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Synthesis and structural analysis of 13C—fatty acids

WANG H11i—Qiong，ZHA0 xia—LiTIg，TANG Guo-Zhong
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Abstract Thc 13C—labeled fatty acids octanoic一1，13C acid and palndtic．1．13C
acid were synthetically pr印ared from Ba 13C03．The yield of the former wa8 more

than 90％and that of tlle latter was above 85％．MS，IR，1H．NMR and 13NMR were

perfoIrned to analyze the structutes of the two 13C—fatty acid暑，cdmpated wi也theh

unlabeled fatty acids．
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1 Introduction

Synthesis，Strllctural a11alysi8

0623．61．0656．4

14C02 breath tests甜e simple to perform，reliabk fbr diagnosis，and acceptable to

patients aIld st疆．So they haⅣe been extensively used in the fkld of Gastroenterology fbr

more th卸20”arsll，引 Howev盯，radjoactive compounds possess the characteristics of a

potential health hazard，wllich makes 14CO 2 breath tests unsllitable for i幽ts，cllildren，
and pre#：Ilant wo][珀-en． With the improvements both in the血creased ava_ilabibty and

diversity of stable．isotope．hbekd compounds and iIl the analytical instnlmentation such

as isotope．ratio皿mss spectrometryfIRMS)姐d isotope—selective noⅡ．dispersi、陀infrared

spectrometry(NDIRs)for their qualltitative aIlalysis，”c02 breath tests proVide safe and

rehable alternations to MC02 breath tests．In an atteIrIpt to perfbm the C02 breath

tests in the magnosis of fat malabsorption【3】and heart diseases【4，引，as weU as in the

study of gastric emptying rate of sohd foods吼octaII。ic-1-13c acid and pal蚵tic—l一13c
acid were synthesized by di艉rent Gri印盯d reagents with high yieIds MS，m，1H-NMR
and 03C—NMR were perf0Ⅱned to analyze their structllres

2 ExDeriments[铂

o．5 g dry ma弘esium tm血95(21 mm01)，40 IrlIJ absolute diethyl ether，and crys—

ta】血e io出ne、№re added to a“帅．Ⅱecked reaction aask矗tted on a maP皿etic stirrer．A

solution。f18姗0l all【yl halide in 10 mL of a血ydrous diethyl ether was graduany added

into the丑ask from a droppiILg f缸mel lmder gently reflu】[tiⅡthe reaction w越complete．

Then the Hask was attached to a lIi出一vacuum maIlifold system The solution of the Grig—

nard reagent(iⅡexcess relative to Ba”C03)iIl the flask was丘ozen with 1i叫d nitrogen

and the system was evacuated to 0，66Pa． 13C02 w虹ch was generated from Bal。C03

aIId concentrated sumlric acid dif艮sed and condensed rapidly under Mgh、氇cuum i11 the

two—necked丑ask． The血xttlre was thawed and stirred at一200C and carbonation was

performed． The stirring was maintained fbr suitabk time to ensllre completion of the

reaction．The complex was hydrolyzed with dilute sll：峨1ric acid．Then the product was

extracted from the ether sohltion with dilute a】J【ahe solution The a：u(a：bne solution was

aci击矗ed again，and the product was extracted by ether
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3 Structural analvses

3．1 Mass spectrornetric analysis(Ms)
MS plays an important role jn the identi丘cation of orgaIlic compound It can de—

ter曲e the correct rnolecular and fj89乒nent ions of compound and provjde signj矗cant

inj．ormation about its priIIlaTy structtlre．

Table 1 and Table 2 show fragmentation pattems of the 13C一1abeled and unlabeled

fatty acids，respectiveIy．13C—labeled and unlabeled fatty acids resemble eadl other in split

process．13C—labeled octanoic acid and paln血tic acid，as weU as umabeled octanoic acid

and palInjtic acid au produce moleclllar ion peal【s，m／z145，m／z257，m／z144，m／z256，
w址ch prove the correctness of these compounds．The d spilt of carboxylic acid zives“se

to two series of仃agment ions containjng even electron：one is 45，59，73，87，． ，and the

oth盯is 15，29，43，57，71，⋯，and so on．The former possesses carboxy(As 7rable l and

Table 2 listed)，wlllle the 1atter has no carboxy Hdwever，the fragrrlent ions possessing

caTboxys of坩C．1abeled fatty acids contain l amu more than those of unlabeled fatt7

acids．The strong peaks m／z60 aIld m／z61 au come from McLa丹brty rearrangement and

are the spec逾c pe a1【s of umabeled and 13C—labekd carboxyIic acids，m／z60 and m／z61

