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TONG HQP VA KHAO SAT KHA NANG TIEU PQC CUA KBDO
POI VOI CHAT PQC YPERIT

Vii Ngoc Doian’", Poan Hiru Hung?, Nguyén Thanh Vinh!
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2Binh chung Héa hoc
Tém tat
Mudi kali 2,3-butanedione monoxime (KBDO) la mét trong nhitng hop chit tiéu doc c6 hiéu
qua cao Vi cac chat doc than kinh, loét da va la thanh phan chinh trong bo Kit khir nhiém
RSDL. Bai bao trinh bay két qua nghién ciru tong hop KBDO tir 2,3-butanedione monoxime
(DAM) va KOH hoic t-BuOK & cac diéu kién phan @ng khéc nhau va khao sét kha ning
tiéu doc cua san pham trén chit doc loét da yperit (HD). Thanh phan, ciu tric cia san pham
dd duoc khing dinh bang cac phuong phap phé IR, NMR, EDX. Co ché tiéu doc cua
KBDO vdi chat doc HD dugce dé xut thong qua xac dinh san pham trung gian cua phan
&ng bang phé NMR.

Tir khoa: KBDO; chdt khir nhiém; chdt déc quan su, yperit (HD).

1. Mé dAu

Chét doc quéan sy 1a nhirng chat doc hoa hoc ¢ doc tinh cao duoc dung trong muc
dich quan su, dé sat thuong sinh lyc hodc lam nhiém doc moi truong, trang bi va vat
chét caa ddi phuong, 1a co s¢ cua vil khi hdéa hoc. Trong do, nhom chit doc than kinh
(sarin, soman, tabun, VX) va loét da (yperit, yperit nito) 1 nhitng loai chat doc dugc san
xuat va sir dung kha pho bién [1]. Dé loai bo chit doc khoi bé mit nhidm, can phai thuc
hién qua trinh tiéu doc. Trong d6, khir nhidm bang chat tiéu doc 1a mot phuong phap
hiéu qua va dugc str dung rong rai. C6 hai nhom chét tiéu doc phé bién 1a céc tac nhan
nucleophin (cht yéu 1a cc oxime) va cac chat c6 tinh 6xi hoa manh [2].

Oxime 1a mot nhém cac hop chat hoa hoc co cong thirc chung R1R,C=NOH, trong
d6 Ri 1a nhom alkyl, Rz ¢6 thé 1a hydro s& tao thanh aldoxime hodc Rz 14 alkyl sé& tao
thanh ketoxime (Hinh 1) [3]. Thuat ngit oxime c6 tir thé ky 19, 1a mot su két hop cua
cac tir “Oxi” va “imine”. Thong thuong, oxime duoc tao ra bing cach phan ung
hydroxylamine véi aldehyde hodc ketone, nhung né ciing c6 thé dugc tao ra bang cach
phan g nitrit v6i cac hop chat c6 chira hydro axit [4].
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Hinh 1. Cdu triic ciia aldoxime va ketoxime
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Cac hop chat cua oxime (pralidoxime, dekon 139) duoc st dung lam thudc giai
ddc, khtr nhidm cho céac tac nhan than kinh, cac hop chit co photpho [5]. B6 RSDL la
san phém dugc str dung dé khir nhiém chat doc quan su (nhém V, G, H) va cac doc to
T-2. Ching dwoc san xuit trén co s& cia hdn hop voi hop chét chinh 14 diacetyl
monoxime (DAM), dekon 139 (mudi kali 2,3-butanedione monoxime (KBDO), MPEG
(methoxy polyethylene glycol), nuéc duoc tim trén tim bot bién [6]. Pay 1a mot san
pham tiéu doc da ning duoc NATO phat trién va trang bi cho quéan doi va cac luc luong
dic nhiém chéng khung b6 CBRN véi thanh phan chit tiéu doc chinh 1a tdc nhan
nucleophin - KBDO.

Dé téng hop KDBO c6 thé thyc hién phan (mg giita DAM vdi cac tic nhan cung
cap kali nhu kali kim loai, C2HsOK, KOH [7], hodc t-BuOK [8]. Theo 2 cach dau tién
(kali kim loai va C2HsOK) c6 nhugc diém 13 khong an toan, ngudn nguyén liéu dit tién,
quy trinh thyc hién phuc tap. Trong khi d6, néu tong hgp KDBO tir DAM va KOH (hoic
t-BuOK) thi hiéu qua thu dugc ciing trong dwong trong khi rat an toan va nguyén liéu dé
tiép can hon. Trong nghién ctru ndy, cic tac gia trinh bay két qua tong hop KDBO va
budc dau xac dinh co ché tiéu doc ciia KDBO ddi voi chat doc yperit luu huynh (HD).

