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ABSTRACT

Aliphatic aldehyde polyoxyethylene glycol acetals were synthesised through the reaction of aliphatic
aldehydes such as caproic aldehyde, capry! aldehyde, capric aldehyde and lauric aldehyde with excess diethy-
lene glycol, triethylene glycol and tetraethylene glycol, respectively.

The acetal formation, in which water was azeotropically distilled by adding benzene to the reaction system,
was gained a good vyield of acetal type compounds.

This reaction is found pseudo first order reaction at various temperatures such as 70, 80,90 and 97°C.
Also these activation energies of reaction of acetal type products such as caproic aldehyde diethylene glycol
acetal, capry!l aldehyde diethylene glyco! acetal, capric aldehyde diethylene glycol acetal, lauric aldehyde
diethylene glycol acetal, caproic aldehyde triethylene glycol acetal and caproic aldehyde tetraethylene acetal
were 17.3, 19.6, 21.2, 21.6, 15.5 and 14.7 Kcal/mole.
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Fig. 1. Apparatus for the development of
paper chromatography
A; wooden vessel B; asbestus
C, glass bath D; lead plate
E; glass dish F; developer {down layer).
G; developer {upper layer) H; ice
| ; filter paper J; glass cap
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de 15.6g (0.1mole) 2832 laury! aldehyde 18.4
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Table 1. Rf. Value of reaction products of
some aliphatic aldehyde and ployox-
vethylene glycols

Rf. values x 100

Compounds

Developer A Developer B
(1) 83 47 65 43
(1) 85 A7 68 43
(1) 87 48 70 44
(1V) 88 47 72 43
(V) 78 39 58 34
(VI) 70 39 59 34
(Vi) 83 38 63 35
(Vi) 85 40 b4 34
(1X) 65 32 50 30
(X) 68 33 52 31
(X1} 71 33 58 31
(X1 73 34 59 31
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glycol¥f2| SiiiEH

HEBERE 6EHE3 caproic aldehyde, capryl
aldehyde, capric aldehyde 2@ lauryl aldehyde %
4 o MERid 2SSl E T~2 Hikoll wel o4
sl Zt2Hd e AR S Bl S8 2429 ca-
proic aldehyde<= 27.9 %, capryl aldehyde < 22.2
%, capric aldehyde & 17.8% 22l lauryl al-
dehyde = 15.1 %% th o] #R< ol zhzbof st
EHiES 28%, 21.9%, 18.0% 2 15.2%S} K
st & 271 Qlol Ao — 3oy, =% [~39 F
ol ot 5478k diethylene glycol, triethylene
glycol 2 tetraethylene glycoli% 3 f2] polyo-
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Table 2. Results of hydrolysis of aldehyde
poyoxyethylene glycol acetals

Filter paper; Whatman No. 1 for chromatography (20 x 40 cm)
Developer; A: butanol : pyridine : water (5:2:3, v/v) system

B: butanol : dioxane : water {5:2:3, v/v) system
Condition: relative humidity 50-60%; temperature: 0°C
Detection of Spot: dragendorff reagent spray

'~ 44~

>C = 0(%)

Compounds

Found Calc’d
(1) 9.53 Q.52
(1 8.68 8.70
(1) 7.99 8.00
(1v) 7.39 7.41
(V) 7.30 7.33
(Vi) 6.79 6.83
(Vi) 6.38 6.39
(Vi) 5.99 6.01
(1X) 5.92 5.96
(X) 5.52 5.62
(Xt) 5.30 5.32
(X11) 5.00 5.05
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Fig. 2. Variation of acetal reaction for diethy-

fene glycol with caproic aldehyde
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Fig. 4. Variation of acetal reaction for diethy-
lene glyco! with caproic aldehyde
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Fig. 3. Variation of acetal reaction for diethy-
lene glycol with capryl aldehyde
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Fig. 5. Variation of acetal reaction for diethy-

lene glycol with lauryl aldehyde
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Fig. 6. Variation of acetal reaction for triethy-

lene glycol with caproic aldehyde
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Fig. 7 Variation of acetal reaction for tetrae-

