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NGHIEN CUPU QUY TRINH TONG HOP HOWIINOL A

NGUYEN THj HONG HANH, DOAN THI MAI HUONG, PHAM VAN CUONG,
NGUYEN VAN HUNG

1. MO DAU

Howiinol A 1a mét hop chit tur nhién c6 hoat tinh chéng ung thu dugc phén Iap tir lodi
Goniathalamus howii thudc ho na (Annonaceae) [1]. Cac nha khoa hoc thudc Vién Dugce lidu
Bic Kinh di nghién ciru tdng hop va thir hoat tinh sinh hoc ciia howiinol A va mot sé din xuét
clia né vao nim 1998 [2, 3]. Trong khudn khé dé tai nghién ciru co béan, chiing t6i dinh huéng
cho viéc téng hop hop chit ¢é hoat tinh chdng ung thwrr howiinol A va cac dan xuét chira flo ciia
howiinol v&i muc dich tim ra cac hop chét c6 hoat tinh cao hon va wu viét hon. Trong bai bao
nay, chiing t6i cong bd nhitng két qua nghién ciru xdy dyng quy trinh téng hgp howiinol A theo
con dudng khac tir chdt thuong mai D-glycero-D-guloheptono-y-lactone.

2. THUC NGHIEM
2.1, Thiét bi

Phd NMR dirge ghi trén méay Bruker Avance 500 MHz véi TMS lam chat chuén ngi. Phé
khéi luo‘ng duge do trén may MS 5989B Engme (Hewlet Packard) va may sic ki long ghép khéi
phé v&i dau do MSD (LC/MSD Agilert series 1100), sir dung mode ESI va déu do DAD.

2.2. Ho4 chit

Hop chit D-glycero-D-glucoheptono-y-lactone (1) mua ctia hang Aldrich
Hoé chét diing cho téng hop hitu co duge mua cia hing Merck.

Céc dung mdi dung trong tdng hop 1a dung méi tinh khiét cia Trung Quéc dugc tinh ché va
lam khan lai.

3,5: 6,7-diacetonide (2)

Hén hop phan tmg gdm 10 g chit D-glycero-D- -glucoheptono-y-lactone (1) (47,5 mmol),
0,9 ml H,SOq4 va 10 g MgSO, trong 500 ml axeton dugc khudy & nhiét 4 phong trén may khudy
tir trong 24 gid. Cho NH,OH vao hén hop phan (ng & trung hoa t6i pH =6 - 7, sau khi lgc bo
chit rin va cét loai dung méi. Thém 150 ml H;O va chiét 4 lan bang CH,Cl, (250 ml). Dung
dich hifu co duoc lam khan bang Na;SO, va cit loai dung mdi dudi 4 ap suét giam. San pham thd
dugc tinh ché trén cdt silica gel voi h¢ dung mdi n-hexan - EtOAc cho 8, 6 g chét 3,5: 6,7-
dlacetomde 2 (higu suét dat 63%) va 0,9 g chat 2,3: 6,7-diacetonide (hu:u sufit 12 6,5%). Chét 2
két tinh trong hdn hgp n- hexan—CH2C12 dudi dang tinh thé hinh kim méu tring .

~ ELMS (70eV) m/z 288 [M]" ; '"H-NMR (CDCl,, 500 MHz) & 4,54 (1H, dd, J=4,1; 2,2 Hz,
H-3); 4,43 (1H, m, H-2); 4,23 — 4,27 (2H, m, H-4 + H-6); 4,03 (1H, dd, J=8,9; 6,2 Hz, H-7b);
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3,86 (1H,dd, J=8.9; 4,1 Hz, H-7a); 3,77 (1H, dd J=8,5; 2 Hz, H-5); 2,92 (1H, d, J=9,2 Hz, OH);
1,43 (3H, s, CH3), 1,36 3H, s, CHa), 1,32(3H, s, CHs), 1,28(3H, s, CHs).

