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B OE. 2EAMEEL - HNEZHADERDR LRSAREHNELTHA FELTERLES L L
AMEOEHEL ALLAER TS ERINEH Y, Ta-Fo TR-£ A X AAHABR. S£# A Claison-Schim-
M HEAEHET Ta- LA EEARENG 16-EB PRI AW, FHRMNEAAR, £ 16 LIAFARAR
REAAEXTFRAEMTHBERELS YO BB EEFN.
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Kk aY 2o TERRREYEA,
R—XFEMEMENS ST HE AL EHEN
“Golden Egg”'". iF4E 3, 48 F MR ( Dihydroe-
piandrostrone, DHEA ) & H 76 A B o 89 = E AR i
=¥ 7 - # 5 DHEA R HEFFHEDEH,
MRERR YRR N HIL S A
TEEAMFET ", 3 B X148 ST BT R 3K 45 B
RefkikEdE RS X BEEWTRRE
BETREZX%EMNEEK T-BEEMEYHHER
MR,

BRI T AR R T EHENEE
LB B A S #AT BRXE T RBAK, TR
B BB R, AR T AT KM A AR A
YT IR SF M IR AL 8 RE AR B, &
EARR . KE. RO FHBHRE, FEHAN
“EETHEKR.

1B SCHR 4R GBE 76 51 6 16 15| A J5 T R4
WO ARREARST. R AREH
#) F§ Claison-Schimidt 48 & & N # To-B %
DHEA i) 16 (il A RFI A XL R EREA, &
AR F 8 4Nk W SCER R E 4 F L&, 9F i
Tixeeth &Yt AR EE ECL09 40 bk 59 40 it
#FIEM.
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1 SEIRE4y

1.1 FERFENE

AN LR R (9% , WILRE L YR
AR ); BEE (ST, WMk T
) BEABAMESE(EARN, LFERBEL
MBERFTHEERA ) BER S8 (e, il
L& ¥4 T.7 ); 3 B8 ( Slandand International
Inc); MERTMEERER (¥, FRER
BETEMNT) ,FATLERNYEEE. 5.
WC -1 B § #500 A{¢; BIO - RAD A &) FTS - 40
B4 A4y 6 (KBr JEH) 5%+ Bruker DPX
-400 2 FEREILIRI; HZQ - Q 2B IR G 455
HVE -50 BAEZERKER. B B EE (Mu-
cor circinelloides lusitanicus, B 7)) , BT EiLEY
EMEAEEEZASETAMEY P ORE, KRR
45k CGMCC2256. Bl E 5= 2 . PDA &t
KRB B30, BEOK 12, BHHF 1.0
g, Bk — S # 0.9 g,71%8sK 1 000 mL,pH 4.5.
1.2 HEMRIAE
1.2.1 %44

BB P REBEFRENABRBEL 000
mlL REEIEFRE HEZ 10N EAEDER,.&E
KEEH 121 CRE 20 min, FIHEFRERLHNEEL
SETEMN EMENEREREHEBRSG ST,
B 3% 48 h(28%C ,220 r/min) /5 ,% 1.0 g DHEA &

EE BT WL (1976 - ), &, AR B MKW, W+, EENEL L2 A& Y5 55, E-mail: shlh@

zzu. edu. cn.
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BT 10 mL WEE A LR 37 5, B IE R
4 d LSRG, SR EHLE , KBEAZ
BB EL 3 K, X BRI 45 J5 A A A NaHCO, |
A AK KK &V 3 K, KRR T %5 8
EAETHEN, BIOQEE EEN(VZRLE.:
VAME=1:3)rEAELEY | M2, 4m
A1 FR.

