Nghién ctru khoa hoc céng nghé

XAY DUNG QUY TRINH TONG HOQP PYRIDOSTIGMIN
BROMUA DUNG TRONG PHONG CHONG NHIEM bQC
THAN KINH CO PHOSPHO
NGUYEN CONG TINH V, HOANG QUANG CUGNG V, LE THI HUE

1. MO PAU

Ké tir sau cac cudc chién tranh thé gidi, viéc ap dung vii khi hoéa hoc trén thuc
té chién truong di xay ra mot cach thuong xuyén hon, gy ra ty 1¢ thuong vong 16n
chua ting c6 cho ca quan doi va dan thuong [1]. Trong cac vii khi hoa hoc chét doc
than kinh (CDTK) dugc coi 1a mot loai vii khi nguy hiém nhét, ching thuéc nhoém
cac hop chat phospho hiru co dugc tong hop c6 kha ning giy ra tic dong doc hai
tryc tiép 1én con nguol, dong vat va thyc vat [2]. Vao nhimg nam 1930, tur két qua
cua nghién ciru vé thudc trir sau, chat doc than kinh da duoc tong hop va du trir boi
mot s6 qudc gia toan thé giGi. Chién tranh Iran-Iraq trong nhitng nam 1980 da din
dén hang ngan thuong vong tir viéc sir dung CDTK ciia Iraq [3], va sau d6 vao nim
1995, cudc tan cong tau dién ngam Tokyo cta giao phai Aum Shinrikyo str dung khi
Sarin dan dén 12 nguoi thiét mang va 5300 ngudi bi thuong [4]. Cudc xung dot &
Syria ciing duoc coi 1a dd chung kién viée st dung CDTK giét chét nhidu thuong
dan v6 toi, va mot ty 1¢ dang ké nhiing nguoi sdng st chiu dung nhiing di ching
lién quan dén than kinh 1au dai.

C6 2 loai chat doc than kinh chinh dé 1a: Cac tac nhan nhom G va céc tac
nhan nhom V. Cac tac nhin G-series, hodc cac tac nhan G, bao gdm GA (tabun),
GB (sarin), GD (soman), va GF (cyclosarin), do Buc Qudc xa phat trién trudc va
trong Thé chién II. Tac nhan V-series bao gdm VX; cic hop chit nay dugc tong
hop sau Thé chién II [5].

Céc chat doc than kinh nay rat dé bay hoi va giy tir vong cao, thudng khong
mau, khéng mui va khong vi nén rit kho phat hién, gy ra nhimng kho khin cho cong
tac dy phong va diéu trj khi bi phoi nhiém. Hién nay tinh trang luu trir, phat trién cac
loai vii khi hoa hoc trén thé giéi van con phirc tap. Cac quoc gia trén thé giéi nhu
Hoa Ky, Vuong qudc Anh, Nga, Israel, Dirc va Nhat Ban d rét tich cuc nghién ciru,
trién khai dong bo cic bién phap ddi phé véi CDTK théng qua cac cich tlep can
khac nhau [6, 7, 8]. Nhiéu nhém nghién ctru ¢ nhiéu noi khic nhau trén thé gisi da
tong hop thanh cong mot s6 hop chat c6 kha ning phong chdng, hd trg diéu tri giam
nhe cac tac dong tiéu cuc cta phoi nhiém chat doc than kinh co phospho.

Trong lich sir, pyridostigmin bromua 1a hop chat carbamat dugc chap nhan
rong rai nhat nhu mot chat Gc ché mang lai hiéu qua tot nhat so voi phan 16n cac
chat trc ché acetylcholinesterase (AchE) khac. Ban than nd mang dén tac dung rat
nhanh d6i v6i co thé, 1am cho né tré thanh mot chat dugc sir dung phong chong va
giam nhe tic dong clia cac chat doc than kinh cu thé 1a soman va tabun. Tong hop
pyridostigmin bromua (PB) dwoc thuc hién ldn dau tién vao niam 1945 boi
Hoffmann-La Roche tir 3-hydroxypyridine [9]. PB la thudc chinh s dung trong
phac dd diéu tri nhim ddc than kinh do soman va tabun, ndm trong danh sach cac
loai thubc thiét yéu cua t6 chic Y té Thé gidi (WHO) va dugce coi 1a mét trong
nhitng loai thudc an toan nhit va hiéu qua nhat tinh dén nay [10].
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PB tc ché acetylcholinesterase (AchE) trong khe hé synap, do d6 lam cham
qua trinh thily phan acetylcholin, didu nay ngin can lién két cong hoa tri cua chat
doc than kinh v6i AChE va do d6 giam nhe tac dong giy chét ngudi cia chat doc
than kinh co phospho [11].

