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Scheme 1 Structure of N, N, N-trimethyl- N-{ 2-hydroxyethyl)
ammonium hydroxide {TMR-3)
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100 g(0.4498 mol) , BEFH T MAT R, ELF N,
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RO EEEW(TMR-3) & 2.8 wt% , W RN EE
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HEMMER LG EMNIEE IPDI XX P B
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1.3 F:/IE
1.3.1 NMRZE  DRX-500NMR #1X, & Fif
LA Sous = OCTMS, I R EELE), BB LL Scpey, =

77.00(CDCL , AR E ) NS % .

“ BC-NMR 223,003 125.77 MHz, JE R #1]
BEEBE (sgig) TR, X 37.59 kH, 2. 77 K B
WA,k rh, EEFI B 30.00 5, B0 1749
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032 ;AR KR L8 9% (DEPT) L %,
%K 125.77 MHz, % % 37.59 kHz,32.77 K 335
ALo bk, BEE RN 5.00 s, BN 1024 K;
PC'HR M S (HMBC) L%, ME &K N'H
(3% 4 500.13 MHz) . F, 433 10.0kHz,4.096 K
WES L ERY 2.0, BN 20 K. F, K 10.0
kHz, B3 256 BB M B RAEXFHRE.
1.3.2 ¥BHH4FRAUE  FHX-BASHEE
{X(VPO)WIE , VPO T F-143-F B2 710 g/mol .
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Fig. 1 ‘'The gated decoupling " C-NMR spectrum of the polyisocyanurate
solution in CDCl,

Table 1 Peak arca of > C-NMR Spectrum for the polyisocyanurate in CDCl,

Shift 8¢ Rel. peak area ( %) Carbon Shift §¢ Rel. peak nvea (%) Carbon
23.39 21.14 ' C-9 41.43 32.29 C-4
23.69 ~ 23,80 88.74 Cc-9 43.69 ~43.71 31.30 C-4
27 .44 5.83 C-9 44.16 10.94 C-4
27.75 8.79 Cc-9 4.70 13.72 C-4
27.80 19.90 C-7 45.17 ~45.26 41.89 C-4
28.02 25.11 C-7 46.26 9.84 C-2
28.41 68.75 Cc-7 46.63 34.03 C-2
28.50 20,09 C-7 47.10 35.47 C-6
29.81 6.40 C-7 47.59 ~ 47 .68 85.71 Cc-2
30.45 6.40 C-7 48.21 13.92 C-6
32.12 11.60 C-8 48.39~48.43 73.18 C-6
32.23 ~32.30 85.21 C-5 48.75 11.96 C-1
32.42 20.27 C-5 48.99 - 49.07 103.08 C-1
32.77 7.57 C-5 50.78 33.68 C-1
32.81 33,18 C-5 51.14 30.12 C-10
35.00 ~35.47 158 57 C-8 54.70 ~55.05 45,86 C-10
36.86 ~ 36.88 30.11 C-3 57.18 ~57.20 21.57 C-10
36.97 6.50 C-3 57.40 4.10 C-10
37.03 11.81 C-3 57.60 ~57.64 14.58 C-10
37.41 22.74 C-4 122.07 ~ 122.41 65.26 c-12
37.45 9.56 C-4 123.04 - 123.41 80.00 c-11
38.33 ~38.38 20.81 C-3 150.06 67.81 C-11
38.60 ~ 38.68 60.00 C-3 150.87 ~ 150.97 69.98 C-12
39.10 9.83 c-3
Remarks; the assignments of peaks would be confirmed later.
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B, Hd,149.49 ~ 151.08 R ik, HE R =
BREFRBEFHREE, T =EREKRRE, B
FTHESKD B F=HEEHAXEP, FRER L
BB MR NI, T & B ER B P B E K
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ERERBE RIS WL IEAY I =8E,
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IPDI i {& " C-NMR £ E A 22 Mg (W% 2).
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Scheme 2 Representation of the polyisocyanurate showing heteronuclear multiple-boud correlation (HMBC)

