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Abstract

The bengamides comprise a family of marine natural products first isolated by Crews et al. from Jaspis sponges
indigenous to the coral reefs that surround the Fiji islands. These fused ketide-amino acid derivatives are potent
antiproliferative agents against both transformed and nontransformed cells. These interesting biological activities have
made bengamides popular targets for synthesis and biological studies. Several syntheses of bengamides A, B, and E
have been previously published. In this study, we synthesized 9a-9d from the commercial available D-ornithine (HCI)
(3) and a-D-glucoheptonic y-lactone using microwave irradiation assistance. Cytotoxic evaluation of the compounds
9a-9d against six cancer cell lines (KB, LU-1, HepG-2, MCF-7, HL60 and Hela) indicated that compounds 9d was
more sensitive toward Lu-1, HepG2 and KB. Compounds 9c-9d were found to have antibacterial activity against
E. faecalis, S. aureus, B. cereus and C. albicans with a MIC value of 4-256 pg/ml.
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1. MO PAU

Bengamide E la mot hop chét ty nhién bién duoc
phan 18p tir loai hai mién Jaspis [1]. Hop chat nay
the hién hoat tinh chdng ung thu rat tét dbi voi dong
té bao ung thu vi MDA-MB-435 véi gia tri ICs la
3,3 NM [2]. Trén thé gidi, dd c6 mot s6 cong trinh
cong bd vé viée tdng hop toan phan ctia Bengamide
E va cac dan xuit, két qua cho thdy mot sd dan xut
cia hop chat ndy co hoat tinh chéng ung thu rit
dang quan tdm [3,4]. Trude day, ching t6i da cong
bd quy trinh tong hop cua hop chit trung gian ketid
(b) va amino lactam (4) va mot s6 analog cua
bengamide [5-7]. Trong khudn kh6 bai bio nay,
ching tai trinh bay két qua tong hop 4 analog vong 6
ctia bengamide E (9a-9d) va hoat tinh gy doc té bao
cling nhu hoat tinh khang vi sinh vét kiém dinh cta
cac analog tong hop dugc.

2. THUC NGHIEM
2.1. Thiét bi va nguyén liéu

Diém nong chay duoc do trén may MEL-TEM
3.0. Pho cong hudng tir hat nhan NMR duogc ghi trén
may Bruker Avance 500 MHz v&i TMS 1a chét
chuin noéi. Phd khdi lugng (HR-ESI-MS) duge do
trén may Agilent 6530 Accurate-Mass Q-TOF

LC/MS. Do quay cuc dugc do trén may Polax-21
cua hang Atago. Sic ky 16p mong (TLC) duoc
thuc hién trén ban mong silica gel Merk 60 F,g,.
Sic ki cot duge tién hanh véi silica gel ¢& hat 40-
63 um va sephadex LH-20 (Aldrich).

Céc dong té bao ung thu ciia nguoi va cac chung
vi sinh vat kiém dinh duoc cung cip boi Béao tang
gidng chuan Hoa Ky (ATCC).

2.2. Téng hop

Quy trinh téng hop ché‘g 2, 4 va 5 da dugc trinh
bay trong cong trinh cong bo [5, 6].

Quy trinh téng hop chit 6b-6d: Cho chat 5 (0,8
g; 3,28 mmol) va 8 ml DMSO vao trong binh phan
{rng. Ht chan khong, rdi suc khi nito vao binh phan
mg va 1am lanh xubng 0 °C. Sau 5 phut, cho tir tir
0,905 g K,COs(2eq) va 0,367 g KOH (2eq) vao binh
phan tng. Hon hop phan tng duoc khudy trong 10
phat, sau d6 cho tir tr 3eq tac nhdn phan tng
(bromometyl)cyclohexane (1,37 ml), benzyl
bromide (1,17 ml) hoac cinnamyl bromide (1,46 ml).
Sau 5 phit cho tiép 0,544 g KI (1 eq) vao hdn hop
phan mg, nang dan phan Gmg 1én nhiét d6 phong
trong 30 phuat sau d6 dun néng & nhiét do 50-60 °C.
Qua4 trinh phan mg dugc theo dbi bang sic ky ban
mong, sau 23 gid ding phan tng, 1am lanh hon hop
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san pham xudng 0 °C, trung hoa bang axit HCl IN
dén pH 6. Hoa tan san pham bang nudc cét va chiét
v6i etyl axetat. Pha hitu co dugc lam khan bing
Na,SO, roi loai dung moi dudi ap suat giam thu
duge cin chit. Can chéat duoc tinh ché trén cot sic
ky silica gel voi hé dung mdi n-hexan/EtOAc
gradient thu dugc 468 mg san pham 6b (hiéu suit
phan mg dat 42 %), 438 mg san phdm 6¢ (hiéu suét
phan tng dat 40 %) va 531 mg san pham 6d (hiéu
suét phan tng dat 45 %).

