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chét l:;ét ky trong s cac chat QSng phan ddi anh riéng cta nd hoic hdn hop khong triét
quang bat ky cua ching, bao gom budc cho (£)-2-exo-hydroxy-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan c6 cong thirc (II)
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chat bat ky trong s cac chat dong phan df)i anh riéng ctia n6 hodc hdn hgp khong triét
quang bat ky ctia chung phan img vé1 hgp chat 2-metylbenzyl c6 cong thirc (111)
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(1)
trong d6 X 1a nhom roi chuyén, vOi sy ¢ mit cua it nhdt mot bazo, it nhat mot chat xuc
tac duoc chon tir cac mudi rubidi, cac mudi xesi va hdn hop bat ky cua chiing va it nhat
mdt dung moi hiru co tro S1.
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Linh vue ki thuit dwoc dé cap

Sang ché @& cap dén quy trinh didu ché ()-2-exo-(2-metylbenzyloxy)-1-metyl-
4-isopropyl-7-oxabixyclo[2.2.1]heptan c6 cong thirc (I), chét bit ky trong sb cac chét
ddng phan dbi anh riéng clia n6 hodc hdn hop khong triét quang bét ky cua chung
bang cach cho (%)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan ¢
cong thire (IT), chit bét ky trong s cac chat dong phan dbi anh riéng ctia n6 hoic hon
hop khong triét quang bét ky ctia chiing phan ting v6i hop chét 2-metylbenzyl ¢ cong
thac (IIT) véi sy ¢6 mat cua bazo va dung moi hitu co.

X
o
OH bazo
+
H
dung mdi

(I 0

X = nhém rodi chuyén

Tinh trang ky thuét clia sang ché

Hon hop triét quang (&)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan 1a hop chét diét co da biét da dugc phat trién dé st dung cho
cdy lua. N6 duge md ta trong The Pesticide Manual, Fourteenth Edition, Editor:
C.D.S. Tomlin, British Crop Production Council, 2006, entry 157, pages 195-196 véi
tén thong thuong cua n6 Cinmethylin, tén IUPAC ctua n6 (1RS,2SR,4SR)-1,4-epoxy-
p-ment-2-yl 2-metylbenzyl ete va tén tom tat hoa chét ctia nd exo-(¥)-1-metyl-4-(1-
metyletyl)-2-[(2-metylphenyl)metoxy]-7-oxabixyclo[2.2.1]heptan.

Hon hop triét quang (&)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan (trong ban mo ta nay con duoc goi la "cac chét dong phan
exo-(+)", CAS RN 87818-31-3)
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chira cac phan biang nhau ctia hai chat dbng phan ddi anh (+)-2-exo-(2-
metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan (trong ban md ta nay
con duoc goi 14 "chdt ddng phan exo-(+)", CAS RN 87818-61-9) va (-)-2-exo-(2-
metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan (trong ban md ta nay
con duogc goi 12 "chat ddng phan exo-(-)", CAS RN 87819-60-1).

Viée diéu ché (£)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan va chét ddng phan exo-(+) va chit ddng phan exo-(-) ctia né
bing cach cho (&)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan
phan Ung véi 2-metylbenzyl clorua v6i su c¢6 mat cla natri hydrua 1am bazo va
dimetylformamit 1am dung mdi hitu co di dugc mo ta trong EP 0 081 893 A2 (xem
cac vi du 29, 34, 35 va 62), US 4,487,945 (xem phuong an 48), US 4,542,244 (xem
phuong 4n 219) va US 4,670,041 (xem phuong 4n 219).

Viéc diéu ché chit ddng phan exo-(-) bang cich cho (-)-2-exo-hydroxy-1-metyl-
4-isopropyl-7-oxabixyclo[2.2.1]heptan phan Gng vé6i 2-metylbenzyl clorua véi sy ¢o
mit ciia natri hydrua 1am bazo va N,N-dimetylaxetamit lam dung moi hitu co d& dugc
md ta trong US 4,487,945 (xem phuong an 46), US 4,542,244 (xem phuong an 218)
va US 4,670,041 (xem phuong én 218).

CN 101602770 A md ta qué trinh tbng hop ba bude dé didu ché Cinmethylin. O
cac budc 1 va 2, terpinen-4-ol dugc chuyén hoa thanh 1,2-epoxit twong (ng ma sau do
duoc dua vao qué trinh dong phan héa dé thu duoc san phim dong phan héa 1,2-
epoxit. O bude 3 cudi, Cinmethylin duoc didu ché bang cach ngung tu san pham dong
phén héa 1,2-epoxit v6i sy ¢ mit cta cac t6 hop khac nhau clia cdc bazo va cac dung
mdi hitu co (xem céc vi du 1, 2, 3, 8 va 9: natri hydroxit/etyl axetat; cac vi du4vas:
natri amit/diclometan; vi du 6: natri hydrua/benzen va vi du 7: natri tert-
butoxit/toluen).

Silvestre et al., Monatshefte fiir Chemie 130, pages 589-595 (1999) md ta qua
trinh téng hop cac dan xuét benzylic ete ctia 1,8-cineole bang cach hdi luru 3-exo-
hydroxy-1,8-cineole v6i benzyl clorua hodc cac din xuét cta né véi su c6 mit cla
natri hydrua trong tetrahydrofuran kho.
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Barton et al., J. Agric. Food Chem. 2010, 58, pages 10147-10155 mo6 ta qud trinh
didu ché cinmetylin bang phuwong phap twong tw nhu phuong phap dugc bao co trong
Silvestre at al. (xem trén ddy), tirc 1a bang cach cho (¥)-2-exo-hydroxy-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan (ma dugc goi 1a “rugu 10”) phan Ung véi 2-
metylbenzyl clorua véi sy c6 mét ciia natri hydrua trong tetrahydrofuran kho.

Céc quy trinh néu trén dé didu ché (+)-2-exo-(2-metylbenzyloxy)-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan ma st dung natri hydrua va natri amit lam cac
bazo ¢6 mat han ché 1a cac chat nay c6 tinh phan ing nguy hiém v&i sy c6 mit cia cac
luong nhé oxy hodc hoi 4m. Cac phan tng nhu vay c6 thé din dén su tao thanh cac
khi nguy hiém nhu hydro (H>) hoic amoniac (NH3). Do d6, khong chi su can than va
d& phong thich hop can phai dugc thuc hién trong qué trinh thao tac va bao quan cac
chét ndy ma con cc bién phap an toan cu thé, vi du, mdi trudng khi tro (vi du, nito),
lam lanh thich hop, loai bd céc khi nguy hiém (Ha, NH;3) va su pha lodng 1a can thiét
trong qud trinh phan Ung.

Hon nita, viéc sit dung két hop natri hydroxit va etyl axetat nhu dugc mo ta trong
CN 101602770 A (xem céac vi du 1, 2, 3, 8 va 9) c6 thé din dén sy thiy phan dung
mdi etyl axetat xét vé mit thuc té ring natri hydroxit thuong dugc st dung 1am bazo
trong qua trinh xa phong hoda este. Diéu nay c6 nghia 1 tao ra cac lugng twong dbi cao
c4c san pham phy khéng mong mudn, hiéu suét thip va hao hut dung méi quy gid ma
khong ding duge dé quay vong.

Philip W. Lee et al., Journal of Agricultural and Food Chemistry, Vol. 34, No. 2,
1986, pages 162-170 boc 1o viée diéu ché chit chuyén hoa cinmetylin duge dé xuat,
tc 12 exo-2-[[2-(clometyl) phenyl]metoxy]-1-metyl-4-(1-metyletyl)-7-oxabixyclo
[2.2.1] heptan, bang cach hdi luu dung dich chira exo-1-metyl-4-(1-metyletyl)-7-
oxabixyclo-[2.2.1]heptan-2-ol] trong toluen va natri hydroxit dugc nghién thanh bot
dudi biy Stark-Dean cho dén khi khong con nude duogc loai bo. Dung dich thu dugc
tiép theo dugc cho phan tmg véi a,a-diclo-o-xylen dé thu duoc hdn hop gdm cac san
phdm thé m6t 13n va hai 14n theo ty 1& khoang 50:50 cung véi dicloxylen khong phéan
ung. Viéc tinh ché hdn hop phin tng ndy thu duge exo-2-[[2-(clometyl)
phenyl]metoxy]-1-metyl-4-(1-metyletyl)-7-oxabixyclo [2.2.1] heptan v&i hidu suét
thap 12 30%.

Carlo Galli, Organic Preparations and Procedures International, 24(3), 1992,
pages 285-307 dé cap dén viéc sir dung cic mudi xesi trong tdng hop hitu co, khong
ké nhitng mudi khac, viéc st dung xesi cacbonat lam bazo khong ddng nhét trong
phan Ung thé 4i nhin chay trong cdc dung moi khdng proton ludng cuc nhu
dimetylformamit (DMF) véi tdc nhan 4i nhéan anion.
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Zhou Bing et al., Journal of Hunan University (Natural Sciences), Vol. 34, No. 3,
Mar. 2007, pages 64 to 66, boc 10 cac phan mg ctia hgp chét phenol, nhur phenol,
naphtol, 3,5-di(tert-butyl)phenol va 4-[di(4-tert-butylphenyl)phenylmetyl]phenol), véi
hydrocacbon dugc halogen hda, nhu bromoetan, bromobutan va benzyl bromua, dé
didu ché alkyl aryl ete twong Gng dudi cac diéu kién st dung xesi cacbonat lam chét
xuc tac, kali hydroxit 1am bazo, dimetylformamit (DMF) lam dung mdi, & nhiét do
trong phong va va4i sy ¢ mét clia sang phén tur.

Mot trong s6 cac nhuoc diém cua cac phuong phép néu trén 1a st dung xesi
cacbonat cung v6i viéc su dung két hop véi dimetylformamit 1am dung méi. Do cac
dic tinh doc tinh khi tai san xuét ctiia né, dimetylformamit da dugc bao gdm trong
Danh séch chét du tuyén can quan tim rit cao (Candidate List of Substances of Very
High Concern) cia Co quan hda chit chau Au (European Chemicals Agency -
ECHA). Do d9, cac bién phép an toan cu thé nhu thiét bi bao hd ca nhan va cic quy
trinh kin véi sy kiém soat phoi nhiém thich hgp phai dugc tudn thi trong qua trinh
thao téc va st dung chit nay. Hon nita, dimetylformamit dugc thiy phan bang cac
bazo manh nhu natri hoic kali hydroxit, dac biét 12 ¢ nhiét do tang, diéu nay dan dén
cac luong twong dbi cao cia cac sén phim phu khong mong mudn, hiéu suét thip va
hao hut dung mdi quy giad. Mot nhugce diém khéc cta phan tmg nay dugc bdc 16 trong
Zhou Bing va cac ddng tac gia 1a phén Umg ndy duoc thuc hién véi sy ¢6 mat cia sang
phan to ma lién quan dén thude do bd sung trén quy mo 16n nhu cho céac chét phan
ung di qua 16p sang phén ti ma phai dugc tai sinh mot cach dinh ky. Hon nita, ca cac
luong tiép can twong dbi cao cua hydrocacbon dugc halogen hoa va céac lugng tuong
dbi cao ctia chét xtic tac xesi cacbonat lién quan dén hop chét phenol khién tao ra céac
thanh phan phu khong mong mudn.

Cac nhuoc diém néu trén lam cho céc quy trinh trong giai phéap ky thuét da biét
khong thich hop 1dm cho viéc sdn xuét & quy mo cong nghiép va khong hép dan db6i
véi cac ly do kinh té, moi trudng va stc khoe nghé nghiép.

Xét vé cac han ché trén day, van c6 nhu ciu vé quy trinh cai tién dé didu ché (¥)-
2-exo-(2-metylbenzyloxy)-1 rnetyl -4-isopropyl-7-oxabixyclo[2.2.1]Theptan ¢6 cdng
thire (I), chat bat ky trong s& cac chit ddng phan ddi anh riéng cia n6 hoac hdn hop
khong triét quang bét ky cua ching, ma s& khong chi lam cho qua trinh tbng hop an
toan va than thién véi mdi trudng, ma con don gian va c6 hiéu qua chi phi dé st dung
thuong mai.

Ban chat ky thuét clia sang che
Do d6, muc dich cta sang ché nham khédc phuc hodc lam gidm it nhét mot trong
sé cac nhuoc didm néu trén va tir d6 dé xuét quy trinh cai tién va kha thi hon vé mat

kinh t& va thwong mai dé diéu ché (¥)-2-exo-(2-metylbenzyloxy)-1-metyl-4-
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isopropyl-7-oxabixyclo[2.2.1]heptan c6 cong thire (I), chét bét ky trong sd cac chét
ddng phan ddi anh riéng cua no hodc hdn hop khong triét quang bét ky ctia ching.

Mdt muyc dich khéc 12 d& xuét quy trinh don gian vé mit cong nghiép dé didu ché
(+)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1 ]heptan co
cong thire (1), chét bét ky trong s cac chit ddng phan dbi anh riéng cua n6 hodc hdn
hop khong tri€t quang bt ky cua ching, ma thu dugc san pham cubi mong mudn véi
hiéu sut tbt.

Muc dich khac 1a dé xuit quy trinh thin thién hon v&i moi truong dé diéu ché
(+)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan co
cong thic (1), chat bat ky trong sb cac chét ddng phan dbi anh riéng cua né hoac hdn
hop khong tri€t quang bat ky cta ching, bang cach lam gidm céc anh hudng bét 1oi
dén mai truong.

Mot muc dich khac nita la dé xudt quy trinh kha thi v& mit cong nghiép dé diéu
ché (i)-2-exo-(2-metylbenzyloxy)-1-mety1-4-isopropyl-7-oxabixyclo[2.2.1]heptan co
cong thic (1), chét bét ky trong s6 cac chit ddng phan dbi anh riéng cua n6é hodc hdn
hop khong triét quang bét ky ctia chiing, ma lam giam céc lo ngai vé d6 an toan va su
ton tai cua cac diéu kién nguy hiém.

Mot muc dich khic nita la dé xuit quy trinh didu ché (&)-2-exo-(2-
metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan c6 cong thuac (I),
chit bét ky trong s cac chét ddng phan dbi anh riéng ciia n6 hodic hon hop khong triét
quang bat ky ctia chung, ma lam giam sy tao ra cac san pham phu khdng mong mudn.

Gio day bt ngd da phét hién ra rang cac muc dich nay va cac muc dich khéc,
mot phin hodc toan bd, dat duoc bing quy trinh didu ché (x)-2-exo-(2-
metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan c¢6 cong thire (I)

@

o
H

( :
chét bat ky trong sb cic chit ddng phan dbi anh riéng cua né hoic hdn hop
khong triét quang bét ky ctia ching
bao gdm bude cho (+)-2-exo-hydroxy-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1Theptan ¢ cdng thirc (IT)
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OH

(I

phan tng véi hop chit 2-metylbenzyl c6 cong thuc (III)

X

a1

trong d6 X 12 nhom rdi chuyén, véi su c6 mat cua it nhat mdt bazo, it nhat
mét chét xuc tac dugce chon tir cac mudi rubidi, cdc mudi xesi va hdn hop bat ky
clia chung va it nhat mét dung moi hitu co tro S1.

Do do, quy trinh néu trén didu ché (+)-2-exo-(2-metylbenzyloxy)-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan c6 cong thirc (I), chét bit ky trong sb cac chét
ddng phan ddi anh riéng cua nd hoac hdn hop khong triét quang bat ky ciia ching 1a
dbi twong cta sang ché.

Mo ta chi tiét sang ché

Quy trinh theo sang ché ¢6 dugc mot loat cac uu diém va khéc phuc cac han ché
ciia cac quy trinh trong giai phap k¥ thuat da biét.

Quy trinh theo sang ché khong st dung céc chit nguy hiém nhu hydrua kim loai
kiém (vi du, natri hydrua) hodc amit (vi du, natri amit) do do, lam giam dén muc t6i
thiéu sy ton tai cua cac diéu kién phan Gmg nguy hidm va nhu can vé bién phap va thiét
bi an toan dong thoi duy tri hiéu qua va su dé dang hoat dong.

Dic biét 13, da bat ngd phét hién ra rang viéc st dung chi cac lugng xuc tac cla
mudi rubidi va/hodc xesi ¢o thé xuc tac mot cach hiéu qua phan Gng cua (£)-2-exo-
hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan  (II) v6i hop chit 2-
metylbenzyl (III) dé didu ché (+)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan (I) v6i sy c6 mat cia bazo va dung mdi hitu co. Day la két
qua kha ngac nhién khi xem xét thyc té rang tinh axit cta céac ruou nhu (+)-2-exo-

_7-
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hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan (II) la thap hon nhiéu so véi,
V1 dy, cac phenol 1am cho chung it thich hop hon dbi v6i cac phan tng thé 4i nhan. Vé

vén d@ nay, sy can tré khong gian cao hon ctia ruou bac hai (IT) so v6i cac phenol phai
cling dugc xem xét ma thuong lam cho ching it d& tiép can hon vao phén ing benzyl
hoa véi chét 4i dién tir da cho.