3,5-O-Isopropylidene-D-glycero-D-gulo-heptono-y-lactone (3)

Hdn horp 5g (17,4 mmol) chit 2 duge cho vao binh cu 250 ml, sau d6 cho 50 m! axit axetic
vio cho dén khi chit 2 tan hoan toan thi cho thém 50 m! nuéc cét vio hdn hop phan umg. Sau
khi khuay 24 gio & nhi¢t d6 phong, hon hop phan img duge ¢6 quay duoi ap suét giam trén b
quay cét chan khong. Han hop chét ran thu duge tinh ché trén cot silica gel véi hé dung moi
CH,Cl, — MeOH cho 2,9 g chat mau tring 3 (hidu suit 67%).

EI-MS (70eV) m/z 248 [M]" ; '"H-NMR (MeOD, 500 MHz) § 4,67 (1H, dd, J=4; 2 Hz, H-
3); 4,64 (1H, d, J=4 Hz, H-2); 4,45 (1H, t, }=1,9 Hz, H-4); 4,07 (1H, dd, J=11; 1,9 Hz, H-5);
3,80 (1H, m, H-6); 3,74 (1H, dd J=11,5; 2,5 Hz, H-7a); 3,60 (1H, dd J=11,5; 4,9 Hz, H-7b), 1,53
(3H, s, CH;), 1,39 (3H, s, CH3).

2,4-O-Isopropylidene-L-glucitol (5)

1 g NalO, (4,8 mmol, 1,2 eq) dugc thém vao trong binh cdu ¢6 chira 1 g chit triol 3 (4,0
mmol), 50 ml MeOH va 4 ml nudc cat. H3n hop phan (ng duoc khudy & nhiét 46 phong trong
30 phat sau d6 dugc loc loai bd chét rin trén phéu loc cé pha 1 16p Celite va rira 4 1in bing
MeOH. Dung dich hiru co duge dem cit loai dung mdi dudi 4p suat giam thu dwoe chat thd
aldehyde 4. Cho toluen (5 x 10 ml) vao quay dudi 4p sudt giam dé lam khan chat 4. Aldehyde 4
khéng tinh ché, duge sir dung dé 1am phan Gng tiép theo.

Thém tir tir 228 mg NaBH, vao trong binh cdu chira aldehyde 4 thu duoc tir phan ing trén
va 50 ml EtOH khan & 0°C_Hdn hop phan img duoc khudy tiép & nhiét d6 phong trong 18 giv.
Sau khi trung hoa bang axit axetic va ¢d can dung méi dudi ap suat giam trén bo quay cat chén
khong. Hon hop chit thu duge hoa voi 150 ml CH,CL; va lgc bo phan chit rin mau tring. Can
dich CH,Cl, sau khi quay cit dudi ap suét giam duoc tinh ché trén cot silica gel véi hé dung méi
CH,Cl,-MeOH gradient cho 800 mg chit mau tring 5. Higu suét tong ciia phan img 13 89% tinh
tir triol 3.

EI-MS (70eV) m/z 223 [MH]" ; 'H-NMR (D0, 500 MHz) & 4,07 (1H, m); 3,88 (1H, dd,
=8,5; 1,4 Hz); 3,64-3,77 (SH, m); 3,57 (1H, dd, J=12,5; 6,2 Hz); 1,47 (3H, 5, CHs), 1,40 (3H, s,
CHs).

Methyl (Z)-4,6-O-Isopropylidene-D-xylohept-2-enolate (7)

Cdch 1

500 mg NalO, (4,8 mmol, 1,2 eq) dugc thém vao trong binh ciu cé chira 500 mg chit 5
(2,24 mmol), 27 ml MeOH va 2,7 ml nuée cAt. Hn hgp phan ung duge khuay & nhi¢t d6 phong
trong 2 gid sau d6 dugc loc trén phéu loc ¢6 phu 1 16p Celite va rira 4 lin bing MeOH. Dung
dich hitru co duge dem cét loai dung moi dudi ap sudt giam thu dugc chét thd aldehyde 6. Che
toluen (5 x 10 ml) vao quay dudi ap suit giam dé 1am khan chét 6. Chét 6 khong tinh ché, duge
sit dung dé lam phan img tiép theo.