2. Thuc nghiém
2.1. Héa chdt va thiét b

Céc héa chét dugc sir dung trong qua trinh tong hop KBDO 1a hoa chit ciia hang
Sigma véi do tinh khiét trén 98%, dung méi st dung tinh khiét, khan déu duoc cit moi.
Céc thi nghiém tong hop, tinh ché san pham duoc thuc hién tai phong thi nghiém Phong
hoa, Khoa Hda - Ly k§ thuat, Pai hoc Ky thuat Lé Quy Pon. Tién trinh phan tng duoc
theo ddi phan tng bang sic ky 16p mong (TLC) sir dung hé dung mdi n-hexan :
etylaxetat (4:1), chat chi thi KMnOa. Hop chat dugc tach va tinh ché bang phuong phap
loc rira két hop voi ky thuat két tinh.

Pho cong huong tir hat nhan *H-NMR, *C-NMR dugc thyc hién trén may Bruker
Avance 500 MHz véi cac dung moi CDClz va TMS 1a chét chuan, phd EDX duoc do
trén may JEOL - JED tai Vién Han lam Khoa hoc va Céng nghé Viét Nam; nhiét do
noéng chay duoc do trén may Stuart SMP11; phdé hong ngoai IR dugc do trén may
Perkin Elmer Spectrum Two tai Phong thi nghiém Httu co, Pai hoc Ky thuat L& Quy
Don, sir dung phuong phép tan xa ATR (Attenuated total reflection).

2.2. Téong hop KBDO

KBDO duoc tong hop tir DAM, KOH (hoic t-BuOK) trong dung méi thich hop

theo so do 1:
N t°, 90 phut N
o) Z “OH * t-BuOK/ KOH o) Z 0K

So do 1. Phan irng tong hop KBDO.
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Hoa tan 0,505 g DAM trong 25 mL dung méi, thu dugc dung dich A. Hoa tan
0,336 g KOH (hoac 0,673 g t-BuOK) trong 25 mL dung méi thu dugc dung dich B. Cho
dung dich B vao binh ciu 2 ¢6 dung tich 250 mL, dit trén may khudy tir gia nhiét. Nho
timg giot dung dich A vao dung dich B trong khoang 2030 phut, khudy & toc do
600+1000 vong/phat, nhiét do 70°C. Két thic nho giot, tiép tuc khudy va dun thém
90 phat. Kiém tra tién trinh cua phan tng bang sic ky 16p mong. Két thiic phan tmng,
dem hén hop san pham ¢ quay chan khong (nhiét d6 80°C, ap suét 150 mbar), thu duoc
san pham KBDO thé. San pham dugc tinh ché va lam sach trong ether, say khé trong ti
hat chan khong tir 1+2 gio. San phé‘im thu duoc 1a chét rin mau vang, nhi¢t d0 nong
chay 223+225°C.

Trong qua trinh tong hop KBDO, cic yéu to anh huong lan luot duge xét dén
nham t6i wu héa hiéu suat nhu: dung méi (EtOH, t-BuOH, THF), ti 1& chét dau (giita
DAM va t-BuOH/ KOH =1:1,2; 1:1;1,2:1) va nhiét d6 (30+90°C).

2.3. Nghién ciru khd néng tiéu djc ciia KBDO véi chit doc hai da HD

Mau chat doc HD dung trong nghién ctru dugc cung cép tir BO tu 1énh Hoa hoc
v6i do tinh khiét 98%. Qua trinh thir nghiém danh gia kha ning tiéu doc va xac dinh co
ché phan tmg duoc thuc hién nhu sau: pha 0,159 g (0,001 mol) chat doc HD véi 100 mL
ethanol khan dugc dung dich 0,01 mol/L; léy 0,139 g (0,001 mol) KBDO pha voi
100 mL ethanol khan, dugc dung dich 0,01 mol/L. Thuc hi€n phan ng ti€u doc voi ti 1¢
KBDO:HD 1a 5:1 trong 180 phut. San pham cua phan tng dugc chiét tach, tinh ché
bang sdc ky cot va phan tich cau tric bang cac phuong phap pho IR, NMR, EDX.