(R)-2-(1-(cyclohexylmethyl)-2-oxopiperidin-3-yl)
isoindoline-1,3-dione (6b): Chat rin mau tring, t°
161-163 °C, [a]p® +13,2 (c 0,15 CHCI,), ESI-MS:
m/z 341,1 [M+H]" (CxH2sN,0s); ‘H-NMR (500
MHz; CDCl,) éy (ppm): 7,82-7,84 (2H, m); 7,70-
7,71 (2H; m); 4,78 (1H, dd, J = 6,0; 11,5 Hz); 3,55
(1H, m); 3,20-3,33 (3H; m); 2,45 (1H, m); 2,08 (2H,
m); 1,98 (1H, m); 1,14-1,27 (4H; m); 0,95 (2H, m).
BC-NMR (125 MHz, CDCl5) 8¢ (ppm): 22,3 (CH,);
25,9 (CH,); 26,4 (CH,); 26,5 (CH,); 30,6 (CH,);
31,0 (CH,); 35,8 (CH); 48,8 (CH,); 49,9 (CH); 54,1
(CH,); 123,4 (2 x CH); 132,2 (2 x C); 133,9 (2 x
CH); 166,1 (C=0); 167,9 (2 x C=0).

(R)-2-(1-benzyl-2-oxopiperidin-3-yl)isoindoline-
1,3-dione (6¢): Chét rin mau tring, t°%,.150-152 °C,
[a]o?® +10,5 (c 0,16 CHCI;), ESI-MS: m/z 335,0
[M+H]* (C2H1oN,05). 'H-NMR (500 MHz, CDCl5)
oy (ppm): 7,84-7,88 (2H, m); 7,70-7,72 (2H, m);
7,26-7,36 (5H, m); 4,84 (1H, dd, J = 6,5; 12,0 Hz);
4,72 (1H, d, J = 15,0 Hz); 4,56 (1H, d, J = 15,0 Hz);
3,42 (1H, dt, J = 4,5; 12,0 Hz); 3,26 (1H, m); 2,48
(1H, dqg, J = 3,5; 12,0 Hz); 2,11 (1H, m); 1,92-2,05
(2H, m).

(R,E)-2-(1-cinnamyl-2-oxopiperidin-3-yl) isoindo
line -1,3-dione (6d): Chat rin mau tring, t°y. 138-
139 °C, [a]p” +11,2 (c 0,17 CHCIs), ESI-MS: m/z
361,1 [M+H]" (CxH2N;03). 'H-NMR (500 MHz,
CDCly) oy (ppm): 7,84 (2H, m); 7,71 (2H, m); 7,41
(2H, d, J = 7,5 Hz); 7,35 (2H, t, J = 7,0 Hz); 7,26
(1H, t, J = 8,0 Hz); 6,57 (1H, d, J = 15,5 Hz); 6,18
(1H, dt, J = 6,5; 16,0 Hz, 1H); 4,82 (1H, dd, J = 6,0;
11,5 Hz); 4,19 (2H, m); 3,55 (1H, dt, J=4,5; 12,0
Hz); 3,37 (1H, m); 2,49 (1H, m); 2,13 (2H, m); 1,98
(1H, m). ®C-NMR (125 MHz; CDCls) 3¢ (ppm):
22,1 (CHy); 26,5 (CH,); 47,3 (CH,); 49,5 (CH,);
49,9 (CH); 123,4 (2 x CH); 123,9 (CH); 126,5 (2 x
CH); 127,7 (CH); 128,6 (2 x CH); 132,2 (2 x C);
133,1 (CH); 134,0 (2 x CH); 136,6 (C); 166,1
(C=0); 167,9 (2 x C=0).

Quy trinh tdng hop hop chat 7b-7d: Cho chit 6b-6d
(500 mg) va 4 ml acetonitril vao trong binh phan

Phgm Van Cwong va cong sy

ung sau do cho thém 10 eq dung dich hydrazin 35
%. Hon hop phan ung dugc khudy trén may khuay
tir & nhiét d6 phong trong 2 gio. Hon hop san phdm
dugc hoa tan biang nudc cat va chiét voi etyl axetat.
Dich etyl axetat dugc lam khan bﬁng Na,SO, rdi loai
dung moi dudi 4p suat giam thu dugc cin chat. Can
chéat duoc tinh ché trén cot sic ky silica gel voi hé
dung méi CH,CI,/MeOH ty 1€ 97/3 thu dugc 241 mg
san pham 7b (hiéu suat phan tng dat 78 %), 208 mg
san pham 7c¢ (hiéu sudt phan tmg dat 68 %), 214 mg
san pham 7d (hiéu suat phan tmg dat 67 %).

(R)-3-amino-1-(cyclohexylmethyl)piperidin-2-one
(7b): Chét dau mau vang nhat, [a]p™ +12,2 (¢ 0,2
CHCIl3), ESI-MS: m/z 211,0 [M+H]" (C1;H23N,0).
'H-NMR (500 MHz, CDCls) &y (ppm): 3,25-3,33
(4H, m); 3,06 (1H, dd, J = 7,5; 13,5 Hz); 2,19 (1H,
m); 1,90 (1H, m); 1,84 (3H, m); 1,70 (2H, m); 1,65
(4H, m); 1,54-1,58 (1H, m); 1,12-1,21 (3H, m); 0,95
(2H, m).

