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Abstract
An efficient synthetic process for bio-based adipic acid, a monomer for nylon 66, was developed from galactose. Galactaric

acid, prepared from a mild oxidation of galactose using a Pt catalyst, was successfully converted to muconate, a key inter-
mediate for adipic acid, by an efficient microwave-assisted DODH (deoxydehydration) reaction. The high efficiency of the
microwave-assisted reaction greatly reduced the overall reaction time to 30 min. and resulted in an excellent yield of 97%
of muconate. The catalytic hydrogenation of muconate followed by the acidic hydrolysis successfully produced the desired

adipic acid in high purity after recrystallization.
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Ao 2 HE 91E e Aok e A S ARA ¢
3 AHE-8F51 9, D-galactose (98%), MeReOs (Re 71.0-76.0 %) A
Tnpd =g of| A, W lj(platinum on activated carbon, 5 wt%)i
oA R A, F214H98%)3 ZElESvll(palladium on activated carbon,
10 wt%)i= LFtololAE, FEHE(99%) tlgAtellA 2H2h -9Jskgieh
ufo] FZ o] H JH-5-7]:= CEMAFS] Explorer-12 Hybrid Media 53!
S Akggon W-s-9] AL Si0, TLCE Fall UV light (254 nm)
gl & phosphomolybdic acid &8 53 ERIsIITLE AHIZmE
1819 silicagel 60 (70-230 mesh)2 33Tt

'H NMR-& Bruker 400MHzE Z73}%] 11, °C NMR-S Bruker 100
MHzZ 573319 2™ tetramethylsilane©] internal reference® A}&-%|
Ot} 844 AW HAl 880 ZAAHE AT WA,
A &t

ZE el K Galactaric acid) (2) : F-2]9F37]0l 2= &~ (galactose)
(1.00 g, 5.60 mmol)¢} & &mi(50 mL)E ¥ U2, KOH (1.25 g,
22.5 mmol)E Eth F7FE 5 w¥% PYCE1(500 mg, 0.128 mmol)=
Y2 FRkg7] 255 50 TE FAAI o] vhg-Eg=d REE
Tl Aba TEAE A HHO0R mof Ytk 4h R % jr Hhgo] T4
W 2o R 231 o]F Ao WHEESHES celite® o] S &
S F8k AAE 4=8-MN(aqueous conc. HC)= AHE-310] pHE 3~4
AEE UwE & #5200 AYE EHES E3-8vI(EOH : H,0
=20 : DE AL AAAS ] A4 329 Aeleate] TRy vl

%(galactaric acid monopotassium salt, 982 mg, 71%, =% > 95%)=

Ak AEEEAY] ks 971 AsliME, 919 Akshkgel
2 celite NS FUASH WU OF pHE 12 FF F IA7 =Y
© A7 BE AASE AEE IAE RHOERE 2R =
2 Aoju o3}, Ax & A aAQ] deEkE
614 mg, 52%, =% > 95%)S AUtk

Galactaric acid monopotassium salt; mp 183-4 C (dec.); 'H NMR
(D20) & 3.89 (s, 2H), 4.29 (s, 2H) °C NMR & 71.0, 71.5, 178.4.

Galactaric acid; mp 211 C (lit.[10] 218 C); '"H NMR (DMSO-ds)
8 3.77 (s, 2H), 4.22 (s, 2H), 4.61 (bs, 4H), 12.40 (bs, 2H) °C NMR

9, & o

AKgalactaric acid,
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LR

(DMSO-ds) 6 70.3, 71.8,175.7; Anal. calcd for CéHi0Os : C, 34.29 H,
4.80; Found : C, 34.38 H, 4.98.

tjo]Fd H-F|o]|E(Diheptyl muconate) (3) : VIO Z o] HE
HES- 2719 1-heptanol (10 mL)S Y- § galactaric acid (105 mg,
0.500 mmol)2} MTO (methyltrioxorhenium) Z11(6.0 mg, 0.013 mmol)
4l pTsOH * H,O (6.0 mg, 0.013 mmol)E 53t} kS £7]5 vlo]
Az o] W7ol YIXAIZL F 200 W, 250 T ellA] 30 min7t W&
FARor At EEAL w5 §F AHARVE TV (Hex ¢
EtOAc = 25 : )2 AAste] o] vbdo|= 1A42] diheptyl muc-
onate (164 mg, 97%, === > 95%)S AT : mp 66-67 C; 'H NMR
(CDCL) 6 7.35-7.30 (m, 2H), 6.24-6.16 (m, 2H), 4.17 (t, J = 6.8,
4H), 1.69-1.64 (m, 4H), 134 -1.28 (m, 16H), 0.91-0.87 (m, 6H); °C
NMR (CDCl;) & 166.0, 140.8, 128.4, 65.1, 31.7, 28.9, 28.7, 25.9,
22.6, 14.1; Anal. caled for CyH3404 : C, 70.97 H, 10.13; Found : C,
70.47 H, 10.40.

