development Administration, Suwon 441-701, Korea
“Ho Chi Minh City University of Medicine & Pharmacy, Ho Chi Minh, Vietnam

Abstract — Cordyceps militaris, a caterpillar-grown traditional medicinal mushroom, produces important bioactive com-
pounds, cordycepin (3'-deoxyadenosine) and militarin. Militarin is reported to possess anticancer activities against several
tumor cells. An efficient synthetic method of militarin was developed to prepare muti-gram scale sample for bioassay. Mil-
itarin was successfully synthesized from commercial starting materials in 5 steps and 29.3% overall yields.
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Fig. 1 - Structures of Cordycepin and militarin isolated from
Cordyceps militaris.

71



72 Al - EFE o Fo -

#HE - s 1% - el

ME 2wy

2

ﬂ rr nS’L‘

of] ARE3E AJoke A|EES ARSI, E W AY
Ul AR RS st S5-80E HEl] WM
A ka1 e ARSI o, 8wl HPLC &
?J F RS Ax 9 SRS AA 0401
20 01851Ict. TH-NMRS Bruker Avance
300(300 MHz) = 3 Bruker DPX 400(400 MHz), *C-NMR-&-
Bruker DPX 400(100 MHz)E ARg3to] S4319l o U2+
E42 tetramethylsilane(TMS)S ARE-3FITH 248 vk% =3
#oke 7219 (TLC)E Merck A%< AE]7F A 60F,5,= A
kAL, Ak Ay 3 2ulE 725 Merck Al$<91 Kieselgel
60(70~200 Mesh)s, ZeiA A7 F=2rkE1219]= Merck Al
#¢1 Kieselgel 60(230~400 Mesh)S AH-31t}.

10 oX oo
ol mlo 01!0 rl'U:
oft M Z
ofo

=

mlm

P
j>
)4
ro
i
(i
f
rf

Ya|Elzlol &Y

Aeko g Tu)sh EﬂEaM]Elaﬂ 2, p-EFAHEA] A

22 3t Eeldol (5 e oflElZe] o] A2olx 52
bk 3 FEse] 231 4 EHE HEdskee 4342

2 AU Qo 23S en-5E =09 B, TAE
14 F=), 22 =38} Z-5(0.03 ELE‘ﬁ) oM EHEH &3l & A
of 714 FHate] dolA= 3RS Eﬂ AxrkE 73
Ab: ZAF o'l =10: DE E3I] 56% TEE S 25 LSk

4= THFe] 521 Eﬂﬂi}ﬂl%_‘ié‘ilﬁ(lﬁ el 1.55 I
o] NaHE 7}t S 2A A7)z, o] gelof] S3HA| 2
£ Y7 THFel| 571 g5 AAs] 7lekal Ad2olx dokunt
6 3% oé/\]_ _/l:%_oﬂ_‘f_’_ 7]_»3]_0:] u]-o 0 1 o]_oﬂr/]_ OJOP(] Z/\g/ﬂ
&€ 23 azil=asa@ ohlE=3: 0% F3td m%
S 7 e ) 3% A,

F7H 3& 5= THFe] &OH/\]?'].TL NaH(1.5 9%)s 7}sla
A-2of| ] 1AIZF wRE ¥, ice-bathellA] W¥ZsaA] allyl bromide
(14 ‘LEE% 7}*6‘} HhS-S A W 5/\]7P ﬂﬂ%}%ﬁ}. HEE-
TE ¥ 3% 94
Afste] 2313 %91
Al 4, NalO,(1.5 =),

Iy

o]

281 A9l F 4% A5,

0s0,0.02 G HvkE] &-3fskiL

+/é<©\
OH

o/\fg)\/\
4

TsCl, TEA, Et,0

%
Tso{/y T

1

o™~y

RT, 100%

gr~~, NaH

OH  THF,RT
o ™M,
3

Scheme 1-A concise synthesis of militarin.
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Tetraethylene glycol ditosylate (1)-'H NMR(300 MHz,
CDCly) & 7.77~7.80(d, 4H, /=83 Hz, Ph), 7.33~7.36(d, 4H,
J=83Hz, Ph), 4.14~4.17(dd, 4H, J=4.9 Hz, 4.7Hz, 2*-CH,-
0Ts), 3.66~3.69(dd, 4H, /=49Hz, 4.7Hz, 2*-CH,-CH,-
0Ts), 3.55~3.57(m, 8H, 4*-CH,-), 2.44(s, 6H, 2*Me).