o) (@]
A0 a4 40
HO HO “OH HO OH

DHEA 1 2

1 #HER%{L DHEA
Fig.1 Biotransformation of DHEA by

Mucor circinelloides

EY 1 AAaBEEH K, WEHR 31.56% ;
mp 179. 3 ~ 181. 2°C ( literature 181. 5 ~ 183. 5
C¥); [a]y -71°(c.0.21, MeOH) ;IR (KBr)
v:3 431,2 933,1 730,1 657,1 621,1 375,1 057
cm”';'H NMR (400 MHz, CDCL, ) :80.89 (3H,
s, H-18), 1.02 (3H, s, H-19), 3.46 (1H,
m, H-3), 3.8 (1H, t,H-7,"J=7.6 Hz),
5.57 (1H, d, H - 6,°J =5.2 Hz);"” C NMR
(100 MHz, CDCl, ): §:223.9, 146. 8,124. 6,
71.9,64.9,49.6,46.4,43.8,42.9,38.6,38.6,
38.0,36.6,32.4,32.1,22.7,21.2,18.6,13.7;
HR - MS m/z% ;: [M + H]"* 305.211 2 (caled.
305.2117).

HEY 2. A BEEE R, WEH 12.59% ;
mp 208.6 ~209.8 C (literature 215 ~216 C®);
[a],® -93°(c.0.29, MeOH) ;IR (KBr)v:3 364,
2930,1 730,1 660,1 629,1 380,1 056 cm™';'H
NMR (400 MHz,CDCl,):80.78 (3H,s,H - 18),
0.98 (3H,s,H-19),3.26 (1H, m, H-3), 3.70
(1H,d,H -7,’J=8.0 Hz),5.18 (1H,s,H -
6);"C NMR (100 MHz, CDCL,) ;: 8220.5,141.6,
127.1,71.3,70.0,50.9,48.2,47.3,41.9,39. 3,
36.8,36.3,35.7,31.7,31.3,24.2,20.2,19.0,
13.4; HR - MS m/z% ;: [M + H]"* 305.211 5
(caled. 305.211 7).

1.2.2 38,7Ta-=£A-16-X T F A B &-5-%-17-

AT £ 4 la-h 6562
0 0

oia NaOH.

soli a N =

+ g EY-CHO — C@f§_\® N
HO "OH HO OH =

1 lazh

B2 &EWwla~-hPWEK
Fig. 2 Synthesis of compound 1a~h

&4 1 100 mg(0.33 mmol) % F 10 ~20 ml
95% .M, MABKEEHG 0.2 ~0.3 g, TR
# 10 min, N A F (0. 05 ml) S &R HAAER
% (0.4 mmol) , 4k E R BEHE, TLC & I ) B 52
25, BEXTZ8, A 20 ~30 mL 28 Z Bs
M E A kTR MEEK 15 mL 44 =K
Lk, ZAVNMEESH, BHEAVMAKE 1 -2
K, EKRBRHATHR BEXT R0, FrEE
KREYWTHAREREW(VZRZE: V&N =2:1)
BB alif.

EY1a: HEREEBEK, WEREL, mp:
187.3 ~188.2°C ; '"H NMR (400 MHz, CDCL): &
7.55(2H, d, J=7.18 Hz), 7.37(2H, d, J =
7.39 Hz), 7.35(1H, d, J=5.9 Hz), 7.26(1H,
s),5.65(1H, d, J=5.5 Hz), 4.06(1H, s),
3.57(1H, m), 1.05(3H, s), 0.98(3H, s); "C
NMR (100M Hz, CDCL,); & 210.4, 147.4, 136.6,
136.6, 134. 0, 131.2, 131.2, 130.0, 129. 3,
129.4, 124.4, 71.9, 65.2, 47.6, 43.9, 43.5,
42.7, 38.3, 37.5, 37.6, 32.0, 31.9, 30.1,
20.9,19.0, 14.8; HR -MS m/z% : [M +H]"*
393.241 6 (caled. 393.2429).

F1 LE5Wla-hNERTMKE
Tab. 1 Structure and yield of comp. 1a~h

Fs BAHE FERIBtEl/h P R/ %
1 H 8 la 89
2 3-NO, 8 1b 84
3 3-Cl 8 le 86
4 4-Cl 8 1d 87
5 4-F 8 le 87
6 4-0CH, 12 1f 80
7 2-OCH, 12 1g 74
8 4-0H 24 1h 74

