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™G EPELVVNTIKNG HOL OpaoTnplotnTog Hécw tov mpoypopupdtov: KY-POY/0407/04 ko
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OV YVOPIoO GTO TUNUO YNUElNg Kot T atéAelmTeg MPES oL Tepacsae oto [oavemotyuo
Kot Oa glvarn yuo Tdvta dimha pLov.

To televtaio kot peyoldtepo €vxaploTd® NOEAD VO TO ODC® GTNV OWKOYEVELD LOV. XTOLG
yoveic pov lodvvn kot Mapia, kot otnv adepen pov Kovotavtiva yio v anépavtn aydmn
TOVG, TNV TIGTH TOLG GE EUEVA KOl TNV TAPOTPLVOT] TOVG, dAAd Kot oty Xplotiva Tov otafnke
dimha pov oe OAeg TIC dSVOKOAEG OTIYHES Kot otepnOnke pali pov moArd caffatokvploka,

JLOKOTTES KoL apyieg TEPUEVOVTOS VITOUOVETIKA TNV LEPO TTOL Ol LLE KOUAPDCEL.
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TOAOVOALO

BevioMo

TOAVPOGPOPIKO 0&H

TopLdivn

14



Reflux Bpacpog pe emavappon

S amA (NMR) 1 woyvpn (IR)

sec devtepOLETTA

t tpuA] (NMR)

TFA Tp1pBopoikd o&h

THF TETPOHOPOPOLPEVIO

TMSCI TpeBviociAvAoyAwpidio

q tetpanin (NMR)

ROMP TOAVUEPIOUOC HeTdBEONC LE S1AVOIEN OAKTVAIOL
Snl LLOVOLLOPLOKT] TUPNVOPIAT VTOKATAGTOOT)

SN2 SWOPLOKT TUPTNVOPIAT VTTOKATACTOON

Sni EVOOLLOPLOKT] TUPNVOPIAT] VITOKATAGTOCT)

TLC YPOUATOYPOPio AETTNG GTIRASOC

UV/Vis (QOGLOTOCKOTIO VITEPIHAOVG/OPATOD

w acBevig (IR)

XRD nepiBloon aktvov-X

oc ANUIKN LETOTOTION GTO QPAGLLOL BC NMR

OH Ykl petatémon oto gaopo 'H NMR

Op YNUIKT LETATOTIOT GTO PAGHLO 3p NMR

Amax KOG KOUATOG HEYIGTNG ATOPPOPNONG

Vimax KopoTaplpnog péylotng aroppodenong oto edopa IR

15



16



Iepreyopeva

Yen.
Yehoa eykvpoTnTOg 3
YnevOvvn ofjloon 5)
Evyopiotieg 11
UVTOHOYPOPIES 13
epreyopeva 17
Mepiinyn ota EAAnvika 19
Mepidnyn ot Ayyhka 21
Katahioyog IIivéxmv 23
Kataloyog Zynpdtmv 25
Kegpdrow 1. Ewsayoyn 30
11 KoapBévia 31
1.2 Tvpopdikd orkévia 37
1.3  «Adapovromoinon Schleyery 43

Kepdharo 2. XvvOetikn mopeia Tov Ni(PPhs); - supahokov Tov vopadapavreviov 50

2.1  Ewayoym 51
2.2 X0HvOeon vopadapovTOVIK®OV TOpoymYmV 95
2.2.1 XbHvBeon tov teTtpakapPoéuiikov eotépa 33 56
2.2.2  XvvBeom g dwketovng 32 58
2.2.3 XvvBeon g 010Anc 31 60
2.2.4 lwdimon g o1oAng 31 65
2.2.5 Avrtidpoon g 610Ang 31 pue SOCI, 69
2.2.6 MeovMmon g doing 31 72
2.2.7 ToovAimon g doAng 31 75
2.2.8 Kvokiikog Oetikdg eotépag e 610Ang 31 77
2.3 Avoyoyn vOpadapovVTOVIK®OV TOpoymYmv 80
24  Beltotonoinomn g ocvuvbeong tov dumddiov 30 83
25  Xvumloxomoinom tov vopadapovTeEViov 87
2.6  XOvoyn kepoiaiov 95

17



Keedraro 3.
3.1
3.2

3.3
3.4
3.5
3.6

3.7

Keedraro 4.
4.1
4.2
4.3

Bipioypagia

Anpoocievoelg

AvoiEn T1ov KukAofovtavikoy dakTvAiov TOV duePOVS 43
Ewaymyn

Oepkn| S1avolEn TeTpapteAods daKTLAIOL

3.2.1 Nonua woopepeioong tov A (n=0)

3.2.2 Melétn g Bepuodivong tov duepovg 43

3.2.3  Etegpoiutiodg unyovicpoc Bepuodivong tov dpepong 43
3.2.4  Opolvtikdg unyoviopuodg Beppoivong tov dyepoig 43

3.2.5 YmoAoyloTikn oTNpiEn TOL UNYOVIGLOD KOt TELPALATE EAEYYOV

3.2.6  Xpnon Iz ot Bgpporvon tov dpepovg 43

dotoymuky peAén Tov dipepovg 43

Xpnon tov dumdo[2]dwadapavtaviov 69 otn chvBeon Tov dieviov 44

Eleyyopevn odvheon tov dumdo[2]dadapavtaviov 69

[IpocOnkn diylwpoxapPeviov

3.6.1 Mnyaviotiky| gpunveia g avtidpaong tov 44 pe
TETpayA®pavOpaka - TpocOnkn tomov «Kharaschy

XHvoym kepaiaiov 3

I[ewpoapatikd pépog
I'evika mepopotikd otoryeio
[Telpapatikég Aemtopépeteg

Kpvotarroypaeukd dedopéva twv dopdv mov peietinkayv pe XRD

18

97

98

100
100
101
116
121
129
132
137
142
145
148

158
161

162
163
164
175

192
202



Hepiinyn

To vopadapoviévio (1) avikel oty kKatnyopio TV TUPOUOIKGOV orkeviov. Eivar moAd
dpaoTikd kot dev umopet va amopoveodel og eledBepo aikévio. H mapovoa dwotpipr e€etdlet
™ oOvBeon kot ) ynueio Tov [2+2] dipepode tov vopadauavteviov (43). 1o kepdalowo 1
napovotdletar n PipAoypapic. mov apopd ™ obvvbBeon Tov duepovc 43 ®g €vo mOavO
EVOLApETO Y10 TNV 6VVOEST TOL gvilapépovtog kapPeviov 21. Xto kepdiato 2, mapovcialetal
0AOKANPY M cLVOETIKY TTopeia yioL TOV SYLECLAIKO £0TEPQ 52, ol vEa Evmaon 1 omoia divel To
owepés 43 oe KOAOTEPN OULVOAIKN omddoom omd mponyovueves pebodoroyiec. Xto 1010
KEPAANLO avaeépovtol ot TPooTdOeles Yo GUVOEST] TNG TOAVKLKAMKNG KETOVNG 23 HEC® €VOC
0pYAVOVIKEAKOL cvumAdkov Tov 1. To kepdAiaio 3 meprypdopel v oopepeimon tov 43 610
dtévio 44 1600 vd cuvOnkeg Bepuoivong otnv a€PLo PAGT, OGO KOl POTOYXNUIKA GE d1GAV L.
ZOUQOVO LE TO, TEPOLOTIKG KOl VTTOAOYIGTIKG OEGOUEVA, 1) ICOUEPEIMOT TPOYLOTOTOIEITOL [E
punyoviopd pav. Mia evdlapépovoa avakdioyn katd T OdpKeLo QTG TG LEAETNG ITOV O
oynuatiopds péco plov tov [2]owdapavtaviov 16. H mpoomdBeio diepedvnong tov
OLOAVTIKOD UNYOVIGHOL 1GOUEPEIMONG 0dNynoe o€ U ovvleTiky mopeio yuoo 10 Ot-
1wdo[2]dwdapavtavio 69, n omoia Paciletar oty Tdon «adapavtomoinong» tov 43 kot To
omoio dgv upmopel vo ovvtebel pe TOLG TOPAOOGLOKOVG TPOTOLS. XTO 1010 KEPAAOLO
TEPLYPAPOVTOL KO Ol TPOSTAOEIEG Yo TNV KuKAompomaviwon tov 44 pe dtyAwpokapPévio, ot
omoieg €édmoav avti Tov embountov TPoidvtog 58, Ti1g véeg evmaelg 78 kot 79, Tov pumopolv va
BewpnBovv mpoidvta «adapavtomoinone» tov 44. 10 ke@AAoo 4 TAPEYOVIOL Ol GYETIKEG

TEPAUOTIKEG AETTOUEPELES.

8] 27 &5 gp a5

1

[ cl

cl_ cl |
i % % cl
MsO OMs m m @?
44 52 58 69 ! 78 79 o) o
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Abstract

Noradamantene 1 is a member of the family of pyramidalized alkenes. It is a very reactive
compound and it cannot be isolated. The present thesis examines the chemistry of the [2+2]
dimer of noradamantene (1). Chapter 1 presents the bibliography for the preparation of dimer
43, a possible intermediate in the synthesis of the interesting carbene 21. Chapter 2 describes
the synthetic procedure for the preparation of dimesylate 52, a new compound that affords
dimer 43 in better overall yield than previous procedures. Chapter 2 also includes the efforts
for the preparation of polycyclic ketone 23 through an organo-nickel complex of 1. Chapter 3
describes the isomerization of 43 to the diene 44 under thermolysis conditions in the gaseous
state as well as photochemically in solution. According to the experimental and computational
data, the isomerization takes place through a radical mechanism. An interesting discovery
during this study was the formation of [2]diadamantane 16. The efforts to investigate the
homolytic mechanism of thermolysis, led to a synthetic procedure for diiodo[2]diadamantane
69, based on the «adamantization» tendency of 43. Diiodo[2]diadamantane 69 cannot be
synthesized according to the traditional procedures. The same chapter also contains the
cyclopropanation efforts of 44 with dichlorocarbene which afforded, instead of the desired
product 58, the new compounds 78 and 79, considered as «adamantizationy» products of 44.

All experimental details are provided in Chapter 4.

& B7 &5 oo a5
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Cl

cl_ cl |
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44 52 58 69 ! 78 79 o1 o
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1. Ewayoyn

11 Koppévia

Ta xopPévia eivar ovdétepeg evmoelg tov O10Bevolg GvOpaka, oTic omoieg o
KapPevikog dvBpaxag €xel povo €L niektpdévio. H yovia mov oynuatiCetor peta&d tmv ovo
VTOKOTAGTOTOV TOVL KopPeviov elvar mapdyovtog mov kobopilet oe peydrho Pabud v
EVEPYEWD. TOV VO U1 OECUIKAOV TPOYKAOV TOV KopPevikov davOpaxa. Xvykekpiuévo, &va
KapPEvio pe Ypopuukn yeopetpio propet va Bewpndel mg SP-vPpdicuévo pe 6vo EKPUAGHEVQ
un OeCHIKA TPOYWKA (Px KOl Py) TOPOAO TOL M YPOUUIKY YE®UETplol anoTeAel TV Oplakm
nepintwon. Avtifeta, oe évo Kekappévo KapPévio o ekEUAMOUOG aipetal KabmMG to €val
TPOYLOKO OmOKTA S-yapaxtipa. Aniadn, to Py Tpoylokd dev petofdrreror oxedov kaborov
evepyelokd (P TPOYLOKO), EVD TO Px TPOYLOKO ovopdletat o kot el kpdtepn vépyeia (oy.

1).

E
\
e c—
¢ 2 \N) Pr /
Px
p o
P %y %
YPOUHIKO KEKAPPEVO

2ynua 1. Zyéon uetald twv yovidy tov kopPeviov kat TN POONHS TV ECWOTEPIKMY TPOYIOKMDV.

Ta xoapPévia pmopodv va yopiotobv ce dvo peydreg katnyopieg, ta kKapPévia aming
Kol o KapPéviar TPUTANG Katdotaons. Xt POciK) TOLG KATAGTAOT, To KApPEVIOL TPUTANG
KOTAGTAONG, £(0VV TOL 000 UM OEGHIKA MAEKTPOVIA TOVS GE OLO OLAPOPETIKE TPOYLOKA LLE
Satakn o'p,. Avtifeta oto KopPévia omhig KOTAGTOONS Ta dVO HT| SECHIKE NAEKTPOVIQ
Bpickovtatl 6to 810 0 1 P, TPOoYOKS pe avTumapdAinio spin. Onwg eaivetarl kot oto oy. 1, n
dwtaén o® eival o otafepn| Kol evVoEiTo EVEPYELOKA GE GYEom Ue TN dtiTadn p,tz.

H Ogpehidomg niektpoviakn kotdotoon Tov KoapPeviov kabopiler 1 ymuukn
dpactikdmTd Tov. o mapddetypa, to KopPévia aming KOTAGTAONG £XOLV  AUPIOIAIKO
YOPOKTNPO Yot £X0VV €va KEVO Kol VO KOTEIANUUEVO TPOYLOKO, VD TO KopPEvia TPITANG

KOTAGTAONG £Y0LV 00O TPOYOKE To ool TeEPAaUPavouy amd €vo MAEKTPOVIO KOl YEVIKA
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&xovv yapokmpa oiploc. H avayvopion g Pacikng katdotaong evog kapPeviov pmopet va
yiver pe poopotockonio ESR (Electron Spin Resonance). Ta kapfévia TpmAng KoTdoToong
etvar mapapoyvnTikd Kot pmopovv vo mapatnpnbovv pe ESR, apov amopovewbodv ce modd

yapnAéc Oeppokpaoiec péoa o adpaveic pirpec.”

R R

C

H R H (“) R K
J— + R'2C:,: . >:< —_— A

R> <H (Cunuly) R H R R

R_R R R R R
H>—<R + R € — H>~. §<R - A + A
Ky (PmAio) R H R R R R
2ynua 2. Avtidpdoels mpoolnkng twv kapPeviov oe alkévia.

"Evag 6e0tepog mPaKTIKOG TPOTOG Yo TV avOyvoplon NG Pactkng Katdotaong evog
kapPeviov eivar pe ovidpdoelg kvkiompomovioong pe aAkévio. Ta kopPévie omAng
KOTAGTOONG TPAYUOTOTOOUV AVTIOPAGELS TPOGONKNG £vOg oTadiov pe to aAKéVIo Ady® Tov
OULOLPIATKOD TOVG XOPAKTHPO, EVA TO KOPPREVIL TPITANG KATAGTOONG OvVTIOpOLV cav dipleg o€
V0 6TAd. ¢ OMOTEAEG LA, TO KUKAOTPOTAVIKO TPOidV mov oynpatiletat (o). 2) éxel v idwa
otepeoynueion avtidpovtog pe KapPéviar amAng Katdotaons, eva e to KapPévia TputAng
Katdotoong Aoppdvetor piypo twv d00 oTEPEOICOUEPDV (AOY® NG ELYEPELNG TTEPIGTPOPNG
g piCag mov oynuatiletot 6To TPOTO 6TAGI0 TG TPOGHNKNC).