Cho 900 mg (2 69 mmols) methoxycarbonylmethylenetriphenylphosphorane cia héng
Merk vio trong binh cu chira aldehyde 6 va 20 ml MeOH khan. Hén hop phan dng duge khudy
& nhigt d§ phong trong 2 glor Sau khi ¢ quay duéi 4p sudt giam, can chét dugce tinh ché trén cot
silica gel v&i hé dung mbi n-hexan — EtOAc gradlent cho 300 mg chAt mau tring methyl (Z)-4,6-
O-Isopropylidene-D-xylohept-2-enolate (7). Hiéu suit clia phan ting dat 55 % tinh tir chit 5.
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Cach 2

Piéu ché Ph;P=CHCOOEt

Cho 7 g ethyl bromoacetate (42 mmol) vao binh c4u chira 11 g Ph;P (42 mmol) va 100 ml
toluene. Hon hop phan tmg dugc khudy 15 giy & nhiét d6 phong rdi loc rira két tia bing toluen
thu duge 17 g [(ethoxycarbonyl) methyl} phosphonium bromide (94%). Sau 46 cho hodatan 17 g
[(ethoxycarbonyl) methyl] phosphonium bromide trong 92,4 mg CH,Cl; va 61,6 ml NaOH,
khuay manh rdi chiét v&éi CH,Cl,. Dich CHgClz duge rira lai bang dung dich NaCl va lam kho
bang MgSO;, quay khd trén may quay cét chin khéng thu duge 13,6 g Ph,P=CHCOOEt.

Natri metaperiodat NalOy (6,2 g) dugce hoa tan trong 33 ml H20 rdi cho vio hdn hop cia
triol 5 (6,2 g) va MeOH (330 ml) & nhi¢t 40 phong. Sau khi khuay hén hep phan tng trong 2
gi®r, loc hén hop nay qua silicagel c¢6 dinh celite. Dich loc dugce ¢ quay loai hét dung méi, thu
dwoc aldehyde 6 sir dung ngay cho phan tng tiép theo.

11 g ethoxycarbonylmethylenetriphenylphosphorane thu dugc theo phuong phép trén duge
thém vao hén hop aldehyde 6 trong MeOH khan (250 ml). Sau khi khudy hdn hgp phan img
trong 1 gi&r & nhiét d6 phong thi ¢6 can dung mdi dudi ap suat giam. Cin chét thu duge dem
chay sic ki cjt véi hé dung mdi n- hexan — EtOAc gradien, cho 4,8 g ethyl (2)-4,6-O-
Isopropylidene-D-xylohept-2-endlate (7) duéi dang tinh thé hinh kim mau tring (hiéu suét cta
phén (g dat 68% tinh tir chét 5).

'H-NMR (CDCls;, 300 MHz): 1,35 (3H, t, 6 Hz, OCH,CHs), 1,55 (3H, s, CHs), 1,60 (3H, s,
CHs), 2,05 (1H, s (br), Ce-OH), 2,75 (1H, d, J=11,0 Hz, OH), 3,80 (3H, m, Hg, + Hgp + H-4),
4,10 (1H, t, J=6,0 Hz, H-5), 4,20 (2H, q, J=6,0 Hz, OCH,-), 5,55 (1H, d, J=6,8 Hz, H-3), 5,95
(1H, d, J=11,0 Hz), 6,30 (1H, dd, J=11,0; 6,8 Hz); "C-NMR (CDCl;, 75 MHz): 14,2
(OCH,CH3); 19,2 (CHs); 29,7 (CHs;); 60,4 (C-6); 63,2 (OCH,CHa); 66,8 (C-3); 70,7 (C-5); 72,7
(C-4); 99,8 (C-1°); 120,6 (C-1); 147,1 (C-2); 165,8 (C=0).

Alcol 8

Hoa tan 5,4 g este 7 (21,9 mmol) trong 60 ml THF khan rdi thém 1,35 g chét xiic tic
dlazablcycio -[5,4,0]undec-7-ene (DBU). Hén hop duoc dun hdi luu trong vong 13 gio, sau d6
1am ngudi hén hop phan ung vé nhiét d6 phong rdi loc qua silicagel va rira bang EtOAc. Co
quay dich loc thu dugce, rdi chay cdt véi dung méi EtOAc, thu duge 3,15 g alcol 8 . Higu sudt
cia phan img dat 70,9%.

