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L of: AEA QARFE FE3 E2S 7o R Fto] AU 3 A (thermoplastic elastomer, TPE) oA %=
ol BAS 71W Aow & dex Zg ol =4 TPE (polyamide—type TPE, TPAE) 9] w4 3T A4S
Matsict. tickrel 2584 ede $HiEo] e B33t Ao r & 4l SYRJIAE ARS8t TPAEA
GFA] 65 (Co, Cio, Cii w—amino acid 9} @, w—dicarboxylic acid) & £ &% A3

ABSTRACT : We have developed the synthetic processes for the monomers of polyamide-type TPEs (thermoplastic elas-
tomers, TPAEs) obtained from vegetable oil. TPAEs have several superior physical properties to those of thermoplastic
elastomers (TPEs). From the common starting material, oleic acid, which is commonly found in various vegetable oils,
we have synthesized three w-amino acid monomers (Coy, Cio and C;; w-amino acid) and three a, w-dicarboxylic acids(Co,
Cio and Cy; a, w-dicarboxylic acid) for TPAEs in good yields.
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otk Bt At 5 sl Al
7, F 5 AAAY sk Sle ol
SHrEo] Q7] wiEoll A7 vl-goll A Q1 ¥53o] 7Fsst
o, o] FAT Y o AH AE7|E 2t glo] skehAQl W
Hoz MAsE el 25 AU ekt =g g5e
s f1s 2= Azt S48t AS 4
A= =EolAY S FAdel &3t olaksteta A7k a3t
A 718 4= 7] wiisel wi-e- WEE AR dseta & 4
=

19423 &~ 9] Arkemarloll A= castor oilolA] =&
AZ5H polyamide-11-s HEE sl o] &4
WA W 9 F2-8 507 Q) o EAF 2 &
o] H3lA, Rilsan®|2h= 0] 502 FES) Ho] 2x = 7]
A, Fto]zeof o]2Z7|17kA] FH A &gol Ha Ut
Ayorinde®] ATFlo|A = Goto]2te] AFRl Vernonia gal-
amensisZF-E] FZ3} vernolic acidZ -] 11-aminoundecanoic
acid®} 12-aminododecanoic acidE /438l H.a1sH7 ]| = &}
t}® o] 9} o] AAA A o2 A Y 7lsst A4 O FHE] TPAE
o] dFAE st} sk g Eo] el M
SAIAIRE, Rilsans A 2]8HH 7838} A2 v wjn| gk 4Fsto]
th 2 A oA = FupRe] FEE2] undecylenic acidE
o] gato] theFst TPAES] WAl E A sk &S 7idst
of Bk vl QIr}’ o]F EdUlE M A8 U e
sHrEo] e &Y ARS e E S
478 Ad TPAES] G5 a &40
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Ao o mHE] 4%k s Aok Rl AANE S 7
2| A] ka1l AHE-EFS] 9] AL Si0, TLCE &3l UV
light (254nm) &1 ¥ phosphomolybdic acid %=+ ninhydrin
stain §4-& F3l Gt A AEVE T HI]= silica
gel 60 (70-230 mesh)= =28} 4] 9] 4w F+EA1S JASCO
FT-IR 200 &3l =883, 545 $13 film- silicon wa-
ferol] 2~%-78-S 3174} KBr pellet2 ©]-&-3)] #|2Hst3ict 'H
NMR-2 JEOL 300 MHz9} Bruker 400 MHzZ 731911, BC
NMR<> JEOL 75 MHz$%} Bruker 100 MHzZ Z7d3}%Ith
Tetramethylsilane©] reference® AHE-¥ itk 4842 713
BAH &84 SRR S RS sk 1t
s AF=4-2 JEOL IMS-AX505WARE =793+ T}

