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Abstract

In this paper, the conversion of some aromatic aldehydes (benzaldehyde, vanilline) into corresponding gem-
diacetates (acylals) was carried out in Green Chemistry conditions as under the irradiation of microwave (domestic and
professional oven) or ultrasound (ultrasonic bath), in the solvent-free media, and catalysis by new generation of Lewis
acid (lithium triflate). The results showed that the rate and the yield of these reactions increased when compared with
conventional heating. By-products (from Fries rearrangement of triacetate of vanilline) was observed when vanilline
was converted into triacetate with conventional heating. However it was disappeared when the reaction was performed

in microwave oven or ultrasonic bath.

Keywords: gem-diacetate, Green Chemistry, benzaldehyde, vanilline, microwave chemistry, sonochemistry,

solvent-free.

1. DAT VAN BE

Viéc diéu ché gem-diacetat 1a mot trong nhing
cach bao vé nhém dinh chirc andehit. Tac chat
anhidrit axetic v6i nhiing diéu kién phan tmg khac
nhau di duoc mé ta rat nhidu. Xtc tac cho phan tng
thuong 1a céac acid proton [1, 2], acid Lewis va cac
phtrc chat.

Gén day, triflat  (trifluorometansulfonat,
CF;S0;, OTf °) dugc biét dén nhu mot acid Lewis
thé hé méi, than thién v6i moi truong, con duge goi
la “xtc tac xanh”, vi ¢6 thé sit dung trong moi
truong nude, sau phan tng c6 thé thu hoi va tai su
dung ma hoat tinh khong thay d6i [3].

Phan tmg thudng xay ra trong diéu kién c6 dung
moi [4 - 9].

Triflat d4t hiém, RE(OTY), cho hiéu suét tot nhat
nhung dét tién nhit so v&i cac loai triflat khac.
Triflat litium kinh té nhét, nhung chi méi dugce sir
dung & nhiét d6 phong nén thoi gian phan ng rat
dai [10].

Trong nghién ctru nay, chung t6i khao sat viéc
diéu ché gem-diacetat clia benzaldehid va vanilin,
xuc tac triflat litium véi cac phuong phap kich hoat
nhu: chiéu xa vi song [11], siéu am [12] c6 so sanh
v6i dun nong cd dién. Ngoai ra cac tac chat déu
dugc sir dung & diéu kién ti wong mol va phan tng
x4y ra trong diéu kién khong dung méi [13].

Diaxetat benzil con 1a hop chat trung gian trong
mot sb tdng hop hiru co [14, 15]. Triacetat vanilil 1a

mot trong nhimg hop chat 1am mém va thom vai sau
khi giat va say kho [6].

2. PIEU KIEN THUC NGHIEM

2.1 Héa chét: Triflat litium (Aldrich), benzaldehid
(Merck), vanilin (Merck) sir dung khong tinh ché lai.
Anhidrid acetic (Trung Qudc) dugc tinh ché lai bing
cach chung cét phan doan.

2.2. Thiét bi: Chiéu xa vi song trong 10 gia dung cai
tién Sanyo EM-D553N, 10 chuyén dung Maxidigest
MX-350 [11]. Chiéu xa siéu am vé&i bdn Power
Sonic 405 [12].

2.3. Thuc nghiém téng quat: Cho vao éng nghiém
mot hdn hop phin tng bao gém andehit, anhidrid
axetic, triflat litium theo diéu kién khao sat. Kich
hoat phan tng trong cac diéu kién dun khudy tir hodc
chiéu xa vi song hay siéu 4m trong nhitng khoang
thoi gian nhét dinh. Ly trich va c6 lap hdn hop san
pham theo So d6 1. Ghi két qua sic ky khi va tinh
hiéu suét.

