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Abstract

Solution-phase combinatorial synthesis was applicd 10 transform D ring of the main three enr-kaurane diterpenoids
of Crotun tonkinensis Gagnep. (Guphorbiaccac) into their oxygenated derivatives. Structures of the reaction products
were confirmed by using MS, 1D and 2D NMR techniques.
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1. MO PAU

Chi Croton 1a mét chi 1dn thude ho Thau dau
(Euphorbiaceae) danp duge quan 1am nghién ciu
wén thé gioi (1], Cic hgp chét emr-kauran
diterpenoid méi duge phat hién trong mot sé it loai
thugc chi nay, trong 56 do c6 cay Khd sim bic bo
(Croton 1onkinensis Gagnep , Cuphorbiaccac) [2-7]
Déy la mt nhom cac diterpenoid bon vong thién
nhién rét duge quan tam trong (hai gian gan day do
su phat hién cac hoat tinh géy doc 1¢ bao va e ché

yéu to phién ma NF-kappa B cua oridonin, ponicidin,

kamebanin, kamebakaurin, excisarin A, inflexinol va
ciua ent-7f-hydroxy-15-oxokaur-16-en-18-yl acetat
tir ciy KNé sam bic bd; cic hoat tinh na‘]) la co s&
khoa hoc quan trong cho viéc phat trien cic tac
nhén chong viém va chdng ung thur [8), D¢ c6 thé
phat trién cac nghién clru anh hudgng coa ciu tricc
khung en-kauran diterpenoid [9] 1én cac hoat tinh
khang viém va chéng ung thu, mdt s6 lugmg cac enr-
kauran diterpenoid da dugc phan lip tir ciy Khé sim
béc b Vide phan lap cac ent-kauran diterpenoid chi
xudt hién vai luong nho trong thire va hign dang fi
thach thirc cho cée nghién cuiu nay, tuy nhicn, mt
56 hop chit ¢6 thé duge d& dang dicu ché tir cac enmr-
kauran diterpenoid thanh phin chinh wr cay Khé sam
bic bd qua con dudmg chuyén héa héa hoc sir dung
cac phan (g nhur oxi hoa, khir hoa, este hda hoic
thuy phan... tai cac vi tri cac nhom chie trén khung
ent-kauran dé tao ra cic dan xuat tuong ty nhu cac
hop chat ¢o the duge tao thanh trong thién nhién
trong qua trinh sinh ton ; rpenoid. Trong
thye vat su penoid thuomg xay

sinh tong hgp
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qua hai giai doan: giai doan dong vong (cyclase
phase) va giai doan oxi hoa (oxidase phase) cic
anken va lién két C-H dé tao thanh sy da dang céu
tric cua cac terpenoid [10]. Trong nghién ciru nay
ching t6i da ap dung phuong phip 16ng hop 16 hop
pha long [11] dé thyc hién cac phan (mg chuyén hoa
cac ent-kauran diterpenoid thanh phan chinh tr ciy
Khd sam bic bd 1a enr-7f-hydroxy-15-oxokaur-16-
en-18-yl acetat (1), enr-lg,14a-diacetoxy-74-
hydroxykaur-16-cn-15-on  (2) va  em-la7f-
diacctoxy-14a-hydroxykaur-16-en-15-on (3) thanh
cac din xuat enr-kauran diterpenoid chira oxi mdi.

2. THYC NGHIEM
2.1. Phuong phip va Thiét bj

Phd LI-MS durge ghi wén thiét bi Hewlett Packar'd
5989B-MS Engine. Phd ESI-MS duge ghi trén thiet
bi LTQ Orbitrap XL mass spectrometer (Thermo
Scientific). Phé cong huang 1 hat nhan proton (‘H-
NMR, 500 Mllz) va cacbon 13 (*C-NMR, 125
MHz) duge ghi trén thiét bi Bruker Avance 500 vai
tetrametylsilan (TMS) la chét chuan ndi zero (8 = 0).
Tinh bi ctia cic tin hiéu cacbon 13 dugc xac dinh
bing céc ky thugt phé DEPT. Sic ky 16p méng duge
thuc hién trén ban méng trang sin DC-Alufolien 60
Fyss (Merck, Dnrmsladl CHLB birc) voi lop silica
gel day 0,2 mm trén nén nhém. Phét hign vét chit
bang cac (hude thir vanilin/H,SOy dic 1%. Sic ky
ot tinh ché (Mini-C) duge sir dyng trong cac bude
tinh ché san phim trén silica gel {Merck) vai ¢ hat
40-63 wm.
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2.2. Hoa chit

Hén hop céc ent-78-hydroxy-15-oxokaur-16-en-
18-yl acetat (1), ent-la,l 4a-diaceloxy-7ﬂ-
hydroxykaur-16-en-15-on  (2) va  em-lo,7f-
diacetoxy-14a- hydroxykaur-lé -en-15-on  (3) da
duge phén 1dp tir 14 cdy Khd sim bic bd (Croton
tonkinensis Gagnep., Euphorbiaceae) nhu d3 duge
mdta[12).
din  xult em-kauran

23. Tong hgp chc

diterpenoid
2.3 1 Phan tmg oxi hoa bing KMnO,

Cho 200 mg hdn hop cic chat diu 1-3 trong 5 ml
aceton vao binh phan img c6 dung tich 25 ml. Chuén
bi 75 mg KMnO, va 50 mg MgSO, trong 5 ml
aceton. Lam lanh binh phan ng va hon hop
KMnOJ/MgSO; t&i =10 °C. Cho tir tir hén hop
KMnO,/MgSO, vao bmh phan (g, khudy déu trong
30 phot sau 46 khudy neP & nhiét do phong trong 72
io. Sau khi phan (ing két thuc ]oc bo chat réin, thém
10 ml nuéce cat réi cht loai hét aceton. Dijch nhén
dugc duge chiél béng CH,Cl, 5 lan (mdi 1an 5 ml).
Gop cac dich chiét CH)Cl, lai, lam khan bing
Na;SO, va cét loai CH)Cl, dudi ap sudt giam cho
mét cin thd. Can thd nay duge phan tach béng Mini-
C (1x10 cm), n-hexan-aceton 6:1, cho cac chat 4 (15
mg), 5(21 mg) va 6 (9 mg).

