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NGHIEN CUU TONG HOP DAN XUAT CALIXAREN

Vii Ngoc Doin' ", Lé Thi Trang!, Tran Vin Két!, Lé Minh Pong’
'Khoa Hoéa - Ly ky thudt, Pai hoc Ky thudt Lé Quy Dén

Tém tat

Céc su ¢d trong nganh cong nghiép hat nhan ciing nhu nhitng cudc khing bd hat nhan lam
cho viéc phat trién cac chat khir nhiém try thanh nhiém vu cip thiét hién nay. San phim
p-tert-butylcalix[6]aren va dan xuat 1a 16p chat dang duoc cac nha khoa hoc trén thé giGi
quan tdm nghién ciru boi kha ning tao phirc manh véi cac chat phong xa. Bai bao trinh bay
Kkét qua nghién ciru téng hop cac din xuit 2,4,6-triethylester-1,3,5-trimethoxy-p-tert-
butylcalix[6]aren va 1,3,5-trimethoxy-2,4,6-tri (carboxylic acid)-p-tert-butylcalix[6]aren
dua trén phan tng ether hoa theo Williamson str dung bazo K,COs. Céu tric cua san phim
dugc ching minh bang dit lidu phd IR, MS, *H-NMR, 3C-NMR.

Tir khoa: Phong xa; calixaren, chat khir nhiém; bazo; phan irng Williamson.

1. Mé& dau

Phong xa hay buc xa hat nhan dang la van dé cép thiét hién nay, cac tham hoa hat
nhén ludn tiém 4n va dé lai hau qua nang né cho moi truong séng khi xay ra su cd: su ¢
Chernobyl (Nga, nam 1986), su c¢6 nha may dién hat nhan Fukushima (Nhat Ban, nim
2011)... Chat thai phong xa c6 thé dén tir nhiéu ngudn khac nhau, tap trung & cac nudc
c6 nha may dién hat nhan, vii khi hat nhan hay nha mdy xir 1y nhién liéu hat nhan, phan
16n chét thai bat ngudn tir qua trinh 1am gidu nhién liéu hat nhan va tai ché vii khi hat
nhan. Khi tiép xtc voi chit thai phong xa co thé ton thuong ving da bi phoi nhiém, tiép
xtuc thoi gian dai dan dén cac bénh ung thu, véi lidu lugng cao tham chi co thé gy tir
vong. Thong ké cho thiy, & ngudi truong thanh véi mot lwong nhoé 5,5% bic xa ion co
nguy co gy ung thu [1], blic xa ion hoa c6 thé xda bo hodc thay d6i cac doan ma trong
nhiém sic thé [2]. Mot sinh vat dang phat trién ¢ giai doan bao thai bi chiéu xa hoic
phoi nhiém c6 thé gy nén di tat bam sinh, nhiing d6t bién do chiéu xa ¢ ngudi khong
nhiéu, cling nhu hau hét & dong vat c6 vi, do nho c6 cac co ché sta chita té bao ma
trong s6 d6 c¢6 nhitng co ché méi duoc phat hién. Chung bao gom stra chita DNA, RNA
thong tin va protein, ciing nhu tiéu thé tiéu hoa ndi bao nhiing protein hong, tham chi té
bao tu chét [3].

Calix[n]arenes dugc (mg dung nhiéu trong nganh dugc boi nhimng dic tinh cia ciu
trac phan tir gobm 2 phan wu nude va uu dau [4-6]. Calixaren co thé tao phirc voi cac
phan tir khac nhu thudc tdy giun san [7], testosterone [8], hoc mén steroid [9], thude
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khang khuén [10] va thudc trir sdu [11, 12], tir @6 thé hién tinh khang virus [13], khang
nam [14], kha ning chéng ung thu [15]. Pic biét, ching co thé tao phuc véi cac
ion kim loai phong xa va dé dang tach chung ra khoi cac dung dich, dugc ing dung lam
chit khir nhiém ding trong quan sy va dan sy [16]. Nam 1979, nhém nghién ciru ciia
gido su David Gutche dd phat hién va cong bd hop chat méi tir chat du p-tert-
butylphenyl phan tmg véi formaldehyde duoc dat tén 1a calixaren [17]. Dén nam 1980,
nhém dya trén két qua cong huong tir NMR dd xac dinh chinh xac ciu tric cia
calixaren 14 nhitng aren dong vong [18]. CAu tric calixaren dugc minh hoa & hinh 1.

p-tert-butylcalix[4]aren p-tert-butylcalix[6]aren p-tert-butylcalix[8]aren

Hinh 1. Céng thitc cdu tao calixaren.

