MEOVUWMHCKW MPEMEN, 53, 2017, Ne 2 2 1

CWHTE3 HA N30TOMHO BENA3AHU ObITOBEPUXHU MACTHU KUCEJIUHN
3A AUATHOCTUKA HA CbPAEYHO-CBA0OBU 3ABONIABAHUA

W. MaHonoB
Kategpa no dhapmaveBTuyHa xumus, PapmaneBTnyeH dakynteT npy MeamuuHcku yHuBepcuteT — Codoums

SYNTHESIS OF ISOTOPICALLY LABELLED LONG CHAIN FATTY ACIDS
FOR THE DIAGNOSIS OF CARDIOVASCULAR DISEASES

l. Manolov
Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Medical University of Sofia

Peslome: B cratuata ce npeacraBAT MeTOAM 3a CUMHTE3 Ha AbTOBEPWXKHM  Ww-dhe-
HMNAankaHoBWU KUCEMNWHM C NpaBa 1 paskrnoHeHa Bepura. OBCcbxaaT ce Bb3MOXHOC-
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Abstract: Methods for the synthesis of long chain w-phenylalkanoic acids with straight and
methyl branched carbon chain are presented in the paper. The possibilities for
isotope labelling procedure of phenylalcanoic acids by means of 31 are dis-
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agnosis and treatment of cardiovascular diseases.

Key words: 15-phenylpentadecanoic acid, 3-methyl-15- phenylpentadecanoic acid, isotope
labelling
Address for correspondence: llia Manolov, Department of Pharmaceutical Chemistry, Faculty of Pharmacy,

Medical University, 2 Dunav St, Bg — 1000 Sofia, +359 2 9236 519.

ObnroBepmwxHUTE W-PeHUnankaHoBu KNCenmnHm 15-cheHunneHTagekaHoBa KUCeNMHa Ce CUH-
Ce CuHTe3npaT no CII0XHW, MHOFOCTa,D,I/IVIHVI MeTo- Te3npa no crnegHarta cxema:
OW, NpeacTaBeHy No-4ony. lMpn cmecBaHe Ha gumeTundopmamung U TUO-

CuHTe3 Ha w-hpeHUNankaHOBU KUCENUHU C HWMN XNopWA ce MnofyvaBa AUMeETUnamMup Ha Xro-
npaBa BbriepogHa Bepura pompaByeHaTa (XnopoMeTaHoBaTa) KucenuHa.

H—ﬁ—N(CH3)2 + SOCl, D Cl—lCll—N(CH3)2
O O
anmeTtundopmammng,

11-6pomoyHaekaHOBa KncenuHa ce obpaboTBa ¢ gMMeTMnaMmmaa Ha xJiopoMeTaHoBaTa kucenuHa (noa-
XOAsLL XarioreHnpaly areHT) u ce npespblya B 11-6pomoyHaekaHoun xnopug, [1-5].
(0] 0]

[l [l
Br—(CH;);—C—OH + Cl—ﬁ—N(CH3)2 — » Br—(CHp);—C—ClI

11-6pomoyHaekaHoBa KucenuHa 11-6pomoyHAekaHoUN xnopua
11-6GpomMoyHaekaHOU XNOPUABLT MO peakuuaTa okcodpeHnn-1-6pomogekaH. BpoOMHOTO MPOM3BOAHO
Ha Friedel-Crafts ¢ yyactueTo Ha anymMmH1MeB Tpux- ce obpaboTBa C Kanues UnaHua u ce nony4vasa 11-

nopva kaTo katanusaTtop auunupa 6eHseH go 10- okcodbeHunyHaekaH HUTpun. Kap6oHunHata rpyna
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ce pegyuupa 4O MeTUrneHoBa rpyna no peakuusta
Ha Wolff-Kishner. Keto-rpynata ce npespblia B
XVAPa3oH C NOMOLUTa Ha XMApasuH, crief KoeTo B
cpena oT HaTpues etunat npu okono 200° C ce

OoCblUecTBsIBa MNPEBPbLLAHETO Ha KeToxuapasoHa
00 meTuneHoBa rpyna. BugonsmeHeHaTa peakuums
oT Huang-Minlon npoTtuda B rnuvkon M meTaneH
HaTPUIN NpU CbLUUA TemnepaTypeH pexunm.

O
AlCl; |

Il |
+ BI'—(CHz)l()—C—Cl EEEE—— C—(CHz)lo— Br

10-okcodbeHun-1-6pomoaekaH

O O

Il KCN I
C—(CHz)lo— Br — » C—(CHz)lo—CN

11-okcobeHunyHagekaH HUTpun

(0]
(| Wolff _ Kishner
C—(CH3)1—CN >

(Huang— Minlon)

(CH,);;—COOH

12-cbeHnngonekaHoBa KucenvHa

Mpy Tean ycrnoBus HUTPUNHaTa rpyna Xuaponusupa A0 KapGoKkcunHa rpyna M ce nonydyasBa 12-
dheHnnaoaekaHoBa K1cenuHa.

KvucenuHaTta necHo ce npeBpblua B ecTep 4Ypes3 B3aMmoeincTBMe ¢ Ana3oMeTaH B eTepHa cpeaa npu
cTaliHa TemnepaTypa.

CH,N,
(CHz)l 1—COOH —
_N2

EcTepbT ce peayuvpa ¢ NUTUEBO-anyMUHUEB XUAPWA A0 ankoxosl. ANKOXOMbT Ce MpeBpblia B Xanore-
HOMPOW3BOAHO C NMOMOLLTA Ha TPUMETUIICUNUN Noauna.