(R)-3-amino-1-benzylpiperidin-2-one (7c): Chat
diu mau vang nhat; [a]p® +15,2 (c 0,15 CHCIy),
ESI-MS: m/z 205,0 [M+H]" (C1.H1;N,0). 'H-NMR
(500 MHz, CDCIl3) 6 (ppm): 7,23-7,33 (5H; m); 4,68
(1H, d, J =14,5Hz); 4,46 (1H, d, J = 14,5 Hz); 3,42
(1H, m); 3,22 (2H, m); 2,20 (1H, m); 1,85 (1H, m);
1,80 (1H, m); 1,62 (1H, m).

(R)-3-amino-1-cinnamylpiperidin-2-one (7d):
Chét ddu mau vang nhat; [a]o® +13,6 (c 0,2 CHCIs),
ESI-MS: m/z 231,0 [M+H]" (C14H1sN,0). 'H-NMR
(500 MHz, CDCls) 8y (ppm): 7,36 (2H, d, J =7,0
Hz); 7,31 (2H, d, J = 7,0 Hz); 7,24 (1H, m); 6,50
(1H, d, J = 16,0 Hz); 6,15 (1H, dt, J = 6,5; 16,0 Hz);
4,20 (1H, m); 4,07 (1H, dd, J = 7,0; 15,0 Hz); 3,38
(1H, m); 3,30 (2H, m); 2,25 (1H, m); 1,80-1,95 (3H,
m); 1,61 (1H, m); 1,31 (1H, m). “C-NMR
(125MHz; CDCls) 8¢ (ppm): 21,3 (CH,); 29,7
(CHy); 47,6 (CH,); 49,2 (CHy); 51,9 (CH); 124,1
(CH); 126,4 (2 x CH); 128,3 (CH); 128,4 (CH);
128,6 (2 x CH); 133,3 (CH); 136,5 (C); 172,55
(C=0).

Quy trinh tdng hop hop chit 8a-8d: Cho 1an lugt 50
mg chét 2 (0,176 mmol) va 0,5 ml THF khan vao
trong binh phan tng sau d6 cho thém 44 mg tac
nhan sodium-2 etylhexanoat (0,264 mmol, 1,5eq),
Seq chat (R)-3-aminopiperidin-2-one (4) (100 mg)
hodc 5eq chat 7b-7d. Hon hop phan mg dugc chiéu
xa trong 10 vi song gia dung & cong suit 100W trong
60 phut thi phan tmg két thuc. Hon hop san phdm
dugc quay cat chan khong dudi p suat giam dé loai
b6 dung mdi thu duoc can thé. Can thd dugc tinh
ché trén cot silica gel v6i hé dung mbi
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CH,CI,/MeOH (9,5/0,5; v/v) thu dugc 57 mg san
pham 8a (hiéu suét cta phan tng dat 82 %), 65 mg
san pham 8b ( hiéu suat ciia phan ung dat 75 %), 70
mg san phim 8c (hiéu suit ctia phan ung dat 82 %),
70 mg san pham 8d (hiéu suit cua phan tng dat
78 %).

(2R)-2-((4R,6R)-6-((E)-3,3-dimethylbut-1-en-1-
yD)-5-hydroxy-2,2-dimetyl-1,3-dioxan-4-yl)-2-
methoxy-N-((R)-2-oxopiperidin-3-yl)acetamide
(8a): Tinh thé vo dinh hinh mau tring [0]%s =
+22,4 (c 1,0 CHCIls), ESI-MS: m/z 421,31 [M+Na]”
(Con34N206Na). lH'NMR (500 MHz, CDCIg) On
(ppm): 7,12 (1H, d, J = 6,5 Hz, H-14); 5,76 (1H, d, J
= 16,0 Hz, H-7); 5,53 (1H, dd, J = 7,0; 16,0 Hz, H-
6); 4,38 (1H, m, H-2); 4,27 (1H, d, J = 7,0 Hz, H-
5); 4,10 (1H, d, J = 6,5 Hz, H-3); 3,88 (1H, d, J =
6,5 Hz, H-2); 3,55 (1H, d, J = 9,0 Hz, H-4); 3,49
(3H, s, H-13); 3,36 (2H, m, H-5"); 2,55 (1H, m, H-
3%a); 1,95 (2H, m, H-4"); 1,56 (1H, m, H-3’b); 1,48
(3H, s, H-11); 1,47 (3H, s, H-12); 1,02 (9H, s, H-9).
BC- NMR (CDCl;, 125 MHz) &c (ppm): 19,1
(C-12); 21,1 (C-4’); 27,2 (C-3%); 29,4 (C-9); 29,7
(C-11); 33,1 (C-8); 41,8 (C-5"); 50,2 (C-2%); 60,0
(C-13); 66,0 (C-4); 73,3 (C-3); 74,6 (C-5); 814
(C-2); 99,7 (C-10); 121,7 (C-6); 145,3 (C-7); 170,5
(C-1); 171,2 (C-1").

