J. Korean Soc. Food Sci. Nutr.
29(3), 389 ~394(2000)

A Fod Fe} 3 )

Conjugated Linoleic Acid (CLA) Glycerol 7= 38ty &M

Selaf - ZYME

ZatstT

sasEtAEasEt

= t
CuaRt - AWST - ASU - sty

=]
=TT

*(Z)HK Biotech

AR A B O B ORI

Chemical Synthesis of Conjugated Linoleic Acid (CLA)
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Abstract

Conjugated linoleic a cid (CLA) is a potent anticarcinogen for several animal models. CLA was synthesized
by alkaline isomerization of linoleic acid. Derivatives of CLLA with glycerol were synthesized by chemical
methods to use as food additives. Chemically~synthesized CLA —chloride (CLA-CI, 1.79 mmole), glycerol
(0.6 mmole) and pyridine (1.3 ml) were reacted at 25°C for 8 hrs. The resultant was fractionated by silica
gel column chromatography (SGCC) and thin layer chromatography (TLC). The fractions were identified
using infrared spectroscopy (IR), nuclear magnetic resonance spectroscopy (NMR), and mass spectrometry
(MS). Amount of CLA converted to CLA-glycerol derivatives was 59.4% and the rest of CLA was remained
as unreacted CLA or CLA dimer. The composition of the CLA-glycerol derivatives was 52.1% tri—-CLA~
glycerol (CLA-TG), 17.0% di-CLA-glycerol (CLA-DG) and 30.9% mono-CLA-glycerol (CLA-MG).
These results suggest that the chemical synthesis of CLLA-glycerol derivatives produces CLA-TG, CLA-~

DG and CLA-MG as well as CLA dimer.
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Conjugated linoleic acid(CLA)E 8712) o] A Al (cis-9,
cis-11; ¢is-9, trans-11; trans-9, cis—11; trans-9, trans-
11; ¢is-10, cis-12; cis-10, trans-12; trans-10, cis-12;
trans-10, trans-12)2 T4 =] lch(1). Linoleic acid=.
el §AE CLAAE cis-9, trans-11 CLA®} trans-10,
cis=12 CLA ©} 4 A7} 7h2} oF 47%5 AA g} CLA=
mouse skin cancer(1), mouse forestomach cancer(2) 2
rat®] mammary cancer(3-5), mouse colon cancer(6)il
da ZHg Agdansl glgol It oo
CLAE "YF7HD), T4 332 (8), A A 434 9), 4
AEF2(10), 32719 A3 93110 59 E4E e
A 7154 Aol

A} Fo]| = | ut4ibo] F 2 triacylglyceride(TG), diacyl-
glyceride(DG), monoacylglyceride(MG) £2] =2 &
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-r°r51°1 WTH(12). 2efaz Aol fe] X g4ate] Ea)

& AL, ol A g FAL AL F2AME
S A 7] 7] Wl 28] Al A st o} e}, whebA, A
LS A 8f e A Fel ArkAE 2219l o
£ glycerol®] fr=A2 §A437 b A7 7= Aol vh
A st} ohofst el A& 2= CLA 9 4] glycerol9)
A2 A ook A FAH A2 AHE-E 5= 918 o)tk

Aepake] A Fe-g-& 2 uiake] el we} aje) s}
it Ratel| 4 glycerol palmitatet= 95~96%7} ¥4+
ol {2l el 9] palmitic acide 80% A =7} F45
3, CLA 94 CLA-TG &7}t el e 44 {4+
b woastect (13). whaba] A Fo|vt o ok4 ol CLA
& 2H8-3k7] #1814 CLA glycerol =49 i 2 §
Ad=Elejet & Holr.

CLAS®| glycerol fr=A g4 ol #3 Q1= A 2F7HA
W R ¥ vpr}l gl B dFd A= CLAY glycerol %
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CLA<E linoleic acidZ %€ alkaline isomerization B
W o 2 489 th14). Glycerol, hexane, isooctane, pen-
tane-2 Junsei ChemicalsA}(Japan)ol| 4 7413t c}. Ox-
alylchloride= AcrosAHUSA), pyridine® Kanto Chem-
icals#HJapan), benzene2 J.T.Baker*HUSA), calcium
hydride(CaH)+ Lancaster Synthesis*HEngland), CDCls
+= Aldrich*HUSA) el 4] F-¢18}¢]t}. Silica gel 60(230~
400 mesh, ASTM)3} precoated silica gel 60 Fass plate
(20X 20 cm, alumina) MerkAHGermany) 2 %8 74
sl . Benzene# pyridine2 Ny stell 4 Call® 253}
o Algstdth 2 9 Al B E A ke reagentF o] 4
ol ct.