'H-NMR (CDCls, 500MHz): 1,43 (3H, s, CH3), 1,54 (3H, s, CH;); 2,08 (1H, s, OH); 3,90
(1H, d, J=3,5 Hz, H-7); 3,93-3,97 (1H, m, H-8a), 4,16-4,1% (1H, m, H-8B); 4,20 (1H, t, J=3,5;
1,5 Hz, H-6); 4,37 (1H, dd, J=6,5; 1,5 Hz, H-5); 6,23 (iH, d, J=9,5 Hz, H-3); 6,87 (1H, dd,
J=9,5,; 6,5 Hz, H-4).
4,6-O-Isopropylidene-7-C-phenyl-D-glucohept-2-enono-5-lactone (10)

Viéc tdng hop alcol duge thyrc hién qua cic budce sau:

Tong hgp aldehyde 9

Cho hdn hep 5,48 ml DMSO trong CH,Cl, vao binh céu chira 0,5 ml dung dich oxalyl
chloride trong CH,Cl, & -78°C. Hén hop phan g duge khudy trong 20 phat & -78°C, rdi cho
thém 1 gam alcol 8 trong CH,Cl, vao héon hqp trén & cung nhi¢t d§. Phan lmg dugc khudy tlep
30 phut, sau d6 thém 3,2 m! triethylamine va khudy thém 20 phit & -78°C rdi dua phan tng vé
-20°C thu dugc aldehyde 9. Toan b qua trinh phan ng duge thye hién trong moi trudmg khi tro.

85



Diéu ché hop chiit PhTi(O'Pr);

Nho timg giot dung-dich -phenyllithium (31,7 ml) vao trong mét binh cdu chira 15,83 gam
chlorotriisopropoxytitanium (CITi(O'Pr)s;) va 60 ml THE & ahiét d6 -78°C. Sau khi nhé hét dung
dich phenyllithium (khoang 7 phit ) thi dua hén hgp phan (g trd lai nhiét d6 phong va khudy
trong 2 gi¢ thu duge PhTi(O'Pr);.

Cho toan b PhTi(O'Pr)s duoc tdng hgp & trén vao binh chira aldehyde 9 & nhiét 49 -20°C.,
Sau d6 khuéy tiep 2 gid & 0°C, thém dung dich NH,CI bao hoa, loc ba két tiia. Dich loc dugc
chiét véi CH,Cl, va rira lai bing nuéc mudi rdi 1am khan bing MgS0,. C6 can dung méi CH,Cl
roi dem chay ¢t voi hé dung méi cyclohexan — EtOAc gradient, thu duge 850 mg chat 10 (hiéu
suat dat 62,7% tinh tir chit 8) va 20 mg chit ddng phan 10a.

ESI-MS: [M+H]" m/z 291; '"H-NMR (CDCls, 500 MHz) 3 1,33 (s , CHs); 1,33 (s, CHs);
2,93 (d, J=4,5 Hz, 6-OH); 4,05 (dd, J=8,5; 2,0 Hz, H-5); 4,34 (dd, J=6,0; 2,0 Hz, H-3); 4,50 (¢,
J=2 Hz, H-4); 5,11 (dd, J=8,5; 4,5 Hz, H-6); 6,24 (d, J=10,0 Hz, H-2); 6,88 ¢dd, J=10,0; 6,0 Hz,
H-2); 7,30 (m, H-11), 7,34 (td, }=7,0; 1,5 Hz, H-10 + H-12); 7,43 (dt, J=7,0; 1,5 Hz, H-9 + H-
13); *C-NMR (CDCl;, 125 MHz): 163,3 (C-1); 141,3 (C-8); 140,9 (C-3); 128,1 (C-10 + C-12);
127,8 (C-11); 126,9 (C-9 + C-13); 125,2 (C-2); 99,4 (C-1°); 73,1 (C-6); 70,9 (C-7); 69,8 (C-5);
60,3 (C-4); 29,1 (CH5); 18,6 (CHs).

Ester 11

Cdch 1

43,3 mg cinnamoyl chloride (5eq) dugc cho vao trong binh cau ¢6 chira 15 mg alcol 10
(0,052 mmol) va 5 ml pyridine. Hn hop phén (mg dugc khudy & nhiét d¢ phong trong 3 ngdy,
cét loai dung méi pyridin duéi 4p suat giam rdi cho thém 50 ml EtOAc vao hdn hop phan (mg,
rira hfn hop phan (mg 4 14n bing dung Na,CO; 3%. Cian thu dugc sau khi cit loai EtOAc dudi
4p sufit giam dem chay cOt véi hé dung méi n-Hexan — EtOAc gradient, thu dugc 4,2 mg chat
este 11. Higu suét ctia phan g dat 20%.

