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Abstract: Diisocyanates, particularly toluene diisocyanate (TDI) are useful for the prepa-
ration of various polyurethanes with specific applications as leather-like materials, adhe-
sives, insoles etc. Blocking agents can be used for the operational simplicity and reducing
the hazards of TDI. In this paper we reported the use of 3-(4-bromo-phenyl)-1H-pyra-
zole to block toluene diisocyanate (TDI). FTIR, NMR, thermogravimetric analysis, contact
angle and differential scanning calorimetry (DSC) and were used for characterization. Ef-
fectiveness of blocking was confirmed by spectroscopic techniques. DSC thermogram
shows that blocked adducts deblock at 240 °C causing the regeneration of TDI and block-
ing agents to react with polyols of different molecular weights forming polyurethanes.
The characterization of polyurethanes has been done by Infrared spectroscopy, Nuclear
magnetic resonance spectroscopy, thermogravimetric analysis, differential scanning calo-
rimetry and contact angle study.

Keywords: Toluene diisocyanate, 3-(4-bromophenyl)-1H-pyrazole, blocking agent,
blocked adduct, deblocks, polyol, polyurethane, coatings.

1. Introduction

Polyurethanes are usually prepared by the step growth polymerization of diisocianates
and diols or polyols.[1] Since some of the diisocyanates are hazardous, it can be blocked
with compounds having active hydrogen so that it can be unblocked in presence of diols
to produce polyurethanes.[2] Very recently, different compounds have been used as
blocking agents such as pyrazoles, indoles etc.[3] Recently, 2-Formyloxyethyl methacry-
late, a liquid blocking agent has been used to block different isocyanates.[4] 2,4 —Toluene
diisocyanate has been blocked with imidazole, 2-methylimidazole, 2-Phenyl-imidazole.[5]
In this case, addition of isocyanates with active hydrogen compounds like alcohols,
amines, thiols etc. leads to the formation of urethane, urea, thiourethane and amides.
Among those, thiols react with isocyanates in a slower rate than alcohols and amines[6]
Phenol-, 2-naphthol-, and 1-nitroso-2-naphthol were used as blocking agents to block tol-
uene diisocyanate (TDI) and isophorone diisocyanate (IPDI). The 2-naphthol-blocked
diisocyanate adducts were thermally less stable than the phenol-blocked diisocyanates
adducts. The introduction of nitroso group in the blocking agent reduces dissociation tem-
perature. e-caprolactam has been widely used as an effective blocking agent for isocya-
nates.[7] Polyisocyanates blocked with caprolactam represent a commercially important
class of polyols. The dissociation temperature of a polyisocyanate blocked with e-capro-
lactam is ranged between 130 °C and 160 °C.[8] Further, malonate, oximes etc have been
reported as blocking agents for isocyanate.[9,10] Sodium bisulfite blocked isophorone
diisocyanate is water soluble and stable for more than 12 months at room temperature
both in liquid and solid state.[11] The blocking of polymethylenepolyphenylisocyanate
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(PAPI) had been done by using sodium bisulfate[12]. = Among  different  blocking
agents, pyrazole-based blocking agents have attracted special attentions because of their
effectiveness in blocking as well as deblocking.[13] The deblocking reactions of pyrazole-
blocked isocyanate proceed through five-center complex formation.[12,14] In this context,
a group of water-dispersible blocked polyisocyanates were synthesized from toluene 2,4-
diisocyanate (TDI) and isophorone diisocyanate (IPDI), using ethyl cellosolve (EC), epsi-
lon-caprolactam (CL) and methyl ethyl ketoxime (MEKO) as blocking agents in presence
of dimethylol propionic acid.[15] The aqueous dispersions of the adducts offer good stor-
age stability. The initial deblocking temperature of the adducts are at about 55-85 °C. Fur-
ther, methyl anacardate, secondary butyl anacardate and cardanol-N-hydroxy-
phthalimide (NHPH) were separately used as blocking agents to block 2,4-toluene diiso-
cyanate.[16] Aqueous polyurethane dispersions have been prepared from castor 0il[17]
and polyurethane coating with better adhesion and anticorrosion protection, synthesized
from blocked isocyanate has been reported recently.[18] Along the line, toluene diisocy-
ante (TDI), isophoronediisocyanate (IPDI), hexamethylenediisocyanate (HDI), 4,4'-diphe-
nylmethanediisocyanate (MDI) blocked with 2-butoxyethanol has been reported sepa-
rately.[19]

