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ANCOL BENZYLIC THANH BENZANDEHIT

Nguyén Ven Binh, Ngugn Th Tram Chau
Truong Pai hoc Se pham, Pai hoc HWE
Nguyén Thanh Danh

Vién Khoa lec va Céng ngh Vit Nam

TOMTAT

Piéu che chit oxi hda PCC/Kaolin vaing ding trong plin iing oxi hda ancol benzylic
thanh benzandehit. Qu#b khio sat ngt o diéu kién phan ing (thvi gian phin iing, khi luong
chdt xUc tac va nlit do phan ¢ng) trén may khdy tir. Pong thvi so sanh thi gian phin ing
nay trén hai thit bi khudy tr va bon siéu am.

l. M é& dau

Kaolin 1a nguyén Bu khoang & tién va c6 8n & huyén A Ludi, tinh Thra Thién
Hué. Pyridinium clorocromat (PCC) la #hoxi hoa ancol c6 tinh oh loc cao, &n
phim tao andehit hac xeton, it khi oxi hoa I&n axit. kohoa ctat nay cé gia thanh cao,
khé hio quan do kh nang hip phi nuée 16n, dic biét trongdiéu kién khéng khidm &
nuac ta. Do Wy, khi thuc hién phan ing oxi hoa ancotid lam ting sr hinh thanh axit
cacboxylic. Mit khac, Bn hop thuduoc sau phan ung con &n pyridin va crom gay kho
khan cho véc xir Iy san phim [4]. Bé giam thiéu cac vn dé trén, chang tdi én hanh
diéu cké xuc tac PCC/Kaolin ing phrong phap 4m chit oxi hod PCC 1én kaolida
hoat ho&. Sauid, tién hanh kko sat tinh oxi hoai@ né qua pin tng chugn hoéa ancol
benzylic thanh benzandehit trénéthhi khidy tir va bn siéu amdé tim diéu kién i vu
cho phin utng.

Il. Th wc nghiém
2.1. Ho4 cliét, dung cu va thiét bi

- Hoé chit: ancol benzylic, dietyl ete, axeton, durigldHCI, diclometan, & ky
[6p mong (TLC) trén Bn nhom, Silica gel ehg 60 FBsa.

- Thiét bi va ding as: Cot sic ky (20-400 mesh, E Merck, Darmstaiitic), bbn

siéu am UC 45kHzHai Loan), may c6 quay HEIDOLPH 4000, $iy, may khdy tir
hiéu ARE - VELR® Scientifical, may bm chan khéng Trung @e, chan khong 0,1 bar.



2.2. CAch tinh h#u suit ciia phin i#ng (dwa vaods sach aia sin pham trén GC)
Theo cbng thc sau:
- Khéi lugng ancol benzylic §HsCH,OH trong Bn hop phan tng dau:
MeosHscm,on =4. V)
Trong do: d : Khji luong riéng @a ancol benzylic (1,05 g/mL).
\§ : Thé tich aia ancol benzylic (0,25 mL).

- S5 mol ancol benzylic g¢HsCH,OH, benzandehit £isCHO, va axit benzylic
CsHsCOOH trong Bn hop phan tng dau:

!
CeHs;CH-CH 1l fn
nCﬁH;CHgOH = M R = CgHsCHO = CgHsCOOH

CsHsCH,OH
- Khéi luong benzandehit sCHO, axit benzoic gHsCOOH tinh theo ly

thuyét:
m _ n A
CEHSCHO(LT) = CeHsCHO . CeHsCHO
MeeascooH,, = “cascoon - Megmcoon
(LT
Ve M ~ .
Trong do: CeHsCH20H: phan t lugng aia ancol benzylic (108vC).
N

CeHsCHO 1 Phant luong aia benzandehit (108/C).

1%
CeHsCOOH @ Phant luong aia axit benzoic (122vC).

- Khéi luong benzandehit g1sCHO, axit benzoic gHsCOOH thrc € thu dugc
sau pln ung (tinh theo pin trim benzandehit, axit benzoic trén GC):

_ w
mC,gHgCHO(TD = Mgy - DC,SHSCHO(GC>

v
mCEHSCOOHm = Mgy - "CHsCOOH

Trongdo: e Khéi lugng sin pham thudugc sau phan tng.

%
“sHs“HOGe) « prin tram benzandehit trén PIGC.

%
CHsCOOH . . o
i (GC) : PHan tram axit benzoic trén ghGC.

