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Synthesis of Glucuronic Acid Conjugates of Linoleic Acid Metabolites
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ABSTRACT. Linoleic acid and its metabolites have various medicinal effects with carboxylic acid functional group. General
carboxylic acid compounds are discovered as glucuronide metabolites by UGT glucuronosyl transferase at liver. Consequently,
glucuronides of linoleic acid metabolites are expected as potent conjugated metabolite. A previous study reported two epoxide
metabolites and two dihydroxy metabolites of linoleic acid. There are prepared their glucuronic acid conjugated compounds
as potent linoleic acid metabolites.
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N =2 A gkc}.e 712 31, 13-S-HODE(13-S-hydroxyoctadecadienoic
acidyts 7)1 Abw] 2] 0] fAfel ofat AZHE WAS &
2] =3 AH(linoleic acid)2> A A of] A= 2 v|71-6 B4 esksju=

Aol , A5 0] Ao AR 9| 7] 5o EAst= =4 g7 R g e 7HEAAS T = BEEES T
otk 18|11 AlA|= 2419 LA R o 2 HE gy At of| A1 UGT(uridine 5’-diphospho-glucuronosyltransferase) &
o ~a@ FIAEA] Bttt gl E|abo] WHAE o], & o] olate] ZEamyate] A3tE e sl vt
WA= gmellabat I AR o] thgk oFe] Aol A 297] g &ol|, gmaibe] o ZAbo| = th AR
S AL X&A o2 AsPr]|ql Qith S04 9 gl 2111-(3-pentyl-oxiranyl)-undec-9-enoic acid (6), 8-(3-oct-2-enyl-
o] o obzhe] wjne] S, mue] 4 5 oximnylroctanoic acid (72} TO]€ AR 12,13-dihydroxy-

Ea=t

S gursl 2~ glom 78T, A AR ATE W& 4 octadec-9-enoic acid (11), 6-(12,13-dihydroxy-octadec-9-enoyloxy)-
ot} Alsly E]l-’—i'ﬂ A T AFA| E(OLAMS; oxidized linoleic 3,4,5-trihydroxy-tetrahydro-pyran-2-carboxylic acid (13)5%= %+
acid metabolites)> TRPVl(tranSIent receptor potential vanilloid Ao 7 FEFLEAKglucuronic acid)a}e] ZAg HE-g-0|
D) +&A19 W asA= 2FE 2 59 stuel 13- oAgEh & Aol = el=dlite] & 79 o FAle]
HOA [(i)-l3-hydroxy-10-oxo—Wans-11-octadecenoic acid]= ¥ F = fAHAI6, TV T 279 thole tAMAI(L, 13)ES
W53 FF ZNL oASIE BHE 2T ook fA AT, o] HAE ST IR eI AT WS E
ShA 2= el ave] A2 oFel Al 1S-HETYE(15-hydroxy- o] 2429l AL = oAb ) 74Al o] Bzl
8,11, 14-cicosatetraenoic acid)= 5-HFeF A|Z O] Z2]8 A EES AT
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"H NMR (nuclear magnetic resonance) 2% E 22 Varian
Gemini 300 spectrometerS 53}o] €3tk NMR AHE
2of| A}-8-% &1l chloroform-d2} methanol-d,7} AF-8- =]
%131, 3}8+# o] &2 chloroform (CHCIs, 7.26 ppm)3} 4=
(HOD, 487 ppm)ol] thsfo] A= © 2 e oick. 11ia)s
AeF A9 E -2 Micromass/Waters LCT Premier Electrospray
TOF (time of flight) mass spectrometer2 7] 2 %] it} 2l &
| Ak, HATU, tetrakis(triphenylphosphine)-palladium 52 W]&3H
Aloke: Sigma-AldrichAte] Aok A18atch. B4E
TLC (thin-layer chromatography)+~= Fluka 607632 A}-&-3}
ALt

2l =2l L] ol FAIE HHE

11-(3-Pentyl-oxiranyl)-undec-9-enoic acid (6)2} 8-(3-oct-2-enyl-
oxiranyl)-octanoic acid (7)= W€l 2]& 9| ©] E(methyl linoleate,
2)9] m-chloroperbenzoic acid(mCPBA)E ©]-8-3l o & A]
sto] & Fote]l Aot vE e EQ)E
mCPBAZ | 2|5tH, & of ZA|ste 3hetE 337 3¢t
& 4, 123 o]F o FHAISE e 57 ol o]
= 33IE-E2 methanolic KOH Z Ao A 7I4E3stH
oA 2 2 dAtel SEAS 6,7, 88 A& 4 3t
(Scheme 1).