(2R)-N-((R)-1-(cyclohexylmetyl)-2-oxopiperidin
-3-yD-2-((4R,6R)-6-((E)-3,3-dimetylbut-1-en-1-yl)-
5-hydroxy-2;2-dimetyl-1;3-dioxan-4-yl)-2-
metoxyaxetamid (8b): Chat rin mau tring, t%y:
170-173 °C, [a]p® +23,1 (c 1,1 CHCI), ESI-MS:
miz 517,42 [M+Na]" (C,HsN.06Na), *H-NMR
(500 MHz, CDCl3) 64 (ppm): 7,21 (1H, d, J = 6,0
Hz, NH-13); 5,76 (1H, d, J = 16,0 Hz, H-7); 5,53
(1H, dd, J = 7,0; 16,0 Hz, H-6); 4,32 (1H, m, H-2");
4,25 (1H, d, J = 6,5 Hz, H-5); 4,09 (1H, d, J=6,5
Hz, H-3); 3,86 (1H, d, J = 6,5 Hz, H-2); 3,55 (1H,
br. s, H-4); 3,47 (3H, s, OMe-12); 3,35 (2H, m, H,-
1”’, Hs-5); 3,26 (1H, m, Hy-5"); 3,05 (1H, dd, J =
7,0; 13,5 Hz, Hy-17"); 2,56 (1H, m, H,-3"); 1,91 (2H,
m, CH,-4’); 1,72 (2H, m, H,-4”’, H,-6""); 1,67 (2H,
m, CH,-57); 1,65 (3H, m, H-2"", H,-3”, Hy-7");
1,51 (1H, m, Hy-3"); 1,47 (3H, s, Me-15), 1,46 (3H,
s, Me-16); 1,19 (2H, m, Hy-4"", Hy-6"); 1,02 (9H, s,
Me-9, 10, 11); 0,95 (2H, m, H,-3"", Hy,-7""). “C-
NMR (125 MHz, CDClz) 8¢ (ppm): 19,1 (C-16);
20,1 (C-4’); 25,8 (C-4"", 67°); 26,4 (C-5""); 26,6 (C-
3%); 29,4 (C-9, 10, 11); 29,6 (C-15); 30,8 (C-3,
7°%); 33,1 (C-8); 36,1 (C-2); 47,4 (C-5"); 50,4 (C-
2%); 53,7 (C-1""); 59,3 (C-12); 66,0 (C-4); 73,2 (C-
3); 74,6 (C-5); 81,3 (C-2); 99,7 (C-14); 121,6 (C-6);
145,2 (C-7); 169,4 (C-1"); 170,2 (C-1).

Hoat tinh gdy déc té bao va khdng vi...

(2R)-N-((R)-1-benzyl-2-oxopiperidin-3-yl)-2-
((4R,6R)-6-((E)-3,3-dimetylbut-1-en-1-yl)-5-
hydroxy-2,2-dimetyl-1,3-dioxan-4-yl)-2-
methoxyacetamide (8c): Chat rin mau tring, [a]p®
+15,4 (c 0,7 CHCIs), ESI-MS: m/z 489 [M+H]"
(C27HuN,Og), 'H-NMR (500 MHz, CDCls) &y
(ppm): 7,23-7,35 (5H, m, Ph); 5,78 (1H, d, J = 15,5
Hz, H-7); 5,54 (1H, dd, J = 7,0; 15,5 Hz, H-6); 4,64
(1H, d, J = 14,5 Hz, H-17"); 4,55 (1H, d, J = 14,5
Hz, Hy-17"); 4,40 (1H, m, H-2"); 4,27 (1H, br, d, J =
7,0 Hz, H-5); 4,12 (1H, br, d, J = 6,5 Hz, H-3); 3,89
(1H, d, J = 6,5 Hz, H-2); 3,57 (1H, br. s, H-4); 3,50
(3H, s, OMe-12), 3,24 (2H, m, CH»-5"), 2,53 (1H,
m, Hs-3"), 1,89 (2H, m, CH,-4’), 1,58 (1H, m, Hy-
3%); 1,49 (3H, s, Me-15); 1,47 (3H, s, Me-16); 1,03
(9H, s, Me-9, 10, 11). ®*C-NMR (125 MHz, CDCl5)
dc (ppm): 19,1 (C-12); 20,9 (C-5°); 27,1 (C-37); 29,4
(C-9, 10, 11); 29,7 (C-15); 33,1 (C-8); 46,4 (C-5);
50,6 (C-1"); 50,7 (C-27); 59,3 (C-12); 66,1 (C-4);
73,2 (C-3); 74,6 (C-5); 81,4 (C-2); 99,7 (C-14);
121,7 (C-6); 127,6 (C-5"7); 128,1 (C-3", 7°’); 128,7
(C-4>, 67); 136,7 (C-2°"); 1453 (C-7); 169,3 (C-
1°); 170,3 (C-1).

