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of tigliane-type diterpenoids and their anti HIV activities
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Abstract: Tigliane-type diterpenoids are the main active components of croton and a diverse group of
macrocyclic diterpenes with diverse biological activities. Their anti-HIV activity have unique advantages and great
potential in the treatment of acquired immunodeficiency syndrome (AIDS), and were expected to be developed as a
candidate drug for clinical trials of anti-AIDS. This article reviews the research progress on the components of
tigliane-type diterpenoids in croton and their anti-HIV activity in recent years, conducts systematic comparisons,
summarizes the currently discovered tigliane-type diterpenoids in croton. Their chemical structures and biological
activity relationship were summarized. The research progress on the mechanism of tigliane-type diterpenoids' anti-
HIV activity was briefly discussed. This research could provide guidance for further development and utilization of
coumarin type diterpenes, as well as new ideas for the application of croton.
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Figure 1 Framework and classification of tigliane-type diterpenoids
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Table 1 Tigliane-type diterpenoids (1-106) and some semi synthetic products (107-130) in croton

No. Compound name Part of plant Ref.
Phorbol ester

1 12-0-(2-Methyl)butyrylphorbol-13-tiglate The seeds [5]
2 12-O-Tiglylphorbol-13-propionate The seeds [5]
3 13-O-Acetylphorbol-20-oleate The seeds [5]
4 12-O-Tiglylphorbol-13-decanoate Croton oil [6]
5 12-O-Tetradecanoylphorbol-13-acetate Croton oil [6]
6 12-0O-Benzoylphorbol-13-benzoate Croton oil [7]
7 13-0-Acetylphorbol-20-linoleate The seeds [8]
8 13-O-Tigloylphorbol-20-linoleate The seeds [8]
9 12-O-Acetylphorbol-13-tigliate The seeds [8]
10 12-0O-Decanoylphorbol-13-(2-methyl)butyrate The seeds [8]
11 12-O-Tigloylphorbol-13-(2-methyl)butyrate The seeds [8]
12 12-0-(2-Methyl)butyroylphorbol-13-dodecanoate The seeds [8]
13 12-0-(2-Methyl)butyrylphorbol-13-octanoate The branches and leaves [9]
14 12-O-Isobutyrylphorbol-13-decanoate The branches and leaves [9]
15 Phorbol The seeds [10]
16 12-O-Decanoylphorbol-13-acetate The seeds [6]
17 12-O-Dodecanoylphorbol-13-acetate The seeds [6]
18 12-0O-Hexadecanoylphorbol-13-acetate The seeds [6]
19 12-O-Tiglylphorbol-13-butyrate The seeds [6]
20 12-O-Methylbutyrylphorbol-13-dodecanoate The seeds [6]
21 12-O-Methylbutyrylphorbol-13-decanoate The seeds [6]
22 12-O-Acetylphorbol-13-dodecanoate The seeds [6]
23 12-0O-Octanoylphorbol-13-methylbutyrate The seeds [6]
24 12-O-Tiglylphorbol-13-octanoate The seeds [6]
25 12-O-Acetylphorbol-13-decanoate The seeds [6]
26 12-O-Tiglylphorbol-13-dodecanoate The seeds [6]
27 12-O-Butyrylphorbol-13-dodecanoate The seeds [6]
28 12-O-Tiglylphorbol-13-isobutyrate Croton oil [11]
29 12-0-(2-Methyl)butyrylphorbol-13-isobutyrate Croton oil [11]
30 Phorbol-12-tigliate Croton oil [11]
31 12-O-Acetylphorbol-13-acetate Croton oil [11]
32 12-O-Tiglylphorbol-13-acetate Croton oil [11]
33 Phorbol-13-acetate Croton oil [11]
34 13-0-(2-Methyl)butyrylphorbol The leaves [12]
35 Phorbol-13-dodecanoate The seeds [13]
36 Phorbol-12-isobutyrate The seeds [13]
37 12-0-(2-Methyl)butyrylphorbol-13-aetate The seeds [13]
38 12-O-Tiglylphorbol-13-isobutyrate The seeds [13]
39 Phorbol-12-(2-methy)butyrate The seeds [13]
40 Phorbol-12-tetradecanoate The seeds [13]
41 Phorbol-13-actate The seeds [13]
42 Phorbol-13-decanoate The seeds [13]
43 12-0-(2-Methyl)butyrylphorbol-13-dodecanoate The seeds [8]
44 12-O-Acetylphorbol-13-isobutyrate The branches and leaves [14]
45 12-O-Benzoylphorbol-13-(2-methyl)butyrate The branches and leaves [14]
46 12-0O-Dodecanoyl-13-O-acetylphorbol-20-linolenate The seeds [15]
47 20-Acetylphorbol-13-O-(2-methyl)butyrate The leaves [16]
48 12-O-Acetylphorbol-13-(2-methyl)butyrate The leaves [16]
49 (2'S)12-0-2-(Methyl)butyryl-phorbol-13-(4Z)-decanoate The leaves [17]
50 (2'S)12-0-2-(Methyl)butyryl-phorbol-13-(4Z,7Z)-decanoate The leaves [17]
51 12-O-Tigloyl-phorbol-13-(4Z)-decanoate The leaves [17]
52 12-O-Tigloyl-phorbol-13-(4Z,7Z)-decanoate The leaves [17]
53 20-Acetyl-13-0-(2-methyl)butyryl-phorbol The seeds [18]
54 12-0-(2-Methyl)butyrylphorbol-13-phenylacetate The seeds [19]
55 12-O-Tiglylphorbol-13-phenylacetate The seeds [19]
56 12-0O-Acetyl-5,6-didehydro-7-oxophorbol-13-yl 2-methylbutanoate The leaves [15]
57 12-0O-Acetyl-5,6-didehydro-7-oxophorbol-13-yl 2-methylpropanoate The leaves [15]