2| =2 A2] CIO[SI0| =E8AIE HHE

o ZFAIBtE =AY F2A| 3, 45 oMM EAL &)
oA 25 F 9] &g oA H o] ER A 2|5t tholslo| =
S5 3EEo] ozt o] 3EES methanolic
KOH %7041 71423 ohl cholshol =2 A|ahel o)
glolit fFEAlE 1, 13& 212 97%9] A4 wh-g-of 7}
e EEH AL 5 UtH(Scheme 2).

2l=2 42 tHARIS 2L = A8t 8kg

AE A5} 53} cholafo] Ecz I3 whe-g Bolo]
o7l e=dlite] thAHAIEG, 7, 11, 13)S =FFE4F 4
3olstE g A%kslr| €)3}ho] allyl D-glucuronate (16)2
AR ElEmglate] A &S oMl EUolEE &
3lof| A allyl D-glucuronate?} HATUR A 2]3}H, & 7]
2 B fi5dit A Y SRFEA 2ReES
@2 % 51k o] S-S THF So}ol 4 morpholines)
tetrakis(triphenylphosphine) palladium .2 *2]s}H &g
sk =it dAAlEY 2824 2ERES0,
10, 12, 14)S A& 2= 9l th(Scheme 3).

Mg 2|=201EQ2)

2l =94k (1.13 g, 4.03 mmol)o] H&He (20 mL)2 7}3)
0] aL, Sl ke gtk (02 mLyE 7kt -, 1417 9k 2k
Hheteh HHEES A2 o 2 431, e 7HtEt
A AAZE ZHRE & (50 mL)g 713+ o &l oA )
JEG0 mL)E F&3th §7]15-8 vtavle Ao ER
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Scheme 1. (i) Methanol, sulfuric acid, 100%; (ii) Sodium bicarbonate, m-chloroperbenzoic acid, 1,1-dichloromethane, 32% (3), 32%
(4), 16% (5); (iii) 2N potassium hydroxide in methanol, 100% (6), 100% (7), 90% (8); (iv) 2, HATU, N-methylmorpholine, acetonitrile;
(v) Pd(PPh3)4, morpholine, THF, 26% (9, two steps), 29% (10, two steps).
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Scheme 2. (i) Sodium acetate, acetic acid; (ii) 2N potassium hydroxide in methanol, 11 (97%, two steps), 13 (97%, two steps); (iii) 2,
HATU, N-methylmorpholine, acetonitrile; (iv) Pd(PPhs)s, morpholine, THF, 35% (12, two steps), 45% (14, two steps).

Methyl linolate (2)2| 0| ZA|Z} HIS
11-(3-Pentyl-oxiranyl)-undec-9-enoic acid methyl ester (3),
8-(3-oct-2-enyl-oxiranyl)-octanoic acid methyl ester (4), 8-[3-
(3-Pentyl-oxiranylmethyl)-oxiranyl]-octanoic acid methyl ester (5)
M 258 0] E(2, 5.00 g, 17.0 mmol)of] tho] S ==
EH(50 mL)S 7FskaL, 0°CE Y243k 3, & Hio|7HE Y|
O] E(1.80 g, 214 mmol)E 7}3tt. 0°Cof 4] mCPBA(3.60 g,
16.1 mmoh)E t}o] 2R ZHEH(T5 mL)o] 5oix Hhg-=of
L5AIZk] 59k A 7beta, g mef A £7bH 0 ® 30
LuFsheh MBS Ao 4 2057 A5t
, m518 A5 vlo]7lH o] & 480080 mL)Z}
(80 mL)E 7ato] WS A AT §7]%S
fol vl 1yl Amo] B2 A%s}a, olute}, of e
boll ] 5 gt AR ES  ARubE e o) o)
=2 —Eral 3l=d| o] F5Aro 2 n-Hex:EtOAc =40:1-4:1
L & o] FAL o 2 AL&-3tt). 3HEHE 11-(3-Pentyl-
0x1ranyl)-undec-9-en01c acid methyl ester (3), 8-(3-oct-2-enyl-
8-[3-(3-pentyl-
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oxiranyl)-octanoic acid methyl ester (4),
oxiranylmethyl)-oxiranyl]-octanoic acid methyl ester (5)2]
EA BEHo) e, Rl 24 TS A el
Zalol, B3 3,4,58 27 At