Table 2 Peak area of **C-NMR spectzum for [PDI in CDCl,

& Rel, pesk area (%) Assignment Shift & Rel. peak area (%) Assignment
23.73 70.54 c9 44.24 24.13 G4
27.48 24.13 -9 46.34 25.04 c-2
21.97 73.26 C-7 45.70 71.48 C-2
30.27 21.70 Cc-7 48.29 27.93 C-6
32.19 22.%0 C-5 48.50 72.17 c-6
32.33 70.26 C-5 48.86 26.71 C-1
35.05 . 25.26 C-8 49.10 71.90 c-1
35.16 68.23 C-8 51.23 2.07 C-10
36.95 69.09 C-3 57.27 72.23 C-10
37.12 23.30 C-3 122.53 98.97 C-12
43 .80 71.81 C-4 123.40 100.00 C-11

2 & IPDI B W= A" H-NMR %, B +
8§ 3.052~5.047 Z R R JLA R 5 EALH o« K
FEFHRMR. «c REBTRERBRNT,3.749
Rlp#E LS5 =F&%F - NHEN—CHL W H
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0.993.8 1.026 ~ 1.060 & EE N IF 1 7
BENS SUFBMATBHSEL NK ¥ L F
B, 67.295 9 CDCl, B HOHE. LY E#1 4
IPDI H =Y RS EEHRER o .f.7.0 K.

Fig. 2 'H-NMR spectrum of the polyisocyanurate solution in CDC,

2.2 2D-NMR $47

2.2.1 IPDI @ ™Y DEPT i & 247 B F
IPDI IR B B aESH B HEFH CH,
fCH, EFBHN HRTH CH, LLEFER, -
# NMR Tt X 4, DEPT F ik B4 08 T A%, £
R T

@ 3 £ 1PDI A B =/ DEPT # B, B HK
8 23.39 ~23.80,8 27.44 ~ 23.75 B r X B R
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Fig. 3 The DEPT spectrum of the polyisecyanurate
solution in CDCl;

HiJ 5 DEPT 5 E L K TPDI B4k ) #% R 1% &
Hoacfgm AT E SRR, "CNMR AR &
AR RE 3.0 MR EHIL RS,

Table 3 The result of DEPT spectrum for the polyisocyanurate
Rel.

8¢ Assignment

peak area
23.39, 23.65, 23.80, 27.44, 27.75 Cc-9 1.2451
.80, 27.93, 28.02, 28, .41, 29.81
27.80, 27.93, 28.02, 28.15, 28 9.81, 7 1,468
30.45
32.26, 32.30, 32.42, 32.44, 32.77, 32.81 C-5 1.4623
32.23, 35.00, 35.11, 35.31, 35.47 C-8 1.6991
36.86, 36.88, 36.97, 37.03, 38.33, 38.38,
- - 1
38.60, 38.66, 38.68, 39.10 C-3 1.386
.45, 41.43, 43.69, 43.71, 44.16,
37.41, 37.45, 41.43, 43.69, 43,71, 44.16 c4 1.4972
45,17
45.26, 46.26, 46.63, 47.60, 47.68 c-2 1.4958
47.10, 48.21, 48.39, 48.41, 48.43 C-6 1.2257
48.75, 48.99, 49.01, 49.07, 50.78 C-1 1.4872
51.14, 54.70, 55.05, 57.18, 57.20, 57.40, c-10 1.1623
57.60, 57.64

PA L3 k40 DEPT 3% B, Xof i o %) B B9 2%
WaEER, T EmA, LR IPDI B B M6k
EHREA=FBEEHNERIER.

2.2.2 " C-'H-HMBC ;T 78 # % i o 7 E
“C-'H-HMBCE# (B 4) , kMR B 5 SRR
Bin AR, 6 122.41.123.27 M XUER 4 5
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150.89 MR BRI 5 § 4.237.3.766 K EE T
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Fig. 4 1 C-'"H 2D HMBC of the polyisocyanurate
solution in CDCl;
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Fig. 5 ' C'H 2D HMBC of the polyisocyanurate

solution in CDCl4

57.32(10 L B ) 5 3.190 F1 2.920(10 fiz

B i ) BB R FREAR X, O T S R C
G R, BRENESSEENESZREM
XiE(E4)H,iEBT IPDI AR =YPH 121
NCO 75, B— ¢ B S5 HE=REHF B HATEH
W o AHER . BT RS X BERAA E
(& 6), % —FHAFIEH TRIEPHFXRERH
& .
2.2.3 IPDI BRFYEERRESE EdEm
BB FIEEB L, ARYMBE DR ILE 4.
£ LR, EEN,NNEZFE-N-(2-8BEZL
B)-SEAENEAT, RH/RM _REKES