H Boown katdotaocm evog kapPeviov eEaptdtonr Kupiwg amd MAEKTPOVIOKOVS Kol
oTEPEOYN KOG TTapayovtes. Ot nhektpoviakol Tapdyovies emnpedlovial amd To EMTAYMYIKO
(QOVOLEVO KOl TO PaVOUEVO cLVTOVIGHOV. Emaymyucd, opddec oty a-0€om mov sivar o-00teg
(m.y. Li) otabgpomolodv kupimwg v Tpumdf] katdotacn pe avénon Tov S-YopoKTipo TOV
oMY, ALEAVOVTOS LE OLTO TOV TPOTO TNV Y®ViK TOL KopPeviov Kot Tov P-XapakTipo TOV
TpoylkoV a. Me autd ToV TpOTO, N EVEPYELD TOV 0 TPOYLOKOD TANGLALEL TNV EVEPYELD TOV Py
Kot Ta 300 potdlovv oyeddv ekpLAMCUEVO Py Kol Py tpoylakd (ox. 1, oprakn mepintwon
YPOUUIKNG YemUeTpiag). Avtifeta, 1 emaymyikn €nidpacn mov 0oKOHV OUAdES OV Eival o-
déxteg (m.y. F) éxel oav amotéleopa m otabepomoinon tav kKapPeviov oty omAf Katdotaon,
aeov aVEAVOLV TOV P-XAPOKTPO TOV dECUMV TOL KapPevikov dvBpaka. To @avopevo avtd

&xel oav amotélecpo TV peiwon g yoviag Tov KapPeviov kot kot eréKTaon TG avEnong
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TOV S-YOPOKTNPO TOL 0 TPOYIOKOV, UE OTOTEAECUO TNV QOENCT TNG EVEPYELNKNG O0POPAG

peta&l Tov o Kol Tov P, TpoyaKov (o). 3).

E (kcal/mol)
S
S
23 .
11
_r v _T
T T
Li—C—Li H—C._
180° 129°
45
=
F—C
1040\
F

2ynua 3. ETidpacn s NAEKTPOOpVHTIKOTHTAS TV 0-DTOKOTOOTATMY 0Th PACIKH KATAOTAOH

70V KapPeviov (ETOY@YIKO POIVOUEVO).

To @owvopevo GUVTOVIGUOD QPOPE a-LTOKATUCTATEG OV givorl 7-00TeG 1 T-0€KTEG. Ot
opdoeg mov elval T-00TEC, AAANAETIOPOVY KLPIMG UE TO Pr TPOYLOKO TOV KapPevikov avOpaka
KaO1oTOVTOG TO O YNAGL EVEPYELOK(, EVD TO 0 TPOYLOKO UEVEL OVETNPENCTO LE OTMOTEAEG LA
Vo AVEAVETOL 1] EVEPYELOKT SLAPOPA TOV TPOYLOKADV P, Kol 0. Me Tov TpOTO avTd guvoeitat 1
amAn kotdotoot, eve cvpPaivel o avtifeto pe opddeg mov elval m-OEKTEG MAEKTPOVIMYV,
OTOTE KOl EVVOEITAL TEPIGGATEPO 1 TPTAN KOTAGTOGT. XTNV TEPITTOON TOV Ol A-OUAdES Elvat
0-00TeG KO T-0EKTEC, EVIOYVETAL OKOUN TTEPIGGOTEPO N TPUTAN KATAGTACT (1] OTAN KATACTOON
guvoeital e a-opdoeg oL elvat o-0EKTEC Kol T-00TEG).

Ye MEPIMTMOELS TOV Ol NAEKTPOVIOKOL Ttapdyovtes eivar acBevelc, o otepeoynUIKOg
napayovtag pmopel va kabopicel v Pacikn katdotaon tov kapPeviov. Mo mapdderypa,
VTOKOTAGTATEG LE LEYOAN OTEPEOYNUIKN TOPEUTOOIOT] (OYKMOELS VTOKATAGTATES) EVVOOLV
Kuplog KopPévia TPITANG Katdotaong Ady®m avénong g yoviog tov kapPeviov kot KoTd
OLVETEW, TOL S-yopaktnpa twv Osopmv. O otepeoynuikdg mopdyovrog eivor emiong
ONUOVTIKOG oV KNIk otafepomoinon yevikd Tov kopPeviov omAng M Tpuming

KOTAGTOOTG.
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[Tapd to yeyovdg OTL péYPL onuepa €govv yivel peydio Prpote avo@opikd pe
yueio ToOv KapPeviov,” amd TPUKTIKAG TAELPAS VIEPOLY OKOMO SLEPOPo. EVBLApEpPOVTa
Oépata yioo perétn. ‘Eva and avtd amotehel ko n ovvBeorn otabepdv dtolkvAio-kapPevimv
OMTANG KATAGTAONG TO OToio, Vo £Y0VV KATO0 HETPNOIUO ¥pdvo (NG dGTE Vo UTOpPOovV va
amopovoboiv. Méypt ofjuepa, Exovv cvviedel apketd dapvro-kapPévia (Ar-C:-Ar) pe tpumin
Baoikn katdoToon Kot TOAD peyaio xpovo (mng mov Umopel vo pTAGEL LEYXPL APKETEG LEPEG OE
Kkavovikég ouvOnkes.”® H otofepdtnta ToV GUYKEKPIEVOY KapPeVImV opeileTon ev TpGHTOIG
oTNV mPooTacio. Tov KopPevikoh AvOpoKka omd TOVG OYKMOELS O-LTOKUTACTATEG Yol
avtwpacelg mpoonkne. ITlopdAinio OUmG oNUOVTIKY €lval Kol 1 GUVEIGPOPE T®V
OPOUATIKOV VTOKOTAOTATOV oTnv Oeppodvvopikny otafepdnta AOY® OTEVIOTMIGUOD TMOV

’ ’ ’ 9
NAEKTPOVI®V GTO APOUATIKO GOGTNLLOL.

.e [S]
R1\ITJ/C\I}I/R4 R1\($I’/C\ITI’R4
Rz Rs R Rs

Zyfua 4. YI01K0¢ yopoktipag kopPeviwv ue etepodtoua oty a-0éon.

[MopdAinio, oty TAEIOYNEIOL TOLG, TO YVOOTH HEYPL ONUEPO KapPévia amAng
KATAGTOONG €YOVV TOLAGYIOTOV €va €TEpOdTONO OTNV a-0éom To omolo micteveTOl OTL TO
otabepomnotel Oeppodvvopikd. H mapovsio Tov yertovikod £1epoaTOUOD TPOGIIOEL YOPAKTNP
VABIoL 6TO KOPPEVIO, YU avTO KATOES amdYELS LITOoTNPIovV OTL AVGTNPE dEV UTOPOVV OVTA
ta €01 vo ovopdlovtor kopPévio. Mo and Tig katnyopieg ovtéc eivar to NHC (N-
Heterocyclic Carbenes), to omoia mapovctdlovv peyddn otabepdmmta. To mo KAOGGOIKO
TopAdElyHo aTNG NG Katnyopiag koapPeviov eivor 1o 1,3-01-1-adapovtor-yudaloi-2-
VABEVIO mov ovviédnke amd tov Arduengo kot thv opddo tov. To kapPévio awtd givorl to
TPAOTO TapAdeypo kapPeviov mov €xel amopovwbel 6e KPLOTUAAIKN uop(pr'].lo" ‘Exer mv
HopeN Gypopmv kpuoTdAlmy pe onueio ThEewg 240 °C. H peydin tov otabepotnta, omd Ty
Ho OQEIAETOL GTOV DAIOIKO TOL YOPOKTNPA KOL TNV GUVEIGQOPE 0mtd TO TAOVG1O GE NAEKTPOVIN.
m-cvotnuo ( :N-C=C-N: ), 6nwg eniong Kot 6TV NAEKTPOAPVNTIKOTNTO TOV alOTOV T0 0ol
0100ePOTOOVY TO KOPPEVIKO KEVTPO UHECH TOV 0-OeCU®V. ATO TNV GAAN OUMOC GNUOVTIKN
etvatl Kot 1 GUVELGPOPE TV V0 ASAUOVTVA-OUAO®V Ol 0Toieg TO0 GTOBEPOTOLOVY KIVNTIKA,

AOY® TG HEYOIANG GTEPEOYNIKNG TPOGTAGIOS TOV TPOGPEPOLV.
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Tov kavéva mov vrootnpilel mwg N otabepdTnTa TOV KopPeviov mnydalel and v
OmapEn €vOg TOLAGYIGTOV £TEPOATONOL otV a-0€om Npbe va amoppiyel 11 ATOUOVOGT TOL
U SUCOTPOTVLALUIVO )KUKAOTPOTTEVOAOEVIOV, TOL TPMTOL oTabepoV  KopPeviov  AmANg
KOTAGTAONG Y®Pig eTEpodTOpnO otV a-0éom. To kapPévio avtd mapdio mov givor evaicOnto
OTOV ATHOGQALPIKO aépa, Tapovctdlel peydin Oepuiky otabepdnta, £xer mp 107-109 °C ko
&yel yopakmpiotel kpvotodhoypagukd.'” H kpuotodhuchi tov dopr édeiée mog kat ot dvo
OLULLVO-OLAdES EYOVV eMITEdN YEOUETPIO KOt PPIoKOVTOL GTO EMIMEIO TOV TPYULEAOVSG SOKTLAIOV.
Avtd 10 YeYovOg vmootnpilel ™MV 7-GLVEIGPOPA TOL HOVIPOVS LEDYOLE MAEKTPOVI®DV TOV
al®dTOV 6T0 7-cVGTNUO TOV dokTVALOV. Elval éva kaAhd moapdoetypa cuvimapéng cvlvylokon
KOl ETOYOYIKOD QOIVOUEVOL TOL OPO. GLVEPYIGTIKA OTNV oTofepomoinen TG omAng

KOTAGTAOMG TOV KapPeviov.

NN A
\_/ (iPr),N N(iPr),

1,3-81-adapavTuA-IuIdadoA-2-uNIdEvio B1(BIOOTTPOTTUAAUIVO)KUKAOTTPOTTEVUAISEVIO

Zynua 5. Xra0epo. kopfévia omAnNg kKaTaoToon U Kol Ywpig ETEPOGTOUO oThV a-0éon Tov

OTOUOVOONKAY 08 KPVOTAALIKT LHOPPT].

[Mopora avtd, péxpr onuepa dev €xel avapepBel M Vmapln Kamowov oTabepov
KapPeviov amAng KoTacTaong mov va givar kabapd vopoyovavOpokueod. H mapovoa perén
anotelel £vo TpdTO P oty mopeia cuvheong evog TETotov KapPeviov e kamown daitepn
otafepotnra, Om®G VTOAOYIoTNKE pEGH amd BempnTiKn uakém.ll Exto¢ and 10 axadnuaikd
KOl EPELVNTIKO €VOPEPOV TTOL TaPoLGlalel, elvar a&toonueimto 0Tt tétown €idn pmopel
emiong va Pplokovv mpoaxktikés epapuoyés. o mapdderypo, Oo  pmopovoav  vo
ypnoonomBodv cov VEOL VITOKOTAOTATEG KATUALTOV o€ moAvpeptopovg ROMP (Ring
Opening Metathesis Polymerization) ka1 va mpoo@épovv peyodvtepn otobepOTnTo. Kot

EKAEKTIKOTNTO. GE OYE0N HE KOTOADTEG TPONYOVUEVNS YEVEOS. 1t

Méypt onuepa, o€
avTIOPAcELS HETAOEONC aAKEVIOV ¥pNOILOTTOLEITAL EVPEMG O KataAvTng Tov Grubbs, mov givar
éval oOUTAOKO pETaAOL petdmtoong (RU) pe kamowo kapPévio. Ovoudotnke Tpog TV Tov
Robert H. Grubbs, tov emtotiuova mov tov cuvébeoe mpdtog. H onuavtikny cvvels@opd tov
OTOV EMOTNUOVIKO Y®po emPpafevtnke kot pe 1o Ppafeio Noumed tov Oxtdfpro tov 2005.

Yrdpyovv Tpelg yeveég TOL KATAADTN OTW®S PAIVETAL KOl GTO GY. 6 Kol amd TNV TPAOTN UEXPL
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mv Tpitn yeved KOTOAVTN, 1 OPACTIKOTNTO KOl 1 EKAEKTIKOTNTO OTNV GUYKEKPLUEVN

avtidpaocr mopovcldlel TOAAEG PEATIOCES OAAL KOl OVEKTIKOTNTO O UEYOAVTEPO €DPOG

.. 16-20
OAVTAOV.

KaTaAUTNG 1nG yevedg

CH; HsC CH;

CH CH
3 \(\\\\\CI 3
Ru‘a

7|

P(Cy)s

cl Ph

KaTaAUTNG 2nG YEVEAG

KaTaAUTNG 3nG yevedg

Zynpa 6. EEEL1ER tov katodbTny Grubbs.
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12 MMvpopmdka arxkévia,

Y10, ahkévio 1§ ohepivec, Wavikd, ot sp’ vBpdiopévol GvBpakec Bpickovion 6To 1810
EMIMEDO L€ TOVG TECCEPELS VITOKATACTATES TOVS Kol YEVIKA M Yemouetpio Oewpeiton emimeon.
[Bavikd mapddetypo omoterel to aBLAEVIO (TpOTLIO OAKEVIO), OmOL o©TN PACIKY] TOV
KatdoToon Kot ta 6 dtopo Bpickovtal 6to 010 eminedo Kot To uKog Tov dimAov deopov C=C
givar 1,34 A. Tmv mpaypatikdTto OHmS VIAPYOVY GPKETEG OMOKAGEIS omd TV YVOOTH

EMIMEIN YEOUETPIO TOV STAOD OEGLOV W10, OTO TIG OTTO1EG Elval 1| TLPOUIOKOTNTAL.

ﬂf@y

U
2ynua 7. Eniteon yewuetpio aifvieviov.

Ta mopopudikd aAkévia givor evooelg pe dumhovg decpodg avOpaka-avOpaxo, ot
omoia 0 £vag M ko o1 dVo AvOpaKkeg TOL SMAOD deGoD, dev Ppickovtal 610 Enimedo T0 0moi0

, . . 21,22
opiletar amd Tovg VIokaTUcTATEG TOL (O). 8P).

Y10 o). 8 Qaivovtal ol TPELG KUPLOTEPES
HOPPEC TOPAUOPP®ONG TOV Umopel vor vrootel o dmAdg deopdg C=C oto aikévia. Mia
oplokn mepintwon eivar n kobapr meptotpoen yopw and dimhd C=C decud, 6mov ot dvo
oAe@wiKol avOpakeg Olatnpodbv o kabévag v eminedn yeouperpia tov (o). 8a). Katd
OULVETELD TOL dVO P TpoylKA dev gvBuypappilovior TANpws, mpdypa mov e&acbevel v 7-
GLVELGQOPE TOL OTAOV decoV. Avtd pmopel va gavel and ) yovia otpéyng 7 (6mov 7, N

diedpog yovia petalh twv dvo P TPOYIKOV).