3. Két qua va thio luin
3.1. Céu triic va thanh phén sin phim KBDO

CAu tric, thanh phan cta san pham da dugc chimg minh bang cac phwong phap
IR, NMR, EDX. IR (ATR), vmax: 3197,7; 2922,7; 1609,3; 1474,2; 1371,4; 1174,3;
1106,9; 623,5; 427,2 cm™. 'H-NMR (DMSO-d6, 500 MHz, & (ppm): 1,526 (3H, s,
CH3-C=0); 2,236 (3H, s, CH3-C=N-). C-NMR (DMSO0-d6, 125 MHz, & (ppm):
196,23 (C=0); 156,49 (C=N), 24,02 (CH3-C=0); 7,62 (CH3-C=N).

Trén phd cong huong tir hat nhan *H-NMR cia san pham (Hinh 2) xuét hién day
da céc tin hiéu dac trung clia cac proton c6 mat trong phan t¢r KBDO. Hai tin hi¢u
singlet cong hudng tai 6 = 1,526 ppm (3H, s, CH3-C=0) va 6 = 2,236 ppm (3H, s, CHs-
C=N-) 1a tin hiéu cho proton ciia 2 nhém -CHs. Trén pho *C-NMR (Hinh 3) cta san
pham ciing xuat hién diy dii cac tin hiéu ciia 4 nguyén tir cacbon c6 mat trong phan tir
KBDO: 6 = 196,23 ppm (C=0); 6 = 156,49 ppm (C=N), ngoai ra & = 24,02 ppm (CHs-
C=0) va 6 = 7,62 ppm (CH3-C=N).
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Hinh 2. Phé *H-NMR ciia KBDO.

Hinh 3. Phé **C-NMR ciia KBDO.

Dé xac dinh thanh phan cac nguyén to trong san pham, ky thuat phéan tich EDX da

duoc st dung. Trén phd EDX cia san pham (Hinh 4) cho thiy trong san pham tong hop

dugc ngoai cac nguyén té cua hop chit oxime (C, O, N) ¢ xuét hién ciia nguyén t6 K

trong thanh phan, diéu nay c6 thé du doan ring nguyén tir H trong phan tt DAM da

duogc thay thé bang nguyén tir K trong KBDO.
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Thin Film Standardless Standard Quantitative Analysis

Fitting Coefficient: 0.6351

Element (keV) Mass% Counts Error%  Atom% Compound Mass% Cation K

C K (Ref.) 0.277 57.18 18726.80 0.01 72.21 1.0000

N K 0392 452 2632.71 0.09 4.89 0.5623

OK 0.525 14.35 11835.26  0.03 13.60 0.3970

KK 3.312 2395 12325.43  0.08 9.29 0.6363

Total 100.00 100.00
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Mit khac, khi so sanh phd IR cia DAM va san pham tao thanh (Hinh 5) khéng c6
su khac biét nhiéu vé vi tri cac dai hép thu. Cac pic dac trung ctia cac nhom chirc giéng
nhau cua hai hop chit déu xuit hién. Khac biét 16n nhét 1a sy thay déi trong khu vuc
3000+3500 cm™, pic dao dong hoa tri ciia nhom -OH trong phan tir DAM khéng con
(pic nhon, von = 3206 cm™), thay vao d6 1a pic tu (voxk = 3194 cm?, dic trung cho
nhom -OK trong phan tit KBDO).
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Hinh 5. Phé IR ciia san pham KBDO va ciia DAM.

Nhu vay, bang cac két qua phan tich nhiét 46 nong chay, IR, *H-NMR, *C-NMR,
EDX cho phép khang dinh cau triic ctia san pham tao thanh KBDO.
3.2. Nghién ciru dnh hwong ciia mét sé yéu té dén hiéu sudt phan iing tong hop KBDO
3.2.1. Anh hudng ciia tac nhén kiém va dung méi phan vmg

Qua trinh tong hop KBDO, hai tac nhan kiém dwogc lwa chon 1a KOH va t-BuOK
do ¢6 nhiing thun lgi trong qua trinh phan tng va tinh ché san pham. Vi hai tic nhan
nay, 1an luot cac dung moéi EtOH, t-BuOH va THF duoc sir dung 1am méi truong phan
g trong diéu kién nhiét d6 1a 70°C va thoi gian 90 phut. Két qua duogc trinh bay trong
bang 1.
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Bdng 1. Hiéu sudt phan iing theo cdc chdt tham gia va dung méi

ML TéC.Pha” Dung ,Nhi,ét do Thoi gian Hiéu suat
kiem moi phanang (°C) | (phut) (%)
TN1 EtOH 70 90 47,44
TN2 KOH t-BuOH 70 90 65,12
TN3 THF 70 90 23,51
TN4 EtOH 70 90 74,46
TN5 | t-BuOK | t-BuOH 70 90 82,01
TN6 THF 70 90 91,56

V6i cac dung moi duoc sir dung trong nghién ctru, hidu suat phan mg ciia DAM
va KOH luén thap hon so v6i t-BuOK. Diéu ndy co thé duoc gii thich do kha ning trao
d6i K* gitra t-BUOK va DAM thuan loi hon so véi KOH. Mat khac, phan tng giita
DAM va t-BuOK khong sinh ra nudc, 1a mot thanh phan gay thity phan KBDO.