B TR T KRS BT HIV & PRI A ROC SRR L 50 i3t J 1357
Continued
No. Compound name Part of plant Ref.
58 Tiglin A The leaves [14]
59 7-Oxo0-5-ene-phorbol-13-(2-methyl)butyrate The leaves [12]
60 7-Keto-12-O-tiglylphorbol-13-acetate The seeds [13]
61 7-Keto-phorbol-12-tiglate The seeds [13]
62 7-Keto-phorbol-12-(2-methyl)butyrate The seeds [13]
63 7-Keto-phorbol-13-acetate The seeds [13]
64 12-O-Tiglyl-7-ox0-5-ene-phorbol-13-(2-methyl)butyrate The branches and leaves [14]
65 13-O-Isobutyryl-7-0x0-6,7-dihydrophorbol-5-ene The leaves [17]
66 12-0-Tiglyl-13-O-phenylacetate-7-0x0-6,7-dihydrophorbol-5-ene The seeds [19]
67 Crotignoid A The branches and leaves [20]
68 Crotignoid B The branches and leaves [20]
69 Crotignoid C The branches and leaves [20]
70 Crotignoid D The branches and leaves [20]
71 Crotignoid E The branches and leaves [20]
72 Crotignoid F The branches and leaves [20]
73 Crotignoid G The branches and leaves [20]
74 Crotignoid H The branches and leaves [20]
75 Crotignoid I The branches and leaves [20]
76 Crotignoid J The branches and leaves [20]
77 12-O-Isobutyrylphorbol-13-acetate The branches and leaves [20]
78 12-0O-Acetyl-5,6-didehydro-6,7-dihydro-7-hydroxyphorbol-13-yl 2-methylbutanoate The leaves [15]
79 7-Hydroxyl-phorbol-5-ene-13-(2-methyl)butyrate The leaves [12]
80 7-Hydroxyl-phorbol-5-ene-13-isobutyrate The leaves [12]
81 20-Formylphorbol-12-tiglate The seeds [13]
82 20-Formylphorbol-13-dodecanoate The seeds [13]
83 20-Formylphorbol-13-decanoate The seeds [13]
84 20-Deoxy-20-oxophorbol-12-tiglate13-(2-methyl)butyrate The branches and leaves [14]
85 10/-Phorbol-13-actate The seeds [21]
4-Deoxyphorbol and 4-deoxy(4a)phorbol
86 Crotignoid K The branches and leaves [20]
87 13-0-Acetyl-4-deoxy-4a-phorbol-20-linoleate The seeds [5]
88 13-0-Acetyl-4-deoxy-4a-phorbol-20-oleate The seeds [5]
89 12-0O-Tiglyl-4-deoxy-4a-phorbol-13-decanoate The seeds [5]
90 12-0-Tiglyl-4-deoxy-4a-phorbol-13-phenylacetate The seeds [5]
91 12-O-Tiglyl-4-deoxy-4a-phorbol-13-(2-methyl)butyrate The seeds [5]
92 12-0-Tiglyl-4-deoxy-4a-phorbol-13-isobutyrate Croton oil [11]
93 12-0O-Tiglyl-4-deoxy-4a-phorbol-13-acetate Croton oil [11]
94 12-0-(2-Methyl)butyryl-4-deoxy-4a-phorbol-13-acetate Croton oil [11]
95 4-Deoxy-4a-phorbol-13-acetate Croton oil [11]
926 Tiglin B The leaves [14]
97 12-O-Tiglylphorbol-4-deoxy-4/-phorbol-13-acetate The seeds [22]
98 12-O-Tiglylphorbol-4f-deoxy-4-phorbol-13-hexadecanoate The seeds [22]
929 13-0O-Acetylphorbol-4-deoxy-4/-phorbol-20-oleate The seeds [22]
100 13-0O-Acetylphorbol-4-deoxy-4/-phorbol-20-linoleate The seeds [22]
101 4-Deoxy-20-oxophorbol12-tiglyl-13-acetate The leaves [12]
17-Substituted derivatives
102 13-Acetyl-12,17-di-O-tiglylphorbol The stems [23]
Others
103 Crotonianoid A The seeds [21]
104 Crotonianoid B The seeds [21]
105 Crotonols A The leaves [24]
106 Crotonols B The leaves [24]
107 Phorbol-12,13,20-trieicosapentaenoate Semisynthesis [25]
108 Phorbol-13-arachidonate Semisynthesis [25]
109 Phorbol-12,13-dicosapentaenoate Semisynthesis [25]
110 Phorbol-12,13-dihydroeicosanoate Semisynthesis [25]
111 Phorbol-12-arachidonate Semisynthesis [25]
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Continued
No. Compound name Part of plant Ref.
112 12-O-Tetradecanoyl phorbol-20-acetate Semisynthesis [25]
113 12,13-Didecyl phorbol Semisynthesis [26]
114 12,13-Di-6-bromohexylphorbol Semisynthesis [26]
115 Phorbol-12,13-cinnamate Semisynthesis [27]
116 Phorbol-12,13-dihydrocinnamate Semisynthesis [27]
117 12-O-Cinnamoylphorbol-13-butyrate Semisynthesis [27]
118 Phorbol-12-methylsuberate-13-acetate Semisynthesis [28]
119 12-0-20-0-Diacetylphorbol-13-decanoate Semisynthesis [29]
120 12-O-Tetradecanoylphorbol-13,20-diacetate Semisynthesis [29]
121 3f-Hydroxyphorbol-12,13,20-triacetate Semisynthesis [29]
122 Phorbol-12,13,20-triacetate Semisynthesis [29]
123 Phorbol-12,13-dihexanoate Semisynthesis [30]
124 4a-Phorbol-12,13-didecanoate Semisynthesis [30]
125 12-O-(Methoxymethyl)phorbol-13-decanoate Semisynthesis [31]
126 *Phorbol ester 1 Semisynthesis [32]
127 *Phorbol ester 2 Semisynthesis [32]
128 S11 Semisynthesis [33]
129 12-(Trans-4-fluorocinnamoyl)-13-decanoylphorbol Semisynthesis [34]
130 Phorbol-13-stearate Semisynthesis [35]