S ///
i, C1( %0 S
iy 1= 0° B-syn ’///) o

C:
-

4
\\\\\\\\

S ‘\\\\\\\\
"'1&55\‘~
\\
P
K

’

Q

™=0° B-anti

2ynua 8. Moppés apéfiiwans twv alkeviwy ue taom.
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To devtepo €idog Tapapodpemone eivar n Syn- kot anti-ropapudikodtra (oy. 8B), 1
omoio. KAVEL TNV YEOUETPiOL TOL GAKEVIKOD AvOpoka vo, pnv eivor eminedn. Avtod €xel og
ATOTEAEC O, TNV ETAVODPPIOOTOINCT TOV OAEQIVIK®V avOPAK®OV Kol 0 7-0eGUOC amoTeleiTal
and dvo sp-uPpidia pe pepikd S-xapoxtipo, ovii ywo dvo kabapd p-tpoyloké. H
evbuypappion peta&d Tv dvo Tpoyok®my givar BéATIoT (7= 0), 0AAL O TPOGAVATOMGUAG
TOVG OTNV TEPITTOON TNG SYN-TLPAIIKOTNTAS JEV EIval TAPAAANAOG YEYOVOG TTOL LEIDVEL TNV
aAAnAemikaAivym toug. H anti-mopopudicotnta £xetl rikpodtepo evepyelakd KO6TOG amd Ty Syn-
TUPUOTKOTNTO 0POV 1) avTIOETT KALWYT TOV VTOKATOGTATMV, £XEL GOV OMOTEAECUO TAL SVO P-
TPOYLOKE VO, OTPEPOVTAL TTPOG TNV 1010 katevBuvon, pe oxeddv TaPIAANA0 TPOCAVATOMGUO.
Kotd cvvénela, pe faon Bewpnrtikés pehéteg, akdpo Kot 1 EQOPUOYN UIKPNG KARYMG 6ToVv £val
avOpako petatpénel owbBOpuNTa TO GVGTHHO 6€ anti-TVPApLOIKO, GE EVAOGELS OV OEV EXOVV
nePLOPIoLovs pe Pdon  doun rong.29 2V SyN-mupopdkdtnTa, 1N Topapdpemon OAOV Tov
VIOKOTAGTATMOV £ivol TPog TNV 1010 TAEVPA TOV «BE@PNTIKOD EMTESOVY TOV SHITAOD OEGLOV.

Onwg gaivetal kol oto oy. 8B 1 yovia y ( diedpog yovia peta&d Tov emumédon mov
neplapPavel Tovg SVO CIS-LTOKATAGTATEG KOl TOLG OVO OGAKEVIKODG GVOpOKES Kol TOL
eMMESOV OV TEPAAUPAVEL TOVG GAAOVG OVO  CIS-LTOKOTAGTATEG KOL TOVG OAKEVIKOVG
dvOpakeg), umopel va ypnowomomBel ®g pETPO TG TLPAOKOTNTAS. Mepikég @opég
avaeépetor n yovia { avti yio v w yoti ot dvo yovieg cuvdéovar ue v oxéon ¢ = 180°— y.
[T cvyvn avagopd dumg yiveror oty yovio mopapudtkdtroc @ n onoia opiletal og 1 yovia
HETOED TOV EMUTESOL TOL TTEPIAAUPAVEL TOV Eva dvBpaKka Tov dmAoV decpol pali pe Tovg dGvo
VTOKOTAGTATEG TOV KOl TNG TPOEKTAONS TOv OuwAol deopod (oyfua 9). H yovia

mopadtkdmtag @ umopei vo vroroyiotel and ™ oyéon: cos® = -cos(RCC) / [cos’2(RCRY)].

\\; E A %/ _________
R\\\\ \/<//\R
R~ (O]
\\
Y

R

2ynua 9. I'ovie mopoyudikotytos .

Y10 oynuo 8y aiveton po Tpitn mEPINTOON TOPAUOPP®ONG N omoio amotedel €va
oLVOLAGUO TOV dVO TPONYOVUEV®V KATA TNV omoio. cLUPAIVEL TOVTOYPOVA KOl TEPIGTPOPT|
(yovio 7) kot mopopdikotnto (Yovieg ) kar yapaxtmmpilel kupiog ta anti-Bredt aikévia (o
Kavovag tov Bredt «amoyopevew v vmoapén SmAov decpov Ge AvOPOKES TOV GULUUETEYOVV

. , o , . . . 23-25
0€ TPEIS KUKAMKEG 0AVGIOES, EKTOG €AV O OOKTOALOG Elval OPKETA LEYAAOG).
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"Exovtog w¢ cvhotnua avagopds to atBuAévio, TpaypatomoOnkay OempnTikéc LeAETEG
LE TNV E160YOYN KAUYNG OTNV £VAOCT] Kol €500V CTLOVTIKES TANPOPOPIES Y10 TOV TPOTO TOL
n mopoudikdTTo. ETNPedlel TV QUGN ToL dhod deopov.”’ OO HTov avapevoevo, 1
Képyn tov popiov e€achevel Tov m-0ecud v TaLTOHYPOVE AWEAVEL TV evépyela Tov HOMO
TPOYIOKOV AOY® NG pHewwuévng aAniemikdioyns. H amootabepomoinon ouwg Ady® g
petpévNe aAAniemucdioyng, ovtotaduiletor oe peydio Pobud oamd v mpooHnkm S-
yopoxthipa oo SP-uBpidia mov mporvmTovy (o}, 10). QC anotéAiecua, Sev VIAPYEL CNUAVTIKN
avénon g evépyelag tov 7 poplakov tpoytoekod (HOMO). Xe avtibeon pe 10 7 poplokd
TPOYIOKO, 1 EVEPYELN TOV OVTIOECUIKOD 7* HEIOVETOL APKETH OGO AVEAVETAL 1 TLPAUOTKOTNTOL
Kot aVTOC €ival 0 AOYOg TOL TOL TUPAIOIKA OAKEVIO, avAyovTol TOAD €0KOAO pe TPOGANYM
nAektpoviov amd PETaALN uardmmcng27'28 onwg o Pt(0) (kahdg 601G nAektpoviov). Onwg
ntav avapevouevo, ot Bewpnrikol vworoyispol 6to aBviévio, €deiEav emiong 0Tl 1 avEnon
™G TUPOUISIKOTTOG aEAVEL TO PAKOC TOV dTAoD deopol (epoavifetar petad Sumhod kot

amlov Seopov: 1,34 - 1,54 A).

sp"-uBpidiouéva

-TPOX IaK&
pTpoX ToOX IaKA
A (sxapakTtrpag)
LUMO , AN — X "~~~ "" T TTTTTooomoomooooooees
U TE* )
w 1 an
5 ueyéhn . 4
W EVEPYELOKN " \
|.|>J Sopopad HiKpOTEP
EVEPYELOKN
w Swapopd
HOMO \ M L e e
T
oUvneeg Kauyn TUPapISIKS
aAkévio TOU popiou aAkévio

2yniua 10. Evepyeraxi; diopopd teov HOMO — LUMO tpoyiaxav ota rvpouidikd oAxévia.

To 1pwcvkro[3.3.1.0% Jewe-3(7)-évio 1 (vopadauaviévio) eivar éva mohd Koo
TOPAOELYLLOL SYN-TTLPOULOTKOD OAKEVIOV KOl OTOTEAEL TOV KOUPLO dOUIKO Ao otV TpoTeEtvOueEVn
ovvBetikn mopeiar evog kapPeviov mov €xer peietnBel Bewpnrikd ko eivor dvvatd va
omotelécEl T0 mpdTO oTafepd vdpoyovavlpakikd KkopPévio omhic katdotacns. T H
amopdévmorn Tov vopadapovteviov 1 oe kavovikéc ocuvvOnkeg eivor advvarn, AOY® NG

avénuévng Tov TupapdkodTTag. Ta ToAD Tupapuditkd aikévia OTmg to 1 81u8p{§0vw130 mhpo
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TOAD YPNYOPQ 1] VTIOPOVV HE TO ATHOCPOPIKO 0EVYOVO KOl LE TUPNVOPIAC OVTIOPACTIPLOL GE

Beppokpacio dopatiov.

1

Zypa 11. Tpikviho[3.3.1.0%" Jevve-3(7)-évio 1.

To vopadapavtévio 1 elvar 10 de0Tepo UEAOG LOG OUOAOYNG GEPAS TLPOLUIIKDV
aikeviov A 1 omoio €xel peietnOel amod tov Borden kot tmv opddo tov (oy. 12). H
OLYKEKPIUEVN OUOAOYN oepd amoterel €vo MOAD KOAO mopddelypo Yoo TO0 TOG 1
TUPUUIIKOTNTO EMNPEACEL TIG YNIUIKES KO QUOIKEG W10TNTEG TV aAKkeviov. Ola o péAN NG
A £yovv tov 810 avOpakikd okeletd kat gival 0o Topdywyo Tov dikvkio-[3.3.0]-oxt-1(5)-
eviov B 10 omoio evavetan pe yépupa N-pebuireviov otig Béceic 3 kot 7 6mmg aivetol 6To oy.

12 dmpovpydvrag To dStdpopa PEAT TG GEPAS A.

(CHy), (CHy)n
% % 58 2;
1
7 3
6 > 4
B

A
n=0,1,2,3 OIKUKAO[3.3.0]okT-1(5)évio

5 SR

Am=0) A®m=1) A@®=2) A®m=3)

-
-

augnon TNG TTUPAUIBIKOTNTAG

2ynua 12. To mpwto 4 péAn e ouoroyns aeipdg wopouldikay aAxeviov A.

Ao mepapoTikég Kot OempnTIKEG LEAETES TTOL APOPOVV TaL LEAT] TNG OLOAOYNG GELPAG

A €€eTAOTNKAV 01 EMATAOCELS TNG LENONS TN TVPAUIIKOTNTOS GTO {010 GVGTNLUA AVAPOPAG,
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myaivovtag amd o MydTepo Topapdicd ahkévio A (n= 3) mpoc to mo mopaudiké A (n= 0).2
Ao ta AmOTEAECUATO TOV GLYKEVIPOONKAY oToV Tiv. 1 drapaivetar pia yevikn akolovbio.
Amd 1o A (n=3) npoc 10 A (n=0), n yovia mtopaudikdémtag @ (o). 9) avEavetor and 28,1° o
61,9° xon 0 Suho¢ deopdg C=C empmrdveton amd 1,342 o 1,380 A. Amd v GAAN, 1 avénon
NG TLPOUOIKOTNTAG 00MYel otV avénomn ¢ BeppdtToc VOPOYOVMOONC KOl TNG EVEPYELNG
1aong Tov aAkeviov (OSE). Onwc avapépOnke Kot o wptv, evolapépov mapovotdlel n neydn
peimon oy evépysto tov LUMO tpoytaxod kot n pikpn avénon oty evépysto. tov HOMO
TPOYIOKOV, LLE OTOTEAEGLOL TV LUKPT) EVEPYELOKT S10POpd LETAED TOVG.

ZUVERELDL TOV QOVOUEVOL 0wToD gival kat 1 Babvypoukn petatodmion (bathochromic
shift) mov mopampeitan 6to UV @dopa, 0tmg Kot advénomn TG omompocTaciog TV OAKEVIKMOV
avOpdKov o10 3C NMR eacpo pe v avénon g mopopdikotnroc. Adloonueioto gival
entiong 10 yeyovoc 61t T C NMR @dopata tov copmhokov tov A (n= 3, 2, 1) pe (PhsP)sPt
napovcstalovy avtifetn ovumepipopd. Ot yNUIKES ULETOTOMIGES TOV OAKEVIKOV ovOpiKmv
eupaviovtor oe meployég YnAotepov mediov (peyaAdtepn mpootacic) pe v avénon g
TUPOUISIKOTNTOG, oav cLVERELD TG ovénomng Tov back-donation goawvopévov and to HOMO

. . 27,28
¢ mhativag oto 7 LUMO 1ov adkeviov.”

Iivarag 1. Exidpooy ¢ yoviag mopourditkotnros P o€ S10Qopeg 1010THTES TV OAKEVIWY.

B A (n=3) A(Nn=2) A((=1l) A (n=0)
TCovio mopapiducdtnrac (D)* 5,9° 28,1° 42,0° 53,7° 61,9°
Mrikog deapod C=C (A)* 1,337 1,342 1,348 1,362 1,380
Oeppomra vépoyodvaong (keal/mol)® -24.8 -40,9 -59,4 -75,8 -99,1
OSE (kcal/mol)*? 0,0 16,7 35,4 52,2 74,7
AEnomo-Lumo (V) 6,90 6,00 5,42 4,79 417
Xnuuen petatomon *C NMR 143,97 (146,0)° 156,1" (157,3)°  168,6" 178,2" 201,2
UV (nm)° 190 217+5 245+15
IR (cm™)® 1685 1611+ 1557 1496

“Yrohoyiotnke pe v B3LYP/6-31G(d).

P Yroroyiomke og 1 S1opopd 6TV eVEpYELR VEPOYOVRGTG TOV KABE OAKEVIOV OF GYEoN ME TNV evépyela Tov dikviio-[3.3.0]-
oxt-1(5)-¢viov B.

"Yroloyiomke pe v GIAO-MPW1PW91/6-31G(d)//B3LYP/6-31G(d).

? TTE1pOLaTIREG TIMEC.

Onwg &xel mpoavaeepbel Ta TOAD TLPAUIOIKE OAKEVIA, Y10 TAPAOELYLLO TO TPIO TPDOTOL
HéEAN g opodroyng oepdg A (n=0, 1, 2), eivar modd dpaotikd £i01. Adym TG avénuévng tovg

OpaCTIKOTNTAG OEV  OMOUOVMOVOVIOL HETA TO OYNUOTIOCUO TOVG, €VA OTNV  amovcio
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OTOOLONTOTE  TLPNVOPIAOL  avtpactnpiov, oepilovion  pe  [2+2]  avidpdcelg
KK OTPOSORKNG. XapaktnploTikd Topadetypo, sivar to tpikvikio[3.3.0.0% Jokt-1(5)-évio A

3193 Me 10 GYNUATICUO TNG

(n=0) 7o omoio £yel peretnOei and tov Camps Kot v opado Tov.
N ovyKekpLuévn Evaon odnyeitar avbBopunta 6to d1€vio 4, yeyovog mov Tpoimobétel TpmdTo TO
oynuoticpd tov duepovc 3. Evd otav avdyetor 1o dumdidlo 2 omv mapovsio. KATolov
ovtiopootnpiov mayiocvons Onmg eivar to 1,3-dtparvoroicofeviopovpdvio, oynuotileTar o

avtioTolyo TPOidV 5, mpoidv [2+4] kukhompocHnknc.

| | A (n=0) :
Ph
1,3-diphenylisobenzofurane - guO
Ph g

Zynua 13. Avoywyn tov duwdidiov 2 ue koi Ywpig v Tapovoio aviidpaosTHpiov Toyidevang.