Methyl 9-oxononanoate (2). MeOH (50 mL)ol| &-81A171 &2
Q1A+ (3.00 g, 10.6 mmol)S 0 °CE ¥7+3+ 3 AcCl (0.91 mL,
12.7 mmol)& 3] Fstrh 6 AlXF WRE $-of] FFHA71
EEES EtOAc (30 mL)°ll -3l A17]1 3L NaHCO; (30 mL) Z3}
FEAoF Hojdlity, f7|52 FFAZ § APA=EAETD

it
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PP 2 GAste] FA] HAA methyl oleate (3.14 g, 10.6
mmol, quant.)E ¥t} IR (coated on silicon wafer) 3001, 1743,
1663 cm™; '"H-NMR & 0.89 (t, J = 6.6, 3H), 1.27-1.32 (m, 20H),
1.63 (m, 2H), 2.00-2.07 (m, 4H), 2.31 (t, J = 7.6, 2H), 3.68 (s,
3H), 5.34-5.40 (m, 2H); "C-NMR 8 14.1, 22.6, 249, 27.1, 272,
29.1 (3C), 29.2, 29.3, 29.4, 29.6, 29.7, 31.9, 34.1, 51.4, 129.7,
130.0, 174.3; HRMS (CI) [M+H]" caled for CioH3;0,, 297.2794;
found 297.2791

gloll A -2 methyl oleate (1.00 g, 3.37 mmol)+= CH,CL,Z}
MeOH 1:1 &34 (100 mL)ol §31A171 3 -78 °CollA] 053}
yhg-ato] FEM 0w WahE wj7bA] wekshel 3EEe] Oy
Ar 71AZ Aol PPh; (1.33g, 5.06 mmol)S £33k 6
AlZE Y wRkgit E3E-o0e 55 o Al amvlE Y]
2 At F-A2] MAQl methyl 9-oxononanoate 2 (533 mg,
2.86 mmol, 85%)E BT} IR (coated on silicon wafer) 1735
em; 'TH-NMR & 1.32-1.36 (m, 6H), 1.59-1.66 (m, 4H), 2.32
(t, J = 7.6, 2H), 2.43 (td, J = 7.4, 1.8, 2H), 3.68 (s, 3H), 9.78
(t, J =18, 1H); "C-NMR & 21.8, 24.7, 28.7, 28.8 (2C), 33.8,
43.7, 51.3, 174.0, 202.5; HRMS (CI) [M+H]" calcd for CjoH,90s,
187.1334; found 187.1336

Nonanedioic acid (3). Methyl 9-oxononanoate 2 (311 mg, 1.67
mmol)E 7] ol =EAIX! F gk HC (15 mL)ollA] 3 AIZE
SRS ohth E3E-NL 5 Foll ErO (30 mL)oll &34l
713 brine €9 3 X 10 mL)°. 2 Rojlth f7]52 5%
F 7zx35ko] WAl 3142] nonanedioic acid 3 (311 mg, 1.67
mmol, 99%)=5 A3tk mp 106.8-107.9 °C [lit.]" 106-107 °C;
IR(coated on silicon wafer) 1705 cm™; 'H-NMR (DMSO-dg) &
1.23-1.27 (m, 6H), 1.47 (q, 4H), 2.18 (t, J = 7.3, 4H); "C-NMR
(DMSO-dg) & 24.9, 28.8, 28.9, 34.0, 174.9; HRMS (CI) [M+H]
calcd for CoHy;04, 189.1127; found 189.1125

Methyl 9-(benzylamino)nonanoate (4). MeOH (20 mL)l] -&-3}|
A1Z1 methyl 9-oxononanoate 2 (302 mg, 1.62 mmol)°] BnNH,
(0.92 mL, 843 mmol)= T3kl 1AIZF WHHEITE 10 wi%
Pd/C (15 mg, 5 wt% to 2)5 T3}l 40 bar] Hy ¢} 12 A7+
Hhg-gtth, Eo8- celite9} ]9t Fof] FF3IT) 55
- AdazErtEaduz GAste] 7] A1 methyl
9-(benzylamino)nonanoate 4 (370 mg, 1.33 mmol, 82%)5 {3l
T} IR(KBr) 3410, 1744, 1616, 1455, 1265 cm; 'H-NMR ¢
1.28-1.30 (m, 8H), 1.46-1.52 (m, 2H), 1.57-1.62 (m, 2H), 2.29
(t, J =176, 2H), 2.61 (t, J = 7.2, 2H), 3.66 (s, 3H), 3.78 (s,
3H), 7.21-7.29 (m, 5H); "C-NMR ' 24.9, 27.2, 29.0, 29.2, 29.3,
30.0, 34.0, 49.4, 51.4, 54.0, 76.7, 126.8, 128.1, 128.3, 140.4,
174.2; HRMS (CI) [M+H]" caled for Ci7HxNO,, 278.2120; found
2782118