Efficacy of the formation of blocked isocyanate depends on structures of the isocyanate
and blocking agent, thermal stability of the isocyanate-blocking agent bond and cataly-
sis.[20] Along the same line, isocyanates were blocked with methyl ethyl ketoxime
(MEKO) and bisulfite (BS), for fabrication of DNA microarrays.[20] Isocyanates like hex-
amethyelenediisocyanate, diphenylmethane diisocyanate, isophorone diisocyanate, can
also be blocked with diethylene glycol monobutyl ether.[21] Imidazole blocked 2,4-tolu-
ene diisocyanate with polyethylene glycol, has been synthesized and characterized
with DSC, TGA, DMA and glass transition temperature.[22] Further, alkyl-pyrazole has
been studied as blocking agent[23] and polyurethanes have been synthesized from 4-
bromo-1H-pyrazole-blocked HMDL.[13] polyurethane composites with nanomaterials
have been reported by our group recently.[24-27]

Although blocked isocyanates are useful for their non-hazardous methods, the stability
and environment-friendliness of polyurethane elastomers depends on the use of aromatic
or aliphatic isocyanates and chain extenders like diols, triols, anddiamines.[28] The recy-
clability, and their properties have been studied in a few cases.[29] Further, the degrada-
tion of polyurethane elastomers can happen in the ways of photo-thermal, ozonolytic, hy-
drolytic, chemical, enzymatic, in-vivo/in-vitro oxidative, biological, and mechanical deg-
radation.[30] Recently we reported that biodegradable polyurethane foam is used in foot
ware to reduce waste.[31]

In this paper, we reported an efficient method of blocking diisocyanates to prepare poly-
urethanes using biocompatible polyethylene glycol. De-blocking and polyurethane for-
mations were performed in a simple operation without using any organic solvent. The
polyurethanes were successfully used as coating agents to improve hydrobhobicity.

2. Materials and Methods

Toluene diisocyanate, polyethylene glycol-400 (PEG-400), PPG-1000, PPG-2000 and PPG-
3000 were purchased from sigma-aldrich, 4-(3-bromophenyl)-1H-pyrazole from TCI,
dibutyltindilaurate (DBTDL) from fulka SG and used as received. Solvents like chloro-
form, hexane are purchased from emparta ER and used after purification.

Toluene diisocyanate (TDI) was reacted with 3-(4-bromophenyl)-1H-pyrazole as blocking
agent to form blocked isocyanate adducts. NMR, IR, TGA, DSC were used to character-
ize the materials and to investigate the deblocking temperature. At deblocking tempera-
ture, regenerated toluene diisocyanate was reacted with polyols of different molecular
weight to form polyurethane. Scheme-1 describes blocking reactions of isocyanates with
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3-(4-bromo-phenyl)-1H-pyrazole. Scheme-2 describes the reactions of blocked TDI with
3-(4-bromo-phenyl)-1H-pyrazole with polyols.
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Scheme-1. Blocking reactions of isocyanates with 3-(4-bromophenyl)-1H-pyrazole.
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Scheme-2. Reactions of 3-(4-bromo-phenyl)-1H-pyrazole-blocked-Toluene diisocyanate
with polyols
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2.1. Synthetic procedure of 4-(3-Bromophenyl)-1H-pyrazole-blocked Toluene diisocya-

nate adducts.

The 4.48 x10*mol (0.1g) of blocking agent and 2.24 mol (0.03 ml) of TDI has been taken in
a 50 ml single necked round bottomed flask along with porceline beads and dissolved in
15 ml of solvent. TDI has been added with a micropipette. 0.54 weight percent of Dibu-
tyltin dilaurate is added with micropipette using 0.001% of DBTDL. Guard tube was at-
tached to it and after refluxing, the round bottom flask has been allowed to cool to room
temperature. Then content of round bottom flask has been reduced in volume and trans-
ferred in a beaker, hexane was added for precipitation and kept in room temperature at
28 *C. The precipitation was filtered and it was washed with hexane and dried in oven at
60 °C for 6 hours. For purification, the adduct was dissolved in chloroform and precipi-

tated with hexane in room temperature.

