Tap chi Khoa hoc 2010:13 44-49 Truong Pai hoc Can Tho

PIEU CHE MQT SO KETONE TU PUONG XYLOSE
LAM NGUYEN LIEU TONG HQP
CAC THUOC THUQC HQ NUCLEOSIDE

Pham Van Quan' va Lé Thanh Phuéc?
ABSTRACT

Xylose is considered as one of starting materials for synthesizing drugs to treat cancer,
AIDS and other serious diseases. An efficent synthesis of important derivatives for the
drugs from xylose has been achieved. The key steps of the synthesis involved the
conversion of D-xylose into 5-O-pivaloyl-1,2-O-isopropylidene-a-D-xylofuranose;
5-O-pivaloyl-1,2-O-isopropylidene-a-D-3-pentulofuranose;  5-O-tert-butyldimethylsilyl-
1,2-O-isopropyliden -a-D-3-pentulofuranose.

Keywords:  D-xylose, oxydation of alcohols, pyridinium dichromate, nucleoside,
pyridinium chlorochromat.

Title: Conversion of xylose into important derivatives for synthesizing drugs.
TOM TAT

Xylose duoc biét dén nhu mot trong nhitng nguyén liéu dau cua viéc téng hop thuéc tri
bénh ung thw, AIDS va mét s6 bénh khdc. Viéc tong hop nhitng dan xudt trung gian quan
trong dé diéu ché nhing thuoc nay da dat diege Xdc dinh. Nhitng bude chinh trong qud
trinh tong hop bao gom viéc chuyén doéi D-xylose thanh 5-O-pivaloyl-1,2-O-
isopropylidene-a-D-xylofuranos;5-O-pivaloyl-1,2-O-isopropylidene-a-D-3-
pentulofuranose;5-O-tert-butyldimethylsilyl-1,2-O-isopropylidene-a-D-3-
pentulofuranose.

Tiwr khoa: D-xylose, sw oxi hoa alcohol, pyridinium dichromate, nucleoside, pyridinium
chlorochromat.

1 PAT VAN PE

Puong D-xylose duoc xem 1a mot trong nhitng nguyén liéu dau cho viéc tong hop
cac nucleoside va cac dan xuat. Cac hop chat ndy duoc str dung trong diéu tri cac
chimg bénh nhu ung thu, do vi rat va mot sd bénh lién quan dén gan. Viéc tong
hop ra thude khang vi rat nhu (AZT), (D4T), S-adenosylmethionine (SAM) da dat
dugc. SAM 1a mot trong nhiing tac chat sinh hoc quan trong trong co thé con
ngudi. N6 1a mot trong nhiing chat déng vai trd cung cap nhom methyl trong cac
phan tng transmethyl hoa, tham gia vao nhiéu phan tng sinh hoa can thiét cua co
thé con nguoi cling nhu cac loai vi khuan va vi rat khac. Hon nita, cac loai vi
khuén va vi rat sit dung SAM cho qua trinh phat trién va ton tai ctia co thé.
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Hinh 1: CAu tric héa hoc ciia SAM
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Tir co ché hoat dong ciia SAM s& 1am co so cho viéc tong hop nhing hop chat méi
6 kha ning e ché cac enzyme, gbp phan chita cac bénh lién quan dén sy methyl
hoa khong binh thudng cia ADN. Cac nha héa hoc di tong hop duge S-adenosyl-
L-homocysteine (AdoHcy) la mét trong nhirng chat c6 kha niang trc ché qué trinh
transmethyl hoa nhung chat ndy bi thuy phan boi cac enzyme (John et al., 1996).
Chung t6i mong mudn tong hop duge mot chat khac c6 kha ning tc ché qua trinh
transmethyl hoa, dong thoi ching khong bi thiy phan dudi tac dung cua enzyme.
Hop chat SAM analogues dép g yéu cau dit ra.
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Hinh 2: Cau triic h6a hoc ciia SAM analogue

2 NOI DUNG

Trong hop chiat SAM analogue nguyén tir S dd mat di nhém metyl nén né khong
con dong vai tro 1a chat cung cdp nhom methyl cho cac phan ing methyl hoa nita
ma ngugc lai duge xem nhu la chét e ché cac qua trinh methyl hoa tiép theo mot
cach hiéu qua. C6 nhiéu phuwong phap khac nhau dé tong hop SAM analogues véi
cung nguyén liéu dau 1a D-xylose
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So d 1: Qua trinh tong hop chit trung gian cho thudc khang vi rit