To 61évio 4 givor 10 Beppodvvopikd Tpoidv g avIidPAoNG AVOYWYNG TOV 2, EVM TO
evoldpeco ouepég 3 dev amopovodnke. Otav dpmg 10 4 vmoPAndnke ce EOTOYNLUKY
avtiopaon pe T ypnon Aaumag vopapyvpov 125 W, tpaypatomomnke Heptkddg 1 LETATPOT
0V oto dwepég 3. Aev katéotn ovvarr 1 100% petatpomy Ady® g peyOAng tdong tov
KukAoBovtovikod SoktvAiov. To 3 ot Ogpuokpacicg peyoldrepeg amnd tovg -30 °C

petotpénetal Eavd oto 4.
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1.3 «Adapavromoinen Schleyer»

To dwpdvtt givor n o amd TG KupLdTeEPES OAAOTPOTIKEG HOPPEG TOL GvOpaka oTN
evon. Alec emiong onuoviikég eivor o ypagitmg, to @ovAlepévio (fullerene) kot ot
vavoomAnvee avBpaka (carbon nanotubes) (oy. 14). O ypoeitng amoteheiton amd TOAAG
OPOUOTIKA EMIMEOO TAKETOPIGUEVO TO £Vl TAV® 6TO GAL0. Ta VAN avTd £xovv e0y®VIKN
KUWELOEWDT OOUN KOl TOKETAPOVTIOL PETOED TOLG HE €AKTIKEG dvvauelg oynuatifoviag v
Tprodtdotatn doun tov ypagitn. Ta diedidotota avtd KPUOTOAMKA TAEYHOTO, VOl YVOOTA
ue tov 0po ypapévio (graphene) kot o dtoy®plopdg TOVG 6€ poplakd eminedo pe T ypNRon
«KOAMTIKNG Toviagy amd tovg Andre Geim wkor Konstantin Novoselov tovg yépioe 10
Bpapeio Noumed dvowkng to 2010. AdOnke pe avtd tov TpdTO TO0 EVOLGUA Y10 TNV UEAETT

, , , , , 34-37
TOV QUGIKOYT UKDV WO0THTOV GVTOV TOV d1GIUGTUTOV VAIKOV.

, . 38,39
Ot vavoowinveg dvOpaka

Kol To QOLAAEPEVIDL €XOVV UEYAAN GLYYEVEWD LE TO
YPaPiTn av KATo10g QOVTacTEL éva omd Ta eTimeda GUALD YPAPEVIOL TUAYLEVO GE KOAVOPIKO
N coeapkd oynuo ovtictoyya. To @ovAlepévio Cgy €xel APk apwparmémwm Kot
potdletl pe umdio wodoceaipov pe eEdymva Kot TEVTAYOVL Vo, EVOAAACGOVTOL EVED EKTOG OO
10 Cgo vIapyovv Kot peyorlvtepa ovArepévia (Cro, Crs, Crs, Cgo, Cg2, Csa) He pkpOTEPN
ovppetpia. H avakdioyn tov poviepeviov ydpice otovg Harold Kroto, Richard Smalley kot
Robert Curl to Bpapeio Noumed Xnueiag to 1996 kot KivnTomoinoe 1o epeVvnTIKO EVOLOPEPOV.

To owpdvtt glvor 1 povadiky popen avpako otnv omoio 6A0L o1 AvBpaxes €xovv
TETPOEOPIKT] YEOUETPIA Kol GE OLTO OPEIAEL KOl TOL KLPLOTEPQ YOPOAKTNPICTIKG TOV, OT®G M
LEeYAAN TOL okAnpoTnTO, M OEpUK] ay@yoTnTa Kot | Adpym tov. To dvopd tov to mpe amd
TO apPYaio EAAMNVIKO «OdApac» (= avikntog) Yol eivol To GKANPATEPO OPLKTO TOL VILAPYEL KOl
umopet va yopaéet 6OAa Ta vrdAouro opvKTd. To dtopdvtt yio va dnpiovpynel yperaletor ToAy
YNAég TEcEL Kol Oeppokpacieg Tig onoieg cuvavtovpe o€ Pdbog 140-190 km kdtow omd v
emoeavew g I'mc. Anpovpyeiton amd opuktd mov mepiéyovv dvOpaxa kot yperdleton amd 1
puéxpt 3,3 doekatoppvpla ypovia (NAkio cuykpicun pe v nikia g I'mg) yio va mapet v
KpLOTAAMKN TOV pope1. H omavidtnta Tov Kot o1 eEPETIKEG PLGIKOYNUIKES TOL 1010TNTES TO
KaOEPOGAV TNV KOPLON TOV TOAVTIH®V ABmV. ZNuepa propel vo @TioyTel Kot Le cuvOETIKO
TPOTO G€ TOAD YNAEC MEGELS Ko BEPLOKPACIES TOL TPOGOUOLALOVY TIC AVTIGTOLYES PLOIKEG

depyaocies.
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carbon nanotube fullerene diamond graphite

Zyfua 14. O1 kvp10tepes alloTpomiKES HOPPES Tov avlpako.

H oxeletikn doun tov adapoavaviov 6 (oy. 16), etvor idwa pe v emavoroppovopsvn
LOVAd0 GTO KPUGTOUAMKO TAEYLO TOV SLOUOVTION OTO TO OO0 TTPE KOt TO OVOUA tov.* Eivat
Lo £Veon Tov EYEL OMOGYOANCEL TOAAOVG EMIGTHOVEG GTO TAPEAOOV Kol amopovmOnKe yio
TpdTN Qopd to 1933 amd tov Toéyo ynukd S. Landa pe xlacpotikny oamdéotaén and To
netpéhato. Q¢ mapdymyo tov metperoiov vdpyet povo oe mocootd 0,0004% won peydio
HEPOG AT TN TOGHTNTOG PPIoKETOL VIO TNV HOPEN SLPOPOV OAKVAIOUEVOV TOPAYDYDV
oL adapavtaviov. Metd v amopdvmon Tov and ta KAdouato TeTpelaiov, Eyvav apKeTEG
avemtvyeig mpoondOeleg Yo cVVOEST TOV LE AVTIOPACELS KUKAOTOINOMG, KLUPImG LE XpNioN TOV
«eotépa Tov Meerweiny (oy. 15), ywo mpmdtn @opd dpwg n odvBeon tov adopavtoviov 6

mparypatomotifnke omd Tov Paul von R. Schleyer to 1960 pe pio avtidpaon 1opepimonc. ™

COOCH
piperidine ~ H3COOC 3
CH,0O + CHy(CO,CH3)y ———
formaldehyde malonic ester OO

H,COOC COOCH;

Meerwein's ester

H;COOC
8 o CH,l, / Na NaOCH,
o - d CHOH
(0]
COOCH, H3COOC COOCH;

Zyniua 15. Ilpoorabeies avvheons tov adauavroviov 6.
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H pedétn tov Schleyer agopovoe apyikd v pHeETOTPOT TOL &voo-Tpluebvievo-
vopPopvaviov 7 oto elw-tpiuebvievo-vopPopvavio 8 pe ) xpnon woyvpdv Lewis o&éwv (oy.
16).**** H petorpomnh firav oyed0v TOGOTIKY e T1 XPTioT Tukvod Betikod 0E£oc amd 1o 7 6To
8, OL®G PEAETNGE KOl TN YPTOT O IGYVPADV OVTIOPACTNPILV OTWS dA0YOVidla TV apytiiov
Yoo vo. methyel mo ypnyopn uetotponr. Me ) yprion tov AlCls, apod mpaypotomoince
amdotaén Yo va anopovacet kabapd o 8 (bp 185 °C), moparpnos OtL éuetve VIEOAEILO,
and €va KpuoToAMKO o6Teped e TOAD vyYNAd onueio THéemg (269,6-270,8 °C). To ¢dopa
nalog etye oei&el 0TL elye 1o 1010 poplokd Papog pe 10 ovTOpOV 7 (0ev NTOV KATOLOL
TOAVUEPNC EVIOGT) KOl 1] OTOLXEWNKT avaAvon €de1&e To 1010 T0c0aTO AvOpaKa Kot LOPOYOVOL
pe ta 7 kou 8, 6pwg 10 pdopa IR £6e1&e 611 T0 cLYKEKPIUEVO TPOTOV €lxe TAPA TOAD HEYAAN
ooppeTpio. AQov £ytvav cuYKpIoELg LeE TO avTIoTOLY0 OEOUEVO TOV AOQUOVTOVIOL, KATEANEAY
OTO GUUTEPAGHO OTL 1 Ayveotn £veon NTav To adapavtdvio 6, €161 Yo mpadtn Qopd

eMTELYONKE Ko TEWPAUATIKA 1] cHVOEST TOV.

N R

8 6

2ynua 16. Ilpoty cvvOeon to0 000UAVTOVIOD UE IGOUEPEIWOT.

A&iler va onpeiwdet 6t1 To 6 vroPANONKe otV 1610 Sradikacio 1opepeimong pe AlBr3
Kol 0V €0GE KOVEVO VEO TPOIOV, TPy Tov gVicyVeL TV Bepproduvopikr] Tov otabepdtnTo
&vavtt OA®V T®V VToAOIT®V 1opeEP®Y TOov. To cvumépacpo eivar GuVERELD TNG TEAELNG OOUNG
tov adapavtoviov 6 m omoio eival amoaAlaypuévn amd yoviekny tdon N tdon Ady® g
SUOPE®ONG aPoV OAEG Ol YOViEG EXOVV TETPUEIPIKT YemUeTPia Kot OAa Ta dtopa dvOpaka
&xovv ToAD kald kabopiopéveg BEcelg (Guumayng ooun).

[Mopdiinia, €ywvav mpoomdbeleg Yo PedtioTomoinon g omddoong tov 6 evd
TOVTOYPOVA APYLoE VO dlEPELVATAL KOl O UNYavicrdg 1oopepimong TG avTidpaons, 0 omoiog
givan apketd movmAokog. > Osopntikég peléteg Tov £yvay Yo TV topepiosct tov 7 61o 6
ka1 vwoBéTouy Ot emtpémovion povo 1,2-petaféoelg aAkvAiov, ¥pNoILoToIOVTAS MG THoVA

EVOLIUESO OAOL T TPIKLVKAKG dekdvia pe eEaipeon Ta AAKVAO-VTOKATEGTNUEVE, ICOUEPT], QLT
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mov &yovv TpeAelc ko teTpoperelc daxktuAiovg (AOY® peYEANG TAOMC) Kol TPMTOTOYN
kapBokoTiovia, TpoPrémovy T vroptn 2897 mbavdv Spopev Yo Ty wopepioon.’® Tnv
il epiodo Apyoav va yivovtor Kot HEAETEG TOV TOOVOV EVOIOUESOV TNG OVTIOPOONG LE
LGOTOTIKY] CTILOVOT] LE B3C xat va peretovvrar pe NMR gacpatookonie.’’ Ta amoteléopota
NG GOTOTIKNG CNUAVONS PavEPp®oay TIG BE0ELS TV aTOU®Y AvOpaKe TOV EVAOVOVTOL Yo VO
OYNUOTICOVV TO TEMKO TPOidV 6 OUMG OV HTOPOVV VO, ATTOKOADYOLV OAOKANPO TO UNYOVIGHO
oopepimwoNS apov dev amopovmdnKoy OAd To EVOLAUESH TPOTOVTA.

H avtidpaon woouepimone pe ypriion Lewis o&éwv, éxel pedetndei gupémg kot £xovv
TPOKVYEL APKETEC EVOLAPEPOVGEC VEES ePaploYEC. 'Exetl Bpebel 6Tt extoOg amd 10 7 Ko 10 8,
«xabe tpixvrciixn Evawon e 10 drouo avBpako UTOPEL VO, DTOCTEL 1GOUEPITH TE ALOGUOVTAVIO)
mov glvar 1 Beppodvvopikd otabepotepn amd OAEG TIG IGOUEPEIS TPIKVKAIKES 8V0'3081g.48'50 Amo
NV QAAT, Ol TPIKLVKAKEG EVAOCELS TOV €Y0oVV TTeplocdTEPOLS amd 10 dvBpakeg 1oopepilovian
o6& OAKVAMOpPEVE TTapdywya tov odapovtaviov (oy. 17). H aviidpaon avti ovoudotnke

«Schleyer Adamantization» mpog tiufv Tov Paul von R. Schleyer.

AICl,

9 6

C(Ij AICI3 ﬁ
—_—
10

1

2ynua 17. loouepiowan tpikoK KDV EVAGEWY GE TOPAYWYO. TOV AOOUOVTAVIOD.

Extég oand v obvBeon tov adapavtoviov 6, ot cLVONKEG TNG GLYKEKPLUEVNS
avTidpoong Hmopovv vo. ddoovy Kot GAAeG adapoviavoesdeis douég (oy. 18, 19). Xtic
TEPUITAOGELS TTOV Ol AVOPOKEG TOV TOAVKLKAIKOU avTdpmvTog ivan 14, to mpoidv eivon to
[6]6wdapavtavio (aAM®DG «drauaviavioy M «KoyKpecoavioy), Ve OTav givol mePIocOTEPOL,
Aoppdvovtar aAkvAopéva mopdymya tov [6]dwdapaviaviov. Tnv ovopacio «congressaney
v £dwoe o Schleyer 6tav avagepe yio Tpdt™ POpa T cHvOeoH TOV, YoTi ElYe 0mMOTELEGEL TO
EupAnua tov cuvedpiov «International Congress of Pure and Applied Chemistry» to 1963 oto
Aovdivo, Kol YopoKTNPIGTNKE OC oL «OUOPPT GLUUETPIKY SOUN» TOL NTOV EVOLLPEPWV

OLVOETIKOG GTOYOG Y10l TOVG GUUUETEXOVTES TOV GUVSSpiOD.Sl O Schleyer ypnowonoince o
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oopepn pe 1o 14 mevtakvkAikn évoon, 1o dyuepég tov vopPopveviov 13 1o omoio édwaoe oe
ToAD pikpn amddoon (~1%) to 14. Tt cuvéyela £yvay kot GAAeg emTuyelg mpoomdbeteg yo

52,53
7 Ommg Kot

Bedtiwon g amddooNS HE XPNOT GAADV IGOUEPDOV TEVIOKVKAMK®OV EVOCEWDYV,
TOMEC TPOOTAOELEC Yl T SlEPEHYNOT TOV UNYOVIGHOD Tng avtidpaonc”’ kot chvOeon

Slopdpev Topaydymy tov 14.%

—_— —_—
12 13 14

norbornene congressane

2ynua 18. 2ovheon tov «congressaney.

Ot TOAVKVKAIKES adapUavVTOVOELDElG dOUEG NTOV OTO EMIKEVIPO TOV ETMICTNUOVIKOD
EVOLPEPOVTOG Yo HEYOAO YpoviKO Oldotnua Ady®m g eoupetiknig OepLoduvapikng
otafepdtTég TOLG O OYéom pe GAleG 1oopepels moAvkvkMkég evaoels. H  épevva
TPOCAVOTOAICTNKE €miong ot obvleon OA0 Kol peyOAVTEP®V OSOU®V Ot-, TPl-, TETPA-,
adopovtaviov, TAncldloviag e cLVOETIKO TPOTO TO KPVGTOAMKO TAEYLLO TOV 81auavnob.56'57
Mo omoeuyn tewv moAd peyddov IUPAC ovoudtomv, ovoamtoybnke pio omlomotnpévn
ovopatoroyion yw to. moAv-adopavtavie (oy. 19): pmpootd omd TO Ovopa TV Oi-
adapavtaviov uraiver oe mapévheon o apBuds tov avlpdkov mov £xovv Kowvovs Ta dLo
ouvdedepéva,  adopovTdvio. mov oamotelovv TN dour. T mopdoetypo pe 1O Ovopd
[1]dwdapavtévio, yivetor avaeopd oto dwdapaviavio 15 tov omoiov ot VO HOVAdES
adapavtaviov €yovv petafd tovg éva kowd GvBpaka k.o0.k. o O6Aa To vrOAouT
TOALOOOUAVTOVIO. 0TS €ivol TO TPL-OOAUOVTAVIO, TETPO-OOOUAVIOVIO, V-OOOUAVTIOVIO OgV
ypnopomoteitat apibunon twv kovav avlpdkmv yiati ivor OAa mopdywyo TOV AdoUoVTAVion
pe 4 avlpokeg mepLocOTEPOLS KAOE Popa £xoviag UETOED TOLG 6 Kovolg GvBpaxes, Odmwg

axppdc cvpPaivel kor oto [6]dadapavtdvio 14 (oAMdG SopovTavio).
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S ¢y @

[1]diadamantane [2]diadamantane [3]diadamantane [6]diadamantane
15 16
adamantane triadamantane
18

Zynua 19. Ovouaroloyia molvadopaviaviwv.