CLA-Glycerol T alle| &4

CLA-CI& ¥4 37] 913t 2 3(KukjeAl, 15-D-300,
Korea)2.2 7 %% CLA(3.75 mmole)Z &% round
bottom flask(100 mL)ell %53l ZAZ3¥ benzene(10
mL)2 A 7}slgd e}, o 7] ol pyridine(0.43 mL)3 oxalyl-
chiloride(0.42 mL)E N 7|5 3}l A A A 3] H7el A
24217k stirring3ti 4] vES-Al FHeh(Al7] BE-2- iceol|A]
3=}, CLA-Cle] &% round bottom flaskel 2!
2% glycerol(1.88 mmole)3 pyridine(1.3 mL)-& 3 % 3]
A7Fstgich Aol A Zuksa A 8412 v A D) k&
saturated sodium bicarbonate(NaHCOs, 10 mL)& &~}
3o uk-g-& AR Al FH k. CLA-glycerol 4% 42 ethyl
ether(70 mL X 3)Z $Z3}% brine §9(saturated NaCl,
50 mL).2.2 A ¥ 8}, sodium sulfate anhydrous 2 &
kA5 AAF F F5Hstdch

CLA-Glycerol Ao 22 ¥ X

CLA-glycerol =44 tri-CLA-glycerol(CLA-TG),
di-CLA-glycerol(CLA-DG), mono-CLA-glycerol(CLA-
MG)2 silica gel chromatography(SGCC; 12X 2.5cm,
hexane : ethylacetate=24: 1, v/v)& o] &3}o] £}
T3 o] 5 FEA+ A4 hexane : ethylacetate(5 : 1
% 5:2, v/v)E A48t silica gele] coating® TLCE
£2}8l22 UV lamp(UplandA}, USA)$} phosphomoly-
bdic acidg o] &3k FHadstadch

25 FxA o gk IR 2% E7 -2 Hitachi 270-50
(Japan)% ©]-§-3lo] Al 8.5 NaCl diskArell =@ste] &

A8tk NMR &8 E3-2 Bruker AW-500(USA)&
o438l A1 8& CDChell ¥4 500 MHzell 4] 'H-NMR
-2 0~10 ppm Ateo] el 4], *C-NMR-2- 0~ 200 ppm AFe] ¢l
4] chemical shiftE &3 3lg v} MS ~¥ 8-S silica-
fused Supelcowax 10 capillary column(60 m X 0.32 mm,
id, 025 pm film thickness)e] Z2E Jeol JMS-700
(Japan) system$ AM8-8le] 25l q, Al4-H o]235}
gL 70 evVHrh

GColl 2l&t CLAS| Mzt

CLA-glycerol =4 of] % CLAE Kim %$-(14)%)
W 2 2 methyls} & o}-8 GCE #4434t} FIDs}
Supelcowax 10 capillary column(60m X 0.32mm, id.,
0.25 um film thickness)e] A2® GC(Hewlett Packard
5890)F AH4-3l4ith. Oven 2% & 180°CH-#] 200°C7}HA]
FF 5°CE £ A Z I carrier gasE Na(3 mL/min)&
AHg-8tdeh. CLA o1 Al 9] $4-& Ha & (15)9] "yl
3t

2 o

CLAZ| Glycerol R £2]

Linoleic acid3- alkaline isomerization B8 2.2 A4
¥ CLAE A= 8709 1A Al(cis-9, cis-11; cis-9, trans-
11; trans-9, cis-11; trans-9, trans-11; cis-10, cis-12;
cis-10, trans-12; trans-10, cis-12; trans-10, trans—~12)&
FHet). 22y oAl FaFE as-9, trans-11
CLA7} <F 46%, trans—-10, cis-12 CLA °] Al Al 7} <F 48%
o] ar el R] o] Ad A= 4% tHFig. 1A). ©) CLAE CLA
9] glycerol fE 4 (CLA-glycerol $X3) Aol A}&
3l9d e},