thylene glycol with caproic aldehyde
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D 2 )~ ADol A= [—3tA #E=de
o)A E9] Rf & Z+Zt diethylene glycol, trieth-
vlene glycol 18]35l tetraethylene glycol &2 I
gl Rfgd & —#% 3o =3 ohidt REER
& M~5~29 HELR silica gel G butanol-
water % I =olE a9 o 8to] SrEEsld] Kot
g 2ueo] B 2 KSR SR BN T &
BEch=s A8 AT F FE AHEYL) Bz
4] caproic aldehyde 2} ]R3} diethylene glyco!
o] HEA KR caproic aldehyde diethylene gl-
ycol acetal ol Wi Koy 2MERH KR capr-
oic aldehyde ANA BEEE = vemg 1,760 cm” U ol
q stz By —189] stretching vibration 0}*1]'%
H (Lamel Fam 2BEHAdME ol & F R
i hydroxy group 2} you 3.500cm™ ©] BEHI
1,060~1,025 cm_1 I4 hydroxy ether ol 3 Fahe=
Zole} Az E= RE ®RiYo A BEACG E of
Ag® bt I~5~32 HFEoZE Ky Eshd
de Ftzxdrle] EHEE BRES —HESte Ta-
ble 2@}%%3}%‘3}. Table 294 Hw o] 7} {k
A4 Jl2rdri 54552 'Kkt B gtol ol
- & —gEoh oEXN NI~49 Kkl W2l &K
9 tate 2tz 88t alkyl aldehyde polyoxy
ethylene glycol acetal H( (1) ~ (XD )1 Hol »
kg

3. UZOIMIEME £ E R Y EE
caproic aldehyde, capryl aldehyde, capric al-

dehyde % lauryl aldehyde ¢+ diethylene gl)fcol,
triethylene glycol 2 tetraethylene glycol® I
~4 o] FEkol mat 24z 70,80, 90 E 97CA K
ExEEE REsch old K@RfMES polyoxyeth-
ylene glycol $E {# A3t REANZ I, 38 B4
He ES RERN v & el 84 = B4
2 3l grkAlZ Tt a8li Hirschberg RAME A
oW HEFolH FHHS FHh oj# S a4 T
A —ERE READ RS I~69 HkoeE xkK
¥ alkyl aldehyde i< Zt2} &St oM 4

- RKRE wEHe RS plot e #R 24 Fig. 2~

Fig. 72 2d, z} agdA B & )&= vkel 2ol
olES BT BIFI ERHET o] FojH T, ulEA
o] KHES Ml 1 XkKE°lesh= A& ¢ 4 U ©]
o Z}7te] REEFEERE T3l 2 #RE Table
3~ 8o —#3td YeplidiY, o] BR —w KER
gl A of| Bl 4K ELS diethylene glycololA]
+ caproic aldehyde, capryi, aldehyde capric al--
dehyde @ lauric aldehyde [§o 2 KE#HEE= M
A3l HE S WY, 3HH ethyl glycol Bfrrt i
3= & diethylene glycol, triethylene glycol &
tetraethylene: glycol lH2 2 KRE#EZl WE g
g Bt

. &Mt oietolE

~4-—~] Hkel et ot B R AR KR B3 K
FEH e Bt REBEAC Arrhenius plot+ Fig.
8 99} guh ayeld RE uisl gol BT piFe

Table 3. Observed pseudo first order rate constant(sec ') for the reaction diethylene glycol with
caproic aldehyde at various temperature

Time 70°C 80C 90°C 97 C
(min) log x k x 10* log x k x 104 log x k x 10° log x k x 10?
60 0.23  1.47 0.47 3.1 0.87 5.58 1.39 8.91
120 0.44 1.41 0.92 2.95 1.68 5.36 2.76 8.82
180 0.63 1.34 1.33 2.84 2.50 5.33 4.10 8.74
240 0.79 1.27 1.76 2.81 3.32 5.31 5.43 8.48
300 0.97 1.24 2.18 2.79 4.14 5.29 6.7 1 8.59
360 1.17 1.19 2.61 2.78 5.02 5.35 7.99 8.52
mean 1.32 2.88 5.37 8.71

- 47—



8

BRI - FEN - BEX - BRE

RBEM{LB RS

Table 4. Observed pseudo first order rate constant(sec '} for the reaction diethylene glycol with
capryl aldehyde at various temperature |