HEY 1b: HEEEBKR, WEREL, mp:
161.7 ~163.4C; 'H NMR (400 MHz, CDCl,) : &
8.26(2H, d, J =8.36 Hz), 7.68(2H, d, J =
8.36 Hz), 7.45(1H, s), 5.67(1H, d, J=4.56
Hz), 4.06(1H, s), 3.59(1H, m), 1.00(3H,
s), 0.87(3H, s); "C NMR (100M Hz, CDCL) :
5208.8, 147.4, 146.8, 142.0, 139.9, 130.7,
130.7, 130. 3, 123.8, 123.9, 123.4, 71. 1,
64.4,47.0, 43.1, 42.8, 41.9, 37.6, 36.8, 36.8,
31.3, 31.1, 29.4, 20.1, 18.3, 13.9; HR - MS
m/z% : [M+H]"* 437.219 8 (caled. 437.2202).

EYlc: HBEEBER, WERLEKIL, mp:
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172.5 ~173.6%C ; '"H NMR (400 MHz, CDCL,) : &
8.39(1H, s), 8.21(1H, d, J =8.93 Hz), 7.83
(1H,d, J=7.76 Hz), 7.59(1H, t, J =15.94
Hz), 7.46(1H, s), 5.67(1H, d, J=5.14 Hz),
4.08(1H, s), 3.59(1H, m), 1.07(3H, s),
1.01(3H, s); "C NMR (100 MHz, CDCL): &
209.3, 146.7, 136. 3, 135.1, 134.1, 131. 8,
131.5, 131.5, 128.9, 128.9, 123.5, 71.2, 64.4,
46.9, 43.2, 42.8, 41.9, 37.6, 36.8, 36.9,
31.3, 31.2,29.3, 20.1, 18.3, 14.0; HR - MS
m/z% : [M+H]* 427.203 5 (caled. 427.204 0).

EY 1d: REBEEBHK, WEREKI,
mp: 168. 2 ~ 169. 8C;'H NMR (400 MHz,
CDCL): & 7.53(2H, d, J =8.50 Hz), 7. 38
(1H, s), 7.08(2H, t, J=17.2 Hz), 5.63(1H,
d, J=5.03 Hz), 4.04(1H, s), 3.54(1H, m),
1.04(3H, s), 0.96(3H, s); "C NMR (100M
Hz, CDCL,): & 209. 6, 164.3, 161. 8, 146. 6,
135.4, 132.3, 132.2, 132.0, 123.5, 115.9, 115.
7,71.1, 64.4, 46.9, 43.2, 42.8, 41.9, 37.6,
36.9, 36.9, 31.2, 31.2, 29.2, 20.1, 18. 3,
14.0; HR - MS m/z% : [M + H]* 411.233 6
(calcd. 411.2335).

ey le: HBEEEHRER, WHELEKL, mp:
179.3 ~180.8C; 'H NMR (400 MHz, DMSO -
dg)): 87.61(1H, s), 7.57(1H, d,J =7.72
Hz), 7.40(1H, m), 7.08(1H, d,J =8.2 Hz),
7.04(1H, t,J =14.96 Hz), 5.45(1H, d,J =5
Hz), 3.84(3H,s), 3.30(1H, m), 0.96(3H,
s), 0.88(3H, s); “C NMR (100 MHz, DMSO -
d;): 5 208.8, 158.4, 144.0, 136.5, 131.2,
129.6, 126.1, 124.4, 123.8, 120.6, 111.5, 69.
9,62.7,55.8,46.6,43.3,42.3,42.1,37.1,
36.7, 31.5, 31.4,28.9, 19.9, 18.1, 13.9; HR
—MS m/z% : [M +H]" 422.2451 (caled. 422.2457).

AW AGEEEBER, BEREL, mp:
185.1 ~186.3%C ;'H NMR (400 MHz, CDCL,): &
7.36(1H, s), 6.77(2H, s), 5.65(1H, d, J =
4.84 Hz), 4.03(1H, s), 3.88(9H, s), 3.58
(1H, s), 1.05(3H, s), 0.98(3H, s); “C NMR
(100 MHz, CDCl,): & 209.5, 153.1, 146.7,
139.3, 135.0, 133.4, 131.1, 123. 4, 107.7,
107.7, 71.2, 64.4, 61.0, 56.1, 56.2, 46.9,
43.2,42.7,41.9, 37.6, 36.9, 31.3, 31.2, 29.1,
20.1,18.3,14.0 ; HR-MS m/2% : [M +H]*