*Phorbol ester 1 = 1-(4-((((1aR,1bS,4aR,7aS,7bS,8R,9R,9aS)-9a-acetoxy-4a,7b-dihydroxy-3-(hydroxymethyl)-1,1,6,8-tetramethyl-5-oxo-1a,1b,4,4a,
5,7a,7b,8,9,9a-decahydro-1H-cyclopropa[3,4]benzo[ 1,2-e]Jazulen-9-yl)oxy)carbonyl)-3-(perfluorobutyl)phenyl)-1-0x0-2,5,8,11-tetraoxatridecan-13-

oic acid

*Phorbol ester 2 = 1-(4-((((1aR,1bS,4aR,7aS,7bS,8R,9R,9aS)-9a-acetoxy-4a,7b-dihydroxy-3-(hydroxymethyl)-1,1,6,8-tetramethyl-5-oxo-1a,1b,4,4a,
5,7a,7b,8,9,9a-decahydro-1H-cyclopropa[3,4]benzo[ 1,2-eJazulen-9-yl)oxy)carbonyl)-3-(perfluorohexyl)phenyl)-1-oxo0-2,5,8,1 1 -tetraoxatridecan-13-

oic acid

1.2 C-4RBREHEAEEE IR _hE

C-4 JIt S0 30t T 28 0L 5 6 i (0 o1 2 5 o dpe I
(BB 2R AR AL, AN R 22 b A5 F C-4 4k 1) p-OH J: 1 4
B-HE a-HFTEUR . 4- 1 58 -4~ 6 U5 B 0 4- i 5-4 -1
P ERORAE AR 5 45 ) R H A AL, (R B L AR S AT
RIE—FE X 5 F B Bk, ST 4- 5 % -4a-
s 5 1 AT 4l 52 -48- b 5 I - 42, H-1.H-4 MTH-5 (#1946
AR RPN BN 2R, BT M B8] A
A 20- L (1) 4- It 28 -4a- P P BE TR (101), X FP L 54 2
A R AR N H AT, ELE R R L C-4
R N R AR o oy N 7l = A e = 1
Jig, TS R C-4 i AU 5 i 20 12 & e — i LR 1
&2 (86~101).
1.3 C-17THR#BKBER B St =0k

C-16 B C-17 HUAR 1 5 i A 02 8 — s 5 At
KA AP X BIFE TR AR FE - C-16 8 C-17 b A AT
AN AR R R B EE 5L . H AT, {XAE Croton tiglium L.
var. xiaopadou 1) 25 W1 73 B 45 B — P C-17 BUAR 1 U 1
T T (102).
14 HthARE TR _E

B 7 I I i i B R 2 S 4 2R B
T R RATAEY), AR — s IR R B T — L
R B EEE E2RL &Y. 1, crotonianoid A

1B (103, 104) J& M5 Fh 54 B 43 201, FARXHY
7Y% 38 i 7% Overhauser &8 N Y6 15 5256 06 € 19, FFiE L
X-ray MR ATH AT it —PHESE . crotonianoid A A M
17 13,14-F113,15-diseco-tigliane ‘& 22, 1fij crotonianoid
B & M ARTH 1T C ;) ~0-0-C i 3

W Fe 4, B S e 28 s e A D ot A 1 2R A T
LI T Z A Y — 2 PR AR 534, B
- Hh 43 8545 31 1) crotonols A 1 B (105, 106) J2 7 fil
EH TN C-7/C-14 KA TN 5/7/7 = FR5H 2 1 B 6 e
B HERA A, B EAN AR SRR G
T A fE 1 ATE 2 (103~106) 3L 5.
2 BERBETHERCESMHIV B X RAR

KRUAYRA F & A, SFEPHIV.
T N TR 70 08 20 L S B0 285 A% R 1 B R L 5 5 /MR
o N (T N (2 S S I N L B RS i R TR 2
ARSI H i, A B R A RS KR A R R
RPN S P HIV G L, i T Es e mEs
2 98 RO g 1RO 1, S5O B AT B HTV 254 1) T 7E
JS7FH 52 30 T PR

IR REFR R AR L 2 R B m A
WP AR, RART= A oy B8 M, B S il L, RO T
A0 U BT 2 A B A i P B FL R ROC RN L A
MRICIRRRS o 215 1 B AR A B 4 A I 5 il ik B TR 2540 &



A R TR K% S BT HIV G A Rk Z R AL 17 e i3t

1359

VIR R PE T B4R RN, B KRN B2
R U ) S ARG AR AN A 7 S A ) SR
R, T B R R S AR AR A S T V0 3
W HEAT G5 KA, T DAAS 30 6k e e ER AL AT AR . Bl
BEREATAE & BOS AR B 3 Fram o 6 C-12 il Ui
VR BE B S ke s, BT prostratin % B A8 5 A B
HIV i, HABA (R P, PR 5 38 44 i g
I SR8 i fELE ) L R gl T R
21 C-R2RtEMKEERE TR

MEE o B G S (B 2) seig 52 4l
il HIV-1 5 5 ¥ 48 i 95 A2 /E A (IC,p = 0.48 pg L™,
R FC DU 28 0 14 0 25 FR, 76 24 B2 R0 AR AL 22 it 5
W T 5SS RAE S . 1M prostratin £E 8 4t HIV-1 1]

PN SR b N R AR (e S I Gk 2 A B o
B O R MR kU R AR AL, RE S R K HIV-1
SR, [FE AR AT R A EE R, B S A
b 9% B AR AL BT HIV 3G A 2. 4R 1M, prostratin 2
S LT A B s v 1ERY, DR B 9 HAART
(1175 54l Bh T 7 6