Tetraethyleneglycol mono(4-tert-octyl)phenyl ether
tosylate (2) —'H NMR(300 MHz, CDCl,) & 7.78~7.81(d, 2H,
J=83 Hz, tosyl-H), 7.32~7.35(d, 2H, /=8.3 Hz, tosyl-H), 7.23~
7.28(ddd, 2H, /=89Hz, 32Hz, 2.1Hz, Ph), 6.79~6.84(ddd,
2H, /=89 Hz, 32Hz, 2.1Hz, Ph), 4.13~4.17(dd, 2H, J=4.9
Hz, 4.7Hz, -CH,-OTs), 4.09~4.12(dd, 2H, /=5.1Hz, 4.7 Hz,
-CH,-OPh), 3.82~3.85(dd, 2H, /=5.1Hz, 4.7Hz, -CH,-CH,-
OPh), 3.58~3.72(m, 10H, 5*-CH,-), 2.44(s, 3H, Me in tosyl), 1.69
(s, 2H, Me in tosyl), 1.33(s, 6H, 2*Me), 0.70(s, 9H, 3*Me).

Octaethyleneglycol mono(4-tert-octyl)phenyl ether (3) —
'"H NMR(®400 MHz, CDCly) § 7.23~7.28(ddd, 2H, /=8.8 Hz,
3.1Hz, 1.8Hz, Ph), 6.80~6.84(ddd, 2H, /=8.8 Hz, 3.1 Hz,
1.8 Hz, Ph), 4.09~4.12(dd, 2H, /=5.2 Hz, 4.7 Hz, -CH,-OPh),
3.83~3.85(dd, 2H, J=5.2 Hz, 4.7 Hz, -CH,-CH,-OPh), 3.65~
3.73(m, 26H, 13*-CH,-), 3.58~3.61(dd, 2H, /=49 Hz, 4.2 Hz,
CH,0H), 3.06(br, 1H, OH), 1.69(s, 2H, CH, in octyl), 1.33(s,
6H, 2*Me), 0.70(s, 9H, 3*Me); *C NMR(100 MHz, CDCl,)
d 156.74, 142.65, 127.37, 114.13, 7298, 71.54, 7097, 70.93,
7091, 70.67, 70.18, 67.64, 62.01, 57.35 3829, 32.69, 32.15,
32.08.

Octaethylene glycol allyl (4-tert-octyl)phenyl ether (4)—
'H NMR(400 MHz, CDCly) & 7.23~7.28(ddd, 2H, /=8.9 Hz,
3.2Hz, 2.1Hz, Ph), 6.80~6.85(ddd, 2H, /=89 Hz, 3.2 Hz,
2.1Hz, Ph), 5.85~5.98(m, 1H, -CH=CH,), 5.23~5.31(m, 1H,
-CH=CH,), 5.15~5.20(m, 1H, -CH=CH,), 4.09~4.12(dd, 2H,
J=5.2Hz, 4.7Hz, -CH,-OPh), 4.01~4.04(ddd, 2H, /=5.7 Hz,

1= Aﬂ

K;COs, KI NaH, THF, RT

+ Hof\/ 01H
OTs 4 78%
4

56%

i- NalOg, OsO,, MeOH, H,0, RT

OH
ii: NaBH4, MeOH, RT, 67% o 9

militarin

J. Pharm. Soc. Korea



Saekzold Belwl Al

okazle] a8 Iy et 73

1.4 Hz, -CH,-CH=CH,), 3.83~3.86(dd, 2H, /=5.2 Hz, 4.7 Hz,
-CH,-CH,-OPh), 3.58~3.74(m, 28H, 14*-CH,-), 1.69(s, 2H,
CH, in octyl), 1.33(s, 6H, 2*Me), 0.71(s, 9H, 3*Me).
Nonaethylene glycol mono(4-tert-octyl)phenyl ether
(militarin) - '"H NMR(400 MHz, CDCl,) & 7.24~7.27(ddd,
2H, J/=10.0 Hz, 3.1 Hz, 2.0 Hz, Ph), 6.80~6.84(ddd, 2H, J=
10.0 Hz, 3.1Hz, 2.0Hz, Ph), 4.09~4.12(dd, 2H, J=5.2 Hz,
4.7 Hz, -CH,-OPh), 3.83~3.86(dd, 2H, /=5.2 Hz, 4.7Hz, -CH,-
CH,-OPh), 3.65~3.73(m, 30H, 15*-CH,-), 3.59~3.62(dd, 2H,
J=49Hz, 42 Hz, CH,0H), 1.69(s, 2H, CH, in octyl), 1.33(s,
6H, 2*Me), 0.71(s, 9H, 3*Me); *C NMR(100 MHz, CDCl,)
§ 156.77, 142.74, 127.40, 114.15, 72.95, 71.19, 71.02, 70.96,
70.93, 70.72, 70.23, 67.68, 62.10 , 57.38, 38.32, 32.71, 32.16,
32.08; IR(cm™) 3742, 2864, 1512, 1248, 1099, 944, 827.
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