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Reactivity of Glycol Having Both Primary and Secondary Hydroxyl Groups in %Tl g;fgg

Esterification and Its Influence on Structures of Polyesters: A 7

Polyester Synthesis Using 2,2.4-Trimethyl-1,3-Pentandiol Chikara
Kawamura

Summary

Polyester is one of main binders for various coatings and is needed to have optimum
performance according to applications. Therefore we have accomplished designs of polyesters
with satisfactory properties by combinations of many kinds of polyhydric alcohols and polybasic
acids.

Since reactivities of hydroxyl groups of polyhydric alcohols depend on molecular structures
close to the hydroxyl groups, for polyesters composed of several polyhydric alcohols with
different structures, hydroxyl groups having higher reactivity tend to form ester-linkages and to
be incorporated in polyester backbone chains, whereas hydroxyl groups having lower reactivity
tend to remain unreacted up to the end point of polymerization and form terminal functional
groups of the polyesters. Furthermore, the polyester terminal hydroxyl groups react with
hardeners to form cured films; hence the type of hydroxyl groups is one of factors influenced on
film performance of coatings.

In this study, I analyzed polycondensation processes of 2,2,4-trimethyl-1,3-
pentandiol (TMPD) having both primary and secondary hydroxyl groups, whose esterification
reactivities are markedly different, and the structures of resulting polyesters. Specifically,
in order to understand relationships between types of dibasic acids and the structures of the
resulting polyesters, I followed polycondensations of TMPD and adipic acid (AD) as an aliphatic
dibasic acid, isophtalic acid (iPA) as an aromatic dibasic acid or hexahydrophthalic anhydride
(HHPA) as an acid anhydride, and also the copolycondensation of TMPD, 1,6-hexandiol (1,6-
HD) and AD with "C NMR quantitatively. The following results were obtained.

(1) The polycondensation system composed of TMPD and AD having a low melting point
is transparent and homogeneous even below the start temperature of the esterification
reaction, and the reaction of the primary hydroxyl group of TMPD starts at lower
temperature than that of the secondary hydroxyl group. However, in the other case of the
polycondensation system of TMPD and iPA having high melting point, the esterification
reaction proceeds simultaneously with melting of iPA, and both the reactions of the
primary and secondary hydroxyl groups start at the same time.

(2) There is a difference in the start temperatures of addition reaction between the primary
or secondary hydroxyl group of TMPD and the anhydride group of HHPA. The addition
reaction of the primary hydroxyl group of TMPD occurs below 80 °C, and that of the
secondary hydroxyl group starts between 80 and 100°C.
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(3) For the primary and secondary hydroxyl groups of TMPD, the start temperature of the
esterification reaction varies according to the types of dibasic acids. However, in a high
temperature range where the esterification reactivities of the carboxyl groups of the
dibasic acids become high, the structures of TMPD moieties in the resulting polyester
depend on the conversion of the hydroxyl groups but not on the types of dibasic acids.

(4) For the copolycondensation of TMPD and 1,6-HD having higher esterification
reactivity, the esterification reaction of 1,6-HD progresses earlier than TMPD over the
polycondensation and the conversion of TMPD decreases. Consequently, the polyester

having higher secondary alcohol content is produced.

The above stated results suggest that, for designing polyesters with satisfactory properties
from plural polyhydric alcohols and polybasic acids, it is necessary to consider that not only
monomer compositions but also esterification reactions with various reactivities coming from
combinations of hydroxyl and carboxyl groups, and reactivity behavior arising from physical
properties of monomers such as melting points of dibasic acids.
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14 3 DK EERAH 3 57) =D T AT WAL G
PEIZRILTH. 1 A kg Ike el C28 K BRI oo SO
1T LS, 3 MK FR I BUS L 70wy (Al SO
200 TLLF)”

EEOHRE 2,

SHIZ. T AT ISR AR T A7)V K i K B
S B E ARG KEESE O LS (fV T 7 R—Mb
EWEDBOR) &, TATIALUB DL, FAEAFES
I 2T NVAEEZ TR LA T A7 VBRI A TG VK
[ B I = = By