Me elaipeon to [3]dadapavtdvio 17, 6Ao ta vEOAOWTA SLOOOUAVTIAVIO, KOl TO
Tprodopavtavio 18 éxovv cvviebel mepapatikd kot Exovv peketndel ot ynUIKEG Kol QUOTKES

. 58-63
TOVG O10TNTEG.

Ytov miv. 2, mapovotdlovtol GLYKPLTIKE T onueia TNEEMS TOV EVOGEMV
nov £yovv cvvtebel mepopatikd. Eivar a&loonueimto 011 68 OAeC aVTEC TIG EVOGELS TOL GMLElN
™MEemg etvar apKeTd LYNAL av Kot givar kKaboapoi vIPoyoVAVOpaKES Kot O LOVES SUVAUELS TTOV
ackovvTol peta&d Tev popiov tovg eivor duvauelg wan der Waals. Eniong, aivetoar mog n
évoon pe 10 peyaivtepo X.T. glvar 10 adopaviavio 6, evd ol Sopoplokes duvauels dev
emnpealoviot Lovo amd Tov aptBpud Tmv avipdKov, aAld Kupimg amd To G TNG EVOONG Kot

™V emedvela aAAnAenidopoaons petad tov popiov g kabe Evoong pe avtiktomo oto X.T.

IHivakag 2. Zyueio téems adouovtavoeidwy

"Evoon Ap1Budg avBpdkmv Enueio THEewg (°C)
Adopavtavio 6 10 268 — 269
[1]6wdapavtavio 15 19 249- 251
[2]6wdapavtavio 16 18 194 - 195,2
[6]6wdapavtavio 14 14 236 — 237
Tpudapoviavio 18 18 221-2215

10 o). 20 gaivetar daypappatikd n pébodog cuvbeong tov [2]dtadapavtaviov OTmg
avaeépeton ot Broypagio.’ Apyucd mpoypotomombnke o avtidpaon oOlevEne Tov
Bpouo-vopadauavtaviov 19 kot Anednke to 2,2 -6wvopadapavtavio 20 (mov eivar katdAAnin

e€OKVKAMKY £Evoon Yo TNV oopepimon pe Pdon tov kavova tov Schleyer). AxolovOnce n
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dwadikacio wopepimong tov 20 pe AIBr3 oe Ogpuokpocio dmpotiov kot AeOnKe Tto
[2]01dapavtdvio 16 og amddoon 60%.

H ovppetpia kot 1 oAb pukpn tédon mov Tapovctdlovy ot adapavTovoEldels doUés,
elvar n kwnmpla dSOvaun o€ TETOOL €100VG OvVTIOPAoElS Kou o€ kAbe mepimtmon, 1
Oepuodvvapukd otabepdtepn TOAVKVKAIKY £vomn €vVoeitol o€ oy€on UE OAEG TIC GAAEG
woopepeig tg. Eviovtolg, péypt onuepa dev €xet avapepbel otn Piploypaia mapdpotov

€100VG avTidpacn Ywpig TN YPNoN KATo10L 16YLVPOL KataAvT (Lewis).

—— —_—
19 20 16

[2]diadamantane

CgH43Br CigHze CigHze
2ynua 20. XovBson tov [2]dadouavroviov 16.
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26  XVvoyn keporaiov 2 95
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2.1 Ewayoyn

Onwg éxet 10N avaeepbei (kep. 1.2.1), 1 odvOeomn evog KapPeviov aming KoTtaoToong
10 omoio amotedeitan €5 0AOKANPOL amd dtoua dvOpaKa Kot VOPOYOVoL, gival KATL TOVL dev
Exet yiver péypt onjuepa. O AOYyog etvar kKupime o1 TOAD YP1YOPES IGOUEPLOCELS TOL GLUPaivovy
KoOAdC Kol o1 avTdpAcel; TPocHNKNG TV KapPeviov mov ta KaBleTovV 1d10itepa aoToON.
YKomoG TG Tapovoag STPPNg eival va KAvVEL kAol TpmTo frpato oty mopeia cuvheong
evOg T€T010V KopPeviov.

H emoyn tov kapPeviov 21 &ywve pe Bdomn Bewpntikodg vIToAoyIoHOVE TOL £Y0VV Yivel
TGV 68 KUKAOTEVTLASEVIKG ovoThpate. ! TOHEova (e ToVg VTOAOYIGHOVS, TO KopPévio 21,
éxel amhy Pacikn koTaoToom, &ivor oyxetikd otabepd ¢ mpog avadidraln (eldyioto
evepyelakd epaypo 20 Kcal/mol yia f-61domacn C-C) kot avopévetot vo givol amopuovaciio

o€ younAn Beppokpacio N aKOLA KOl TOPATNPNCLO GE KOAVOVIKES GUVOTKEC.
N
21 ; 22 é

O

2 + CO

1 23

2ynua 21. PetpoovvBetixy mopeio tov kapPeviov 21.

Petpocuvieticd 1o kapPévio 21 pmopel va mpoérbel pwtoynuikd 1 Oepuikd omd v
dwlwévoon 22 (oy. 21). Ot ketdveg elvar YVOOTEG TPOSPOUES EVOGELS Y10 TIG SLULMEVMOCELS
Kot EmopéVmg 1 22 o pmopovoe va mapackevaotel and v 23 gite ancgvbeiag pe v pébodo
2 otadiov (oc)64 ToV o). 22 gite pe ™ pébodo 4 cradimv ([3)6 KOTA TNV 0moia TPETEL TPMOTU VAL

YIVEL HETATPOTY GTO OVTIGTOLXO YAwPidlo 26.
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NNHTs
(a) Ny

o)
Tic\ AV TsNHNHZ m """""" - M?E).I\.I?N
24 T~

23 22
_ £ 1.N,O4
(B) iLiAH, : 2. KO'Bu
y
H OH H CI H NHCO.Et
L.soc, o NHCOEt
AgBF,
25 26

Zyfpa 22. MéOodor ovvOsong tne drolwévamons 22.

['a ™ ovvBeom g ketdvng 23, apykd tpotddnkay avtidpdoelg tov PacictnKayv 6To
OPYOVOUETOAAMKO GOUTAOKO TOL vopadapavteviov 1-M  (oy. 23).65’66 Avt n ovvbetikn
wpdTAoT OTNPiYTNKE OTN YMUEID TOV KUKAOOAKLVIOV KOl TOV GUUTAOK®V TOLG OTMC EXEL
avartuyBel and v opdoa tov Bennett. [T cuykekpipéva, o Bennett £yel pedetnoet evoelg
apKeTd OpacTikég Onmmg eivarl 1o KukAoeEHVIO kol to Pevihvio, 6TIG omoieg VAPYEL HeYOAN
Taomn Tov TPMAOD deCUO0V. Xg TETOWL GLGTNUATO O TPTAGG OeGUOC €€’ OpIGHOL dev givan
evOVYpappog AOY®D Tov pIKpoD peyéBovg tov daktvAiov. H tdon mov eiodystar 6to poplo
avaykdlel To P-Tpoylakd mov AapPavouy HEPOC GTOV Eva T-O0ECUO VO TTOKTOVY TEPLGGOTEPO
S-YOPOKTNPO KO VO, LOLALOVV LLE T P-TPOYLOKA TV avOPAK®V TOL SYN-TUPAOTIKOD OAKEVIOV
1. H amopdveon autdv Tmv ToAd dpacTikav evicewv giye yivel pe cvpmlokonoinon pe Ptl,
kou pe NiLy (L= tprtotoyeic owooeiveg, PEt;, PPhs, P(iPr)s). To ocopmloka tov Vvikeliov
AmOdElYTNKOV TO dPACTIKA OO TO, OPYUVOTAATIVIKA Kol £yovv ypnotpomombel pe emrvyio
and o Bennett 6t chvBeom 010pOpmV 0pYOVIKOV TOPOYDYDV rong.65'67

Avtictoya, (o TEWPAPATIK TPOGEYYIoN Yo T cVvOeon g ketdvng 23 Ba propovoe
vo. Tpokvyel pe ™ xpnon tov 1-Ni pe ovtidpdosic mov Pociotnkay oTIC AVTIOTOUNES TV
ocvumAOK®V Tov Beviuviov Kot kukhogEuviov (oy. 23). TIpodmdbeon vy avty TV TPOcEyyion
givar 1 ovvbeon tov 1-Ni pe PBdon ko ™ yvootry ovvleon Tov 1-Pt.® 1o Kep. 2
napovctalovol OAeC o1 Aemtopépeleg g tpotabeioag cuvOeTikng mopeiog yia to 1-Ni, yivetan
ocv{nmon v Oha ta evdldpecsa mpoidvta, mapovslalovrar avtidpdoel PeATioTomoinomg
oTadlwV pHe YOUNA amdOS00oT Kol YIVETAL ava@opd GTOLG TAPAYOVIES TOV EMNPEALOLY TNV

amdd0oN NG avTidpaoNg.
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M = Ni
M,  L=PPh,

2ynua 23. lpotervouevy advlean yio v ketovy 23.
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2.2 Y0vOEoT VOPUOULAVTUVIKAOV TUPAYDYOV

To 1-Ni umopei va mpoxdyel amd v anevbeiag avtidpaon Tov avidpactnpiov
Ni(PPhs), katd ™V avayeym tov 3,7-dumdo-tpikuiho[3.3.1.0% Jevveaviov 30. H ypriyopn kot
amevBeioc avtidpaon elval arapaitntn tpodmodeon, dtopopetikd n avaywyn Tov 30 odnyel og
LEPIKA AETTA GTOV TOGOTIKO JUEPIGHO ToL 1 Adym ™G awénuévng tov mupapdtkdtrag. H
Hovadikn yvoot ohvbeon yio to 30 eivon amd to 3,7-dwdpou-tpikcvkho[3.3.1.0% Jevvedvio

31 pe wdiwon.

O— 8] — & — A

PhsP” "PPhy
1-Ni 1 30 31

H 610An 31 pmopel va cuvtebel pe tpelg S109popeTIkovs TPOTOVG OTMS POIVETOL GTO GY.
24. Ko ot Tpetg pébodot katainyovv amd Kovov oty OkeTovn 32, 1 omoid pe avoywyn divet
m S16hn 31.°° Ano 1o adapovtévio 6 n cuvolkn amoddoon eivar 36% (MéBodog 1), ano
v adapavtavovn 38 n cuvoiikn amddoon eivar 60% (MébBodog 2)72 KOl 070 T1 CLUTVKVAOGCT
tov 1,3-axetovodikapPfo&uikod eotépa 34 pe to 1,1,3,3-tetpapcbolvmpondvio 351 amddoon
gtvanr cuvolkd 51% (MéBodog 3).”° H M£00dog 3 éxel Kamme pikpdtepn amddoon amd v
MéBodo 2 Opmc €xel 10 mAEOVEKTNUO OTL ypeldletar éva Pripo AyOTEPO Kol MO OTAES
avTopacelg Kot eivon n péBodog mov akoAovOnOnke ota TAaiclo TNG TAPOVCOS EPELVNTIKNG

HeAETNG.
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MéBodog 1 MéBodog 2 MéBodog 3

9 O O O
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+
MeO OMe
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<
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o)
38
Br.
61% 2 OMe OMe
BBr; / AlBrs 08% lm_CPB A 35
@ 60% | pH=7.5, ..
Br Br
36 5
O 39
MeOOC coom
85% | NaOH 96%l LiAIH, RpOOC 3 COOMe
OH OH
ﬁ ”
OH
O CH, 40 OH
37

75% | PDC

-

HCI, AcOH
reflux

S
Y
o
d
o
A

Zn/Hg,
85% | HCI, MeOH
reflux

>

2ynua 24. Tpeig ovvletixés puébodor yio t 6164y 31.



2.2.1 XovOeon tov teTpakapPoivikov otépa 33

To mp®TO 6TAOI0 TNG TPOTEWVOUEVIG TTEWPAUATIKNG TTopeiog givatl 1 avtidopacn tov 34
pe 1w 35 7y va oroytel o 3,7-0wdpoéudkukiol3.3.1]evveav-2,6-dev-2,4,6,8,-
tetpaxapPoloiioc eotépoc 33. OvolooTikd, ivar po avtidopaocn courdkvoong 2 eq tov 34
ue 1 eq 35 ko amotekel £va vkolo TpOTO cVuvVBeoNg cuoTUATOV dtkuKAo[3.3.1]evveavimv
OVTIGTOL®V TOV EGTEPA TOV Meerwein.”*

Apykd, to tetpapebovnpondvio 35 (mpootatevpuévn HOPEN NG HAAOVOIIOAOEHOING
41) vopoidetar kat®m and 6Evec cLVONKES Yoo va. ddoel TNV pakovodioldedon 41 (oy. 25).
21 ovvéyeto akolovbel 1 TpooHnkn dvo 1oodbvauwmv 34, apod tpmta To PH yivel ehappmdg
Baowo (pH~ 8), v va evepyomomBovv ot dpaotikég Bécelg Tov 34. Me avtd Tov TpoOTO TO
6&wa mpotdévia mov Ppickovtarl otig Béoelg 2 Kot 4 PmopovV Vo AMOCGTOGTOVV MO EVKOA

dNpovpydVToS To dt-KapPavidv mov Ba tpocPaiet tn dt-arkdetion 41.

- i

MeO OMe MeO (o MeO
& 4 + MeOH
OMe OMe OMQCQMe > OMe OMe
35
m H*
—> a = L3
OMe OMe

+

Zynpa 25. Myyoviouog in situ aovOeong g patovodiadocivons 41 ue vopoivon tov 35.

1N cuvéyela, To TVPNVOPIAO KapPavidov Tov oynuatiletol pe oamonpmToviosn Tov 35,
npocPaidrel 1o €va kapPovorio g 41. AxolovBel apuddtmwon Yo va oynuatiotel pa o,f-
aKOpeSTN KapPovorikn évaon, 1 oroio veiotatol po Tpd Tpocsdnkn «Michael» and éva
devtepo amompwtoviopévo 35 oynuatilovtag to okeAetdg mov mEPAaUPAvEL OAA T GTOUA
dvBpaxa. Avtd 10 cOGTNUO PE TAPOUOLO TPOTO (ATOTPMOTOVIMOT), APLOATMOT Kol TPOGONKN
Michael) katodnyer oto dovidv 42. H o&ovion mov akolovbel 6to 1€hog TG avtidopaong ival
vy vo. AneBel 1o teAko mpoidv 33 10 omoio Exel TALOV pE®UEV SOAVTOTNTA GTO VLOATIKO
nepPdAlov ¢ avTidpaong o€ oyéon pe 1o 42, £Tol GLAAEYETAL e S1ONOT GV AEVKO GTEPED.

