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EH : Acrolein 7} glycerol 8] F3+5-¢1 78] 34 acetal 7| 3}o] 4 5] S gas chromatography
D SEFAE EAHSARS, 1elSR ol AA 24e 1, 3-dioxolane 5} 1, 3-dioxane
Bl %7} 58.0, 420019k, ol 4AFE A Al GAA AT, FI 60 MHy
PMR ~#E#le] A& ¢ 3te] model 33524 4-hydroxymethyl-1, 3-dioxolane 3} 2.9]
dioxane o] J A & 43t AHg-stg o

FH acrolein 3} glycerol & FF A o o] FFES F2EF PMR 2 383

FENEI T A A4 SeA 3} JAA FAHEZ vinyl 719 Al A% &F
ol dojA= Aozr FHHAMA,

ABSTRACT : The glycerol acetal of acrolein is a cyclic acetal that exists as a mixture of
2-vinyl-4-hydroxymethyl-1, 3-dioxolane and its dioxanyl isomer, each having two geometric-
isomers. Each of the four isomers was isolated by GL chromatographic method. Structural
assignments of the four isomers and acrolein glycerol polymer were made on the basis of 60
MHz PMR and IR spectral data correlating with model compounds, 4-hydroxymethyl-1, 3-
dioxolane and its dioxanyl isomer.

The PMR spectra of the isomers are so complicated that the chemical shift values can only
be detected. The orders from upfield were trans-dioxane, cis-dioxane, trans-dioxolane, cis-
dioxolane.

The results of the GL chromatography indicated the percentage of the dioxolane and the
dioxane isomers as 58.0 and 42.0Q respectively. PMR spectra, elemental analysis and GL chro-
matography results showed that the polymerization of acrolein with glycerol followed the rou-

tes; firstly the formation of cyclic acetal and then, the propagation of the vinyl group.
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Acrolein-Glycerine #4459 MEKHES = R 28 BE(])

1L & &

Acrolein 3} glycerol 9] A 3uk2 @ acetal {1,
+ Nef!, Hibbert? 5o 9j3}d dFHAQw, Fi-
scher® 5 WHgA A &9 WA 73} o]l A&
EFEFH 9o £ S Axsdoyt a2
B X359t Showler* 55 cyclic acetal 9]
Tzol Hate] BRI ot ol gAY B o
A3 o}z Y}, 19709 o] 3 preparative gas li-
quid chromatography 9] %] 0 2 o] A &9 o
ZFiel 7t 7534 o] Lenz® 52 methyl aze-
laaldehate glycerol acetal 8} 7]3lo] A & 2=
e I B e S

Acrolein @ 5HE9] 444 ¥4 9 FA5H
o F3& ¥ vinyl 3}FES, phenol F7, g
% ol 785 acrolein o] HEAL o]u] o] &
ol Z =,

2 dFlAE $A4 acrolein 3 glycerol 9 uF
o 93t dojA & WY F e YA E GC
R SEAA 2 3 5ste] F25 IR Y PMR
2 435t PMR A4 & 93] model 33t
£ 34 4-hydroxymethyl-1, 3-dioxolane 3 1, 3-
dioxane-5-ol & #3972 259 chemical shift
4 coupling constant ] F3} F)&eATr o
2lx o] & Ed 239 acrolein-glycerol 23
=9 725 Fsgn,

2R’ B
2-1. A2

Glycerol: %<9 Merk it glycerol (85%)q
1%9] ZAE 7hate] 70~75°C ol A 7l 33
A3t A Bz A 170°C 2 7 2AA
A&t o,

Trioxymethylene: A & 9 F 4] ¢ formaldehyde
(35%) & 7td#9lo] A 100°C o} 3tz 7} 5o
DL AL EA3S desiceator o] Bste] A}
|39t

Acrolein: Y # Mt acrolein (1A <)
5002 S £3 NaClsga oz s~qdle] AA
inhibitor & A|Ag F G743t e T4
CaCl, 2 Z1xA7 ¥ 7o] 0.8cm <] porcelein

EelM A4 335 19801 59

raschig ring & A 3ol Zo] 120cm & lie-
big 35715 £el B4 FF Zeteaz0)4 52~
53°C(760mmHg) 9] F#& g —10°Cel A%
3t ARgstgeh 29 AGEE Aw dF A
4g 2z AE g
2-2. Model 318122] 45/