are the basic Deaks in the MS of unlabeled and 13C．1abeled octa舯oic acid

Thble 1 n89mentation pattern for oc‘anoic．1．13C acid

60

73

8T

101

115

127

129

144

61

74

88

102

116

128

130

145

Ho一1 3C=CH2

CH2CH2¨C02H+

CH2CH2CH2。’C02H+

CH2(CH2】2CH2¨c02H+

cH2fCH21 3CH2¨C02H+

cH3(cH2)5cHFc()+

CH2fCH21 4CH2¨C02H+

cH3(CH?15cH2。’coYH+。

Table 2 FrazIIleⅡtation pattern for palrnitic一1一13C

0bserved In，z for Palmiti㈨d Ob8erved m／o for Palmitic-l一¨C acid Fag㈣t

60 6l H()一1 3C=CH2

73 74 CH2CH2¨C02H+

87 88 CH2CH2CH2¨C02H+

101 102 cH2(cH2)2cH2 1’co?H+

115 116 CH2(CⅡ213CH2¨c02H+

129 130 CH2fCⅡ214CH2‘’C()?H+

143 144 CH2fcH215GH2 1’C02H+

157 】58 cHofCH?)BGH2¨c03H+

17l 172 CH2fCH2)7CH2¨C02H十

185 186 cH2fcH218cH2¨C02H+

190 200 CH?(CH2)9cH2¨c()2H’

213 214 CH2(CH2)loeH2 1’Co，H+

227 z28 cH2(cH2)¨cH2¨C02H+

256 257 cH3fCH2)13CH2¨C02H+。   
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3．2 Int}ared absorption spectrum rIR)
IR majnly provides the illformation for the anaIysis of the cllaracteristjc function龃

groups of o。g谢c coInp011nd

Tabk 3 reveals the in丘ared spectral characterjstics of the carbonyl absorptions of

the two 13C—labedled and uIllabded fatty acids．The m absorption bands of 13C．1abeled

carbonyls缸e similar to those of unlabeled carbonyls，but the f曲mers move towards

the Iower丘eIds． 13C．1abeled and 1ullabeled octanojc acid，so出11工Il salts面ve two IR

absorptionbands atl519．7cm-1，1403．9 cm一1 andl560 2 cm一，1446 4cm～，Tespectively．
The former comes from the carboxylate(一13cOi)ofthe 13c．1abeled octanoic acid，sodium

s甜t，and the latter from the caTboxylate(一cO彳)of the llnlabeled octanoic acid’sodim
sa】t

Table 3 Carbo“yl absorptions in the 13C一1abeled and 11nlabeled fatty ac．ds

compounds 13c=o／cm_1 c=O／cm-1 △fcheInical shm v出ue)／：≯
OctⅢic_1—13C acid， 1519．7 1560．2 1560．2—1519．7=40 5

Sodium salt 1403．0 1446．4 1446．4．1403．9=42．5

Palmitic—l一13C a(：ld 1656．6 1702．9 1702 9．1656．6=46．3

3．3 Nuclear Ynagnetic resonance rNMRl
3．3．1 1H·NMR The 1H—NMR caIL provide the data on the che面ca上sⅫ气of proton，

the jntegraI怕lue ofpeak area，aIld so on(see Tables 4 and 5)．CheⅡdcal shift shows the

chencal environment of the proton The integr乱area is in proportion to the nⅢnber
of the protons that the peak possesses．Hence the 1H．NMR is important to prove tho

mokcular fbr枷la and口rovide use如l infbrmation oⅡmolecukLr structllre

TabIe 4 1H-NMR5 of octanoic．1．13C acid、sodium salt aⅡd octanoic acid．sodium salt

—可可可可了瓦可翠百页丽『_—司罚丽可可取雨面预j而一
a b ( d a b 。 t1

a
． 60．02(3H，‘1．8．cH3) ^o 02(3H，‘．8一cH3)

b 61．33(8H，s’4～7-cH2) 61 34f8H，d，4～7．CH2)
c 61 59(2H，d，3一cH2) 61．60(2H，q．3一cH2)
d 占2．23(2H，q，2-cH：) 62．23(2H，t，2一eH2)

1[hble 5 1H．NMR8 of palmitic—l—13C acid a工ld palrnjtlc acid

1

H chemical shin／10刈 ComDounds

cHtfcH2)12cH2cHj3cOOH cHtfcH2)I 2cH2cH2coOH
a h r ll a h ( ‘】

而丽雨丽i蕊百—————1而即瓦丽刁面：广～
6l-28(8H，s．4～15一cH2) 61．25(8H，d，4～15·GH2)

61．63(2H，d，3一cHj) 61 60(2H，q，3一cH2)

62．34(2H，q，2一cH?) 62．24(2H，t，2-cH2)