C6 rat nhiéu nghién ctru vé tip trung vé hiéu qua sit dung va anh huéng cua
PB trong phong chdng chat doc than kinh nhu:

- Nghién ciru vé co ché tac dung, tinh hiéu qua va do tin cdy cua PB trén ca
nguoi va dong vat cua T Dodd-Butera, Pai hoc Bang California Hoa Ky [12].

- Nghién ctru vé liéu dung PB, cac dang bao ché cho tic dung tot nhit va kéo
dai cua PB [13, 14].

- Théng ké thyc trang st dung ciing nhu hiéu qua cta pyridostigmin bromua
trong chién tranh ving Vinh nam 1991 [15]. Téc gia da c6 nhiing két ludn cu thé vé
kha nang phong nhidm chat doc than kinh ciia PB, tinh an toan cua san phim nay.

- Nghién ctru vé doc tinh cap va LDsq cia vién pyridostigmin bromua 30 mg
(trong sir dung dé phong chéng nhiém chat doc than kinh) cua Bigoniya va cong su
dang trén tap chi Drug Metabolism & Toxicology (2013; 4). Thir nghiém tién hanh
trén tho va chudt qua d6 da xac dinh duogc liéu chét LDs, cta vién nén PB 30 mg la
66,9 mg/kg [13].

Nhiing dir li€u thuc té dugc dé trinh cho Co quan Quan 1y Thyc phém va
Thubc Hoa Ky (FDA) vao nam 1991 cho théy ty 1€ bao vé chéng lai chat doc soman
da tang tir 1,6 1én 40 1an bang cach sir dung PB trude khi tiép xtic. Trong chién tranh
vung vinh My di bat dau sir dung PB cép cho 400000 binh si dé bao vé chdng lai cac
chat doc than kinh, voi liéu dy phong theo quy dinh 12 30 mg, 3 1an modt ngay, tac
dung bao vé cua 1 vién 1én dén 8 gio. PB ciing dd dugc Cuc Quan 1y Thuc pham va
Dugc pham hay FDA cip phép chinh thirc nhdm trang bi cho quan doi nude nay [16].

Hién nay, tai thi truong Viét Nam, PB chu yéu duoc nhap ngoai tir cac nguén
cung nudc ngoai dudi dang biét duge 60 mg, ding dé diéu tri bénh nhugc co voi
lidu cao va dung kéo dai. Cac cong ty san xuat dugc pham cé chira PB nhu: Cong ty
dugc pham Dermapharm AG (Ptic), Cong ty dugc pham Labiana ciia TAy Ban Nha
c6 cac day chuyén san xudt va cong thire duoc bao mat theo quy dinh. Hop chét PB
¢ dic tinh hat Am manh nén rit kho bao quan va bao ché. Trong thuc té hoc tap,
luyén tdp va sin sang chién déu cua quan doi ta van chua dugc trang bi ché pham
PB 30 mg dé dy phong cho cac su cb lién quan dén chét doc than kinh. Viéc nghién
ciru tong hop hoat chét PB trong nudc nham dap tmg nhu cau sir dung ciing chua c6
co s, to chirc nao cong bé.

