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Synthesis and Anti-anoxia Activities of 3-C Mono-substituted
Cyclovirobuxine D Derivatives

Xiang, Tao Yang, Hongjun™

Chen, Cheng

Feng, Yuchuan™

(College of Chemistry & Environment Protection Engineering, Southwest University for Nationalities, Chengdu 610041)

Abstract Seven novel cyclovirobuxine D derivatives were designed and synthesized by using cyclovirobuxine D as a starting
material. All compounds synthesized were confirmed by '"H NMR, HRMS and IR. Preliminary results of anti-anoxia activity
indicated that compounds displayed different degrees of activity, among them the compounds with piperazinyl exhibited higher

anti-anoxia activity than others.

Keywords cyclovirobuxine D; synthesis; anti-anoxia activity

WA D (CVB-D)&—F N s RHE ) /N
T S F R ) R B B AR B A T AR
S8 A AL BB A (B 1), SETFIRTT TR AOR . D&
I B O A5 IS S L R T R,
2010 SRR (P EZGL) IGR. BRI TR I, AYEEE
Wik D #EVR T Aot O L i | ) A\ 270 e 4
Xif o> 33 98 AR O T4 T T B R 4 VR H2
FRSIG KGRI LRI, 4T AE D FELL NSt
Mo Al T R A KiE e 2, R,
XAFFALE R D ERZG LR 32 BIBRH. [k,
WM YEE N B D TS MIEIA BN EE X

HAl, R4 2 D RSB g db.
W, Xz 200 0hg g s KK EPER S RN, BRIARR
B TR PRTR LA K 2 I IR 6 25 25 A4 CATRR AL S 07 5 NI 4 3
MR D, AT — RV E D BIfiTAY). 2006 4F,
R AU NG B SR K S 10 5 2 T8 13
HEMmE D, BEMNPMALEELE D NATE
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Figure 1 Structure of cyclovirobuxine D
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VORI R B, 7E 20-C frg it 5 16-C Atk
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FEARRT A D, R BRATSEAEA L 2 D
(1) 3-C frgd 2k Bl NS BRI HUREE, HEEAE & Ak
IHCAR I PR 4E B A7 2 D Pl SRS TR R, & Ao
I ULHMURE AR E T, BRI A B AN S K
P, fEZW RIS E EEEH. BT L
R, ASLIS WA B BRI E D
HIfTAEY) 4 (Scheme 1), FXF B Artb &4 4 BE4T HLMH St
AEDTE PR AL
1 GHR5TR
1.1 BRFLEY 4 A RBBERIT

B B D (CVB-D)Z5 ) TR AR AE 3 AN PEAN [ 1)
FEM, HBAL SO RN 20-C L@ >3-C i
HH>16-C (FRE. WRHEEEALHEME D 56
FOE R R U N, B AETE 20-C A& IR R A4S0 & RN,
MARMEAS 2] 3-C AL Z R AT, K, 2N
PEEL R 20-C A1 2R ORY, 275 3CHR[16], 1E 20-C %
F516-C 25 5] NBERRIATE sob s &0 1, )5
xR R R MR R EY 2, HS SRR
A RH BRGE ) 4.
1.2 BHUEW4HERK
1.2.1 BiRibd 4 895 m7 ik

TEE R EFEY) 4 Pt e, Seos I a4k 2

/
_N\
H
o o)
i
~N
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\N —_—
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2
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4e:Y = Q 4f:Y=(\W 4g:Y=—N
N \

AR, Aoaith, ARSI “—8ik” A rH
PG 4. BARZANTINAEY 2 BEESFERAI KR
NAFED 3, HEOKME, HENRR G 4, X
T B B 8 388 s S 87 H AR OSBRI P24, AT DL A
LI SIS FRAE.
1.2.2  FEAR 2 A9 iEF LB

fEHAE 2 A B, 2R CH,ClL. CHCL /R
FIBS A 20-C AL BB MR =P A B, 172 THF
T AT DL S @ P e A, DR A SIS K THF
VB NI
1.2.3  dEAR 2 Ak 09 iR B EF