Ent-1a,7f-diacetoxy-14a,16/,17-
trihydroxykauran-15-on (4): Tinh thé hinh kim
mau lréng, d.n.c. 195-199°C. R,0, 32 (TLC, silica gel,
n-hexan-aceton 2:1, viv), vét chat co mau nau sam
khi hién véi thude lhu vanillin/H,SO, dic 1%. ESI-
MS: 47534 ([M+Na]", CypHyOsNa). 'H-NMR
(CDCly, ppm): 6 0,87 (3H, s, 19-CHy), 0,97 (3H, s,
18-CHy), 1,15 (3H, s, 20-CHy), 1,93 (3H, s, 7-OAc),
1,94 (3H, s, 1-OAc), 2,55 (1H, s br, H-13), 3,62 (1H,
d,J= 12,0 Hz, H-17a), 3,89 (1H, d, J = 12,0 Hz, H-
17b), 4,9 (1H, d, J = 2,0 Hz, H-14), 5,36 (1H, m, H-
7). "C-NMR (CDCl;, ppm): 6 16,9 (1, C-11), 18,6 (a,
C-18), 21,2 (g, C-19), 22,6 (1, C-2), 25,1 (1, C-6).
26,3 (t, C-12), 32,9 (g, C-20), 33,0 (s, C-4), 349 (,
C-3), 42,6 (s, C-10), 44,9 (d, C-13), 46,9 (d, C-9).
484 (d, C-5), 62,3 (1, C-17), 62,4 (s, C-8), 72,3 (d.
C-1), 75,7 (d, C-7), 76,6 (d, C-14), 78,9 (s, C-16),
168,0 (s)/21,4 (q) (7-OAc), 170,1 (s)/21,2 (q) (1-
0Ac), 216,7 (s, C-15).

Ent-18-axetoxy-74,16/2,17-trihydroxykauran-
15-on (5): Tinh thé hinh kim khéng mau, d.n.c.
155-157 °C. R; 0,21 (TLC, silica gel, n-hexan-aceton
2:1, v:v), vét chit c6 mau ndu sam khi phun véi
thude thir vanillin/H,80, dic 1%. ESI-MS: 393,6
(M = HI", C33Hz0q). 'H-NMR (CDCl3, ppm): &
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0,84 (3H, s, 19-CHy), 1,11 (3H, 5, 20-CHy), 2,09 (3H,
s, 18-OAc), 2,36 (1H, d br, J = 4,5 Hz, H-]3), 3,64
(IH, d, /= 11,0 Uz, H-17a), 3,65 (1H, d, /= 12,0
Hz, H-18a), 3.88 (IH, dd. /= | 1,5 Hz, 4,5 Hz, H-7),
3,89 (IH, d, ) = 11,0 Flz, 1-17b), 3,97 (IH, d, J =
12,0 Hz, H-18b). "C-NMR (CDCly, ppm): 6 17,41
(q, C-19), 17,44 (1, C-2), 18,2 ( g, C-20), 18,4 (1, C-
11), 25,8 (1, C-12), 26,8 (1, C-14), 27,9 (1, C-6), 35,4
(1. C-3),36,4 (s, C-10), 38,8 (1, C-1), 39,0 (d, C-13),
39,3 (s, C-4), 46,5 (d, C-5), 52,7 (d, C-9), 59,4 (s, C-
8), 63,1 (t, C-17), 70,8 (d, C-7), 72,3 (1, C-18), 77,4
(s, C-16), 171,3 (sy/21,1 (q) (18-OAc), 2223 (s, C-
15).

Ent-1a,14a-diacctoxy-7/,164,17-
trihydroxykauran-15-on (6): Tinh (hé hinh kim
khong mau, d.n.c. 240-244°C. R, 0,55 (TLC, silica
gel, n-hexan-aceton 2:1, v:v), vét chat c6 mau tim
den khi phun vai thude thir vanillin/H,SO, dic 1%.
'H-NMR (CDCl,, ppm): & 0,89 (3H, s, 19-CH,),
0,97 (3H, s, 18-CHy), 1,13 (3H, s, 20-CH,), 2,00 (3H,
s, [-OAc), 2,13 (3H, s, 14-OAc), 2,53 (1H, s br, H-
13),4,12 (1H, d, /= 11,5 He, H-17a), 4,20 (1H, dt, J
= 11,5 Hz, 4,0 Hz, H-7), 4,43 (1H, d, J = 11,5 Hz,
H-17b), 4,79 (1H, s br, H-1), 5,04 (1H, s br, H-14).
C-NMR (CDCl, ppm): & 17,1 (t, C-11), 18,5 (q,
C-18). 20,8 (q, C-19), 22,6 (1, C-2), 26,3 (1, C-6),
28,2 (1, C-12), 32,9 (s, C-4), 33,2 (q, C-20), 34,9 (1,
C-3), 42,5 (s, C-10), 45,2 (d, C-13), 47,1 (d, C-9),
47,8 (d, C-5), 62,4 (s, C-8), 63,6 (1, C-17), 72,4 (d,
C-1), 73,9 (d, C-7), 77,3 (d, C-14), 78,4 (s, C-16),
170,1 (s)/21.2 (q) (1-OAc), 171,1 (s)/21,3 (q) (14-
OAc), 217,0 (s, C-15).