Methyl 9-(tert-butoxycarbonylamino)nonanoate (5). 4 (200 mg,
0.72 mmol)2} MeOH (2 mL) <3H-&-¢f 20 wt% Pd(OH), (20
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mg, 10 wt% to 4)5 2L 50 bar®] H,9} 10 AlZE 5<F 50 °ColA
Wkl BkSo] Bk T celite$} o] F8laL H%3 F MeOH
(56 mL)°l €-81A]7] 32 Boc,0 (0.18 mL, 0.86 mmol)S <3t 3
1 AJZF wRksiel, E3RE-ol e 555t § A wetE T du®
AA|EFe] F-Ae] MAQ methyl 9-(tert-butoxycarbonylamino)
nonanoate 5 (200 mg, 0.69 mmol, 97%)E AT} IR(KBr) 3391,
1744, 1527, 1278 cm’™; '"H-NMR &' 1.28-1.30 (m, 8H), 1.42-1.46
(m, 11H), 1.59-1.63 (m, 2H), 2.30 (t, J = 7.6, 2H), 3.10 (q, J
= 6.6, 2H), 3.66 (s, 3H), 4.50 (bs, 1H); *C-NMR J 24.8, 26.7,
28.4, 29.0 (2C), 29.1, 30.0, 34.0, 40.5, 51.4, 79.0, 155.9, 174.2;
HRMS (CI) [M+H]" caled for CjsH3NO,, 288.2175; found
288.2174

9-Aminononanoic acid hydrochloride salt (6). 23t HCIZ} 5
(106 mg, 0.37 mmol)2] EFHES 6 AIZF EFRESSITE E5-8
MO F= & Axste] WAl 14|91 9-aminononanoic acid
hydrochloride salt 6 (77 mg, 0.37 mmol, quant.)S €T mp
133.4-134.5 °C [lit.]"" 132-133 °C; IR(KBr) 3434, 1725, 1585
em’; 'H-NMR (DMSO-dg) & 1.24-1.27 (m, 8H), 1.46-1.54 (m,
4H), 2.19 (t, J = 7.4, 2H), 2.74 (t, J = 7.6, 2H); “C-NMR
(DMSO-dg) & 24.9, 262, 27.3, 28.8 (2C), 289, 34.1, 39.1, 174.9;
HRMS (CI) [M+H]" caled for CoHyNO,, 174.1494; found
174.1495

Methyl 10-nitrodec-9-enoate (7). Methyl 9-oxononanoate 2
(622 mg, 3.34 mmol)2} MeNO, (4 mL)] &80 NaOH
(174 mg, 4.34 mmol)S FJskaL 1 AIZF wHkSITE EtO (10
mL)% 53 TN NHC 3} =89 3 X 10 mL) o=
Aotk H7152 sH5AZ = Ay azrtE 9= YA
sFof WAl A9 methyl 9-hydroxy-10-nitrodecanoate (811
mg, 3.28 mmol, 98%)5 Y STh mp 42.8-43.2 °C; IR(coated on
silicon wafer) 3477, 1732, 1551, 1364 cm’; '"H-NMR & 143-1.46
(m, 8H), 1.48-1.54 (m, 2H), 1.60-1.64 (m, 2H), 2.30 (t, J = 7.4,
2H), 2.52 (d, J = 4.4, 1H), 3.67 (s, 3H), 4.31-4.45 (m, 3H);
BC-NMR ' 24.8, 28.9, 29.0 (2C), 33.7, 34.0, 51.5, 68.6, 80.7,
174.4; HRMS (CI) [M+H]" caled for C;;HuNOs, 248.1498; found
248.1503