(2R)-N-((R)-1-cinnamyl-2-oxopiperidin-3-yl)-2-
((4R,6R)-6-((E)-3,3-dimetylbut-1-en-1-yl)-5-
hydroxy-2;2-dimetyl-1,3-dioxan-4-yl)-2-metho
xyacetamide (8d): Chat rin mau tring ty
149-156°C, [o]p”™ +15,2 (¢ 1,2 CHCIs), ESI-MS: m/z
515 [M+H]" (CaHuN,Og). *H-NMR (500 MHz,
CDCly) oy (ppm): 7,47 (1H, d, J = 6,0 Hz, NH-13);
7,36 (2H, d, J = 7,5 Hz, H-5", 9); 7,31 (2H, t,
J=75 Hz, H-6’, 8); 7,20 (1H, m, H-7""); 6,52
(1H, d, J = 16,0 Hz, H-3""); 6,14 (1H, dd, J = 6,5;
16,0 Hz, H-2""); 5,76 (1H, d, J = 16,0 Hz, H-7); 5,54
(1H, dd, J = 7,0; 16,0 Hz, H-6); 4,38 (1H, m, H-2");
4,27 (1H, br. d, J = 7,0 Hz, H-5); 4,19 (1H, dd, J =
6,5; 15,0 Hz , Hs:-1%); 4,12 (2H, m, Hp-1"’, H-3);
3,88 (1H, d, J = 6,5 Hz, H-2); 3,56 (1H, br. s, H-4);
3,49 (3H, s, OMe-12); 3,34 (2H, m, CH,-5"); 2,54
(1H, m, Hy-3%); 1,93 (2H, m, CH,-4’); 1,58 (1H, m,
Hpy-3’); 1,48 (3H, s, Me-15); 1,47 (3H, s, Me-16);
1,03 (9H, s, Me-9, 10, 11). *C-NMR (125 MHz,
CDCl3) 8¢ (ppm): 19,1 (C-16); 20,9 (C-57); 27,1 (C-
4%); 29,4 (C-9, 10, 11); 29,7 (C -15); 33,1 (C-8);
46,5 (C-5%); 49,3 (C-17); 50,7 (C-2°); 59,3 (C-12);
66,1 (C-4); 73,2 (C-3); 74,6 (C-5); 81,5 (C-2); 99,7
(C-14); 121,7 (C-6); 123,7 (C-2*"); 126,4 (C-5,
9°°); 127,9 (C-7); 128,6 (C-6, 87); 133,5 (C-37");
136,3 (C-47"); 145,3 (C-7); 169,0 (C-1’); 170,3
(C-1).

Quy trinh téng hop chat 9a-9d: Cho 10 mg chét (8a-
8d) hoa tan trong 0,15 ml dung mdi THF vao binh
phéan rmg. Lam lanh hon hgp xudng 0 °C sau d6 nho
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to tor 150 pl axit trifluoroaxetic (1,96 mmol) va 30
ul nudc cit vao binh phan ung. Phan tng dugc
khudy & 0 °C trong 60 phut thi két thac. H3n hop san
pham duoc tinh ché trén cot Sephadex LH-20 véi
dung mdi MeOH sau d6 lai tinh ché tiép bang ban
mong silica gel didu ché véi hé dung moi
CH,CI,/MeOH ty 1é€ 3-5 % MeOH thu dugc cac
analog cua bengamide twong tmg (9a-9d). Hiéu suit
phan ung dat tir 31-62 %.

(2R,3R,5R,E)-N-((S)-1-(cyclohexylmetyl)-2-oxopi
peridin-3-yl)-3,4,5-trihydroxy-2-metoxy-8,8-
dimetylnon-6-enamit (9a): Chat rin mau tring,
[a]lp® +40,4 (c 024 CHCly); HR-ESIMS:
m/z [M+Na]" 381,2009 (Tinh toan ly thuyét cho
cong thire phan tir C17HyN,OsNa m/z 381,2002). *H
NMR (500 MHz, CDCly): 7,71 (1H, d, J = 7,5 Hz,
NH-13); 6,65 (1H, br. s, NH-6"); 5,80 (1H, d, J=
16,0 Hz, H-7); 5,41 (1H, dd, J = 7,0; 16,0 Hz, H-6);
4,42 (1H, m, H-2"); 4,21 (1H, t, J = 7,0 Hz, H-5);
3,90 (1H, br. d, J = 5,5 Hz, H-3); 3,80 (1H, d, J =
6,0 Hz, H-2); 3,66 (1H, br. d, J = 5,5 Hz, H-4); 3,45
(3H, s, OMe-12); 3,35 (2H, m, CH,-5"); 2,31(1H, m,
H.-3%); 1,97 (2H, m, CH»-4"); 1,82 (1H, m, Hy-3");
1,02 (9H, s, Me-9, 10, 11). *C NMR (CDCl;, 125
MHz): 21,3 (C-4’); 27,1 (C-3"); 29,4 (C-9, 10, 11);
33,0 (C-8); 41,9 (C-5°); 49,7 (C-2); 59,1 (C-12);
72,2 (C-3); 72,8 (C-4); 74,3 (C-5); 82,5 (C-2); 123,4
(C-6); 145,7 (C-7); 171,5 (C-1°), 172,8 (C-1).