- Hiéu stht chuyén hoa ancol benzylic thanh benzandehit:



Mo HCcHO TT)

H, = - 100%
TCHSCHO 7
- Hiéu suit chuyén hoa ancol benzylic thanh axit benzoic:
ITL
CeHsZOOH
H, = TD . 100%
e Hsco0H D)

- Hiéu stht chuyén hoa ancol benzylic thanh benzandehit va axit bienz

- B0 chon loc aia benzandehit:

H
g = L . 1009
H3

2.3.Piéu ché chat xuc tac PCC/Kaolin

Nam 1975,Coreyva Suggs2] diéu cké PCC ling cach thém st dwong hrong
pyridin vao ndt duong hrong crom (V1) trioxit (CrQ) va axit HCldam dac:

CsHsN + HCI + CrQ — [CsHsNH][CrOsCl]

Trong qui trinh nayda ko ra @n phkim doc hai cromyl clorua (CrGCly). Bé
tranh s bét loi nay, chadng tdi & dung cachéng hyp aia Agarwal (1990) [1], crom (V1)
trioxit duoc xu Iy véi pyridinium clorua: [GHsNH']JCI™ + CrO; — [CsHsNH][CrOsCl]

9 | Xy HCI A
Lo * P> | z
N N
' 0]
H "
:0-Cr Cl
pcc 8

Lap hé thong khuly co, binh ba 6 250 mL, plu nh giot, phia dréi binh Ep
bdn siéu am nkdk do & 40°C. Cho vao binh badcll mL axit HCl 6M, nb giot 4,759
pyridin khan, wa khuly vira chiy siéu am trong 10 phiét40°C. Nho giot tiép 6g dung
dich crom (VI) trioxit , vra khuly vira chay siéu am trong 15 phat40°C. Liy bdn siéu
am ra, lamadnh binh Bing da& mui cho dén khi chit ran vang camao thanh (PCC). fp
lai bdn siéu am va &p tuc vira khuly vira chay siéu amo 40°C chodén khi chit ran
chuyén lai thanh dung gth thi thém ép 20g kaolinda axit hoa vao, va khuy vira
chay siéu ams 40°C trong 1 gb. Thém vao Bn hop 50 mL axetondi khudy thém 10
phat rita. Cho Bn hop ra éc thuy tinh 500 mL,dé lang va @n phan nudc trong ra.
Pem phin rin 1am khd trong chan khong 3ogién khé dung mdidugc chit bot mau
vang cam (PCC/Kaolin).



2.4. Phin #ing oxi hoa chuyn ancol benzylic thanh benzandehit

Sic ky khi (GC) tlrc hién trén may Hewlett-Packard 6890 Series Il (USAE S
ky khi ghép ki phé (GC/MS) thrc hién trén may Agilent Technologies 6890N (USA)

Phan ung dugc tién hanh trong binh tam giac 100 mL. Cho 0,25 mL hnco
benzylic trong 20 mL dung méi GBl,, thém clit x(c tacding krong din khao sat vao
binh phn ung cé ip ke théng thdi khi No. Sau khi phn ung Kt thic, thém vao dn
hop 50 mL dietyl ete (gHs),O khan, fic vadé ling dung dch. Loc dung dch sau phn
trng qua 8c ky @ 20 mm, ndi 10 g silica gel, dung méi 1a dietyl ete éfihanh catudi
dung méi, thufwoc sin pham.

Céc phan ung duoc tién hanh trén hai thi bi khudy tir va siéu am & cacdiéu
kién khao sat:

a. Khudy ti: - Thyi gian: 60 phat, 90 phit, 120 phdt.

- Khéi luong xuc tac: 2g; 3,5g; 5g.
- Nhiét d6 phan ung: @C, 30C (nhiét do phong), 35C.

b. Siéu am: - Téi gian: 5 phat, 15 phat, 25 phut.

- Khéi luong: 3,5¢.
- Nhiét d6 phong.
1. K &t qua va thao luan

Hoat tinh xuc tac PCC/kaolintugc khao séat trén pin tng oxi hoa ancol
benzylic thanh benzandehit.

H

7N\ Xiio the —
O 2\
Q\OH CH,CL, 4 _\ 0
Dua theo tai Bu [5], ching t6idé xuit co ché phan tng co tié xay ra nhr sau:
Co ché 1: Tryc tiép
R
|1/__\ + = ~ + -
Re=CEH = O“CrOPyH = R,R,COH + (HO),CrCIOPYH'
OH Cl OH

- Fast N
R,R,COH —» RR,C=0 + H



Co ché 2: Qua trung gian prc cromat
RI R-1

I + — I + =
F'tg—ir}—H + D?Gr-DF'yH —»= R;,—C—H — D?C;-DPyH
A
OH OH CI ELK_/D Cl
@ (S

+ HOCrCIOPYH

= R,R.C-0

(Phic trung gian cromat)

Trongdd Ry la hydro va R1a hydrocacbon.