CLA 3.75 mmole-g CLA-Cl frEA 2 TE t}g o] A
& 1.88 mmole glycerol®} ¥FH5-A17 A3 CLA-gly-
cerol XA 8 SGCC(hexane : ethylacetate=24: 1, v/v)
2 £33t TLC(hexane : ethylacetate=5: 1, v/v) & &
A3t (Fig. 2A). FA R CLA-glycerol & Ao+ 5
7HA BEE & A1, A-2,A-3, A-4 8 A-57 FHE )
il " (lane 1), SGCCE =48 A-2(ane 2)% A-5
(lane J)E§ES LAt ol & FFES TG comn
oil(lane 4)3} Bl i d}ed A-2& CLA-TGE &1¥ 5= 9]
Atk o] A AA = A-3E A-49) ¥ =R Ytz
A-5& A& Abell a2 EAstg )

wetx] A7 499 ethylacetate H]8-& 1 unit 2!
A7) Lvl(hexane : ethylacetate=5: 2, v/v)& A}-8-3}4
TLC=Z ¥32]% A3} (Fig. 2B), A-3(lane 2)= A-42 ¥-¥
¥} =9l 3 A-5(lane 3)& A A2 7€ o] 5= o)
A-4E £53 CLAS vl 23l wr-g3A] k3 o} 9l
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Fig. 1. GC chromatogram of CLA methylester prior to (A)
and after synthesis (B) of CLA~glycerol derivative
(Fig. 2; A-2).
Peak identification: 1, Ci7o (internal standard); 2, cis-9,
trans-11 CLA; 3, trans-10, cis-12 CLA; and 4, trans-
9, cis-11 CLA and trans-10, trans-12 CLA.

Fig. 2. TLC patterns of CLA~glycerol derivatives separated
by TLC using a mixture of hexane : ethylacetate
25 :1, v/v) (A) or hexane : ethylacetate (5 : 2, v/v)

B).

Lane identification (A): lane 1, crude CLA-glycerol
derivatives; lane 2 and 3, fractions purified from crude
CLA-glycerol derivatives by the SGCC; lane 4, com
oil; and lane 5, free CLA. Lane identification (B): lane
1, crude CLA-glycerol derivatives; lane 2 and lane 3,
purified from crude CLA-glycerol derivatives by SGCC;
and lane 4, free CLA.

= CLAZ #ls%

CLA-Glycerol x| 53

A-1,A-2, A-3, A-4, A-5 ¥3& GCE ¥4 247
= Fig. 1B8) A-2(Fig. 2) ¥ A B vpe} o] BF
cis-9, trans-11 CLAS} trans-10, cis-12 CLAE ¥-#38}
zelgdoen AR f2] CLA 7oA =A== &
ol&F #}o] 7} Wl H(Fig. 1A). 24 £8-& 'H-NMR, °C-
NMR, MS2 #43% 43 So|§ AL oh&3 2ot

A-29) 72 24 (Fig. 3, 4): IR 2~ ¥ 2 (Fig. 3A)°llA4
glycerol®] ~OH(3357 cm )7} &A8}#] 949k.2 alkene
5} aliphatic alkane(3000~ 2800 cm '), carbonyl?] (1750
em DE B 4 99, glycerold] IR 24 23 (Fig. 3B)}
u2slel e o RE -OH7} 9438 CLAS esterd §-&
3t3 g1 && & 4 sl 'H-NMR 43 E3 (Fig. 4A)
ol 4] corn oil®} 'H-NMR(Fig. 4B)ell A vehta] e F
o o]& A& 44(5.3 ppm~6.3 ppm)7} ettt =
& glycerol®] 42(4.1~4.4 ppm)7} kgl 2.7, 3 o] 5
Aol 529} glycerole] 449 Hl&-& Iz A3} 12
: 52 glycerolell 370 ¢] CLA7} esterd §H-& 32 9l5%
o 4= glelet. C-NMR 2% 3 (Fig. 4C)ll A carbonyl
carbon(171 ~ 182 ppm)°} W eyt alkene®] carbon(124
~134 ppm), alkane® carbon(12~33 ppm), glycerol &
A carbon(60~68 ppm)e] vtebdch ahela g€ £
A-2& CLA-TGZ FA4 =%
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Fig. 3. IR spectra of the A-2 (A) and glycerol (B).
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Fig. 4. 'H- NMR spectra of the A-2 (A) and corn oil (B),
and ®C-NMR spectrum of the A-2 (C).

