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Figure 1 Traditional adiponitrile synthesis route. (a) Direct butadiene
cyanation; (b) electrolytic dimerization of acrylonitrile; (c) catalytic
amination of adipic acid
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Figure 2 (Color online) Synthesis of adiponitrile from glutamic acid

BRI, ST RN T C IS AR T &
ok, RSO H AT E il 89 A IR AR T 2
JiE& AT e T 1 RS, AR P JSOR R IS ),
RURE Y AR IEORE SR IEURE LA B At B B s an
TR KRR RFE A

2.0 FETAYIRERHERC N

A=W R R R TR T A LR S A A=, R
e A F3FIICRAR, EA R AR A YRR
ERE, P A AT A AR 1
AP IERHS R S B B RRY R . i, mT
DANEFHEZR . KRB RAVEYIER B 5 A 0 o okl 4
AFHE R . WA S A RN A Y, ik,
[N e v | T S e e [ S el T
PR s, AR ECR A R R . B
RS RIS, A LIEC A G R S A .
X A A R 2 R s ] 4P e 1) T2 [,
AL Rl b i T TR AR L Y 2 S s 45

20124F, (HSEILAH P  th if FH rp AL 207 A
AIRAEYA RC IR 2 (K12). %5 &l =R
JEURHER T R A R S-HI TR, SR 5 i A e A i 3-5
fig G, el id Kolbe HL B K3 -5 IS iR Y 156 & i A5
N RGP, AR RICR N 58%. 1T R
HL Ik 25 A R B R R Ao C 0, B
P ATPRA SRR S R, AR RN I —Fh RN B 4
SR UL A PR BRI, SR RN B AR A AR
Pl B Al AR AT %) oy B A S 30 P R ) 1920 2 R 3
PEALTF A, REVELTE e I 2k ST B Tl Ak FH A 7 2 0k
— % MR T A AR Tk et

5-¥% H LRI (HMF) th 7S IobE S AL R L 1L kA, 2
T A ) 5T JEORE RN Ui R B A A Y 2 Ay
FP 20114F, BuntaraZe AP T —Fh5-52 B S0
AL LI O B A 7 R (F13(a)). i R e o

372

5-F8 F LR RS AR AR A AL T4 k2, 5- R F Y
K. ZR 5 LARNh-Re/SiO, AREALT, FH2,5- —F2 H %Ly
SR E20 hikl£5159501,6-C — g, BeEE S (-
FEF A ET (D) R AK[ {Ru(cymene)Cl, }, | AR 2R3k
JB — AR (DPPF) LA M IL 85 1,6-C B —Ha ki ik
A, BEJE PR E R IMERCELER I R N R, %t
TR RAREE AL R 1K95%, 1% C N BE P~ nl LAE— 23 i
FieAb A O N BERE, I e AL S B Tl il
RO NG AR AR S A TR E TSR L,
PERA B EREDT (DR R AR B A R i
FEI, S g m AR Gl A SR A e AR . n
SRBE AT K ] TRl F i A AR Ak R A T
BRI T 2B, 2 B — A £

20144F, RajenahallyZs A\ "'7EBuntarafiff5¢ J5 2 1
Femlh b, 2T Le-0 Rl AR R e m S B
C SRR R (E3(b)). 1T ETELS0 CRYBRIE 5%
5 bar OFEET, i A 7 2% A AL BRAK A AL 77 i
fB1,6-C0 —EER V48 h, A AR RIRE] T 62%.
2SN 7R T I O N IR S5 Hh (AR ) B AR 28,
ATLAN G Z S O A, BORFEE 45
T T AR, AT AR R A B4 R AR
WL T T ML RIAS, M TS A i 2 H
2T Tl i .

20204F, T eEras \ U T LS R R oy
JEOAE, A kg R B S A R R A AR O
TR R(EY). ZTAENEEME R R, KA
WA mAE. PR ARG SR80 B R AR SN
IS A e R 2B AR T4 4, /il
RN =S REGATMIRR. Eide =S w22 A
TR, A5 30025 N A FR 38 L AR A R B T A A
Jiekh, SERAH R, oA RN A% S 55 F MR A
B AR L d g — S O, IR iE—2
iR S N A L G (1 4). B RTZ T AE A BEIS RS 1 £
JERAE T O THE A R IEARTE S, T RAEERR Tk
S Bl 25 0 FARER G A TR0 IE.