2.2. Synthetic procedure for the preparation of polyurethane from 4-(3-bromophenyl)-
1H-pyrazole-blocked TDI adducts.

The 3.08 x 10+ moles (0.19 gram) of 3-(4-bromophenyl-1H-pyrazole-blocked-toluene-
diisocyanates and 3.08 x 10-“moles (0.307 gram) polyethers has been taken in a beaker with
narrow diameter and kept in oven at temperature 240 °C for 4 hours.After that the beaker
was taken out of the oven in cold condition. Then the sample is set in a soxhlet apparatus
using 500 ml pet ether and heating for 5h. 4-(3-Bromophenyl)-1H-pyrazole-blocked TDI
adduct have been synthesized in different condition like different catalytic concentration,
solvent and reflux time, as described in Table-1 and reaction condition of polyurethane

synthesis is described in Table-2.

Table-1.  Synthesis of 4-(3-bromophenyl)-1H-pyrazole-blocked TDI adduct

S. TDI Blocking Adduct Solvent Reflux Catalyst Yield (%)

No. gram agent (gram) Time DBTDL
10+ (gram) (hour) (Wt %)

1. 3.9 0.10 0.13 CHCI: 3.0 0.85 91

2. 3.9 0.10 0.12 CHCI: 3.0 0.65 85

3. 3.9 0.10 0.12 CHCIs 3.0 0.50 88

4. 3.9 0.10 0.11 CHCls 3.0 1.0 81
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Table-2. Reaction conditions of polyurethane from 4-(3-bromophenyl)-1H-pyrazole-blocked TDI ad-
duct

S. Wt.  of polyether Wt of Polyure- Wt of Yield Temp. Gelation

No. blocked poly- thane Polyu- (%) (°O) Time (h)
adduct ether rethane
(gram) (gram x gram
104)
1. 0.10 PEG-400 6.44 TDI-PEG- 0.061 95 240 3
400
2. 0.19 PPG-1000 3.22 TDI-PPG- 0.175 34 240 4
1000
3. 0.1 PPG-2000 3.22 TDI-PPG- 0.13 32 240 4
2000
4. 0.1 PPG-3000 4.83 TDI-PPG- 0.18 32 240 4
3000

2.3. Spectroscopic and thermal analysis

Nicolet Impact 400 spectrometer is used to record FT-IR spectra. Before recording compound  spec-
tra, the background spectrum was taken. 'H and *C NMR spectra has been done with CDCls solvent
on JEOL 500 MHz ECA instrument at room temperature. For the 3*C NMR and DEPT-135, the spec-
troscopic studies have been done with an operating frequency of 106 MHz.The ppm unit is used to
express chemical shift. For thermogravimetric analysis instrument,Netzsch with model name STA
449 F3 jupiter has been used with heating rate 15 °C /min and samples run from 25 °C to 600 °C. For
DSC analysis, differential scanning calorimetry instrument of Netzsch with model name DSC 214
Polyma has been used. In case of organic sample, heating rate is 10 °C /min. and temperature range
is 25 °C to 300 °C. In case of polymer sample, heating rate of sample is 5 °C /min and temperature is
from -35 °C to 280 °C. Contact angle meter version 8.0 of Holmarcopto mechatronics has been used

for contact angle analysis.
3. Results

The reaction of TDI with 3-(4-bromophenyl)-1H-pyrazole provided the blocked adduct with an yield
of 91%. Since DSC predicted the deblocking temperature at 240°C simultaneous polymerization has
been done at this temperature. In gelation time study, the trend was observed as TDI-PEG-400 adduct
< TDI-PPG-1000~TDI-PPG-2000~TDI-PPG-3000. In case of yield of polyurethane from 3-(4-bromo-
phenyl)-1H-pyrazole ~TDI the trend followed as TDI-PEG-400 adduct > TDI-PPG-1000 adduct > TDI-
PPG-2000 ~ TDI-PPG-3000.
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3.1. NMR Analysis

Table-3 shows NMR spectral data of blocked adducts and Figure-1 show '"H NMR and *C NMR of 3-
(4-bromophenyl)-1H-pyrazole-blocked TDI. Table -4.Shows NMR spectra of polyurethane from
blocked TDI with 3-(4-bromophenyl)-1H-pyrazole. The NMR data supported the structures of
blocked adduct and polyurethanes.