RWFFETIZIEMOM T2 S5, = AT WAL RS
DE L EE e D 1R E 2R DIKEEEZ A 35277 T— IV Thb
224-M) AF)-1,3-22¥>PF— )L (TMPD) % & & E i &
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CH3 CH3
HO—CH,—C—CH—CH—CHj
CH3 OH

2, 2, 4—Trimethyl—1, 3—pentanediol (TMPD)

HO—CHy~CHy—CHy—CHy~CHy~CH,—OH
1, 6—Hexanediol (1, 6—HD)

Fig. 1 Chemical formulas of dibasic acids and glycols
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Tablel Monomer compositions of polycondensations
Monomer composition (' mol )
Run No. Dibasic acid Glycol
AD iPA HHPA TMPD 1,6-HD
Polycondensation-1 0.80 - - 1.00 -
Polycondensation-2 - 0.80 - 1.00 -
Polycondensation-3 - - 0.80 1.00 -
Polycondensation-4 0.80 - - 0.66 0.33

2.% B

2.1 RULXFIVDERFEF

1L 7280 3 ) a— L oRErE R %R $, AD.
iPA. HHPA, 16 -HDIZ T ZE# HxZ2DFERH V2. TMPD
FA =AM 7 VT SRR SFL KD TR E 52V T 7 RORE
T OFFHEHLz,

2.2 BIULEERERD

R A NIPUL B ZAT o7z FAE A DOE /¥ — ke 7R~ 3
Polycondensation-4 TIZTMPD @ 1§ & 28 D /KRB
LY 1,6-HDD 1 MK R L D e AR S5 & 2 BRI BL A% 3k 78
L7z

Polycondensation-3 PAAMZ, 4T E /<~ —% il i
T\ 100 T2H5 240 TE T, 20 C /WM O EETH-L

H L7255 B 7k A RN L LR DsS AR A BUSE T 5720
E512, 10 THZY > T 7EIT, BEfa S GOz
17577

Polycondensation-3 (. HHPA DK ILETMPDO
IRERFEE DA MIBOSIE 100 C UL TRIZEHEML 72T,
O EH A LD 20 T80 T 5 20 T e o#EC
240 CETHIREL. 20 CHIZH > T7 2TV, BEHEE K
A B R 720

2.3 NMRDOAIE

¥ C NMRO#lEIX. NMRE#EL THARE RS
HAEX-400 (1004 MH z @ * C NMR) ZfliHL, H>7
Vo 7kl A KRB EBICEMRL, 27OV H
TET T T TIT o720 BB EAKEZLT

¥ (TEb—d6) DA 45 T EARFALIAF IV AR
FF (DMSO—-d6) D341 80 T EAFE L7 uTFL L
(Zuufis—d) O¥E1E 40 TTREERITV, EBEITE
T 20 wtW&L7zo F7o. WEPEAEL L Tl E K AL E i
DT FIVEFIHLIZ.

* C NMROMISEIZEER " & [F ORI E ST T 5720
¥ C NMROA PN E S TRLNI2L 7 ViR DR 53-E&
05E S AT ASHT BE Cah L ML 72"