150g ¢} glycerol 3} 50g 9] trioxymethylene &
Eehaze] ¥ 4ml 9 A gz AXE
AAE F 24 100°C 2 247 SAAA
7t EEOIF #e fdo] B AL A2
mmHg) 3t} B4 F& AA =z 3L 100°C
oA 1247 9847 F A 7H¢H(10mmHg)
et 80~90°Coll A acetal 9] EF-EL sk
ot @ EF acetal J A = wubr| o A3 7
H71b Fakd AT Zelazol] 80g 9 pyridine
I A Y3 waksi A 136g—9] benzoy! chlo-
ride & 60°Co|3lol A 7}ote] wkgA7 % 20°C
oA 4847 ARG, A5 EAL oE e
of o8 A4-LolA —20°C AR A AAL Yo
ligroin (bp 80~90°C) e A A4 A 3o} 453 3
49l 1, 3-dioxane-5-benzoate ()& AP ch (<
€:50g). A4 7ok (15mmHg) & F-5ho 172~
175°C & §-3E 224 4-benzoxymethyl-1, 3-dio-
xolane(1)& ARF(FE 1 40g). 4029 (1)%
A Eeame] Y3 20% KOH £ 110g & 7}
gted 75°Cel Al 1587 &80 F3 Jeoz
ZrA1Zl & #eke] KOH & ehabrl a8 B34 4
AAT F o8 22 F23}9 7t (11lmmHg) &
Frote] 80~85°C e} HiHo2 ()< Agleh &
g ez (A (W)E 29 (Fig. 1).

(D) 749 F43 344 24 (mp=26°C)
olz (I)e FAF3% A4 244 (mp=72°C)
ol ()3 (NE Aol & ¥4 94
2 ez, ¥¢2g, & v dA4%5d F 59
= () 2 (V)9 IR 29 Eal: Schimazu A
IR-400, single beam spectrometer & A}-£3t4
Ard st 20% (W/V)EA L& wEo] gqith
PMR 2% Ezl= JNM-C-60, nuclear magnetic
resonance spectrometer (JEOL)E A}-8-3}9)c}.
ABE 20% W/V)AQ3lets €48 9HEQ
o 2ALEE 20°C, ARZTAL WA AR
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Figure 1. Scheme on the synthesis and the separation of the model compound.

o}, 9] acrolein 3} 276g(3. 0mol) ] glycerol, 600ml
-‘4 WA} 0.6g 9 p-toluenesulfonic acid &

S $A% S RRANH EL 492
15mlf= AA Sz AN 7herate] wiAl 7 w]u)
k7)o F3F Adr] 4 AR Eo 3F £.9] acrolem;: X—]ﬂ 33 %—%—0}@] 90~180°C (5

2-3. 2-Vinyl-4-Hydroxymethyl-1,3-Dioxolane
I} 2-Vinyl-1, 3-Dioxane-5-ol 2| &7k

$571 5 AT AT Eh 0] 228ml (3. 2mol) mmHg) ol Al -3 236g(59%) S o A} (Fig. 2).
CI-’ 20H gt
clrhOH + CHO-CH=CH, —=~e-ee- >
|
CH2OH p-Toluensulfonic acid
Glycerol Acrolein
H H
0 H N 0 H
o + —
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/ S
HOCH i
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H H H H
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cis-2-vinyl-4-hydroxymethyl-1, 3-dioxolane, V: trans-2-vinyl-4-hydroxymethyl-1, 3-dioxolane
: cis-2-vinyl-1, 3-dioxane-5-ol, VH[: trans-2-vinyl-1, 3-dioxane-5-ol
Figure 2. Scheme on the acetal formation through condensation.
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Acrolein-Glycerine {f§&r#°] BT = EA 23 HRE(D)

oA ZdEF-3he] 100~110°C (5mmHg)
100g & 9o Y4 EH L stz GCo 9

T2 E AR o] EFELS TAHY 944
2 Coleman jit# coleman carbon and hydrogen
analyser 2 2438 A3 C:51.1, H:7.5%9]
Aok, (AAR ;C:55.4, H:7.7%)