Hon nita, dic biét bat ngd rang quy trinh theo sang ché ¢6 thé duge thuc hién
mot cach hiéu qua trong cac dung moi khong phan cuc nhu cac hydrocacbon béo va
thom, vi dy, n-heptan hoc toluen. Do viéc ghép d6i ion c¢6 xu huéng lam giam tinh ai
nhan cua ion, chi cac dung modi co hing sb dién moi twong dbi cao nhu cac dung moi
khéng proton ludng cuc (vi du, dimetylformamit) cho dén nay duoc coi 1a thich hop
cho cac phan Ung thé 4i nhan lién quan dén viéc st dung céc mudi xesi (vi du, xesi
cacbonat) lam chét xtc téc.

Quy trinh theo sang ché dem lai mot sé cac wu diém nita so v6i céc phuong phép
trong giai phap k¥ thuat da biét bao gbém: (1) Su két tu ciia cac mudi va chét ling ning
trén thanh bén trong va nhiéu by phan khéc cua thiét bi phan tng nhu vi du, vach ngin
hodc bd phan khudy (trong ban md ta nay con dwoc goi 1a “dong cau”) co thé duoc
tranh néu khong s& lam giam tbc dd chuyén hoa va dan den céc khé khan chu yéu trén
quy mo 1én. Vi du, su két tu nghiém trong cua cac mudbi tich lai trén thanh bén trong
va cac phan khac cua thiét bi phan tng c6 thé 1am can trd sy truyén nhiét chinh xac,
]am mAt nhiét va su khudy tron trong thiét bi phan ing. Sy dong céu thiét bi phan tng
nhu vay gan nhu khong xay ra trong quy trinh theo sdng ché do cac mubi duoc tao ra
trong qua trinh phan ng duoc tao huyén phu trong mdi trudng phan tmg dudi dang
céc hat dugc nghién min. (2) Dung mdi hitu co tro S1 duge su dung trong sang ché co
thé duge thu lai va duge quay vong dé dang dan dén quy trinh kinh té va bén viing. (3)
Su tao ra san phadm phu c6 thé dugc tranh. (4) Hiéu suét cao hon cua (¥)-2-exo-(2-
metylbenzyloxy) 1-metyl-4- 1sopropy1 -7-oxabixyclo[2.2.1]heptan c6 cong thuac (I)
mong mubn, chét bat ky trong sb cac chét dong phan dbi anh riéng cta n6 hodc hdn
hop khong triét quang bét ky ctia chiing ¢6 the thu dugc ngu y hi€u suit khong gian-
thoi gian cao hon do tdc dung xuc tac cia mudi rubidi va/hodc xesi.

Do d6, quy trinh theo sang ché cho phép didu ché (+)-2-exo-(2- metylbenzyloxy)
1 metyl -4-isopropyl-7-oxabixyclo[2.2.1]Theptan c6 cong thirc (I), chét bét ky trong sd
c4c chét dong phan dbi anh riéng ctia n6 hodc hdn hop khong triét quang bat ky cua
chung dién ra theo cach nhip nhang va c6 kiém soat, ma rat an toan, don gian vé mit
cébng nghiép, kinh té, than thién v6i moi trudng va co thé tdn tai vé mat thwong mai .

Céc phuong an khac theo sang ché 12 rd rang tur yeu cAu bao ho, phan mb ta va

céc vi du. Can phai hiéu rang cac ddu hiéu don 16 cta dbi tuong theo séng ché duoc
mod ta trong ban md ta nay co thé duoc ap dung khong chi trong két hop duogc chi ra
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trong mdi trudng hop cu thé ma con trong cac két hgp khac, ma khong vuot qua pham
vi cta sang ché.

Céac nguyén liéu ban dAu theo sang ché 1a cic hop chét da biét co ban trén thi
trudng hodc ¢ thé dugc didu ché theo cach da biét.

Vi du, ()-2-exo- hydroxy-l -metyl-4- isopropyl -7-oxabixyclo[2.2.1]Theptan c&
cong thuac (II), chét bét ky trong sb céc chat dong phan dbi anh riéng cta né hodc hdn
hop khong triét quang bét ky clia chung c6 thé dugc didu ché bang phuong phép bét
ky trong sb cac phuong phap duge md ta trong EP 0 081 893 A2 (xem Vi du 15), US
4,487,945 (xem cac phuong an 1 va 45), US 4,542,244 (xem céac phuong an 1 va 217)
va US 4,670,041 (xem cac phuong an 1 va 217) hodc theo cach twong tu.

Trong hop chit 2-metylbenzyl c¢6 cong thic (III), phan tir thé X 13 nhém roi
chuyén. Thuat ngit “nhém roi chuyén” nhu dugc s dung trong ban md td nay dé chi
nhém bt k¥ ma roi mot cip electron khoi phén tir trong phén tach lién két di ly sao
cho phén t ¢6 kha nang tham gia vao phan Ung thé 4i nhan véi (£)-2- -€X0- hydroxy-l—
metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan (II), chét bét ky trong sd cac chat dong
phan ddi anh riéng cta n6 hodc hdn hop khong triét quang bét ky cua chiing.

Cac nhom roi chuyén X duge uu tién dugc chon tir halogen, nhém roi chuyén
duoc lién két v6i oxy, nhom amoni c6 cong thire (IV)

~NRDR2)R3)" Y™ (IV)

trong d6 Ri, R2 va R; doc lap véi nhau dugc chon tir Ci-Cs-alkyl, C3-Cio-
xycloalkyl va Ce-Cao-aryl, va Y~ dugc chon tlr cac ion halogenua, hydroxit, Ci-Cs-
alkyl sulfonat va Ce-Cao-aryl sulfonat.

Céc gbe hitu co duge néu trong dinh nghia cta cac bién nhit dinh (tirc 1a R!, R?
va R3), sulfonat (tic 1a Ci-Cs-alkyl sulfonat, Ci-Cs-haloalkyl sulfonat, Ce-Cao-aryl
sulfonat va Cs-Cio-xycloalkyl sulfonat) va cac chét xuc tac chuyén pha (tc 1a tetra-n-
C1-Cs-alkyl-amoni clorua, bromua, iodua hodc hydroxit, tetra-n-Ci- Cg-alkyl-amoni
clorua, bromua, iodua hodc hydrox1t va tetra-n-C;-Ciz-alkyl-amoni clorua, bromua,
iodua hodc hydroxit) la — gidng thuat ngit halogen - cac thuat ngit chung dbi vai cac
1iét ké riéng cta céc thanh vién nhom riéng. Thuat nglr “halogen” biéu thi trong mdi
trudng hop flo, clo, brom hodc iot. Tht ca cac chudi hydrocacbon vi du, cac chudi
alkyl, c6 thé c6 mach thing hodc mach nhanh, tidn t6 Cp-Cm bidu thi trong mdi trudng
hop s6 nguyén tr cacbon ¢6 thé trong nhém. Vi du vé cac nghia nhu vy la:

- Ci-Cs-alkyl: vi du, metyl, etyl, n-propyl, iso-propyl (- CH(CHs3)2), n-
butyl, sec-butyl (-CH(CH3)-C>Hs), isobutyl (-CH2—CH(CHs)2) hodc tert-butyl (-

C(CHs)3);

-0



37335

TGVN - B1375-467HNPT

- Ci-Ce-alkyl: C;-Cs-alkyl nhu néu trén, va ca, vi du, n-pentyl, 1-
metylbutyl, 2-metylbutyl, 3-metylbutyl, 2,2-dimetylpropyl, 1-etylpropyl,
n-hexyl, 1,1-dimetylpropyl, 1,2-dimetylpropyl, 1-metylpentyl, 2-metylpentyl, 3-
metylpentyl, 4-metylpentyl, 1,1-dimetylbutyl, 1,2-dimetylbutyl,
1,3-dimetylbutyl,  2,2-dimetylbutyl, 2,3-dimetylbutyl,  3,3-dimetylbutyl,
1-etylbutyl, 2-etylbutyl, 1,1,2-trimetylpropyl, 1,2,2-trimetylpropyl, 1-etyl-1-
metylpropyl hodc 1-etyl-2-metylpropyl;

- Ci-Cs-alkyl: C1-Cg-alkyl nhu néu trén, va ca, vi dy, n-heptyl, n-octyl
hodc 2-etylhexyl;

- Ci-Cpp-alkyl: Ci-Cs-alkyl nhu néu trén, va ca, vi du, n-nonyl, iso-
nonyl, n-dexyl, n-undexyl hodc n-dodexyl;

- C1-Cs-haloalkyl: Ci-Cs-alkyl mhu néu trén ma dugc thé mot phan
hogic toan bd bai flo, clo, brom va/hodc iot, tic 1a, vi du, clometyl, diclometyl,
triclometyl, flometyl, diflometyl, triflometyl, cloflometyl, dicloflometyl,
clodiflometyl, bromometyl, iodometyl, 2-floetyl, 2-cloetyl, 2-bromoetyl, 2-
iodoetyl, 2,2-difloetyl, 2,2,2-trifloetyl, 2-clo-2-floetyl, 2-clo-2,2-difloetyl, 2,2-
diclo-2-floetyl, 2,2,2-tricloetyl, pentafloetyl, 2-flopropyl, 3-flopropyl, 2,2-
diflopropyl, 2,3-diflopropyl, 2-clopropyl, 3-clopropyl, 2,3-diclopropyl, 2-
bromopropyl, 3-bromopropyl, 3,3,3-triflopropyl, 3,3,3-triclopropyl, 2,2,3,3,3-
pentaflopropyl, heptaflopropyl, 1-(flometyl)-2-floetyl, 1-(clometyl)-2-cloetyl,
1-(bromometyl)-2-bromoetyl, 4-flobutyl, 4-clobutyl, 4-bromobutyl,
nonaflobutyl, 1,1,2,2,-tetrafloetyl hoac 1-triflometyl-1,2,2,2-tetrafloetyl; va

- Cs-Cro-xycloalkyl: vi du, xyclopropyl, xyclobutyl, xyclopentyl,
xyclohexyl, xycloheptyl, xyclooctyl, xyclononyl hodc xyclodexyl.

Thuét ngir “Cs-Cao-aryl” nhu dugc sir dung trong ban moé ta nay dé chi nhom
vong cacbon thom khong no coé tix 6 dén 20 nguyeén tir cacbon c6 mot vong (vi dy,
phenyl) hodc nhiéu vong ngung tu (dung hop), trong do it nh4t mot vong 1a thom (V1
du, naphtalenyl hodc dihydrophenanthrenyl). Vi du vé cac Cg-Cao-aryl bao gbém
phenyl, p-toluenyl, 1-naphtalenyl (1-naphtyl), 2- naphtalenyl (2-naphtyl), anthraxenyl,
indenyl hoac phenanthrenyl. Nhom aryl duge uu tién 1a phenyl.

Thuét ngit “ion halogenua” nhu duge sir dung trong ban mo ta nay dé chi, vi du,
ion florua, ion clorua, ion bromua hodc ion iodua.

Céac nhom roi chuyén duoc lién két véi oxy dugc uu tién duge chon tr Ci-Ca-
alkyl sulfonat, C;-Cs-haloalkyl sulfonat, Ce-Cao-aryl sulfonat, Cs3-Cio-xycloalkyl
sulfonat va imidazolylsulfonat (imidazylat), tdt hon nita 1a tir C1-Cs-alkyl sulfonat, Ci-
C4-haloalkyl sulfonat va Ce-Cao-aryl sulfonat va thdm chi tét hon nita 1a tir Ci-Ce-alkyl
sulfonat va Ce-Cao-aryl sulfonat.
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Vi du v& cac Ci-Ca-alkyl sulfonat bao gdm, nhung khong chi gi6i han &, mesylat
(metansulfonat), esylat (etansulfonat), n-propylsulfonat, iso-propylsulfonat, n-
butylsulfonat, iso-butylsulfonat, sec-butylsulfonat va tert-butylsulfonat.

Vi du vé cac Ci-Ca-haloalkyl sulfonat bao gdm, nhung khong chi gigi han @,
triflat (triflometansulfonat) va triclometansulfonat.

Vi du vé céc Cg-Cao-aryl sulfonat bao gdm, nhung khong chi gidi han &, tosylat
(p-toluensulfonat), besylat (benzensulfonat) va 2-naphtyl sulfonat.

Vi du vé cac C3-Cio-xycloalkyl sulfonat bao gdm, nhung khong chi gidi han &,
xyclohexylsulfonat.

T6t hon 13, nhém roi chuyén duoc lién két véi oxy dugc chon tir mesylat
(metansulfonat), esylat (etansulfonat), n-propylsulfonat, iso-propylsulfonat, n-
butylsulfonat,  iso-butylsulfonat, sec-butylsulfonat, tert-butylsulfonat, triflat
(triflometansulfonat), triclometansulfonat, tosylat (p-toluensulfonat),  besylat
(benzensulfonat), 2-naphtyl sulfonat, xyclohexylsulfonat va imidazolylsulfonat
(imidazylat), tdt hon nira 13 tir mesylat, esylat, triflat, tosylat va besylat va tham chi tbt
hon nita la tir mesylat va tosylat.

Theo mdt phuong an dugc uu tién khic, nhom roi chuyén X dugc chon tu
halogen, C1-Cus-alkyl sulfonat, Ce-Cao-aryl sulfonat va nhdm amoni ¢6 cong thae (IV)

~NRDR2)R3)"Y" Iv)

trong d6 Ri, R va R3 dc 14p v6i nhau duge chon tur C1-Ce-alkyl va Y™ dugc chon
tir cac ion halogenua, hydroxit, C1-Cs-alkyl sulfonat va Ce-Cao-aryl sulfonat.

Tét hon nita néu nhém rdi chuyén X duogc chon tir halogen, Ci-Cs-alkyl sulfonat,
Ce-Cao-aryl sulfonat va nhém amoni ¢6 cong thire (IV) trong d6 Ri, Ra va Rs doc lap
v6i nhau duge chon tir Ci-Ce-alkyl va Y- dugc chon tir ion halogenua, hydroxit,
mesylat va tosylat.

Tham chi tét hon nita néu nhém roi chuyén X dugc chon tir halogen, C1-Cs-alkyl
sulfonat, C¢-Cao-aryl sulfonat va nhém amoni c6 cong thirc (IV) trong d6 Ri, R2 va R3
doc 1ap véi nhau duge chon tir Ci-Ce-alkyl va Y~ dugc chon tur ion halogenua (tét hon
1a ion clorua).

Van tét hon nita néu nhém roi chuyén X dugc chon tur clo, brom, iot, mesylat,
tosylat, nhém trimetyl amoni clorua c6 cong thire (IVa)
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—N(CHs);" CI” (IVa), va
nhoém trietyl amoni clorua c6 cong thirc (IVb)
~N(CH,CH3)3" CI” (IVD).

Con tét hon nita néu nhém roi chuyén X dugc chon tir clo, brom, iot, mesylat,
tosylat va nhom trimetyl amoni clorua c6 cong thirc (IVa).

Van thdm chi &t hon nita néu nhém roi chuyén X duoc chon tir clo, mesylat,
tosylat va nhom trimetyl amoni clorua c6 cong thirc (IVa).

Theo mdt phuong 4n dugc uu tién khéac, nhom roi chuyén X duoc chon tu
halogen, dic biét 1a tir clo, brom va iot. Tbt nhét néu nhém roi chuyén X 1a clo.

Theo mdt phuong an khac nita, hop chit 2-metylbenzyl c6 cong thie (III) duoc
chon tir nhém bao gdm
—  2-metylbenzyl clorua (1-(clometyl)-2-metyl-benzen) c6 cong thue

(ITa)
Cl
(I1la)
— 2-metylbenzyl bromua (1-(bromometyl)-2-metyl-benzen) c6 cong
thac (I1Ib)
Br
(111b) ;
—  2-metylbenzyl iodua (1-(iodometyl)-2-metyl-benzen) co6 cong thtc
(IMIc)
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—  2-metylbenzyl mesylat ((2-metylphenyl)metyl metansulfonat) c6 cong
thae (111d)

Cl)H

(I11d)

—  2-metylbenzyl tosylat ((2-metylphenyl)metyl 4-metylbenzensulfonat)
¢6 cong thuce (Ille)

O

9
&

b

—  Trimetyl(o-tolylmetyl)amoni clorua c6 cdng thirc (I11f)
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N(CH,),* CI

(111f)

va
—  Trietyl(o-tolylmetyl)amoni clorua ¢ cong thuc (Illg)

N(CH,CH,);* CI

(I1lg)

Tét nhét néu hop chat 2-metylbenzyl ¢6 cong thirc (IIT) 1a 2-metylbenzyl clorua
(1-(clometyl)-2-metyl-benzen) c6 cong thuc (IIla).