Hop chit 3-azido-3-deoxy-1,2-O-isopropylidene-a-D-ribofuranose  (2) va
3-C-azido-methyl-3-deoxy-1,2-O-isopropylidene-a-D-ribofuranose (3) 1a nhiing
hop chit quan trong cho cac giai doan tong hop tiép theo. Qua trinh giit lai chon
loc nhom hydroxyl & carbon s 3 tir D-xylose, tiép theo sau 13 sy chuyén déi nhom
3-hydroxyl nay thanh 3-azido, roi tach nhom bao vé hydroxyl ¢ carbon s6 5 cho
san pham (2) mong mudn. Hop chét (3) cung duoc chuyén d01 tuong tu tu
D-xylose nhung nhom hydroxyl & carbon s6 3 s& dugc oxy hoa, tiép theo 1a qua
trinh cong borane cho 3-hydroxylmethyl, rdi theo sau 13 qua trinh chuyén d6i thanh
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3-azidomethyl, cubi clng 1a qua trinh tach nhom bao vé hydroxyl ¢ carbon s6 5
cho san pham (3) mong muon.

Nhu vay dé téng hop SAM analogue thi nhom hydroxyl ¢ carbon sb 3 trong
D-xylose duoc giit lai bang cach bao vé chon loc nhirng nhom hydroxyl khac, tiép
theo la qua trinh oxy hoa n6 thanh nhom ketone r61 cho phan ng voi tac chat than
hach nham tao ra nhém hydroxyl bac ba. Sau do6 gan adenine vao vi tri carbon sd 5,
roi thuc hién cic qua trinh tiép theo dé tao ra san phim mong mudn. Véi muc tiéu
trén, nhém hydroxyl ctia carbon s 3 ¢c6 mot y nghia 16n trong toan bo hudng tong
hop SAM analogue. Qua trinh bao vé chon loc cdc nhom hydroxyl khac da duoc
Truong Thi Minh Hai thuc hién trong nim 2008. Tiép theo chung ti xin trinh bay
két qua da thyc hién thanh cong 1a oxy hoa nhém hydroxyl & carbon sé 3 thanh
nhom cacbonyl. Chung t6i da thu dugc hai hop chat ketone lam co so dé tiép tuc
qua trinh tong hop tiép theo.

3 PHUONG PHAP THU'C HIEN

Muyc tiéu chinh Ia gitt lai chon lgc nhém hydroxyl ¢ carbon s6 3 thanh nhém
cacbonyl dugc thyc hién bang cach bién doi D-xylose thanh 1,2-O-isopropylidene-
o-D-xylofuranose (1), qué trinh nay dugc thuc hién bang cach cho D-xylose phan
g véi aceton trong H2SO4 va CuSOs. Tiép theo nhém hydroxyl bac mét ciia hop
chat (1) duoc bao vé chon Ioc lan  luot bé“mg cac nhém 16n nhu:
tert-butyldimethylsilyl ~ether, pivaloyl ester dé tao thanh din xuét
5-O-tert-butyldimethylsilyl-1,2-O-isopropylidene-a-xylofuranose 2 va
5-O-pivaloyl-1,2-O-isopropylidene-a-xylofuranose (3). Sau d6 oxy hoéa nhom
hidroxyl & cacbon s6 3 thanh nhém cacbonyl thu dugc din xuat
5-O-tert-butyldimethyl silyl -1,2-O-isopropylidene-a-D-3-pentulofuranose (4)
5-O-pivaloyl-1,2-O-isopropylidene-a-3-pentulofuranose (5).
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So d6 2: Tong hop céc ketone trung gian cho phan tir muc tiéu SAM analogue

(@) (i) HpSO,4, CuSQy, aceton; (ii) H,SO,4 1M trong EtOH, 40°C; (b) PvCl, CH,CI,.
DMAP, -10°C; (c) PCC, CH,Cl,, 25°C; (d)TBDMSCI, EtzN, CH,Cl,, 0°C;
(e) PDC, CH,Cl,, Ac,0, molecular sieves 3 A, 0°C, EtOAc
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4 TIEN TRINH THi NGHIEM VA KET QUA PAT PUQC

Céu tric cia cac chit tong hop duoc ching minh bing cac loai phd: IR, MS,
'H-NMR, 13C-NMR (duoc ghi trén may Bruker Avance 500 MHz, d9 dich chuyén
hoa hoc 6 duogc tinh bang ppm, hang s6 ghép cap (J) tinh bang Hz).