2.3.2 Phan vmg kiie héa bing NaBH,

Cho 200 mg hdn hgp cic cht dau 1-3 vio binh
phan tng dung tich 25 ml. Thém 10 mi MeOH sau
dé cho tir tr 50 mp NaBH, vao dung dich phan {ng,
khuay & nhiét d phong trong l ngay. Sau khi phan
g két thae thém 10 ml nude cat vao binh phan ing,
cat loai MeOH, sau do chiét dung dich nhan duoc
v&i CH,Cly 5 1an (mdi 1an § ml). Gop cac dlCh chiét
CH,Cl, 1ai, lam khan bang Na,SO4 sau do cat loai
CH,Cl, dudi ap suat giam thu duge mdt cin thd. Can
thé nay dugc phan tach bing Mini-C (1x10 cm), n-
hexan-aceton 12:1, cho cac chat 7 (24 mg), 8 (30
mg)va 9 (15 mg).

16(R)-Ent-18-axctoxy-7f-hydroxykauran-15-
on (7): Tinh thé hinh la mau trang, d.n.c 165-170 °C.
R,Oé (TLC, silica gel, n-hexan-aceton 2:1, v:v), vé(
chit ¢6 mau do tuoi khi hién voi lhuoc tha
vanillin/H,SOy dic 1%. ESI-MS: 385 ([M + Na)’,
CyH3:04Na). 'H-NMR (CDCly, ppm): 6 0,84 (3H, s,
18-CHy), 1,1 (3H, d, /= 7,0 Hz, 17-CHs), 1,12 (3H.
s, 20-CHy), 2,08 (3H, 5, 18-OAc), 2,23 (1H, quintet,
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J=7,0 Hz, H-16), 2,47 (1H, d br, J=2,5 Iz, H-13),
3,64 (1H, d, J = 11,0 Hz, H-18a), 3,86 (1H, d, J =
11,0 Hz, H-18b), 3,91 (1H, dd, J= 11,5 Hz, 4,0 Hz,
H-7). "C-NMR (CDCly, ppm): 6 9,9 (q, C-17), 17,4

(g, C-19), 17,5 (1, C-2), 17.8 (1, C-11), 18,2 (q, C-20),

25,2 (1. C-12), 28,3 (1, C-6), 28,4 (t, C-14), 34,4 (d,
C-13), 35,5 (1, C-3), 36,4 (s, C-4). 38,7 (s, C-10),
39,2 (t, C-1), 46,5 (d, C-5), 48,3 (d, C-16), 51,7 (d,
C-9). 584 (s, C-8), 71.2 (d, C-7). 72,3 (1, C-18),
171,2 (s)/21,0 (q) (18-OAc), 223,9 (s, C-15).
16(R)-Ent-1a-acctoxy-7f,14a-

dihydroxykauran-15-on (8): Tinh thé hinh kim
khong mau, d.n.c. 154-157 °C. R, 0.4'5 (TLC, silica
gel. n-hexan-aceton 2:1, viv), vét chal ¢é mau niu
den khi phun vai thube thir vanillin/H,SO, dic 1%.
ESI-MS: 37728 (IM=H]. Cnll;;0). 'H-NMR
(CDCly, ppm): 8 0,89 (3H, s, 19-CHy), 0,96 (3H, s,

18-CH,), 1,11 (3H, d, J = 7,5 Hz, 17-CHy), 1,15 (3H,

s, 20-CHy), 2,01 (3H, 5, 1-OAc), 2,45 (1H, d br, J =
5.5 Hz, 11-13), 2,89 (1H, quintet, J = 7,5 Hz, H-16),
4,25 (1H, di, J = 11,5 Hz, 4,0 11z, H-7), 4,83 (IH, s
br, H-1), 498 (1H, s, H-14). "C-NMR (CDCl,,
ppm): 6 9.2 (q. C-17), 16,7 (1. C-11), 18,6 (q, C-20),
21,3'(q, C-19), 22,7 (t, C-2), 24,6 (t, C-6), 28,2 (1,
C-12), 32,9 (s. C-4), 33,2 (q, C-18), 35,1 (1, C-3),

42,0 (d, C-13), 42,5 (d, C-16), 42,7 (s, C-10), 46,7 (d,

C-9), 47,4 (d, C-5), 60,8 (s, C-8), 72,6 (d, C-1), 74,9
(d, C-14), 75,2 (d, C-7), 170,2 (s)/21,4 (q) (1-OAc),
222,4 (s, C-15).

Ent-74,15a,18- (rlhydroxykaur-l&en (9): Tinh
thé dang hat nho mau tring, d.n.c. 183-185 °C. R,
0,23 (TLC, silica gel, n-hexan-aceton 2:1, v: v) vél
chal c6 mau tim den khi hién voi lhuoc thir
vanillin/H,SO, dic 1%. 'H-NMR (CDCly, ppm): &
0,74 (3H, s, 19-CHy), 1,09 (3H, s, 20-CH,), 2,71 (I1H,
s br, H-13), 3,03 (I1H, d, J = 11,0 Hz, H-18a), 3,48
(1H, d, J = 11,0 Hz, H-18b), 3,62 (1H, dd, J = 11,0
Hz, 4,0 Hz, H-7), 4,48 (1H, s br, H-15),4.98 (1H.d, J
= 2,5 Hz, H-17a), 5,11 (1H, s, H-17b). "C-NMR

(CDCly, ppm): 6 17,8 (q, C-19), 17,9 (1, C-2). 18,0 (1.