3.1.Anh huéng aia thei gian dén higu suit chuyén hoa trén may khdy tr
Bang 1.4nh heeng aia thoi gian dén hiéu suit phan iing trén may khdy tr

Ham Ham Khdi Hiéu suit Hiéu suit |Hiéu suit| Do chon loc
Thoi | luwong | luong |luong gin| chuyén hod | chuyén hod| chuyén tao
gian | benzande benzoic| phim benzylic benzylic | hoa @a | benzandehi
(phat)| hittrén | rén GC| (Mg thanh thanh benzylic (%)
GC (%) (%) gam) | benzandehit benzoic (%) (%)
(%)

0 89,17 0,00 0,2541 87,96 0,00 87,96 100,00

0 90,88 9,12 0,2575 90,84 7,92 98,76 91,9¢

20 83,26 16,74 0,2610 84,36 14,74 99,10 85,18

Tai thoi gian 90 phut, Wiu suit chuy¥n hod 4o benzandehit 1a cao #th
(90,84%) vadd chon loc 1a 6i da (100%). Khi ing thyi gian phin tng tr 60 phut, 90
phat, 120 phat, Bu suit chu¥n hod @a benzylic c6 ang nhrng d6 chon loc
benzandehital giam.

Thoi gian dau phan tng, krong benzandehitihg nhrng réu phan ang thre hién
trong thyi gian dai thi mt phin benzandehitéshi oxi hoa tép 1én axit benzoic do c6
hoi am. NOi cach khac, futhudc vaodiéu kién phan tng ma trong & 8 xay ra cac
phan tng sau:

ZUCtac
- - CeH:-CHO 21
(Hs-CH,-0H CHLCL sHs (2.1)
H-O 1C ta
CeHs-CHO 20 = CoH,CH(OH), ——0tBC o ey cooH  (2.2)
H.Cl,

Phan tng (2.1) lam ang lrong benzandehit, gh tng (2.2) lam gim lrong
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benzandehit. Khi kéo daidhgian, pkn tng (2.1) »xay rada lam chowkong ancol trong
hdn hop giam. Trong khidé luong benzandehitib ra nhéu < bi hip phu trén & mat
xUc tac,dong thyi voi sy co mit hoi nudc d& 1am oxi hoa @ip thanh axit benzoic (2.2).
Do d6, hiéu suit chuyén hoa thanh benzandehitigi din, con héu suit tao axit benzoic
tang cin.

Pé c6 gin prim mong mdn la benzandehit, on thoi gian pkn ang 90 phit.

3.2. Anh hwong aia khéi luweng xic tacdén hiéu suit chuyén hoa trén may
khudy tir

Bang 2.4nh heong aia khi lupng xGc te#én hiéu suit phan #ng trén may khdy tir

Ham Ham Khéi Hiéu suit Hiéu suit | Hiéu suit | Do chon
Khéi | luong lugng |luong sin| chuyén hod | chuyén hoa| chuyén loc tao
luong| benzande benzoic| pham benzylic benzylic | hoa @a |benzandehit
(gam)| hittrén | trén GC| (M thanh thanh benzylic (%)
GC (%) (%) gam) | benzandehit benzoic (% (%)
(%)

2 59,83 0,00 0,2556 59,37 0,00 59,37 100,00

3,5 100,00 0,00 0,2535 98,41 0,00 98,41 100,00

5 90,88 9,12 0,2575 90,84 7,92 98,76 91,98

Véi khéi luong xic tac 2g thi qua trinh chinyhod 20 benzandehit con 4p,
luong ancol benzylic An chra phin tng Ft. Khi ting lrong xdc tac 1én 3,5g thi qua
trinh tao benzandehidat hiéu siit cao (98,41%). Khi &p tuc ting khbi luong xdc tac
lén 5g thi hu suit chuyén hod 40 benzandehit gm xubng, trong khido hiéu suit
chuyén ho& axit benzoicihg lam gam do chon loc tao benzandehit.