NT R 2 U, RS T AR
SNSRI, M NIRRT 0 CHE, f77E 3-C fif
RS 20-C AL RAEERXREI =4, BIKT Bix
WAV 4 R, WTRER R AR R R MR L &4 2
SERIH GRS BORAE T A0, TIAE 20-C AR 50t
SR IR L EUR A 40 A O =R R FE ;240 N iR
JEREIR A —10 CHY, M HE 20-C ALEAR R =4 (1)
AR
1.3 B#rLE) 4 EITRE

Hirtb &% 4 5 SaWHE, £ IR #Ef
1615~1684 cm ' Z A1 B ve-o FFAEIE, R HirL &

y 2
-N>_© CIHZCOC—CI

-0

i THF, -10 °C

i HCI

N

~ \
) . 25°C
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Scheme 1 Synthesis of compounds 4
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Wy fi 5 4 v BRI A AR AR Z) 51, 'H NMR B,
1E 6 6~8 JE T HRINIRFIEVE, 6 3.5 PHUT HL06 J& -1 F 2
HIRFALIE, 6 2.8~3.1 Y FRIE L5 4 1 NCH; HIHFAE
I, 6 4.6~4.8 9 16-H HIFFLIE.
1.4 B

ICR /MR, JiiE 18~22 g, MEMERY, %A E S
JERERLT 9 2H, RIIEE XA HYEs 2 D 0T IEZH
MR da~ag A, %381 Bt EREB S 2, #H
VIR, ESET7d. KIRGZJE | hEEEAEEK 8 h), K4
NP ATINERAT 25 g BVA KK 125 mL BE FORA, FL
TRE, SRS, T, DA e bR, W
SO/ RIS ZE TN 8], 45 5R R 1.

1 LAY da—dg X BLEIE PO R

Table 1 The effects of compounds 4a~4g on the oxygen-
deficient endurance

FIE Y

440 . %Elﬂl'ﬂ/ K,
(mgkg ) H min
IEF TR 8 15.28+1.01

4a 75 8 14.68+0.87 —3.94
4b 75 8 16.87+133 1038
4c 75 8 1435+1.08 —6.09
4d 75 8 13.744+139 —10.06
4e 75 8 14.86+1.14 —2.77
af 75 8 12.974+135 —15.11
4g 75 8 12.64£1.00° —17.29

CVB-D 75 8 17.96+0.81° 17.52

“P<0.05,° P<0.01.

M 1 g Raan, 5IEFARAE, ZiR25%) 4b
PLK CVB-D Rg B2 ZEK /N B IAE I B[R] (3 P<<0.05~
0.01), BinH— R SRR ERERE 1, 5SS ED
CVB-D X, il 24 B — e i % 5.

2 Zhig

AR 2 D N SEY), AT 7 AN
Wi D ATAEY, Fxt g HEET 'TH NMR, HRMS Fl
IR RAE, KWl 7 AH B IPUIR B A Pio . SEI6 45 ik
B, ATAE9) 4b BEREK /DN RAFIEHH, 5 SHEW
CVB-D i —EMZER, NITRFHRH ARSI,

3 SIS
3.1 UESRHFA

SIS BB AN, ¥R T4k SGW-4
A RO A (R R AR A IR A A, RER
GF254 U (I S T ARERS T KA PR A F]); FTS 3000
{8 HL AR e 27 AN 3% A (35 [ DIGILAB A &), KBr [E f';
LCQ ADVANTAGE MAX Jii 1% ; Agilent-400 (400
MHz) B AR, SGW-1 E SiE A (A s
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AN FRA D).
32 ZLWHE
3.2.1  PREMK 1 A9 AR

FREUGAZETE M2 D (2.01 g, 5.00 mmol). = F i
(0.509 mL, 5.00 mmol)T 100 mL EJEFHH, I 50
mL /K LB, BRI 4 h, SN 5E 5 sk 25
A, TR REA R K QB RS, Biaw 1l A
E AR, 773% 86%, m.p. 195~197 C.