C-11), 18,2 (q, C-20), 27,5 (1, C-6), 29,0 (1, C-14),
33,8 (1, C-12), 34,9 (1, C-3), 37,4 (s, C-4). 38,3 (s, C-
10), 389 (1, C-1), 39,9 (d, C-13), 44,9 (d, C-9), 45,7
(d, C-5), 51,1 (s, C-8), 71,3 (1, C-18), 71,7 (d, C-7),
75,7(d, C-15), 105,1 (t, C-17), 158,0 (s, C-16).

2.3.3 Phan img v6i MeOH dupe xiic tac bing
BF.E1,0

Cho 200 mg hén hop cac chét dau 1-3 vao binh
phan éng dung tich 25 m), thém S ml McOH va § mI
benzen vao binh phan ung, khuay déu rdi thém ucp
1,5 ml BF;.E6O. Dun hoi Juu hon hop phan (ng &
70 °C trong 3 Sau khi phan (ng két thuc thém
10 ml nuéde ¢ a0 ?"mh phan (mg, cat loai MeOH
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sau d6 chiét dung dich nhan duqc vén CHCl, § lan
(mdilan 5 ml) Gop cac dich chiét rbi Iam khan bang
Na,SO; va cht logi CH,Cl, duéi 4p sut giam, lhu
dugc mét can thé, Can thé nay duge phén tich bang
Mini-C (1x10 cm), n-hexan-aceton 12:1, cho cic
cht 10(21 mg) va 11 (45 mg).

Em-la-nxcloxy-7/l,l4a-d|hydroxykzur-16-en-
15-on (10): Tinh thé hinh kim mau tring, d.n.c. 119-
122 °C. R/O 45 (TLC, silica gel, n-hexan-aceton 2:1,
v:v), vél chat c6 mau do nau khi hign véi thudc thir
vanilin/H,SO, dac 1%. ESI-MS: 375,61 ((M - HJ,
CyH3,05). "H-NMR (CDCl;, ppm): 6 0,9 (3H, s, 18-
CHa), 0,98 (3H, s, 19-CH3), 1,16 (3H, s, 20-CHy),
1,99 (3H, s, 1-OAc), 3,07 (1H, s br, H-13), 4,38 (1H,
dd, J = 12,5 Hz, 4,0 Hz. H-7), 4,85 (1H, s br, H-1),
4,89 (1H, s, H-14), 5,41 (1H, s, H-17a), 6,18 (IH, s,
H-17b). C-NMR (CDCl;, ppm): & 16,8 (1, C-11),
18,6 (q, C-20), 21,5 (q, C-19), 22,7 (1, C-2), 27,7 (1,
C-6), 309 (t, C-12), 32,9 (s, C-4), 33,3 (q, C-18),
34,9 (1, C-3), 42,8 (s, C-10), 45,9 (d, C-13), 46,3 (d,
C-5), 47,3 (d, C-9), 61,4 (s, C-8), 72,8 (d, C-1), 74,6
(d, C-7). 74,9 (d, C-14), 118,2 (t, C-17), 147,4 (s, C-
16), 170,1 (1)/21,2 (g), 1-OAc), 207,9 (s, C-15).

16(8)-Mcthoxymethyl-ens-7/,18-
dihydroxykauran-15-on (11): Tinh thé dang hat
nho mau lréng, d.n.c. 98-100 °C. R, 0,27 (TLC, silica
gel. n-hexan-aceton 2:1, v:v), vél chét c6 mau den
khi hién véi thude thir vanillin/H,SO; dic 1%. 'H-
NMR (CDCly, ppm): 6 0,76 (3H, s, 19-CHy), 1,11
(3H, s, 20-CHy), 2,69 (1H, s br, H-13), 3,09 (1H,d,J
=10,5 Hz, H-18a), 3,36 (3H, s, 17-OCH}), 3,42 (IH,
dd, J = 10,0 Hz, 9,0 Hz, H-17a), 3,44 (1H, d, J =
10,5 Hz, H-18b), 3,78 (1H, dd, J = 10,0 Hz, 4,5 Hz,
H-7), 3,97 (IH, dd, J = 10,0 Hz, 4,5 Hz, H-17b).
YC-NMR (CDCly, ppm): 8 17,5 (g, C-19), 17,6 (1, C-
2), 18,1 (1, C-11), 18,2 (q, C-20), 25,4 (t, C-14), 28,1
(t, C-6), 28,3 (1, C-12), 32,1 (d, C-13), 34,9 (1, C-3),
37,5 (s, C-4), 38,7 (1, C-1), 39,1 (s, C-10), 45,7 (d,
C-3), 51.9 (d, C-9), 54,3 (d, C-16), 58,8 (s, C-8),
58,9 (q. 17-OCHy), 69,3 (1, C-17), 71,1 (d, C-7),
71,6 (1, C-18), 221,3 (s, C-15).

2 3.4. Phan tmg thity phin bing KOH/MeOH

Cho 200 mg chdt dau vao binh ciu phan img cb
dung tich 25 ml. Thém $5 ml dung dich 15%
KOH/MeOH vao binh phan img. Han hop phan img
duge dun hdi luu & nhiét dd 60°C trong lZ glu Sau
khi phan {mg kel thitc thém 30 ml nuéc ct vao hén
hop trén va cit loai MeOH. Chiét dung dich nhin
duge 5 lin béng CH,Cl, (mdi lan 5 ml). Rira bing
nude cz_n dén pH 7, gdp cac djch chiét CH,C), lai, lam
khan bing Na;SO, va cht loai CH,Cl,, thu dugc mjt
cin thé. Can thé nay dugc phéan tach bing Mini-C
(1x10 cm), n-hexan-aceton 9:1, cho chét 10 (34 mg).
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Ent-la-nccloxy-7/l,lda-dnhydroxykaur-lG-en-
15-on (10): Tinh thé hinh kim mau tring, d.n.c. 119-
122°C. R,O 45 (TLC, silica gel, n-hexan-aceton 2:1,
viv), vét chat ¢6 mau d6 nau khi hlen v6i thudc thir
vanilin/H,SO4 1%. Phé ESI-MS, 'H-NMR (CDCly)
vi "C-NMR (CDCl;) ddng nhét véi cic phd trong
ing cua chét 10 & Muyc 2.3.3.