Table-3. NMR spectra of blocked adduct

Compound H NMR (in ppm) 1BC NMR (in ppm)

2.43 (CHs-7), 6.69 (2 H-10),7.51 | 16.93 (CH3-7), 108 (C-5), 127.18
(H-2, H-3),7.51 (4 H-13), 7.71(4 | (4 C-13), 130 (4 C-14), 152 (2 C-
H-14), 8.0 (H-5), 8.21 and 8.31 | 8).

(2 H-11), 9.10 (2 N-H).

(A) (B)

Figure-1. (A) 'TH NMR (B)'3C NMR of 3-(4-bromophenyl)-1H-pyrazole-blocked TDI
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Table -4. NMR spectra of polyurethane from blocked TDIwith3-(4-bromophenyl)-1H-pyrazole

H NMR (in ppm)

BC NMR (in ppm)

Compound
1
3 CHj 12 13
2
? H He MO
171+C— 5 N—ﬁ—o 9—9—0 16
o9 g8 H H
213 m N
TDI-PEG-400
1
4 3 CH3 13 12
o) 2 0 /H_CH,
n H H n 117 118
16+C—-N N-C-OrC-C-0 15
109557 811 \4 4
13 14 /p
n
TDI-PPG-1000
1
4 3 CH; 13 12
o) 2 .0 /MHCH
1 H H 1] |17I18
16+C—-N N-C-0O (IJ—C (@] 15
10 9 5 6 7 8 11 H |l|
13 14 /n,
n
TDI-PPG-2000
1
A 3 CH3 13 12
2
QH HG /1 GHs
15—C-N N-C-OFC=C-O+—16
109 557 811 |\ |18
13 14 /y

TDI-PPG-3000

1.54, 1.19 (H-16), 2.1 (H-
17), 2.24 (H-1), 3.65 (2H-
13), 4.22 (2H-12), 6.97 (N-
H-8), 7.42 (H-3), 7.57 (H-
4), 7.69 (H-6), 8.00 (N-H-
9).

1.10 (H-15), 1.24 (H-12),
2.14 (H-1), 334 (H-14),
3.47 (H-13), 6.51 (H-9), 7.2
(H-3), 7.48 (H-4), 7.56 (H-
6), 8.01 (H-8)

1.15 (H-15), 1.23 (H-12),
2.06, 2.26 (C-1), 3.41 (2H-
13), 3.55 (H-14), 7.51 (H-3,
H-4), 7.65 (H-6), 8.09 (H-
8,H-9).

1.06 (H-16), 1.19 (H-12),
3.33 and 3.45 (2H-13), 4.12
(H-14), 7.45 (H-3, H-4),
7.54 (H-6), 8.01 (N-H-9).

17.37 (C-1), 31.25 (C-17),
61.49 (C-16), 64.32 (C-14),
67.3 (C-15), 115 (C-6), 122
(C-4), 127 (C-2), 130.7 -
131.7 (C-7), 136-137 (C-5),
149 (C-10), 153 (C-11).

17.28 (C-15,C-1), 29.64 (C-
16), 72.8 (C-15), 73 (C-17),
75 (C-18), 127 (C-4, C-6),
131.8 (C-7, C-5).

17.2 (C-15), 22.62 (C-1),
2829 (C-12), 45 (C-16),
72.75 (C-17), 75 (C-18), 127
(C-4,C-6), 131 (C-7,C-5),
170 (C-10), 196 (C-11).