Wang 55825 7 i Fr A IR 12- Bt S dp 1 24
2 52068 s A T T, I % SR A S ) B B HIV-1
FE iR 35 1 5 C-13 Ab k56 (1 S 2 O . o B T
T E A R T BT HIV-1 35 M, 1K B B S R0 98 7 2
g v . B Al prostratin KAR K IFEH D, H & 21K,
DA G 5 s e WA 225 1) 1 (R /N 22 S, Wender S5V DL
WEE N E R, Gk TP [ B, [ Eh A % T prostratin, N

A

0 OH OR;3

21 R;=methyl butyryl, R,=decanoyl, R;=H
22 Rj=acetyl, Ry=dodecanoyl, R;=H

23 R;=octanoyl, Ry=methyl butyryl, R;=H
24 R,=tiglyl, Ry=octanoyl, R;=H

25 Rj=acetyl, R,=decanoyl, R;=H

35 R;=H, R,=dodecanoyl, R;=H

36 R;=isobutyryl, R,=R;=H

37 R;=(2-methyl)butyryl, R,=acetyl, R3=H
38 R;=tiglyl, Ry=isobutyryl, R;=H

39 R;=(2-methyl)butyryl, R,=R;=H

48 R =acetyl, R,=(2-methyl)butyryl, R;=H

49 R;=(2-methyl)butyryl, R,=(4Z)decenoyl, R;=H

50 R;=(2-methyl)butyryl, R,=(4Z,7Z)decenoyl, R;=H

51 R,=tiglyl, R)=(4Z)decenoyl, R;=H
52 Ry =tiglyl, R,=(4Z,7Z)decenoyl, Ry=H

R,Q

R

56 R;=acetyl, R,=(2-methyl)butyryl
57 Rj=acetyl, Ry=isobutyryl

58 R;=acetyl, R,=(2-methyl)propionyl
59 R;=H, Ry=(2-methyl)butyryl

60 R, =tiglyl, Ry=acetyl

61 R,=tiglyl, R2=H

1 R;=(2-methyl)butyryl, Ry=tiglyl, R;=H
2 R;=tiglyl, Ry=propionyl, R;=H

3 R;=H, R,=acetyl, R3=oleoyl

4 R =tiglyl, Ry=decanoyl, R;=H

5 Rj=tetradecanoyl, Ry=acetyl, R;=H

11 R;=tiglyl, R,=(2-methyl)butyryl, R;=H

12 R;=(2-methyl)butyryl, R,=dodecanoyl, R;=H
13 R;=(2-methyl)butyryl, Ry=octanoyl, R;=H
14 R;=isobutyryl, R,=decanoyl, R3=H