2.3.5. Phan img epoxi hba va mo vong epoxid bing
thiy phan kiém

Cho 0,5 g hdn hgp cac chit ddu 1-3 vao binh
cu phan trag ¢6 dung tich 50 ml. Hoa tan hét chat
ddu trong 16 ml CH,Cl,. Hoa tan 0,4 g MCPBA
(acid meta-chloroperbenzoic) trong 16 ml CH,Cl,.
Lam lanh binh phan (ag dén —10°C. Lam lanh
dung djch peracid dén -5°C. Nho giot dung dich
peracid vao binh phan img, khudy déu (rong thoi
gian 40 phat. Khuay tiep hon hgp phan g & nhiét
do phong réi dé yén trong 3 ngay. Sau khi phan
(mg két thic hén hop sau phan img duge rira véi
dung dich NaHCO, bao hoa 3 lan (médi lan 30 ml),
chiét 16p nuéc vi CHCl,. Cudi ciing rira bing
nudc ct 4 1an dén pH trung tinh. Lam khan dung
dich nhén duoc bang Na,S0.. Cit loai dung moi
duai ap suat giam cho san pham thd (215 mg).

Cho 200 mg san pham thd trén vao binh phan
img ¢6 dung tich 25 ml. Bun hai luu hén hop phan
img véi 10 ml dung djch 2,5% NaOH trong McOH &
nhiét 4§ 60 °C trong 2 gi6. Sau khi phan img két
thic thém nuéce cat vao binh phan ing. Chiét hén
hop phan umg S 1an bang CH,C, (mo: lin S ml).
Gop cac dich chiét CH,CI, lai, rira bang nudc cit
dén moi rruomg trung tinh. Lam khan dung dich
nhan duqc béng Na,SOy, loc va cat loai CH,Cl, duén
ap suat giam, thu duge mot cin (ho. Can thd nay
duge tinh ché bAn&, Mini-C trén silica gel, n-hexan-
aceton 6:1, cho hon hop cac chét 12 va 13 (18 mg)
va 10 (35 mg).

Hon hgp ent-7p,18-dihydroxykauran-15-on-
16,17-0xid (12) va ent-la- acclox?'ﬂ/l 14a,16,17-
tetrahydroxykauran-15-on (13) (‘H-NMR, 2:1):
BGt v6 djnh hinh mau tring. R, 0,48 (TLC, silica gel,
n-hexan-aceton 2:1, viv), vét chat cé mau nau dcn
khi hién véi thue thir vanilin/H,S0, dac 1%. 'H-
NMR (CDCly, ppm) (12): 6 0,77 (3H, s, 19-CHy),
1,16 (3H, s, 20-CH;), 2,96 (1H, d, J = 7,5 Hz, H-
17a), 3,06 (1H, d, J = 11,0 Hz, H-18a), 3,25 (1H, d,
J=7,5 Hz, H-17b), 3,47 (1H, d, J= 11, 0 Hz, H-18b),
4,09 (JH, dd, J = 11,5 Hz, 4,5 Hz, H-7). 'H-NMR
(CDCly, ppm) (13): 6 0,89 (3H, s, 19-CHy), 0,97 (3H,
5, 18-CH,), 1,16 (3H, s, 20-CHjy), 1,99 (3H, s, 1-
0Ac), 3,68 (JH, d, J = 10,0 Hz, H-17a), 3,84 (1H, d,

=10,0 Hz, H-17b), 4,09 (1H, dd, J= 11,5 Hz, 4,5
Hz, H-7), 4,82 (1H, s br, H-1), 4,94 (1H, s br, H-14).
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Ent-1a-acetoxy-74,140- dihydroxykaur-16-en-
15-0n (10): Tinh thé hinh kim mau trang, d.n.c. 119-
122°C. R/O 45 (TLC, silica gel, n-hexan-aceton 2:1,
viv), vét chat c6 mau d6 nau khi hién voi thube lhu
vanllm/HZSQ dac 1%. Phé 'H-NMR (CDCl;) dong
nhit véi phd caa chit 10 & Myc 2.3.3.

2.3.6 Phin g acetyl héa

Cho 100 mg hén hop cic chdt déu 1-3 vao binh
ciu phan img c6 dung tich 25 ml. Thém 0,7 ml
anhydrid acctic, sau d6 cho 0,5 ml pyridin (lam khan
ky b<|ng KOH rin va chung cat trudce khi diing) vao
binh phan img. Khudy & nhiét do phong trong 3 ngiy.
Sau phan tmg, thém nude cat va dung dich HCI 7M

vao binh phan {ing. Chiét hén hop phan tng 7 lan
bdng CH,Cl, (mol lan 6 mI) Gop cac djch chiét
CH,ClI, lai, rira b.mg nuovc cat dén moi lruong trung
tinh. Lam khan va cét loai CH,Cl, & ap sual glam
cho mot can thé. Can thé nay dugc phan tach bang
Mini-C trén silica gel, n-hexan-aceton 12:1, cho cac
chét 14 (21 mg) va 15 (18 mg).

