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Abstract Aliphatic isocyanate trimer has the advantage of excellent thermal stability, radiation resistance, corrosion re-
sistance and flame retardancy. It is an important unit for various chemical products. Hexamethylene diisocyanate trimer
(HDIT) is one of the popular trimers, which is mainly synthesized through the polymerization of monomers. A variety of
catalysts have been applied in this procedure, including metal salts, phosphines, aminosilanes, N-heterocyclic carbenes and
N-heterocyclic olefins. However, HDI monomer is usually expensive, while low catalyst activity, harsh preparation condi-
tions, and easy-formation of polymer are often observed in the polymerization process. Pentamethylene diisocyanate (PDI), a
cheap bio-based linear aliphatic polyisocyanate with similar structure to traditional HDI, has the potential to replace HDI.
Since the activity of PDI is lower, it is found that the catalysts applicable for HDI work not well for PDI. Herein, we design
and synthesize 1,4-bis(2-hydroxy-isopropyl)-1,4-dimethylpiperazine bisquaternary ammonium base (PQ-OH) as the catalyst
for the production of both HDI trimer and PDI trimer (PDIT). Due to having two hydroxide ions, PQ-OH catalyst can attack
the -NCO groups of two monomers at the same time, thus improving the reaction efficiency. Moreover, the f-OH groups on
the catalyst molecule also promote the polymerization process. The piperazine ring structure in the catalyst has obvious steric
hindrance effect, which can enhance the reaction between small molecules, and inhibit the reaction between large molecules
and small molecules. Thus, the product with high trimer content is obtained. A general synthesis procedure for PQ-OH is
described as followed. Propylene epoxide (70.0 mL, 1.0 mol) is added to a mixture of 1,4-dimethylpiperazine (67.6 mL, 0.5
mol) and water (18 mL, 1.0 mol) dropwisely under argon. After stirring at room temperature for 4 h, the solution turns to
brown and stratifies. The lower layer is separated and concentrated in vacua to remove excess propylene oxide, water and
possible alcohol by-products. The obtained crude product is dissolved in methanol, followed by decolorizing with activated
carbon and drying with molecular sieve. After filtering and concentration, the desired product is obtained as a white viscous
liquid.
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Table 1 Optimization of the reaction conditions

N OH-
OH
PQ-OH
Entry* Ratio” t‘/h th Chroma/Hz
1 1:2:1.5 4 0.75 <70
2 1:2:15 9 1 <90
3 1:2:2 4 1.5 <45
4 1:2:25 4 4.2 <60
5 1:15:2 4 5.5 <60
6 1:25:2 4 1.25 <60
7 1:2:2 4 1.25 <45

4 Reaction conditions: substrates were stirred at room temperature in an argon
atmosphere. © Ratio=n(1,4-dimethylpiperazine) : n(H,0) : n(propylene ox-
ide). ¢ Time to prepare catalyst. ¢ Time of polymerization reaction.

2.2 PQ-OH ZWEMTIE PDI RER K HIN A
2.2.1 PDI = FAkay A%

RN T AR 44 1) PQ-OH fE4LFFI% PDI —
BB CR, BATHEL I HE . BE&RNH
RN R AT THRY), SRS ER 2 . HRMR
FEN 80 CHY, FATKILan FAAL I H ik, N5
ERNARAAR R A(F 2, Entry 1). FEE L7 &1
I, PDI AR Ak 26 A0 = SR I & A0 BB ek 2,
Entries 2~4), A /=4t Bf HUAARET AL R &

#2 PDI =R MM

Table 2 Optimization of PDI trimerization reaction conditions

R= -(CH,)sNCO

Entry PQ-OH/% 7/C  th  Conv./% PDIT*/% Chroma/Hz

1 0.04 80 — — — -

2 0.05 80 4 74.8 454 <60
3 0.06 80 13 75.1 48.1 <45
4 0.07 80 0.5 80.0 56.4 <60
5 0.06 70 4 63.3 39.5 <45
6 0.06 90 0.5 84.1 51.3 <60
7 0.06 80 1 73.7 46.9 <45
8 0.06 80 2 78.4 54.1 <45
9 0.06 80 3 81.2 483 <45
10 0.06 80 4 82.3 43.7 <45

4@ Reaction conditions: Preheat PDI (20 g) to 90 C for 1 h in an argon atmos-
phere, then reduce the temperature to 7 ‘C and add the catalyst. ” Based on
HPLC analysis.
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9 PDI HAR TR R[] 0.06%. Z&-A SN IR XS =PI
Mo 2 DL BRI, XA T IR B AR B R TR N, i
MR ERTEE, R RN R RN, 2 =Rk
YIS R K, EEE T AERE REYER 2,
Entries 3, 5, 6). FRULZ AL, WIS (]2 5 A VAR FE
M EE R . B R R AE K, PDI S 1)
{24 BTG NGR 2, Entries 7~10), {E724)+ PDI =%
REIE B R —NEERI(E 2, Entry 8), XU &N
AR =R SEEATINER FTHERERERNAE
RS S, BT CAFRAT] 7 3 B — N P 38 1 IR B
lH). SRIGLE R, [ 80 CHNAN PDI BT EK
0.06% AL, [V 2 h & LEGE E I, PDI SR FE
HZTTIL 78.4%, FifFRAEYH = RIEEETIA 54.1%,
O E KT 45 Hz(3E 2, Entry 8).

b5, FATK A H PQ-OH #E(LFFIHT HDI IR &
RN, RISNREE A 80 C, L&Y PDI
RIFER 0.04%, [ 1 h I HDI BfKRFEAL AT A
52.1%, i RaYH = RIEEE1A44.2%, AEKT
35 Hz, 5CHIERMFIMEER, 8EREE 25, A
TR0V PQ-OH i, JATER: T &N 2-5&
PR = o R e Eh (TMIR-4) 5 4% 35 = F R A AU Ak Bk
(BHS)IX P F i L 1 FH - A o 1 e OB i 5 e o P 4
13, KdEAT PDI MIERERM(GR 3). HHELIe g Tl
TEFRERI IR N 4614 T, BHS T2 Ai#4L PDI 3 & ) B (%
3, Entry 1), XTI fg2 BT PDI HARAHE T HDI HA4 T
5 RNIEERUK. 5 f-OH ) TMR-4 {4k 57 B AR XF
PDI H) 5 A )R S BA — & MR (S 3, Entry 2), {H
TR AR, B R = RIS &, #RT B Hm
PQ-OH(# 3, Entry 3).

