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Abstract : A new eco-friendly synthetic method for N-hydroxysuccinimide (NHS), widely used in the pharmaceutical and fine
chemical industries, is developed. Conventional synthesis method yields NHS of about 70% after its reaction with NH,OH to
succinic acid. In this method, NHS can be obtained using low-cost succinic acid, but a great deal of solvents are required as an
extraction method to purify NHS, while the work-up process is complicated, resulting in low yield. In addition, there is a safety
risk due to the high reaction temperature for commercial production, and it is not economical due to the high cost of production
from the generation of much waste because of an acid catalyst and the use of various solvents. In order to make up for this
shortcoming, this study used succinic anhydride as a raw material under low temperature reaction and developed a new
eco-friendly industrial synthesis method using isobutyl alcohol for a single solvent and non-catalytic reaction. The economic
evaluation confirms that there is a cost reduction effect of about 20%. In the future, based on this result, studies may establish a
commercial production technology through scale-up research and proceed with foreign technology transfer.
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Figure 1. Synthesis of NHS using Succinic acid over acid catalyst.
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Figure 2. Synthesis of NHS using Succinic anhydride without
catalysis.
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'H NMR (500 MHz, D,0) 6 2.70 (s, 4H), °*C NMR (100 MHz,
D,0) § 27.0, 164.3, FT-IR (KBr) (¥max cm’): 1,700, 2,800-3,200.
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Table 1. Yields of NHS under various reaction conditions.
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Entry Starting materials Mol;rafg:llav. of Catalyst pH® Temp. (‘C) | Press. (torr) | Time (h) 8({01/3?
1 Succinic acid 1.0 eq Zn(OAc), 3.0 200 760 18 68
2 Succinic acid 1.0eq B(OH); 3.0 200 760 18 70
3 Succinic anhydride l.1eq B(OH); 3.0 65 100 15 70
4 Succinic anhydride l.1eq None 3.6-3.8 65 100 14 80
5 Succinic anhydride 1.2 eq None 38-4.0 65 100 14 75
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Table 2. Economic evaluation of NHS raw material costs from succinic acid and succinic anhydride.

Materials Unit price Amount used (g) Price ($) Yield (%)
($/kg)

Succinic acid 3.0 1,429 4.29
Hydroxylamine sulfate 33 1,191 3.93
NaOH 0.4 483 0.19
Boric acid 0.88 150 0.13
Toluene 1.30 124 0.16
Ethyl alcohol 1.72 169 0.29
Ethyl acetate 1.32 1,159 1.53

NHS 1,000 10.52 70
Succinic anhydride 3.8 1,101 4.18
Hydroxylamine sulfate 33 1,085 3.58
NaOH 0.4 485 0.19
Isobutyl alcohol 2.1 88 0.19
Acetone 2.6 130 0.34

NHS 1,000 8.48 80
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