2-4. GL Chromatography off 2|8t o]Adx|e| &

e

o] A9 H=ele Varian Aerograph, Model
202 gas chromatograph (thermal conductivity
detector) & A}&3tgtl. Peak W4 3 AEM
o 2 Ay, 2#%7 -2 bridge current 150
mA, block temp. 240°C, column temp. 175°C
(isothermal), column packing 10% Carbowax
20M on gas chrom Q (30~60mesh),
gas © helium, &7
o] 20 ftx -}Iin aluminum tubing, A& FYLE
220°C 5ol A s 1M F¢ o] 204 24
Reis FA5e] BF G5l & FYHAT, 2
FQul et skl ol 44 peak 7} ke whz
o HEANE $Fw BFE 2 AL trap
oA e Bl wob WG WA oA A7
& g

°] A
3]

o
=2
2=
i

carrier
60ml/min. column 7

gtz Hejujz PMR 23 EglE
methy] silane (TMS) & s xy
SAA IR 29 E=tE g3k

2-5. Acrolein 3} Glycerol 2] E4&

AL I tetra-
F&HE F

w2 AA]o] AA) = acrolein 56. 06g(1mol) 3}

glycerol 92g(1mole)-& #3te] 1 NHCI$=g9o
2 gh3EA pHE 6] 2540, pH=A

o] Tk F £AA7), 23 L5oA uleAA #
AL FAE AU, o] uF AAE B A
Felgo g ol gt FAE 4~5d g
dioxane o] &8 A71 3= t}2k9] n-hexane S
AAAZ G, 2 ez 23 ALANA A
A AL 40°C(20mmHg)ol A 7247 o] A
Ax&AA AN T8 FFHES dded F
FEo EAEFe A oz FIlglen,

FxE4 AsE C:52.0, H:83%dch
AA 5 C:55.4, Hi7.7%) =3 SFAE AF
ol 0.1g HAstx 48 SAE 44 10ml 4 7}
g F Aol A AF L‘a‘ﬂ FHA 2447
Azt 2 FFA 9 L AR-F AAsY. F
322 chloroform @ pyridinee]| &¢ IR ~29
EztE ddes PMR A8
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Figure. 3. Infrared absorption spectra of the four geometric isomers of acrolein-glycerol
condensates in carbon tetrachloride(20% w/v).
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Figure.4. Parts (900—1200cm™1) of the infrared
absorption spectra showing the C—O—
C—0—C acetal ring stretching vibrations.
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Fig. 3o #2lgk vAe o]4x&ES IR £
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F49E vebd on intermolecular 4272 gl
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7ol &g ¥t FFH= 3080cm™! F 1640cm™!
ol A 2t
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HAk, EEE o] AA £ ml ot Ao B AR
ot7] $138ke] Fig. 4ol acetal 39| Fod & F4
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CH —%/ L@) o,/

I \JH2 —"O
CH,—OH

(a) dioxolane (b) dicxane

4
3
8
H 6-Cis 5-Cis  5-trans 6-trons
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5
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Figure. 5.

GL chromatogram of the acrolein glycerol acetal obtained with the column of 10%

carbowax 20M on 30—60 mesh gas chrom Q.
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Acrolein-Glycerine #i&#o} MRt = R 23 HR(D)

Fig. 4 9] acetal 3t §d| 59 v 2 HH 1, 3-
dioxolane 3to] ©] AuA Zo 2 o] E3}E AL
g A

GCol 9%} o)A =& A2 Fig. 5% 7},
Fig. §lol AA 9= A 5ol 93 acetal o &
£ JEE2 BA3RT.

4090 O:fﬁ
/

’ HC= 4 Q

H 2(;,(:3 0 5C=CH

Fig. 50 A] ®.3= upe} zro] T2l gk v 7 9] peak
£ dglern IR 2 PMR 2~ EglE cyclic acetal
AL dFsdch. = E2E pattern & B
trans-1, 3-dioxane o] 4 ()¢ A $ %, —OH
7} equatorial o] ¢1A = # & intramolecular
AA g0 57 AE53, -cis-1, 3-dioxane o] A A
()= ¥ F4 & A= chair conformation &
2 AY &A3tz —OH & axial 2] A€ & int-
ramoleular =422 §< A3t FAAA Yo},