Time 70°C - 80C 90°C 97°C

(min) logx  k x 10° logx  kx10* logx  kx10° log x  kx 10°
60 0.16 1.00 0.33 2.08 0.70 4.49 1 7.1
120 0.28 0.90 0.64 2.03 1.36 4.35 2.20 7.04
180 0.41 0.88 0.92 1.97 2.00 4.26 3.26 6.95
240 0.54 0.87 1.20 1.92 2.63 4.21 4.30 6.87
300 0.67 0.85 .45 1.85 3.26 4.17 5.33 6.82
360 0.79 0.85 1.51 1.61 3.88 4.14 6.31 6.73

mean 0.89 1.91 4.27 6.92

Table 5. Observed pseudo first order rate constant(sec™!) for the reaction diethylene glycol with
caproic aldehyde at various temperature

Time 70C 80°C 90°C 97 °C
(min) log x k x 104 log x k x 10* log x k x 10% log x k x 10°
60 0.10 0.62 0.24 1.53 - 0.50 3.17 0.84 5.34
120 0.18 0.58 0.44 1.42 1.1 3.54 1.62 5.18
180 0.26 0.54 0.64 1.36 1.56 3.32 2.39 5.10
240 0.32 0.51 0.84 1.34 2.03 3.25 3.17 5.07
300 0.4 0.53 1.00 1.28 2.45 3.14 3.95 5.05
360 0.49 0.52 1.27 1.35 2.93 3.12 4.73 5.04
mean 0.55 1.38 3.24 5.13

Table 6. Observed pseudo first order rate constant(sec™') for the reaction diethylene glycol with
lauryl aldehyde at various temperature

Time 70T 80T 90°C 977C
{min) log x k x 10° log x k x 10° fog x k x 10* log x k x 10°
60 0.08 0.52 0.19 1.21 0.41 2.61 0.71 4.55

120 0.14 0.43 0. 31 0.98 0.79 2.54 1.39 4.43
180 0.20 0.42 0.43 0.92 1.15 2.45 2.05 4.38
240 0.25 0. 40 0. 59 0.94 1.53 2.44 2.70 4.32
300 0.31 0.39 0.72 0.92 1.87 2.39 3.35 4.28
360 0.37 0.39 0.97 1.03 2.19 2.33 4.00 4.26
mean 0.43 1.00 2.46 |

4.37
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Table 7. Observed pseudo first order rate constant(sec ') for the reaction triethylene glycol with
caproic aldehyde at various temperature

Time 70°C 80T 90T 97°C
(min) log x k x 10* log x k x 10% log x k x 104 log x k x 10%
60 0.49 3.16 0.8 5.61 1.99 12.7 2.88 18.4
120 0.93 2.96 1.70 5.45 3.53 11.3 5.38 17.2
180 1.37 2.92 2.52 5.38 4.97 10.6 7.50 16.0
240 1.81 2.90 3.32 5.32 6.31 10.1 9.57 15.3
300 2.56 2.89 4.13 5.29 7.74 9.9 11.33 14.5
360 2.69 2.87 4.94 5.27 9.00 9.6 13.22 14.1
mean 2.95 5.37 10.7 1.59

Table 8. Observed pseudo first rate.constant(sec ') for the reaction tetraethylene glycol with
caproic aldehyde at various temperature

Time 70C 80T 0°C ‘ 97°C
(min) log x k x 104 log x k x 104 log x k x 10° fog x k x 10%
60 0.69 4.4} 1.31 8.38 2.38 15.20 3.41 21.80
120 1.36 4,36 2.57 8.21 4.50 14.40 6.53 20.90
180 2.01 4,29 3.82 8.14 6.38 13.60 ?.24 19.70
240 2.66 4.26 5.06 8.09 8.07 12.90 11.82 18.90
300 3.27 4.18 6.27 8.02 9.38 12.00 - 14.38 18.40
360 3.86 4.12 7.45 7.94 10.41 11.10 16.22 17.30
mean 4.27 8.13 13.20 19.50

Table 9. Activation parameters for the acetal formation of alkylaldehydes with polyoxyethylene

glycols
Compds ln A {(Sec™) Ea(Kcal/mole) AH” (Kcal/mole) —NAS* (eu)
(1) - 16.5 17.3 16.7 27.9
() 19.4 19.6 18.9 22.2
(1) 21.3 21.2 20.5 18.5
(1V}) 21.5 21.5 20.9 17.9
(V) 14.6 15.5 14.8 31.8
(Vi) 13.8 14.7 14.0 33.4

