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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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T sHEe] FREHS 95te] 'H-NMR (500 MHz,
bruker), BC-NMR (100 MHz, bruker), FT-IR spectrometer
(FTSI6S, Bio-Rad)S AHE1T UARHE G 1EAA|H
Aol QFste] C, H, N2 LAEA7]|(EA 2000, thermo
finnigan)E O= YAEA7|(EA 1112, thermo finnigan)S A&
sto] EA5FAT}. = (melting pointy> HAE 47121 A.
kriiss optronic AF9] M50002 ARg-Sto] SA5H%om, HdH
NHS <X+ 1.0 N NaOH 8§07 ZZHH(titration method)

2 AHg3te] ofghel Aof met ot

Z215(%) = [115.09 x (V - Va) x F x N/ A]& (g) x 1,000] x 100

V: 1.0 N NaOHO| ZH|ZHml)

Va: blank testo] AH]E 1.0 N NaOH -&H 9] ml
F: 1.0 N NaOH 8H9] factor

N: NaOH €99 &=

22. 2

71 A4l W HE7](mechanical stirrer)2} YAEF ZFR](Dean-Stark
trap)7t A2 37 5 ETtAT0] US| EEAAHE(98.5
g, 0.6 mole, 0.6 eq.), O|AFE LT -E(100 m)E €Il wWHsto]
30.6% (w/w) NaOH -8-(144.0 g, 1.1 mole, 1.1 eq)= <F 30
minof| 24 #7}shH W3] WRLEE 1520 T2 {ARI
NaOH &9 77t &md & 4 £414K1000 g 1.0
mole, 1.0 eq.)E 7IoFal ¥Hg7] WHE2L+= 20-30 CE A5+
of oF 30 min F%t ¥F-&Rth 718 g7 WRRES 40 T
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N-hydroxysuccinamic acid (SA81A)) [14]: m.p. 82-86 TC;
FT-IR (KBr): 3259, 1708, 1656, 1423, 1219 em’; '"H NMR
(400 MHz, D;0): § 234 (2H, t, J = 7.0 Hz, CHy), 2.57 (2H,
t, J = 7.0 Hz, CH,); HRMS (EST) caled. for C43HeNO; (M-H)'
132.0302; found, 132.0303.
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Figure 2. Synthesis of NHS using Succinic anhydride without
catalysis.

Hl o] NHS (91.8 g, 80%)S oji}sto] d=t}.
N-hydroxysuccinimide (34 17A)): m.p. 96-98 C, YAEA:
calcd. For C4HsNOs; C, 41.75; H, 4.38; N, 12.17; O, 41.70.
Found: C, 41.55; H, 4.42; N, 12.02; O, 41.95, £=%(%) : 99.78,
'H NMR (500 MHz, D,0) 6 2.70 (s, 4H), *C NMR (100 MHz,
D,0) § 27.0, 164.3, FT-IR (KBr) (¥ cm’): 1,700, 2,800-3,200.
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Table 1. Yields of NHS under various reaction conditions.

o}
250 0@ WAzl Bash WS HolA Eui7t B
LSS 1:]- A EAL |l EEAof
D

Bk wel] o)

= =
E o]o} u}_gi\é o Aslech .9.0] AP Zot =2

sEsdolylon ] o@AY g 5

371 3R8L BHISFEUMA EFRACR B YHEA =
< 94 AASHL, EFALS AAT & g7 ARse 1L
A% NHS ¥h& EE2 125H30l o3 NHS9| #3iE &
i, nkg-= s|=SAotRlo] ol 9l ¢ FEe] Ad

oAl NHS ¥HSEZ R ¥

o] 9o} Folsfof ghri19-22]. o]

Fol LTSS A

28739 NHS Ydl= 1349 S¢=0] ¥l A= 1ol

AeE A Z|lioF ot NHS LHA Salhincy

517] 95 Tgo] ofdotAElo|E

ozx we FTAHLI}t ,5111]13]7} I Ry
wEtA 2 AHentry 3-5)01 A WES-Ao] -

_&

)

(L HHU
o €
]

_?l"

o)

o,

>

noh

6y AHgstler, Hhe-dm, &2 AAsH| A &8
23 QAA R ARdehs t]eA olaREY IS
NHSol| £-8/421 E7< q{wﬂ] NHS&}2] Q.oﬂ/do] 9]0 ?_}%%

o B} el e
ol B8 AT F P4 PAFEE 98 ogos
W NHS Wge Bego] 9] g Walol glow ol

o oPES BUStel ZY2HE FLslo] NHS(5)E AEE
e $2E 92 4 9t

£ A4 7154 olAFEEIEE TR ALES
WEEEE 9o B9 AHES ﬂ-r—ﬂr‘*oi“ﬂ =2 4
2 AR Ee] 344
erogX pHO| A 4AHdE 7_7%0} 73 A1
= AA 5
ASE AL HHFAIEE @559 0 NHSS] A xz7o]
4 =go] 34 FgH 2
Hoh ol 7I1E34 div] AdS Rl o3t vlad ¥
L2704 & AAE st F w30l A9 dojuhA] &
9-3-E<1 NHSQ| QHg/do] 5-A1 = NHS £5f7} B4
I7h ek a7te] Fufju|-go] Aol QtEjn E/dehs

i
i
)

oX (L O
(o]
X
N
>.
jﬂ"
ol
e
hich
T
ofdt
2
ol
i
JFU
5
L

N R

2 o H1 fZ oo ot @

I olo
S ST o
)
& o
N 32
W
i) A
oé; ok
S o™
2o o
" B
[
hic
2

rfo

iz

olo

o

HU

i 30 rlo
_EL rl'O it

rr lo

ot

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
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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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