Ent-1a,7f),14a-triacctoxykaur-16-cn-15-on
(14): Tinh thé hinh kim mau trang, d.n.c. 254-257°C.
R; 0,67 (TLC, silica gcl n-hexan-aceton 2:1, viv),
Vel chdt c6 mau tim hong khi hién vagi thude thir
vanili/H,SOy dic 1%. EI-MS: m/z 460 (CpsHjOn,
M"). 'H-NMR (CDCls, ppm): 6 0,86 (3H, s, 19-
CHa), 0,92 (3H, s, 18-CH;), 1,29 (3H, 5, 20-CHj3).
1,93 (3H, d, J = 1,0 H2). 1,98 (3H, d. J = 1,0 Hz),
2,01 3H, d, J = 1,0 Hz) (1-OAc, 7-OAc, 14-OAc),
3,03 (IH,s, K-13), 4,85 (1H, s, H-1), 5,27 (1H, dd. J
=10,5 Hz, 5,0 Hz, H-7), 5,38 (1H, s, H-17a), 6.02
(IH, s, H-14), 6,12 (IH, s, H-17b). "C-NMR
(CDCly, ppm): 4 16,5 (1, C-11), 18,6 (q, C-20), 22,6
(g, C-19), 22,9 (1, C-2), 24.3 (1, C-6), 32,4 (1, C-12),
32,9 (s, C-4), 33,1 (q, C-18), 34,9 (1, C-3), 42,9 (s,
C-10), 44,2 (d, C-13), 47.3 (d, C-5), 48,5 (d, C-9),
60,9 (s, C-8), 72,8 (d, C-1), 73,7 (d, C-7), 74,9 (d, C-
14), 117,8 (1, C-17), 145,5 (s, C-16), 169,6 (s)/21,2
(q), 170,2 (s)/21,3 (q), 170,8 (s)/21,4 (q) (1-OAc, 7-
OAc, 14-0OAc), 204,1 (s, C-15).

Ent- 7/1,18-d|acclokanur-l6—cn 150n (I5) Tinh the
hinh kim mau trang, R, 0,63 (TLC, silica gel, #-
hexan-aceton 2:1, viv), vét chét c6 mau tim hon" khi
hign véi thude lhu vanilin/H,S0, dic 1%. 'H-NMR
(CDCl;, ppm): 8 0,82 (3H. 5. 19-CH)), 1,15 (3H, s,
20-CHy), 1,91 (3H, s, 7-OAc), 2,13 (3H, s, 18-OAc),
3,10 (1H, s br, H-13), 3,6 (1H, d, J = 11,0 Hz, H-
18a), 3,85 (1H, d, J=11.0 Hz, H-18b), 5,1 (1H, dd,
J =110 Hz, 4,5 Hz, H-7), 5,29 (1H, s, H-17a), 5,96
(1H, s, H-17b). "C-NMR (CDCly, ppm): 8 17,6 (1,
C-2), 17,7 (q, C-19), 17,9 (1, C-11), 18,2 (q, C-20),
24,4 (1, C-6), 29,2 (1, C-14), 32,6 (1, C-12), 35,7 (1,
C-3),35,7(d, C-13), 36,4 (5. C-4), 38,9 (1,C-1), 39,6
(s, C-10), 45,8 (d, C-5), 51,9 (d, C-9), 56,2 (s, C-8),
71,9 (d, C-7), 73,1 (¢, C-18), 1152 (1, C-17), 148,7
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(s, C-16), 169.5 (s)/20,9 (q) (7-OAc), 171,4 (s)/21,0
() (18-OAc), 207,4 (s, C-15).

3. KET QUA VA THAO LUAN

Cic ent-kauran diterpenoid ent-7f3-hydroxy-15-

Téng hop mét s dén xudt cia cdc ..
oxokaur-16-en-18-yl ~ acetat (1), ent-la,l4a-
diacetoxy-7f-hydroxykaur-16-en-15-on (2) va ent-
la 7ﬂ—d|ace|oxy l4a- hydroxykaur—l6-cn t5-on (3)
da duge chuyen hoa & vong D cua khung ent-kauran
d¢ cho céc dan xudt moi (So ad1).

KMaO,MgSO Jaceion

*on
(i

0,
Py,

NaDH/AMEON

Su d6 1: Chuyén hoa cac enr-kauran diterpenoid 1-3

Nghién ciru da thye hign thanh cong phan g
oxi hoa lién két déi cxomethylen cia vong D cia cac
ent-kauran diterpenoid 1-3 dé cho cic dan xudt enr-
16.17-dihydroxykauran-15-on; phan (ng Kur hoa
bing NaBIH; cac keton a.f khong no & vong D cua
day ent-kauran diterpenoid cho cac dian xudt 16(R)-
ent-kaoran-15-on  va  enf-15a-hydroxykaur-16-en;
phan (g thiy phan cac nhém acetoxy trong cie ent-
kauran dilerpenoid cho dan xudt dihvdroxykaur-16-
en-15-on; phan ung cong nuclcophin (McOH) theo
kiéu Michael cho  em-17-methoxykauran-15-on;
phan img cpoxi hoa va néi liép m& vong cpoxid
bang thuy phan  kicm  cho  enr-7B,18-
dihydroxykauran-15-on-16,17-oxid, ent-1a-acctoxy-
7B,140,16,17-tetrahydroxykauran-15-on va ent-lo-
acetoxy-74,14a-dihydroxykaur-16-en-15-on va phan
mg acetyl hoa cac ent-kauran diterpenoid thanh en-
a7/, 1 4a-triacetoxykaur-16-en-15-on va ent-7,18-
diacetoxykaur-16-en-15-on.  Cac  ens-kauran téng
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hop duge déu chira cac nhom chic thuomg gap &
vong D cua cic ent-kauran diterpenoid dugc phén
lap tr thién nhién. Cau triic cha 12 hop chat enr-
kauran diterpenoid long hop da dugc xac dinh bing
cic phuong phap phé (MS va NMR)