3. WERBELUEE

3.1 “C NMRICEBRUIZFILDIEE R

G S ORISR COZ)a—IVoIEE CGRKISE/
< —. 1EFI2MDF TT OIKFRIED I T AT VARG G
B, REEFE SIS AT VRS R TE) BLO. ERL7:
)T AT VRO ZIKERIEDERIL, 7 a— VAL DK
WS 2\ NE T AT IVAE BRI T a fLI SR8 éhémi’é@
NMRGWFENFT o720 F7oy 7 FNOIRIEIL, BEHR Y
oW To72,
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160 C TOERI D20 %7 X —d6iEiHi% 45 C THEL
72 TMPDIRAL DS 7 VA S B L7 AG AR 9o BURRERE
TOAEH T OTMPDIEREDIEIRIZ, 70.0 ~ 74.0 ppm D
FIBI B SN D TMPDEML DO AF LV kRIS by
7 VEFIHL TIT o7z, ficb A0 73.1 ppm D7)
WaF GO TMPDE/ ~—D 1 fok i S B 7-AF 1L
VIRFET2.2 ppm DT FIVE VRERIKEEFED I T AT )VEEE
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g2 72 AT L B3R, 70.9 ppm D7 FIVE & 28T
J7 DIKIEFEDS T ATV G2 T L 72 TMPDFAL (TMPD
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7NV 2K BRI D BT AT IViE G % T L 72 TMPDEBA
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FIUTBIELT
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TN o COFAIK DT 7T LE A A O TMPDHRALD AT L
VIRFTEEL. RS OIER, 714 ppm D7 FIV
% VKR IE D o T 27 Vi &2 T2 L 72 TMPDHAL (TM
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ppm D7 FNVA L& 28O )5 DK ERFE DS T AT )V AE A
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69.9 ppm D7 FIVETMPDD R IIEHE /< —D 1 Fh K EE
FLITBEREL 7o AT LU 3R, 67.8 ppm D7 IV 28k K ik
DB T AT VG L 72 TMPDEME (TMPD— i PA
2) DIKFRILICHEFEL 72 AT LV R FEICFNFIRIE L2,
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Fig. 3 *C NMR spectrum of Polycondensation-2 (iPA//TMPD)
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DS SALARRE S 1D 63.0 ~ 64.0 ppm IZFEOSNDL TS
F VI 1,6- HDEML O T AT VS AICBEL 72 AF L > B3R
BRI 60.0 ~ 61.0 ppm (FIKERFLICBEHEL 72 AT L >
IRFRNZENZTIVRIE L 720
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O : TMPD monomer (TMPD)
@ : Only primary hydroxyl group esterified TMPD (TMPD-AD1)
A : Only secondary hydroxyl group esterified TMPD (TMPD-AD2)
M : Both hydroxyl groups esterified TMPD (TMPD-ADI2)

Fig. 6 Molar distribution of TMPD structures as a
function of reaction temperature during
Polycondensation-1 (AD//TMPD)
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: TMPD monomer (TMPD)

: Only primary hydroxyl group esterified TMPD (TMPD-ADI1)

: Only secondary hydroxyl group esterified TMPD (TMPD-AD2)
: Both hydroxyl groups esterified TMPD (TMPD-AD12)
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Fig. 7 Molar distribution of TMPD structures as a
function of conversion during Polycondensation-1
(AD//TMPD)

ZEROME

No.156 Oct. 2014



ZR O

1#RE 2 KBEZZET 57U I-ILO IR T IV LRI S HigEE

OHND, TAUE, FUBDOHEITICPEI ARG D 1 MK FkE:
WX 95 2 MoKERFEDEI G olh] ., BIOT2 DOKERH:M
[ZAFIVEE (MKERERICHL B A7) /35 TMPDTIL,
— J DOIKEEFED T AT IVFE A O L, 1&75@7]@&%@1
AT MU HENZE AL A 5.2 22075k E 2.7

X812, TMPDHI KD 1 #k B L U2/ /K B FE DA FR A7
(S oK EEIEZ 100 2 $2) & USHRED MR
TR o AR USRI T, = AT VL IEEDO K2
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3.2.2 Polycondensation-2 (iPA // TMPD)
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@ : Only primary hydroxyl group esterified TMPD (TMPD-iPAl)
A : Only secondary hydroxyl group esterified TMPD (TMPD-iPA2)
M : Both hydroxyl groups esterified TMPD (TMPD-iPA12)

Fig. 9 Molar distribution of TMPD structures as a
function of reaction temperature during
Polycondensation-2 (iPA//TMPD)
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Fig. 17 Relative amounts of unreacted hydroxyl groups of TMPD and 1, 6-HD
during Polycondensation-4 (AD//TMPD/1, 6-HD)
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