15 R;=R,=R;=H

26 R,=tiglyl, R,=dodecanoyl, R3=H

27 R;=butyryl, R,=dodecanoyl, R;=H

28 R, =tiglyl, R,=isobutyryl, Ry=H

29 R;=(2-methyl)butyryl, R,=isobutyryll, R;=H
30 R=tiglyl, R,=R;=H

40 R,;=tetradecanoyl, R,=R;=H

41 R;=H, Ry=acetyl, R3=H

42 R;=H, R,=decanoyl, R;=H

43 R;=(2-methyl)butyryl, R,=dodecanoyl, R3=H

67 R;=tiglyl, R,=(2-methyl)butyryl, R;=H,3-OOH
68 R,=tiglyl, Ry=isobutyryl, R;=H,3-OOH

69 R;=tiglyl, R,=(2-methyl)butyryl, R;=H,8-OH
70 R,=tiglyl, Ry=isobutyryl, R;=H,3-OH

71 Ri=tiglyl, Ry=isobutyryl, R;=0O

72 R;=tiglyl, Ry=propionyl, R;=0O

73 R;=H, Ry=decanoyl, R3;=0

62 R;=(2-methyl)butyryl, R,=H
63 R;=H, R,=acetyl

64 R =tiglyl, R,=(2-methyl)butyryl
65 R;=H, R,=isobutyryl

66 R =tiglyl, R,=phenylacetyl

78 R;=acetyl, R,=(2-methyl)butyryl
79 R;=H, Ry=(2-methyl)butyryl
80 R;=H, Ry=isobutyryl

o OH

CHO

81 R,=tiglyl, R,=H 84
82 R;=H, R,=dodecanoyl
83 R;=H, R,=decanoyl

R;=benzoyl, R,=benzoyl, R;=H

R;=H, R,=acetyl, R3=C;gH;,0

R;=H, R,=tiglyl, R;=C;3H;,0

9 Ry=acetyl, Ry=tiglyl, R;=H

10 R;=decanoyl, Ry=(2-methyl)butyryl, R;=H

16 R;=decanoyl, Ry=acetyl, R;=H

17 Ry=dodecanoyl, Ry=acetyl, R;=H

18 R;=hexadecanoyl, Ry=acetyl, R;=H

19 R;=tiglyl, Ry=butyryl, R;=H

20 R;=methyl butyryl, R,=dodecanoyl, R;=H

31 R=R,=acetyl, R;=H

32 R;=tiglyl, Ry=acetyl, R;=H

33 Ry=H, Ry=acetyl, R;=H

34 R;=H, R,=(2-methyl)butyryl, R;=H

® 3

44 R =acetyl, Ry=isobutyryl, R;=H

45 R;=benzoyl, R,=(2-methyl)butyryl, R;=H
46 R;=dodecanoyl, R,=acetyl, Ry=linoleoyl
47 R;=H, R,=(2-methyl)butyryl, R3=acetyl

53 R;=H, R,=(2-methyl)butyryl, R3=acetyl
54 R;=(2-methyl)butyryl, R,=phenylacetyl, R;=H
55 R;=tiglyl, Ry=phenylacetyl, R;=H

74 R =tiglyl, R,=isobutyryl, R;=CHO, R,=B-OH
75 R;=(2-methyl)butyryl, R,=(2-methyl) butyryl, R;=CH,OH, R,=8-OH
76 R;=benzoyl, R,=isobutyryl, R;=CH,0OH, R,=B-OH