Trong bai bao nay, nhém nghién ctru trinh bay quy trinh tong hop hop chat
PB, két qua kha quan budc dau lam co so tién toi hoan thién quy trinh, tao tién dé
cho cac phuong hudng phat trién, tng dung san pham tiém nang nay vao thyc té.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit li¢u

St dung cac hoa chat pyridin-3-yl dimethylcarbamat (Merck, 98%), methyl
bromua (Merck, 98%), aceton tinh khiét phan tich (Merck, 99,5%), chit chuan
pyridostigmin bromua (Merck, 99,5%), ban mong TLC Silica gel 60 F,., (Merck).
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2.2. Phwong phap nghién ciru

Téng hop PB

PB duoc tong hop tir phan tng gitra pyridin-3-yl-dimethylcarbamat va methyl
bromua theo quy trinh nhu sau:

Can 5g (0,03 mol) pyridin-3-yl-dimethylcarbamat cho vao binh cau, thém vao
13 ml dung dich aceton thu dugc hdn hop dung dich A. Lay 1,65 ml (0,03 mol) dung
dich methyl bromua hoa tan trong 4,5 ml dung dich aceton thu dugc dung dich B.
Thém tir tir dung dich A vao B khudy déu trong 5 phut & nhiét do phong sau do dé
hén hop trong 10-15 gid. Thoi diém két thiic phan ung duogc xac dinh bang ban
mong TLC v6i hé dung mai khai trién 12 methanol:ethyl acetat:triethyl amin: acetic
acid (9:1:0.5:0.05 v/v). Két thiic phan tng loc két tua thu dugc va rira lai bang dung
dich aceton (10 ml x 2 1an). Siy khé san pham thu duoc ¢ nhiét d6 80 °C trong 3 h
thu dugc san pham PB.

- Piém noéng chay cta PB duoc do trén may may do nhiét d6 nong chay Kruss
KSPIN cua buec.

Xdc dinh dj tinh khiét ciia PB

D6 tinh khiét cua PB duoc xac dinh trén hé thdng sic ky Agilent 1120. Puong
chuén PB dugc xay dung vdi cac néng ds 1,0; 0,8; 0,6; 0,4; 0,2 mg/l. Diéu kién
phan tich nhu sau:

- Cot phan tich: Agilent TC- C18 (250 x 4,6 mm, kich thudc hat nhdi 5pum);

- Thé tich bom mau: 5 pl;

- Pha dong: KH,PO4 SmM:acetonitril (60:40 v/v);

- Téc do dong: 1 ml/phut;

- Budc song UV phat hién: 269 nm;

- Thoi gian phan tich: 10 phut.

Cian ctr vao dién tich pic ciia PB tong hop duogc trén sic ky do6, dwa vao
phuong trinh dudong chuan PB va d6 tinh khiét ctia chat chuan, tinh duoc do tinh
khiét ciia PB tong hop duoc.
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Hinh 1. Dudng chuin PB
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3. KET QUA VA THAO LUAN
3.1. T6i wu diéu kién phén ing

Tir pyridin-3-yl-dimethylcarbamat tién hanh tong hop PB theo quy trinh dugc
trinh bay & muyc 2.2. Phan ing xdy ra theo phuong trinh sau:

§H3 Br‘2 9H3
1
1z 3 0 N\ H3C\ X 0 N\
N | O H;C-Br — l\f Y s
x4 O s~N._~4 O

3 5
So d6 1. So dd tong hop PB
Dé nang cao hiéu suit tong hop, nhém nghién ctru da tién hanh khao sat nham lya
chon nhiing diéu kién thich hop ciia cac yéu té anh hudng téi phan Gmg theo so do 1.
3.1.1. Anh hwéng ciia nhiét dp phan ikng t6i hiéu sudt tong hop PB

Thoi gian thich hgp cho phan Gmg tong hop PB dugc khdo sat & cac nhiét do
15, 25, 35 va 45°C. Phan mg duoc tién hanh trong dung méi acetone véi ty 1 cac
chat phan mg pyridin-3-yl-dimethylcarbamat va methyl bromua 14 1:1,2 (mol/mol)
va thoi gian phan tng 1a 24 gid. Hiéu suat phan (mg duoc tinh theo pyridin-3-yl-
dimethylcarbamat. Két qua khao sat duoc thé hién trong bang 1.