(e) cis (d) trans g4 23l ()= GC column %9 zA Ao &
ZFH7] gz (D) 4. &4, cis-1, 3-diox-
olane (¢)©] v} trans-1, 3-dioxolane (f) -2 A< 3k

a o C“z*% o] 3to] E&Ashe L intramolecular 4

< 5 9 A FAF Al 350 @, @neh Hol

G=f” ¢ " H—0 £ AA% (9 A% $2AF w2 gol vinyl
i A7k 9ol () Bt} steric hindrance & © o]
(o) cis (£) trans Z Aoz 2glvh o] 34 & Lenz® 59 methyl
300 240 B ,, 300 240 180
k] T T 77 H H T
§l Hz
60 MHz
©
o]
N
Y
Ca
1 1 1 £L 1 1 i
5 4 3 /7 5 4 3 pPmM

4
4 -hydroxymethyl— 1,3 — dioxolane
Figure. 6.

1,3 ~dioxane— 35—0|

NMR spectra of model compound in carbon tetrachloride (20% w/v).

Internal reference: TMS (<10% w/V)
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WA BRI - DR

“ chemical shift
equivalent

e : axial

e : egustorial

azelaaldehate [(CHy) 7(I:|OCH3] glycerol acetal ]
P2 pattern 3} & €A Ax 4Fo] Ak

Model 3382 PMR 4% E2} & Fig. 60 1}
R gt

1, 3-dioxolane 3+-& 3=, =x 39
429 i =x ol ¥R Wl 9
(puckering) & A|7}A] Fz7F 7bEdH, o
3te] 29l-& o] A 3=o] gl —CH,0H ¢
Aol Kaplus curve ] 4 a¢lo] o},

1, 3-dioxolane % 1, 3-dioxane 3+¢] A,B, A o]
2 9] coupling constant Zke] oj2] Ry} 435
o] Yebytep2 1314 1 3-dioxolane 3] A Jeis(])
= 7.3cps, Jtrans(J') = 6. Ocps(J+J =13. Scps,

v 1
oXx

— o
dg

=

[s)
5
il
&

g

o

Table .

H

A !
5 2
Ry Heg € O>2<{

Hy
H B,

.

(A)

J—J =1.3cps)e] 3 1, 3-dioxaneF o A= J= 2.7
cps, J = 6,0cps(J+J =8. 8cps, J—J =3. 3cps)
o|c}, AA & 1,3-dioxolane 3t 4= —CH,OH
o] Aol el A $19 ke Fzhel Wt Qe
ZRo] d &=}, =& 1, 3-dioxane 3ol 4] long ra-
nge coupling = A7Fsod ok 51 |Jouse] =1. 0~
2.2¢cps, |Jaese| =0.9cps, |Joegel =1.5¢ps, |Jzeal
=1.5cps, |Jze6a| =0.5¢ps, [Jeeza| =0. 4cps, |Joazal
=0.3cps 5 Fko] Hzgl u} Sieisre,

23 5 peak 9] chemical shift = Ramey!® %
o] 3 373} 4-phenyl-1, 3-dioxane o A &] 442}
Delman'%18%-2] 4-methyl-1, 3-dioxane -]} 4] 2}
Hoe, Hz, 9 49} vl w3t 485 ek, 0,—Ce
2 03—C, A %9 deshielding coneo] &#43}=

Chemical Shifts (d) and Coupling Constants (cps) of the Model Compound

4-hydroxymethyl-1, 3~dioxolane

1, 3-dioxane-5-ol

Proton d (ppm) J(cps) Proton J(ppm) J (cps)
Hy, 4.97 — Ho, 4.71 —
Ha, 4.83 —_ Ha, 4.70 —
Hy 4.75 — Hs 3.95 —
Hs, 3.70 Jsu=6.0 Hi=Ha 3.68 Jasa=Jousa
=J gese =J 6ese
Hs. 3.95 Jees=6.0 =3.0
OH 3.35 — Jiesa=Joesa
3.57 Hj.=He. g3  “luse=les
CHOH — =6.0
3.63 OH 3.50 —
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Acrolein-Glycerine fi&4o) #igHEs 2 A 23 H%E(D)

H,. 7} H; Bt} downfield Z 2 2 shift=[o]
ehibol 3t 5o Ax zEdte] AT ;&
Table I o] et i,