9-Hydroxy-10-nitrodecanoate (307 mg, 1.24 mmol)= CH,Cl,
of 32171 ¥ 0 °CellA TEA (0.11 mL, 1.37 mmol)2} MsCl
(035 mL, 2.48 mmol)E T3k 5 & 7HF kel E3-8
NL NaHCO; E3} 8 (30 mL)¥} brine &% (30 mL) O %
Aot §71%2 FAZ - APIAZvE I Z A
3to] A AAQ1 methyl 10-nitrodec-9-enoate 7 (284 mg,
1.24 mmol, quant.)= Y31t} IR(coated on silicon wafer) 1737,
1650, 1524, 1353 cm™; '"H-NMR &' 1.34-1.36 (m, 6H), 1.53 (q,
2H), 1.64 (q, 2H), 2.25-2.34 (m, 4H), 3.69 (s, 3H), 7.00 (dt, J
= 13.6, 1.6, 1H), 7.29 (dt, J = 13.6, 7.4, 1H); "C-NMR J 24.8,
27.6, 283, 28.8, 33.9, 51.4, 139.6, 142.6, 174.1; HRMS (CI)

[M+H]" caled for C;HyNO,, 230.1392; found 230.1393

Decanedioic acid (8). Methyl 10-nitrodec-9-enoate 7 (73 mg,
0.32 mmol)=> EtOAc (2 mL)°ll €3A1Z] §- 10 wt% Pd/C (2.2
mg, 3 wt% to 7)2 FU3FAL 3 bard] H9F 2 AJ7F HES-3H)
EF-EA celiteo] o8t} vl S AA s 5 5 4
HAazntE 292 GASte] FA2] N1 methyl 10-nitro-
decanoate (74 mg, 0.32 mmol, quant)E €Itk IR(coated on
silicon wafer) 1726, 1551, 1364 cm™; 'TH-.NMR &' 1.30-1.39 (m,
10H), 1.61 (q, 2H), 2.00 (q, 2H), 2.30 (t, J = 7.4, 2H), 3.67 (s,
3H), 437 (t, J = 7.0, 2H); *C-NMR & 24.8, 26.1, 27.3, 28.7,
28.9, 34.0, 51.4, 75.6, 174.2; HRMS (CI) [M+H]" calcd for
C11HxNOy, 232.1549; found 232.1547

Methyl 10-nitrodecanoate (60 mg, 0.26 mmol)+= conc.HCI (10
mL)¥} 6 AlZF SHpRkgsith EF-8He 5 $ 21xsto]
WA o] 31791 decanedioic acid 8 (52 mg, 0.26 mmol, 99%)<
Atk mp 130.7-131.2 °C [lit.]** 130-132 °C; IR(coated on sili-
con wafer) 1692 cm'; '"H-NMR (DMSO-ds) &' 1.24-1.26 (m, 8H),
1.48 (q, 4H), 2.18 (t, J = 7.3, 4H), 11.9 (s, 2H); “C-NMR
(DMSO-dg) & 24.9, 28.9, 29.0, 34.1, 174.9; HRMS (CI) [M+H]"
calcd for CioHj9O4, 203.1283; found 203.1279