2.4. Hiéu suét phan Gmg duoc tinh theo két qua sic
ky khi trén may Shimadzu GC-17A va may HP HP
5890-Series II.

2.5. Dinh danh theo két qua sac ky khi ghép khoi
pho trén may GC-MS HP 6890 Series II va may
Shimadzu GC-MS QP 2010.
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3. KET QUA VA BAN LUAN dai. Thyc hién lai phan Ung trong siéu dm dé thu
ngan thoi gian.
3.1. Tong hop diacetat benzal, 2

AcO OAc Bdng 1: Khao sat hiéu suat phan tmg theo thoi gian
CHO Thai gian, GC, % Hiéu suat,

h 1 2 %

Ac20 14 17,7 80,9 72,7
e
LiOTH 15 11,9 86,8 81,1
16 6,0 92,5 89,0
Benzaldehid Diacetat benzal 17 6,3 93,7 90,0
1 2

3.1.2. Phwong phdp chiéu xa siéu am
St dung diéu kién ti lugng, véi ti 1€ mol

benzaldehid:anhidrid acetic:triflat litium 1a: 1:1:0,2. Bdang 2: Khao sat hiéu suat phan tmg theo thoi
gian
3.1.1. Phirong phdp khudy tir nhiét dg phong Thoi gian, h GC, % HAiéu
1 2 suat, %
Chon téc d6 khudy 1a 500 vong/phut. Qua khao 2 30,9 69,1 59,0
sat thu duoc két qua nhu sau (bang 1). 3 22,2 77,8 69,2
Qua két qua bang 1, phan ung dat hiéu suit 89%, 3,5 6,2 93,8 89,3
sau 16 gio. Tuy nhién thoi gian phan ung nay kha 4 7,8 92,2 88,6
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Phuong phép chiéu xa siéu 4m nhiét d6 phong
cho théy sau 3,5 gio, hiéu suét phan ung dat dugc
89,3 %. Nhur vay phuong phap siéu am di rit ngan
duogc thoi gian phan tng, nhanh hon 4,57 1an so véi
phuong phap khudy tir.

3.1.3. Phirong phdp chiéu xa vi séng
+ Lo gia dung (VSGD)

Chon 80 W la murc cong sut thap nhat cia 10 vi
song gia dung dé khao sat phan tmg. Nhi¢t d6 duoc

Tong hop mot so gem-...

do ngay sau khi sy chiéu xa chim dut.

Vi mirc cong suat 80 W chi trong thoi gian 15
phut phan Gmg da cho hiéu suat t6i wu. Van tdc phan
tmg nhanh hon phuong phéap khudy tir 64 1an, hon
phuong phap chiéu xa siéu 4m 14 lan. Nhu vay day
1a mot phan tmg doi hoi phai cung cip nhiét.

Tiép tuc khao sat phan tng voi 10 vi song
chuyén dung Maxidigest MX-350.

+ Lo chuyén dung (VSCD)

Chon mirc cong suat thap nhat 30 W cia 16 vi
song chuyén dung dé khao sat hiéu suit phan tng.

Bdng 3: Khao sat hiéu suit phan tng theo thoi gian

0 ,
Thoi gian, phit Nhiét do, °C 1 GC, % 3 Hiéu suat, %
13 44.5 29.0 71.0 62.0
14 46 9.2 88.6 82,5
15 47 6.7 93.3 89,4
16 485 43 92.0 88.5

Bdng 4: Hiéu suit phan ung theo thoi gian

N . . A A 0,
Tth 1gilian, Nhloect do, i GC, % 2 Hiéu suit, %
3 57 19,4 74,0 65,3

Cong suat sir dung & 10 vi song chuyén dung
mic du thip hon 10 gia dung nhung hiéu sudt phan
ung cling twong duong, viéc nay chirng to blrc xa vi
song hoi tu kich hoat phan ung hiéu qua hon buc xa
vi song phan tan.

3.1.4. Phirong phdp dun néng cé dién

Véi nhiét dé’Vél thoi gian tdi wu thu duoc theo
phuong phap chiu xa vi song, ap sang phuong phap
dun ndéng truyén thong d€ so sanh v€ hi¢u suat.