Bang 1. Anh hudéng cta nhiét do

Nhiét d¢, °C Hiéu suit, %
15°C 60,38
25°C 75,68
35°C 60,46
45°C 57,77

C6 thé thay rang hiéu suat phan tmg cao nhat thu duoc khi thuc hién phan img
& 25°C. Su tang dan nhiét do phan tng trén mic 25°C khong lam tang hiéu suit
phan tig do & nhiét do cang cao thi ty 1& methyl bromua bi bay hoi cang nhiéu lam
giam nong do chét tham gia phan tmg. Do d6, nhiét d6 thich hop cho phan tmg dugc
chon 1a 25°C.

3.1.2. Anh hwéng ciia ty Ié mol cdc chit phan iing téi higu suit tong PB

Khao sat ty 1& thich hop cac chat tham gia phan tmg duoc tién hanh & nhiét do
25°C va thoi gian phan ung la 24 gid. Theo phuong trinh phan tng PB duoc tao
thanh tur pyridin-3-yl-dimethylcarbamat va methyl bromua véi ty 1€ mol 1:1. Tuy
nhién & ty 1¢ nay, phan Gmg chi xay ra v6i hiéu suét dat 60,87%. Kiém tra bang ban
mong TLC véi hé dung moéi khai trién 1a methanol:ethyl acetat:triethyl amin:acetic
acid (9:1:0.5:0.05 v/v) cho thay phan tng xay ra khong hoan toan véi chat dau
pyridin-3-yl-dimethylcarbamat van con du (hinh 2).
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1 - pyridin-3-yl-dimethylcarbamat;
2-tylémol 1:1;
3-tylémol 1:1,2

Hinh 2. Hinh anh TLC khéo sat ty 1¢ mol cac
chat phan tng

Chat dau pyridin-3-yl-dimethylcarbamat chi phan mg hoan toan khi ty 1&
pyridin-3-yl-dimethylcarbamat va methyl bromua tham gia phan Gng la 1:1,2 dat
hiéu suat tong hop 1a 75,68%. Viéc tang ty 1¢ cac chat phan tmg 1én 1:1,3 khong lam
tang hiéu suat phan mg.

Bang 2. Anh hudng cua ty 16 mol cac chit tham gia dén hiéu suit phan tng

Ty 1&¢ mol chit phin tng
idin-3-vl- Hiéu suat, %
dimegl};rllél;?bzrg;t, mol Methyl bromua mol .
1 1 60,87
1 1,1 71,57
1 1,2 75,68
1 1,3 75,72

T nhitng khao sat trén cho thiy ty 1¢& pyridin-3-yl-dimethylcarbamat va
methyl bromua thich hgp cho phan tng 1a 1:1,2 mol/mol.

3.1.3. Anh hwong ciia thoi gian t6i hiéu suit tong hop PB

Thoi gian thich hgp cho phan tng téng hop PB dugc tién hanh & nhiét do
25°C, ty 1€ pyridin-3-yl- dimethylcarbamat va methyl bromua la 1:1,2 mol/mol. Sau
thoi gian 10 gio phan Ung, kiém tra bang sac ky 16p mong TLC dé xac dinh thoi gian
két thuc phan Gmg (mdi 1an cach nhau 1 gio). Két qua khao sat dugc trinh bay trong
bang 3 va hinh 3.

Bang 3. Khao sat thoi gian két thic phan tmg tong hop PB

Théi gian, gio Mirc phan &ng tclia:l p)(fllzicilin-s:yl-’dimethylcarbamat
g dich phan ung
10 Chua phan tng hét
11 Chua phan tng hét
12 Chua phan tng hét
13 Chua phan tng hét
14 Phén tmg hét
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Hinh 3. Hinh anh TLC khdao sat thoi gian phan (ng
1 - pyridin-3-yl-dimethylcarbamat; 2 - sau 13 gio; 3 - sau 14 gio

Két qua khao sat cho thay chat dau pyridin-3-yl-dimethylcarbamat tham gia phan
ung hét hoan toan sau 14 gio. Nhu vay, thoi gian thich hop dugc Iya chon 1a 14 gio.