LiAlH,
(CH,);;—COOCH; —

(CH;);;,—COOCH;

MeTun 12-peHnngogekaHoat

(CH;);;—CH,0H

(CH,);—CH,0H (CH3)sSIl (CH,){|—CH,I

12-cbeHun-1-gogeunn nogung,

OunroBepuHU hbeHMNankaHoBU KUCENUHU
MoraT fa ce mosyyaT 1 OT ApYr1M U3X0OHU MaTepu-
anv no npeacTaBeHns no-gony MeToa;

6-cheHunxekcaHoBa KucenuvHa ce npespblua B
6-chbeHnnxekcaHomn xrnopug npu obpaboTBaHe C
TUOHWNXnopua [6]:

SOCl,
(CHy)s—COOH —

6-beHnnxekcaHoBa KMcenuHa

(CH,)s—COCl

6-heHunxekcaHoun xnopug,

Cobwmar pe3ynrtaTt ce nony4vaea 1 Npu TpeTtnpaHe Ha 6-(b6HVIJ'IXGKC&HOBaTa KUCernnHa ¢ gnmeTunammaa
Ha XIopomMpaB4eHaTa KUCeJinHa (D,VIMeTVIJ'IKap6aMOVIJ'I XﬂOpVID,) Nno cxemarta:
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O(CHZ)S—COOH + c1—|(|:—N(CH3)2 - - @—(CH2)5—COCI
o)

avmveTunkapbamownn xnopva,

KvncenuHHuaT xnopua B3aumopeincTea ¢ TMoeH Npu KkatanusaTop KanaeH teTpaxnopug (peakuus Ha
Friedel-Crafts). MNonyyaBa ce 6-eHun-(1-tnodeH-2-nn)xekcaH-1-oH [7 ,8]:

0
N
@(CH2)5—COCI + @ Sncls Q(CHZ)S—LQ
S

6-heHunn-(1-TnodpeH-2-un)xekcaH-1-oH

KeToHbT ce pegyuupa no Wolff-Kishner po 2-(6-cbeHunnxekcmn)tnodeH:

| A\

£S> Wolff — Kishner £\>
(CH,)s—CO - 5 (CHy)e S

H,NNH,

2-(6-peHnnxekcnn)TmodeH
ObnroBepvxXHn cpeHUNankaHOBM KUCENIMHU ce MnoJlyYyaBaT, M3MnonaeBaniku 6-(2-TmeHun) xekcaHoBa

KMcenuHa ypes auunupaHe (ankunmpaHe) ¢ 6-eHnnxekcaHonn xnopua. TMoPEeHbT U HErOBUTE NPOU3BOAHU
Ce U3norna3ear 3a yabIhkaBaHe Ha BblriepogHaTa Bepura no cnegHoTo ypaBHeHue [9-14]:

@(CHz)s—COC1+ @(CHZ)&OOH
S

6-(2-TMeHnn)xekcaHoBa KMcenuHa

Y

l SnCly

O
Qi(CHz)s—CDi(CHZ)SCOOH

6-(5-(6-heHunnxekcaHomn)-2-TUEHU )XeKcaHoBa KucenvHa

MpooykTbT ce obpaboTtsa ¢ 1,2-eTaHguTmon. MNMonyyasa ce guTnokeTarn:

(I?Df(CH )sCOOH
O(cm)s—c " “

HSCH,CH,SH l - HO
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OunTtnoketansbT ce nognara Ha kaTanuTU4Ho aecyndypupaHe ¢ Raney/Ni go 16-geHunxekcagekaHoa

KncernimHa:
SUS I D (cHy)scooH
(CHy)s—C S
Raney/Ni

QCHz(CH2)14COOH

YabmxkaBaHeTO Ha BbriiepogHaTta Bepura ce ocblUecTBsiBa M NpU MU3non3BaHe Ha 2-6eH3un-5-

TUEeHUNTUOMEH.
BuLi
| [ @CHZCI .
S CHj3 S (N2)
| |
O)-artocan s

2-6eH3un-5-TneHmunTnodeH

Mpun B3anmoaencTeme Ha 2-6eH3nn-5-TneHunTnodeH n 5-etokcrkapbo-HUNNeHTaHoun xnopug ce nony-
yaBa 5-(5-(5-6eH3unn-2-TmeHnn)-2-TueHonn)neHTaHoBa KUcenuHa:

COOC,Hj4
@ CHy + el

COCl

2-6eH3un-5-TneHnnTnodeH 5-eTokcmkapbo-HUNNEHTAHOMIT Xopua,

(S J
Y

— HCl
SHC14

~ C,HsOH

@ 2 :: > H)\?\CO(CHZbCOOH

5-(5-(5-6€H31n-2-TneHun)-2-TMeHoun)NeHTaHoBa KucenmHa

l Raney/Ni

@ CH,(CH,);;COOH

15-peHnnneHTagekaHoBa KncenmHa
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MonyyaBaHeTO Ha cheHUNNeHTageKaHOBa KUCENMHa Ce NpeacTaBs No cnegHvs HaumH [15-21]:

CH3COCH,COOC,Hs + @CH2CH2COC1 — >

eTunauetoaueTar 3-tbeHmnnponuoHun xnopug

— > @CH2CH2COCH2COOC2H5

eTun peHmnnponuoHunaveTaT

OH, {°
@CHZCHZCOCHZCOOCQHS + Br(CH);(COOCH; — >

QCHZCHZCO(CHZ)HCOOH

13-keT0-15-heHnnneHTagekaHoBa KucenuHa

KOH, N,H,4
CH,CH,CO(CH,);;COOH — » (CH,)14COOH
(HOC,Hy),0

15-cbeHunneHTagekaHoBa KncenmHa

CuHTEe3 Ha ABbNroBepuXHU heHunankaHoBU KUCESNTMHU C pa3KNOHeHa BbrnepogHa Bepura
CuHTte3bT Ha 3-(R,S)-meTun-15-cheHunneHTagekaHoBa KMceNnuHa ce OCbLUECTBSABA MO CrieHaTa cxema:

(CH3)3Sil
O(CHZ)I —CHOH —— (CH)1—CHy—1

12-cbeHnn-1-gogeumnn nogma

HeobxooumnaT 3a yobmkaBaHeTO Ha BbrrepogHaTa Bepura Ha dpeHunankaHoBaTa KucenuHa 2-eTun-
4,4-AMMeTnN-2-0KCa3onvHbT ce MonyvaBa Npy B3avMOAEWCTBME MexXay NponaHoBa KUCENMHa U 2-aMUHO-
2-meTtun-1-nponaHon [7]. NpoaykTbT ce ob6paboTsa ¢ N-6yTMNNUTUR:

CH» CHj3 O

HO CH3CH,—

CH3CH,COOH + LN~ CHs T e N\ +—CH;
Hj

2-aMUHO-2-MeTun-1-nponaHon 2-eTun-4,4-gMMeTnn-2-0KCas3onimH
O O
n—Buli ~
CH3CH2—< Ty CH3CH¥<
\Nj’»cm Ny CH,
CHj3 Hj

2-eTun-4,4-gMMeTnN-2-0KCa3oH

Kapb6aHuoHbT Ha 2-eTun-4,4-gumeTun-2-okcasonvH ce npubass koM 12-ceHnn-1-gogeunn noama. lNo-
nyyasa ce 2(R,S)-(4,4-pumeTnn-2-okcasuH-2-un)-14-peHnnteTpageKkaH.
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O
(CHy);—CH,—1 + CH3CH— — >
< > N\y——CH;

CH,
CH;
(CH,){,—C
- @ S ‘< CH,
CH,

[nsamecTeHuAT okca3onmH ce obpaboTBa CbC CMeC eTaHom-CApHa KucemnuHa u ce otaend etun 14-
deHnn-2(R,S)-metunteTpagekaHoar.

CH
& H2s04 & 3
(CH2)1— ‘< C HeoH (CHy)1—C—COOC;Hs;
2115

H

Bb3MoxHM ca ABa noaxoda npuv nosiyyaBaHeTo Ha 3-meTundheHunankaHoBa KucenuHa (paueMuyHa
cmec). IMpn eamHus ot Tax etun 14-cbennn-2(R,S)-meTtuntetpagekaHoatsT ce npespblua B meTtun 15-beHnn-
3(R,S)-meTunneHTagekaHoat Ypes NeT nocregoBaTenHu peakuum, npeacTaBeHn no-aony:

CH3 CH3
| LiAlH, |
(CHy)1o— $—C00C2H5 — > (CH,), Z—Cli— CH,OH
H H
CH CH
| (CH3)3Sil e
(CHz)lz—Cl—CHon _ > (CHz)lz—Cl—CHz—I
H H
g g
NaCN
Q(CHznz—clt—CHz—l ? (CHa)—C—CH—CN
H H
CH3 CH3
| H,0 |
(CH2)12—$— CH—CN ——— (CH2)12—$— CH,—COOH
H (OH) 0
CH, CH,
| CH2N, |
(CH2)12—(|3—CH2—COOH — (CHy), 2—(|3—CH2—COOCH3
H H

AuunupaHeTo Ha 2-(6-deHunxekcun)tnodeHa no Friedel-Crafts ¢ 3-meTun-rnytapoB aHxvapva B npu-

CbCTBME Ha anyMUHWEB Tpuxnopua Boawm A0 nornyyvyaBaHeTo Ha 2-[3(RS)]-1-okco-5-xugpokcuneHtaHoun]-5-
(6-chbeHnnxekcmn)TnodeH.
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CH3

I
O (0]

N J
Y

O CHj
Dﬁ CHz—é—CHz—COOH
(CHa)s S

H, lNi
CH;
Df(CHz)z—(lj—CHz—COOH
@ACHZ)(, S |
H
lNi

CH3

@—(CHz)lz—l&—CHz—COOH

H

KatanutnuHoto pecyndypupaHe ce ocbllectBaBa ¢ Raney/Ni. TNpogyktsT e 3(RS)-metnn-15-
heHunneHTagekaHoBa KucenmHa.

AKO BMeCcTO 3-meTunrnytTapoB aHXMApuUA Ce M3Mon3sa KUCENUHHUAT xnopug Ha (R)-1-etun-
(H)-3-metun rnytapart (etun (3S)-3-meTun-5-xnopo-5-okco-neHTaHoaT), NPOAYKTbLT Ha B3au-
mogenctemneTo e 3(R)-meTun-15-peHnnneHTagekaHoBa KMcennHa.

ISR
@(CH2)6 S C/\/</”\
1 OBt
O

etun (3S)-3-meTnn-5-xnopo-5-okconeHtaHoat

O HCHs
Q(CH2)6 S A OFEt
Hlei
H, CHs
N (cH /</H\
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Ni

e
(CH2)12—|C—CH2—COOH
H

Mony4yaBaHeTO Ha ABLNrOBEPUXKHU PeHUNankaHoBM KUCENUHU MOXe [la Ce OCbLLECTBU NpU M3Non3BaHe
Ha BellecTBa, CbAbpXallM B CTPYKTypaTa cu apomaTtHo sapo. CMHTe3npaHeTo Ha a-mMoavdumumnpan deHmn-
nankaHoBW KUCENWHK, Hanp. p-(n-goaeumnn) 6eH3oeHa kucenvHa, p-(n-xentageuun) 6eH30eHa KucenuHa u p-
(n-goneuwnn) deHunoLeTHa KUcenvHa ce NpecTaBs CbC cregHata cxema:

COOH COOH

LiN[CH(CH3),]

»
>

X— (CH,)n—!CHj;
CH3 ( (lez) n
CH;

4-meTunbeH3oeHaTa KMcenuHa B3aMMOLEeNCTBa C ankunxanoreHua B NpucbCTBUE Ha NUTUEB AUK-
s3onponunamug. B T03M npouec ce yabmkaBa cTpaHudHata Bepura. B npoueca yvyactBa meTunosaTta
rpyna. B cnyyasa n uma gse ctomHoctu: 11 1 16.