(2R,3R,5R,E)-N-((R)-1-(cyclohexylmethyl)-2-oxo
piperidin-3-yl)-3,4,5-trihydroxy-2-methoxy-8,8-
dimethylnon-6-enamide (9b): Chét rdn mau tring
[a]o”® +40,5 (¢ 0,2 CHCly); HR-ESIMS: m/z
[M+Na]* 477,2940 (Tinh toan 1y thuyét cho cong
thirc phan tir CyHs;N,OgNa m/z 477,2941). 'H-
NMR (500 MHz, CDCl,): 7,50 (1H, d, J = 6,5 Hz,
NH-13); 5,83 (1H, d, J = 16,0 Hz, H-7); 5,42 (1H,
dd, J = 7,0, 16,0 Hz, H-6); 4,33 (1H, m, H-2"); 4,24
(1H, dd, J = 5,5; 6,5 Hz, H-5); 3,85 (1H, dd, J = 1,0;
7,0 Hz, H-3); 3,80 (1H, d, J = 6,5 Hz, H-2); 3,62
(1H, br. d, J = 4,0 Hz, H-4); 3,50 (3H, s, OMe-12);
3,41 (1H, dd, J = 7,0; 13,5 Hz, H,-1"); 3,35 (1H, m,
H.-5°); 3,29 (1H, m, Hy-5"); 3,02 (1H, dd, J = 7,0;
13,5 Hz, Hy-1); 2,48 (1H, m, H,-3"); 1,94 (2H, m,
CH,-4°); 1,72 (2H, m, H,-4>*, H;-6""); 1,64 (6H, m,
Hy-3>, CHx-5"", H-37", Ho-77°, H-2""); 1,21 (2H, m,
Hy-4>>, Hy-6""); 1,03 (9H, s, Me-9, 10, 11); 0,95 (2H,
m, Hy-3”’, Hp-77"). ®C-NMR (125 MHz, CDCls):
21,0 (C-4’); 25,8 (C-4”, C-67"); 26,3 (C-57"); 26,6
(C-3°); 29,4 (C-9,10,11); 30,8 (C-3, C-7""); 33,0
(C-8); 36,0 (C-27"); 47,6 (C-5"); 50,2 (C-2°); 53,8
(C-17); 59,7 (OMe-12); 72,5 (C-4); 72,8 (C-3); 74,4
(C-5); 81,3 (C-2); 123,3 (C-6); 145,6 (C-7); 169,1
(C-1°); 173,1 (C-1).

Phgm Van Cwong va cong sy

(2R,3R,5R,E)-N-((R)-1-benzyl-2-oxopiperidin-3-
yl)-3,4,5-trihydroxy-2-methoxy-8,8-dimethyln
on-6-enamide (9¢): Chét rin mau tring [a]p”> +26,4
(c 0,5 CHCI;); HR-ESIMS: m/z [M+Na]* 471,2479
(Tinh toan 1y thuyét cho cong thic phan tu
CasH3sN,06Na m/z 471,2471). *H-NMR (500 MHz,
CDCly): 7,52 (1H, d, J = 7,0 Hz, NH-13); 7,23-7,35
(5H, m, Ph); 5,84 (1H, d, J = 16,0 Hz, H-7); 5,43
(1H, dd, J =7,0; 16,0 Hz, H-6); 4,67 (1H, d, J =145
Hz, H,-17"); 4,50 (1H, d, J = 14,5 Hz, H,-17"); 4,41
(1H, m, H-2%); 4,24 (1H, dd, J = 6,0; 6,5 Hz, H-5);
3,88 (1H, dd, J =1,5; 6,5 Hz, H-3); 3,83 (1H, dd, J =
6,5, H-2); 3,65 (1H, dd, J = 1,5; 6,0 Hz, H-4); 3,52
(3H, s, OMe-12); 3,26 (2H, m, CH,-5"); 2,44 (1H,
m, Ha-37); 1,90 (2H, m, CH»-4"); 1,72 (1H, m, Hy-
3%); 1,03 (9H, s, Me-9, 10, 11). *C-NMR (125 MHz,
CDCly): 21,0 (C-4%); 27,0 (C-3%); 29,5 (C-9,10,11);
33,0 (C-8); 46,5 (C-5"); 50,6 (C-27); 50,7 (C-17");
59,6 (C-12); 72,6 (C-4); 72,7 (C-3); 74,4 (C-5); 81,6
(C-2); 1233 (C-6); 127,7 (C-57"); 128,1 (C-3,
C-7); 128,8 (C- 4, C-6"); 136,4 (C-2"); 145,6
(C-7); 169,1 (C-17); 173,1 (C-1).