Hop chat 2-metylbenzyl c6 cong thirc (II) duge st dung Jam nguyén li¢u ban
déu trong quy trinh theo sang ché 14 c6 ban trén thi trudng hodc ¢ thé duoc diéu ché
bang cac phwong phap da biét trong linh vurc nay hodc theo cach twong tu.

Vi du, hop chét 2-metylbenzyl c6 cong thirc (IID) trong do X la halogen (nhu vi
du, 2-metylbenzyl clorua cé cong thirc (Illa)) co thé duoc diéu ché bang phuong phap
duoc md ta trong Synthetic Communications, Volume 33, Issue 7, pages 1103-1107,
2003 hodc theo cach tuong tu.

Vi du, hop chit 2-metylbenzyl c¢6 cong thirc (III) trong do X la Ci-Cy-alkyl
sulfonat hodc Ce-Cao-aryl sulfonat (nhu vi du, 2- metylbenzyl mesylat c6 cong thirc
(I11d) hodc 2-metylbenzyl tosylat c6 cong thue (Ille)) c6 thé duoc didu ché bang cac
phuong phép dugc md ta trong Energy & Fuels, 21(3), pages 1695-1698, 2007 hodc
Phosphorus, Sulfur and Silicon and the Related Elements, 184(5), pages 1161-1174,
2009.

Hop chét 2-metylbenzyl c¢6 cong thic (III) trong do X 1a nhom amoni c6 cdng
thite (IV) (nhu vi dy, trimetyl(o-tolylmetyl)amoni clorua c6 cong thuc (IIIf) hodc
trietyl(o-tolylmetyl)amoni clorua c¢6 cong thue (IIg)) co thé duoc diéu ché bang cic
phuong phép twong tu nhu cic phuong phap duoc mo ta trong Organic Syntheses,
Coll. Vol. 4, p.98 (1963); Vol. 38, p.5 (1958). Vi du, hop chéit 2-metylbenzyl c6 cong
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thire (IIT) trong d6 X dugc chon tir halogen (t6t hon 14 clo, brom hodac iot va t6t hon
nita 1a clo), Ci-Cy-alkyl sulfonat (t6t hon 1a mesylat) hodc Ce-Cao-aryl sulfonat (tbt
hon 14 tosylat) dwgc cho phan ung v6i amin bac ba c6 cong thirc NRiRa2R3 trong do
Ri, Ry va Rs ¢6 nghia giéng nhu trong cong thirc (IV) (t6t hon 14 trong d6 Ri, R2 va R3
doc 1ap v6i nhau duge chon tir Ci-Ce-alkyl va Ce-Coo-aryl, tdt hon nita 1a C1-Ce-alkyl,
tham chi tt hon nita 1a metyl hodc etyl va t5t nhat 12 metyl) trong dung mdi thich hop
nhu, vi du, etanol khan.

Hop chit 2-metylbenzyl c6 cong thirc (IIT) trong d6 X la nhom amoni c6 cong
thire (IV) (nhu, vi du, trimetyl(o-tolylmetyl)amoni clorua c¢6 cong thic (IIIf) hoac
trietyl(o-tolylmetyl)amoni clorua c6 cong thirc (Illg)) co thé dugc bd sung vao hén
hop phan ung mot cach riéng 1€ (tirc 12 dudi dang chét tach ra hodc trong dung dich
cta dung moi thich hop bét ky), hodc dugc tao thanh trong hdn hgp phan Gng in-situ.

Khi tao thanh in-situ cua hop chét 2-metylbenzyl c6 cong thire (III) trong d6 X 1a
nhém amoni ¢6 cong thie (IV) (nhu vi dy, trimetyl(o-tolylmetyl)amoni clorua c6 cong
thirc (IIIf) hodc trietyl(o-tolylmetyl)amoni clorua c6 cong thirc (IlIg)) 1a mong mudn,
quy trinh theo sang ché dugc thuc hién voi sy c6 mat cua it nhat mot amin bac ba ¢
cong thirc NRiR2R3 trong d6 Ri, Rz va Rs c6 nghia gidng nhu trong cong thirc (IV)
(t6t hon 14 trong d6 R1, Rz va Rs doc 1ap vdi nhau duoc chon tir C1-Cs-alkyl va Ce-Cao-
aryl, tbt hon nita 1a Ci-Ce-alkyl, thdm chi tdt hon nita 1a metyl hodc etyl va tdt nhat 1a
metyl).

Vi du vé& cac amin béc ba thich hgp c¢6 cong thirc NRiR:Rs 1 tri-(Ci- -Ce)-
alkylamin nhu trimetylamin, trietylamin, tributylamin va N,N- diisopropyletylamin; di-
(C1-Cg)-alkyl-phenylamin nhu N,N-dimetylanilin va N,N-dietylanilin; va cac chét
tuong tu.

Tét hon néu amin bac ba ¢ cong thirc NR1R2R3 duge sir dung trong do mdi Ry,
R, va Rs 1 Ci-Cg-alkyl, tdt hon nita 1a Ci-Ca-alkyl, ddc biét 1a metyl hodc etyl va t6t
nhét 14 metyl.

Do d6, theo phuong 4n duge wu tién dic biét, amin bac ba c6 cong thirc NR1R2R3
duoc chon tir trimetylamin, trietylamin hodc hdn hop cta ching. Tt nhat néu amin
bac ba cé cong thirc NR1R2R3 1a trimetylamin.

Dic biét 13, hop chit 2-metylbenzyl c6 cong thirc (IIT) trong d6 X l1a nhém amoni
¢ cong thire (IV) (nhu vi du, trimetyl(o- tolylmetyl)amoni clorua ¢6 cong thire (I1If)
hoic trietyl(o- tolylmetyl)amom clorua c6 cong thue (Illg)) co thé duoc tao thanh in-
situ bang cach cho hop chét 2-metylbenzyl c¢6 cong thirc (III) trong d6 X dugc chon tir
halogen, Ci-Cs-alkyl sulfonat hodc Ce-Cao-aryl sulfonat (t6t hon 1a halogen, t5t hon
nita 1a clo, brom hodc iot va tham chi tdt hon nita 1a clo) phan Gng véi amin béc ba co6
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cong thirc NRiR2R3 trong d6 Ri, R2 va Rs c6 nghia gidng nhu trong cdng thic (IV)
(t6t hon 1 trong d6 Ry, Ra va Rs doc 1ap véi nhau duge chon tir Ci-Co- alkyl va Ce-Cao-
aryl, tbt hon nita 1a Ci-Ce-alkyl, thdm chi tdt hon nita 1a metyl hodc etyl va tot nhét 13
metyl) trong hdn hgp phan Gng chtra (+)-2-exo- hydroxy-l -metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan c6 cdng thire (II), chét bat k¥ trong sb céc chét déng phéan dbi
anh riéng ciia né hodc hdn hop khong triét quang bat ky ciia chiing, bazo nhu dugc
xéac dinh trong ban mo ta nay, chét xuc tac nhu duoc xac dinh trong ban mo ta nay va
dung moi hitu co tro S1 nhu duge xac dinh trong ban mo ta nay.

Cu thé hon, sy tao thanh in-situ cua hop chit 2-metylbenzyl c6 cong thtc (III)
trong d6 X 1a nhém amoni c6 cong thirc (IV) (nhu vi du, trimetyl(o-tolylmetyl)amoni
clorua c6 cong thic (IIIf) hodc trietyl(o-tolylmetyl)amoni clorua c6 cong thac (II1g))
c6 thé dugc thuc hién bing cach dua (+)-2-exo- hydroxy-l -metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan cé cdng thic (II), chét bat ky trong s cac chét déng phan d6i
anh riéng cia né hozc hdn hop khong triét quang bt ky ciia chung, bazo nhu dugc
x4c dinh trong ban mo ta nay, chét xuc tac nhu duogc xac dinh trong ban mo ta nay,
dung moéi hitu co tro S1 nhu dwgc x4c dinh trong ban md ta nay va amin béc ba co
cong thire NRiR2R3 nhu duge xédc dinh trong ban moé ta nay vao trong thiét bi phan
tng dé thu dugc hdn hop thir nhét, 1am néng hdn hgp thi nhét nay, dinh luong hop
chit 2-metylbenzyl c6 cong thuc (III) trong d6 X duge chon tir halogen, C1-Cy-alkyl
sulfonat hodc Cg-Cao-aryl sulfonat (tét hon 1a halogen, tdt hon nita 1a clo, brom hodc
iot va tham chi tét hon nita 1a clo) trong hdn hop thi nhat dé thu dugc hon hop phan
ung.

Hinh dung duogc ring amin bac ba NRiR2R3 thay thé nhom rodi chuyén X trong
hop chit 2-metylbenzyl c6 cong thiac (III) trong d6 X dugc chon tir halogen,
C1-Cs-alkyl sulfonat hodc Cs-Cao-aryl sulfonat (t6t hon 1a halogen tdt hon nita 1a clo,
brom hodc iot va thAm chi tét hon nita 1a clo) dé tao ra mudi amoni tuong Gng, tic 1a
hop chat 2-metylbenzyl c6 cong thic (1) trong d6 X 12 nhom amoni c6 cong thirc
(IV) (nhu vi du, trimetyl(o-tolylmetyl)amoni clorua c6 cong thirc (IIIf) hodc trietyl(o-
tolylmetyl)amoni clorua cé cong thl’J:c (Illg)). Mubi ammoni dugc tao thanh in-situ
ngay lap tic phan ung vGi mudi cia (x)-2-exo- hydroxy-l -metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan c6 cong thire (ID), chit bét ky trong s6 cac chét dong phan d6i
anh riéng cua n6 hodc hdn hop khong triét quang bt ky ctia ching c6 mit trong hdn
hop phan mg. Trong qua trinh benzyl héa nay, amin béc ba duoc giai phong lai va do
d6, s&n sang dé khéi dong lai su thé 4i nhan cta hop chét 2-metylbenzyl c6 cong thirc
(IIT) trong d6 X dugc chon tir halogen, C1-Cs-alkyl sulfonat hodc Cs-Cao-aryl sulfonat
(t6t hon 1a halogen, tdt hon nita 14 clo, brom hodc iot va thdm chi t&t hon nita 1a clo).

Su tao thanh in-situ néu trén cta hop chét 2-metylbenzyl c6 cong thirc (III) trong d6 X
12 nhém amoni ¢é cong thicc (IV) con duge minh hoa trong so d6 phan tng sau.
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(I

X = halogen, C;-Cy-alkyl sulfonat hodc Cs-Cao-aryl sulfonat

+

N(R)(R,)(R;) X
N
RiRzRs (1)
(0]
(0]
OH
H , — o)
bazo, chat xuc tac, H
(I dung moi S1
(1)

Vi véy, bién thé nay ciia quy trinh theo sang ché 1a ddc biét ¢6 lgi do chi céc
lwong dudi hé sé ty luong hodc tham chi cdc luong xic tac cia amin bic ba NRiRR3
tuong (mg v&i hop chét 2-metylbenzyl ¢é cong thirc (IIT) trong d6 X dugc chon tir
halogen, Ci-Cs-alkyl sulfonat hodic Ce-Cao-aryl sulfonat (t6t hon 13 halogen, t&t hon
nira 1a clo, brom hodc iot va thdm chi t&t hon nita 14 clo) 13 cin thiét ma khong lam
gian doan phan Uing benzyl héa. Hon nita, tinh 4i dién tir cao hon do ban chét ion ctia
hop chat 2-metylbenzyl c6 cong thirc (IIT) trong d6 X 1a nhém amoni ¢ cong thic
(IV) din dén sy ting téc phan tmg so véi viée sit dung truc tiép hop chat 2-
metylbenzyl c6 cong thie (III) trong d6 X duogc chon tur halogen, Ci-Cy-alkyl sulfonat
hodic C¢-Cao-aryl sulfonat 1am chit phan tng 4i dién tir. Hon nita, dic diém ludng tinh
ctia hop chét 2-metylbenzyl c6 cdng thire (IIT) trong d6 X 1a nhém amoni ¢é cong thirc
(IV) ciing c6 loi do méi trudng phan tng tao ra hdn hop khong dong nhit bao gdm
pha 16ng va pha ran.

Ty 18 mol cia hop chéit 2-metylbenzyl c6 cong thic (III) (dic biét 1a 2-
metylbenzyl clorua c¢6 cong thuc (I1la)) va (£)-2-exo-hydroxy-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan c6 cong thire (II), chit bat ky trong sb cac chat dong phan dbi
anh riéng ctia n6 hodc hdn hop khong triét quang bét ky ctia chiing, dic biét 13 (£)-2-
exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]Theptan c6 cong thic (II), co thé
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thay dbi rong va phu thudc vao ban chat ciia hop chit 2-metylbenzyl (III) duge ding
va diéu kién phan Gng duogc sir dung, nhung néi chung nim trong khoang tir 3 : 1 dén
0,9:1,t6thonlatr2:1dén 0,9 : 1, tdt hon nira la tir 1,5 : 1 dén 0,9 : 1 va tham chi
tothonnttalatir1,1:1dén0,9: 1.

Theo mot phuong an khac, quy trinh theo sang ché duoc thuc hién véi su c¢6 mat
ctia it nhat mot bazo c6 kha nang tao ra dung moi S2 dugc chon tir nude, rugu Ci-Cy
alkyl hoic hdn hop bét ky cta chung dudi cac diéu kién phan ung.

Vi du vé cac ruou Ci-Cy-alkyl bao gém metanol, etanol, n-propanol, iso-
propanol (propan-2-ol), n-butanol, sec-butanol (butan-2-ol), iso-butanol (2-metyl-1-
propanol) hodc tert-butanol (2-metyl-2-propanol), t6t hon 1a metanol, etanol, iso-
propanol hoic tert-butanol va t&t hon nita 1a metanol.

Theo mot phuong an dugce uu tién, quy trinh theo sang ché dugc thuc hién véi su
¢ mat cua it nhét mot bazo c6 kha ning tao ra dung mdi S2 dugc chon tir nudc,
metanol, etanol, iso-propanol, tert-butanol hodc hén hop bét ky ctia chung (5t hon nita
1a nude, metanol, etanol, tert-butanol hodc hdn hop bt ky ciia ching, thdm chi t6t hon
nita 12 nude, metanol hodic hdn hop ciia chung va dic biét 1a nudc) dudi cac diéu kién
phan Ung.

Dic biét 1a, bazo duge st dung trong sang ché duoc chon tir cac hydroxit kim
loai kiém va kim loai kiém thd, cac cacbonat kim loai kiém va kim loai kiém thd, céac
hydro cacbonat kim loai kiém va kim loai kiém thd, cac oxit kim loai kiém va kim loai
kiém thd, cac C1-Cq alcoholat kim loai kiém va kim loai kiém thé va hdn hop bat ky
ctia chung, tot hon nita 1a tir cdc hydroxit kim loai kiém va kim loai kiém thd, céc
cacbonat kim loai kiém va kim loai kiém thd, cac Ci1-C4 alcoholat kim loai kiém va
kim loai kiém thd va hdn hop bt ky cua ching, thdm chi tét hon nita 1a tir céc
hydroxit kim loai kiém, cac cacbonat kim loai kiém, cac C1-Cs alcoholat kim loai kiém
va hdn hop bat ky ctia chiing, t6t hon nita 1a tir cac hydroxit kim loai kidm, cdc Ci-Cs
alcoholat kim loai kiém va hdn hop bat k¥ cua chung, va van t&t hon nita 13 tir cac
hydroxit kim loai kiém.

Thuét ngtt “kim loai kiém” nhu duoc st dung trong ban mo ta nay bao gbm, vi
du, lithi, natri va kali.

Thuat ngtt “kim loai kiém tho” nhu dugc st dung trong ban mo ta nay bao gom,
vi du, canxi, magie va bari.

Theo mdt phuong an khéc, bazo dugce chon tir cac hydroxit kim loai kiém va kim

loai kiém tho, cdc cacbonat kim loai kiém va kim loai kiém tho, cdc hydro cacbonat
kim loai kiém va kim loai ki€m thd, cac oxit kim loai kiém va kim loai kiém thd, cac
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C1-C4 alcoholat kim loai kidm va kim loai kiém thd va hdn hop bit ky ciia ching, tdt
hon 1a tir cac hydroxit kim loai kiém va kim loai kiém thd, cac cacbonat kim loai kiém
va kim loai kiém thé, cac Ci-C4 alcoholat kim loai kiém va kim loai kiém thd va hdn
hop bt ky cua chiing, mdi kim loai kiém doc 1ap dugc chon tir lithi, natri va kali va
mdi kim loai kiém thd doc 1ap dugc chon tr canxi, magie va bari.