Trong 3 loai dung méi str dung, THF cho hiéu suat phan tmg cao nhit. KBDO tao
thanh sau phan ung khong hoa tan trong THF do d6 thiic diy phan tng xay ra theo
chidu thuan va dat hiéu suat phan ung cao hon. Trong khi d6, v6i cac dung mdi nhu
EtOH, t-BuOH khi hoa tan KBDO lam né bi thity phan mot phan thanh DAM.

Tir két qua trén, tic nhan phan tmg véi DAM dé tong hgp KBDO trong cac khao
sat tiép theo 1a t-BuOK v&i dung moi THF.

3.2.2. Anh hwéng ciia ti 1é chat tham gia phan iing

Thuyc hién phan tng trong cing diéu kién vé nhiét do, thoi gian va dung mai, cac
chit tham gia phan mg véi céc ti 1é khac nhau thu hi¢u suit phan tng nhu bang 2.
O mau M1, trong san pham phan tng c6 1an t-BuOK con du va khé khan trong qua trinh
tinh ché, 1am sach san pham. O M3 xuat hién DAM con du, tuy nhién c6 thé dé dang
loai bo bang cach rira hdn hop bang ether hoic EtOAC.

Bang 2. Hiéu sudat phan #ng theo ti I¢ cac chdt tham gia

Miy | Nhiét do Thoi gian Dung moi Ti 18 Hiéu suét
(°C) phan trng (phit) DAM/t-BUuOK (%)
M1 70 90 THF 1,0:1,2 91,56
M2 70 90 THF 1,0:1,0 89,43
M3 70 90 THF 1,2:1,0 90,05
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Bang 2 cho thay hiéu suit phan mg c¢6 sy khac biét nho. Vi vay, dé thu dugc san
pham sach vé6i d6 tinh khiét cao hon, cac tac gia lya chon ti 1& chat tham gia phan tng 1a
DAM : t-BuOK = 1:1 va tiép tuc thyc hién khao sat anh hudng cta nhiét do.

3.2.3. Anh huéng ciia nhiét do

Dai nhiét 6 khao sat duoc thyc hién tir nhiét do 30°C dén 90°C. Phan tng tién

hanh véi1 cac thanh phﬁn va diéu kién vé ti 18, dung méi da duoc lya chon ¢ trén.

Bang 3. Hiéu sudt phan ing theo nhiét do

orr [ 2 [ owngr | Toitgan | N | iy
1 1:1 THF 90 30 62,86
2 1:1 THF 90 50 81,27
3 1:1 THF 90 70 89,43
4 1:1 THF 90 90 88,79

Két qua tir bang 3 cho thay: O viing nhiét do khao sat, hidu suat phan tmg ting dan
khi ting nhiét d6 tir 30°C (dat 62,86%) I&n 70°C (89,43%) va c6 chidu hudng giam khi
tang nhiét d6 phan ung (dat 88,79% & 90°C). Piéu ndy co thé giai thich 1a do & ving
nhiét do thap (30+50°C) ning luong dé hoat hoa va khuéch tan cac cau tir chua di 16n
dé phan (mg hoan toan trong khoang thoi gian khao sat (90 phit). Trong khi d6, & ving
nhiét d6 cao hon (90°C) c6 thé bat dau xay ra qua trinh phan hily san pham dan dén lam
giam hiéu suat phan ung. Hién tuong nay duoc quan sat trong qua trinh theo ddi phan
mg: Trong qua trinh thuc nghiém, phan tng ¢ nhiét d6 cao (¢ 90°C), ban dau khi moi
nho giot dung dich DAM vao binh ciu xuit hién mau vang (mau cua KBDO), dan
chuyén sang mau hoi nau (c6 thé mot phan nho san pham bi phan hay khi thyc hién
phan tng & nhiét d6 cao tai thoi diém ban dau).