(2R,3R,5R,E)-N-((R)-1-cinnamyl-2-oxopiperidin-
3-yl)-3,4,5-trihydroxy-2-methoxy-8,8-dimetyl
non-6-enamide (9d): Chat rin mau tring [o]p®
+49,3 (c 0,4 CHCl3); HR-ESIMS: m/z [M+Na]
497,2620 (Tinh toan 1y thuyét cho cong thirc phan tir
CasH3sN,OgNa m/z 497,2628). *H-NMR (500 MHz,
CDCly): 7,41 (1H, d, J = 7,0 Hz, NH-13); 7,29 (2H,
d,J=7,0Hz, H-5’,H-9"); 7,25 (2H, d, J = 7,0 Hz,
H-6>’, H-8>"); 7,18 (1H, m, H-7""); 6,46 (1H, d, J =
16,0 Hz, H-3""); 6,06 (1H, dt, J = 6,5; 16,0 Hz, H-
2°%); 5,77 (1H, d, J = 15,5 Hz, H-7); 5,36 (1H, dd, J
=17,0; 15,5 Hz, H-6); 4,23 (1H, m, H-2’); 4,19 (1H,
dd, J =5,5; 6,5 Hz, H-5); 4,14 (1H, dd, J = 6,5; 14,5
Hz, H,-1°"); 4,03 (1H, dd, J =6,5; 14,5 Hz, H,-1"");
3,81 (1H, dd, J = 1,0; 6,5 Hz, H-3); 3,75 (1H, d, J =
6,5 Hz, H-2); 3,57 (1H, br. d, J = 5,0 Hz, H-4); 3,44
(3H, s, OMe-12); 3,29 (2H, m, H-5%); 2,39 (1H, m,
H.-3%); 1,90 (2H, m, CH»-4"); 1,63 (1H, m, Hy-3");
0,96 (9H, s, Me-9,10,11). *C-NMR (125 MHz,
CDCly): 21,1 (C-4%); 27,1 (C-3°); 29,4 (C-9,10,11);
33,0 (C-8); 46,6 (C-57); 49,5 (C-17"); 50,5 (C-2%);
59,6 (C-12); 72,6 (C-4); 72,7 (C-3); 74,4 (C-5); 81,6
(C-2); 123,3 (C-6); 123,4 (C-2"); 126,5 (C-5,97");
1279 (C-7"’); 128,6 (C-6, 8°); 133,8 (C-3");
136,3 (C-47’); 145,6 (C-7); 168,8 (C-1°); 173,1
(C-1).

2.3. Phuong phap thir hoat tinh sinh hoc

Hoat tinh gay doc té bao duoc thuc hién dua trén
phuong phap MTT (3-(4,5-dimethylthiazol-2-yl )-2,5
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- diphenyltetrazolium) dugc mo ta 1an dau tién boi tac
gia Tim Mosman, 1983 [8]. 7

Hoat tinh khéng vi sinh vat kiém dinh dua trén
phuong phap hé nong d¢ trén moi truong long [9].
3. KET QUA VA THAO LUAN

Dian xuit ciia bengamide E duoc téng hop qua 8

/\/\)J\

D-ornithine HCI (3)

HO y P

O
a-D- Glucoheptonlo /—Iactone(1) (2)

_— % }%

Gb 6d

7b 7d

Hoat tinh gdy déc té bao va khdng vi...

budc chia thanh 3 phan chinh. Dau tién 1a tong hop
chudi ketit (2) tr hop chit thuong mai
o-D-glucoheptonic y-lactone (1), sau d6 tong hop
céc N-alkyl amino lactam di tir chat thwong mai 1a
D-ornithine (HCI) (3) va cudi cung 1a viéc gin két
cac N-alkyl amino lactam va chudi ketit (2) roi loai
nhom bao vé dé thu dugc din xuit bengamide
(9a-9d).

OH OMe , O OH OMe , O
MN%\I,R o MN\@,R
0_0 O - OH OH O
aR / 8a-8d 9a-9d
aR=H

cR= deN\Q
bR=‘{\© m

Hinh 1: So d tong hop cac analog cia bengamide

(a) bromomethylcyclohexane, benzyl bromide hoic cinnamyl bromide, K,CO;, KOH, KI, DMSO, 0 - 60 °C, 23 h, 40-55
%,; (b) hydrazine 35 %, acetonitrile, rt, 2 h, 67-92 %; (c) sodium 2-etyl hexanoat, THF, MW 100 W (60 min), 64-95 %;
(d) TFA, H,0, THF, 0°C, 1 h, 31-69 %

Dau tién 1a tong hop chudi ketit 2 tir hop chat a-
D-Glucoheptonic y-lacton(1) qua 5 phan tng véi
hiéu sudt tong 13 32,0 % [5]. Tir chit thuong mai D-
ornithine (HCI) (3), hop chit aminopiperidin (4)
dugc chung toi tong hcrp dudi sy chiéu xa cua vi
song trong etylen glycol, rdi bao vé nhoém amin bang
tac nhan anhydrit phtalic cho chat 5 véi v6i hiéu suat
téng ctia 2 phan tng dat 28 % [6]. Tiép theo 1a phan
{mg alkyl hoa hop chit 5 dé gin cac nhém alkyl vao
vong lactam cho hop chét 6b-6¢. Sau do, loai nhom
bao vé bang hydrazin thu dugc cac din xuat N-alkyl
amino lactam tuong tmg (7b-7c). Tién hanh gin két
1an luot chudi ketide (2) voi cac amino lactam (4 va
7b-7c) véi tac nhan sodium 2-ethylhexanoate dudi
su chiéu xa cua vi song cho cac hop chét (8a-8d).
Cudi cung 1a loai nhom bao vé trong mdi trudng axit
TFA thu dugc cac analog 9a-9d.