77 R=isobutyryl, R,=acetyl, R3=CH,OH, R,=B-OH
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86 R;=benzoyl, R,=acetyl, R3=H

87 R,=H, Ry=acetyl, R3=linoleoyl

88 R;=H, Ry=acetyl, R3=oleoyl

89 R,=tiglyl, Ry=decanoyl, R;=H

90 R;=tiglyl, R,=phenylacetyl, R;=H

91 R;=tiglyl, R,=(2-methyl)butyryl, R;=H

97 R;=tiglyl, Ry=acetyl, R;=H

98 R =tiglyl, R,=hexadecanoyl, R;=H
99 R,=H, Ry=acetyl, Ry=oleoyl

100 R;=H, R,=acetyl, R3=linoleoyl

92 R,=tiglyl, Ry=isobutyryl, R;=H

93 R, =tiglyl, Ry=acetyl, R;=H

94 R;=(2-methyl)butyryl, R,=acetyl, R;=H
95 R;=H, Ry=acetyl, R;=H

96 R;=H, R,=(2-methyl)butyryl, R;=H

104

107 R,=eicosapentaenoyl, R,=eicosapentaenoyl, Ry=eicosapentaenoyl 117 R;=cinnamyl, R,=Butyroyl, Ry=H

108 R,=H, R,=¢icosanoyl, R;=H

109 R,=eicosapentaenoyl, R,=eicosapentaenoyl, R;=H
110 R;=eicosanoyl, R,=eicosanoyl, R;=H

111 R,=eicosanoyl, R,=H, R;=H

112 R;=tetradecanoyl, R,=H, R3=Ac

113 R;=decanyl, R,=decanoyl, R;=H

114 R;=6-bromohexanoyl, R,=6-bromohexanoyl, R;=H
115 R,=cinnamyl, R,=cinnamyl, R;=H

116 R;=hydrocinnamyl, R,=hydrocinnamyl, R;=H

126 R,=
o o] (o]
s Ve an VanWan
O O O O OH
F3C(F2C)s
Ry=Ac, Ry=H
CoH1s0CQ  0cOCsH;s AQ  oac
l:}t'_ ,,,,, 9'
: a “H H
o OH OH HO" OH
124 121

OAc

118 R;=-CO(CH,);CO,CHj3, R,=Ac, R;=H

119 R;=Ac, Ry=Ac, R3=decanoyl

120 R;=tetradecanoyl, R,=R3;=Ac

122 R;=R,=R3=Ac

123 R;=hexanoyl, R,=hexanoyl, R;=H

125 R;=MOM, R,=decanoyl, R;=H

129 R,=trans-4-fluorocinnamoyl, R,=decanoyl, R;=H
130 R;=H, R,=COnC;H;s, R3=H

127 R,
(e} o] (o]
Ho, ; > Z LN N\ NA 2
o (o] (o] (e} OH
F3C(F2C)s

Figure 2 Chemical structures of tigliane-type diterpenoids. A: 1-85; B: 86-130
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Figure 3 Synthetic routes of phorbol ester derivatives and the strongest anti HIV activity of various derivatives in current research