A-39] F-= 4 (Fig. 5): IR 2% E=31(Fig. 5SA)) A glyc-
erol?] ~OH(3357 cm™), alkene®} aliphatic alkane(3000~
2800 cm'), carbonyl71(1750 cm ™) & #1514l 7) ) -Foll
glycerol®] ¥ -OH4 CLAS} ester2 &2 3 Aoz &
A=}, '"H-NMR 2% £33 (Fig. 5B)9|lA] proton signal
pattern<= CLA-TG (Fig. 4A)%} fAMsld 2 39 o &
@?}«] 49} glycerol®] 4:9] v]-§-2 3 A7 8

2.2 glycerololl 2709 CLA7} esterZ 32 315 gl4
o} MS 2 B3 (Fig. 5C)oll 4] #3}o] 61698 &7
2248 A-3+= CLA-DGE FA =g}

A-58] F& ¥ (Fig. 6): IR 2% E3 (Fig. 6A)%l4
glycerol®] -OH(3357 cm'), alkene®} aliphatic alkane
(3000~2800 cm ™), carbonyl7] (1750 cm ™) = 2= $17]
of) glycetol®] ~-OH 9 %7} CLA®} esterd & 8lx 914
o}, 'H-NMR 23 =3 (Fig. 6B} glycerol 4 %19
A 918t CLA-TG(Fig. 4A)9} frAst 2 3o ol %
A3 49} glycerol 49 HlES FI3 A5 4:
72 glycerolell 1709] CLAZ} ester 238 313 91-8%
& 4 slglch MS 2 =8 (Fig. 6C)oll A ¥-213F 3545
#galgto 2 A-5& CLA-MGE EFA =

A-19) 7= £4 :'H-NMR 2% E3 o] CLAS] &
o o] Age] $4(53~6.3 ppm)7}t ebE 3 PC-NMR
2#H e YA carbonyl carbon(171~182 ppm), alkene

7).
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Fig. 5. Spectral analysis of the A-3.
Panel identification: A, IR spectrum; B, 'H-NMR spec-
trum; and C, MS spectrum.

9] carbon(124~ 134 ppm), alkane®] carbon(12~33 ppm)
o] Yyt o glycerol backbone carbon-& &<l =] ¢
sttd. MS datacllA] Bxl3ko] 5428 False] A-12
glycerol =471 obd dimerZ ¥4 = ¢}

A7 7171 #4459 TLC 24 A5 E £3tsle &
W, A-12 CLA-dimer, A-2+ CLA-TG, A-3< CLA-
DG, A-5& CLA-MGE FA3 =<t}

CLA-Glycerol A2 +8

Table 1914 CLA-glycerol =& 3330z
FAsl7] 91sled CLA-CI(1.79 mmole), glycerol(0.6
mmole), pyridine(1.3 mL)-& 25°Col| 4] 841 7F F-4F wk-g-A]
A FAE CLA F=49 &S Jehilz ) Foi
Z7AANA AH4-¥ CLA9 59.4%7} CLA-glycerol 4% 3
2 AF=E P A & dhgell o] 852 ok Fa Al
9 CLAZ FelglAY, CLA dimer® 83tk o]
CLA-glycerol f-%4 % CLA-TG, CLA-DG, CLA-MG
= 727} 52.1%, 17.0%, 30.9%ct.

I #

CLA-glycerol #% A2 oxalylchloride ¥ 2 2 4
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Fig. 6. Spectral analysis of the A-4.
Panel identification: A, IR spectrum; B, 'H-NMR spec-
trum; and C, MS spectrum.

3 ¥ o5 FEAES SGCC 2 TLCE o] 4314 A-],
A-2, A-3, A-4 2 A-5E B33t3 AA ¢ ol &
¢ GC, IR, NMR, MSE o] &3l 543 A3 A-1&
CLA dimer, A-2%= CLA-TG, A-3¥ CLA-DG, A-4&
CLA 283 A-55 CLA-MG%itt.