Theo mot phuong 4n khac nita, bazo duge chon tir cac hydroxit kim loai kiém,
cac cacbonat kim loai kiém, céc hydro cacbonat kim loai kiém, céc oxit kim loai kiém,
céc C1-Cy alcoholat kim loai kiém va hdn hop bét ky cua chung, t6t hon 1a tir cac
hydroxit kim loai kidm, cac C1-C4 alcoholat kim loai kiém va hdn hop bat ky ctia
ching, va tdt hon nira 1a tir céac hydroxit kim loai kiém, mdi kim loai kiém doc lap
duogc chon tir lithi, natri va kali.

Pé lam cac hydroxit kim loai kiém, c6 thé st dung lithi hydroxit, natri hydroxit
va kali hydroxit.

Pé lam cac hydroxit kim loai kiém thé, c6 thé sir dung canxi hydroxit, magie
hydroxit hodc bari hydroxit.

P& 1am c4c cacbonat kim loai kiém, c6 thé st dung lithi cacbonat, natri cacbonat
hodc kali cacbonat.

Dé lam cac cacbonat kim loai kiém tho, cé thé st dung canxi cacbonat, magie
cacbonat hodc bari cacbonat.

DPé lam cac hydro cacbonat kim loai kiém, ¢ thé su dung lithi hydro cacbonat,
natri hydro cacbonat hodc kali hydro cacbonat.

Pé lam cac hydro cacbonat kim loai kiém thd, co thé su dung canxi hydro
cacbonat, magie hydro cacbonat hoéc bari hydro cacbonat.

Pé lam cac oxit kim loai kiém, ¢ thé sir dung lithi oxit, natri oxit hogc kali oxit.

Dé lam cdc oxit kim loai kiém thd, cé thé st dung canxi oxit, magie oxit hodc
bari oxit.

DPé 1am cac C1-C4 alcoholat kim loai kidm, c¢6 thé st dung lithi metoxit, natri
metoxit, kali metoxit, lithi etoxit, natri etoxit, kali etoxit, lithi n-propoxit, natri n-
propoxit, kali n-propoxit, lithi iso-propoxit, natri iso-propoxit, kali iso-propoxit, lithi
n-butoxit, natri n-butoxit, kali n-butoxit, lithi tert-butoxit, natri tert-butoxit hodc kali
tert-butoxit.
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Pé lam cac C1-C4 alcoholat kim loai kiém thd, c6 thé sir dung magie dimetoxit,
canxi dimetoxit, bari dimetoxit, magie dietoxit, canxi dietoxit, bari dietoxit, magie di-
n-propoxit, canxi di-n-propoxit, bari di-n-propoxit, magie di-iso-propoxit, canxi di-
iso-propoxit, bari di-iso-propoxit, magie di-n-butoxit, canxi di-n-butoxit, bari di-n-
butoxit, magie di-tert-butoxit, canxi di-tert-butoxit hodc bari di-tert-butoxit.

Theo mét phuwong 4n dugc wu tién, bazo duoc st dung trong sang ché dwgc chon
tur lithi hydroxit, natri hydroxit, kali hydroxit, canxi hydroxit, magie hydroxit, bari
hydroxit, lithi cacbonat, natri cacbonat, kali cacbonat, canxi cacbonat, magie cacbonat,
bari cacbonat, lithi hydro cacbonat, natri hydro cacbonat, kali hydro cacbonat, canxi
hydro cacbonat, magie hydro cacbonat, bari hydro cacbonat, lithi oxit, natri oxit, kali
oxit, canxi oxit, magie oxit, bari oxit, lithi metoxit, natri metoxit, kali metoxit, lithi
etoxit, natri etoxit, kali etoxit, lithi n-propoxit, natri n-propoxit, kali n-propoxit, lithi
iso-propoxit, natri iso-propoxit, kali iso-propoxit, lithi n-butoxit, natri n-butoxit, kali
n-butoxit, lithi tert-butoxit, natri tert-butoxit, kali tert-butoxit, magie dimetoxit, canxi
dimetoxit, bari dimetoxit, magie dietoxit, canxi dietoxit, bari dietoxit, magie di-n-
propoxit, canxi di-n-propoxit, bari di-n-propoxit, magie di-iso-propoxit, canxi di-iso-
propoxit, bari di-iso-propoxit, magie di-n-butoxit, canxi di-n-butoxit, bari di-n-butoxit,
magie di-tert-butoxit, canxi di-tert-butoxit, bari di-tert-butoxit va hdn hgp bt ky cia
chung, t&t hon nia 13 tir lithi hydroxit, natri hydroxit, kali hydroxit, canxi hydroxit,
magie hydroxit, bari hydroxit, lithi cacbonat, natri cacbonat, kali cacbonat, canxi
cacbonat, magie cacbonat, bari cacbonat, lithi metoxit, natri metoxit, kali metoxit,
magie dimetoxit, canxi dimetoxit, bari dimetoxit va hdn hop bt ky cta chiing, tham
chi tét hon nita 1a tir lithi hydroxit, natri hydroxit, kali hydroxit, lithi cacbonat, natri
cacbonat, kali cacbonat, lithi metoxit, natri metoxit, kali metoxit va hdn hop bat ky
cua chung, van t8t hon nira 1a tr lithi hydroxit, natri hydroxit, kali hydroxit, lithi
metoxit, natri metoxit, kali metoxit va hdn hop bat ky ctia chiing, con tét hon nita 13 tir
natri hydroxit, kali hydroxit, natri metoxit, kali metoxit va hdn hop bét ky cua ching
va van tham chi t6t hon nita 14 tir natri hydroxit, kali hydroxit va hdn hop ctia ching.
T6t nhit néu bazo duge st dung trong sang ché 1a natri hydroxit.

Theo mot phuong an khéc, bazo nay dugc chon tir lithi hydroxit, natri hydroxit,
kali hydroxit va hdn hop bét ky cta ching.

Ty 1€ mol cia bazo va (+)-2-exo-hydroxy-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan c6 cong thirc (IT), chat bat ky trong s cac chét ddng phan ddi
anh riéng cta n6 hodc hdn hop khong triét quang bét ky ctia chung, dic biét 14 (£)-2-
exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan c6 cong thirc (II), ¢6 thé
thay dbi rong va phu thudc vao céc didu kién phan ung dwoc st dung, nhung noéi
chung nam trong khoang tir 1 : 1 dén5:1,tbthonlat1:1 dén 3 : 1, tdt hon nita 1a
tir1:1dén2:1vathdm chitsthonnitalatr1:1dén1,5:1.
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Bazo dugc st dung trong sang ché c6 thé dugce bd sung vao hdn hop phan tng &
dang ran, dudi dang dung dich nuéc hodc dudi dang hdn hop ciia chung.

Thuit ngtt “dang ran” nhu dugc st dung trong ban md ta nay bao g@)m, nhung
khong chi gigi han &, bdt, vién nén, hat pellet, phién nho, cdm hodc hat ¢& micro.

Nong do cta bazo trong dung dich nudc c¢6 thé thay ddi va phu thudc vao ban
chét cua bazo va cac diéu kién phan tmg dugc sit dung, nhung néi chung nim trong
khoang tir 5 dén 50% trong lwong, tot hon 12 nidm trong khoang tir 10 dén 50% trong
luong va tot hon nita néu ndm trong khoang tir 30 dén 50% trong luong ciia bazo, tinh
theo trong luong dung dich nuéec.

Cac bazo duoc chon tir cac hydroxit kim loai kiém (tét hon 1a tur lithi hydroxit,
natri hydroxit, kali hydroxit va hdn hop bit ky cta chung, tot hon nita 12 tir natri
hydroxit, kali hydroxit va hdn hop cua ching va tét nhét 1a natri hydroxit) tot hon
duoc bd sung vao hdn hop phan tng & dang réin. P& lam dang ran cta cac hydroxit
kim loai kiém, c6 thé su dung hat pellet, phién nho, cém hodc hat ¢& micro, tot hon 1a
hat c& micro. Cac dang rin néu trén cla cac hydroxit kim loai kiém 12 c6 ban trén thi
truong tir cac nha cung cip khac nhau. Theo mdt phuong 4n duge wu tién, quy trinh
theo sang ché duogc thuc hién véi su ¢6 mit clia natri hydroxit dang hat ¢& micro lam
bazo. Do d6, bazo dugce sit dung trong sang ché t&t hon 12 bao gém natri hydroxit
dang hat ¢& micro va t6t hon nita 1a dugc cu thanh tir natri hydroxit dang hat c&
micro.

Theo mdt phuong an khac, cac bazo dugce chon tir cadc hydroxit kim loai kiém
(t6t hon 1a tir lithi hydroxit, natri hydroxit, kali hydroxit va hon hop bét ky cua ching,
t5t hon nita 13 tir natri hydroxit, kali hydroxit va hdn hop ctia chung va t6t nhét 13 natri
hydroxit) ciing c6 thé dwgc bd sung vao hdn hop phan tng duéi dang dung dich nuéde.
Tét hon néu dung dich nuéc ctia hydroxit kim loai kiém (t6t hon 14 natri hydroxit hodc
kali hydroxit va tdt hon nita 14 natri hydroxit) bao gém tir 10 dén 50% trong luong, tot
hon nita 1a tir 25 dén 50% trong lwong va tham chi tt hon nita 1a tir 35 dén 50% trong
lugng cua hydroxit kim loai kiém (t6t hon 1a natri hydroxit hodc kali hydroxit va t6t
hon nita 1a natri hydroxit), tinh theo trong lugng dung dich nudc. Dung dich nudce cua
cac hydroxit kim loai kiém (t&t hon 1a natri hydroxit hodc kali hydroxit va tdt hon nira
1a natri hydroxit) ¢6 thé duge cung cAp bang cac phwong phap da biét nhung ciing ¢
bén trén thi truong & mot sé ndng d6 khac nhau.

Quy trinh theo sang ché dugc thuc hién v6i su ¢6 mdt cua it nhat mot chat xuc
tac duoc chon tr cdc mudi rubidi, cac mudi xesi va hon hgp bat ky cia ching.

Theo mot phuong an, chét xtc tac dugce chon tir cdc muoi rubidi.
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Theo mdt phuong an khac, chat xtc tac dugc chon tir cic mudi xesi.

Tot hon néu chat xic tac duoc chon tir cAc mudi rubidi va xesi cua cac axit vo
co, cac mudi rubidi va xesi ctia cac axit hitu co va hdn hop bat ky ctia chiing.

Theo mot phuong an, chat xdc tac duge chon tir cdc mudi rubidi cua céc axit vo
co, cdc muodi rubidi ctia cac axit hitu co va hon hop bat ky cua ching.

Theo mdt phuwong 4n khéc, chat xuc tdc dugce chon tir cdc mudi xesi clla cac axit
vd co, cac mudi xesi clia céac axit hitu co va hon hop bat ky cua ching.

T6t hon nita néu chat xuc tic duoc chon tir cac muoi rubidi va xesi clila cac axit
vo co.

Theo mot phuwong an, chat xuc tdc dugc chon tir cdc mudi rubidi cua céc axit vo
co.

Theo mot phuong an khéc, chat xic tac dugce chon tir cAc muoi xesi cia cac axit
v co.

Thuat ngir “cac mudi clia cac axit vo co” nhu duoc sit dung trong ban md ta nay
bao gdm, vi du, halogenua, cacbonat, sulfat, nitrat, phosphat, oxit va hydroxit.

Thuét ngit “halogenua” nhu dugc st dung trong ban mo ta nay bao gom florua,
clorua, bromua va iodua.

Thuét ngit “cacbonat” nhu dugc st dung trong ban mo ta nay bao gé)m, vi du,
cacbonat (CO3%) va hydro cacbonat (HCO3").

Thuét ngt “sulfat” nhu dugc st dung trong ban mé ta nay bao gdm, vi du, sulfat
(SO4*) va hydro sulfat (HSOy").

Thuat nglt “phosphat” nhu dugc st dung trong ban md ta nay bao gdm, vi du,
phosphat (PO4*), hydro phosphat (HPO4*) va dihydro phosphat (H2POq).

Thuét ngt “cdc muoi cia cac axit hitu co” nhu dugc st dung trong ban md ta
nay bao gom, vi dy, carboxylat, alcoholat va sulfonat.

Thuét nglt “carboxylat” nhu dugc st dung trong ban mo ta nay bao gdm, vi du,
format, axetat, oxalat, lactat va xitrat.
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Thuét nglt “alcoholat” nhu dugc st dung trong ban mo ta nay trong dinh nghia
v€ chat xuc tac bao gém, vi du, C1-Cs alcoholat nhu metoxit, etoxit, n-propoxit, iso-
propoxit, n-butoxit, sec-butoxit va tert-butoxit.

Thuat ngit “sulfonat” nhu duoc sir dung trong ban md ta nay trong dinh nghia vé
chét xtc tac bao gdm, vi du, C1-Cs-alkyl sulfonat nhu mesylat (metansulfonat), esylat
(etansulfonat), n-propylsulfonat, iso-propylsulfonat, n-butylsulfonat, iso-butylsulfonat,
sec-butylsulfonat va tert-butylsulfonat, C;-Cs-haloalkyl sulfonat nhu triflat
(triflometansulfonat) va triclometansulfonat va Cg-Cao-aryl sulfonat nhu tosylat (para-
toluensulfonat), besylat (benzensulfonat) va 2-naphtyl sulfonat, dic biét Ia
metansulfonat, triflometansulfonat va para-toluensufonat.

Theo mdt phuong an dugc uu tién khéc, chét xuc tac duoc chon tir rubidi va xesi
halogenua, rubidi va xesi cacbonat, rubidi va xesi sulfat, rubidi va xesi nitrat, rubidi va
xesi phosphat, rubidi va xesi oxit, rubidi va xesi hydroxit, rubidi va xesi carboxylat,
rubidi va xesi C1-Cs alcoholat, rubidi va xesi sulfonat va hdn hop bit ky ctia chung, t6t
hon nita 1a tr rubidi va xesi halogenua, rubidi va xesi cacbonat, rubidi va xesi sulfat,
rubidi va xesi hydroxit va hdn hop bit ky ctia chiing, tham chi t&t hon nita 13 tir rubidi
va xesi halogenua, rubidi va xesi cacbonat, rubidi va xesi hydroxit va hdn hop bat ky
ctia chung, con tdt hon nita 12 tir rubidi va xesi halogenua, rubidi va xesi cacbonat va
hén hop bét ky ctia chiing va dic biét 14 tir rubidi va xesi halogenua.

Theo mot phuong éan, chit xuc tdc duoc chon tir rubidi halogenua, rubidi
cacbonat, rubidi sulfat, rubidi nitrat, rubidi phosphat, rubidi oxit, rubidi hydroxit,
rubidi carboxylat, rubidi C1-C4 alcoholat, rubidi sulfonat va hdn hop bét ky ciia chung,
tdt hon nira 13 tir rubidi halogenua, rubidi cacbonat, rubidi sulfat, rubidi hydroxit va
hdn hop bat ky ctia chung, tham chi t&t hon nita 1a tir rubidi halogenua, rubidi
cacbonat, rubidi hydroxit va hdn hop bét ky ciia ching, con t6t hon nita 1a tir rubidi
halogenua, rubidi cacbonat va hdn hop bt ky ctia ching va dic biét 1a tir rubidi
halogenua.

Theo mdt phuong an khéc, chit xtc tac duoc chon tir xesi halogenua, xesi
cacbonat, xesi sulfat, xesi nitrat, xesi phosphat, xesi oxit, xesi hydroxit, xesi
carboxylat, xesi C1-Cs alcoholat, xesi sulfonat va hdn hop bat ky ctia ching, t6t hon
nita 14 tir xesi halogenua, xesi cacbonat, xesi sulfat, xesi hydroxit va hén hop bat ky
cta ching, tham chi t6t hon nita 14 tir xesi halogenua, xesi cacbonat, xesi hydroxit va
hdn hop bét ky cia chung, con tdt hon nita 1a tir xesi halogenua, xesi cacbonat va hén
hop bét ky ciia ching va dic biét 13 tir xesi halogenua.