Acrolein acetal 5¢] PMR A # Ezl: dg}3
st dgAq A e Fig 7
of ZA 349}t Coupling constant & #Z&L &
74535 th. Model 313HE (Fig. 6) 3 ¥] aste
5~6ppm o] 9] B4 peak & C2 9] vinyl 7]
of &g Aeln 3~4ppm el A9 peak £ acetal

1, 3, 5-trioxane) °2- A,BA & E PMR ¥ ez}
o] A9 vinyl 2ol 213 chemical shift & w]iL
3te] 2 upfield o] A downfield &0 2 =CH,,

H
OScH—, ~C= £42 tehe Aol o
@)

=

59 =CHzo 2§ peak & 4.7~5.2ppm of

A 5o vhehgteh, =% —OH ol &% peak
£ 3ppm AN FHA vhehst WA

o] A A= upfield F2 2 cis-dioxolane—trans-di-

A

o1 A4h A 33 19803 59

o] o3t AHolr}, Metacrolein(2, 4, 6-trivinyl- oxolane—cis-dioxane—trans-dioxane & o
540 420 300 180/ {360 240 120
1 T T |7f T T T HZ
()
60 MHz
H{N
[¢] 2 H /
SeH-c=c¢ f
s \
[¢] (3) (4) H(2)
—-jJ CL’{«% - OH
()]
HaHooHeo (@@ (2 HeHedolHe
L I 1 1 1 1 { L 1 ) 1 1 1
B 8 7 6 ) 4 37/ s [ 4 3 2 ppm
trans — |, 3 — dioxolone cis —1,3 —dioxclane
& e =?° 45 545 S "
(8)
60 Mz
o 2 H H(I)
SeH-¢ = ¢
0" (3) (4 H{2)
OH
CsCuCe CsCCe  OH
) 1)
) (3) (2
1 1 | 1 i 1741 [ | .
9 8 7 6 5 4 ¥/ 6 5 i) ‘3 ppm
cis = 1,3 —dioxane frans ~ 1,3 — gxans.
Figure. 7. NMR spectra of the isomers in carbon tetrachloride (10%w/v).
Internal reference: TMS (<10%w/v). A:1, 3-dioxolane, B:1, 3-dioxane
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Table I. Polymerization of Acrolein with Glycerol
' Reactants Reaction conditions Product
Polymer
No. Acrolein Glycerol time temp. pH Molecular* Stat
(mole) (mole) (hrs) (°C) weight ate
A 1.3 1.0 48 68-73 6 1, 800 semisolid
B 1.0 1.0 8 68-73 6 500 oil
*obtained by cryoscopic method using dioxane as a solvent
Table M. Solubility of Acrolein-Glycerol Polymer
Solubility Solubility
Solvents Solvents
Polymer A Polymer B Polymer A Polymer B

Pyridine ++ -+ MEK. — —
DMSO + + CCly — —
Dioxane + + CS, - —
Water A + Benzene — —
Methanol A —+ Xylene — —
Ethanol A A n-~Hexane — —
n~Buthanol A A Cyclohexane — —
Acetone A + Toluene — —
Chloroform + +

+ Soluble A Partly soluble — Insoluble

kA o] =5 ¢t} Cis-, trans-dioxolane & g8

o ~#A et} cis, trans-dioxane 2] EFE &
# e} chemical shifte] Walsl A+l
ESFEY HEAL W=
A} zEASE L BAeE Table e vk
Wglonl, LA 3 442 Table M3 7

Table MolA & 4 & upeh Zo] o] T3
2.2 pyridine, DMSO, dioxane, chloroform
7o galfe] A g sht 7 g Sl A 2 &
S E A sk

Fig. 8¢ =¥&2 IR 29 =8&, Fig. 9, 10
of PMR 2 2215 vepllet. Fig. 8olAl 2
235 B 1640cm o] A <k F5H 71 9
A2 acrolein 9] 2% ol EA S Yot
wolAH FgA AoAE = F57F o5 oFst
A vebsieh, JA48 —OH Fdst At
WA 3400cmleo]| e} E acetal 9] C—O0—C—
0—C9 stretching A Eo} 23t Fd7F 1000
~1200cm™ Abojoll A B Pl ol A-E FIRAU

A

Acrolein—glycerol

rlr s

224

trangmittance (%)

POLYMER A

(6]