(3). 'H NMR (300 MHz, CDCl;) & 5.47 (m, 2H, CH=CH),
3.67 (s, 3H, OCHj3), 2.93 (m, 2H, epoxy), 2.42-2.00 (m, 6H),
1.65-1.30 (m, 18H), 0.91 (t, 3H); HRMS calcd. for C;9H3505
311.2586 found 311.2599.

(4): '"H NMR (300 MHz, CDCl;) § 5.48 (m, 2H, CH=CH),
3.67 (s, 3H, OCHz3), 2.93 (m, 2H, epoxy), 2.43-2.02 (m, 6H),

1.66-1.30 (m, 18H), 0.89 (t, 3H); HRMS calcd. for CioH3503
311.2586 found 311.2597.

(5): '"H NMR (300 MHz, CDCls) § 3.67 (s, 3H, OCH3),
3.13 & 2.99 (m, 4H, epoxy), 2.31 (t, 2H, J=7.5Hz, CH,CO),
1.76-1.30 (m, 22H), 0.91 (t, 3H); HRMS calcd. for C1oH3504
327.2535 found 327.2530.
2l=2l4HHIE HAE ZRtES0| YUHEQI JlE6l W

z¥zro] W€l o A¥|(3, 4, 5, | mmol)o]] 2N KOH
(2 mL)Z 7hskar Aol 1442t &<t antkelet.
23 IN HCl A5 A71sto] pH | =2 gt
ofd ofH 2 &2 &3t} {75 2R
vl AEo]ER X
et stoll A F&5taL, 5
Ab BH3HE(6, 7, 8)2 =T

11-(3-Pentyl-oxiranyl)-undec-9-enoic acid (6)

(6): "TH NMR (300 MHz, CDCl;) & 5.48 (m, 2H, CH=CH),
2.94 (m, 2H, epoxy), 2.42-2.02 (m, 6H), 1.67-1.30 (m, 18H),
0.91 (t, 3H); HRMS calcd. for CsH3305 297.2430 found
297.2422.

8-(3-oct-2-enyl-oxiranyl)-octanoic acid (7)

(7): "TH NMR (300 MHz, CDCl;) & 5.48 (m, 2H, CH=CH),
2.94 (m, 2H, epoxy), 2.43-2.02 (m, 6H), 1.67—1.28 (m, 18H), 0.89
(t, 3H); HRMS calcd. for CsH3305 297.2430 found 297.2423.

8-[3-(3-Pentyl-oxiranylmethyl)-oxiranyl]-octanoic acid (8)

(8): 'H NMR (400 MHz, CDCls) & 3.15 (m, 2H, epoxy), 3.02
(m, 2H, epoxy), 2.39 (t, 2H, J = 7.4Hz), 1.75 (t, 2H, J = 6.2Hz),
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1.67 (m, 2H), 1.57-1.33 (m, 18H), 0.92 (t, 3H).

3,4,5-Trihydroxy-6-[11-(3-pentyl-oxiranyl)-undec-9-enoyloxy]-
tetrahydro-pyran-2-carboxylic acid (9)

2ol A shghE 6(112 mg, 0.361 mmol)o]l oFA| E1to]
EHG mL)yE 718l =21 £, allyl D-glucuronate (101 mg, 0.431
mmol), HATU (139 mg, 0.366 mmol)2} N-methylmorpholine
(86 mg, 0.842 mmol)S 7}eteh HHS-E-& Al Lof A 204
7k 5ok mykshaL, vk Bl 73k shol 4 AA T 2
RES P azlE I Yo F) o 5o
CH,Cl:MeOH = 40:1-10:19] &3} & & A&t} £
H FES A4S stolA s5sto]l 8ujE A AL allyl
D-glucuronate”} A= o] Ql&= 3petES A=

'H NMR (300 MHz, CDCl;) § 5.93 (m, 1H), 5.62—5.27 (m,
4H), 4.71 (m, 2H), 4.04 (d, 1H, J = 9.6Hz), 3.69 (m, 4H), 2.95
(t, 2H), 2.44-2.01 (m, 6H), 1.68—1.30 (m, 18H), 0.91 (t, 3H).