Phan img oxi hoa lién két déi cxomethylen &
vong D cua cac chat 1,2 va 3 da duqc thyc hién voi
KMnOy/aceton voi MgSO, lam chit xac tac. Tién
trinh phan img dugc theo ddi bang TLC cho thay sy
chuyén héa cac chat du thanh ba san pham chinh ¢6
cac gid tri Ry lan luot 14 0,21, 0,32 va 0,55 (TLC, hé
dung méi n-hexan-aceton 2:1). Phan tach cic sin
ph"un nay bdng Mini-C, hé dung moi rra giai n-
hexan-aceton 6:1. Céc san pharn duge phan tich chu
tric bing cac phd ESI-MS, 'H-NMR, C-NMR va
DEPT cho thiy cac chit nay Ia ent-1a,7f-diacctoxy-
140,168,17-trihydroxykauran-15-on  (4), ent-18-
acetoxy-7f,168,17-trihydroxykauran-15-on  (5) va
ent-1a,4a-diacetoxy-78,16f,17-trihydroxykauran-
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15-on (6). Két qua thye nghiém nay cho thiy cac
chdt 1,2 va 3 da duoc chuyén hoa thanh céc san
pham oxi hda lién két dbi Ci¢/C) thanh cac din xuAt
16,17-diol tuong (ng. Hoa lap thé 16a-hydroxy-164-
hydroxymethyl cba cac hop chit nhan duge di duge
xdc dinh trén ca s sy phu hop cac do chuyén dich
hoa hoe cia C-15, C-16 va C-17 cia vong D véi cée
gié tri cha day tuong ty cac enr-kauranoid duge phan
1ap (I thién nhién [13].

Phan img khir héa cac keton o,8 khong no ¢
vong D cilia cac chét 1, 2 va 3 da dugce thuc hién voi
NaBH, trong MeOH. Tién trinh phan {mg dugc theo
d5i bing TLC cho thdy su chuyén hoa hoan toan cac
chit diu thanh ba san phdm chinh c6 céc gia trj R,
lan lugt 12 0,6, 0,45 va 0,23 (TLC, hé dung méi n-
hexan-aceton 2:1). Phan tach cac san pham nay bing
Mmi-C, h¢ dung méi rira giai " -hexan-aceton 12 1.
Cac san pham duge Phan tich cu tric bing cic phd
ESI-MS, 'H-NMR, “C-NMR va DEPT cho thiy cic
chat nay 13 enmr-18-acetoxy-74-hydroxykauran-|S-on
(7), ent-la-acetoxy-78,14a-dihydroxykauran-15-on
(8) va enr-74,150,18- lnhydroxykaur-l6 en (9). Cic
két qua thye nghiém nay cho thdy chat 1 da chuycn
thanh cac san pham duoc khir hoa & lien két doi

C1¢/Ci (theo kiéu cong Michael cac nucleophin vao
céc ni doi o, khéng no) (7) va nhém carbonyl 6 vi
tri Cys (khir héa nhém carbony! o, khdng no) (9).
Sur khir héa theo kiéu ndy da dugc mé ta trong mot
56 hop chét carbonyl B khéng no [14]. Cac chat 2
va 3 ciing bj kbir nbi déi Cie/Cyy thanh nhém 16-
methyl (8) Tuy nhién, trong diéu kién thi gian
phan ung dai cac nhém 7a-acetoxy va 14f-acetoxy
cling déng thai bi khir thanh cac nhém hydroxy. Héa
lap thé 16(R) cita cac nhém methyl & 7 va 8 da dugc
xéac dinh bang cich so sanh cac do chuyén dich hoa
hoe cacbon 13 cia C-16 va C-17 vai cac hop chit
16(R)-ent-kauran-15-on (Sc.1s 48,3 va dc.7 9,9) va

16(S)-ent-kauran-15-on (Sc.is 46,8 va dc.7 15,3) [15].

Cac nhém  acetoxy trong cac ent-kauran
dilecpenmd thuong dugc thuy phén trong moi
trudmg kiém dé cho cac nhom hydroxy. Chiing (6i da
tién hanh phan dng thuy phan hdn hop céc chit 1, 2
vd 3 v6i dung dich 15% KOH (rong MeOH. Tién
trinh phan (mg duoc theo dai bang TLC cho thdy
xult hign mét san pham méi cé R,0,45 (TLC, hé
dung moi n-hexan-aceton 2:1). Phan lap san phém
ndy bing Mini-C, hé dung méi rira gidi n- hcxan-
aceton 9:1, thu duge san pham 10. Phén tich chu tric
bing cdc phé ESI-MS, 'H-NMR, "C-NMR vi
DEPT cho thiy 10 la ent-la- aceloxy—7/i,l4a-
dlhydro‘(ykaur 16-en-15-on. Cac két qua thye
nghiém cho thay trong diéu kién nay cac nhom 14p-
acetoxy va 7a-acetoxy cla cac chat 2 va 3 da bj thiy
phan thanh cac nhoém hydroxy. Kha néng phan tmg
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kém hon cua nhom 1f-acetoxy trong cac phén ang
thiy phan ¢6 thé Ja do hi¢u {mg khong gian cta
nhém methyl & C-10, tuy nhién diéu nay con cAn ¢6
cac khao sat thém.