H anddéoon g avrtidpaong avtng frav ~60% (oe OAeg T1g mpoomdbeleg mov £yvav), AOy®
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OYNUOTIGHOD  OlOPOPMV  TAPATPOIOVTOV Kol KATOWV

OKOVPOYPOUN KOAADIN LopoN.

O o o (0] (O (0]
MeO Y OMe MeOWOMe
B — B —— |
OlCOH 0 _>
MeOmOMe
O O O
O O O O O O
MeO™ ™ OMe MeO™ _ OMe
- e\) - 0
MeO OMe MeO OMe
O O O O O
OH)
OHO O O O) O
MeO OMe MeO OMe
MeO = OMe MeO ~ OMe
o) 0 0) O (0] (e}
O O o
MeO
MeO OMe H*
MeO
MeO OMe
(0] (0]

TOAVUEPIKMOV OLCLOV TOL  Elyav

O O O
- . MeO OMe
| H
o o)
0O 0) o
Michael S
addition MeO ) OMe
od
MeO OMe
O O O
O O O
MeO™ OMe
- . Co
Meo H OMe
O O O
O O O
Michael MeO OMe
addition
MeO OMe
[\
O \OHO
OH
OH O
OMe
OMe
OH O

33

Zynua 26. Myyoviouog s avtidpaons oovleons tov diwdpolv-tetposotépo 33.
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2.2.2 XbHvOeon tng owkeTovng 32

H dwvxro[3.3.1.]eveav-3,7-016vn 32 AopPdaveton pe mocotikn omokapBoluiimon tov
Swdpoév-tetpacotépa 33. Eivon o avtidpaocn mov mpaypatomoteiton o Ogppokpacio 120 °C
Kéto amd 6Eweg cuvbnkee (HCI, AcOH) yie 6 h pe amoforfi CO.."” O pmyoviopdc e

avtidpaong mapovostaletar oto o). 27. Onwg @aivetar amd 10 unxaviopd, n oviidpoon

TV Topeia TG ovTidpaoTG.

KataAveTal pe ™ ypnon woyvpov o&éwc (HCI) evd o oynuatioudc tov CO, Pondd kivntikd

O OH O O OH O
MeO OMe . HO OH

H™ o + 4 MeOH
—~—

MeO OMe UdpoAucnh HO OH

(0] O OH O

33

H
O:) o O
o] OH
HO OH
OH O 0O O ©O

H
OH O oY (o OH

OH e

E—— + COZ —_— + COZ
HO OH HO OH HO OH
0 O O O O O O O O
OH
OH 0320

2ynua 27. Myyoviouog omoxopfololimans tov tetpacotépa 33.

H dwetovn 32 éxer éva moAd amdd @dopa 3C NMR AOY® NG ovppetpiog mov
napovotdlet (dvo eninedo cvppetpiog kar C2 d€ovag cvupetpiag), VIaPYoOLVY UOVO TECCEPELS
Kopveég: 0 (C4) 208.7, (C3) 47.9, (C2) 32.8, (C1) 31.5 ppm. H anldtnto owth @oivetal Kot
ot0 "H NMR, evd atoonueiot eivor 1 S10opd mov £xovv HETOED TOVC TO YELSO-AEOVIKG
KOl TO, WYELOO-IoNUEPVA TPMOTOVIL TV peBvievikdv C3 avOpdkmv. Avti 1 doupopd petald

TOVG OoPeileTanl KVPIWG OTO SOPOPETIKO YNUKO Tovg TepPdrrov. Ta wyevdo-tonuepva
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TPOTOVIOL ENNPEALOVTAL TEPICCOTEPO OO TNV TAPOLSIK TV OVO 0ELYOVEV Kol €101

eppaviovrar og younAotTePO TEdio amd o yevdo-a&ovikd (0,22 ppm dapopd pHeta&d Toug).
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2.2.3 XibvOeon tng oo 31

H tpicukro[3.3.1.0* Jevveavo-3,7-810An 31 éyet Anobei pe avayoyn e dicetdvng 32
oe O0&veg ovvOnkeg pe ypnon aporydpotog Zn/Hg (85% oamddoon). Adyw tov dvo
vopoviopddwv mov Exel n 31 Exel avénuévn dthvtdHTNTA 6TO VEPD £TGL KATA TN SlodKoGio
amopOvmoNg g anatteitar eE0AATMoN Tov VOATIKOD dlaAvuatog (uéxpt kopespov pe NaCl)
Katé TV ekyOAMon pe yAwpoeopuo. Amaitodvtar 10-12 exyvAicelg yio v amdGTOCT TNG

HEY1GTNG duvaTtiG TOGHTNTOG TS 010ANG 31 ad TO KOPEGUEVO VOATIKO dldAv L.

Zn/Hg,
HCI, MeOH
reflux

5 0 85% HO OH
32 31

Zyqua 28. 2ovOeon s dioing 32.
Mnyoviotikd, 1 ovykekpiuévn avtidopaon sivor po «aviiopaon mvaroinen 2o
Ovopdotnke €161 amd TO TPOIOV NG GLUTVKVMOONG TNG AKETOVNG HE YPNON €VOG €veEPYOD
petdAiov kot pmopel va  ypnowwomomBel oe Okeg TIg kapPovoiikés evooec. Ot
HOVOKOPPOVOAIKECG  evdoEl;  avTopolV  Olopoplokd Kot ot SkapPOvVOMKEG  EVOGELG

evoopoplokd cuvnbwg, divovtog Kot oTig dVOo TEPUTTAOGELS 1,2-010AEG.

e
. . K.'
Qo) o} 0 o) 0

HO OH
e_ e' 31

2yniua 29. Zynuotikn avorwopdoroon TvoKoMKnG ovtiopoons e 010Ans 31 wavw oe dpaotiko

HETOAAIKO aOUOTION0 WEDAaPYDPOU.
Y& aUTEG TIC AVTIOPAOELS, amotteitol éva, evepyd puétairo (ovvibmg Zn, Mg) to omoio

Ba 0dboEL £vo NAEKTPOVIO GTO NAEKTPOVIOPIAO KEVTPO OV £ivan 0 AvOpakac Tov KapBovouriov.

A@ov to dvo kapPovOria deopevBovv Ge KOVTIVEL evepyd KEVTIPO TAVEO OTNV UETOAAKN
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emEavela, ot 0Vo avOpakiké pileg avidpovv petald toug oynuotifovrag tov deopd C-C. H
avtidpaon mpaypatonotleital oe 6Eveg cuvinkeg, £tol akoAovBel TpmToviwon Twv o&uydvev
KO ATOOEGIEVOT] TOVG OO TNV UETOAAIKY] EMPAVELD, Y10 VO OGOV TNV 1,2-010AN m¢ TeMKd
npoiov (oy. 29).

O 1010¢ uNyavicpog TaPOLGLALETAL KOl GTO TPMTO GTAd0 TG «avtiopaons McMurryy

82 H Suapopd oy mepintmon e avtidpaone McMurry givat 6t to

(xoppovoriikn cvlevén).
TEMKO TPoiov eivor aAkévio. To pETOALO OV YPNOUYOTOLEITOL KOTA KOPOV GE OVTEC TIG
avtidpaoelg sival to titdvio pe tig popeég TiClg 1§ TiCly ta omoia avdyovtor cvvibmg e
LiAlHs, Mg, Zn, K, Na 1 Li yia va 8dcovv Ti® mov eivar to Spactikd &idoc. H povodkh
dpdon tov TiTaviov oty avtidpact KapPovoAikng cvlevéng, £yKettal 6To YeYovog OTL pumopel
va decpevGEL TOAD 1GYLPE TOL dVO 0ELYOVA LE OTOTEAEGLOL VO, TO ATOCTAGEL OTO TNV OPYOVIKN

évoon oynuatiovrag tehkd Tov dSumhd deoud (oy. 30).

B T
I e

Zynua 30. Zynuotikn ovomopdoroon e avriopacns McMuUrry oe povoxapfovolixés evaoelg.

2y owetovn 32 epoapudoTnkay Kot ot cuvinkeg g avtiopacng McMurry og o
npoondfsio. va cvuviebel to Siévio 44 n/xar 1o depéc 43, yopig Spmg to embountd
amotédeopa. Katm and adpaveic cuvOfkeg (N2) og avodpo THF og Bepuoxpaoia reflux yuo 16
h pe ™ xpfion TiCls ko petodhicod Li ¢ avayoywod, n aviidpacn orokinpdverar.®® To
AVTIOPOV KATOVOADVETAL KOl TO KOPLO TTPoidv TG avtidpaong eivar n 010An 31, evd oto piypa
VINPYOV GE TOAD LUKPES avOAOYiEG KOt GAL TPOTOVTA, TOV OTOi®MV 0 XPOVOG AmOKPIoNG GTO
GC frav oAb kovtd o€ avtod g 31 (~4,5 min) kot pkpdtepog Tov avtdpdvog 32 (6,2 min).
Kavéva amd ta devtepevovta mpoidvta dev £xEL pOVO ATOKPIONG TOL VA UTOPEL VO TOVTIGTEL
e 1o 01évio 44 (~12 min) M| éotm pe to depég 43 (~10 min).

Me Bdon ) Bewpia g avtidpaong, To vopadapavtévio 1 amoteiet €va amd ta mbovd
TPotovTa, £XOVTag OU®MG YVAOON TNG OPACTIKOTNTAG TMV TUPOUOIKAOV OAKEVI®OV, 10)YLPN

évoelln vy To oyNUATIoHo Tov Ba fTav 1 amopdvmon tov dyuepovg 43 (oy. 31A). Aev éyel
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EVIOTIOTEL OUMG TO OEPEC TOV vopadapavieviov 43 maporlo mov Bo pmropovoe KATOL0G va
VTOBECEL OTL 0 OPOLOG TTOL £xEl wENUEVES TBaVITNTES ivar 0 dpopoc A tov oy. 31.

O oymuoticpdc tov dteviov 44 éyetl pkpdtepeg mbavotteg (oy. 31B). O Adyog eivan
o0tL pe Baon ™ Bewpia g avtidpaong McMurry, vy va mpaypatomombBel n ovlevén,
oNUOVTIKN TpobimdOeon eivar 1 déopevon twv KopPovolmv oty dlo emedvela Titaviov.
Av16 TpoHmobéTel TOV TAPAAANAO TPOGAVATOAICUO TV dVO HOPI®V TAVE GTNV UETOAAIKN
EMPAVELD Y10, VO LTTOPOVV VO GYNUOTIGTOVV 0t 6vo durhol deopol, yeyovdg mov aviaywviletol
Tov dpopo A ¢ avtidpaons, 6mov ta. dvo KoapPovOia Tov 1dov popiov eivor Toluo vo
TPAYLLOTOTOGOLV TNV OVTIOPOCT YMPIg KAVEVO TEPLOPICUO.

To ocvumépacpo mov efdyetar, eivar 6tL M aviidpaon McMurry dev pmopei va
ypnowomomBel yo t ovvheon tov 43 kot 44, aeov pe Pdon ta 6co TpoavapEpOnKay, o
dpoépog B dev gvvoeitar ko o dpdpog A mpobmobétel v ohvBeon evog TOAD TLPALOTKOD
aAkeviov. Qg amotéAeosa, 1 aviidpaon dev UTOPEL va TPOYMPNCEL GTO OEVTEPO GTAO TNG

AmOCTAGNS TV dLO 0&VYOVEV Kot 1 010An 31 amotelel To TEMKO TPoidv (o). 31).

TiClyLi : ] 43
reflux THEN, [ 7 :

0320 OH OH ; B
31 Bl > Q

Zynua 31. Aviidpaons McMurry ¢ dixetovyg 33.

[Na mv dwmictwon ™ opfdMTOC TOV MO TAVE OTOTEAECUATOV EYOVV Yivel
nepdpate EAEYXOV HE TIG 101Eg cLVONKeES OVTIOPOONG, YPNCLLOTOLDVTOS MG OVIWOPOV TNV
KUKAOEEAVOVT| 45.%% T tov 810 xPOVO avtidopaonc, mapatnpnOnke o GYNUATICUOS TPLOV
npoiovimv (46 - 48) and to omoia to éva £xet id10 Ypovo andkpiong oto GC pe 10 avTdpdv
45. Ta TpoidvTa amopovanKay e XPOUATOYPOPIo KOl YOPAKTPIOTNKAY LE QAUCUOTOCKOTIO
NMR. To 47 Bpébnke va eivor n evordpeon 1,2-610An kot 10 46 10 oAkévio g ovlevéng
McMurry, evd to tpito mpoidv amodeiydnke TG dev NTAV TO aPYIKO AVTIOPACTNPO GAAL M
KukAoeEavorn 48 (oy. 32). H avaloyio tov tedikod upiypotog g avtidpacng pe Paon to
ypopotoypaenua GC eivar: 46% oe kvkhoeEavoln 48 (amd oavaywmyn g 45), 42% oe
e&uvMdevokvkAoeEdvio 46 kat 12% o d10An 47.
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OH
_ _ OH O
TiCla/Li
> — + +
reflux THF/N,
47 48

45 46
42% 12% 46%

2ynua 32. Heipopa leyyov twv oovlnrav e aviidpacns McMurry.

Katd v ypopotoypagio (Enpng otilng) mov mpoyuatonodnke, tpd@to ekioveTal
amo ™ otAn 10 46 (80% &e&dvio, 20% dtylmpopeddvio) evd 6t GuVEXELD YPTCLLOTTOLEITOL
mo molkd piypa owwAvtav  (50% e&avio, 50% duyhwpoupebdvio) xor petd 100%
dyAwpopeddvio aAld Ta Tpoidvta KatakpatovvTol akopo ot othin. Me 100% axetdévn ta
dvo mpotovta 47 war 48 exhovovtar pali. Me Bdon tn oxetiky moMkdtTTe TOV €V AOY®
npoidvtv 1 KukAoeEavovn 45 Ba avapevotav vo eklovcBel amd ™ oA peTd amd TO
aAkévio 46 kot pv amd Tig aAkooleg 47 won 48, dpmg dev epeaviletar ota TPoidvta g
YPOUATOYPUPIOG YEYOVOS TOV EMPEPALDOVEL TNV OAOKANP®GT TNG avTidpaoNg.

O miv. 3 deiyvel TG YOPAKINPIOTIKEG LETOTOTICELS OTO (PAGLOTO BC NMR tov
TPOIOVTOV Kol avTdpOvVIOV ¢ avtidpacns McMurry e kxokhoeEavovne 45. TTapdiinia,
&xovv Anedel Kot ta pdopata 'H NMR 1o ontoia: cuykpinkay pe Brproypapikd dedopéva Ko

. , , . 8687
Bpiokoviot o€ TOAD KOAY CLLEWVIO.