Nhu vay, néu khdi luong xuc tac nb thi dién tich & mat nho va rong do chit
oxi hoa thip, nén 8 lugng phan i ancol benzylic bhip phi va ki oxi hoa khéng cao,
dan dén qua trinh oxi hod ancol benzylic thanh benzaridihihiéu suit thip. Khi ting
khdi luong xuc tac (3,5¢) thi lanang dién tich & mit va ing do chit oxi hoa, dn dén
luong benzandehitb thanh trong &n hop dat cuc dai, xay ra pkin ung (2.1). Khi tép
tuc ting khdi lwong xtc tac (5g) thi khidé lwong ancol benzylicdd Ht, luong
benzandehitab thanh trong & hop phin tng ki hip phi trén B mat caa xdc tac va b
oxi hod tép. Xay raddng thyi hai phan tng (2.1) va (2.2). Pim tng (2.2) »y ra nhanh
néndo chuyén hod 2o benzoic ang nhanh lam gm lwong benzandehiido chon loc
giam. Chon khdi luong xuc tac 3,5g la thichop.
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3.3.4nh hwéng aia nhigt @ phdn ng dén hiéu suit chuyén hoa trén may

khudy tir
Bang 3.4nh heeng aia nhigt do dén hiéu suit phan iing trén may khdy tr
Ham Ham Khdi Hiéu suit | Hiéu suit |Hiéu suit | Do chon loc
Nhiét | luong | luong |luong $in| chuyén hod | chuyén hod| chuyén tao
do (°C)| benzande benzoic| phim benzylic benzylic | hoa @ia | benzandenhit
hittrén | trén GC| (mp thanh thanh benzylic (%)
GC (%) (%) gam) | benzandehif benzoic (%) (%)
(%)
0 47,17 3,49 0,2599 47,59 3,06 50,56 93,96
30 100,00 0,00 0,253 98,41 0,00 98,41 100,00
35 82,75 17,25 0,25964 83,39 15,10 98,49 84,6[7

Qué trinh chu§n hoa 4o benzandehifat hiéu suit cao (98,41%)at nhiét do 30°C
(nhigt do phong). Khi #p tuc ting nhét do 1én 38C thi héu suit chuy¥n hoa 4o
benzandehit gm xubng, héu suit chuyén hoa 4o axit benzoicang lam gim do chon loc.

Khi tang nhit do 0°C, 30C (nhiét do phong) va 3%C, trongdiéu kién khidy tir

lién tuc, hiéu suit chuy¥n hoa @a ancol benzylicing din, nhrng hiéu siit tao
benzandehit gim, do chon loc giam. Tai nhiét do qua ttp (°C) d& lam &ng do 4m
trong binh phn ung. Dodo, mdt phin benzandehidéd chuygn hod thanh axit benzoic
(phan ung 2.2) mic du krong ancol benzylic ara chuyn hoa Bt. Phin ung (2.1) va

(2.2)da din raddng thyi tai nhiét do 0°C.

Nhu viy, dé c6 sin prim mong mién 1a benzandehit khi tit hién phan ung

trén may khdy tr, ching t6i chn nhiét 46 phan ung la 36C (nhiét 4o phong).

3.4. Anh hweng aia thei gian phin #ng dén hiéu suit chuyén hoé trén n

siéu am
Bang 4: Anh heong aia thoi gian dén hiéu suit phan ing trén siéu am
Thoi Ham Ham Khdi Hiéu stit | Hiéu suit | Hiéu suit | Do chon
gian | luong lugng |luong €in| chuyén hod | chuyén hoa| chuyén loc tao
(phut)| benzande benzoic| phim benzylic benzylic hoa @ia |benzandehi
hittrén | trén GC| (m thanh thanh benzylic t (%)
GC (%) (%) gam) | benzandehit benzoic (% (%)
(%)
5 83,36 0,00 0,2544 82,32 0,00 82,32 100,00
15 100,00 0,00 0,2509 97,40 0,00 97,40 100,00
25 91,04 8,96 0,254(Q 89,77 7,68 97,45 92,12

Qua trinh chu§n hoa 4o benzandehitat hiéu suit cao (97,40%)i thoi gian
15 phat. Khi #ng thyi gian phin tng tr 5 phat, 15 phat, 25 phat thd chuyén hoa aa
ancol benzylicang, do chon loc tao benzandehit gm.
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Chung ta c6 thso sanh qué trinh chéry hoa ancol benzylic thanh benzandehit

khi thuc hién phan tng trén may khdy tir va bn siéu am té hién trong ting sau;