Hiéu suét tong hop PB ¢ cac diéu kién nhiét do, ty 1¢ mol va thoi gian thich
hop dat 75,68%.

3.2. Kiém tra dé tinh sach ciia san phim thu dwgc

San phém PB téng hop dugc ¢ dang bdt mau tréng va c¢6 nhiét do nong chay la
152+153°C, hoan toan trung khop voi nhiét do nong chay cua chat chuan va cac tai
liéu da duogc cong bo [9].

Ngoai ra, khi dinh tinh PB tong hop duoc bang sic ky long hiéu ning cao
(HPLC), nong d6 dung dich do 1a 0,8 mg/l, cho thiy trén sic ky d6 cia dung dich
thir chi quan sat théy su xuat hién cua 1 peak tai thoi gian luu 1a 2,91 phit, chiém
100% nhur trén sic ky d6 cta dung dich chuan (hinh 4). Piéu nay khang dinh da tong
hop thanh cong PB véi d6 tinh khiét cao.

VIWDTA, Wavelength=269 0) WIDTA

(a) (b)
Hinh 4. Sic ky d6 cua dung dich PB tinh khiét (a) va san pham PB tong hop (b)
6 nong do 0,8mg/1

Két qua do trén mdy sic ky 1ong hiéu ning cao (HPLC) ciia mau PB tong hop
duoc trinh bay tai bang 4.
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Bang 4. Két qua thot gian luu va dién tich peak cua dung dich PB
tong hop & nong do 0,8mg/1

TT Thoi gian luu (min) Dién tich peak (mAU*s)
1 2,911 4386,9
2 2,914 4383,1
3 2,910 4385,6

TB 2,911 4385,2

~ Céin cir vao duong chudn va d¢ tinh khiét ctia chat chuan PB, dién tich peak va
sac ky do cua dung dich thir da xac dinh PB tong hop dugc c6 do tinh khiét dat 99,3%.
4. KET LUAN
- Da khao sét dugc cac diéu kién thich hop dé tong hop thanh cong hop chét
PB véi hiéu suat dat 75,68%, cu thé ¢ nhiét do phan (mg 25°C, ty 1& pyridin-3-yl-
dimethylcarbamat:methyl bromua 1:1,2 (mol/mol) va thoi gian phan Gng 14 gio.
- Hop chat PB tong hop duoc ¢6 d¢ tinh khiét cao, dat 99,3%. bay 1a tién dé
t6t nham phat trién, _hoan thién va t6i wu thém quy trinh tong hop PB tién t6i chi

dong cung cap ngudn nguyén liu nay dung cho bao ché thubc chéng nhuoge co,
ciing nhu thude phong chéng nhiém doc than kinh co phospho tai Viét Nam.
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SUMMARY

SYNTHESIS OF PYRIDOSTIGMINE BROMIDE USED IN PREVENTION OF
ORGANOPHOSPHATE NERVE AGENTS POISONING

Pyridostigmine, a quaternary carbamate inhibitor of acetylcholinesterase, is
used to treat muscle weakness with myasthenia gravis or to reduce the effects of
curariforms drug toxicity. Pyridostigmine bromide have been approved for military
use as an agent for the protection of cholinesterase enzymes (against soman and
tabun exposure). In this paper, we described the synthesis of pyridostigmine bromide
from pyridin-3-yl-dimethylcarbamate. The highest yield (75.68%) was obtained using
following reactional conditions: 25°C, 14h and the molar ratio of pyridine-3-yl-
dimethylcarbamate:methyl bromide=1:1,2. HPLC analysis of synthetic pyridostigmine
bromide showed a purity of 99.3%. This simple and efficient method can be used to
scale up for the synthesis of pyridostigmine bromide as raw material in the production
of myasthenic gravis drugs, as well as anti-nerve agent drugs in Vietnam.

. Keywords: Pyridostigmine bromide, AchE, pyridine-3-yl-dimethylcarbamate,
chat doc than kinh.
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