P-tert-butylcalix[6]aren va cac din xudt dang duoc cac nha khoa hoc trén thé giéi
quan tdm nghién ciru boi kha ning tao phirc manh véi ion cac chéat phong xa, 1a nguyén
lidu quan trong trong ché tao cac chit khir nhiém khan cép, giam thiéu t6i da tac hai co
thé gay ra cho ngudi bi tiép xuc, phoi nhidm. Nhom tac gia Izatt va cong sy da sir dung
cation kiém tao lién két véi calixaren dé thu hoi cesium tir dung dich trong nudc thai hat
nhan [19, 20]. Nghién ctru dé phan 1ap ho Lanthanum da dugc nghién ctru boi nhom tac
gia Horrowfield bang cach tao phirc giita calixaren va kim loai dat hiém trong dung moi
DMF, cong bd di chi ra rang calixaren c6 tiém ndng trong viéc hip thu ion ho
lanthanide [21]. Hién nay, c6 6 bang sang ché cua tac gia Shinkai (Nhat Ban) cong bd
dung dich nude calixaren c6 tiém nang thu hoi ion uranium tir nudc thai phong xa [22].
Céu truc tao phirc voi uranium duge mé ta & hinh 2.

OCH,CQ,H OCH,
CH, c 0.2
e
3

Hinh 2. Cdu triic tao phikc ctia calixaren voi uranium [22].
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Bén canh d6, ndam 2016, ba nha may dién hat nhan ¢ phia Nam Trung Quéc van
hanh thuong mai, cdc nha may nay déu nam gan bién gidi phia Bac Viét Nam, gin nhat
la Phong Thanh chi cach Mong Cai - Quang Ninh 50 km, cdch Ha N§i dudi 500 km.
Viéc Trung Qudc xay dung ba nha may dién hat nhan gan véi bién gioi Viét Nam va di
vao van hanh dang dit ra mot thach thie khong nho d6i voi cac tinh phia Bic trong d6
c6 thi d6 Ha Noi khi c6 su ¢ xay ra. Do vay, viéc nghién ciru tong hop cac hop chit ¢6
kha ning giam thiéu tac hai ciia cac blrc xa hat nhan, phong xa dbi v6i con ngudi dang
1a van dé cap thiét.

Nhitng két qua nghién ctu cong bd qudc t& cho thdy tiém ning to 16n cua
calixaren trong viéc hép thu, loai bod cac chét phong xa. Hién tai, trong nudc van chua
c6 nhom nghién ctru nao cong bd vé calixaren ciing nhu cic dan xuit. Trong nghién ciru
nay, cac tac gia trinh bay két qua tong hop mot sé dan xuat calixaren sir dung lam
nguyén lidu cho cac nghién ctru ché tao dung dich khir nhiém phong xa trong twong lai.
2. Thue nghiém

Hoa chit p-tert-butylcalix[6]aren; potassium carbonate; methyl iode; cerium
carbonate; ethyl bromoacetate; sodium sulfate tir hang Sigma, My véi do tinh khiét trén
98% dugc st dung truc tiép ma khong can phai tinh ché lai. Cac dung moi st dung duogc
mua tir Trung Qudc, trude khi tién hanh thi nghiém duoc chung cét lai. Tién trinh phan tmg
duoc theo doi bang phuong phap sic ky ban mong trang sin silica gel 60 GFasq, d6 day
0,2 mm, su dung chi thi KMnO4. Céc san phém dugc tinh ché va phan lap b::ing phuong
phap sic ky cot, k¥ thuat két tinh lai. C4u triic cua san phém duge xéac dinh dya trén: Phd IR
duoc do boi may chup phd IR Spectrum two (PerkinElmer) tai BO mon Phong hoa, Pai hoc
Ky thuat Lé Quy Don; phd cong huong tir NMR dugce do boi méay chup pho *H-NMR, 13C-
NMR Brucker Avance 500 MHz tai Khoa Hoa, Pai hoc Khoa hoc tu nhién - Pai hoc Qudc
gia Ha Noi; ph6 khdi ESI-MS dugc ghi trén may Hewlett Packard Mass Spectrometer 5989
MS tai Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Tong hop hop chit 1,3,5-trimethoxy-para-tert-butylcalix[6]aren (2)