COOH CH,OH CH,CI
LiAlH, SOCl,
-y —_—
(CHy) n ((lin)n ( $H2)n
éH3 CH; CH;

p-ankunbeH3oeHaTa KucenuHa ce TpeTupa ¢ NMTUEBO-anNyMMHMEB XMapug B 6e3BogHa cpeda oo nony-
YaBaHe Ha CbOTBETHUS 3aMeCTeH OeH3MNOoB ankoxor. AMKOXonbT crieq obpaboTka C TUOHWUI XNopuA ce
npesBpbLUa B XanoreHonpon3soaHo. XarnoreHonpon3BoAHOTO pearmpa ¢ HaTpUeB LMaHWA, B ankanHa cpegja u
npoayKTbT NpeAcTaBnsiBa p-ankundgeHunoLeTHa KucenuHa.

Ako poaeumnbeH3eHbT ce 06paboTu ¢ siIHTapeH aHxuapua B cpefa OT CSpOoBbINepon M katanusaTop
anymMuHMEB Tpuxnopwua, npotuya peakums Ha Friedel-Crafts n ce nonyyaBa p-gogeumndeHsounnnponaHosa
KucenuHa.

CH,CI CH,COOH
NaCN
—_
KOH
( (|3Hz)n ($H2)ﬂ

CH; CHj
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CO(CH,),COOH

A1c13

( CH2 (CH2)1 1
Su,

KeTokncenuHata npu obpaboTka C UMHK BbB BOAEH Pa3TBOp Ha aMOHsSK ce MnpeBpblia B p-gone-
umndeHmunbyTaHoBa KucenuHa.

CO(CH,),COOH CH,(CH,),COOH
/n
E—
NH,OH
(CH2)11 ($H2)11
C|:H3 CH3

XanoreHmpaHeTo Ha (*)eHI/IJ'IaJ'IKaHOBI/ITe KUCEeIriMHN C BbBEXOAAHEeTO Ha aToOMa Ha XalloreHHuna enemMeHT B
apoMaTHOTO S4pO0 Ce OCbLLECTBSABA MO CNeAHUTE Bb3MOXHN HAYNHN:

N3onupaHata 15-peHunneHTagekaHoBa KucenvHa ce ectepudumumpa ¢ METaHOM, a ecTepbT ce obpa-
6oTBa ¢ Tanues TpudnyopoaueTaT B TpMGyOpooLeTHA KUCENMHA, Ccrief, KOeTo Ce OCbLLeCTBABA M30TOMHO
bensi3BaHe [22-27]:

H+
O(CH2)14COOH + CH;0H @(CH2)14COOCH3 + H,0

meTun 15-peHnnneHTagekaHoat

(F;CCOO); Tt
(CH2)14COOCH3 >
F;CCOOH

F3CCOO~_

F3CCOO/

Tl (CH,);4COOH

l Kl311
13IIO(CH2)14COOCH3

PaspaboteH e metog 3a cuHTe3 Ha p-[(N,N-aukapb6okcumeTun)ammHomeTun KapboKcMaMUHO]-
deHMNNeHTageKkaHOBa KUCESIMHA, KOWTO CXEMaTUYHO Ce MPeACcTaBsi CbC CIEAHUTE YPaBHEHUS:
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NO
(CH2)14COOH —2> OZN (CH2)14COOH
H,S0,
[H]
O,N (CHy)14COOH — » HoN (CH,);4COOH
(HOOCCH;,)NCH,COOH
HoN (CH2)14COOH >
~H,0
HOOCCH,
N—CH,—CO—HN (CH,);4COOH

HOOCCH,”

p-[(N,N-ankapbokcumeTun)ammHomeTmn kapbokcuamMmHol-peHnnneHTagekaHoBa KucenmHa

3a nbpeu NbT nNpe3 1980 r. [28-30] ce cbobLia-
Ba 3@ CUHTe3 Ha GensizaHa cwc [*'l]-iog -de-
HUNNeHTagekaHoBa kucenuHa. lpouechbT € oCb-
LLIECTBEH Ype3 cmecBaHe Ha °'| B NaOH, gbnrose-
pwkHa MacTHa kucenmHa B AcOH-H,SO, (10:1),
HaTpueB HUTPUT n CHCI;. PeakumoHHaTa cmec ce
HarpsiBa npu 120° C 15 MuH, oxnaxaga ce B TeyeH
asort, npubassa ce meTaHon. [1poaykTbT ce npeync-
TBa 4pe3 BETX. OBWmaT paguoxumuydeH obus e
70%.

PagnounsoTtoneH cvHTE3 € NPUIoXeH u 3a no-
ny4yaBaHe Ha 6ensizaHn heHunankaHoBM KUCENUHU
cbC [123I]-17|op,. MN3cnegBaHO € CbOTHOLLEHMETO
MeXay KOMMOHEeHTUTe B peakuuoHHaTa CMec, Moc-
nepoBaTenHocTTa Ha npubaBsHETO WM, KaKTO WU
NPOABLIPKUTENHOCTTA Ha npoueca. YCTaHOBEHO €,
4ye He3aBUCUMO OT PasfINYHUTE eKcrepuMeHTanHu
YCINOBMSl, padMoOaKTMBHOCTTa Ha 0Oens3aHuTe CbC
[123I]-17|op, CcbeanHeHus ce 3anasea [31].