322 44,140- = F K -20a- F A A K -36-{N-F A& -
N-[(F2-1-FK) T F HE R FBEA ] A A-9,19-3R-50,98-F
% -160-B%(42) 89 & A%,

Ny 4R, ARUCHK R a4 1(0.196 g, 0.400 mmol).
= Z}%(0.110 mL, 0.800 mmol)~ JYEHEM(10 mL) i A £
50 mL FJEFHA, BEIRE—10 C, 30 min P IIXTE
FH R 2R PP ) DY SR T, T SR 4R 2R /B, TLC V&
PRIER IR 28 AR a4 1 TH 2%, SRIG RN 7S ZUERE (1.98
mL, 20.0 mmol). K,CO; (2.76 g, 20.0 mmol), Fiz %[5
t, TLC VEPRER M R E Ak 2 W2k, 4510 RBE, T,
PO [N R A O B iR 5 mL &5
fit, IO\ 2 mL 2, 10 mL 2582, &M EE 30 min, /K
/2 NaOH ¥ (2 mol/L)I5 pH 9~10, & 1/i(10
mL X3, SIFANE, JoK MgSO, T4, 180+ 4d
BAAEY) 4a, FREOAEE0.133 g, WE 55%. mp. 175~
178 C; [a] —52 (¢ 0.20, CHCL;); '"H NMR (CDCl,,
400 MHz) d: 0.51 (d, J=4 Hz, 1H, 19-f-H), 0.56 (d, J=4
Hz, 1H, 19-0-H), 0.67 (s, 21-CHj, 3H), 2.45~2.47 (m,
2-CH,, 4H), 2.86 (s, NCH;, 3H), 3.01 (s, NCH;, 3H),
3.47~3.50 (m, CH,, 2H), 4.68~4.72 (m, 16-H, 1H),
7.33~7.46 (m, Ph-H, 4H); *C NMR (CDCl;, 100 MHz) ¢:
14.03, 17.68, 18.10, 19.14, 19.51, 20.76, 22.59, 24.23,
25.84, 26.41, 29.16, 29.59, 30.11, 30.31, 31.82, 33.03,
33.33, 3491, 41.85, 42.06, 44.96, 47.10, 48.02, 48.72,
49.57, 58.72, 59.69, 61.38, 63.40, 66.61, 78.25, 126.28,
126.46, 129.01, 129.09, 136.38, 139.62, 172.76; IR (KBr)
v: 3326, 2941, 2867, 1644, 1463, 867 cm '; HRMS (ESI)
caled for Cs;HgN;O, [M + H] " 604.4842, found
604.4839.

[EE & E ) 4b~4g.

4,4,140- = F 1200~ F FL 5 -3 B- {N- FH - N-[ (R -
1-358) MV FH 25 O FH I )} 2 26 -9,19- 38 -50,98- 42 5 - 160
M (4b): B O [E K, 1% 60%. mp. 195~197 C,
[a]5 —65 (¢ 0.20, CHCL;); "H NMR (CDCls, 400 MHz)
5: 0.50 (d, J=4 Hz, 1H, 19-4-H), 0.55 (d, J=4 Hz, 1H,
19-0-H), 0.68 (s, 21-CHs, 3H), 2.84 (s, NCH;, 3H),
2.86~2.91 (m, piperazine-H, 8H), 3.00 (s, NCHj, 3H),
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3.49~3.51 (m, CH,, 2H), 4.64~4.70 (m, 16-H, 1H),
7.33~7.34 (m, Ph-H, 4H); *C NMR (CDCls, 100 MHz)
0: 14.19, 17.88, 18.29, 19.38, 19.86, 21.21, 23.11, 23.85,
26.18, 26.50, 30.34, 31.49, 31.74, 33.21, 33.43, 35.15,
42.07, 42.29, 45.12, 46.06, 47.40, 48.20, 48.94, 49.70,
58.99, 59.95, 61.45, 63.40, 66.88, 68.26, 78.43, 126.60,
126.80, 129.26, 129.27, 136.92, 139.37, 172.92; IR (KBr)
v: 3404, 2938, 2868, 1642, 1463, 861 cm ™ '; HRMS (ESI)
caled for CisHgN4O, [M + H] " 605.4795, found
605.4788.