4.1 Téng hop 5-O-Pivaloyl-1,2-O-isopropylidene-a-D-xylofuranose (3)

Hop chat 1,2-isopropylidene-a-D-xylofuranose (1.9 g, 10 ‘mmol) trong CH:CI:
khan (40 ml) thém vao tir tr DMAP (1.22 g, 10 mmol), khudy ¢ -10°C, thém tir tir
pivaloyl chloride (1.2 ml, 10 mmol). Trong 2 gio, tién trinh phan tng duoc kiém
tra bang sic ky ban mong trong hé dung moi (PE/EtOAc, 1:1), Rf = 0.62. Hén hop
sau phan ng rira voi HCI 1%, rira lai véi nude hai l1an, dung dich NaCl bio hoa,
l1am khan bang MgSOa4. Phéan hitu co dugc dem cd quay, sic ky cot silica gel
(PE/EtOAc, 3:1). San pham thu dugc chat long sét nhu syrd mau vang nhat,
(2.18 g, 76,3%).

Phé IR: \{én phé do dao dong hoa tri cua nhom -OH thé hién & 3470 cm™,
—COO- thé hién ¢ 1727 cm™.

Khéi phd: miii ion phan tir m/z (M+Na)+, C13H2206:272.

Pho NMR cho céc mili sau:

1H-NMR (500 MHz, CDCls) &: 1.24 (s, 9H, C(CHa)z3), 1.50, 1.32 (s, 6H, C(CHa)2),

4.05 (2H, J=1.5 Hz, H-5), 4.14 (m, 1H, H-3), 4.22 (m, 1H, H-4), 4.53 (t, 1H,
J=2.5 Hz, H-2), 4.56 (d, 1H, J=3.5 Hz, H-OH), 5.90 (d, 1H, J=3Hz, H-1).
13C-NMR (500 MHz, CDCl3) & : 27.5, 26.5 (C(CHz3).), 27.8 (C(CHsa)s,
39.5 (C(CHsa)3), 61.2 (C5), 74.5 (C3), 78.8 (C4), 85.5 (C2), 105.2 (C1); 112.5
(C(CHz3)2), 180.0 (COO0).
Qua két qua phan tich cac loai pho ching t6 hop chit (3) phu hop v6i cong thic:

O

Hinh 3: CAu tao héa hoc ciia hop chét 5-O-Pivaloyl-1,2-O-isopropylidene-a-D-xylofuranose

4.2 Téng hop 5-O-tert-butyldimethylsilyl-1,2-O-isopropylidene-a-D-3-
pentulofuranose (4)

Hoa tan PDC (2 g, 5 mmol) trong CH2Cl, (15 ml) khan, khudy thanh dung dich
mau cam trong binh phan ung, thém tu tu 5-O-tert-butyldimethylsilyl-1,2-O-
isopropylidene-a-D-xylofuranose (1.52 g, 5 mmol) trong CH2Cl> (5 ml) khan,
Ac20 (1.6 ml, 168 mmol), molecular sieves 3 A (2.7 g) khudy & nhiét do phong
trong 12 gid. Thém EtOAc (18 ml), khudy déu, loc qua celite , thu phan dung dich
hitu co chtra san pham, sic ky ban mong trong hé dung moi (PE/EtOAC, 1:1),
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Rf =0.55. C quay, sic ky cot silica gel (PE/EtOAc, 3:1). Két tinh san pham thu
duogc 1a tinh thé hinh kim (1.03 g, 68.2%).