UEAN, A aA T A3 e AT A 8 8 S 7 o]
W, FEAE ST R T R T RS, XA
A IER R S CAtk ST AT iR,k
PSR Rl A R 7 ot (U0 RO St DT A 77 G 2R
Wi ERRTESMETN, CRBERT K i b ok, db—2L
IRIME AT RS. [HI, 2o Rl At A b nT R
PRI O, ARA TR A R AL, (B, DL L



oM Hy o 2 OH
NN
\ / Cat. Cat HO
1,6-HD
THFDM Cat‘l 2H,
ADN ~——— Q I Q
) Capolactam Capolactoner
HO/\/\/\/OH NH3, Co304-NGr/C Nc/\/\/CN
Y o
16-HD O,, t-amyl alcohol, 130°C ADN
62% yield

B3 (MR E)H1,6-C —BEa e TN (a) ISR R
FORA IR E 2, (b) BLLG6-C B AR

Figure 3 (Color online) Synthesis of adiponitrile via 1,6-hexanediol:
(a) Synthesis of adiponitrile from 5-hydroxymethylfurfural; (b) direct
synthesis of adiponitrile from 1,6-hexanediol
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Figure 4 (Color online) Synthesis of adiponitrile from 5-hydroxy-
methylfurfural via furan-2,5-dicarbonitrile
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feedstock via g-caprolactone
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Adiponitrile is the precursor for nylon-66 production, and its synthesis relies heavily on petroleum resources. In recent
years, fluctuating oil prices and geopolitical factors have caused huge uncertainty in adiponitrile supply, severely hindering
the stable development of nylon-66 industry. Hence, scientists in China have been motivated to explore alternative
synthesis routes from non-petroleum resources with independent intellectual property rights. This issue has been selected
as one of the top ten industrial technology issues of the China Association for Science and Technology in 2022, reflecting
the urgency and significance of the research topic.

Conventional adiponitrile synthesis methods generally suffer from high energy consumption and complex processes.
Even after years of optimization, the most advanced direct cyanide method for butadiene still cannot avoid the problem of
waste generation. Moreover, foreign corporations have accumulated extensive experiences through long-term deficit
operations, which continuously improved the technology and reduced costs. Simply following existing processes can
hardly make any breakthrough. Thus, completely new synthesis strategies must be developed to achieve the technological
advancements. In recent years, a variety of new techniques such as microreactor synthesis, advanced catalyst design, and
coproduction technology emerged, and they have provided novel ideas for the design of the new adiponitrile synthesis
routes. Thus, it is necessary to comprehensively analyze the recent progresses to identify the core scientific challenges. By
conducting fundamental research to tackle these problems, it is promising to transform the advanced but immature
strategies into practical processes.

This paper comprehensively reviews the latest research progresses on adiponitrile synthesis from non-petroleum feeds,
systematically summarizing various synthesis strategies based on renewable resources like biomass, coal and natural gas,
as well as different methods employing enzymatic, electrochemical, and chemical catalysis to produce adiponitrile. The
paper not only summarizes the corresponding reaction ways of each method, but also envisions multiple new pathways
worth developing based on the advantages and limitations of current routes. It further explores the future research hotspots
and application prospects in the field, and provides a comprehensive review and scientific support for developing novel
adiponitrile synthesis methods. (1) Adiponitrile synthesis from biomass: This section reviews the reports on the synthesis
of adiponitrile intermediates from cellulose and sugar and the direct electrochemical synthesis of adiponitrile from
glutamic acid. Under this strategy, 5-hydroxymethylfurfural is an important intermediate for adiponitrile synthesis via
condensation and amination reactions. Biomass can also generate C4 compounds like butadiene for subsequent adiponitrile
synthesis. Although the present technologies suffer from the low yields and complex processes, there are sufficient space
for improvements owing to the recent advances of biotechnologies. (2) Adiponitrile synthesis from coal: This section
introduces the synthesis of adiponitrile from coal-based chemicals such as e-caprolactone. There are also methods to
produce acetylene from coal, being followed by the subsequent conversion to C4 and C6 compounds, and the cyanation
reaction. These methods are relatively mature, but the issues of low product yield and solid waste generation still need to be
addressed. (3) Adiponitrile synthesis through new resources: Alternative methods for adiponitrile synthesis using novel
resources such as carbon dioxide, natural gas, and organic wastes may be developed in future. Solar energy can be
employed to convert carbon dioxide into synthesis gas, which then leads to adiponitrile after steps of reactions. Similarly,
natural gas can be employed to produce methanol, which is then converted into 1,3-butadiene for adiponitrile production.
Thermally decomposing discarded nylon materials may also lead to the precursor for adiponitrile synthesis. These are
environment-benign protocols.

adiponitrile, nylon-66, biomass, coal, renewable resources
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