(1) Caproic aldehyde diethylene glycol acetal
(1) Capry! aldehyde diethylene glycol acetal
(111) Capric aldehyde diethylene glycol acetal
(1V) Lauric aldehyde diethylene glycol acetal
(VY caproic aldehyde triethylene glycol acetal
(V1) Caproic aidehyde tetraethylene glyco! acetal
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Fig. 8. Arrhenius plot of table 3 (caproic
aldehyde), table 4(capry! aldehyde),

5(capric aldehyde), and 6(laurylaldehyde)

IN—{\; caproic aldehyde A A : capry! aldehyde
O—(); capric aldehyde @—@ : taurylaldehyde

ERWE7T )T ATk wheb A71A EiE I A
(Ea)E 35t3 Eyring'™ oA @it es] 2 &k
LA ESE semstnt, d7lA HEY BRE Ta-
ble 9 —ff3td EHRsIHAH. HEHikt H=vlg E G
Eldl Table 9ollA - B o] ol @R KEL FEKE
#ANA ol 73 oLt alkyl aldehyde o] #{bk sk
o] BT BTl whal FBikfeold X, Ek g
¥, EfEAERZT Fgol BF |indh= S Jet
‘;‘i;i, T3 ethylene glycol Eﬁkﬂ wmshH #EHAL
AR R FiEA Dol Fe FHme el
3 EHAJEZY gol 2% A9 e Jel o
ol 24T RES @BREAS Fu97t Fs e
ERE = —B2 dEZY 84S Keedla Ao}
T3 @Bk EH #ns do|dol FEKRE
o] 7{do wel dER ] S BAEA I, v}
Al BES T @BERREAAN #EHEIEKEAE K 4351
+ ethylene glycol AolAl & EgIRE #ol Bl
{t7F 57] FES7] o Foll o] & g7} ol Folad A
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Fig. 9. Arrhenius plot of acetal reaction ca-
proic aldehyde with triethylene glyco!
and tetraethylene glyco!

O—: triethylene glycol @—¢; tetraethylene glycol

o7 £EAEY -

of il thet ik aleivlel = ofAl 2L REIA
E o < uist ol gkt 2 4 FRES JYeRll<=
A2 BHEIAERS g7 HEH e EHEEidE
¥ @S Bolx ok malA] diethylene glycol, tr-
iethylene glycol 2 tetraethylene glycol o BB
5 BECE U IxKES FEEHE B vl
o} ol REEFERMP HRZ € ethylene glycol
HEERES BHEoR BNHES BmAA KEZRE
E R#EANZ Rolu BHEBNRE #he 22& 7
st & Aoln] RERINA £RHA = &2 HEH
o % BEANPRoEZN KEFEC] SolHth

N. & &
ok BN de BRE Estd 0w 2o,

1. fER5 gl 3l = %<l caproic aldehyde, capryl
aldehyde capric aldehyde @ lauric aldehyde %
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4 #3} diethylene glycol, triethylene glycol & te-
traethylenec glycol % 32 polyoxyethylene

glycol S BB T 70~97C REERE&HERIA 2.

KR wid-g st Bladss 25 3 B &

A2 BESDZA oML KES BEMoz g 3

TA1d 5 AT

2. ol RIES Fll 1 XKRELZ ol 70~ 4.

97C FERE&ERNA caproic aldehyde, cap-

5.
ryl aldehyde, capric aldehyde ¥ lauric aldehy-
de ¢} diethylene glycol #2] KEENA #&# 1k iy 6
A& Z+2+ 67.3kcal/mole, 19.6 kcal/mol, 21.2 7

kcal /mol ¥ 2813 21.5kcal/mole ©]o]A] alkyl

aldehyde o KFEH 7} @indol wel KEZEET K 8.
A&tal, caproic aldehyde & diethylene .glycol, 9.
triethylene glycol 2 tetraethylene glycol 342 10.
KEAM #FHi A9 A]+= 17.3 kcal /mole, 15.5kcal 11.

/mole % 14.7kcal/mole= ethylene oxide Bfr

B #mshol ula} ofd et REH E- wa) 12.

3. G A2E S FHE T FHR alkyl aldehy-
de o] fEB{Lo) WE —#E2 oM Bk KA ©]

FES gy #HEGREY S <4t alkyl aldehyde 13

o] REH Einell met HHARBAA HEUE BE
7Y HREAE SR —HE = @Elolnh

14,
v B 15.
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