17.3 (C-1), 174 (C-12), 22
(C-16), 31 (C-17), 73,
127.28 (C-5,C-7), 131 (C-
3,C-4, C-6).
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Figure-2. (A) 'H NMR spectrum of TDI-PPG-1000 (B)'H NMR spectrum of TDI-PPG-2000 (C) *C NMR
spectrum of TDI-PEG-400 (D)*C NMR spectrum of TDI-PPG-2000

3.2. DEPT-135

Distortionless enhancement by polarization transfer (DEPT) has been used to separately identify the
signals of methyl (CH3), methylene (CH2), and methine (CH). In DEPT spectra,with methyl (CH3) and
methyne (CH) carbons are up and methene (CH2) carbons are down. Table-5 represents DEPT spectra
of polyurethane from 3-(4-bromophenyl)-1H-pyrazole-blocked TDI. Figure-3 describes DEPT-135 spec-

tra of polyurethane.

Table-5. DEPT-135 spectral data of polyurethane from 3-(4-bromophenyl)-1H-pyrazole-blocked TDI.

Compound DEPT-135 (in ppm)
1 y 17.11 (up)[CH3-1], 61.28 (down)[CH-
o 4 3 C23 o L21|_? 14], 63.5 (down) [CH:-13], 77.72 (down)
n H H i g1 _ _
N H 1 o 91_ 9150 o [CH:-16], 126.9 (up) [CH-3], 130.13
10955781 ] (up) [CH-4], 131.7 (up) [CH-6].
213 m N
TDI-PEG-400
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1 17.12 (up) [CHs-1], 17.4 (down) [CH3s-
o 3 CZH3 o 1H3 éZH 12], 71.69 (down) [CH2-15], 72.88
H H 3 . ,
16 6—N N—&—O C:31—7(:31§O 15 (down) [CH2-17], 73.61 (down) [CH:
10 9 5 5 7811\l 16], 127.29 (up) [CH-3], 130 (up) [CH-4],
13 14 /m . 131 (up) [CH-6].
TDI-PPG-1000
1 17.79 (up) [CH:-12], 20.9 (up) [CHs-1],
4 3 CHs 13 12 73.39 (down) [CH»-17], 75.43 (down)
QH Ty QMG CH-15], 77.30 CH-7],127
164+C=N N-C-0O C1—7C1§O 15 [CH2-15], 77.30 (up) [CH-7], (up)
109 5757 811 |\ [CH-3, CH-4], 131.5 (up) [CH-6].
13 14 1y
n
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Figure-3. DEPT-135 spectra of (A) TDI-PPG-1000 and (B) TDI-PPG-2000
3.3. FTIR analysis:

The FTIR spectra of blocked TDI and polyurethanes are shown in table-6. Figure-4 represents the FTIR
spectra of polyurethane. The absence of peak at 2250-2270 cm in 3-(4-bromophenyl) -1H-pyrazole-
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blocked TDI implies that isocyanate group is completely blocked with blocking agent. The absence of
peak at 2250-2270 cm! in polyurethane implies that isocyanate group is completely blocked in polyure-
thane. Figure-4 represents the FTIR spectra of TDI-PEG-400 4(a), TDI-PPG-1000 4(b), TDI-PPG-2000 4 (c)
and TDI-PPG-3000 4(d).

Table -6. FTIR spectral data of blocked TDI and polyurethane from it

Compound -NH -NCO -C=0 CH C-N C-O- C-H
stretch Stretch stretch stretch Stretc  stretch bending
(cm) (cm) (cm) (cm) h (cm) (cm?)
(cm)
Blocked TDI 3355 - 1730 3143 1230 1000 752
TDI-PEG-400 3306 - 1730 2880 1230 1081 781
TDI-PPG-1000 3306 - 1730 2868-2992 1230 1093 756
TDI-PPG-2000 3318 - 1730 2980-2868 1230 1081 769
TDI-PPG-3000 3318 - 1730 2868-2980 1230 1093 769
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80
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Figure-4. FTIR spectra of (A)TDI-PEG-400 (B) TDI-PPG-1000 (C) TDI-PPG-2000 and (D) TDI-PPG-
3000.
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3.4. TGA Thermogram

The TGA thermograms show the starting point and ending point of blocked isocyanates and polyure-
thanes that synthesized from blocked TDI. Table-8 show TGA thermogram data of mentioned com-
pounds and Figure-5 show TGA thermogram of mentioned compounds. TGA thermogram shows that

blocked TDI stable upto 160 °C. Polyurethanes are stable upto 200 °C to 240 °C.