Table 4 ?C-NMR shifts of the IPDI polyisocyanurate

8¢ Carbon éc Carbon
23.3%9, 23.80, 27.75 C-9'4 45.26, 46.26 C-2" g
23.69, 27.44 C-9"5, 46.63, 47.59, 47.68 C-27
27.80, 28.02, 28.50, 30.45 C-7'5 48.21, 49.39 C-6'g
28.41, 29.81 C-T"4, 47.10, 48.43 C-6"a
35.00~35.11 C-8', 48.75, 48.99 ~ 49.01 C-1' 5
32.12, 35.31 ~ 35.47 C-8"5 49,07 ~ 50.78 C-1"5
32.23~32.30 C-5'p 54.70, 55.05, 57.40 ~ 57.64 C-10' 5,
32.42, 32.77, 32.81 C-5" 51.14, 57.18 ~57.20 C-10"4,
38.33~39.10 C-3' 150.87 ~ 150.97 c-12'
36.86 ~ 37.03 C-3"y5 122.07 ~ 122.41 C-12"
37.41 ~37.45, 41.43, 44.70, 45,17 C-4' 5 123.04 ~ 123 .41 c-11’
43,69 ~43.71, 44.16 C-4" 5 150.06 C-11"

Remarks; C-94, showed carbon 9, the first letter of subscript was attributed to J position of nitrogen atom connected with C-11, the second letter of

subscript was attributed to 7 position of nitrogen atom connected with C-12,
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THE ">C-NMR ANALYSIS OF POLYISOCYANURATE MADE FROM
ISOPHORONE DIISOCYANATE

SONG Chunmei, XUE Haili, ZHUANG Xiaolu, HUANG Yi
( The Chemistry department, East China Normal University , Shanghai  200062)

Abstract Polyisocyanurate from IPDI was synthesized by using quaternary amine salt, N, N, N-trimethyl- N-(2-
hydroxyethyl) ammonium hydroxide (TMR-3) as catalyst.The structure analysis and characterization of the product
was studied by NMR ("H, " C, DEPT, " C-'H-HMBC) . The peaks at 83.509 ~ 3.650,4.094 ~ 5.047,3.052 ~
3.374,3.749 ~ 3.766 of the 'H-NMR spectrum were attributed to the hydrogen proton on the 1’, carbon atom
connecting with the nitrogen atom of N=— C— 0, the hydrogen proton on the 1", carbon of the IPDI trimer, the
hydrogen proton on the 10", carbon connecting with the nitrogen atom of N — C — 0, the hydrogen proton on the
107, carbon of the IPDI trimer, respectively.The peaks at & 122.07 ~ 122.41,8 123.04 ~ 123.41 of the ¥ C-NMR
spectra belonged to the double bonded carbon of N— C == 0 of 12" and 11'.The peaks at & 150.06, 8 150,87 ~
150.97 of the " C-NMR specira belonged to the carbon on the carbonyl group of the IPDI trimer of 11” and 12'.The
peaks at & 48.75 ~49.01, 8 49.07 ~ 50.78 of the " C-NMR spectra belonged to the tertiary carbon of 1’ and 1”.
The peaks at & 51.14,8 57.18 ~ 57.20 of the ° C-NMR spectra belonged to the 10" carbon of methylene . The peaks
at & 54.70,857.18 ~ 57.20 of the " C-NMR spectra belonged to the 10 carbon of methylene . The results show the
main product of IPDI self-polymerization was trimer isocyanurate . Trimerized isocyanuric and isocyanate groups were
main groups in the polyisoeyanurate. 1D and 2D NMR can differentiate two sorts of carbonyl groups and establish the
connections of all carbon and hydrogen atoms of mixed structures that originated from four different substitutions. The
calculated area values of peaks demonstrated the structure characterization of the polyisocyanurate .

Key words Isophorone diisocyanate (IPDI), Trimerization, NMR analysis, DEPT { Distortionless enhancement by
polarization transfer), HMBC ( Heteronuclear multiple-bond correlation )