Hoa tan 500 mg p-tert-butylcalix[6]aren (0,514 mmol) trong binh cau 100 mL c¢6
chtra 40 mL acetone khan, khudy déu hon hop & nhiét 46 phong trong diéu kién khi nito
trong khoang thoi gian 30 phut. Sau do tir tir cho thém 250 mg K>CO3z (1,182 mmol) vao
hdn hop trén trong thoi gian 3 gid. Két thic qua trinh trén, tiép tuc nho giot tir tir vao hdn
hop phan tng 320 mg methyliode (2,056 mmol) trong 5 phut, sau d6 gia nhiét va dun hoi
lwu trong 24 gid & didu kién moi truong khi nito. Tién trinh phan g duoc theo ddi bang
sic ky ban mong. Phan tmg két thic dua vé nhiét do phong, cat loai dung méi aceton
bing may cd quay chan khong. San pham tho duoc chiét bing DCM (3x15 mL), trung
hoa phan du K,COs bang dung dich HC1 IM. Pha hiru co dugc lam kho bang NapSO4
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khan, loai dung méi & ap sudt thap st dung may c6 quay chan khong, san phim tho
duoc phan 1ap bang sic ky cot sir dung hé diclomethan : n-hexan = 7 : 3, thu duoc san
phém 2 (chét rin mau tréng, lugng thu 144 mg; hi¢u sut 28,8%).

IR (ATR): v-on = 3336 cm™, veusp® = 2955 cm?, vec.o = 1299, 1003 cm?,
ve=c(an = 1482, 1600 cm't;

'H-NMR (500 MHz; CDC13), § (ppm): 7,01 (s, 6H, ArH meta OH); 6,90 (s, 6H,
ArH meta OCHjs); 6,73 (s, 3H, OH); 3,89 (s, 12H, ArCHAr); 3,47 (s, 9H, OCHy);
1,21 (s, 27H, t-Bu); 1,02 ppm (s, 27H, t-Bu);

ESI-MS (m/z): Tinh to&n CesHgsOs" 1015,1, phat hién 1015,0 [M+H]".

K,COj, CHal

Acetone
reflux, N,, 24h

(1) CHzBrC02CZH5,
032003, DMF

KOH
C,H50H

A 4h, N,.

R' = CHQCOZH

(4) R'= CH2C02C2H5

3

So do 1. Quy trinh tong hop dan xudt calixaren.
Téng hop 2,4,6-triethylester-1,3,5-trimethoxy-p-tert-butylcalix[6]aren
Hoa tan hoan toan 50 mg (0,0493 mmol) san pham 2 trong 15 mL DMF (di duoc
cat khan bai NaH) vao binh cau 50 ml va khudy déu hdn hop trong méi truong khi nito
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trong 5 phut. Tiép theo, cho ting phan 110 mg Cs2CO3 (0,337 mmol) vao hén hop va
khudy manh liét trong 4 giod ¢ nhiét do phong. Sau d6, nho giot tir tr 65 mg
(0,389 mmol) ethylbromoaxetat trong 5 phut, gia nhiét va dun hdi luu trong 24 gio &
mdi trudng khi nito. Tién trinh phan Gmg duoc theo ddi bang sic ky ban moéng. Phan
g két thiic, dwa vé nhiét 46 phong, trung hoa Cs,CO3 du bang dung dich HCI 1M. San
pham thd dwogc chiét bing DCM (3x15 mL). Pha hitu co dwoc lam kho bang NaSO4
khan, loai dung méi & ap suit thdp bang cit quay chin khong, san pham thé dwoc phan
1ap bang séc ky cot sir dung hé diclomethan : n-hexan = 7 : 3, thu dugc san pham 3 (chat
rin mau tréng, luong thu 30 mg; hi¢u suét 60%).

IR (ATR): vc=0 = 1737 cm™, vensy® = 2956 cm™?, ve.o = 1295, 1120 cm™?, ve=can =
1481, 1585 cm™.

'H-NMR (500 MHz; CDC13), § (ppm): 7,31-6,69 (m, 12H, ArH meta); 4,55 (s,
12H, CH.CO2CH2CHzs); 3,52 (s, 12H, CH2CO2CH2CHa); 2,56 (s, 9H, OCHzs); 1,29 (s,
54H, t-Bu); 1,16 (t, 9H, OCH2CHs).

Téng hop 1,3,5-trimethoxy-2,4,6-tri(carboxylic acid)-p-tert-butylcalix[6]aren

Khudy déu 30 mg chat 3 (0,0236 mmol) trong hdn hgp dung dich KOH (0,15 g,
2,67 mmol)/10 mL ethanol : nudc (1 : 1) & 5°C. Hon hop sau d6 dugc gia nhiét va dun
hoi luu trong 4 gid. Sau phan tng, lam lanh hdn hop vé 10°C, trung hoa hét lwong du
KOH bang acid HC1 1M. San pham thé thu dugc & thé rin mau tring, sau d6 loc va rira
lai 3 1an v6i nude va ethanol, cudi cing say kho & 40°C trong chan khong dén khoi
luong khong d6i thu dugc san pham tinh khiét 4 (lwong thu 25,15 mg; hiéu suat 86%).