Iivaxac 3. Xnuréc petarorioeic *C NMR twv 45, 46, 47, 48

Xk
& B3C NMR (6 ppm)
évaon
C1 C2 C3 C4
45 212.0 41.9 26.9 24.9
46 75.7 30.6 25.8 21.7
47 129.4 30.1 28.7 27.3
48 70.3 35.5 24.1 25.4
i T
g g
I j Cq C+ Cy Ci (|:
CS\C \___/ —/ cs :
45 46 47 48
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Me Bdaon to Mo mTAVEO O£dOpEVOL TOVL OpPOpPoLY TNV OkeTOVN 32, Kpibnke g
KOTOAANAOTEPT M| ovayoyn| pe apdiyopa Zn/Hg yuo ) obvbeon g 610Ang 31 kot tn ypnon
NG OTN UETEMEITO CLVOETIKN TTOpEial. ZVYKPITIKA, £YEL Lo apkeTd Ko amddoon (85-90%) ko
elvar moAd mo amAn péBodog (AyotePOC YpOVoS avTidpaonS GE KOVOVIKY] OTUOCQOPO) CF
oxéon pe v oavtiopacn McMurry. 'Etol mpaypatoromnkoyv oviidpdoelg 6 PeEYaADTEPES
KAlpakeg (uéypt 10 Q) pe T1g 1d1ec Kahég 0modOGELG.

A&wonpeiom sivar kot wok 1 arhdTo Tov eaopdtov *C kot 'H NMR Aéye g
svppetpioc g 31. To @dopo C NMR eppaviter 4 povo kopugéc & (C4) 79.1, (C3) 50.1,
(C2) 34.2, (C1) 33.1 ppm. Xty mepintwon ¢ 31, n doun ¢ évwong sival mo dxoum,
AMOyw tov véov C-C g-0eopol mov dmuovpyeitar, OU®G To WYEVSO-0EOVIKA KOl TO YEVOO-
wonUeEPVA TPOTOVIA OV TOPOLGLALoVY doPOPE GTNV YNUIKN peTatdmion peta&d Tovg Ommg
ocvupaivel oto 'H NMR g 32. Ztnv dwketovn 32 avt 1 dtpopd ogeiretal Kupimwg otV
TOPOVGIO TOV T-O0EGUMOV TOV KapPovuAiwv mov ennpedlel Ta YETOVIKA 1oMUepIVE TpOTOVIO

(k®Vog amonpooTasiog AdY® TOV 7-0EGLOV).

o€ 0 1.44 ppm
c1/ H <------- 0 2.28 ppm
\/
2\ /Hax -€-----
C\3 0 1.88 ppm
C; Heq —----------
HO OH ~€-------- 6 2.44 ppm
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2.2.4 lodimwon tg 610Ang 31

H obvheon tov 3,7-8umdo-tprkcviio[3.3.1.0% Jevveaviov 31 omotehei 10 emduevo
0TAO0 GTNV TEPULOTIKY nopsia.ﬁo’ss'go Me Bdon ™ PBpAoypaeia, n 1wdioon g otoAng 31
amoutel 1oyupd 6Eveg cuvOfkeg kol peydho ypdvo avtidpaong (48 h, 110 °C, ce 95%
POOPOPKO 0ED e 6 1odbvapa Nal) v va ddoet 1o duwmdidio 30 ot anddoon 40%.°" Tuc
AVTIOPACELS TOV TPAYUATOTOWONKAV OU®G, TO AmOTELESHA TV Vo ANeOovv amoddcelg 20%

otV KoAvtepn mepintmon (wiv. 4 ap. 5).92

Hivaxag 4. 2ovOeon ouwadidiov 30 aro t o10in 31

Aol 31 Amnddoon tov 307
A/A AlAOTNG Nal:31*  T(CC)® t(d)

(mmol) (%)
1 1.9 HsPO, (85%) 15 120 7 10
2 1.3 HsPO, (85%) 15 120 2 13
3 0.4 HsPO, (85%) 15 140 3 8
4 0.6 HsPO, (99%) 15 150 2 15
5 6.5 H3PO, (99%) 15 150 4 20
6 0.6 H3PO, (99%) 50 130 1 18
7 1.3 HsPO, (85%) 6 120 5 7
8 1.3 CH4SO3H (70%) 6 120 1 -
9 1.3 CH3SO5H (70%) 6 120 7 -

* Avahoyia ev mole tov Nal ¢ mpog v 31. P EEwtepikh Oeppokposio hatdrovtpov. T AT6d0om o€ akadapioto Tpoiov. °

Avtidpaon ko omd adpavi atpdcpupa Ar (Sev mapatnpeiton oxnuaTiopog I,).

Ot amoddoels g wdimwong e 010Ang 31 eivan 1660 pKpég Yoti 1 GLYKEKPLLET
avtidpaon eivor moAd dvokolo vo mpaypotomombel, mapd to yeyovog Ot gpapudlovron
apkeTd évtoveg ouvOnkes. Avtd oeesidetar oty KAswot) doun g 31, n omoia ivor mOAD
d0oKoAO v VToPANOEl 6E avTIOPAGELS TVPNVOPIANG VITOKATACTOONG.

O SN2 punyroviopdg vrokotdotoong (oy. 33) €ival amayopevTIKOG OTNV TPOKEUEVT
TEPITTOON Yo TPELG AOYOLS: (o) YTl avVOQEEPETOL KVPIWS GE VTOCTPMOUOTO TOL Eival
npwtotayy], (B) to mupnvoéeilo TposPariel TO KEVTIPO NG aVTIOPAONS Ao TNV TGM TAELPA
Kol TO TPoidv KatoAnyel pe avtifetn otepeoynueio dtav vdpyel ACOLUUETPO ATOMHO GvOpaKa
(advvato Aoym g kiewotng dounc ™c 31) xor (y) to Tupnvoéeilo mpooPdAilel To
NAEKTPOVIOPIAO dTOopo GvBpaka To omoio AapPdvel emimedn SOUOPE®OT GE [0 LETOPOATIKN
Katdotoon 6mov Aapfdavel pEPog Kot To TupnvOeIAo Kot amoywpovsa opdoa. H 31 dev pmopet

, ’ s 4
va vioBetoet enimedn yawuarpta.%‘g
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O SN umyavioudg vmokatdotaong (oy. 33) eivar mo ocvuPatdc pe TPLTOTOYN
VTOCTPOUOTO Yot 1) omoy®povce opdda @evyel amd To LVIOGTPOUA CYNUaTilovTag TO
evdidueco kappokatiov (otadepotnro tov kapfokatioviov: 3°>2°>1°). To kapPokotidv £xel
EMIMEON YEOUETPIO KOl TO TUPNVOPIAO €YEL dVO EMAOYEG, Vo TPOoPaAiel TO KapPoKaTiov amd
«umpoota» M amd «micm». To amotéleoua eivor vo AappdveTat 1oopoplokd piypo Tpotovimv
pe avtifetn otepeoynueio 6mov VIdpyEL aoOUpETPo GTopo dvOpaka.” H 816An 31 axdpa kot
oe SN1 avtdpaocelg eivar apkeTd 0HGKOAO va avTomokplOel, apov 10 TPOKHTTOV KapPoKaTIOV
dev umopel va vioBetnosl eminedn yewperpia (apketd aotabéc kapPokatidv) kol TO

TUPNVOPILO UTtopel va TPosPaiel To aoTabic KapPokatiov HOVO Omd «UTPOGTAN.

Sn? MHXANIZMOZX

- —_—»  Nuy----K---- 4. N LG
Nu Nu LG

evOIduETo aTAdIO

Ry
Sn' MHXANIZMOZ
EE—— Nu R
Nu 0 3
2
f;v Y - % : .
R2
Rs R, Rs -
P . 1
evOIGueco aTddio
— Nu
R
3 R2

Zynua 33. SN1 ko SN2 ovtidpdoeis TopnVOPIANG DTOKATATTOONG.

Ymv mepintowon ™ O0ANG 31 axolovbesitanr pnyoviopnog Syt Ot moAd HIKPES
amodOGES  HopTUPOVV TN OVOKOMO Tpaypoatomoinong g oviidpaong pe Pdaon to
npoavapephévia. Onwg eaivetor amd tov mv. 4, n avtidpaocn gvuvoeital TEPICCOTEPO LE TN
ypnon mo mokvod o&éog (HaPO499% avti yio H3PO485%). Avtd evioyvetl tov oyvpiopd Ott

TO TPOTO GTASIO TNG AVTIOpaoNS €lval TO TO aPYO GTASIO YO TV TOYVLTNTA TG AVTIOPOOTC
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(oy. 34).96 Ta moALd 1codvvapa Nal mov ypnoyomolovvtal, delyvovy TV avaykn Yo, Leyain
ovykévipoon o€ I'. Avto opeiletat Kuping o€ dVo Adyouc: (1) yio Tnv Gueon ovtidpaon pe to
aotaféc kapPokatiov Tov oynuotiletol Kot (2) Katd Tov HeEYAAo ¥pOVO TOL OTOLTEITOL Yo TV
Tpaypotonoinon g avtidpaong, o I' oedmveton o€ I amd 10 atpoceapikd o&vyovo (Otav
N WJimon TpayuaToTomonKe 6€ adpavi ATLOCEALPA, TO OGAVI TNG AVTIOPAONS OEV TOIPVEL
évtovo pof ypopo 6mwg ovuPaivel pe OAEG TIC OVOYTEG OTOV OEPO OVTIOPACELS, 7OV

eavepdvel v Evrovn mopoyoyn Ip (wiv. 4 ap. 7)).

+
HO._  .OH HO. _ (pH HO ‘I\ HO |
H TSH 49
31
ﬁ > — + H,O —— ﬁ
- A
HO 34 S | !
30

C I
>y

2ynua 34. Myyoviouog iwoiwong e dions 31.

10 piypo Tov Tpoidviov e 1wdimong, amopovodnke kot o povoimdomoapdymyo 49
10 omoio eppaviiotav oe ToAD pkpéc ovaroyieg (5 — 10%) oe oyxéon pe to 30. Avti 1
avoloyio mapatnprOnke Ot dratnpeiton kab OAn ™ didpkelo g avtidpacng (Eleyyog pe
GC). H amopdvoon tov 49 vrootpilel 10 otadiokd unyovicpd 1mdimong mov TpoteiveTol
010 Y. 34, evdd 10 YeYovog 0Tt eppoaviletar povo og pikpn avaroyio 1 kaBOAov HePIKES POPES,
o0NYel 610 GLALOYIGHO OTL 0 PLOGS amOoTacT g TOV devTEPOL -OH glvar peyardtepog amd oti
TOV TPMOTOV.

YVVOTTIKG, 1 TOPOLGia TOL €vOG 1wdiov guvoel Beppoduvapkd v etepoALON GTNV
évoon 49 oe oyéon pe v mpodT™ £TEpOALGON 0TV Eveon 31 (yivetar avapopd UOVO oTO
oTAd10 TNG ETEPOIVONG, YIoTi ival To apyd oTddo ot Syl avtidpdoeis). ‘Etot, Oa pmopovoe
va yivel 0 10(VPIGHOC OTL OTIG 1,2-81(’)%8@97 VIAPYEL OVTAYOVICUOS OTO OTAS0 NG
mpoTovioong (Snuovpyia deopumv vdpoydvov tov H' kar pe to Svo vépoEvhia. TavTodYPOVA,
oynpotifovtag £vo KUKAIKO €vOlGueso) mov Omwg @oivetal ivol Kol T0 KaBoplioTikd 6Tddlo

OTNV GLVOAMKT 1WOiwoN.
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HO,  OH HO_ [
\H+ \H+
déopeuan Tou H* déopeuon Tou HY
TTPWTN €TEPOAUCN OeUTePN €TEPOAUCN

Ta edopata *H ko *C NMR 1ov duwdidiov 30 eEakolovfodv va mapovotdlovy
amAOTNTO AOY® UEYOANG GLUUETPIOC. XVYKEKPIUEVO, GTO BC NMR napovotdlovtal povo 4
KOPLQEG 01 omoieg avtiotoryovv o d (C2) 57.69 ppm, (C1) 53.34 ppm, (C3) 39.38 ppm, (C4)
30.60 ppm, evd 610 pdopa *H NMR epoaviletat kot moAt S1yoplopdc Tov Yeudo-aEovikdy

Ao To, YELSO-IoNUEPIVA LEBLAEVIKG TPOTOVIAL.

To povoiwdidio 49 eivar to povadikd mapoampoidv g avtidpacnc. ATopovabnke Kot
yopoktnpiotnke pe eacpotookonio NMR kot 6g oxéon pe 1o 30 éyxel pkpdtepn ocvupeTpia.
T 10 Adyo avtd 10 49 oto *C NMR gpgaviler 6 kopveég pe 6 (C2) 82.46 ppm, (C3) 57.33
ppm, (C1) 54.62 ppm, (C4) 48.59 ppm, (C5) 37.92 ppm, (C6) 31.69 ppm. To ¢dopa *H NMR
elval apkeTd o TOAVTAOKO Omd OAOL T TPONYOVUEVE KO TOPOVGIALEL GLVOAMK(A 7 KOPLYES

OT®G POAVETOL IO KAT®.




2.2.5 Avtidépaon g 616Ang 31 pe SOCI,

Agdopévng e ToAD pukpfg amddoong oty 1wdimon g dtoAng 31, &ywvav Kamoteg
npoondfeieg yAwpimone ¢ d10Ang ue SOCI,. Eivar yvwotd 6t ot 1,2- ot 1,3- ko ot 1,4-
doAec umopovv va. ddoovv pe 10 SOCl, kvkhkég Osidoelg 8V(b(581g,98 T0 1010 Oumg
AVTIOPACTIPLO XPNOLUOTOLEITAL KOl GE OVTIOPAGELS YAmpimong TV aikooAdv. H dtapopd ce
oLt TV Tpoomdfela facioTnrke GTNV CALNYY TOV UNYOVICHOD TG aAoyovaonc. Me ) ypnon
SOCI; n avtidpaon axorovbel por dagopetiky pnyoviotikny mopeio (Syi) otic ovvhbelg

OAKOOAES.

) A. Syi
%»/\n o L R%C>SIO N Ryro.

R3 Aiampnon Tng
oTEPEOXNMEIQG
B. SN2
— cT) — R
N: /R\\S_O " 1
<\ /> 1 N R s=—o cl
=, / , 1 ,
R2 - O - 802
Cl R, R3
R3

AvaoTpo@r TNg
OTEPEOXNMEIAG

Zynpa 35. Myyoviouog aviidpaons Syi. Me ) ypiion mopidivig n avtiopoon axoiovlei Sy2 pugyoviouo.

O1 avtidpaoetg Sni (substitution nucleophilic internal) sivat amd to Aiyo mapadsiypota
7oL 1 otepeoynueio dwtnpeitor. O Adyog eivan yrori To Topnvoeiro (CIY) amotelel uépog g
OTOYWPOVGOS OUAS0S KOl OTTOGVVIEETOL TOVTOYPOVA TPOGPAALOVTOS TO VITOCTPWOLO. OO TNV
i1 mhevpd (oy. 35A).72 O mo cvvnbiopévee avtidphoeg Sni meplopiloviar kvpiog oe
avtidpaoels twv oAkooddv pe SOCI, | pe COCl,. Tmyv mepintwon tov SOCI,, 10 dtouo
o&uyovov NG aAKOOANG TTPOoSPaiiel To MAEKTPOVIOPIAO S, oynuoatifovioc po evoldueon

évoon ROSOCI, n onoia umopei oe yapmiéc Beppokpaoieg va amopovmbei. Xtn cuvéyela, to
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yAopo tov ROSOCI mpocfarer amd v 101 TAELPA TO MAEKTPOVIOPILO GTOUO GvOpaKa,
oynuartiCovrog to aikvioyrmpidto (RCI) pe tavtoyxpovn anodéouevon SO;.