tho|FE o}lt)B|o]| E(Diheptyl adipate) (4) L o} YA adipic acid)
(5) : Diheptyl adipate (535 mg, 1.58 mmol)S ol|€o}lA|E]o] E 20 mL

of =Ql ¥ 10 wt% Pd/C (54 mg, 0.05 mmol)E FstaL, T4

hng AN FRE W)o] AAT F ALl 3 b BT whEA]
Atk whgo] FAHW WSERES celite ol F 5EHAA

L HAL w= 2dk A4 diheptyl adipate (4)S FUT): 'H
NMR (CDCL) & 4.06 (t, J = 6.6, 4H), 2.32-2.31 (m, 4H), 1.67-1.60
(m, 8H), 1.32-1.28 (m, 16H) 0.90-0.87 (m, 6H); *C NMR (CDCL;) 6
173.4, 64.5, 34.0, 31.7, 289, 28.6, 25.9, 24.5, 22.6, 14.0.

doJ% diheptyl adipatet= %13+ A4F 58 I(aqueous conc. HCI) (30
mL)J,} 12 h Eo} §]. Loz:s_dr H]-Oo] JlL].cq /K]—_Q_OE )\IO]J__’ eth-
yl acetate @ Aol F FF3c} FEFE A0 VAE MeCNolA
ANAet] EEsE A2 adipic acid (199 mg, 87%, w% >
95%)2 ATt : mp 152~153 T (lit[11] 152~153 T); 'H NMR
(DMSO-dg) & 12.0 (bs, 2H), 2.23-2.19 (m, 4H), 1.52-1.48 (m, 4H);
BC NMR (DMSO-ds) & 1742, 332, 23.9; Anal. caled for CeHi0O4
: C, 4931 H, 6.90; Found : C, 49.41 H, 7.13.
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Scheme 1. Oxidation of D-galactose to D-galataric acid.

Figure 1. An apparatus for the catalytic oxidation of galactose.
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Figure 2. '"H NMR spectrum of galactaric acid (2) (in DMSO-dg).
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Table 1. Microwave-assisted DODH Reactions of Galactaric Acid

MTO (5 mol%)

O OH OH pTSOH H,0 (5 mol%) o
HO™ > o " heptanol C7H150W\g/oc7H15
OH OH O 200 W, temp, time
galactaric acid (2) diheptyl muconate (3)

Entry alcohol (mL) temp (TC) time (h) yield (%)
1* 1-hentanol 20 mL 150 12 84
2 1-heptanol 10 mL 150 0.5 77
Rl 1-heptanol 10 mL 150 0.5 72
4 1-heptanol 10 mL 200 0.5 88
5 1-heptanol 10 mL 250 0.5 97
6 1-heptanol 10 mL 250 0.25 82

*conventional heating condition, 12 h / **pTsOH * H,O (0.1 eq.)
o 10 wt% Pd/C

PO OV SN |

[¢]

PN
o 77%2] &R FAUOIES ¢S 4= UK Table 1, entry 2). <}
7k g AP R s o, ikgAze] Fr)F o s g

24 Jebehd nlol Azl ng olge o Ak PAlo] kg &
g FAThe 22 9 F due] nlag Fa 21T 5 99
o). o} JINo.R Bl ATl BhAIRE Qe £ BEE A
Y 5 gl vlolaE el whgY)e) RS FEstel RAH 5
& WP 9 B LEE A8 notk 1 A B 2%
2 7F5% BT AR el Faol=e] Sao] F7ksH: 2

x 3
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5 #Eek 4= 9l al(Table 1, entries 2, 4, 5), -3 257} 250 C
A9 97%2 71 2 SR FRUCES ANEE A2
THTable 1, entry 5). ¥ £& ¥ &5 913l ol 7&& B304
25250 C)ollA W Al 15 min O & T8 Btor} o] %
o= k7] & A3t HEE AT Table 1, entry 6). FAIRF 7]E2)
5 2713 AL FAF 589 82%2 FEE FAUO|ETL A E
< AT 5 S THentry 6). 9 AE AAZHFE nlo]ZZ 0]
9l o R ]Ik A9 WHSAIZES 12 hellA] 30 min .= v
a1, WS 8- A 97%E Assle] Mk
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(¢]
OC;H
C7H150M 715

o

EtOAc
H
C7H15OMOC7 15—
Io) 1atm, rt.

diheptyl muconate (3) dlheptyl adipiate (4)

conc. HCI o
HOJ\AAQ/OH

adipic acid (5)
Scheme 2. Synthesis of adipic acid (5) from muconate (3).
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Figure 4. 'H NMR spectrum of crude diheptyl adipate (4) (in CDCl).
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Figure 5. Synthesized pure adipic acid (5) after recrystallization.
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