Eisenhut [32] cbobwaBa 3a CUHTE3 Ha U30-
TonHo Gens3aHa 15-p-[123I]-17|ouod)eH|/|nneHTa,ue-
KaHOBa KMCeNuHa no meToga Ha M30ToneH o6-
MeH. lNMokasaHo e, Ye NpoAyKTbT MMa 4OCTaTbyHO
BMCOKa pe3opbumsa B 3aellKo CbpLe M No-HUcKa

aKTUBHOCT Ha poHa. ToBa JaBa OCHOBaHME 3a
HenHaTa MPUITOXMMOCT B HyKneapHata meguuu-
Ha 3a guarHosa Ha 3abonsiBaHUsi HA cbpAaeyd-
HUS MYCKYI.

Angelberger et al. [33, 34] onucBaT cuHTE3a Ha
17-["®]-inomo- n 17-["*"I]-iopoxentapekaHosa u 15-
(p-["°1)- n 15-(p-["*"1]-"opodeHnn)neHTapexkaHoBa
KMCenvMHa 4pes3 XxanoreHeH OoOMeH — 3amsiHa Ha
©pom ¢ nzotonu Ha noga. lNpoaykTnte ce NpeyncT-
BaT C aHWOHWUTHW CMOIK, Crief KOeTo ce nognarart
Ha BETX.

Peakunara Ha xanoreHeH obmeH npu 15-(p-
OpomochbeHnn)neHTagekaHoBa KUCENNHA Ce OCb-
wecTtBsiBa 4pes3 enekrpodunHa cybctutyums B
cpega ot nen. CH3;COOH. OCHOBHUAT NpoOAyKT
ce nonyyaBa c gobwe 98% cnepn 3-4acoBo Har-
psiBaHe HsKonkorogAuwWwHM ONUTU, CBbp3aHU CbC
CUHTE3a Ha U30TOoMNHO Bensa3aHn deHunankaHoBu
KncenuHu ca o6obweHn B US namenm [35].

Googman u cvasm. [8] pa3paboTBaT meTof 3a
norlyyaBaHe Ha W30TOMHO GensizaHn ObIroBEPUX-
HW heHManKaHoBM KUCEMWHN C pasKIioOHEHa Bepwu-
ra npu M3nosnsBaHe Ha MEXAWHHW TpMaseHu, Hamp.
®-1,3-andeHnnTprmaseHmn no crnegHara cxema:

(CHy)12CHCH,COOH

CH;

3-meTun-15-peHunnneHTagekaHoBa KncenvHa

l

CH;

|
(CH2)12—$—CH2—COOCH3

H
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l NaNO,/HCI

g
ONO(CHz) 12— |C—CH2—COOCH3

H

|

G
HzNO(CHz) 12— (lj—CHz—COOCHj,
H

- g
N—N= NO (CHz) 12— (|:_ CHz—COOCH3
H

g
IO—(CHQ) 12—$—CH2—COOCH3
H

3-meTnn-15-heHmnneHTagekaHoBaTa kucenmHa ce ectepudpmumpa ¢ guasomeTaH, HATpo3upa, peayLm-
pa, avasoTtupa. [NpoaykTbT ce obpaboTBa nNpu HMUCKa TemnepaTypa C MoAoBOAOpPOo4, KOMTO ce nony4vasa in
Situ npy B3auMogencTBMETO Ha HaTpUeB Noaua ¢ TpudryopooLeTHa KucenmHa B aueToH. [Npu Te3n ycnosus
ce nosy4yaBa MeTuUnoB ectep Ha 15-(p-nogodennn)-3-(R,S)-meTunneHTagekaHoBa KMcenvHa.

Kulkarni u cbaem. [36] cbobLlaBaT 3a M3Non3BaHe Ha opraHoTanMeBn CbeAMHEHUS NPU CUHTE3a Ha U30-
TOMNHO 6enasaHn eHnnankaHoBN KUCENNHMW.

CH
iH3 CH:N; L ’
(CHp)1o— | —CH,—COOH ——> (CHp)1— | —CH,—COOCH;
H H

MOD,'I:T permocneu,mcbquo MOXe Aa 6bae BbBedeH B P-NnonoXeHne B apoMaTHOTO 44pP0 4pes nornyyvyaBa-
He 1 nocneaBallo pasnaraHe Ha apuntanmesn MHTepMmeguaTiu. BbBexxgaHeTo Ha TanvMeB aTom B apomMaTHo-
TO A0P0 Ce OoCblLlecTBsABa C TaJIMEB TpM(bnyopoau,eTaT B Tpl/l(bnyopoou,eTHa KMCernnHa no cxemara:

CH;

| TI(CF5CO0);
(CH,);,—C—CH,—COOCH; ———
1'{ CF;COOH

CH;

|
. (CF3COO)2T14®—(CH2)12—$—CHz—COOCH3
H

(OH)l KI
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g
I (CHy)1y—C—CHy—COOH
H

3-(R,S)-meTun-15-(p-iogodeHnnneHTagekaHoBa kKncenmHa

MpoayKTbT, cCbAbpXaL, Tanun, ce obpaboTea ¢
M3NULWIBK OT Kanues Mogua, a crneq ankanHa xua-
ponusa ce nony4daBa 3-(R,S)-metun-15-(p-rogo-
deHunneHTageKkaHoBa KicenmHa.