10-Aminodecanoic acid hydrochloride salt (9). Methyl
10-nitrodec-9-enoate 7 (150 mg, 0.65 mmol)~> MeOH (2 mL)®]l
£3)13F 3 10 wt% Pd/C (15 mg, 10 wt% to 7)= T3k
10 bar®] H, ¢} 12 A|ZF WH-&-3tt), EF-E AL celiteol] o 2}3)
of FulE AAstAL F5¢k $ %8k HCI (10 mL)¥ 12 AJZF
FRNkE-Eth E3E-oL AL Fofl 1 F celitee]] o3}
ato] GAgtt of vt G FHekaL Axste] WA 1
A9 10-aminodecanoic acid hydrochloride salt 9 (146 mg, 0.65
mmol, quant.)E A 3ATh mp 156.4-157.8 °C [lit.]" 157-159 °C;
IR(coated on silicon wafer) 3204, 1727, 1582 em’; '"H-NMR
(DMSO-dg) J' 1.24-1.26 (m, 10H), 1.46-1.54 (m, 4H), 2.19 (t,
J =172, 2H), 2.74 (t, J = 7.6, 2H), 7.88 (bs, 3H), 12.0 (bs ,
1H); "C-NMR (DMSO-ds) &' 24.9, 26.3, 27.3, 28.9 (2C), 29.0,
29.1, 34.1, 39.1, 174.9; HRMS (CI) [M+H]" caled for CioH,NO,,
188.1651; found 188.1654

Methyl 10-cyanodec-9-enoate (10a) / Methyl 10-cyanodec
-8-enoate (10b). aldehyde 2 (435 mg, 2.33 mmol)$} cyanoacetic
acid (298 mg, 3.50 mmol)= THF (2.5 mL)$} &3¢+ ¥ DBU
(1.04 mL, 7.00 mmol)E F$3F3 60 °CollA] 12 A|ZF wRESHY,
S8 EtOAc (10 mb)ol|l 591 % & (3 X 10 mL)E Aol
th 715 59 & A9 EntE 19 E gAste] 74
2] HAQ! methyl 10-cyanodec-9-enoate 10a/methyl 10-cyanodec-
8-enoate 10b (464 mg, 2.21 mmol, 95%, 10a:10b = 96:4 by
GC/MSD)E {31tk IR(KBr) 2223, 1749, 1633, 1439 cm’;
HRMS (CI) [M+H]" caled for C;H,NO,, 210.1494; found
210.1497
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Methyl 10-cyanodecanoate (11). Methyl 10-cyanodecenoate 10
(129 mg, 0.61 mmol) EtOAc (5 mL)°l £33 5 10 wt%
Pd/C (9 mg, 7 wt% to a mixture of 12a and 12b)= F%I3F3L
5 bar®] H, 9} 2 A7t wkg-gheh E3H8-912 celiteol] o] 25t
S AAL A AazvtE T2 GAste] F-a4e] of
AQ1 methyl 10-cyanodecanoate 11 (130 mg, 0.61 mmol, quant.)
S A3t} IR(KBr) 2245, 1742 cm; '"HANMR &' 1.29-1.31 (m,
8H), 1.40-1.45 (m, 2H), 1.59-1.69 (m, 4H), 2.30 (t, J = 7.2, 2H),
233 (t, J =72, 2H), 3.67 (s, 3H); *C-NMR & 17.0, 24.8, 253,
28.6 (2C), 29.0 (2C), 34.0, 51.4, 119.8, 174.2; HRMS (CI)
[MH+H]" caled for CppHpuNO,, 212.1651; found 212.1649

Undecanedioic acid (12). Methyl 10-cyanodecanoate 11 (99
mg, 0.47 mmol)> A3 HCI (10 mL)2} 6 A7+ S-4H-8-3hc},
E3Fgole AL B (10 mL)ol 52 F celiteo] o] #a}o]
AAgE ofdE &N FSHstal dxste] WA o] a Al
undecanedioic acid 12 (100 mg, 0.46 mmol, 99%)Z L3tk mp
116.9-117.5 °C [lit.]" 115-117 °C; IR(KBr) 1698 cm™; 'H-NMR
(DMSO-dg) & 1.22-1.25 (m, 10H), 1.47 (q, 4H), 2.18 (t, J =
7.4, 4H), 12.0 (bs, 2H); *C-NMR (DMSO-d¢) & 24.9, 29.0, 29.1,
29.2, 34.1, 174.9; HRMS (CI) [M+H]" caled for CjHy Oy,
217.1440; found 217.1435