Theo mot phuong &n dugce uu tién hon, chit xuc tac dugc chon tir rubidi florua,

rubidi clorua, rubidi bromua, rubidi iodua, xesi florua, xesi clorua, xesi bromua, xesi
iodua, rubidi cacbonat, rubidi hydro cacbonat, xesi cacbonat, xesi hydro cacbonat,
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rubidi sulfat, rubidi hydro sulfat, xesi sulfat, xesi hydro sulfat, rubidi nitrat, xesi nitrat,
rubidi phosphat, rubidi hydro phosphat, rubidi dihydro phosphat, xesi phosphat, xesi
hydro phosphat, xesi dihydro phosphat, rubidi oxit, xesi oxit, rubidi hydroxit, xesi
hydroxit, rubidi format, rubidi axetat, rubidi oxalat, rubidi lactat, rubidi xitrat, xesi
format, xesi axetat, xesi oxalat, xesi lactat, xesi xitrat, rubidi metoxit, rubidi etoxit,
rubidi n-propoxit, rubidi iso-propoxit, rubidi n-butoxit, rubidi sec-butoxit, rubidi tert-
butoxit, xesi metoxit, xesi etoxit, xesi n-propoxit, xesi iso-propoxit, xesi n-butoxit,
xesi sec-butoxit, xesi tert-butoxit, rubidi metansulfonat, rubidi triflometansulfonat,
rubidi para-toluensufonat, xesi metansulfonat, xesi triflometansulfonat, xesi para-
toluensufonat va hdn hop bét ky ctia chung, tdt hon nita 13 tir rubidi florua, rubidi
clorua, rubidi bromua, rubidi iodua, xesi florua, xesi clorua, xesi bromua, xesi iodua,
rubidi cacbonat, xesi cacbonat, rubidi sulfat, xesi sulfat, rubidi phosphat, xesi
phosphat, rubidi hydroxit, xesi hydroxit va hdn hop bt ky ctia chtng, tham chi t6t hon
nita 1a tir rubidi clorua, xesi clorua, rubidi cacbonat, xesi cacbonat, rubidi sulfat, xesi
sulfat, rubidi hydroxit, xesi hydroxit va hdn hop bét ky ciia ching, con t6t hon nita 1a
tir rubidi clorua, xesi clorua, rubidi cacbonat, xesi cacbonat, rubidi hydroxit, xesi
hydroxit va hdn hop bat ky cua chung, van tdt hon nira 13 tir rubidi clorua, xesi clorua,
rubidi cacbonat, xesi cacbonat va hdn hop bét ky cua chung va déc biét 1a tu rubidi
clorua, xesi clorua hoic hdn hop cua ching.

Theo mot phuong an, chit xuc tac dugc chon tir rubidi florua, rubidi clorua,
rubidi bromua, rubidi iodua, rubidi cacbonat, rubidi hydro cacbonat, rubidi sulfat,
rubidi hydro sulfat, rubidi nitrat, rubidi phosphat, rubidi hydro phosphat, rubidi
dihydro phosphat, rubidi oxit, rubidi hydroxit, rubidi format, rubidi axetat, rubidi
oxalat, rubidi lactat, rubidi xitrat, rubidi metoxit, rubidi etoxit, rubidi n-propoxit,
rubidi iso-propoxit, rubidi n-butoxit, rubidi sec-butoxit, rubidi tert-butoxit, rubidi
metansulfonat, rubidi triflometansulfonat, rubidi para-toluensufonat va hn hop bét ky
cua chung, tdt hon nita 13 tir rubidi florua, rubidi clorua, rubidi bromua, rubidi iodua,
rubidi cacbonat, rubidi sulfat, rubidi phosphat, rubidi hydroxit va hén hgp bét ky cua
ching, thdm chi tot hon nita 12 tir rubidi clorua, rubidi cacbonat, rubidi sulfat, rubidi
hydroxit va hdn hop bit ky ciia chung, con tdt hon nita 1 tir rubidi clorua, rubidi
cacbonat, rubidi hydroxit va hdn hop bit ky cta ching, van t6t hon nita 13 tir rubidi
clorua, rubidi cacbonat hodc hén hop cta chiing va dic biét 1a rubidi clorua.

Theo mo{t phuong 4n khéc, chit xtc tac duoc chon tir xesi florua, xesi clorua,
xesi bromua, xesi iodua, xesi cacbonat, xesi hydro cacbonat, xesi sulfat, xesi hydro
sulfat, xesi nitrat, xesi phosphat, xesi hydro phosphat, xesi dihydro phosphat, xesi oxit,
xesi hydroxit, xesi format, xesi axetat, xesi oxalat, xesi lactat, xesi xitrat, xesi metoxit,
xesi etoxit, xesi n-propoxit, xesi iso-propoxit, xesi n-butoxit, xesi sec-butoxit, xesi
tert-butoxit, xesi metansulfonat, xesi triflometansulfonat, xesi para-toluensufonat va
hdn hop bét ky cua ching, tdt hon nita 12 tir xesi florua, xesi clorua, xesi bromua, xesi
iodua, xesi cacbonat, xesi sulfat, xesi phosphat, xesi hydroxit va hdn hop bét ky cla
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chung , tham chi tdt hon nita 1a tir xesi clorua, xesi cacbonat, xesi sulfat, xesi hydroxit
va hon hop bét ky cta chung, con tdt hon nita 13 tir xesi clorua, xesi cacbonat, xesi
hydroxit va hdn hop bét ky ctia chiing, van tdt hon nita 1a tir xesi clorua, xesi cacbonat
hoidc hdn hop cua chiing va déc biét 1a xesi clorua.

Chat xtic tac tdt hon 1a duoc bd sung vao hdn hop phan tng & dang rin nhung
ciing ¢6 thé duoc bd sung vao dudi dang dung dich trong dung méi thich hop. Chét
xuc tac cling c6 thé duge da trén vat liéu mang.

Tét hon 13, ty 18 mol cta chét xuc tac va (+)-2-exo-hydroxy-1-metyl-4-isopropyl-
7-oxabixyclo[2.2.1]heptan ¢6 cong thire (IT) ndm trong khoang tir 0,001 :1 dén 0,5 : 1,
t6t hon nita 14 tir 0,005 : 1 dén 0,3 : 1, tham chi tot hon nita 1a tir 0,0075 : 1 &n 0,2 : 1,
con tot hon nita 1a tir 0,01 : 1 dén 0,1 : 1 va dac bigt 12 tr 0,0125 : 1 dén 0,04 :1.

Quy trinh theo sang ché duoc thuc hién véi su ¢6 mat cua it nhit mot dung moi
hitu co tro S1.

“Dung moi hitu co tro” c6 nghia la dung mdi hitu co ma, dudi cac diéu kién phan
ing cua quy trinh theo sdng che, khong tham gia vao phan Gng bat ky c6 thé thay rd
dugc vdi cac chat phan tng hodc cac sdn pham.

Dung moéi hitu co tro S1 dugc sir dung trong quy trinh theo sang ché c6 thé dugc
chon tir nhidu loai dung mdi tiy thudc vao cac diéu kién phan ing dugc st dung.

Céc dung méi hitu co tro S1 thich hop c6 thé dugc chon tir hydrocacbon, amit,
ete, xeton, nitril va hdn hop bt ky cta ching.

Hydrocacbon dugc sit dung lam dung madi hitu co tro S1 trong sang ché c6 thé
dugc chon tir hydrocacbon béo, hydrocacbon vong béo, hydrocacbon thom,
hydrocacbon béo dugc halogen héa, hydrocacbon thom dugce halogen héa va hdn hop
bat ky cia ching.

Tt hon néu dung mdi hitu co tro S1 ¢6 thé dugc chon tir hydrocacbon béo,
hydrocacbon vong béo, hydrocacbon thom, hydrocacbon béo dugc halogen hda,
hydrocacbon thom dugc halogen hoéa, amit, ete, xeton, nitril va hdn hop bt ky cua
ching.

Thuét ngit “hydrocacbon béo” bao gébm cac hydrocacbon béo mach thang va
mach nhénh.

Hydrocacbon béo mach thing ma c6 thé dugc st dung trong sang ché 1a
hydrocacbon c6 tir 5 dén 15 nguyén tir cacbon, t5t hon 1a tir 5 d&én 10 nguyén tir
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cacbon. Vi du vé hydrocacbon béo mach thing bao gdbm n-pentan, n-hexan, n-heptan.
n-octan, n-nonan, n-decan hodc hdn hop bat ky cta chung, tot hon 1a n-heptan, n-
octan, n-nonan, n-decan hozic hdn hop bat ky cua chiing.

Hydrocacbon béo mach nhanh ma thich hop dé st dung trong sing ché 1a
hydrocacbon ¢6 tir 4 dén 15 nguyén t cacbon, tét hon 13 tir 5 dén 12 nguyén tir
cacbon, tot hon nita 13 tir 7 @én 12 nguyén tir cacbon va tham chi t6t hon niva 14 tir 8
dén 11 nguyén tir cacbon. Vi du vé hydrocacbon béo mach nhanh thich hop bao gém
2-metylpropan, 2-metylbutan, 2,3-dimetylbutan, 2-metylpentan, 3-metylpentan, 2,2-
dimetylpentan, 2,3-dimetylpentan, 2,4-dimetylpentan, 2,2.4-trimetylpentan, 2-
metylhexan, 3-metylhexan, 2,4- dimetylhexan, 2,5-dimetylhexan, 2,2 4-trimetylhexan,
2,3.4-trimetylhexan, 3,3,4-trimetylhexan, 2-metylheptan, 3-metylheptan, 2,3-
dimetylheptan, 3,4-dimetylpentan, 2-etyloctan, 2,3-dimetyloctan, 2-metylnonan, 3,4-
dimetylnonan, 3-metyldecan, 2-metylundecan, 2-metyldodecan, 2,2,4 trimetyldodecan
va hdn hop bét ky cta chung.

Pic biét thich hop 1a hdn hgp cla cac hydrocacbon béo mach nhanh c6 tir 5 dén
12 nguyén ti cacbon, tt hon 1a tir 7 dén 12 nguyén tir cacbon va tét hon nita 1a tir 8
dén 11 nguyén ti cacbon, nhu cdc hdn hop thuong mai ctia hydrocacbon isoparaffinic
duoc ban dudi tén thuong mai Isopar® bdi ExxonMobil Chemical, nhu vi du, Isopar®
E. Isopar E 12 hdn hop cic hydrocacbon isoparaffinic c6 khoéng chung ct tir 113°C
dén 139°C.

Vi du v& cac hydrocacbon vong béo thich hgp bao gdm hydrocacbon vong béo
no hodc khong no, nhu vi dy, xyclopentan, xyclohexan, xyclohexen, xycloheptan,
xyclooctan, xycloocten, 1,5-xyclooctadien va céac chét twong ty. Uu tién ddi véi
hydrocacbon vong béo no ¢ tir 5 dén 10 nguyén tir cacbon. Xyclohexan la dugc dic
biét vu tién.

Vi du v& hydrocacbon thom thich hop bao gébm toluen, o-xylen, m-xylen, p-
xylen, etylbenzen, 2-propylbenzene (cumen), 2-isopropyltoluen (o-cymol),
3-isopropyltoluen (m-cymol), 4-isopropyltoluen (p-cymol), 1,3,5-trimetylbenzen
(mesitylen) va cic chat twong tu. Uu tién dbi véi toluen, o-xylen, m-xylen, p-xylen,
etylbenzen, 1,3,5-trimetylbenzen (mesitylen) va hon hop bat k¥ cua chung. Dic biét
vu tién trong sd cac hydrocacbon thom 14 toluen, o-xylen, m-xylen, p-xylen, 1,3,5-
trimetylbenzen (mesitylen) va hon hop bét ky cua chung, véi toluen dugc wu tién nhat.

Vi du vé cac hydrocacbon béo dugce halogen hoa thich hop bao gdm metylen
clorua, clorofom, cacbon tetraclorua, 1,2-dicloetan, 1,1,1,2-tetracloetan, 1,1,2,2-
tetracloetan, 1,1-dicloetylen, 1,2-dicloetylen, va cac chét tuong tu. Uu tién dbi véi
metylen clorua va 1,2-dicloetan va hdn hop bét ky ciia chung.
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Vi du vé cac hydrocacbon thom duoc halogen hoa thich hop bao gdbm clobenzen,
bromobenzen, o-diclobenzen, m-diclobenzen, a,0,0-triflotoluen (benzotriflorua) va
céc chit twong tu.

Vi du vé céc amit thich hop bao gdm N,N-dimetylformamit, dimetylaxetamit,
dietylaxetamit, va cdc chét twong tu.

Vi du v& céc ete thich hop bao gbm céc ete khong vong, vong hodc thom nhu
dietyl ete, diisopropyl ete, n-butyl metyl ete, isobutyl metyl ete, sec-butyl metyl ete,
tert-butyl metyl ete, xyclopentyl metyl ete, tetrahydrofuran, 2-metyltetrahydrofuran,
1,4-dioxan, anisol va cac chit tuong tu.

Vi du v& céc xeton thich hop bao gdm axeton, metyl etyl xeton, metyl isopropyl
xeton, metyl isobutyl xeton, xyclopropyl metyl xeton va céac chat twong tu.

Vi du v& cac nitril thich hop bao gdm axetonitril, benzonitril, va cic chit twong
tu.

Theo mdt phuong an dugc uu tién, dung moi hitu co tro S1 duoc chon tu
hydrocacbon, ete khong vong, ete vong, ete thom va hén hop bét ky cta ching, tdt
hon nfta 1a tr hydrocacbon béo, hydrocacbon vong béo, hydrocacbon thom,
hydrocacbon béo dugc halogen hoa, hydrocacbon thom dugc halogen hoa, ete khong
vong, ete vong, ete thom va hdn hop bét ky cua ching, thdm chi tdt hon nita 1a tr
hydrocacbon béo, hydrocacbon thom, hydrocacbon béo duoc halogen hoa,
hydrocacbon thom dugc halogen héa va hén hop bat ky cua chung, con tot hon nita 1a
tir hydrocacbon béo, hydrocacbon thom va hdn hop bét ky ctia chung, va van tot hon
nita 1a tr hydrocacbon thom.

Theo mot phuong an dugc uvu tién khac, dung méi hitu co tro S1 dugce chon tir
cac hydrocacbon.

Theo mot phuong an duge uvu tién hon, dung mdi hitu co tro S1 dugce chon tir n-
heptan, n-octan, n-nonan, n-decan, toluen, o-xylen, m-xylen, p-xylen, etylbenzen,
1,3,5-trimetylbenzen (mesitylen), metylen clorua, clobenzen va hdn hop bt ky cta
chung.

Theo mdt phuong 4n dugc vu tién hon nita, dung mdi hitu co tro S1 dugce chon

tr n-heptan, n-octan, toluen, o-xylen, m-xylen, p-xylen, etylbenzen, 1,3,5-
trimetylbenzen (mesitylen), clobenzen, va hén hop bét ky cta chung.
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Con t6t hon nita néu dung mdi hitu co tro S1 dwoc chon tir n-heptan, n-octan,
toluen, o-xylen, m-xylen, p-xylen, etylbenzen, 1,3,5-trimetylbenzen (mesitylen) va
hén hop bét ky cta ching.

Van t6t hon nita néu dung moi hitu co tro S1 duge chon tir n-heptan, toluen, o-
xylen, m-xylen, p-xylen va hdn hop bat ki ctia chung.

Céac dung moéi hitu co tro S1 dugce dic biét vu tién la cac alkylbenzen ma duogc
thé alkyl mdt, hai hodc ba 14n v6i mdi nhém alkyl chua 1 dén 3 nguyén tir cacbon, dac
biét 1a cac alkylbenzen dugc chon tir toluen, o-xylene, m-xylen, p-xylen, etylbenzen,
1,3,5-trimetylbenzen (mesitylen) va hdn hop bat ki ctia ching va van tdt hon nita néu
duoc chon tir toluen, o-xylen, m-xylen, p-xylen va hdn hop bét ky ctia chung. Tt nhat
néu dung méi hitu co tro S1 1a toluen.

Theo mdt phuong an khéac, dung moi hitu co tro S1 dugce chon tir cac dung moi
khong phan cuc va tét hon 1a tir cdc dung mdi khong phan cuc c6 hang s6 dién méi
nhé hon 15 (tét hon 14 nhé hon 10, tbt hon nita 14 nhé hon 5 va dic biét 1a nho hon 3)
& nhiét do 25°C.

Theo mot phuwong an khéc, chét xtic tic duoc chon tir rubidi va xesi halogenua,
rubidi va xesi cacbonat, rubidi va xesi hydroxit va hdn hop bat ky cia ching (t6t hon
1a tir rubidi va xesi halogenua, rubidi va xesi cacbonat va hon hop bét ky clia chung va
dic biét 1a tir rubidi va xesi halogenua) va dung moi hitu co tro S1 duoc chon tir céc
dung mdi khong phan cuc (t6t hon 14 tir cic dung moi khong phan cyc c6 hang sb dién
moi nhé hon 15, tét hon nita 1a nho hon 10, thim chi tot hon nita 1a nhé hon 5 va ddc
biét 1a nho hon 3 & nhiét do 25°C).

Theo mdt phuong an khac, chat xtc tac dugce chon tir rubidi halogenua, rubidi
cacbonat, rubidi va rubidi hydroxit va hdn hop bat ky cta chung (tot hon 1a tir rubidi
halogenua, rubidi cacbonat va hdn hop bat ky cia ching va dic biét 1a tir rubidi
halogenua) va dung méi hitu co tro S1 dugc chon tr cdc dung moi khdng phén cuc
(t5t hon 1a tir cac dung méi khong phén cyc ¢ hing sb dién moi nhé hon 15, tot hon
nfta 1a nhé hon 10, thAm chi t6t hon nita 12 nho hon 5 va dic biét 1a nho hon 3 & nhiét
do 25°C).