Phan (ng v&i MeOH vai xic tac axit Lewis
BF;.Et,O coa cac ent-kauran diterpenoid 1,2 va 3 dd
duoc thye hién. Tién trinh phdn ung duge theo ddi
bang TLC cho thay ¢6 sy chuyén hoa cic chat diu
thanh hai san phim chinh c6 c4c gia tri R, tuong tng
12 0,45 va 0,27 (TLC, hé dung moi n-hexan-aceton
2:1). Phén tach cac san pham nay bing Mini-C véi
hé dung mdi rira giai Ua -hexan-aceton 12:1. Cac san
Fham d\ro‘c pl\an tich cau tric bing cac pho ESI-MS,
H-NMR, "C-NMR va DEPT cho |hay cac hop chat
nay la enr-la-aceloxy-74,14a-dihydroxykaur-16-en-
1S-on  (10) va 16(S)-methoxymetyl-ent-74,18-
dihydroxykauran-15-on (11). Céc két qua (thue
nghiém nay cho thiy chét 1 da chuyén thanh chat 11
1a san phdm ciia phan tmg cong nucleophin theo kiéu
Michael trong do tic nhan nucleophin la MeOH,
dong thai c6 qud trinh thiy phan nhém 18- -acetoxy;
cac nhém 14/} acetoxy va 7a-acetoxy cla cac chat 2
va 3 cing d& dang bj thay phéan thanh nhém hydroxy
dé cho san pham 10.

Lién két doi exometylen & vong D ciia cac ent-
Kauran-16-en-15-on ¢6 thé 1ao lién két véi oxy qua
vong epoxid bing phan img oxi hoa bing tac nhan
MCPBA (acid me/a—ch[oroperbeanc), mac do nbi
ddi bj epoxi hda thude cau tric keton a,f khong no.
Phan (mg dé dugc thyc hién & nhigt do phong. Sau
d6 phan (mg md vong epoxid bang thay phéan kiém
da dugc thuc hién vai san phém thd nhan dugc. Cac
epoxid c6 kha ndng phan {ng manh do dé c6 thé bi
thiy phan hoac dung moi phén (solvolysis) dé a0
thanh cac 1,2-diol hodc céc ether twong ung. Do do,
day la phuang phap thich hop dé nhan duge cac diol
trong truémg hop céc phan (g oxi hba bang osmi
tetroxid hodc kali pcmanganat co thé din dén sy
phan cét lign két C-C cua diol duge tao thanh. Tién
trinh phan {mg duge theo dai bing TLC cho thay sy
chuyén héa cic cht dau thanh 2 san pham chinh.
Phan tach cac san phim nay bang Mini-C, h¢ dung
moi rira glal n-hexan-accton 6 1. Cac san pham duac
phén tich cau tric bing phd 'H-NMR cho thiy mét
hon hep coa 2 chét enr-74,18-dihydroxykauran-15-
on-16,17-oxid (12) va enr-1a-acetoxy-78,14a,16,17-
tctrahydroxykauran-15-on (13) cung voi ent-la-
acetoxy-74,14a- dlhydroxykaur-lé en-15-on (10) da
duqc tao thanh. Ket qua thyc nghiém ndy cho lhay
chat I da duge chuyén héa thanh chét 12 1a san phém
clia phan tmg epoxi héa, dong thai ¢6 sy thiy phan
nhom 18-acetoxy. Chét 2 va 3 di dugc chuyén héa
thanh cht 13 1a sén plnm cua phéan (ing epoxi hda
sau dé ma vong epoxid bang thuy phén kiém, ddng
thén cic nhém l4f-acetoxy vi Ta-acetoxy cua cic
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hydroxy. Chét 10 Ia san pham (hiy phan cic nhom
14/9 -acetoxy va Ta-accloxy cua cac chdt 2 va 3, cho
thay mgt phan céc chat ndy da khong b chuyén thanh
epoxid trong phan img cpoxi hoa lién ket doi.

Phan img acetyl hoa cac nhom hydroxy & vong
D cia cic chat I, 2 va 3 di d\rovc thye hign voi
(CH\CO),0 va xiic tac pyridin. Tién trinh phan (ing
duge theo doi bing TLC cho hay sy clmycn hoa cac
chat dau thanh hai san phﬁm co gia trj R I An leot 1a

0,67 va 0,63 (TLC, h¢ dung méi n-hexan-accton 2:1).

Phan (ach cac san pham nay b’ing Mini-C, h¢ dung
moi rira giai -l huan-acclon 12 1. Cac san pham
duge phan tich cu tric bim_., cic pho EI-MS, 'H-
NMR vi "C-NMR cho thiy cac chal nay la em-
la,7f.14a-Iriacetoxykaur-16-en-15-on (14) va ent-
7/3.18-diacetoxykaur-16-cn-15-on (15). Két qua thye
nghi¢m nay cho thay cic chit 2 va 3 da duge chuycn
hoa thinh chét 14 la san pham coa phan ung acetyl
hoa cac nhém Ta-hydroxy va 148-hydroxy va chat 1
dii dugre chuyén hoa thanh san pham 15 Ia san phém
cua phan ung acctyl hoa nhom 7u-hydroxy.

4. KET LUAN

Mot nhom cac dan xuft ent-kauran diterpenoid
da duge téng hep tir cac em-kauran diterpenoid
thanh phan chinh cia cay Khé sam bac bd (Croton
tonkinensis Gagnep., Euphorbiaceac) biing phuong
phip téng hop 16 hep pha long. Phuong phap liép
tye duge ap dyng vai cac phan img khac nhim tiép
tye md rong tap hop cac din xual co khung ent-
kauran diterpenoid.

Loi cam on: Cong trinh nghién ciru nay dpe hoim
thimh véi sie 1ai tro cria Quy pht trién Khoa hoc va
Cang nghé Quéc gia (NAFOSTED). Ha Noi. Vigt
Nam, ma 56 104.01.137.09.
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