Cdch 2

Cinnamoy! chloride (68,9 mg, 0,414 mmol, 6eq) dugc cho vao trong binh ciu c6 chira 20
mg alcol 10 (0,068 mmol); 42,1 mg 4-DMAP (0,345 mmol, 5 eq); 0,5 ml triethylamine va 5 ml
CH,CL. Han hop phan {mg dugc khudy & nhiét d6 phong trong 24 gid, cit loai dung méi dudi
ap suit giam rdi cho thém 50 ml EtOAc vao hén hop phan (g, rira hdn hop phan tng 4 13n
bing dung Na,CO; 3%. Cian thu dugc sau khi cét loai EtOAc dudi ap suit giam dem chay c6t
v6i hé dung mdi n-Hexan — EtOAc gradient, thu dugc 16,8 mg mg este 11. Higu sudt cla phan
img dat 60%.

'H.NMR (CDCl; + CD;0D, 500 MHz): 1,26 (3H, s, CHs), 1,29 (3H, s, CH3), 4,30 (3H, m,
H-4 + H-5 + H-6), 6,10 (1H, d, J=9,0 Hz, H-7), 6,18 (1H, d, J=9,5 Hz, H-2), 6,35 (1H, d, J=16,0
Hz, H-3%), 6,81 (1H, dd, J=9,5; 5,5 Hz, H-3), 7,20 — 7,44 (10H, m, 2x C¢Hs), 7,63 (1H, d, J=16,0
Hz, H-2").

Howiinol A

Hod 15 mg este 11 trong 3 ml dung dich axit axetic 80% rdi khudy phan émg trong 4 gio &
80-90°C Sau khi c6 quay hdn hop phan img dudi ap suét gidm, cin dich duoc tinh ché trén cot
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silica gel voi hé dung méi n-hexan - axeton gradient va két tinh trong hén hgp CH,Cly/MeOH
cho 10 mg howiinol A dudi dang chit ran mau trang. Hi¢u sufit phém Ung T4 73,7%.

- Chét rén mau tring (CH2C|2/MeOH) d.n.c. 176-177°C; [a]p™® = + 97 (0,12, CH,Cl,), ESI-
MS: m/z 381 ((MH]', 'H-NMR (CDCl,; + CD,0D, 500 MHz): 4,33 (1H, dd, J=6,0, 3,0 Hz, H-4),
4,41 (1H, t, J=3,0 Hz, H-5), 4,44 (1H, dd, J=7,0; 3,0 Hz, H-6), 6,04 (1H, d, J=7,0 Hz, H-7), 6,08
(1H,-d,J=10,0 Hz, H-2), 6,44 (1H, d, J=16,0 Hz, H-2"), 6,93 (1H, dd, J=10,0; 6,0 Hz, H-3), 7,27
— 7,50 (10H, m, 2x CgH;), 7,70 (1H, d, J=16,0 Hz, H-3’). "C-NMR (CDC} + CD:0D, 75
MHz): 165,7 (C-17); 163,9 (C-1); 144,6 (C-3); 144,1 (C-3"); 137,0 (C-8); 134,1 (C-4"); 130,5,.
(C-7"); 128,8 (C-6+ C-8’); 128,5 (C-11); 128,4 (C-10+C-12); 128,1 (C5’+ C-9); 1277(C9+
C-13); 122,4 (C-2); 117,2(C-2"); 77,0 (C-5); 74,3 (C-7); 73.0 (C-6); 62,3 (C-4).