483.2740 (caled. 483.2746).

ey lg: BEBEEBK, WHELEL, mp:
174.2 ~176.1°C ;'H NMR (400 MHz, CDCL): &
7.668(1H, d, J=7.61 Hz), 7.51(1H, s), 7.43
(1H, t, J=7.90 Hz), 7.108 (1H, d,J = 8. 41
Hz), 7.01(1H, d,J=7.48 Hz), 5.45(1H, d,J
=5.40),3.60(1H, d, H-7,J=2.58 Hz), 3.33
(1H, m, H-3), 2.86(1H, t, H-17,]J=8.7
Hz), 1.05(1H, s, H-19), 0.97(1H, s, H -
18); "C NMR (100M Hz, CDCL): & 208. 4,
157.7, 145.1, 135.5, 131.2, 128.9, 126.0,
124.7,122.3,120.2, 111.7, 69.0, 62.5, 56.8,
46.2, 43.0, 42.5, 42.1, 37.3, 36.5, 36.0,
33.5,31.4, 28.6, 19.7, 18.3, 13.5; HR - MS
m/z% : [M+H] " 422.245 5 (caled. 422.2457).

&Y 1h: AEEREBRER, WEREIL, np:
180.1 ~ 182.4%C; '"H NMR (400 MHz, CDCL,):
87.67(1H, s), 7.53(1H, d, J=7.72 Hz), 7.38
(1H, m), 7.02(1H, d,J =8.1 Hz), 7.04(1H,
t,J =14.90 Hz), 5.45(1H, d,/=5.2 Hz), 3.78
(3H, s), 3.35(1H, m), 1.04(3H, s), 0. 86
(3H, s);"C NMR (100 MHz, CDClL,) .5 208.8,
159.2, 143.7, 144.0, 135. 6, 128.9, 127. 8,
125.1, 120.8, 114.7, 71.6, 65.3, 53.1, 56.2,
51.0, 42,3, 41.7, 39.8, 38.0, 37.2, 34.1,
31.3,25.9, 20.6, 19.3, 19.0;HR - MS m/z% :
[M+H]* 408.229 7 (caled. 408.2301).
1.2.3 38, Ta-= £ A-16-X B F AR E-5-5%-
17-B47% % la~h ¥impeFERAR

FRAMITE EETHEY la~h HARE
L B Atk EC109 Myl s k. 5 Rk 2 B
REEBRMEY la~h BERTHIERT o,B
A ME NS, RS CRHRE, NP HLRES
& X B & 2 B B9 % ( Oridonin, & 3) ¥ A FI49T
HAEME K EEE P ORRENTH o
-FATHERRAET  BRRITEELE
B AR BHAE XS B

-
-
-

OH

M 3 Oridonin 454
Fig.3 Structure of Oridonin
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F2 {459 la~h3 EC109 HRabkEIHH # (50 pg/mL)
Tab. 2 Inhibition rate of EC109 cells by comp. 1a~h

&Yy la 1b lc 1d

if ig 1h NC*  RBEFRE

iR

41.16 53.29 59.73 76.84 70.71

61.35 52.43 57.67 7.5E-5 76.82

B o BTN

2 HR5IiR

2.1 %9¥i

MNEHEEH L DHEA WA BRTEEE
MOBERIRAENILew 1.2,% IRNMR &
HRMS XM RIIE, 3+ 5 CE[8 ] X IR, 2 3
WX DHEA i Ta-Hl 7B-BEMAY. Hb Ta-
¥2 3 DHEA f9 Yt % (31. 56% ) % 7p-%2 % DHEA
(12.59% ) & , R EEFHU™Y.
2.2 38, Ta-ZRE-16-FTRERE-5-%-17-
WiTEW la~h WEK