IR (ATR): v-on = 3334 cm™, vensy® = 2860 cm™, ve.o = 1240, 1119 cm™?, ve=cay =
1481, 1520 cm™.

'H-NMR (500 MHz; CDCly), & (ppm): 10,33 (s, 1H, OH); 8,66 (s, 1H, OH); 8,16 (s,
1H, OH); 7,11-6,94 (m, 12H, ArH); 4,65-3,48 (m, 27H, ArCH:Ar + OCH.CO.H +
ArOCHa); 1,26 (s, 18H, t-Bu); 1,24 (s, 18H, t-Bu); 1,13 (s, 18H, t-Bu).
3. Két qua va thio luin

1,3,5-trimethoxy-p-tert-butylcalix[6]aren 13 nguyén liéu dau quan trong cho qua
trinh tong hop cac dan xuat calix[6]aren. Dua trén phan ung ether héa theo Williamson
gilra p-tert-butylcalix[6]aren va methyl iodide s dung xtc tac bazo (K2COs) trong dung
moi aceton khan, cic tac gia dd tong hop thanh cong 2 dan xuit methoxy-p-tert-
butylcalix[6]aren. Trong phan ng ether hoa, bazo c¢6 vai trd quan trong anh huéng dén
su hinh thanh cac san phém thé theo trat tu xen ké& hay lién ké. Cac nghién clru cia
Shinkai cho thay khi str dung xtc tac bazo nhu NaH, CaHz, Ba(OH); thi san pham tao
ra cht yéu 1a san pham thé dang lién k& H-H-R-R [9]. Trong khi d6, cac bazo nhu
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K2CO3, hay Cs2COs cho san pham thé chu yéu & dang xen k& H-R-H-R. Dua trén cong
bd ciia Shinkai, nhém tac gia tién hanh khao sat cic bazo (Na,COs, K,COs, NaH, t-
BuOK, NaOAc, KOAc). Bazo K2COs 14 tac nhan dugc chon, san pham thé ¢ vi tri 1,3,5
v6i hiéu sudt cao nhat (28,8%). Trén phd *H-NMR ciia chat 2 trong hinh 3 xudt hién day
du cac tin hi¢u dac trung cua céac proton cdé mat trong phan tir: 6 proton vong thom m-ArOH
cho 1 tin hiéu singlet cong huong tai vi tri 7,01 ppm; 6 proton vong thom m-ArOCHs cong
huong tai vi tri 6,90 ppm; 3 proton trong nhém -OH cling cho tin hi¢u singlet tai 6,73 ppm;
tin hiéu singlet tai 3,89 ppm tuong tmg véi 12 proton trong lién két ArCH.Ar; 9 proton
OCHs cong huong tai 3,47 ppm. Ngoai ra, cac tin hiéu khac ciing xuat hién ddy da trén phd
'H-NMR nhur vi tri (ppm): 1,21 (s, 27H, t-Bu); 1,02 (s, 27H, t-Bu).
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Hinh 3. Phé *H-NMR ciia san pham 2.

Trén phd khdi ESI-MS cta chat 2 (Hinh 3) phat hién pic ion gia phan tir m/z:
1015,0 [M+H]", tinh to4n twong Gng vé&i cong thirc CesHaoOs*. Nhur véy, tir két qua dir
lidu phan tich pho IR, NMR, MS cho phép khang dinh dugc cau triic ctia hop chat 2.