3. KET QUA VATHAO LUAN

Viéc témg hop howiinol dugc thuc hién qua 10 budce di tir chét thuong mai D-glycero-D-
gulo-heptono-y-lactone 1. Diu tién la phan {mg acetonide hoa, phan vng nay tir lau da dugc sir
dung rong réi trong tdng hop hitu co. C6 rit nhiéu phucmg phdp da dugc nghién ctiru nhung chi
yeéu la str dung axeton hofc 2,2- dlmethoxypropan véi cac hé xac tic axit khac' nhan, Sau khi
tham khao cac diéu kién va hiéu suit cia phan ung, ching t5i lya chon St dung axeton véi xic
tac axit sulphuric, phan tng nay tao ra 3,5: 6,7-diacetonide 2 v&i hiéu sudt 12 63% [4, 5). Sau d6
thu)'f phén chon loc mdt nhém isopropylidene ciia 2 bing axit axetic 50% thu dugc hop chét 3
voi hidu suét 13 67%. Hop chit triol 3 duoc oxy hoa loai glycol cua vicinal diol bang NalQ,
trong MeOH va H;O thu dugc aldehyde 4. Tién hanh khir héa nhém cacbonyl cia aldehyde 4
bang NaBH, trong EtOH thu durge ho‘p chit 5 (hiéu suit qua 2 phan tmg 13 89%). Hop chét 5 cho
tac dung vai NalO, trong MeOH va H,O thu dugce aldehyde 6. Aldehyde 6 dugc sir dung ngay
cho phan dmg alken héa Wittig bang cach cho tic duyng véi téc nhan
Methoxycarbonylmethylenetriphenylphosphorane (Ph;P=CHCO;Me) mua ciia hing Merk trong
MeOH khan thu dugc este 7 véi hiéu sudt qua hai phan (ng 1a 55%. St dung
Ph;P=CHCO,Et do chiing tdi tyr didu ché tir PhyP va etyl bromoacetat cho 7 véi higu sudt qua
hai phan Ung cao hon (68%). Diang mdt lugng nhd xic tac diazabicyclo-[5,4,0]Jundec-7-ene
(DBU) cho vao hén hop este 7 trong THF, hdn hop dun hdi luu trong 13 gidy thu duge alcol 8 véi
hidu sudt 70,9% [6]. Alcol 8 sau d6 duge tdng hop thanh aldehyde 9 theo phan ung oxi hod
Swern, aldehyde 9 khéng qua xir Iy ma dugc cho tac dung ngay véi PhTi(O'Pr); duoc tao ra tir
chlorotrusopropoxﬁnamum CITiO'Pr); va phenylllthlum PhLi thu duge alco! 10 (hiéu sudt la
62,7% tinh tir chét 8) [7]. Thuc hién phan (g este hoa bang cach cho alcol 10 phan g véi
cmnamoyl chloride trong pyridin tao ra este 11 véi hidu sudt khong cao 12 20%. Chiing t6i thay
d5i chit xic tac bing cach cho alcol 10 tac dung véi cinnamoyl chloride trong CH2C12 khan véi
sif ¢6 mat clia DMAP va triethylamine thu dirgc este 11 v&i hiu suat 1a 60%. Cudi ciing 13 thuy
phén este 11 bang axit axetic 80% thu dugc howiinol A.

Nhu vdy, sau khi nghlen ciru va thue hién cac phén img véi cic didu ki¢n va chit xiic tac
khac nhau ching t6i xdy dung dugc quy trinh tbng hgp howiinol A tir chét thuong mai D-
glycero-D-glucoheptono-y-lactone (1) theo so db 1.

Cac hop chat trung gian thu dugc trong qua trinh phan Gng déu dugc tinh ché va xac dinh
chu tric biang phuong phép pho kh&i lugng va phd cong hudng tir hat nhén 1 va 2 chiéu. qu
chét howiinol A do ching t6i tong hop dugc ¢6 cac dir lidu phd va cac thong sb vat li nhur diém
nong chay va [a]p phit hop véi howiinol A trong tai liéu tham khao [1, 2].
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SUMMARY

STUDY ON THE SYNTHESIS OF HOWIINOL A

The antitumor compound howiinol A has been isolated and characterized for the first time
from the root and stem bark of Goniothalamus howii Merr. (Annonaceae). This compound
blocked the cell cycle transition from Gl phase to S phase and inhibited the activity of
topoisomerase 1l both inside and out side the cells. The methode of howiinol synthesis has been
studied by the scientists of Institute of Materia Medica Beijiing in 1998. Herein, we describe
another methode for the synthesis of howiinol A. The structure of howiinol and intermediate
products were estabilished by MS and NMR spectroscopies.
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