Ll 7a-$3 DHEA (1) B F ¥, # H Claison-
Schimidt 45 & 5B , {5 H 43 51 5 % B B R £ # R
RAEPRBHIT A, EH 16 M5 ARFIMAEILE
R, L5 8 FfTAEY 1a~h, KRR
BRIRE R FILA Y. L&Y 1a XH), 7 H NMR
We,7.26 B — A, HIM A FRAEANE
5 FEE S 7.55-7.35 /b BT ABMAEDN
BRFI55. "C NMR % FERBAES WA 147,
4(C-1’),126.6(C-2",6),131.2(C3",5"),
134.0(C4"). LA LA 47 ] LUK BT 1a MZEH
3B, Ta-"FE-16-F WP ERE K -5-4-17-8.
2.3 3B, Ta-ZHBX-16-FT R EEH-5-8-17-
MiTEW la~h HNARBEERR

Bk A YERMESSMNACHER 2
HESEN R, EE XA R E SIS YT
TIRINRRBEE L. R 2 THEY 1a-h
st AR E Bk EC109 Bl & . W&
PRRERHNERTUEHELHILEBINEE
fEfr A 1.2 Bl TE e AH A L R 6 DHEA &
R, S A SRR R MEER. L
1 B EHFTRENEL R EMEY la~h i
HBELEY I MESHAVHBRE. XHBES
KA PIIAZERELEH TR ENRKARE
W, T ELIX R R Ah A0S AR R B R
wE—-EXE, RHFEALFBFERANEHS
FESEAENULEBXRAK.

3 &t
EEMNAEHEBEN ZERBERET T4EY

AR ARKBER P EBBH Ta-M 78-2 5
78y, 3 F] B Claison-Schimidt 45 & R W 7£ Ta-
REEAISFERM 16 M5 AHARRBRARER
FUREEH, BIESAFLEY ARFTFLRE
AR TRELEWRATED N ABEE LKA
ik EC109 7 B9k i 10 1 15 1.
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Study on High-precision Frequency Measurement Method Based on the
4-term Nuttall Windowed Recursive DFT Interpolation Algorithm
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(1. College of Electrical Engineering, Zhengzhou University, Zhengzhou 450002, China; 2. Shangqiu Electric Power Bureau,
Shangqiu 476000, China; 3. CPI Kaifeng Power Branch Company, Kaifeng 475000, China; 4. College of Information Science and
Technology, Donghua University, Shanghai 201620, China) )

Abstract: In order to improve the accuracy of calculation of the power system frequency, a high-precision fre-
quency measurement method based on the 4-term Nuttall windowed recursive DFT interpolation algorithm has
been put forward. Energy of four cosine window is more concentrated in the main lobe, very small in the side
lobe, so the 4-term Nuttall windowed recursive FFT interpolation algorithm can greatly reduce the effects of
spectral leakage, and spectral interference is very small, which can reduce the frequency measurement inter-
ference caused by spectrum leakage and harmonic, and the frequency offset formula of the method is simple.
In order to reduce the amount of plus four cosine windowed FFT calculation, this paper. introduces the plus
four cosine window recursive DFT method which improves the traditional method, these improvements effec-
tively reduce the 4-term Nuttall windowed recursive DFT interpolation algorithm and improves the calculation
accuracy of the frequency. Simulation results verify the calculation accuracy of the proposed algorithm.

Key words: recursive DFT algorithm; Nuttall window; spectrum leakage; frequency; interpolation FFT algo-

rithm
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Biotransformation of Dihydroepiandrosterone and the Synthesis and
Cytotoxic Activities of thel6-Benzylidene Derivatives

SHAN Li-hong'?, QIAO Xing'?, LI Yang'?*, ZHANG Lu-jia'?, JIAO Kai'?, LIU Hong-min'"’

(1. School of Pharmaceutical Science, Zhengzhou University, Zhengzhou 450001, China; 2. New Drug Research and Develop-
ment Center, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Dihydroepiandrosterone ( DHEA) is one important bioactivity compound and one important interme-
diate of steroid drugs. It is for the first time to report the biotransformation of DHEA by Mucor circinelloides
and two products was obtained. Furthermore, the 16-benzylidene derivatives were synthesized by Claison —
Schimidt reaction. The cytotoxic evaluation showed that these derivatives had better activity than the parent
compound.

Key words: dihydroepiandrosterone; Mucor circinelloides; 7-hydroxylation; 16-benzylidene derivatives; cyto-

toxic activity