Theo mdt phuong an khéc, chit xuc tdc duoc chon tr xesi halogenua, xesi
cacbonat, rubidi va xesi hydroxit va hdn hop bat ky cua ching (t6t hon 1a tir xesi
halogenua, xesi cacbonat va hdn hop bit ky cua ching va dic biét 12 tir xesi
halogenua) va dung mdi hitu co tro S1 dugc chon tir cdc dung mdi khong phén cuc
(t6t hon 1a tir cac dung mdi khdng phan cuc c6 hing s6 dién m6i nho hon 15, tdt hon
nita 1a nhé hon 10, thadm chi tot hon nita 12 nho hon 5 va dic biét 1a nho hon 3 & nhiét
do 25°C).
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Theo mot phuong én khéc, chét xtc tac duoc chon tir rubidi va xesi halogenua,
rubidi va xesi cacbonat, rubidi va xesi hydroxit va hdn hop bit ky cia ching (t6t hon
1a tir rubidi va xesi halogenua, rubidi va xesi cacbonat va hdn hop bit ky cua chung va
dac bi¢t la tir rubidi va xesi halogenua) va dung moi hitu co tro S1 dugc chon tir
hydrocacbon béo, hydrocacbon thom, hydrocacbon béo dugc halogen hoa,
hydrocacbon thom dugc halogen hoa va hdn hop bat ky cua chung (t6t hon 14 tir
hydrocacbon béo, hydrocacbon thom va hdn hop bat ky ciia ching va tdt hon nita 1 tir
hydrocacbon thom).

Theo mdt phuong an khéc, chét xuc tac dugc chon tir rubidi halogenua, rubidi
cacbonat va rubidi hydroxit va hdn hop bat ky cua chung (t6t hon 1a tir rubidi
halogenua, rubidi cacbonat va hdn hop bat ky cta ching va dic biét 1a tir rubidi
halogenua) va dung mdi hitu co tro S1 dugc chon tir hydrocacbon béo, hydrocacbon
thom, hydrocacbon béo dugc halogen hda, hydrocacbon thom dugc halogen hoa va
hdn hop bét ky ctia ching (t6t hon 13 tir hydrocacbon béo, hydrocacbon thom va hdn
hop bat ky cta ching va tét hon nita I3 tir hydrocacbon thom).

Theo mot phuong an khéc, chit xtc tac duoc chon tir xesi halogenua, xesi
cacbonat, xesi hydroxit va hdn hop bét k¥ ctia chung (t6t hon 13 tir xesi halogenua,
xesi cacbonat va hdn hop bat ki clia ching va dic biét 1a tir xesi halogenua) va dung
moi hitu co tro S1 dugce chon tr hydrocacbon béo, hydrocacbon thom, hydrocacbon
béo dugc halogen héa, hydrocacbon thom dugc halogen héa va hdn hop bét ky cia
chung (t6t hon 1a tir hydrocacbon béo, hydrocacbon thom va hdn hop bat ky cia
chting va t&t hon nita 14 tir hydrocacbon thom).

Theo mdt phuong an khéc, chét xtic tac duoc chon tir rubidi clorua, xesi clorua,
rubidi cacbonat, xesi cacbonat, rubidi hydroxit, xesi hydroxit va hdn hop bat ky cua
chung (tét hon 14 tir rubidi clorua, xesi clorua, rubidi cacbonat, xesi cacbonat va hdn
hop bét ky cua ching va tdt hon nita 1 tir rubidi clorua, xesi clorua hozc hon hop cia
ching) va dung méi hitu co tro S1 duge chon tir hydrocacbon béo, hydrocacbon thom,
hydrocacbon béo dugc halogen hoa, hydrocacbon thom duge halogen héa va hon hop
bét ky ctia chung (6t hon 14 tir hydrocacbon béo, hydrocacbon thom va hdn hop bét
ky ctia chiing va t&t hon nita 13 tir hydrocacbon thom).

Theo mot phuong 4n khéc, chit xtc tdc dugc chon tir rubidi clorua, rubidi
cacbonat, rubidi hydroxit va hdn hop bat ky ciia ching (t5t hon 14 tir rubidi clorua,
rubidi cacbonat va hdn hop bat ky ctia chiing va dic biét 1a rubidi clorua) va dung mai
hitu co tro S1 dugce chon tir hydrocacbon béo, hydrocacbon thom, hydrocacbon béo
dugc halogen hoa, hydrocacbon thom duge halogen héa va hon hop bét ky cta chung
(t6t hon 1a tir hydrocacbon béo, hydrocacbon thom va hdn hop bit ky cia chung va tét
hon nita 1a tir hydrocacbon thom).
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Theo mdt phuong an khéc, chét xtc tac dugc chon tir xesi clorua, xesi cacbonat,
xesi hydroxit va hdn hop bat ky ctia chiing (t6t hon 14 tir xesi clorua, xesi cacbonat va
hdn hop bat ky ciia chung va dic biét 1a xesi clorua) va dung mdi hitu co tro S1 dugc
chon tr hydrocacbon béo, hydrocacbon thom, hydrocacbon béo dugc halogen hoa,
hydrocacbon thom dugc halogen héa va hdn hop bit ky cua chung (t&t hon 14 tir
hydrocacbon béo, hydrocacbon thom va hdn hop bt ky cia chung va tét hon nita 1a tir
hydrocacbon thom).

Theo mot phuong &n khéc, chét xtc tac duoc chon tir rubidi clorua, xesi clorua,
rubidi cacbonat, xesi cacbonat, rubidi hydroxit, xesi hydroxit va hdn hop bét ky cia
chung (t6t hon 1a tir rubidi clorua, xesi clorua, rubidi cacbonat, xesi cacbonat va hdn
hop bat ky ctia ching va t6t hon nita 12 tir rubidi clorua, xesi clorua hodc hdn hop ctia
chiing) va dung mdi hitu co tro S1 dugc chon tir n-heptan, n-octan, n-nonan, n-decan,
toluen, o-xylen, m-xylen, p-xylen, etylbenzen, 1,3,5-trimetylbenzen (mesitylen),
metylen clorua, clobenzen va hdn hop bt ky ctia ching (t&t hon 13 tir n-heptan, n-
octan, toluen, o-xylen, m-xylen, p-xylen, etylbenzen, 1,3,5-trimetylbenzen
(mesitylen), clobenzen, va hdn hop bat ky cta chung, t6t hon nita 1a tir n-heptan,
toluen, o-xylen, m-xylen, p-xylen va hdn hop bét ky ctia ching va dic biét 13 toluen).

Theo mot phuong an khac, chit xtc tac duoc chon tir rubidi clorua, rubidi
cacbonat, rubidi hydroxit va hdn hop bét ky cta ching (t5t hon 13 tir rubidi clorua,
rubidi cacbonat va hdn hop bét ky cta chiing va dic biét 12 rubidi clorua) va dung moi
hitu co tro S1 dugc chon tr n-heptan, n-octan, n-nonan, n-decan, toluen, o-xylen, m-
xylen, p-xylen, etylbenzen, 1,3,5-trimetylbenzen (mesitylen), metylen clorua,
clobenzen va hdn hop bét ky cua ching (t6t hon 1a tir n-heptan, n-octan, toluen, o-
xylen, m-xylen, p-xylen, etylbenzen, 1,3,5-trimetylbenzen (mesitylen), clobenzen, va
hdn hop bt ky cua ching, t6t hon nita 1a tir n-heptan, toluen, o-xylen, m-xylen, p-
xylen va hdn hop bit ky clia chiing va dic biét 1a toluen).

Theo mot phuong an khac, chét xuc tac dugc chon tir xesi clorua, xesi cacbonat,
xesi hydroxit va hn hop bit ky ctia ching (t6t hon 1 tir xesi clorua, xesi cacbonat va
hdn hop bét ky cia chung va dic biét 12 xesi clorua) va dung mai hitu co tro S1 duge
chon tir n-heptan, n-octan, n-nonan, n-decan, toluen, o-xylen, m-xylen, p-xylen,
etylbenzen, 1,3,5-trimetylbenzen (mesitylen), metylen clorua, clobenzen va hén hop
bét ky ctia ching (tot hon 14 tir n-heptan, n-octan, toluen, o-xylen, m-xylen, p-xylen,
etylbenzen, 1,3,5-trimetylbenzen (mesitylen), clobenzen, va hén hop b4t ky cua
chung, t6t hon nita 12 tir n-heptan, toluen, o-xylen, m-xylen, p-xylen va hén hop bat ky
cua chung va dic biét 1a toluen).
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Theo mdt phuong 4n khéc, dung méi hitu co tro S1 ¢6 diém s6i & 4p sudt khi
quyén (1 bar (100 kPa)) nam trong khoang tir 35 dén 200°C, t&t hon 14 tir 90 dén
165°C va tot hon nita la tir 100 dén 150°C.

Ty 1€ mol cda dung mdi hitu co tro S1 va (+)-2-exo-hydroxy-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan ¢6 cong thirc (II), chit bat ky trong s6 cac chét
ddng phan ddi anh riéng cta né hodc hdn hop khong triét quang bat ky ctia chung, dic
biét la (#)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan c6 cdng
thire (I1), c6 thé thay d6i rong va phu thude vao cac diéu kién phan ing duoc st dung,
nhung no6i chung nim trong khoang tir 30:1 dén 1:1, t&t hon 13 nim trong khoang tix
15:1 dén 1:1, t&t hon nita 1a nam trong khoang tir 10:1 dén 1:1 va tham chi tbt hon nita
14 nam trong khoang tir 5:1 dén 1:1.

Theo mdt phuong an khéc, ty 1€ mol cua toluen va (+)-2-exo-hydroxy-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan c6 cong thic (I), chit bat ky trong sb cic chét
ddng phan ddi anh riéng ciia n6 hodc hdn hop khong triét quang bét ky ctia chung, dic
biét 1a (%)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan c6 coOng
thire (IT), ndm trong khoang tir 10:1 dén 1:1, t&t hon 13 nim trong khoang tir 5:1 dén
2:1 va tét hon ni¥a 1a ndm trong khoang tir 4:1 dén 3:1.

Trong trudng hop ma quy trinh theo sang ché duoc thuc hién véi su c6 mit cua it
nhét mét bazo c6 kha ning tao ra dung mdi S2 dugc chon tir nude, ruou Ci-Cy alkyl
hodc hdn hop bét ky ciia chiing duéi cac didu kién phan tng, thi quy trinh theo sang
ché t6t hon 1a con bao gdm bude loai bé dong thoi dung moi S2 (tét hon 1a nude,
metanol, etanol, iso-propanol, tert-butanol hodc hdn hop bét ky ctia ching, t6t hon nita
14 nudce, metanol, etanol, tert-butanol hodc hdn hop bét ky cua chung, thim chi tdt hon
nita 1a nudc, metanol hodc hdn hop cla ching va dic biét 1a nuée) ra khoi hdn hop
phan tng (dudi day con dugce goi 1a “bude nita”).

Viéc loai bd tuy y nudc va/hodc rugu Ci-Cq alkyl cho phép tham chi t6t hon
huyén phti chtra cac mudi duogc tao ra trong qua trinh phan tmg trong mdi truong phan
ung dudi dang cac hat dugc nghién min. Do d6, hién tugng dong cau trén bé mit thiét
bi phan Uing dugc lam gidm hon nita. Cac uu diém khéc bao gdm (1) thu hdi va quay
vong tot hon dung méi hitu co tro S1 duge sir dung trong séng ché; (2) 1am giam hon
nita su tao ra thanh phan phy; va (3) cai thién hon nita hi¢u suit ctia (+)-2-exo-(2-
metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan c6 cong thic (I)
mong mudn, chit bt ky trong sd cac chat dong phan d6i anh riéng ciia né hodc hdn
hop khong tri€t quang bét ky ciia chung.

Theo mot phuong an dugc uu tién, dung modi S2 (tét hon 1a nudc, metanol,

etanol, iso-propanol, tert-butanol hodc hdn hop bét ky ctia chung, tot hon nita 12 nudc,
metanol, etanol, tert-butanol hoac hén hop bat ky cta ching, thdm chi tot hon nia 1a
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nudce, metanol hodc hdn hop cuia chiing va dic biét 1 nuérc) déng thoi va lién tuc hodc
dong thoi va ngit quang (tdt hon nira 1a déng thoi va lién tuc) duoc loai bé ra khoi hdn
hop phan ing trong qua trinh phan ng.

“Pugc loai bo mot cach lién tuc” hoac “loai bo lién tuc” ¢6 nghia 1a dung moi S2
duoc loai bé gin nhu hodc hoan toan lién tuc ra khéi hdn hgp phan tng khi phan tng
tién trién. V& van dé nay, “lién tuc” hodc “mdt cach lién tuc” theo cach bét ky khong
c6 nghia 1 loai trlr sy ngét quing binh thudng trong sy lién tuc ctia bude loai bd do, vi
du, sy khoi dong quy trinh.

Viéc loai bo dung méi S2 c6 thé dat duoc bang cac phuong phap khac nhau da
biét trong linh vuc nay, nhu, vi du, cic phuong phap héa hoc hodc héa ly. V& cac
phwong phép hoa hoc, viéc bd sung cac chit loai bé héa hoc hoic chét phan tng lam
kho (vi du, natri sulfat, magie sulfat, sang phan tt, zeolit hodc canxi oxit) co thé duoc
st dung. Céac phuong phéap hoa 1y bao gdbm, nhung khong chi gi6i han &, 4c quy trinh
tach bang mang (vi du, loc nano) hogc chung ct ddng soi.

Theo mdét phuong an dugc uu tién, dung modi S2 (tét hon 1a nuéc, metanol,
etanol, iso-propanol, tert-butanol hodc hdn hop bat ky clia chiing, t6t hon nira 12 nuéc,
metanol, etanol, tert-butanol hodc hdn hop bat ky cia ching, tham chi tdt hon nira 1a
nude, metanol hodc hdn hgp cta ching va dic biét 1a nuéc) dugc loai bé ra khoéi hén
hop phan tng biang cach chung cit ddng soi. Pic biét 13, dung mdi S2 (t5t hon 1a
nuée, metanol, etanol, iso-propanol, tert-butanol hodc hdn hop bét ky ctia chung, tdt
hon nita 14 nude, metanol, etanol, tert-butanol hozc hdn hop bét ky cda ching, tham
chi tbt hon nita 1a nude, metanol hodc hdn hop cta ching va dic biét 1a nuéc) duge
loai bé ra khoi hdn hop phan ung dudi dang hdn hop ddng soi dugc tao ra bdi dung
mdi hitu co tro S1 va dung moi S2.

Pic biét 13, dung méi hitu co tro S1 ¢6 kha ning tao ra hdn hop dong sdi véi
dung mdi S2.

Theo mdt phuong an khac nita, dung mdi hitu co tro S1 ¢6 kha nang tao ra hdn
hop dé)ng 01 voi dung mdi S2 duge chon tir nude, rugu Ci-Cy alkyl hoac hdén hop bét
ky cta chung (t6t hon 1a nudc, metanol, etanol, iso-propanol, tert-butanol hodc hdn
hop bét ky cta chung, tdt hon nita 14 nudce, metanol, etanol, tert-butanol hozc hdn hop
bét ky cta ching, tham chi t6t hon nita 12 nu6c, metanol hodc hdn hgp cua chung va
dac biét [a nude).

Theo mdt phwong 4n, dung mdi hitu co tro S1 ¢6 kha nang tao ra hdn hop dong
61 v6&i dung moi S2 ma 1a nude.
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Theo mot phuwong an khac, dung méi hitu co tro S1 c6 kha ning tao ra hdn hop
déng s01 v6i dung mdi S2 dugc chon tir rugu Ci-Cy alkyl (tét hon 1a metanol, etanol,
iso-propanol, tert-butanol hodc hdn hop bit ky clia chung, t6t hon nita 13 metanol,
etanol, tert-butanol hodc hdn hop bit ky cia ching va dic biét 1a metanol).

Dé 1am can bang sy hao hut tiém tang cta dung méi hitu co tro S1 dugc loai bd
bing cach chung cit ddng sdi trong hdn hop phan tmg, dung mdi hitu co tro S1 méi,
dung mdi hitu co tro S1 duoc quay vong hodc hdn hop bao gdm dung méi hitu co tro
S1 va c6 ndng dd dung moi S2 thap hon so v&i hdn hop ddng s6i c6 thé duge bd sung
vao hdn hop phan ting trong qua trinh phan tng.