Bdng 5: Hiéu sut phan mg khi dun néng c¢6 dién

Thoi gian, Nhiét d9, °C GC, % Hiéu suat, %
phit 1 2
15 47 16,1 75,1 60,0

Qua két qua trén c6 the rut ra ket luan 1a su
nong cd dién khong hiéu qua bang chi¢u xa vi song.

kich hoat phan tng diacetal hoa theo phuong phap dun

Bdng 6: Tong két hiéu suit phan tng theo cic phuong phép kich hoat khac nhau

Diéu kién kich hoat Thoi gian, phut Nhiét do, °C Hiéu suat, %
Khudy tir 960 Nhiét d6 phong 89,0
Siéu 4m 210 Nhiét d6 phong 89,3
VSGD 80 W 15 47 89,4
VSCD 30 W 14 58 88,0
Dun khuéy tir 15 47 60,0
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Sy chiéu xa vi song thich hop cho viéc kich hoat
phan Ung axetil hoa benzaldehit so voi dun nong
truyén théng vé hiéu suit cling nhu v& thoi gian
phan ung. Twong tu nhu vdy su chiéu xa siéu am
mic du cho két qua twong duong so v6i sy khudy tir
¢ nhiét d6 phong nhung thoi gian phan Umg ngin
hon rat nhiéu.

3.2. Tong hop triaxetat vanilin

Vi vanilin 3 ¢6 hai nhom dinh chirc —-CHO va —
OH déu c6 thé cung tham gia phan tmg acetil hoa va
dan xuit Ar—OAc véi sy hién dién cua triflat litium
cho phan tmg chuyén vi Fries, két qua GC-MS trong
qué trinh khao sat, ching to6i nhan thiy ngoai san
pham triaxetat vanilil 5, phan mg c6 cho ra thém
axetat vanilil 4 va hai san pham do phan tmg chuyén

CHO

Lé Thi Ngoc Hanh va cong sy

vi Fries xdy ra trén triaxetat vanilin 5a va axetat
vanilil 4a. Do d6, phan ng duoc trinh bay nhu sau
(so do).

Hai san phiam 4a, 5a dugc ching minh bang
cach cho hdn hop san pham tac dung voi dung dich
NaOH 5%, ta thiy ba miii hap thu tuong tng véi 3,
4a, va 5a bién mat trén sic ky d6 GC-MS. Piéu d6
chting to6 c¢6 phan ung chuyén vi Fries xay ra trén 4
va 5. Trong do, san pham dong phan orto chiém wu
thé vi co chira mot ndi hidrogen néi phén tir. Con
trong hai san pham chuyén vi thi 5a s& vu déi hon
4a, vi 4a ¢6 nhom —CHO rt dién t&r lam giam hoat
nhan huong phuong tuong tng.

Ciing nhu trén, tién hanh khao sat phan tmg theo
cac phuong phap kich hoat khac nhau véi ti 1¢ mol
vanilin:anhidrid acetic:triflat litium 1a 1:2:0,2.

CH(OAc)» CH(OACc)»

Ac,0
LiOTf
MeO MeO MeO

OH

1w

4 3

4a 5a

So d tong hop triaxetat vanilin
3.2.1. Phirong phdp khudy tir nhiét dg phong
Thuc hién phan tng theo phuong phap khudy tir & nhiét do phong, tc do khudy 1100 vong/ phut.

Bdng 7: Khao sat hiéu suit phan tng theo thoi gian

Thoi gian, GC, % Hiéu suat
gio 3 4 4a K] Sa 5, %
8 523 41,9 0 2,1 3.8 1,0
45 49,7 11,1 6.9 26,9 53 17,9
50 47,7 243 0 17,8 10,2 13,0
55 37,1 10,9 1,3 41,5 9.1 31,7
60 36,2 23,9 1,5 36,0 2,5 23,8

Két qua & bang 7 cho thiy phan tng xay ra rat cham, sau 60 gio d6 chuyén hoa chi 1a 63,8% va cho

ra nhiéu san pham phy nhu 4a, 5a.

3.2.2 Phwong phdp chiéu xa siéu am

Bdng 8: Hiéu suat phan mg theo thoi gian

Thoi gian, GC, % Hiéu suat
gio 3 4 4a S Sa 3. %
4 56,4 33,2 0 8,8 1,6 3,1
6 39,5 17,9 0 41,9 0,6 29,6
7 26,5 14,7 0 50,9 8,0 40,0
8 15,2 14,0 0 62,6 8,2 55,0
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Tir két qua ¢ bang 8, nhan thdy phuong phéap
siéu am rat ngin dwoc thoi gian phéan tmg so voi
phuong phap khuay tir. Sau 8 gid, chat nén chi con
15,2%, d chuyén hoa va hiéu suat phan mg ting
déu, chi con mot san phdm phu 5a. Tuy nhién, thoi
gian phan tng van con dai.