Pho IR: van phé do dao dong hoa tri cia nhém -CO- thé hién & vi tri 1717 cm™.
Khéi phd: mii ion phan tir m/z (M+Na)+, C14H2605Si:302.
Pho NMR cho céc miii sau:

1H-NMR (500 MHz, CDCls) § : 0.13 (s, 6H, (CH3)2Si, 0.90 (s, 9H, C(CHs)3), 1.50,
1.33 (25, 6H, C(CHa)), 4.12 (d, 2H, H-5), 4.32 (t, 1H, H-4), 4.51 (d, 1H, J=7 Hz,
H-2), 5.90 (d, 1H, J=7 Hz, H-1).

13C-NMR (500 MHz, CDCls) & :-4.7, -5.1, -5.5, -5.6 (CHa)Si, 19.1 C(CHo)s,
25.4, 25.2 C(CHa)s, 27.1, 26.9, 26.8, 26.2 C(CHa)s, 63.3, 62.3 (C5), 82.0 (C4);
85.9, 85.6 (C2), 106.1, 104.9 (C1), 112.8, 112.5 C(CH3)2, 198.5 (C3).

Qua két qua phan tich cac loai phd ching to hop chét (3) phu hop voi cong thirc
nhu sau:
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Hinh 4: Céu tao hoa hoc ciia hop chit 5-O-tert-butyldimethylsilyl-1,2-O-isopropylidene-a-D-
3-pentulofuranose

4.3 Tong hop 5-O-Pivaloyl-1,2-O-isopropylidene-a-D-3-pentulofuranose (5)

Hoa tan PCC (3.23 g, 15 mmol) trong CH2Cl2 (25 ml) khan, dung dich c6 mau cam
trong binh phan ung, thém tor to 5-O-Pivaloyl-1,2-O-isopropylidene-a-
D-xylofuranose (2.72 g, 10 mmol) trong CH2Cl2 (10 ml) khan vao binh phan ung,
tiép tuc khudy ¢ 0°C cho dén khi dung dich phan ung chuyen tr mau cam sang
xanh den. Sau d6 thém dimethyl ether (25 ml) khan vao lic déu, dé lang gan lay
dung dich, thém tiép dimethyl ether (10 ml) khan lic dé lang, gan liy dung dich
nhap v6i phan trén ta duge pha hiru co chtra san phém Tién hanh loc tho qua sic
ky cot silica gel dung moi dimethyl ether dé loai mubi ciia créom, thu dugc dung
dich chtra san pham, sic ky ban mong trong hé¢ dung moéi (PE/EtOAc, 1:1)
Rf = 0.68, c¢6 quay thu san phim dang thd. Séc ky cot silica gel (PE/EtOAc, 2:1).
Két tinh thu duoc san pham & dang tinh thé hinh kim (2.13 g, 78,8%).

Pho IR: van phé do dao dong hoa tri cia nhém -COO- thé hién & 1727 cm™,
nhom -CO- thé hién & 1737 cm™.

Khéi phd: miii ion phan tir m/z (M+Na)*,C13H200:270.
Phé NMR cho céac miii sau:

1H-NMR (500 MHz, CDCls) 5: 0.88, 1.22 (s, 9H, C(CHs)s), 1.50, 1.33 (s, 6H,
C(CHa)y), 4.05 (2H, J= 4 Hz, H-5), 4.22 (m, 1H, H-4), 4.52 (d, 1H, J=4.5 Hz,
H-2), 5.92 (d, 1H, J=7.5 Hz, H-1).
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13C-NMR (500 MHz, CDCl3) &: 27.3, 26.5 (C(CHz)2), 39.3 (C(CHa)s, 61.1 (C5),
78.8 (C4); 85.3 (C2), 105.1 (C1), 112.2 (C(CHs)), 180.1 (COO), 201.3 (C3).

Qua két qua phan tich cac loai phd chung to hop chét (2) phu hop véi cong thirc
nhu sau:

Hinh 5: Céu tao héa hoc ciia hop chit 5-O-pivaloyl-1,2-O-isopropylidene-a-D-3-
pentulofuranose

5 KET LUAN

Buge dau, chung toi da tong hop thanh cong nhitng ketone trung gian cho qua trinh
tong hop chat c6 kha ning khang ung thu va vi rat HIV trr nguyén liu dau 1a
D-xylose, v&i ket qua dat duoc cac chit trung glan quan trong nay s€ gop phan vao
cac giai doan tiép theo cua toan bo qua trinh tong hop.
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