Do d6, theo mot phuong 4n duoc uvu tién, dung mdi S2 ddng thoi (tét hon 1a
dong thoi va lién tuc) duoc loai bé ra khoi hdn hop phan tmg dudi dang hdn hop dong
s0i duoc tao ra boi dung méi hitu co tro S1 va dung mdi S2, va dung mai hitu co tro
S1 hoic hdn hop bao gdm dung méi hiru co tro S1 va ¢ ndng d6 dung moi S2 thap
hon so véi hdn hop ddng sdi duge bd sung vao hdn hop phan tng trong qua trinh phan
trng. Dung moi hitu co tro S1 (12 dung moi hitu co tro S1 méi, dung moi hitu co tro S1
dugc quay vong hodc hdn hop ctia ching) hodc hdn hop bao gdm dung méi hitu co tro
S1 va c¢6 ndng d6 nude, rugu Ci-Cq alkyl hodc hdn hop bét ky cua chiing thip hon so
v6i hdn hop ddng sbi c6 thé duge bd sung vao hdn hop phan tng mot cach lién tuc
hodc mét cach dinh ky (t6t hon 12 mét cach lién tuc) trong qua trinh phén tng.

Dung méi hitu co tro S1 (1a dung mo6i hitu co tro S1 méi, dung moi hitu co tro
S1 dwgc quay vong hodc hdn hop ctia chiing) hodc hdn hop bao gém dung méi hitu co
tro S1 va ¢6 ndng do nude, rugu Ci-Cy alkyl hodc hdn hop bét ky ciia chung thap hon
so v6i hdn hop ddng s6i ¢6 thé tot hon 1a duge bd sung vao hdn hop phan tmg véi
lwong sao cho thé tich ban dau ctia hdn hop phan tng hodc thé tich ma nho hon thé
tich ban dau ctia hdn hop phan tng (vi du, £90% hodc =80% hoidc =70% hodc =60%
hodc =50% hodc =40% hodc =30% so vdi thé tich ban dau cta hdn hop phan tng)
dugc duy tri trong qua trinh phan Gng. Dung moi hitu co tro S1 (1a dung mdi hitu co
tro S1 méi, dung méi hitu co tro S1 dwgc quay vong hodc hdn hop ctia ching) hodc
hdn hop bao gdm dung mai hitu co tro S1 va cé ndng dd nude, rugu Ci1-Cyq alkyl hodc
hén hop bat ky ciia ching thip hon so véi hdn hop ddng s6i ciing c6 thé duge bd sung
vao véi luong sao cho thé tich ma cao hon so véi thé tich ban dau ctiia hdn hop phan
ung thu duogc.

Theo mot phuong an dugce uu tién, budce nita bao gdm céc budc
(i) chung cAt hdn hop ddng s6i duge tao ra bdi dung méi hitu co tro S1
va nudc,
(ii) ngung tu va tach mdt cach lién tuc hdn hop dong so6i thanh pha dung
mdi hitu co va pha nuéec,
(ii1) quay vong pha dung mdi hitu co vao hdn hop phéan tng, va
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(iv) loai bd pha nudc ra khédi quy trinh.

Theo mdt phuong an duge ddc biét vu tién, budce nita bao gém cac budc

(i.1) loai b6 hdn hop ddng s6i dugc tao ra bdi dung méi hitu co tro S1
va nuédc dudi dang phan doan hoi nude ra khéi hdn hgp phan ting,

(ii.1) ngung tu phan doan hoi nudc nay dé tao ra san pham ngung tu
hai pha va cho san phdm ngung tu hai pha nay di qua thiét bi tach pha dé tao ra
pha dung mdi hitu co va pha nuée,

(ili.1)  chuyén pha dung méi hitu co tro (tdt hon 14 thong qua chay tran)
vao hén hop phéan tng, va

(iv.1)  loai bd pha nudc ra khdi quy trinh.

Quy trinh theo sang ché tiy ¥ c¢6 thé duge thuc hién véi sy c6 mit cua it nhat
mdt chit xtic tc chuyén pha.

Céc chét xuc tac chuyén pha thich hop dé str dung trong quy trinh theo séng ché
1a cac chit da biét trong linh vuc nay nhu, vi duy, cac mudi amoni bac bdn. Vi du vé
cac chit xtc tac chuyén pha thich hop 13 trimetyl(phenyl) amoni clorua, bromua, iodua
hodc hydroxit va tetra-n-Ci-Ciz-alkyl-amoni clorua, bromua, iodua hodc hydroxit, tot
hon 1a tetra-n-Ci-Cs-alkyl-amoni clorua, bromua, iodua hodc hydroxit, vi du,
tetrametylamoni clorua, bromua, iodua hodc hydroxit, tetraetylamoni clorua, bromua,
iodua hodc hydroxit, tetra-n-propylamoni clorua, bromua, iodua hodc hydroxit, tetra-
n-butylamoni clorua, bromua, iodua hodc hydroxit, tetra-n-pentylamoni clorua,
bromua, iodua hodc hydroxit, tetra-n-hexylamoni clorua, bromua, iodua hodc hydroxit,
tetra-n-heptylamoni clorua, bromua, iodua hodc hydroxit, tetra-n-octylamoni clorua,
bromua, iodua hodc hydroxit, metyl-tri-n-butylamoni clorua, bromua, iodua hodc
hydroxit, etyl-tri-metylamoni clorua, bromua, iodua hodc hydroxit, n-propyl-trimetyl
amoni clorua, bromua, iodua hodc hydroxit, metyl-trietyl amoni clorua, bromua, iodua
hodc hydroxit va n-butyl-trietylamoni clorua, bromua, iodua hodc hydroxit. Trong sb
cac chit nay, viéc st dung tetra-n-Ci-Cy-alkyl-amoni clorua, bromua, iodua hoic
hydroxit 13 dugc uu tién, dic biét 1a tetra-n-butylamoni clorua, bromua, iodua hodc
hydroxit va metyl-tri-n-butylamoni clorua, bromua, iodua hodc hydroxit. Cac chét xtc
tac chuyén pha, ma thuong 1a chét rin & dang tinh khiét, c6 thé duoc st dung nhu vay
hodc, tét hon 1a, & dang hoa tan. Lugng c6 hiéu qua cua chit xtc tac chuyén pha co
thé ndm trong khoang tlr 0,001 dén 0,5 dwong luong mol, tot hon 1a nam trong khoang
tir 0,001 dén 0,2 duong luong mol so véi (£)-2-exo-hydroxy-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan (II), chét bit ky trong s6 cac chat dong phan ddi anh riéng
cia né hodc hdn hop khong triét quang bat ky clia ching, dic biét 1a (¥)-2-exo-
hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan (II).

Quy trinh theo sang ché ¢6 thé dugce thuc hién dudi ap suét khi quyén hodc dudi
ap sudt cao hoic thAp mot chut. Thong thuong, ap sudt khi quyén duoc dung. Theo
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mdt phuong an khéc, quy trinh theo sang ché dugc thuc hién dudi ap suét thap, tot hon
12 ndm trong khoang tir 0,01 dén 10 bar (1 dén 1000 kPa), t6t hon 14 nim trong khoang
tir 0,1 dén 6 bar (10 dén 600 kPa).

Nhiét d6 duoc st dung trong quy trinh theo sang ché c6 thé thay ddi rong va phu
thudc vao nhiéu yéu td nhu, vi du, dung moi hitu co tro S1 va ap suét dugc st dung.
Duéi 4p suét khi quyén (1 bar (100 kPa)), nhiét d6 n6i chung ndm trong khoang tir 35
dén 200°C, tbt hon 1a tir 70 dén 170°C, t&t hon nita 1a tir 80 dén 150°C va tham chi ot
hon nita 14 tir 110 dén 135°C.

Thoi gian phan tng c6 thé thay dbi trong pham vi rong va phu thudc vao nhiéu
yéu té nhu, vi du, nhiét do, ap suét, hodc cac chat phan tng va cac chét bd tro duogc st
dung. Thoi gian phan tng dién hinh nim trong khoang tir 10 dén 50 gio, t6t hon 1a tir
10 dén 30 gio va tét hon nita 13 tir 10 dén 20 gio.

Trong quy trinh theo sang ché, hdn hop phan tmg bao gdm (£)-2-exo-hydroxy-1-
metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan c6 cong thirc (II), chét bét ky trong sb
céc chit ddng phan dbi anh riéng cia né hoic hdn hop khong triét quang bét ky cta
chung (t6t hon 13 (£)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan
c¢6 cong thue (I1)), hop chét 2-metylbenzyl c¢6 cong thire (IIT), bazo nhu duge xac dinh
trong ban mé ta nay, chat xuc tac nhu dugce xac dinh trong ban md ta nay va dung mdi
hitu co tro S1 nhu duge xac dinh trong ban mé ta ndy trude tién c6 thé duge cung cap,
va hdn hop phan tng nay sau d6 dugc 1am néng dén hdi luu.

Theo mot phuong an khac, hon hop thir nhét bao gdm (+)-2-exo-hydroxy-1-
metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan c6 cong thue (II), chét bat ky trong sb
céc chat ddng phan ddi anh riéng ctia né hodc hdn hgp khong triét quang bat ky cia
chung (t6t hon 1a (%)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan
¢6 cong thue (I1)), bazo nhu duge xdc dinh trong ban mod ta nay, chét xtc tac nhu
duoc xac dinh trong ban mo ta nay va dung moi hitu co tro S1 nhu dugc xdc dinh
trong ban mo ta nay dugc cung cép, hdn hop thir nhat duoc 1am néng dén hoéi luu, va
hop chét 2-metylbenzyl c6 cong thirc (III) duge bd sung vao hén hop thr nhit dudi
didu kién khudy tron dé tao ra hdn hop phan tng.

Trong truong hop hop chat 2-metylbenzyl c6 cong thire (IIT) trong d6 X 1a nhém
amoni ¢6 cong thie (IV) (nhu vi dy, trimetyl(o-tolylmetyl)amoni clorua cé cong thirc
(IIIf) hodc trietyl(o-tolylmetyl)amoni clorua c¢6 cong thic (IIIg)) duoc tao ra in-situ
nhu dugec md ta trong ban md ta nay, thi hén hop th nhit bao gdm (&)-2-exo-
hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan ¢ cdng thuc (II), chét bt ky
trong sb cac chit dong phan dbi anh riéng ctia n6 hodc hdn hop khong triét quang bét
ky cua chang (6t hon 1a  (%)-2-exo-hydroxy-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan c6 cong thic (1)), bazo nhu dugc xé4c dinh trong ban mo ta
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nay, chat xuc tac nhu duoc xac dinh trong ban md ta nay, dung méi hitu co tro S1 nhu
dugc x4c dinh trong ban mo ta ndy va amin bac ba c¢6 cong thirc NR1R2R3 trong d6 Ry,
R, va Rs ¢6 nghia giéng nhu trong cong thirc (IV) (6t hon 14 trong d6 Ry, R va R doc
12p v6i nhau dugc chon tir C1-Cs-alkyl va Cs-Coo-aryl, tdt hon nita 1a C1-Ce-alkyl, tham
chi t6t hon nita 12 metyl hodc etyl va t&t nhat 1a metyl) duoc cung cép, hdn hop thi
nhit nay duoc 1am nong dén hdi luu, va hop chét 2-metylbenzyl ¢ cong thirc (III)
trong d6 X dugc chon tir halogen, Ci-Cs-alkyl sulfonat hodc Cs-Cao-aryl sulfonat (ot
hon la halogen, tdt hon nita 1a clo, brom hodc iot va tham chi tdt hon nita 1a clo) duoc
bd sung vao hdn hop thir nhit nay dudi didu kién khudy tron dé tao ra hdn hop phan
ung.

Ty 1€ mol cia amin bac ba cd cong thitc NR1R2R3 (dac biét 1a trimetylamin,
trietylamin hodc hdn hop cia chung, tot hon nita 13 trimetylamin) va hop chat
2-metylbenzyl c¢6 cong thuc (III)) trong do6 X dugc chon tir halogen, Ci-Cs-alkyl
sulfonat hodac Cs-Cao-aryl sulfonat (tét hon 1a halogen, tdt hon nita 1a clo, brom hodc
iot va tham chi t6t hon nita 14 clo) c6 thé ndm trong khoang tir 1 : 1 dén 0,1 : 1, t6t
hon 14 tir 0,5 : 1 dén 0,1:1, t6t hon nita 1a tir 0,25 : 1 dén 0,1 : 1, tham chi t&t hon nita
latir0,15:1dén 0,1 : 1 va con tdt hon nita 1a tr 0,1 : 1 dén 0,01 : 1.

Trong quy trinh theo séang ché, bazo (6 dang rén, dudi dang dung dich nudc hodc
duéi dang két hop cta chung) c¢6 thé duge bd sung vao theo timg mé (theo mot hodc
nhiéu phﬁn riéng, tdt hon 13 theo mét phén) hodc dugc dua vao dinh liéu mdt cach lién
tuc, véi su uvu tién dbi vé6i viec bd sung theo tirng mé.

Hop chét 2-metylbenzyl c6 cong thire (IIT) ¢ thé dugc bd sung vao theo timg mé
(theo mot hodc nhiéu ph?m riéng) hodc dugc dua vao dinh liéu mot céch lién tuc, véi
su wu tién ddi vai viée bd sung dinh liéu lién tuc.

(£)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1 Jheptan co
cong thuc (I), cht bét ky trong sb cac chat ddng phan dbi anh riéng ctia n6 hodc hdn
hop khong triét quang bat ky ciia chiing (t6t hon 14 (£)-2-exo-(2-metylbenzyloxy)-1-
metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan c6 cdng thuc (I)) tdt hon 1a dugc tach ra
khoi hdn hop phéan tng cudi bang cach st dung cac phuong phép thong thuong, vi du,
bang cach chiét, ddc biét 1 chiét bing mdi trudng nude bazo hodc trung tinh, chung
cit, va cac phuong phap tuong tu.

Sau khi hoan thanh phan tng, hdn hop phan tng t6t hon 13 duge chiét bang nuéc

tiép theo co dic va loai bé dung mdi hitu co tro S1. Pé tinh ché thém, k¥ thuét bay hoi
mang mong cling nhu tinh cét c6 thé duge ap dung.
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Vi du thye hién sang ché

Sang ché dugc minh hoa bang céc vi du sau ma khong bi gidi han vao d6 hoac
theo cach do.

Vidul: Didu ché (£)-2-exo0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan (bazo: natri hydroxit rin, dung méi: toluen, 1
dwong lugng mol 1-(clometyl)-2-metyl-benzen, chit xtc tac: xesi clorua)

(£)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan (38,0 g,
0,222 mol), natri hydroxit rin (11,8 g, 0,289 mol) va 5% mol xesi clorua (1,90 g,
0,011 mol) duoc tao huyén phu trong toluen (71,6 g, 0,777 mol). Hén hop phan tng
nay duoc lam néng dén hdi luu (nhiét d6 bén trong 116°C). O nhiét dd nay, 1-
(clometyl)-2-metyl-benzen (32,0 g, 0,222 mol) dugc chia lidu luong trong vong 7 gid
vao hdn hop nay. Hon hop phan tng nay duoc gift trong 24 gio & hdi Ivu (nhiét d6 bén
trong ting trong qua trinh phan ung dén 130°C). Sau khi dé ngudi hdn hop phan ting
xudng nhiét @6 25°C, nudce (70 g) duge bd sung vio, va hdn hogp phan ing duge chiét.
Sau khi tach pha, nudc (70 g) duoc bd sung vao, mot 14n nira. Hn hop nay duoc chiét
va cac pha dugc tach ra. Dung dich san phim dugc chung cit bang cach sir dung cac
didu kién Dean-Stark. Dung dich san phim (163,2 g) dugc phén tich théng qua sic ky
khi (gas chromatography - GC) dinh luong (GC véi chuin noi) va thu duge ndéng do
(£)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan la
31,1%. Két qua nay twong Ung véi hiéu sudt 13 83,3% cua (&)-2-exo-(2-
metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan. Hiéu sut tinh theo
nguyén liéu ban dau dugc thu lai ((¥)-2-exo-hydroxy-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan) twong tng v4i 97,1%.