3 AFMEAAMEE L
Table 3 Catalytic activity of different catalysts

Entry®  Catalyst’ t/h Conv.”/%  PDIT?/% Chroma/Hz
1 BHS — — — —
2 TMR-4 2 66.67 49.24 <45
3 PQ-OH 2 78.44 54.14 <45

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Reaction conditions: Preheat PDI (20 g) to 90 ‘C for 1 h in an argon atmos-
phere, then reduce the temperature to 7 “C and add the catalyst. ®» Based on
HPLC analysis.

2.2.2 PDI =R Ak#9 L sk £ (FTIR) %47
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Figure 1 Infrared spectra of PDI and PDIT
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Figure 2 Gel permeation chromatography of PDIT and PDI
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Figure 3 Proposed reaction mechanism

3 g

ATARRIF G T &4 f-OH ARSI
TR, LA &R PHRAN, RN 2019, Zifbid R e
UG 45 AR, A A RCR BT AL I 25 1 2
1,4-ZFELORIE . KA R e by 12 2 0
2, NI 4 b 22t aiARab e, T RIS 2 B R A
ARBARAELLT. K5 PDI HARFTE K] 0.06% K fHEALTH ]+

Acta Chim. Sinica 2021, 79, 1113—1117



F F R

i@

PDI HIRA& RN, 78 80 C &M 2 h, w153
PDI =R EEN 541%0RE7Y), HEOFEKT 45
Hz. 5i&Em 2 e AR, FRATATH % R4
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(IEERREAE, Z3 b e B 7 0] RE R AL R BRI B, A T
PEX Tk 6 R T = FUER B R A R B I #1677 B
HIRIFIHE SR L.

4 SCIGERSY

41 REEX.

FH 10 mL & #£E 0.5 mol/L — 1F ] - H 2K VTR,
IONE]0.12 gilFEH, R840, MWL 4 HE 5~10 min J5 i1
A 3~4 IR By SR n A, SERHEMONIE SR . Db
U SEBRIKEE N 0.15 mol/L #hPR-T5/K 2 B bR v VA i
€ B NG AR R s B G PR N s ), H 1
min ANAREE, BRI T 2 & A, 10T BRI TS FE SRR AR vE
T E AR V2 (mL). BT AR, JHFERI SRR
PR 2 IR AR BUR 2 AR 7 (mL), iHE AR
T

NCO= =(V,—V,)x5.25

(V; =V,)ex4.2
m
4.2 WRIRAEZERIHAHI & 75 7%

FER TR, KA AEE(70.0 mL, 1.0 mol)ZZi&
WA 1,4-—FIENREE(67.6 mL, 0.5 mol)57K(18 mL,
1.0 mol) VR EATRH. RIGTEZIR FHH: 4 h. RPigh
WG e, HASZE. BRI R R 5E 4
kL, AT SRR, 2R 28 2 Bk
A GG, B AR 22 R E AN
I CA R AT R A I BE SR R4, 45 B4 (L IR AR AR
7, BIONIRGE = Ee B AL AR T, P22 KN 46.3% 7%
A, FTHEMH TG . 9 1 B 5
X P B R, FRATTRH AR AT i — 2P ik,
1 g MY H 10 mL R EAT AR, RIS 4 g it oR
PEREHEATI B, U8 S, TR 4> -0 BR 25 AT BR AR TE 1Y)
K. WG EITC IR, SIEARIRYE G133 A AR
Wik, BN HFR4) PQ-OH. 'H NMR (D,0, 400 MHz)
9: 1.14 (dd, J=53.4, 6.6 Hz, 5H), 1.85 (s, 1H), 2.31 (s,
3H), 2.81 (s, 4H), 3.18~3.54 (m, 14H), 4.42 (s, 1H); 3C
NMR (D0, 400 MHz) ¢: 18.1, 21.2, 23.4, 43.4, 47.5, 48.9,
61.0, 61.8, 66.6, 67.9, 160.7, 181.7; HRMS (ESI"): Exact
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mass calcd for CpH3N,0s, [M+Na '] requires m/z
289.2098 found 289.2484.

43 PDIEB&RMN

¥ PDI #4£(0.13 mol, 20 g)IMA KRR, 7E&/S
R FHRZE 90 C, T 1 h GRRIEEREIRE, FiR
JERSE JE, TN PQ-OH M4k VAR CRF H B HEA TR RS,
FRREREN 10%), IMEEE N 1 3#/10~20's, $i] MR
EEFsEEAEE 1 C. H R EEMER R D
NCO M, PAHCRIEI R N 3EE. 24 NCO & &k F
BURE, IIONBEER — T ERBLRFA, PR HRL v gh
J&, AN PDI BARLE 140 CIMS R, FHHEEZR K 2%
JE(100 Pa PLR)ZEIEERZ:. BT ORI & 2 el
A3 0 FH AN S SR BB ) T 9 27N, X B 4 r=
JRFEARTCREMA, BT LATG 7 A B RR 2.
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