4,4,14a- = 3-200- FF HE 2 -3 8- { N- H - N-[ (") k-
1355 WP P66 25 PP 366 ] 2 359, 19- 38 -50,98- 2 £ -1 6 - I
(4c): FEE, EK 41%. mp. 156~159 C; [alf —
53 (¢ 0.20, CHCl3); '"H NMR (CDCl;, 400 MHz) §: 0.49
(d, J=4 Hz, 1H,19-8-H), 0.55 (d, J=4 Hz, 1H, 19-a-H),
0.68 (s, 21-CHs, 3H), 2.85 (s, NCHs, 3H), 3.00 (s, NCH;,
3H), 3.52~3.56 (m, CH,, 2H), 3.56~3.60 (m, 17-H, 1H),
3.68~3.72 (m, morpholine-H, 8H), 4.66~4.70 (m, 16-H,
1H), 7.33~7.34 (m, Ph-H, 4H); *C NMR (CDCl;, 100
MHz) 6: 14.12, 16.25, 17.65, 19.25, 19.45, 20.52, 20.99,
22.67, 22.83, 23.42, 25.63, 26.32, 26.45, 29.44, 30.97,
31.78, 32.83, 35.04, 38.65, 38.67, 42.24, 45.61, 46.37,
48.01, 48.52, 49.55, 58.75, 59.77, 63.06, 66.96, 77.20,
126.51, 126.72, 129.00, 129.03, 136.78, 138.86, 172.72; IR
(KBr) v: 3415, 2938, 2868, 1631, 1463, 871 cm™'; HRMS
(ESI) caled for C3HgN;0; [M+H]" 606.4635, found
606.4653.

4,4,140-— F 1200 F B2 55 -3p- {N-F BE-N-[(4-F2
CHENRIGE-1-355) 7 YRR 2R P R )} 2 2K -9, 19-34-50,98- 5
§ -16a- 1 (4d): RO E A, % 56%. mp. 172~
175 C; [a]5 —43 (¢ 0.20, CHCl;); '"H NMR (CDCl,,
400 MHz) d: 0.51 (d, J=4 Hz, 1H, 19-5-H), 0.55 (d, J=4
Hz, 1H, 19-a-H), 0.69 (s, 21-CHj;, 3H), 2.51~2.56 (m,
N-(2-Hydroxyethyl)piperazine-H, 8H), 2.85 (s, NCHj3, 3H),
3.00 (s, NCHs, 3H), 3.51~3.53 (m, CH,, 2H), 3.58~3.67
(m, 2-CH,, 4H), 4.67~4.70 (m, 16-H, 1H), 7.33~7.34 (m,
Ph-H, 4H); °C NMR (CDCl;, 100 MHz) §: 14.25, 17.89,
18.30, 19.36, 19.87, 20.91, 21.02, 26.66, 28.10, 29.82,
30.36, 31.74, 32.05, 33.23, 33.48, 35.14, 42.08, 45.15,
4528, 47.46, 4821, 48.96, 49.77, 52.93, 53.22, 53.31,
57.85, 59.03, 59.35, 61.43, 62.81, 66.91, 78.51, 126.63,
126.82, 129.20, 129.25, 136.59, 139.26, 173.27; IR (KBr)
v: 3327, 2953, 2878, 1642, 1463, 842 cm™'; HRMS (ESI)
caled for Cy4HgN,O; [M + H] * 649.5057, found
649.5054.
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4,4,140- = H F£-200- H 35 -3 - {N-H B:-N-[(U A
L - 1 - 5 ) P R 4% P R ) 2 26 -9,19- 31 -50, 98- 2 4 -
16a-(de): 3K ALK, F 43%. mp. 180~182 C;
[a]58 —65 (c 0.20, CHCL;); '"H NMR (CDCl;, 400 MHz)
8: 0.50 (d, J=4 Hz, 1H, 19-p-H), 0.55 (d, J=4 Hz, 1H,
19-a-H), 0.68 (s, 21-CH;, 3H), 2.84 (s, NCH3, 3H), 3.00 (s,
NCHs, 3H), 3.63~3.65 (m, CH,, 2H), 4.67~4.71 (m,
16-H, 1H), 7.33~7.37 (m, Ph-H, 4H); *C NMR (CDCl;,
100 MHz) §: 14.22, 17.08, 17.86, 19.36, 20.80, 21.09,
22.86, 23.52, 26.19, 26.59, 29.78, 30.41, 31.45, 31.83,
33.20, 35.18, 42,05, 45.57, 45.96, 47.50, 48.16, 48.89,
49.67, 54.33, 58.92, 59.71, 60.45, 61.72, 66.82, 72.48,
77.36, 126.57, 126.81, 128.94, 128.98, 136.32, 140.28,
172.90; IR (KBr) v: 3379, 2939, 2877, 1640, 1462, 842
cm~'; HRMS (ESI) caled for C3sHgN;O, [M+H]"*
590.4686, found 590.4682.