White [37] n Goodman [38] onucBaT nony4aBa-
HeTo Ha 15-(4-nogodeHnn)-9-meTunneHTageKkaHo-

O~
N o +
__/

1-(umknoxekc-1-eHnn) MoponuH

Ba KMCENWHA W aHanorm4yHu CbeAuHEeHus OT [OC-
TbNHU W3XOOHW BeLlecTBa M pasTeopuTenu. 1-
(umknoxekc-1-eHnn) mMopdonuH B3aMMOLencTBa C
OeH3ounxnopua 00 noryvyaBaHeTo Ha 2-6eH3oun-
LIMKINOXEKCaHOH, KOUTO ce npeBpbLlua B 7-eHun-7-
OKcOXenTaHoBa KucenuHa.

COCl —» OCO—Q
o)

2-6eH30UMLMKITOXeKCaHOH

> @—ﬁ—CHZCHZCHﬁHchchOH

O

7-tbeHunn-7-okcoxenTaHoBa KMcenuHa

MpoaykTbT ce peayumnpa o 7-peHunxenTaHoBa KUCENuHa, KOATo cneg obpaborteBaHe cbc SOCI, ce

npeBpbLuya B 7-peHNNXeNTaHOUNXIOPUA.

C—CH,CH>CHoCH;CH,COOH

O

[H]

CH,CH,CH,CH,CH,CH,COOH

XnopuabT ce 0b6paboTBa C epUHSPO8 peakmus,
nomny4veH ot 2-(8-BpOMOOKTUIMOKCH )-OKCaLMKITOXEKCaH
0o kpaviHua 15-cpeHun-9-okconeHtagekaH-1-on. Pe-
akyusma Ha Bumuz ¢ [PhsP*Me]Br (TpudbeHunme-
TundgocdoHeB Opomma)” kapboHunHaTa rpyna ce
pegyuMpa W BewecTtBoTo ce npespblwa B 10-
xvppokcn-2-(6-dennnxekcmn)-1-geueH.  NpogykTsT
ce npespblUa B 9-mMeTunn-15-gpeHnnneHTagekaH-1-on,
YMETO OKMCNEHNe Boan Ao 9-meTtun-15-deHnnneHTa-
[iekaHoBa KncenuHa.

[NpynoxeH e mMeToa 3a TBbPOOMA3HO pagnono-
anpaHe Ha M-1noaodeHNNMaCcTHN KNCENNHX C U3MNON-
3BaHe Ha (NH4);SO,. MNMpoueckT npoTtunda pervoce-
NEKT1BHO, C BUCOKM obusu (~ 95%) n kpaTko peak-
umoHHo Bpeme (1 yac). [NpeuncTBaHeTo ce OChbLLUECT-

BsIBa Ype3 e4HOKPATHO MPOoMnyckaHe Ha peakuMoHHaTa
CMeC npe3 KoJloHa ¢ MOHOOOMEeHHa cmora, KosTo 3a-
Obpa U3oTonHo Benasanusa noguaeH aHnoH [39].

Dougan u cvaem. [40] cboOwaBaT 3a OCb-
LiecTBeHa efHOCTaAMHA Mapkupalia npoueay-
pa. Mo nbTa Ha u3oTonHUSA 0OMeH B NpUCHLCTBUE
Ha COnMW Ha efHOBasfieHTHaTa Me[ MpPouechT Ha
n3otonHo 6GenasBaHe BOAW [0 KONMYECTBEHMU
pobusn (98,5%) v npotmya npu 100°C 3a 90
MUHYTHU.

Weichert [41] onucea cuHTE3 Ha nopeauua
OeH30eHn 1 apunanudartHu NoNuoaMpaHn Kuce-
NIMHA U ecTepyn upes m3oToneH obmeH ¢ Na'*’l B
cTonWmka Ha nuBanuHoOBa KucemnuHa. Peakuuata
npoTuya 3a 1 yac npu 155°C.
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2-nponuH-1-on unn PhC=CH un Br(CH,).Br (n =
10-12) ce n3nonsBaTt kaTo U3XOAHU MaTepuanu 3a
CUMHTE3 Ha |(CH2)12XCOOH [X = CH2CH2,
CH,CHMe, CH,C(Me),, CHMeCH,, C(Me),CH,)] u
4-1CH4(CH,)1,CHRCH,CO,H (R=H, Me). MeTtuno-

BUTE TPYynNn Ce BbBEXAAT Ype3 U3MNon3BaHeTo Ha
MeCHRCO,H. PagnoriognpaHeTo ce ocblLyecTBsBa
no MeToda Ha M30TOMHWs obmeH. MornyyaBaHeTo
Ha eaunH OT NPOAYKTUTE MOXeE [a ce NpeacTaBu CbC
crnegHaTa cxema:

2@—CECH+ 2Na —> 2®CEC_Na+ + HzT

@—c;c_ Na'

HaTpueB heHUNeTUHUA (aueTuneHna)

+ BI‘(CH2)12BI' —_— QCEC—(CHz)IzBI‘ + NaBr

14-cbennn-13-teTpageumHun 6pomma

QCEC_(CHZ)IZBT + KCN —— QCEC—(CHz)QCN + KBr

15-cbeHunn-14-neHTageHNN HATPUI

Ni
QCEC—(CH2)12CN +2H, — » QCHg—CHZ(CH2)12CN

15-chbeHunneHTagekaHHUTPUN

M3non3BaHeTo Ha Opyrna Bb3MOXEH M3XOo4eH areHT BoAuM OO NpOoTUYaHe Ha peakuudTa no crnegHarta

cxema:

@ + HC=C—CH,0H

2-nponwuH-1-on

(H")

—>

CH=CH—CH,OH

3-heHun-2-nponeH-1-on

XungporeHmpaHeTo Ha 3-doeHun-2-nponexH-1-o1 ce ocbLEeCcTBsBa C BOAOPOS B MPUCHCTBME Ha KaTanusa-
TOP HMKEN UMK HacLeHTeH BOOOPOA, MOSlyYeH OT COSHa KMCenvHa 1 meTarn, pa3nonoXeH npean Bogopoaa B

pena Ha OTHOCUTEINMHAaTa akKTUBHOCT Ha MeTarnunTe:

Hy/Ni
QCH: CH—CH,0OH —_—> CH,—CH,—CH,0H
(Zzn + HCI)
3-cbeHunn-1-nponaHon
SOBI‘2
QCHz—CHz—CHon _— CHZ—CHQ—CHQBI'
- SOQ; HBr

@—CHz—CHZ—CHzBr +2Na + Br(CHy);oBr

3-cbeHunn-1-xnoponponaH
13-tpeHunn-1-6pomoTpuaekaH

OCHZ_ CHZ_CHZ— (CH2)9_ CHzBr

(CH2)10—(CH2)1o

1,6-oudpeHunxekcaH
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CH2—CH2—CH2—(CH2)9—CH2BT —+ KCN T
— KBr
(H)

(CH2)12CH2CN =+ 3 H—OH Em—

(CHy)1,CH,C N

14-beHnnTeTpagekaHHNUTPUN

(CH;,),CH,COOH* + NH4X

14-beHunteTpagekaHoBa KnucenmHa
2_
(X=CI, S04 )

LiAlH,

(CHy)2CH,COOH (CH,)1,CH,CH,0OH*

14-pbeHnn-1-teTpagekaHon

S0Cl
(CHy);,CH,CH,OH* =2,

KCN
(CHQ)]QCH2CH2C1 E—
—KClI

H,0
(CH2) 1 2CH2CH2CN E—

(H")

(CH,);,CH,CH,Cl

14-deHun-1-xnopoTteTpagekaH

(CH,);,CH,CH,CN

15-cbeHnnneHTagekaHHUTPUN

(CH,),,CH,CH,COOH

Verbruggen [42] onucea nonyyaBaHe Ha M30TOr-
Ho GensasaHa 15-(p-MogodeHun)-neHTagekaHoBa Ku-
cenuHa u 15-(p-nogodeHunn)-3-meTunneHTagekaHoBa
KMCEenvHa ¢ 13Non3BaHe Ha kanam B cpefa oT eTuna-
uetaT. PaguoxmmmiHmat gobme e okono 96%, a pe-
aKkuMoHHOTO Bpeme — 45 MuH. [MpeunctBaHeTO Ha
npoayKTUTe ce ocbluectssiBa nocpeactsom BETX.
lMpeamMmcTBO Ha MeToAa € NonyyYaBaHEeTO Ha MPOAYKT
C MHOIO BMCOKa cneundunyHa akTMBHOCT.

PasnnyeH nogxod npu cMHTE3 Ha U30TOMHO Oe-
nasaHn cbeguHeHus npunarat Dougan et al. [43].
XNopoMepKypuNpon3BOAHN Ha deHunneHTageka-
HOBaTa KMCENMHa N HEMHUS eTUMOB ecTep ce Mno-
ny4aBaT 4pe3 MepkypupaHe ¢ xuadeH (ll) Tpud-
nyopoauetar ¢ nocneasawo obpaboTBaHe C oueT-
Ha 1 CorHa KncenuHa.

MaHonoB [44] cboOuwiaBa 3a CMHTE3 Ha p-[
CsH4(CH),CHRCH,CO,H (R = H, Me) 4pe3 unsoto-
neH obmeH ¢ BoaeH pastBop Ha K''l, cbabpxkaly
Na,SO;. YcTaHoBeHO e, Yye no-gobpwu pesynrtaTu ce
nony4aear Npy U30TOoNeH OOMEH B CpaBHEHUE C
npowuecute Ha xanoreHeH obmeH npu 170°C.

Kutanckm uscnegposatenu [45] cpaBHsABaT OBa
mMeToda 3a nomnydaBaHe Ha 15-(p-1251)-ogodenHnn-

131|]_

15-beHnnneHTagekaHoBa KMcenuHa

neHTagexkaHoBa kucenvHa. lNokasaHo €, Yye GensasBa-
He ¢ [125I] ce ocbLecTBsIBa Ype3 N30TOMNEH 0OMeH 3a
1 yac. 3a pasnuka OT AMPEKTHOTO paauoriogvpaHe
npu To3n MeTon ce noryyaBa NpoaykT cbC 70%-eH
pagnoxmmmnyeH JobyB 1 ¢ BUCOKa YMCTOTA.

WHTepeceH MeTof 3a MPeYncTBaHe Ha M30TOMHO
6enasaHn cbeaMHeHns oT cBOOOAEH HeopraHUyeH
paguonoana nNpeactaBnsBa U3non3BaHeTo Ha vvcTa
MeTanHa cpebbpHa MeMbpaHa. Cnen npemvHaBaHe
npe3 membpaHaTa octaeart nog 1% npvmecu oT n3o-
TonHO ©ensizaH voaoua. ABTopuTe cuuTar, Ye ToBa e
HagexXaeH MeTOA C MpUNOXeHWe B MOCIEenHUs eTan
Ha NPeYnCcTBaHETO Ha U30TOMHO BensizaHy NPoayKTU
B Hay4HOW3CrieAoBaTesICKUS UNu B siapeHoMeauumH-
CKMs OTpachi Ha hapmaumsaTa [46].