0°Col| A o] 3gHE(101 mg, 0.197 mmol)o] THFQ2 mL)E
7}8) 21 5, morpholine(23 mg, 0.264 mmol)¥} Pd(PPh;)s
(11 mg, 0.00942 mmol) 7}5}3L, T LT o A 1AL &

WA THFS 749 sl 4] A 73ty 2 o] 2
(5 mL)2 7kstar, g obAlE|o] 22 Thste] uhg-olA] A}
e BARET S A% 5 §71%F Bog 5ol
AAG AREE 580 Fo] ATt g
57 Azxste] SR 95 A

'"H NMR (300 MHz, CD;0D) § 5.50 (m, 4H), 3.87 (m,
2H), 3.46 (m, 1H), 3.21 (m, 2H), 2.96 (m, 2H), 2.44-2.04
(m, 6H), 1.66—1.30 (m, 18H), 0.93 (t, 3H); HRMS calcd. for
C24H3009 471.2594 found 471.2592.

o])lt
fljo

3,4,5-Trihydroxy-6-[8-(3-oct-2-enyl-oxiranyl)-octanoyloxy]-
tetrahydro-pyran-2-carboxylic acid (10)

Aol A 2ok 7(129 mg, 0.415 mmol)o]l oFA| E1to]
EZ(S mL)yE 7}sf %<1 £, allyl D-glucuronate (111 mg, 0.474
mmol), HATU (168 mg, 0.442 mmol)2} N-methylmorpholine
(86 mg, 0.842 mmol)E 7|3t} HF-SES A2 0] A 204]
7F Eo]— H]—o]_’_l l:l]-—« JQUHE 71— H]— s]_ ] 1 xﬂ}]zﬂ—]‘,} ZF
Fes o ARnEIH o YO R Jit) o] g4 o R
CH,ClL:MeOH = 40:1-10:19] &3} gl & A&t 225
RHe 719k sto) A FE&ste] S| A|ABIAL allyl D-
glucuronate7} 77| o]Ad ol ql= ohtaa A=t

'H NMR (300 MHz, CDCl3) & 5.93 (m, 1H), 5.62-5.26
(m, 4H), 4.71 (d, 2H, J = 5.7Hz), 4.05 (d, 1H, J= 9.3Hz), 3.81—
3.58 (m, 4H), 2.94 (m, 2H), 2.44-2.01 (m, 6H), 1.68—1.28
(m, 18H), 0.89 (t, 3H).

0°Co]| 4] o] &3+E (93 mg, 0.181 mmol)o]] THF 2 mL)E
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7Vl <91 3, morpholine (22 mg, 0.253 mmol)Z} Pd(PPhs)
(11 mg, 0.00942 mmol)S- 7}3}aL, e Lo A 1A 7F &
ok ﬂ‘ﬂf&q THFE Z<f OPOM Xﬂﬂﬂt} ZH5 301] =

IH NMR (300 MHz, CD3OD) 5 549 (m, 4H), 3.87 (m, 2H),
347 (m, 1H), 321 (m, 2H), 2.95 (m, 2H), 2.45-2.03 (m, 6H),
1.67-1.30 (m, 18H), 0.91 (t, 3H); HRMS calcd. for Ca4Hs900
471.2594 found 471.2602.

12,13-Dihydroxy-octadec-9-enoic acid (11)

2120 A 3FEHE 3(768 mg, 247 mmol)o]] oMM EAF (7 mL)
= 7Fall =o]al, A OWIEﬂol E(1.61 g, 19.6 mmol)E 7}
3o}, vhe EFHE-S 80 °CollA] 2A]7F E9F wHFsl 1L, Al
soz AHE) AT, oo £3HE & 5 tfel7hx o]
E #8845 7hstaL, o o =(70 mL)2 5“‘/} r
158 vl AulolER A%, oFlsla, ofd)

o st W S5 55 =0l 2N KOH Hgh
< 7181 Ao A 20417t FoF w Rk}
I stoll A A7 skaL, IN HCI =8-S = pH
etk vk EdES oY oHER 2=
,%71%% TR Al JﬂolEi Az, O%LJrOb— o
Stk ARES 52 Ax5He sekE e At
'H NMR (300 MHz, CD;0D) & 5.48 (m, 2H, CH=CH),
3.41 (m, 2H), 2.36-2.04 (m, 6H), 1.63—1.30 (m, 18H), 0.92 (t,
3H); HRMS calcd. for Ci3H3304 313.2379 found 313.2363.