Bang 5.S0 sanh kinngng phin iing trén khdy tr va siéu am

| Thoigian | %CCaa Higu st tao Hiéu stit tao | DO chon loc tao
Thiét bi (oht) benzandehit| benzandehit | axit benzoic | benzandehit
(%) (%) (%) (%)
Khuéy tr 90 100,00 98,41 0,00 100,00
Siéu &m 15 100,00 97,40 0,00 100,00

Khi thuc hién phin ttng oxi hoé& ancol benzylic trén may Kiyutr dat hiéu st
chuyén hoé 2o benzandehit cao (98,41%) chon loc i da (100%) thi &n thoi gian
phan tng la 90 phat. Niing wi thiét bi bon siéu amdé dat hiéu suit chuyén hoé 4o
benzandehit 97,40%0 chon loc 100% thi chcin thoi gian phin ang & 15 phat.

Nhin chung, khi thc hién phan tng oxi hoa ancol trén téti bi bon siéu am xy
ra nhanh (15 phat), gitp rat figdugc thoi gian phin ung rét nhiéu ma khéng lam g
hiéu suit tao benzandehit vdo chon loc phin ung cao. Ngoc lai, ciing Wi két qua
phan ung dat duoc gin nhr nhau nieng trén may khiy tir thi doi hoi thoi gian phin
trng dai (90 phat). Do khi tic hién phan ung trén Bbn siéu amda cung ép Mot dang
nang lrong dé thicday phan ang. Chinh séng siéu amotra nhing bot nho va lam &
cac ot khi, sinh ra &p €t hang tim atm va nhit do cuc bd co thé 1én 6i nghindd,
lam x40 ton rat tt hon hop phan ung, 1am &ng sr tiép xdc gira cac phanut
ancol benzylic ¥i chat xuc tac #in AK-PCCdat dén mac i da.

Nhu vay, d¢é coduoc sin prim mong médn & benzandehit trondjéu kién i vu
nhét ching t6i chn thiét bi phan ang la Bn siéu amd nhiét 46 phong (36C) vé6i thoi
gian 15 phat.

IV. K ét luan
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Hinh 1. Két qué GC aia phin #ng chuyn hoéa ancol benzylic trérh siéu am
(thoi gian: 15 phat, khi luong xdc tac 3,59, nbi @6 phong).hHé chpn loc benzandehit 100%.
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Chung tdida diéu ch dugc xic tac PCC/Kaolin cé tinh ¢h loc cao, ch oxi
hoa ancol thanh andehit, it kliotsin prim axit va & bao quan & diéu kién thuong
trong thvi gian dai ma &n sr dung 6t. Pac biét xdc tac nay &khong pha & lién két
déi (C=C) va cac nhom dfe khac trong ancol [2], [4], [5]. PCC/Kaolin la4ttoxi hoa
c6 nhéu uu diém déng vai trd quan ding trong cac pin tng Hng hop hitu a va co ti
diéu ché trongdiéu kién phong thi ngéim ¢ nuéc ta.ba xacdinh duoc diéu kién i uu
cho xic tdc PCC/Kaolin trong fmang chugn hoa ancol benzylic thanh benzandehit.
Péng thyi so sanhdugc kha nang phin tng trén hai tht bi khudy tir va Bn siéu am,
két qua cho tHiy phan ung trén bn siéu am xy ra nhanh (15 phut) wdat hiéu suit tao
benzandehit cao.

- Khudy tir: dat hiéu suit 98,41%.d6 chon loc 100%.

+ Thoi gian phan ang: 90 phat
+ Khdi lugng xuc tac: 3,5¢g
+ Nhiét do phan ung: 30C
+ Dung m6i CHCl,: 20 mL
+ Ap st thuong
- Bon siéu amdat higu stit 97,40%46 chon loc 100%
+ Thoi gian phan ang: 15 phat
+ Khdi lugng xuc tac: 3,5¢g
+ Nhiét d6 phan ung: 30C
+ Dung m6i CHCl,: 20 mL
+ Ap st thuong
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THE PREPARE OF PCC/KAOLIN IS CATALYSIS
IN OXIDATION REACTION BENZYL ALCOHOL TO BENZALDEH YDE

Nguyen Van Binh, Nguyen Thi Tram Chau
College of Pedagogy, Hue University
Nguyen Thanh Danh
Vietnam Academy of Science and Technology

SUMMARY

A new method in the preparation of benzaldehydm tbenzyl alcohol and pyridinium
chlorochromate/kaolin (PCC/Kaolin) by magnetic stig or ultrasound. We survey several
advantages of this reaction in terms of time, anh@uma temperature.
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