4,4,140- = H 1200~ H J= 2 Jk-3 B { - FHT - N-[ (K Pk -
1-355) WP P66 26 PPV 356 ) 5 3549, 19- 38 -50, 98- 5 £ - 1 6 - T
4f): A, WK 57%. mp. 214~216 C; [a]lf —
69 (¢ 0.20, CHCl;); 'H NMR (CDCls;, 400 MHz) 6: 0.57
(d, J=4 Hz, 1H, 19-5-H), 0.61 (d, J=4 Hz, 1H, 19-0-H),
0.66 (s, 21-CHs, 3H), 2.82 (s, NCHs, 3H), 3.00 (s, NCH;,
3H), 4.66~4.68 (m, 16-H, 1H), 5.13~5.16 (m, CH,, 2H),
7.09~7.17 (m, 3CH, 3H), 7.30~7.34 (m, Ph-H, 4H); *C
NMR (CDCls, 100 MHz) §: 18.11, 18.14, 19.34, 19.82,
20.91, 21.13, 23.61, 25.65, 26.12, 26.72, 30.41, 31.51,
33.16, 35.04, 42.12, 45.19, 45.27, 47.35, 48.10, 48.92,
49.70, 50.53, 58.94, 60.10, 61.30, 67.01, 78.23, 127.23,
127.39, 128.22, 129.07, 129.81, 134.54, 134.55, 137.14,
138.09, 172.48; IR (KBr) v: 3413, 2978, 2947, 2867, 1639,
1450, 827 cm”'; HRMS (ESI) caled for C;7HssN4O, [M+
H]" 587.4325, found 587.4327.

4.4 140-—H F£-200-H FEZH Fe-34- {N-FH B:-N-[(— &
PRt e ) SV PP 5 24 P g i 3 20 -9, 19-FF-5.0,9 8- % £ - 16 -
i (4g): W A, W& 60%. m.p. 200~202 C;
[a]8 —61 (c 0.20, CHCL;); '"H NMR (CDCl;, 400 MHz)
8: 0.51 (d, J=4 Hz, 1H, 19-p-H), 0.55 (d, J=4 Hz, 1H,
19-a-H), 0.69 (s, 21-CHs, 3H), 2.69~2.73 (m, 2CH,, 4H),
2.85 (s, NCH;, 3H), 3.00 (s, NCH;, 3H), 3.55~3.57 (m,
17-H, 1H), 3.61~3.62 (m, CH,, 2H), 3.62~3.64 (m,
2CH,, 4H), 4.66~4.70 (m, 16-H, 1H), 7.33~7.34 (m,
Ph-H, 4H); *C NMR (CDCl;, 100 MHz) 6: 14.11, 17.82,
18.36, 19.29, 20.94, 23.03, 23.77, 25.63, 26.12, 26.56,
28.96, 30.29, 31.41, 31.70, 33.16, 33.62, 35.08, 38.75,
42.00, 44.92, 45.16, 47.38, 48.13, 48.88, 49.68, 59.06,
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59.75, 61.66, 61.68, 66.87, 78.52, 126.81, 126.96, 128.90,
128.99, 136.98, 139.96, 172.68; IR (KBr) v: 3410, 2938,
2870, 1643, 1465, 753 cm '; HRMS (ESI) caled for
CisHeN;04 [M+H]™ 624.4740, found 624.4736.

45 Bh#1 B} (Supporting Information)

H bR 1) J5 4 o

B 3X LR T DL A 2% AR T 19 35 (http:/sioc-journal.
cn/) B ER
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