3.3. Nghién ciru khd ning tiéu djc ciia KBDO véi chit djc hai da HD

Nham danh gia budc dau vé kha ning tiéu doc cia KBDO va co ché tiéu doc,
nhom nghién ciru di tién hanh thir nghiém phan tng cia KBDO véi chat doc HD. Ti 1é
KBDO : HD = 5:1 va thoi gian phan tng tiéu doc 1a 3 gio. San pham sau phan tng duoc
tach riéng bang sic ky 16p mong thu dugc 2 san pham, tién hanh chup phd NMR véi 2
chat nay thu dugc két qua nhu sau:

SP-V1: IR (ATR), vmax: 2829; 1692; 1609; 1306; 1125; 1014; 695 cm™. *H-NMR
(CDCls, 500 MHz), 6 (ppm): 4,4 (2H, t, J = 6,5Hz, CH»-Cl); 3,65 (2H, t, J = 6,5Hz,
CH2-0); 2,94-2,89 (4H, m, 2xCH,-S); 2,36 (3H, s, CHs); 1,93 (3H, s, CHs). *C-NMR
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(CDCls, 125 MHz), & (ppm): 196,40 (C=0); 156,17 (C=N); 74,77 (O-CH>); 42,95 (C-
Cl); 34,55 (S-CH>); 31,20 (S-CHy>); 24,98 (HsCC=0); 8,76 (HsCC=N).

SP-V2: IR (ATR), vmax: 2929; 1692; 1609; 1306; 1124; 1024; 1017; 608 cm™.*H-
NMR (CDCls, 500 MHz), § (ppm): 4,42 (2H, t, J = 7,0 Hz, -CH,-0); 2,91 (2H, t,J=7,0
Hz, -CH-S); 2,36 (3H, s, -CHa); 1,92 (3H, s, -CH3). *C-NMR (CDCls, 125 MHz), &
(ppm): 196,5 (C=0); 156,0 (C=N); 74,6 (CH.-0); 31,2 (CH-S); 24,9 (CHa); 8,73 (CHs)

Hinh 6. Ph6 *H-NMR ciia sdan pham SP-V1. Hinh 7. Phé **C-NMR ciia san pham SP-V1.
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Hinh 8. Phé *H-NMR ciia san pham SP-V2. Hinh 9. Ph6 **C-NMR ciia san pham SP-V2.

Két qua phan tich cho thdy SP-V1 Ia 2-butanedione oximeino ethyl - 2'-chloroethyl
sulfide. Pay 1a san pham thé 1 nguyén tir C1 trong HD bai KBDO. Trong khi d6, SP-V2
la bis[2-(2,3 butanedione oximeino) ethyl] sulfide (san pham thé 2 nguyén tir Cl trong
HD). Ca 2 san phdm nay déu khong con tinh hai da nhu chat doc HD ban dau. Tir két
qua phén tich san pham sau phan tmg biang phd NMR cho thdy phan tng tiéu doc HD
boi KBDO duoc dé xuét xay ra theo co ché Sn1 hodc Sn2 (Hinh 10a, 10b) hoan toan
phtt hop véi két qua nghién ciru caa E.J. Dunn va R.K. Miller [9].
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Hinh 10. Co ché tiéu déc theo Sn1 (a); Sn2 (b).

4. Két luan

Hop chat KBDO di dugc tong hop thanh cong tir nguyén liéu ddu DAM va
t-BUOK (ti 18 1:1 vé s6 mol) st dung dung méi THF & 70°C trong thoi gian 90 phit véi
hiéu suit dat gén 90%. San phém da dugc xac dinh, chung minh cAu tric béng cac
phuong phap phd IR, NMR, EDX. Co ché phan tng tiéu doc cia KBDO véi chét doc
HD di duoc dé xuat thong qua xac dinh san pham sau phan ng bang phuong phéap
NMR. Cac két qua thu duoc cho thay phan tng co thé xay ra theo co ché thé nuleophin
Sn1 hodc Sn2.
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SYNTHESIS AND INVESTIGATING THE DETOXIFICATION
ABLITY OF KBDO AGAINST YPERITE

Abstract: Potassium 2.3-butanedione monoxime (KBDO) salt is one of the highly effective
decontaminations for neurotoxins and blister agents; hence, it is the main ingredient in the
RSDL Decontamination Kit. This paper presents the synthesizing KBDO from 2.3-butanedione
monoxime (DAM) and KOH or t-BuOK under different reaction conditions and
decontamination surveys of product with the yperite. The composition and structure of the
products were confirmed by IR, NMR, EDX spectroscopy methods. Furthermore, the
detoxification mechanism of KBDO with HD was proposed by determining the intermediate
product of the reaction by NMR spectroscopy.

Keywords: KBDO; detoxification; chemical warfare agents, yperite (HD).
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