11-Aminoundecanoic acid hydrochloride salt (13). Methyl
10-cyanodecanoate 11 (100 mg, 0.47 mmol)= MeOH (2 mL)¥}
AcOH (2 mL)°| €318t & 5 wt% Rh/C (20 mg, 20 wt% to
1) 913kl 65 bar®] Hy2} 12 AIZE ¥EE-Shc}, E9h-8-912
celite®l] oJZ}3to] FullE A AL, Z1$k HCI (10 mL)ol| Wil
617t B HS-sic) £ 5 $of TEAR = (10 mL)
of F0) 3L celiteel] oJTsto] FA St} o 7he NS w53}
3L AZF38Fe] WA o] 31491 11-aminoundecanoic acid 13 (112
mg, 0.47 mmol, quant.)= LUTh mp 143.7-144.5 °C [lit.]"
144-145 °C; IR(KBr) 3418, 1724, 1584 cm'; 'H-NMR
(DMSO-dg) &' 1.24-1.26 (m, 12H), 1.46-1.53 (m, 4H), 2.18 (t,
J =14, 2H), 2.73 (t, J = 7.6, 2H), 8.00 (bs, 3H), 12.0 (bs, 1H);
BC-NMR (DMSO-ds) & 24.9, 263, 27.3, 29.8, 29.0, 29.1, 29.2,
34.1, 39.1, 174.9; HRMS (CI) [M+H]" caled for C;;Hy;NO,,
202.1807; found 202.1809

a H
%3] 9olA aldehyde 25 37] Foll =EA1Z] F Ak 27104
7ral] WHe-2 she] Al HE A Gy w-amino acid®] -
Qkof| A doJ7l aldehyde 25 40 bar®] H, 71A] 27104 BoNH,

NH; ¢} reductive aminations <=3 3}%
akEEo] A o] HlY] wiiE

o A 3hel =S AL de T
H SHAE W mQbdste] AATE fHA 97] wiEel,
Boc,09} vEZ HEg-sto] 7153t 55 A& 5 3U8ltk 5+ HCl=
HHE-8ko] Cy w-amino acid 65 A FEHIZ 7Z|3sHA 9&

T AU} (Scheme 1).

HO;,CTr +COzH
T,
3
1) air oxidation
2) HCI, reflux
1) AcCl, MeOH 99% (2 steps)
2) 0, -78°C
Hoch,}f:\c " CH,Ciy/MeOH then PPhy MeO,C., , CHO
a7 fj
7 85% (2 steps) 7
1 oleic acid 2
Pd/C, BnNH; | gao,
H; (40bar)
Pd(OH), Hy ( bar)
then Boc,O
MeO,C.; . NHEn & MeQ,C .
t }r 5% ﬁ_} NHBoc
4 5
HCI, reflux
quant.
7

6

Scheme 1. Synthesis of Cy «,w-dicarboxylic acid and Co
@ -amino acid monomers

Ci a,w-dicarboxylic acid®} @-amino acid®] ¥/d-2 alde-
hyde 2°1| nitromethyl”| & =3t &AFE sl 8l W
Ho 7 A3 Nitromethyl 7] = aminomethyl”] = car-
boxyl7| = 2] Hgto] uf-g- golgk 2872 2 U A Utk
Nitroolefin 72 Henry reaction.©. 2 <217l nitro-aldol RF-&-3}
MsClell ost AlA W& T3l B2 &2 FA=HUL
Nitroolefin 7-&- Hy 71A41€] hela} whg- AIZY, Sofjo] oaF =4
52 B3 a,w-dicarboxylic acid F=3= w-amino acidS X1 €14
o ds g 3tk FEEA v 3 wt%2] Pd/C2} 3 bar?]
H, 71A 3skellA] 2 AJZF W& 3F31 W, nitroolefin®] -3+
¥ nitroalkane®] A4 °] F 11, nitro”]+= conc. HCIS A
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