12-O- PA) B B ol 8 - 13- LB PP PR R IO 2638 5N
W H, - i A B VR PR R N, S 2 51 NG L SR VE M T
BT, FE LR b, ) P A A ik [ B 10 A 24 3K A P 2
e, U B TR G T — R R, WS HIV-1
753 HON T bk EEL 400 1 L5 200 L 1 200 L 28 20507 ) 410
HIVE o 13-Z8 Wk - U - 12- e X A RE B AT AR 4 32 R
H T AR R AR S T PR B 4 A R L A
W HL - R AT A, G &0 129 R H B R U
PUHIV-1 36 1% (EC,, = 2.9 nmol-L™"), i& & 7w H/E N &
134 C (protein kinase C, PKC) MiE 7 (03 /1. 5 A
H -OCH, 8-OCH,O- % it it 7 JE [ HI AT A= ) AR L, 7E
12- J52 32X PR e Tt e 9 B A7 25 9 v 51 N X A7 P R 7 5 (4]
(Ao SEBUR) BB T BT HIV-13E M, A 8 2
BRI, IR 1) e ) 5 (-F > -C1 > -Br),
P HIV-1 35 PRk 0

XF T C-12 Al C-13 Ar H A A (A BUAR ZE 1 46 &
W, K BENE D7 R B Ak A 113 95 1 B i BCL [ A
4.6 nmol-L™; & IR JIg i B2 I A4 & 4 114 3% 1 5 U
EC,,fHN5.7 nmol-L™ o & AT A A 1 i 2 AR o e
F18) 398 K 0 4 T DR Kk /)N, TR B A e A e )
&P 115 (IC,, = 9.21 nmol-L™") # I8 i sk &4 116
(IC,, = 0.49 nmol-L™") J&, HHt HIV if M4 727, /R HL
AREE (AN VLD BE ek /N mT e A6 ) T Ho bt HIV g
222 C-12, C-13F0 C20 L R H 45418100 fh ik
Mi-12,13,20- =i 1) 37% P 18 3 BH A T SR M A R, iX
Al BB B C-20 b (M F2 HE TR AL 7E 2 J5 A 7L,
Huang" & B 1 — R 54 [F] 1R SRR, XCBR A0 = R Ak &

W, % HIV-1 75N T bk B 20 i 7 i 9 40 A w53 4 ) 40
VS TR AT VR B 7T, 25 R BoR C-20 &b R S R 1k 2
SEPTHIVIEERIRE R HE R EEEERNE, C-13
AT C-20 Kb F A ] BR B AL AE C-12 Kb A R BRAS 1 11
P =R R I R R P HIV vE PP

1k &% 5 v 20-OH 1 4-OH 1) 2. Bk b & 2% (%
ik 7 %+ CPE WM /E A . sbak, fTEfb&9121 (IC,,, =
500 pg'mL™") 5 122 (IC,,, = 62.5 pg-mL™") 7 W £ 3|
C-3 BREL IR JR B A 1 X CPE il £ FH™
223 MIAEEHIEM  El-Mekkawy 252 % 7 )k
R e U8 I ) 48 FRATT AR, DA HIV-115 3 (1) MT-4 4
Jitl CPE (401 /E F A1 e AT 1% PKC 305 B 71, 43 IAE
BT HIV-1 o 42 33k % P 0 48 b, B 58 7 e AT I
RUOR FR, 3X PP 130 7E A A/B s 2R 2 ) i
BEAT AV L 2, BAE BA A/B TR B B S e 1
FIED MR MER . G RENE, G kAHE
A/B B (1) 8 BE AT A ) B R e R E TR

Huang 58 SCVPAN 1 9 I 1) 5 b R /K fit 7= ) I
EATE Y 20- s HIV-1 5 5 10 & B A& T2 1% it 30
HIAE F, 45 R0, 274 )t D Ak #AE 1 1T B 2 e ma it
HIV-1 35 A1 PKC 45 G265 F1 1. Horb, JF 3R 9 BE AT
A9 811 (128) 1 EC,, N 0.27 pumol L™, %F HIV-1 i #%
SR (1 A 8] 7= ) B A R A AR R, 6 ER TR B D Ak
AN Z R E VI A 5 T R
3 IHIVAERHIM R R

PKC J& T 5 i 1 i M 22 S IR/ 95 0 IR Vi g e,
PKC WA (PKC isoforms, PKCs) 2 5 £ flfs S Si&