Cheng [47] onucea nonyvaBaHe Ha wogode-
HUNMEeHTadeKkaHOBa KUCENWHA 4pe3 peakuusi Ha
nogumpaHe W cnegBawo M30TOMHO GensasBaHe.
MpeactaBa ce CUHTE3 Ha (beHunneHTagekaHoBa
KMcernvHa 4pes3 peakums Ha ankunmMpaHe no metoga
Ha Wolf-Kishner. Tlo-HaTaTbk NpOAyKTbLT ce obpa-
ootea ¢ TI(CF;COQO); 1 ¢ pagmoakTtmeeH noa. [o-
OMBbBT € NOYTM KONIMYECTBEH C BUCOKA YncToTa [48].
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KaHadcku uscriedosameriu onuceat CMHTE3a Ha
MeTun-15-(4-TpumMeTUncTaHundeHun)-neHTagexa-
HoaT — MpeKkypcop 3a pervocneumdpuyHo nomny4a-
BaHe Ha 15-(4-[123I] nogodeHnn)neHTagekaHosa
KncenuHa. CTaHUNMpaHUaT NPeKypcop ce CUHTE3n-
pa B 6 eTana oT 4-OpoModeHunaueTuneH ¢ oouy
nobus 16%. PeakuusaTa ¢ Nal B cpega oT nepoueT-
Ha KucenuHa BOAW [0 MofyvaBaHe Ha KpawnHus
npoaykr [49].

El-Wetery v cvaBT. [50] onuceat metog 3a map-
KnpaHe Ha p-IPPA c [131I]|7|op, Ype3 U30TorneH oOMeH B
€TaHoN B nMpucbCcTBME Ha GeH3oeHa kucenuHa. O6-
LWMAT paguoxmmmdeH nobus e Hag 80% 3a 50 MUHY-
" npu 170°C. MNpoyyeHn ca peakLMOHHUTE YCroBUA
npu W3MNOM3BaHe COMW Ha e[dHOoBaNeHTHa Men B
oLueTHa KucenuHa, amMOHMEB aleTaT U aMOHUEB Cyrl-
dat. OnpefeneHa e akTvBMpallaTa eHepris Ha pe-
akumnsgTa. MNpoaykTsT ce npeyncTaa yYpes BETX.

MonyyaBaHe Ha M-WogodeHunneHTagekaHosa
KMCENVHa onucBaT KUTaNCKM U3crnegoBaTenn. M-p-
['®I]-ilonodeHnnneHTagekaHoBa KUCENMHA Ce CUH-
Te3upa No ABa MeToda: NPSKo MapKupaHe n ypes
n3otorneH obmeH. [lobuBute ca cboTBeTHO 80% 1
65%. Cnepn npedncrBaHe pagvoxXmMmMuyHaTa YncTo-
Ta e Hag 95% [51].

1 5-(p-[125|]-VIO,EI,O(*)eHVIJ'I)-B-MeTVIﬂI'IeHTaJJ,eKaHO-
Ba KMCEernuHa ce norny4vaBa 4pes3 M30TorneH OOMEH,
nsnonssankn Cu(l) kaTo katanusaTop BbB BOAHO-
eTaHornHa cmec. Yuctorata Ha npoAdykTa e BMUCOKa,
a pobusbT € Hag 40% [52].

Farah [53] onucBa gBa HadMHa Ha M30TOMEH
oOMeH 3a MmapkupaHe Ha 15-(p-nogodeHnn)-neHTa-
JeKkaHoBa KucenuvHa ¢ pagvonoauva B NpUChCTBUE
Ha amoHueB cyndat n megeH (l) xnopua kato Ka-
Tanusatopu. B pesyntat Ha Te3u onutu nmpotuya
pernoceneKkTMBeH NpoLec Ha 3aMecTBaHe U1 ce Mno-
ny4aBa NpoayKT C BUCoKocneumduyHa akTMBHOCT C
paguoxmmmyeH gobus 92% u 85% B 3aBMCUMOCT
OT MPOABIXUTENHOCTTaA Ha npoueca. [peyncTea-
HeTOo nocpeacteBom BETX ocurypsiBa npoaykT cC
BMCOKa paguoOXMMMYHa YMCTOTa, noaxogsiia 3a
MEeOULMHCKO NPUITOXKEHME.

KnHeTuyHuTe m3crnenBaHusa nokaseart, Ye peak-
uumnTe Ha M30TOoMeH oOMEH ca OT BTOPM MOPSiAbBK C
akTuBMpawa eHeprus ot 13.7 Kcal/mol 3a peakuu-
ATa, KaTanuanpaHa ¢ MegHu NOHW.

Wu, Chun-Ying u craem. [54] npeanarat mo-
anduumpaH meTop 3a CMHTEe3 Ha [125I]-|7|01:|,ocbeHv|n-
NneHTaZeKkaHoBa KUCENUHA — Ypes3 Npsiko Mapkupa-
He 1 TBbpAOda3HO MapKknpaHe ¢ U30TorneH OOMeH.
[Hobusute ca cbotBeTHO 80% u 65%. Paguoxu-
MuyHaTa yuctoTa e 98% cnep exkcTpakumsi ¢ Xrno-
podOpM 1 XEKCaH.

PasHoobpasHnte nogxoaum 3a CMHTE3 Ha ObIl-
rOBEPWXHU (PeHUNankaHoBMU KUCENWHU ca npea-
noctaeka 3a 6oraT nsbop npu onMTUTE 32 N3OTOMHO

OenasBaHe M MoO-HaTaTbLUHO NpUNoXeHme B KIn-
HU4YHaTa NnpakTuka.
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