2,4,6-triethylester-1,3,5-trimethoxy-p-tert-butylcalix[6]aren thu dugc tir phan Gng ester
héa 1,3,5-trimethoxy-p-tert-butylcalix[6]aren véi etyl bromacetate, dung méi DMF st
dung xtc tac Cs2CO3 trong mdi trudng khi nito. Sau khi phéan 1ap va tinh ché thu duoc
chit rdn 3 mau trang. Nhom nghién ctru di nghién ctru tinh ché bang phuong phéap két
tinh lai trong ethanol lanh. Trén phd *H-NMR cua chat 3 ciing xuat hién day du cac tin
hiéu dac trung cla cic proton c6 mat trong phan tir: 12 proton cua nguyén tur hidro vong
thom (ArH) xuét hién tai 7,31 + 6,69 ppm; 24 proton ctia nguyén tir hidro trong lién két
ArCHAr; CH2CO2CH>CH3 xuit hién cong hudng tai 4,20 ppm va 3,50 ppm; 9 proton
trong -OCHjs cdng huong tai 2,56 ppm. Cac proton trong nhém t-Bu va CH3CH20- cong
huong tai 1,29 + 1,16 ppm. Tir két qua phan tich dit liéu phd IR, NMR va tai liéu tham
khao khang dinh duoc cau tric cua hop chat 3.
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Quia trinh tong hop 1,3,5-trimethoxy-2,4,6-tri(carboxylic acid)-p-tert-butylcalix[6]aren (4)
duogc thyc hién thong qua phan ing thuy phan cua 2,4,6-trieste-1,3,5-trimethoxy-p-tert-
butylcalix[6]aren (3) véi bazo KOH trong dung mdi etanol. Cac dir liéu phan tich phd
IR trén cho phép khang dinh hop chét (4) c6 chira cac nhom chirc: -OH, C=0, -O-C, cac
vong thom c6 chtra cac lién két C=C, va nhoém —CHs bdo hoa.

|1 ! - ‘ 1AM N H (B 3 J
il 1 MU i - 12008
A Jk| | . ,“[ ‘ Ni‘ »~.N»Jﬂ\ & H(ACHA <OCH:COH + . .

AfOCH;)

[‘ '“'*":‘-" | ‘f"‘ IHF 1 | A | 4
“ PR | I-L'IIHJ- ”q‘ v u L |

000 3500 3000 2400 2000 ] 1500 1250 1000 750 500 400

Hinh 4. Phé IR cia san pham 4 Hinh 5. Ph6 *H-NMR ciia san phiam 4

Trén phd *H-NMR ctia san phdm chat 4 (Hinh 5) ciing xuat hién day du cac tin
hi¢u dac trung ctuia cac proton c6 mat trong phan tir: 1 proton ciia —OH trong nhom
carbonyl cho 1 tin hi€u singlet cong hudng tai vi tri 10,33 ppm; 1 proton ciia —OH cho
tin hi€u singlet cong hudng tai vi tri 8,66 ppm va 1 proton ctia —OH cho tin hiéu singlet
cong hudng tai vi tri 8,16 ppm; 12 proton cta nguyén tir hidro vong thom (ArH) xuit
hién cong hudng tai khoang 7,11 + 6,94 ppm; 27 proton ciia nguyén tir hidro trong lién
két ArCH,Ar, OCH,CO2H va ArOCH3 xuét hién cong hudng tai 4,65 va 3,48 ppm;
céc proton trong nhém t-Bu cong hudng tai 1,26; 1,24 va 1,13 ppm. Két qua phan tich
phé IR, NMR cho phép khang dinh dugc cdu trac ctia hop chit 4.
4. Két luan

San pham 1,3,5-trimethoxy-2,4,6-tri(carboxylic acid)-p-tert-butylcalix[6]aren (4)
1a nguyén liéu quan trong duoc ding trong ché tao bo kit khir nhiém bui phong xa trén
da sir dung trong céc truong hop khan cap. CAc tac gia di tong hop thanh cong mot sb
dan xuét ciia calixaren va san pham cudi 4 tir nguyén liéu dau p-tert-butylcalix[6]aren (1)
qua ba budc phan tmg. Cac san pham duogc phan 1ap, xac dinh va ching minh ciu trac
dya trén phuong phap phan tich hién dai IR, NMR, ESI-MS. Nghién ctru hoan thién va
t6i wru hoa qua trinh tong hop chat niy co y nghia quan trong trong qudc phong, dan sinh
va can tiép tuc duoc nghién ctru, hoan thién trong tuong lai.

Loi cam on

Cdc tac gia cam on sw tdi tro ciia dé tai md s6 CTHSB.2018.KTOS.05 dé thye
hién cong trinh nay.
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SYNTHESIS OF CALIXARENE DERIVATIVES

Abstract: Accidents in the nuclear industry and nuclear terrorist attacks render the

development of new decontamination strategies critical. Scientists have recently conducted
intensive studies on p-tert-butylcalix[6]arene and its derivatives because of their ability to form
complex with radioactive substances. This article presents the synthesis of compounds 2,4,6-
triethylester-1,3,5-trimethoxy-p-tert-butylcalix[6]arene and 1,3,5-trimethoxy-2,4,6-tri (carboxylic
acid)-p-tert-butylcalix[6]arene. This synthesis was based on the Williamson reaction using
potassium carbonate as base. The structures of the synthesized compounds were determined by
adopting IR, MS, *H-NMR, *C-NMR databases.

Keywords: Radioactive; calixarene; decontamination agents; base; Williamson reaction.
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