Vidu so sénh 1: Diéu ché (+)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-
7-oxabixyclo[2.2.1]heptan (bazo: natri hydroxit ran, dung
modi: toluen, 1 duong lugng mol 1-(clometyl)-2-metyl-benzen,
khong theo sang ché)

(£)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan  (125,9 g,
0,736 mol), natri hydroxit rin (39,0 g, 0,956 mol) dugc tao huyén phu trong toluen
(237,3 g, 2,575 mol). Hdn hop phan tng nay dwoc 1am néng dén hdi luu (nhiét do bén
trong 116°C). O nhiét do nay, 1-(clometyl)-2-metyl-benzen (106,1 g, 0,736 mol) dugc
chia lidu lugng trong vong 7 gid vao hdn hgp nay. Hon hop phan Gng dugc gitt trong
24 gid & hoi luu (nhiét do bén trong ting trong qué trinh phan Ung dén 130°C). Sau
khi @& ngudi hdn hop phan tmg xubng nhiét d6 25°C, nude (200 g) duge bb sung vao,
va hdn hop phan Gng nay dugc chiét. Sau khi tach pha, nuéc (201 g) duge bd sung
vao, mdt 1an nita. Hon hop nay duoc chiét va cac pha duogc tach ra. Dung dich san
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phém dugc chung ct béng cach st dung cac diéu kién Dean-Stark. Dung dich san
phim (279,2 g) dwoc phén tich théng qua sic ky khi (GC) dinh lugng (GC véi chudn
n6i) va thu dugc ndng do (¥)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan 1a 47,9%. Két qua nay twong Gng v6i hidu sut 14 66,2% ctia
(£+)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]Theptan. Hiéu
sudt tinh theo nguyén liéu ban dau dwoc thu lai ((£)-2-exo-hydroxy-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan) twong ung véi 88,3%.

Vidu2: Diéu ché (£)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan bang cach loai bé nudc bang cach chung cét
ddng so6i (bazo: natri hydroxit rdn, dung moi: toluen, 0,97 duong lugng
mol 1-(clometyl)-2-metyl-benzen, 0,025 duong lugng mol xesi clorua)

(+)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1 Theptan (241.4¢,
1,411 mol), natri hydroxit rén (74,9 g, 1,835 mol) va xesi clorua (6,00 g, 0,035 mmol)
duoc tao huyén phu trong toluen (455,5 g, 4,938 mol). Hon hop phan Gng nay duoc
lam néng dén hdi luu (nhiét do 16p vo: 130°C). O nhiét do nay, 1-(clometyl)-2-metyl-
benzen (197,4 g, 1,369 mol) dugc chia liéu lugng trong vong 7 gid vao hdn hop nay.
Hon hop phan tmg nay dugc giit trong 24 gid' & hdi luu va nude duge loai bd mot cach
lién tuc ra khoi hdn hop phan tmg nay théng qua chung cit dong sdi (cac diéu kién
Dean Stark) trong subt thoi gian nay. Sau khi d& ngudi hdn hop phan ting xubng nhiét
dd 70 °C va chiét, 2 1an bang nudc (2x 310,4 g), dung dich san phdm duge 1am kho
ddng so6i bang cach st dung cic diu kién Dean-Stark. Dung dich san pham (835,3 g)
dugc phén tich thong qua sic ky khi (GC) dinh lugng (GC véi chuén noi) va thu duoc
ndng do (+)-2-exo0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan 14 42,1%. Két qua nay twong tmg véi higu suit 12 90,8% cua
(+)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan. Hi€u
sudt tinh theo nguyén liéu ban dau dugc thu lai ((*)-2-exo-hydroxy-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan) twong tng v6i > 97,8%.

Vidu3: Diéu ché (#)-2-exo0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan bang cach loai bd nuéc bang cach chung cét
ddng sdi (bazo: natri hydroxit ran, dung moéi: toluen, 0,97 dwong lugng
mol 1-(clometyl)-2-metyl-benzen, 0,025 duong lugng mol xesi clorua)

(#)-2-exo0-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1 ]heptan (241.4g,
1,411 mol), natri hydroxit rin (74,9 g, 1,835 mol) va xesi clorua (6,00 g, 0,035 mmol)
dugc tao huyén phu trong toluen (455,5 g, 4,938 mol). Hon hop phan tng nay dugc
lam néng dén hodi luu (nhiét d 16p vé: 135°C). O nhiét do nay, 1-(clometyl)-2-metyl-
benzen (197,4 g, 1,369 mol) duogc chia lidu lwong trong vong 7 gid vao hdn hop nay.
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Hbn hop phan tmg nay duoc gift & hdi luu trong 24 gid va nude duge loai bé méot cach
lién tuc ra khoi hdn hop phan tng nay thong qua chung cit dong sbi (cac diéu kién
Dean Stark) trong subt thoi gian nay. Sau khi dé ngudi hdn hop phan tmg xudng nhiét
dd 70°C va chiét, 2 1an bang nude (2x 310,4 g), dung dich san pham dugc 1am kho
ddng sbi bang cach st dung céc didu kién Dean-Stark. Dung dich san phim (722,8 g)
duoc phan tich théng qua séc ky khi (GC) dinh lwong (GC véi chuan ndi) va thu dugc
ndng do (%)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan 14 48,3%. Két qua nay tuong tmg véi hiéu sudt 1a 90,2% cua
(+)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan. Hi¢u
sudt tinh theo nguyén liéu ban diu dwgc thu lai ((%)-2-exo-hydroxy-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan) twong tng véi > 98,0%.

Vidu4: Diéu ché (£)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan bang cach loai bé nuéc bing cach chung cét
ddng soi (bazo: natri hydroxit rin, dung mdi: toluen, 0,97 duong lugng
mol 1-(clometyl)-2-metyl-benzen, 0,035 duong luong mol xesi clorua)

(+)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1 ]heptan (212,8g,
1,244 mol), natri hydroxit rin (66,0 g, 1,617 mol) va xesi clorua (7,40 g, 0,044 mmol)
duoc tao huyén phi trong toluen (401,1 g, 4,353 mol). Hon hop phén tng ndy dugc
lam néng dén hdi luu (nhiét d6 16p vé: 135°C). O nhiét do nay, 1-(clometyl)-2-metyl-
benzen (174,0 g, 1,207 mol) dugc chia liéu lrgng trong vong 7 gid vao hdn hop nay.
Hon hop phan tng nay dugce gift trong 24 gid & hdi lwu va nuée duoc loai bd mot cach
lién tuc ra khoi hdn hop phan Gmg nay thdng qua chung c4t ddng so6i (cac diéu kién
Dean-Stark) trong sudt thoi gian nay. Sau khi dé nguoi hdn hop phan ting xudng nhiét
d6 70°C va chiét, 3 1an bang nuéc (1x 239,4 g; 1x 263,5 g, 1x 229,4 g), dung dich san
phim dugc lam kho dong soi bang cach st dung cac diéu kién Dean-Stark. Dung dich
san phim (824,9 g) dwoc phén tich théng qua sic ky khi (GC) dinh lugng (GC voi
chuén ndi) va thu duoc ndng do (x)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan 1a 38,0%. Két qua nay tuong Gng véi hidu suit 1a 91,9% cua
(£)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan.  Hiéu
sudt tinh theo nguyén liéu ban dau dugc thu lai ((¥)-2-exo-hydroxy-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan) twong ing véi > 98,5%.

Vidus: Piéu ché (+)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan bang cach loai bé nudc bing cach chung cét
ddng sdi (bazo: natri hydroxit ran, dung mdi: toluen, 0,97 duwong lugng
mol 1-(clometyl)-2-metyl-benzen, 0,0125 duong luong mol xesi
cacbonat)
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(¥)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan (241,7g,
1,413 mol), natri hydroxit rén (75,0 g, 1,838 mol) va xesi cacbonat (5,90 g, 0,018
mmol) dugc tao huyén phu trong toluen (455,5 g, 4,944 mol). Hon hop phan ting nay
duoc 1am néng dén hdi luu (nhiét do 16p vo 130°C). O nhiét do nay, 1-(clometyl)-2-
metyl-benzen (197,6 g, 1,370 mol) duoc chia lidu lvgng trong vong 7 gid vao hén hop
nay. Hon hop phan tng nay dwoc giit trong 24 giv & hdi luu va nuée duoe loai bd mot
cach lién tuc ra khoi hdn hop phan tng nay thong qua chung cit dong soi (cac diéu
kién Dean-Stark) trong sut thoi gian nay. Sau khi dé ngudi hdn hgp phan tng xudng
nhiét dd 70°C va duogc chiét 3 14n bang nuée, dung dich san phdm duoc 1am kho dong
s6i bang cach str dung cac diéu kién Dean-Stark. Dung dich san pham (801,7 g) dugc
phan tich thong qua sic ky khi (GC) dinh lugng (GC véi chuén noi) va thu dugc ndng
do (£)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]Theptan 1a
44,7%. Két qua ndy twong tGng v6i hidu sudt la 92,5% cla ()-2-exo-(2-
metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan. Hiu suit tinh theo
nguyén liéu ban ddu dugc thu lai ((%)-2-exo-hydroxy-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan) twong tng v&i > 99,5%.

Vidu6: Diéu ché (£)-2-exo0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan bing cich loai bé nudc bing cach chung cit
ddng s6i (bazo: natri hydroxit rin, dung moi: toluen, 0,97 dwong luong
mol 1-(clometyl)-2-metyl-benzen, 0,025 duong luong mol xesi hydroxit-
monohydrat)

(+)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan (241,4¢,
1,411 mol), natri hydroxit ran (75,0 g, 1,838 mol) va xesi hydroxit-monohydrat (6,30
g, 0,036 mmol) duogc tao huyén phu trong toluen (455,5 g, 4,944 mol). Hon hgp phan
ting nay duge lam néng dén hdi luu (nhiét d6 16p vé 130°C). O nhiét do nay, 1-
(clometyl)-2-metyl-benzen (197.,4 g, 1,369 mol) dugc chia lidu lugng trong vong 7 gid
vao hdn hop nay. Hon hop phan tmg nay dugc giit trong 24 gid & hdi luu va nude
duoc loai bd mdt cach lién tuc ra khoi hdn hop phéan ung nay thong qua chung cit
ddng sdi (cac didu kién Dean Stark) trong suét thdi gian ndy. Sau khi dé ngudi hon
hop phan tng xudng nhiét do 70°C va dugc chiét 3 14n bang nudc, dung dich san
phim dugc lam kho ddng soi bang cach st dung cac didu kién Dean-Stark. Dung dich
san pham (801,0 g) duoc phan tich thong qua sdc ky khi (GC) dinh lwong (GC véi
chuén ndi) va thu duoc ndng do (+)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan 1a 43,6%. Két qua nay twong Ung vé6i higu suét 12 90,2% cua
(£)-2-ex0-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]Theptan.  Hiéu
suit tinh theo nguyén liéu ban dau dugc thu lai ((%)-2-exo-hydroxy-1-metyl-4-
isopropyl-7-oxabixyclo[2.2.1]heptan) twong tng voi > 98,2%.
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Vidu7: Diéu ché (+)-2-ex0-(2-metylbenzyloxy)- 1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan bing cach loai bé nudc bang cach chung cht
ddng s6i (bazo: natri hydroxit rén, dung mdi: toluen, 0,97 duong lugng
mol 1-(clometyl)-2-metyl-benzen, 0,025 duong lugng mol rubidi clorua)

(¥)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1 ]heptan (241,7¢,
1,413 mol), natri hydroxit rin (75,2 g, 1,842 mol) va rubidi clorua (4,30 g, 0,035
mmol) duoc tao huyén phu trong toluen (455,3 g, 4,941 mol). Hon hop phan mg nay
duoc 1am néng dén hoi lwu. O nhiét d6 nay, 1-(clometyl)-2-metyl-benzen (197,4 g,
1,369 mol) duoc chia lidu lvong trong vong 7 gid vao hdn hop nay. Hon hop phéan tmg
nay dugc giit trong 24 gio & hdi Iuu va nude duge loai bé mot cach lién tuc ra khoi
hdn hop phan tng nay thong qua chung cit ddng sbi (cac didu kién Dean Stark) trong
sudt thoi gian nay. Sau khi dé ngudi hdn hop phan tng xubng nhiét d6 70°C va dugc
chiét 3 14n bang nudc. Dung dich san phim sau d6 duoc 1am kho ddng soi bang cach
stt dung céc diéu kién Dean-Stark. Dung dich sin pham (811,6 g) dugc phan tich
théng qua séc ky khi (GC) dinh luong (GC véi chuén noi) va thu dugc ndng do (¥)-2-
exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan la  43,0%.
Két qua nay twong tmg v6i hiéu suét 12 90,1% clia (+)-2-exo-(2-metylbenzyloxy)-1-
metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan. Hi¢u suét tinh theo nguyén liéu ban dau
duoc thu lai ((£)-2-exo-hydroxy-1-metyl-4-isopropyl-7-oxabixyclo[2.2.1]heptan)
tuong tng vai > 98,5%.
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YEU CAU BAO HO

Quy trinh diéu ché (+)-2-exo-(2-metylbenzyloxy)-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan c6 cong thue (1)

0]

o
H

(1) ,
chét bat ky trong sd cac chit dong phan dbi anh riéng cia né hodc hdn hop
khong triét quang bat ky ctia chiing
bao gdm buéc cho (&)-2-exo-hydroxy-1-metyl-4-isopropyl-7-
oxabixyclo[2.2.1]heptan c6 cong thire (IT)

o)

OH

()
chét bét ky trong sd cac chit ddng phan di anh riéng cia né hoic hén hop

khong triét quang bit ky cua ching

phan tng v6i hop chét 2-metylbenzyl ¢6 cong thie (IIT)

X

(1)
trong d6 X 1a nhom roi chuyén, véi sy cd mat cda it nhat mot bazo, it
nhat mot chat xac tac duoc chon tir cdc muoi rubidi, cac muoi xesi va hon

hop bét ky cua chung va it nhat mét dung méi hitu co tro S1.

Quy trinh theo diém 1, trong d6 X duogc chon tir halogen va nhém roi chuyén
dugc lién két voi oxy.
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Quy trinh theo diém 1 hodc 2, trong d6 X 12 halogen.

Quy trinh theo diém bét ky trong sb céc diém tir 1 dén 3, trong d6 bazo duoc
chon tlr cdc hydroxit kim loai kiém va kim loai kiém thd, cac cacbonat kim loai
kiém va kim loai kiém thd, cac hydro cacbonat kim loai kiém va kim loai kiém
thd, céc oxit kim loai kiém va kim loai kiém thd, cac Ci-C4 alcoholat kim loai
kiém va kim loai kiém thd va hdn hop bét ky cta chiing, mdi kim loai kiém doc
1ap duogc chon tr lithi, natri va kali va mdi kim loai kiém thd doc lap dugc chon
tir canxi, magie va bari.

Quy trinh theo diém bat ky trong sb cac diém tir 1 dén 4, trong d6 bazo dugc
chon tir lithi hydroxit, natri hydroxit, kali hydroxit va hdn hop bat ky ctia chiing.

Quy trinh theo di€ém bat ky trong so cac diém tir 1 dén 5, trong do chat xuc tac
dugce chon tir cac mudi rubidi va xesi cua cac axit vo co, cac muoi rubidi va xesi
cua cac axit hitu co va hon hgp bat ky ctia chung.

Quy trinh theo diém bat ky trong sb céac diém tir 1 dén 6, trong d6 chat xuc tac
duoc chon tir rubidi va xesi halogenua, rubidi va xesi cacbonat, rubidi va xesi
sulfat, rubidi va xesi nitrat, rubidi va xesi phosphat, rubidi va xesi oxit, rubidi va
xesi hydroxit, rubidi va xesi carboxylat, rubidi va xesi C1-C4 alcoholat, rubidi va
xesi sulfonat va hdn hop bat ky ctia chiing.

Quy trinh theo diém bat ky trong s6 cac didm tir 1 dén 7, trong d6 chit xuc tac
duge bd sung vao hén hop phan tng & dang ran.

Quy trinh theo diém bat ky trong s cac diém tir 1 dén 8, trong d6 dung mdi hitu
co tro S1 dugce chon tir cac dung mdi khdng phén cuc.

Quy trinh theo diém bat ky trong s cac diém tir 1 dén 9, trong d6 dung mai hitu
co tro S1 dugc chon tlr cac hydrocacbon béo, cac hydrocacbon thom va hdn hop
bét ky cta chiing.

Quy trinh theo diém bat ky trong s cac diém tir 1 dén 10, trong d6 dung moi
hitu co tro S1 dugce chon tir n-heptan, n-octan, toluen, o-xylen, m-xylen, p-xylen,
etylbenzen, 1,3,5-trimetylbenzen (mesitylen) va hdn hop bat ky ctia chung.

Quy trinh theo diém bat ky trong s6 cac diém tir 1 dén 11, trong d6 bazo c6 kha

ning tao ra dung mdi S2 dugc chon tir nude, rugu Ci-Cy alkyl hodc hdn hop bAt
ky ctua chung dudi cac diéu kién phan tmg.
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Quy trinh theo diém 12, trong d6 quy trinh nay con bao gdm budc loai bé dong
thdi dung mdi S2 ra khoi hdn hgp phan tng.

Quy trinh theo diém bét ky trong sb cac diém tir 1 dén 13, trong d6 hop chat 2-
metylbenzyl ¢6 cong thire (III) 14 2-metylbenzyl clorua c6 cong thirc (II1a)
Cl

(Illa)