Tsujisaka $(16)& 2|44+ glycerol =M S re-
sioselectivityol] we} TG, 1,3 =& 1,2-DG, 1(3) =&
2-MGZ 2elgttz B wslgich & Q-7 FoiAl #e
Z2A M & CLA-DG ¥ CLA-MGel| 4] CLAY] ester

A% A& #alskA] £3gAw CLA-DGE 13 B
1,2-DGe] Eg¥olx CLA-MGE 1(3) =& 2-MG9]
EFEL Aoz Y7hEd

B ATl A-4-% CLAE 8719 ol A A& 353k 9l
Q=] -1 F cis-9, trans-11 CLA®} trans-10, cis-12 CLA
ol A A7t 7z}t 46%, 48%E A 3 tH(Fig. 1A). o] &
o] A ¢t CLA-TG, CLA-DG, CLA-MGZe] EolAd &
37] 9s1ed B85 CLA-TG, CLA-DG, CLA-MGel &
9 CLA |4 4 5-& ¥43% A7} (Fig. 1B), 2} CLA-
glycerol =3 &% CLA old A+ AH4-§ AR
CLAY] 55 CLA o)A A g w9} & o] 7k gl et
u}ebA], CLA-glycerol %A §4 ol 9] 1A resioselec-
tivityoll tH¥ CLA o] A 713 BolA-& & & glsith

CLAE A1 9 9op¥o] 182 AME3r] A+
CLAE CLA-TG 3 e} 2 A 35| oo} gt} £ T4
A}-4-3} oxalylchloride s AH-8-3F 813H4 Q) Wi & 2189
CLA$] 59.4%7} CLA-glycerol =4 2 A gte] =1,
o) 48 CLA-glycerol %4 % CLA-TG, CLA-DG,
CLA-MGx: 72} 52.19%, 17.0%, 30.9%%th. CLA-TGS]
AN EE F71A1717) 98 et kA Skl whE S
AF4-3te] §A 32tk =, acid catalystgl 4-toluene sul-
fony! acidE o} &3t CLA-glycerol =4 & 433
749 CLA-TGE vl 5%)2.2 A= 9.1, boric
acid/2-methoxyethanol2- AH8-3}41 & A%<l CLA-TG
= g3 = 4] skgkat, CLA-DG, CLA-MGR @4 = o}
(17). 1 & CLA-glycerol =AM £ Atg] 3 0 2 o] &4]0]
arh CLA-TGE 9%F, A& S 7424, CLA-
MGE 34l 2 o] 4 715-3lth CLAY Az|8A & a7
T o o] 5% AF HIAZ ML 7|54 AEE A
AbgE 4 9lch. Al &%-o| CLA-TGE A7lg ez 7154
A 455 Az 5 A& Holel 2 CLA o]4AT
(cis-9, trans-11 CLA®} trans-10, cis-12 CLA)l| A &]
Aol 2l BT (18)7} 9lo] o1& Bol gt o AT
& 2t CLA-glycerol =48] Ao g AT &
¥} =3 CLA-TGY ¢85 ¥4 4 & 33tA

Table 1. CLA-glycerol derivatives synthesized by chemical method”

)2)

CLA derivatives Amount (mg

Yield (%)% % CLA-glycerol derivatves”

CLA-TG 154.1+1.1%
CLA-DG 502+1.3
CLA-MG 91.9+1.4
FFA, CLA dimer 203.8+0.8
Total 500

30.8 52.1
10.2 17.0
18.4 309
40.6

100 100

DCLA-Cl was reacted with glycerol (54.8 mg) and pyridine (1.3 mL) at 25°C for 8 hrs.

“Determined by GC.

3)Percentage of given CLA-glycerol derivative against total CLA (500 mg) used.
4)Percentage of given CLA-glycerol derivatives against total CLA-glycerol derivatives (59.4%).

"Mean=SD of three experimental data.
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CLAY] glycerol fr=AE exoz §4dstadct
CLA-CI(1.79 mmole), glycerol(0.6 mmole)®} pyridine
(1.3 mL)S 25Cel|A] 847} uk-2-X At} o] uh-g-E-& SGCC
9} TLCE o] 43} CLA®} glycerol fr =& #elslx,
'H-NMR, *C-NMR, IR, MS& o] &3l 22lg fr =4
£ $Asc) o] A Z A8 oA 245 CLAS] 59.4%
7} CLAS] glycerol %A (CLA-TG, CLA-DG, CLA-
MG)E %= 9t CLAS glycerol 54 5 CLA-TG
+52.1%, CLA-DG+ 17.0%, CLA-MG+ 30.9%% ¢}
ZAte| 2

o] A& HAd BEA7]x A7H(KOSEF 961~
0605-043-2)l J3f 8= S-S A=Y
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