The octano记一1—13C acid．sodium s alt is similar to七he octanoic acid．sodium salt in 1H

che嘶cal shin value．And so are the palrnitic．1．13C acid and th8 palmitic acid

3．3．2 13c-NMR 13C—NMR and lH．NMR areⅡmtuaⅡy complement缸y to ident酊
the moleclllar structure The 13C—NMR can provide the clIeIIlical s址ft value of carbon

at呦，nom tllis jnfo】功ation，CH3一，一C现一call be di盱ere丑tjated丘嘲一COOH 0r
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_13COOH iTl the saTne m。lecllle —COOH and_13COOH wiU also be distmguished in

diff毛rent molecldes accordjng to their peak intensitjes．

F唔l，Fig．3，Fig．2，and Fig．4 show that 13C—NMRs(BB+DEPT)of 13C—labeled

palIIlitic acid and octanoic acid，sodium salt are siIr正lar to those of unlabeled pdmitic
acjd and oct姐oic acid，sodjum salt，respectively．There扯e two difFerences between the

—矿石——1矿——丽一占，×104
—蕊●■茹———面———五～一

J，×104

Fig．1 13C BB+DEPT of pal肼tic一1—13C acid Fig．2 13C BB+DEPT of palIIlitic at id
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_Ljj LL。上L』。．慢U～。L
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Fig．3 13C BB+DEPT of octanoic一1—13C

acid．sodium 8alt

———面’丽■——焉。
^，vln≈

Fig．4 14C BB+DEPT of octanuic afi(1

sodium salt

have httle chance to couple，so every carboⅡof the conlpounds produce Bingle peak．In

计
_1
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the 13C—labekd compounds，13C一13C collpling may appe盯whj出mal【es the carbons ne甜

13C give two peaks．On the other hand，the 13C—NMR signal of the conlpound c。ntaining

carbons is Very weal【due to low natllral abllIldance．Whde the c盯boxyl contailling 13C

in the 13C—labeled compound舀ves strong peak．

4 Discussion

Two step reactions are performed to synthesize the 13C．1abekd fatty acids The first

step is Grignard reaction and the second is carbonation’Ib g血1ljgh yield，the conditions

Ⅱdn曲五z恤譬the Ibrmation of ketone and caTb西ol such as anhvdTous，a suitable excess

of the Grignard reagent，e雎ctive mi】【ing，sujtable carbonation tillle and low reaction

temperattlre are reqllired．In thjs way，w8 gained 13C—labeled fatty acids iIl hj曲yields：
octanoic-1-13C acid was more than 90％and palmi“c．1．13C acid was above 85％ The

yield of[1一“clpalrnjtic acid synthesized by means of the same method was 44 8％∽
PalIIlitic一1—1。C acid was also prepared through the hydroly sis ofcyanide and the yield was

44％H．Reducing production cost results from raising the yield of 13C一1abeled substrate，

which creates fjIvorable conditions fbT extending the utility of 13C02 breath tests in cHnjc

山a酗osis．
Sequential extraction with aqueous a11【ahIle s01ution砒旧aqueous acid solution re．

moves the irrlpurities f}om the organjc s01vent leaⅣiⅡg behind the desired product To

f11rther pllrify palⅡdtic一1—13C acid，recrystaUization is needed．TLC aTe done to identify
the purity of the 13C一1abeled fatty acid using sjUc8 gel G pIates developed in two solvent

systems and aU shollld show a siIlgle spot。

The results of MS，IR，13C，NMR，1H—NMR show that the 13C．1abeled fatty acids

synthesized in our laboratory aTe correct and pllre．IvIS，IR are not onlv used in the iden—

tmcation of the m01ecular structure of the 13C一1abeled fattv acid．but in the measurement

of 13c02／12c02 isotope ratio．With the availabmty of more 13c—labeled compolulds aIld

the iⅡlproVement of the analytical instrllIIlentation，1。CO 2 breath tests can be extensiVely

used in cliIIic diagnosis．

References

B雒T R G，Perman j A，SchoeU盯D A“nL Pediatric8，1978：62：303—40l

Rabjnowitz J L R，Lopez．Maiano V Eur J Med，1981．8：213。210

Zhu X M e￡DL Chin J Nucl Med(in Chinescl，1987；7f2)：90．92

Suehiro M Ueda K，Iio M S酬nZ Anal Chcm SyHlp Ser，1982．11(Stable Isot)：367—372

Chen w M，Zllou C H．Chen D A．Trends Nucl Phys(in ChiⅡese)，1991，8(4)：36—39
GhooB Y F，M聪s B D，Geypens B j et ni G赫troenterolo鹾y，1993．104：164|)．1647

Schihtanz A．Pogany I．Gheorghiu M D“oL J Labclled CoⅡlpd Ihdiopharm，1989

27f 81：971．976

Tian Y，HaⅡP Z．Tian S H．NIlcl 7rcch fin Chhlese)、1997．20(91：572—574

Gao w z，TbⅡg Q，zha“g z E ezⅡf chin J Pharmaceut(in chinese)，1989，20(8)：560

l

2

3

4

5

6

7

8

9

   