=0

PCLYMER B

4000

Figure. 8. Infrared absorption spectra of polymers.
(polymer A: pyridine 5% w/v, reference
pyridine polymer B; neat)
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Acolein-Glycerine #& %2 #ERHETS 2 EAd 23 Ha(D)

540 4
! 2 g o g
Hz
S
60 MHx S
™S
|
POLYMER A
I 1 i ] 1 } } i ]
8 7 6 5 4 3 2 ] O ppm
540 420 300 180 [+
T T T T T 1Kz
60 Mtz
T™S
POLYMER B
S J S
— a
] T y ) 1 ! ] 1
8 7 6 5 a4 3 2 ] O ppm

Figure.9. NMR spectra of polymers in deutero chloroform. (polymer A, 5% w/v, polymer

B, 10% w/v).

o] —OH )¢} acetal 3] &A1& oJvl3te Ao
2 4=t o= d4L d4E4H PMR
zH ezt A B& 2 25}, Fig. 9,104
A Vel AL 29 acetal proton off 9] 3§} peak
L 3.5~4ppm, TFA cyclic acetal o] & 3}
Ad —OHeol 9% F4* peak = Sppm A
o} A 3] ZA8t}. Methylene 7} methine ({CHy—
CHY o 93t peak 7} 2 ppm ZH o)A et A
£ Fig. 714 C, group 9] 5~6ppm ol A 2| peak
7} Fig.9,1014 A9 Qloia A #AH"d A

®elH A 49 A33 1980 59

o2 NS $9 3 2-vinyl-1, 3~dioxolane 8] =
ol A #3235 AANgx A A}, =¥ F
FE BolA FAS el peak(8.7, 3.2ppm
in CDCl;) (4.0, 3.6ppm in pyridine) &= 1,3~
dioxolane 32] —CH,OH ¢ 2}3 Ao 2 FA 5
W olZle] FA AdAE A felA 4L
IR 2% E2lo] A ¢} o] PMR &% Bl A = &
5 $HAFE 400k Bx gDl o
Bt Aoz AAdt
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1 i ] I Hz
TMS
S
POLYMER B J
1 1 ! 1
6 4 2 O ppm
Figure.10 NMR spectra of polymers in pyridine. (polymer A, 10% w/v, polymer B, 20
%, w/v)
4. ¥ E constant 7t-& 4-hydroxy methyl-1, 3-dioxolane

1. Acrolein 7} glycerol &3+5-2] |49 7]3}
o] AAEL GC % EAAA 3t E3f
7} AAsstg on 7 o) 4Ael FEe FilE A
2ol 98 cis dioxolane 27. 4%, trans-dioxolane
22.7%, cis-dioxane 23.5%, trans~dioxane 12.8%
o] 9}, Retention time £
dioxolane, trans—dioxolane, trans-dioxane %]
o2 Aozt

2. Model 318+5-9] chemical shift ¥ coupling

cis-dioxane, cis~

A
o
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d w H, (4.97ppm) H,, (4.83ppm) H, .75
ppm) Hs, (3.70ppm) Hs. (3.95ppm) OH (3.35
ppm) CH,OH (8.57 2 3.63ppm), Js5.4=86. 0 cps,
J5.4=6. Ocps ©] %1 =, 1, 3-dioxane-5-ol ofl 4] & Ha,
(4. 71ppm) Ha, (4. 70ppm) Hs (3.95ppm) Hy,=
He. (3.68ppm) He=He, (3.73ppm) OH (8.50
£pm), Joosa=J1ese=Joe5e=3. 0cPS,  Jiesa=
J6e50=Jaase=Jga5e=6. Ocps ©] A vt

3. Acrolein—glycerol 3% o] A A &2 AH2A
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Asich WA olgAE 28y Hole g
2 993 chemical shift & upfield &0 2 cis-
dioxolane, trans-dioxolane, cis-dioxane, trans—
dioxane &] o 2 o] 533t}

5. PMR =8 E2}, 434 ¥ GCHloH 4
¢] dioxane @ dioxolane o] A Ao A Eu] Zof
el = Ao2 n|Fo] acrolein o] glycerol 7}
A Eefiol A FAH o2 F¥3e] acetal F&
Az ool vinylZl7d HAA AAHE F
FHAAE e Aoz A=Y F3A S e
1, 3-dioxolane, 1, 3-dioxane 3to] &g =o] 1}eh
F Zlo] o A=

o] =&
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