Nhu vay, sau khi nghién ctru va thyc hién cac
phan mg véi cac didu kién va chat xuc tac khac
nhau chung t6i xay dung duoc quy trinh tdng hop
cac analog 9a-9d tir 2 hop chit thwong mai D-
glycero-D-glucoheptono-y-lacton (1) va D-ornithine
(HCI) (3) theo so d6 & hinh 1.

Cac hop chét thu dugc trong qua trinh phan ng
duogc xac dinh cdu trac bang phuong phap phd khéi
luong, pho cong huong tir hat nhan 1 va 2 chiéu
(xem chi tiét trong phan thyc nghiém). Cau hinh ciia
cac hop chat trung gian dugc xac dinh bang cac
phuong phap phé va so sanh [o]p v6i tai lidu tham
khéo.

Ph6 1D-NMR va 2D-NMR cua céc analog 9a-9d

rat gidng nhau chi khac tin hiéu cia cic nhom alkyl
trén vong laclam. Phd 'H-NMR va *C-NMR cua
hop chét 9a cho tin hiéu cia 3 nhom metyl, 2 nhém
methin olefin, 4 nhdém oximethin, 1 nhém methin
v6i nito, 1 nhom metylen lién két v6i nito va 2 nhom
methylen, 1 nhom carbonyl va 1 carbon bac 4. Khéc
v6i chat 9a, trén phd "H-NMR va *C-NMR cua 9b
c6 thém tin hi€u cia 6 nhom metylen va 1 nhom
methin sp®, phd cta 9¢ ¢ thém tin hiéu caa 1 nhém
methylen va 1 vong benzen, phd ciia 9d c6 thém tin
hiéu cua 1 nhom metylen, 2 nhém methin olefin va 1
vong benzen.

Ca 4 hop chat 9d-9d duoc danh gia hoat tinh giy
doc té bao ddi voi 6 dong té bao ung thu (KB, LU-1,
HepG-2, MCF-7, HL60, Hela). Két qua cho thay,
hop chat 9¢ va 9d thé hién hoat tinh dbi véi ca 6
dong té bao ung thu thir nghiém. Hop chét 9a va 9b
khong thé hién hoat tinh dbi voi ca 2 dong té bao
ung thu HL60 va Hela. Hop chat 9d thé hién hoat
tinh manh nhat déi véi 3 dong t& bao ung thu KB,
Lu-1 va HepG, véi gia tri ICs 1an luot 12 1,7; 2,3 va
2,4 (bang 1).

Két qua thir hoat tinh khang vi sinh vét va nim
kiém dinh (Enterococcus faecalis, Staphylococcus
aureus, Bacillus cereus, Escherichia coli,
Pseudomonas aeruginosa, Salmonella enterica,
Candida albicans) cho thiy 2 hop chat 9¢ va 9d ¢
hoat tinh trén ca 3 chung Gram (+) tho nghiém
E. faecalis, S. aureu va B. cereus va ching ndm
C. albicans, trong d6 hop chat 9d c6 hoat tinh manh
nhit dbi v6i ching B. cereus véi gia tri ndng do Gc
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ché téi thiéu MIC = 4 pg/ml (bang 2).

Bang 1: Hoat tinh gdy doc té bao cua 4 analog 9a-9d

Phgm Van Cwong va cong sy

TT | Tén chét 1Cso (M)

KB LU1 HepG2 MCF7 HL60 Hela

1 9a 11,1 2,6 22,0 >50 >50 >50
2 9b 2,4 2,6 6,6 8,8 >50 >50
3 9c 4.4 2,7 12,0 20,4 29,0 19,7
4 9d 1,7 2,3 2,4 15,1 21,5 16,1

Ellipticine 0,3 0,3 0,4 0,6 0,5 0,4

Bdng 2: Hoat tinh khang vi sinh vat kiém dinh cua 4 analog 9a-9d
. Gram (+) MIC (ug/ml) Gram (-) MIC (ug/ml) NAam men
77| TeN E. : P, S. C.
chat . S. aureus B. cereus E. coli ; . .
faecalis aeruginosa | enterica | albicans

1 9a - - - - - - -

2 9b - - - - - - -
3 9c 128 256 32 - - - 256
4 9d 32 64 4 - - - 64

5 S 256 256 128 32 256 128 -

6 T 4 16 64 8 256 256 -

7 K 128 4 8 128 64 16 -
8 C - - ) ’ - - 32

Chdt doi chimg dwong: S: Steptomycin, T: Tetramycin, K: Kanamycin, C: Cyclohexamide.

Loi cam on. Cong trinh nay duwoc thyc hién trong
khuon kho dé tai Nghién ciru co ban dinh huong ing
dung Md so PT. NCCB-DHUD.2012-G/05.
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