- 1362 - 242224 Acta Pharmaceutica Sinica 2025, 60(5): 1354-1365

1o MREEE M T R N 7 75 5K, I FL 304 PKC 40
YK 2K, 948 4 # PKCs. #7 &Y PKCs. JF # Y PKCs Fl
PKC AHICEEE . A [A] PKC R 35 1 5 R BT AH G, X 23
il AT DA AT 5 38 B 1R IE 9 5 PR B 6 R Y. PRCAE
DR LRI PR o 8 T T 2 52 AR, R 4 AR A 2 SR A
B W R S S B R, BT, AR R
B B 7 e 28l TR T HLV 3SR AL o, 25 i C W
R PR O oy
3.0 HERFSERHTRAZEHRRIL

12-0-1 Y 5 Bk 19 % - 13- 2. FR Big (12-O-tetradec-
anoylphorbol-13-acetate, TPA) & PKC ] 45 R34 i% 77,
FOXF HIV-1 KoK o 8 57 510 6 R F 3 A0 T 38
i 4% ¥ 3% [N F-«B (nuclear factor kappa-B, NF-«B) i@
% PRKCIETEP Y, 3E— 251 7T 2 W, prostratin G 42
i) NF-xB il 7, 378 PKC 7E b3 F2 Fh e 5 R e i
FI1E RS, 152 J5 X prostratin 4047 75 5 3 AR 14 HIV-1
1T 99 B 2 SO 1R 23 T WL IR BIE S, SR T i
PKCe/2 [ # i D3 (protein kinase D3, PKD3)/NF-«B
55 AL, 404 prostratin B 56 EUE PKCe, S
i PKD3 BIE IR BEER AL . B ER AL 1Y) PKD3 L A5 i 7
FHAR E NF-xB 14 5 b, I BA «B T ARk i v 77 305
FCHIV-1 5 30 (B 4).

AL, 12-0-B Gt HE-13-0-57 T W FE-20-$2 55 -4-
It S B B (4B-dPE A)PH 2 —Fh 4-Jid 480 ok e I A A

C13H27(0)CQ oA

B0
[0

=X
@ ®
Acidic compartment
destined for degradation

RO  or The C-12 and C-13 substituents are
N } distributed in the hydrophobic region

of protein kinase C and bind to the
“H phospholipid bilayer of the cell membrane

C-3, C-4, C-20 bind to PKC
OH | through hydrogen bonds

Direct stimulatory modification

............ )

Translocation

Y, £ HIV 2 1l & ] vh, W]l 14 0% NF-xB A1 PKC6O/
22 S JE PO R A B B (mitogen-activated protein
kinase kinase, MEK) 7 it} 4} J&] IfiL 5> 12 48 B o =558
W& HIV. 1X 5 Lopez-Huertas 25 & SLAH AL, TPA
Wik PKCO i i Ras 2 [1/Raf 8 1 ¥ A/ MEK/4H g 7
{5 5 8 15 LB (extracellular regulated protein kinases,
ERK) {5 5 %% Sl B A R & BTS 3805 ¢ 8+ Elk 1 (1)
WO, B ORE RRA k (] 4).

W50 IR, prostratin 8 i 7% £ ML AT 7 PKC F
T, 5 SRR 5675 4 24K (cluster of differentia-
tion 4 receptors, CD4) 1 CXC # 1t [H ¥ % & 4 (CXC
chemokine receptor 4, CXCR4) P AL FIT &, AT 4100 1)
Bk HIV RS (B 4), EAHR &, TPA/E 5 CD4
F1CXCR4 T J7 1 b prostratin B 4 %1,
32 FBAIGKIE

Chen 5775 K 88 B} E ) Ostodes katharinae H 53
515 B A b 0 EE 12-0- - = B BRI 1 il B2 -20-
LR (hop-8) T 41 il B 2B 4 HIV-1 AT A 2 G 2 ik
T B 2 B FE AR DL AT 24 PR AE N T vk B2 400 6 1 10 240 i
T S A L A A A P ) S, O B R A B
M EEPE. 5 HARA S YIAH L, hop-8 (1) 3= EEHLH 2 —
A& IE I PKC 38 5 ) P HIV-1 8% 4% 1 40 i o 3R 08 3R 2
1 B mRNA %5 F {1k 2 Ik 2 1 3G (apolipoprotein
B mRNA editing enzyme-catalytic polypeptide-like 3G,

Figure 4 Schematic diagram of the mechanism of activating viral transcription and downregulating receptor expression. EGFR: Epidermal

growth factor receptor
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Figure 5 Schematic diagram of the anti HIV activity mechanism stimulated by A3G expression
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