Tong hop mét s6 gem- ...
3.2.3. Phurong phdp chiéu xa vi song

+ Lo vi song gia dung

Qua nhiéu thir nghiém ¢ cac mirc cong suat khac
nhau, cong suit 450 W duogc chon dé khao sat hiéu
suat phan tng theo thoi gian.

Bdng 9: Hiéu suat phan (mg theo thoi gian

Thoi gian, | Nhiét do, GC (%) Hiéu suat
phut °C 3 4 da 5 Sa 5%
5 77 12,9 32,1 0 494 3,0 38,5
7 84 23 47,7 0 495 0,3 41,0
8 89 0,3 53,5 0 455 0 36,1
10 94 0,3 53,7 0 46,0 0 36,0

Sau 8 phut vanilin gin nhu chuyén hoa hoan
toan (99,7%). Déc biét cac san phém phu hau nhu
khong xuit hién, co 18 do van tdc phan tng qua
nhanh nén khong du thoi gian dé phan ung chuyen
vi xay ra. Tuy nhién hiéu suat phan ng van chua
cao, axetat vanilin con 53,5%.

Tiép tuc khao sat phan ung trong 1o vi song
chuyén dung Maxidigest MX-350 v6i mong mué6n
phan ung chuyén hoa hoan toan ¢ murc cong suat
thap hon va hiéu suét dat cao hon.

+ Lo vi song chuyén dung

Chon mtic cong suat 45 W ¢ 10 vi séng chuyén
dung dé khao sat hiéu suit va thoi gian phan tng.

Tir két qua bang 10, trong 5 phit phan (mg xay

ra gan nhu hoan toan (99,6%). Lo vi song chuyén
dung ciing cho d6 chuyén hoa cao nhu 16 vi song gia
dung va khéng con sinh ra san phdm phu. Tuy nhién,
hiéu suit phan tmg van khong cao, axetat vanilin con
54,3%.

3.2.4. Phwong phdp dun néng cé dién

Ttr nhiét d6 va thoi gian t6i vu & phuong phap vi
song gia dung, ap sang phuong phap dun nong b
dién dé so sanh hiéu suat.

Qua két qua trén co thé rat ra két ludn sy cung
cap nhiét theo phwong phap dun néng cb dién khong
t6t bang chiéu xa vi song.

Bdng 10: Khao sat hiéu suét phan tng theo thoi gian

Thoi gian, | Nhiét do, GC, % Hiéu suat
pht °C 3 4 4a S Sa 5, %
3 87 5.4 41,7 0 51,0 1,9 40,9
5 88 0,4 54,3 0 453 0 35,6
6 89 0,5 52,5 0 47,0 0 37,0
8 92 0,4 53,8 0 45,4 0,3 37,0
10 94 0,1 53,2 0 46,4 0,3 38,0

Bdng 11: Két qua dun nong cb dién

Thoi gian, | Nhiét do, GC, % Hiéu suat
phit °C 3 4 4a 5 Sa 5 (%)
8 89 37,1 20,8 0 40,9 1,3 29,6

Bdng 12: So sanh cac diéu kién phan tmg
Diéu kién kich hoat Thoi gian, phut Nhiét do, °C 3GC, % Hiéu suat 5, %

Khuay tir 3600 ndp 36,2 23,8
Siéu am 480 ndp 15,2 55,0
VSGD 450 W 8 89 0,3 36,1
VSCD 45 W 88 0,4 35,6
Pun néong 8 89 37,1 29,6
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4. KET LUAN

- gem-Diacetat d3 dugc tong hop rat t6t trong
cac diéu kién Hoéa hoc Xanh nhu: ti lwgng mol,
khong dung moi, xtc tic xanh, kich hoat vi song,
siéu am.

- Van tdc phan mg cang cao, su tao ra san phadm
phu cang giéi han, viéc nay cho thiy rang vai trd
quan trong cla sy chiéu xa vi song trong viéc kich
hoat mdt phan trng hoa hoc hitu co.

- Triflat litium xuc tic cho phan tng diéu ché
triacetat vanilil chua tdt, c6 1& s& phai thay bang loai
triflat khac c6 kich thudc cation 16n hon.
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