J% (T é op m
Mo ot — 12 ni

6-(12,13-Dihydroxy-octadec-9-enoyloxy)-3,4,5-trihydroxy-
tetrahydro-pyran-2-carboxylic acid (12)

shte 1 924 R 5t 3ghE 95 FAst=
i 2E g o s a9tE 128 ¥e

'H NMR (300 MHz, CD;0D) § 5.50 (m, 3H), 3.45 (m, 4H),
3.22 (m, 2H), 3.15 (m, 2H), 2.45-2.04 (m, 6H), 1.67-1.30 (m,
18H), 0.92 (t, 3H); HRMS calcd. for C24sH41010 489.2700 found
489.2703.

9,10-Dihydroxy-octadec-12-enoic acid (13)

2014 2hghE 4(618 mg, 1.99 mmol)o]l oA EAKGE mL)
& 748 0], A obA|H o E(1.31 g, 16.0 mmol)E 7}
e g EHES 80°Col A 2417 Fek wukat, A

202 Aich of7jo] EahE 25 wolhuo]E -8
A 7hataL, oY ofEHE(70 mLE FE3E §7152
nhav 4 Awo| =R A, o3t ofol S 7k shef A



5Ttk 5% 2H5-Eo] 2N KOH v e 89120 mL)S
Zhshan Ao 20417F FF mykgch WS 7Ier
slol A A 7313, IN HCl =802 pHE | A2 %
AR 0 B oY 22 250 5 158

& AFolER Ax, ofyfstal, NS 53t
AREE T2 x5 F9tE 138 4=

'H NMR (300 MHz, CD;OD) & 5.46 (m, 2H, CH=CH),
3.40 (m, 2H), 2.45-2.03 (m, 6H), 1.62—1.28 (m, 18H), 0.90 (t,
3H); HRMS caled. for C15H3304 313.2379 found 313.2363.

6-(9,10-Dihydroxy-octadec-12-enoyloxy)-3,4,5-trihydroxy-
tetrahydro-pyran-2-carboxylic acid (14)

e 135 9 EAR 5o e
Wi e o slgkE UE Y=

'H NMR (300 MHz, CD;0D) & 5.49 (m, 3H), 3.42 (m, 4H),
3.21 (m, 2H), 3.14 (m, 2H), 2.44-2.03 (m, 6H), 1.67-1.30 (m,
18H), 0.90 (t, 3H); HRMS calcd. for CosH41010 489.2700 found
489.2702.

9% TS

Allyl D-glucuronate (16)

D-glucuronic acid (1.08 g, 5.56 mmol, 15)%] DMF (4 mL)E
7Fall o], DBU (0.95 g, 6.22 mmol)E 7}8ko] 1087F
Al ol A mEksttt o] 7] allyl bromide (0.81 g, 6.70 mmol)
2 7}atar Ao A 16A]7F S¢F wuksltt. DMFE 7H9)
oA A AT, AFHEL ol EL Gu 2 AFREHo] 3
IZutE e oz B ﬂ;‘ﬂ_q By shgEe

g ol Al A z31oq, 3k 162 H=th
Z@u g oz

e eﬂﬂ*P-J AR = G2 T S/ o FA|=
=26, 73 ¥ £59| thol & p:}fﬂt' 1, 138 2272
it 2@t E R Ues 2 1AL Perried] WS

AL WA FRFEAE allylationstel sk
16 E=tH(Scheme 3). 12|11, 2} 25 4tke] A=
of 3}3tE 167} HATU, NMM (N-methylmorpholine)% Af

s
-
L%

O

Scheme 3. (i) DBU, allyl bromide, DMF, 71%.
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