Table-7. TGA thermogram of mentioned compounds.

Compound Starting point Ending point

Blocked TDI 168.95 °C (97.13 %) 264.48°C (3.121%)
PU-TDI-PEG-400 236.63°C (93.47 %) 514.12°C (14.95%)
PU-TDI-PPG-1000 244.9 °C (95.46 %) 454.34 °C (68.80%)
PU-TDI-PPG-2000 216.92 °C (96.06 %) 535.35 °C (30.35%)

PU-TDI-PPG-3000

201.00 °C (97.31 %)

521.70 °C (14.27 %)

1

100

(A

(b)

1004

80

60

Weight (%)

Weight (%)

40

Residue:
67.80%
Residue: 70 (8.823mg|
12.50%

(0:3588mg)|

s14.12°C
204 14.95%

200 4o ) 8 180
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Weight (%)
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—m
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Figure -5. TGA thermogram of (a) TDI-PEG-400 (b) TDI-PPG-1000 (c) TDI-PPG-2000 and (d) TDI-
PPG-3000.

3.5. DSC thermogram

DSC thermogram shows the deblocking behaviours of blocked isocyanates as well as thermal transi-

tions of polyurethanes after deblocking followed by reactions with diols or polyols. As observed from
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Fig 6, while the deblocking temperature was observed at 240 degree C, glass transitions were observed

in the range of -30 to -40 degree C.
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Figure-6. DSC thermogram of (a) blocked TD]I, (b) PU-TDI-PPG-1000, (c) PU-TDI-PPG-2000 and (d)
PU-PPG-3000.

3.6. Contact Angle Analysis

Table-9 shows the contact angle values of polyurethanes. Figure-7 shows the water droplets on surfaces

coated with different polyurethanes.

Table-8. contact angle data of polyurethanes.

Compound Contact Angle
PU-TDI-PPG-1000 66.3 °
PU-TDI-PPG-2000 56.7 °

PU-TDI-PEG-3000 43.0°
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Figure-7. Water droplets on coated surfaces for determining the contact angle of (a) PU-TDI-PPG-
1000 (b) PU-TDI-PPG-2000 and (c) PU-TDI-PPG-2000

4. Discussion

It was generally observed that the Gel time increased as molecular weight of the polyol increased and
polyurethane from polyethylene glycol showed better yield than polyurethane from poly propelene
glycol. In case of gelation time, PEG-polyurethane has less gelation time than PPG-polyurethane. The
1H and 13C NMR and DEPT-135 data supported the structures of blocked adduct and polyurethanes.
The absence of peak at 2250-2270 cm-1 in 3-(4-bromophenyl) -1H-pyrazole-blocked TDI implies that
isocyanate group is completely blocked with blocking agent. Further, the absence of peak at 2250-2270
cm-1 after deblocking in presence of PEG or PPG formation implies the successful formation of polyu-
rethane. TGA thermogram shows that blocked TDI was stable upto 166 °C and polyurethanes were
stable upto 200 °C to 240 °C. DSC thermogram shows the deblocking behaviours of blocked isocya-
nates, which indicated that at 240 °C blocked TDI deblocks. Polyurethane show different glass transi-
tion temperatures in which polyurethanes changed glassy state to rubbery state. Contact angle data
shows that all synthesized polyurethane compounds are hydrophilic.

5. Conclusions

3-(4-bromo-phenyl)-1H-pyrazole was successfully used to block toluene diisocyanate. Spectroscopic
data like 1H, 13C NMR and DEPT -135 and FTIR confirm the structure of blocked TDI and polyurethane
synthesized from those blocked TDI. This type of blocking is particularly important to conveniently
handle toxic substrate like TDL Further, the blocked isocyanate is stable upto one year. The deblocking
and polyurethane formation was conveniently done in a solvent free condition. Contact angle analysis
indicates the hydrophilic nature of polyurethane.
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