H otepeoynueio dwatnpeitor yori: (1) oe avrifeon pe 11 ovidpdoelc Sn2 10
TUPNVOPIAO OeV €pYETOL VO TPOCPAAEL TO VLTWOGTPOUON OO «Tic», aPoy PpiokeTat
deopevpévo v oto evoldpeco mpoiov (oy. 33) ko (2) dev vmapyel oynUOTIGUOG
KapPokatiovrog 6mwg cvuPaivel otig avtdpdoelg Syl 6mov to TLPNVOEIAO pTopel vo
TPooPaiel 10 KopPokaTOV Kot omd TG OVO TAELPEG, TPOKAAMVTAG POKELOTOINGCT) TOV
TPOIOVTOG OTIG TEPUTTMGELS TOV VITAPYEL ACVUUETPO KEVTPO.

Me mpocOnKn mupdiving 610 avTIOpOV Hiypa, 0 UNYovicpog g avtidopaons aAldlet
(ox. 35B). To N ¢ mupidivne mpooPérdet to S oynuotilovtag éva drag (ROSO'NCsHs) mov
éyel oav avtiotaduiotiko 10v to Cl mov amodeospedetar omd to S. To Cl épyetar vo mpocsPaiet
TOV GvOpaxa amd «micm» ot TN EopA e SN2 TPOTO, AVTICTPEPOVTOGS TN GTEPEOYNUEiD. ZTnV
nepintwon g 610Ang 31 dokydotnkay Kot ot dvo avtdpdoelg (ne kot xmpig Py) av kot givor
YVOGTO TOG O S\ UNYOVIGLOG OEV EVVOETITAL.

Onwg eaivetoar 610 o). 36, 6€ OAEG TIC TEPUTTOOELS ANPONKE OC LOVOdIKO TPoidV M
KuKAMKY Be1ddng évoon 50 yopic fyvoc amd omowodimote driho mpoiov.'™t H avtidpoon
npaypatonodnke oe 1 pépa oe Ogppoxpoocio Bpoacpod pe emavappor oe SOCI, yo va
MoeBel mocotikd n 50, eved dtav Bepudvinke yia meplocodtepo Ypovo (2 pépes, 3 pépeg) dev
mopatnpiOnke oynUATIGHOS GAAOL TTPOTOVTOC. ATO TIG OPOPETIKEG CLVONKESG TOL
epapuoomkay (oy. 36), eaivetor 0Tl 1 TPOoHNKN TLUPWOIVIG, HEWDVEL TNV OmTOO0CT NG
avtidpaong. Otav ypnoipwonombnkay pdévo 2 16odvvapa mopdiving 1 anddocn EAATTOVETOL GE

60% evad pe TN gpNoM TG TVPOIVNG GV SEADTN, 1] AVTIOPOGT) OEV TPOYLOTOTOLEITOL.

(a) 100%, (B) 60%, (y) ixvn

(0] (0]
AN S/
(a) SOCI, diaAuTNng I
(B) SOCI, diaAuTnG, Py (2eq) o)
(y) Py diaAuTng, SOCI, (3eq) 50
HO OH
31
............ ////>
Cl Cl
51

Zyiua 36. Avtiopoon ¢ 016Ang 31 ue SOCl,.

70



H évmon 50 mapovcialel ehattopévn coppetpia og oxéon pe ™ 0104 31 kot 1o duwdioo 30
(uévo 4 xopvpég o610 3C NMR) kot awtd Qoivetol Kot amd T0 QAGH B3C NMR 6mov ot
GvOpaKeg TOV VOPASAUAVTOVIKOD GKEAETOL gUpavifovv 6 Kopveéc. Av mapatnpnbei n doun
¢ évoong 50 610 Ydpo, paivetor OTL 0 TEVTAUEANS SOKTOMOG oL TTepAapPavel To Beio Kot
Ta dvo o&vuyova dev eivar eMimEdOG, AVTO OUME TOV EANTTMVEL CIUAVTIKA T1) GUUUETPIO Ko
KOTO GUVETELD TIG 3C NMR LETATOTIGELS TV avOpAK®V givol 1) TETPAEIPIKN YEMUETPIO TOV
Beiov Adym Tov povipovg Levyoue mAektpoviov. Tt cuvéyew, mopatifetal 10 pdopa C
NMR ¢ xukhkng Beiddovg Evmong 50 kot ot yNUuKES HeTATOTIGELG 'H NMR, 6mov kat o¢
OLTH TNV TEPITTMOTN To TPOTOVIK. TOV PBpioKovtal 6Ty TAELPA Tov 0EVYOVOL emmpedlovTal
amd TNV TOPOLGIO TOL MEPLGGOTEPO OMO TO. OVIIOTOWO TNG GAANG TAELPAS, GLVETMG

enpaviCovtol og younAotepo medio.

ES
5,
CaiC, i
G 4
. b
\S/
2
I C3
o)
C1
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2.2.6 Meovrioon g oo 31

H pwpn omddoon g wwdimong g 610Ang 31 (20% max) odnynoe o€ avalnmon
SAPOP®V GAA®V TOPAYDY®OV TOL VOPASOUOVTAVIOV, LE KOAES OMOYM®POVCES OLAdES oV Oa
UTOPOVGOV VO YPNOULOTOMO0VV o1 UHETEMEITO, TEWPOUOTIKY Topeio. Mo TOAD KOAN
amoympovoa opdada givar 1 —OMS (uebvAocovVAPOVIKOC £6TEPAG).

H ovvbeon tov dpuecvlikov eotépa 52 emetedydn oe moAd koA oamddoon (85%
Kkabapd mpoidv) pe ypnon CH3SOLCl ko mopdivig oe Bepuokpacio Ppacpod e exovappon
v 5 opeg (oy. 37). H mopdivny ekto¢ omd SoAdTng TG avtidpaonsg, dpo KOTOALTIKG,
npocPdrrovtag to MSCI, extomilovtac to Cl. To evdidueco katidv ¢ mopidivig mov
oynpotiletar, AMdym tov Oetikov @optiov, evepyomolel to Ogio kdvovtog TO aKOUO TLO
NAEKTPOVIOPIAO. MeTd TV mpocsPoAn Tov S amd 10 mupnvoeiho —OH, N mupdivn amoywpet
Kot AL Yo voo oxnuotiotel o pecvkog eotépoc. H dwdikacio avtr emavorappdveror 2
eopéc v va. Anebel 1o 52. Metd 10 1éhoc G avtidpaomg Oev aviyvevdnke kaboOAov
LOVOUEGVAKOG €0TEPAG, YEYOVOG OV 0dNYel 0T0 cvumépacpo OTL 1 avtidpacn vvoeitan

BeprodLVAIKA TTPOG TNV OAOKANPOOT).

85%

Y

OH MsO OMs
HO 34 52

TupIdivn (B1IAAUTNG, KaTaAUuTNG), MsCI (5 eq), t=5 h, T= reflux

/ l
x
o:> N}
N l
i Hc—S—oc 0=—S—o0 HO O\ O +HCI
S ~r | [ 7
| l HO  OH 7\
/ 31 o CH3 CH3

_———
—
JE e — .
o 0
O‘\\/ \/o
N 2
Hoe ' 0 O “cp,

52
2ynua 37. 2ovOnxes kou unyoviouog uecviionons e otoing 31.
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> ovvéyeln Tapovotdlovtal ol YMUKEG WETOTOTICE OTO 'H NMR 1o onofo
napovotdlel eéapetikn amdotta. Epeavifovtor povo 4 kopu@ég, HE OLTH TOV YEVLOO-
woNUEPVOV TPOTOVIMV va £xel TV Ot ynuikn petatomon pe ta H-Cz mpotévia. And v
@ ot0 BC NMR epoaviCovtar 5 kopveéc pe o (C4) 91.30, (C3) 47.42, (C5) 40.60, (C2)
34.98, (C1) 32.28 ppm.

\2\ _AHax =------5.2.26 ppm 5 2.50 ppm

— _s=—o
T o
CH Cs

’ B — 5 3.10 ppm

O  tpucvkro[3.3.1.0* Jevveav-3,7-5wA-du(uedavocovipovikdc  eotépac) 52 éxet

102 g KPLGTOAMKN

yapaxtplotel exiong pe kpvotorroypapio tepibraong axtivov X (XRD).
T0V doun| mapovstdaletar 6to o). 38. Ot dvo teTopToTayelg AvOPOKES TOV VOPASAUAVTOVIKOD
okehetoV ™G 52 pali pe o dvo o&uydva mov eivar GuvIEdEUEVE e aVTOVG PBpickovtal 6To
1010 emimedo. AvTo €xel OC AMOTEAEGO VO TPOKVITEL EKAEWTTIKY YEOUETPio HETAED TV dLO
C-0 deoudv mapd 1o yeyovodg 0t Bempeitan evepyetaxd acOpeopn. Aéloonueimto ivot Kot To
HEYOAO PAKOC TOL deopod HETaéD Tmv dvo tetaptotaydv avOpdxkmv C1-C7 (1,597 A) mov
etvar 0 mo emunkng amd tovg C-C deopovs g évaoong kot amotelel éva KaAd mopadery Lo,
aoLVNOLGTA ETUNKOVS ATAOD OEGLOV AvOpaKka-avOpaKka. Avtd givor Kot TOAl OTOTEAEG LA TG
doung g Evaong Kot NG avENUEVNS TAOMG OV £YEL O GLYKEKPIUEVOG 0ecpOs. H thon avtn
EVIOYVETOL Kot Omd Tr OTEPEOYNUIKY Topeunddion omd Ttovg Svo yertovikovg —OMSs

VTOKOTOGTATEG,.
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2ynua 38. Aicypopuo ORTEP (arcikovion ae 50% mOavotna) te KpvoTaliikiG Soung Tov
wpikvriof3.3.1.0° Jeveav-3,T-610A-01(uebavocovipovikod eotépa) 52.
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2.2.7 ToovAimon g 016Ang 31

Me mapopoleg cuvnkeg mpaypoatoromonke kot 11 cHvOesn TOv S1TOCLAIKOD £GTEPQL
54.° O1 tooviucol OT®MG KOl Ol HEGVAMKOL €0TEPEG AMOTEAOVV TOAD KOAEG ATOYMPOVGES
opdoeg kot kKotd cuvémela n évoon 54 siva emiong £vo yp1GILO VOPASAUOVTOVIKO TOPEY®YO
omv 0An cvvletikn mopeio. H avtidpaon peiethnke pe Kot yopic ™ ypnon mopidivig y

mv enPePaioon Tov katorvtikod e porov (oy. 39a, b, ).

(a) Tupidivn (d1aAUTNG, kaTtaAuTtng), TsCI (5 eq), t=4h, T= reflux

HO OH TsO OTs TsO OH
31 54 53

0, o,
(B) Trupidivn (d1aAuTng, kataAuTtng), TsCl (1,5 eq), t=4h, T= reflux 48% 40%

(y) TsCl (10 eq), t=4h, T= reflux

2ynua 39. Toovdiwon g dodng 31.

v TpaTn TEPinTmon ypnolpwonombnkay ot idleg ocvvOnkec pe v avtidpoon
pecvAiwong (o) ko TapotnpnOnke 6t n avtidpaon pe t ypnion 5 eq TsCl olokAnpdvetat og
4 h agov 6 AN 1 TocdTTA TOL AVTIEP®VTOG 31 KATAVAADVETOL, EVED G HEYAADTEPOVS YPOVOVG
avtidpoong dev moapatnpeital ovolaotikn petafoin. Avtifeta, pe 1,5 eq TsCl (B) oto piyua
¢ avtidpaong vdpyet 010AN 31, akdpa Kot HETA amd TNV TAPodo 2 NUEPDOV. TNV TEPITTOON
(y) mov dokydotnke, dgv ypnopomomdnke dtoAvtng oAld poévo 1o avtdpaotipto TSCl (mp
65-69 °C) déuwg Sev mapatnpridnke oynUOTIGUOC OTOOLONTOTE MPOIOVTOG, YEYOVOG MOV
emPBePardvel TOV KATAALTIKO pOAO TNG TLPOIVNG GTNV AVTIdpOoT).

H avtidopaon pe v odoxkAnpwon g divetl 1o embountd npoidv 54 oe 48% amddoon
Oumg Aappdvetal Kot 0 Hovo-tocVAkOS e6Tépag 53 o€ ToAD peydAo mocooto (40%). H un
TOGOTIKY] UETOTPOTN o€ 54 opeiletor Kupimg GTNV GTEPEOYNUIKN TOPEUTOIIOT AGY® NG
0YKMOOLG TOGVAIKNG OMHAONS YEYOVOS Tov emnpedlel Kupimg TNV KvnTikn ¢ avTidopoaong,
apoV BEPUOOLVOLIKG EVVOEITOL TPOG OAOKANP®OTN HE PAON KOl TO OTOTEAEGUOTO OO TNV
avtiopaon pecvAioons. Ta dvo TPoidvTa YoPaKTINPICTNKOV PUCHLATOCKOTIKA (1H, B¢ NMR)
EVD 0 O1TOCLMKOG €0TEPUG 54 €xel yapokTnplotel Kot pe KpuoTaAloypapio mepiBiaong
oktvéy X' 2VYKPLTIKA, TOPOVGLALOVTIOL GTT) GLVEXELD Ol YNIMKES LETATOTIGELG '"H NMR Yo

T 6VO0 TPOIOVTA, OMOL O HOVOTOGLAIKOC &€0Tépag 53 €yet o mievpd mov  potdlet
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(POGLOTOCKOTIKG LLE TO OITOCLAIKO €0Tépa 54 Kot o GAAN TAELPE oL £xEl TOPOUOLES
ymuée petatomioelc pe ) S0AnN 31. Tto *C NMR ot kopugéc Tmv avtictoy®v avipakov
etvan yio to 54: 9 (C5) 144.2, (C8) 135.9, (C6) 129.3, (C7) 127.5, (C4) 91.2, (C3) 47.4, (C2)
35.0, (C1) 32.2, (C9) 21.6 ppm «ou yo. to 53: 0 (C5) 144.5, (C8) 135.6, (C6) 129.6, (C7) 127.4,
(C4) 93.3, (C10) 80.1, (C3) 49.0, (C11) 47.9, (C2) 34.1, (C1) 34.5, (C9) 21.6 ppm.

H-€-------- 6 1.44 ppm /H< -------- 5 1.44 ppm
0/1\ Janai 0 2.38 ppm /(ch/H B
"""" >Ha' Ha <---5 1.89 ppm
\C{C/Ha <+ 0218pPm 52,02 ppmi a\C\ﬂ \Z\Cs/ T PPM: 5 2 36 ppm
N > Hb' \ g
c{ Ho —~<€---- 6 2.33 ppm /Cm—c\4 Hb —e------eooo---o
o) \ 52.92 ppm -----»HO o)
\\S/O O\s—o 0=5=0
o O < 87.79 ppm &, M ==c---57.82 ppm
Cs-” 5 C
( ’ \C\6 ( I\ R
/C7‘ .......
\CgC%H IR 5 7.28 ppm \(\;8 H= 5 7.31 ppm
: c
2.43 ppm ----- Lo
N &2.43 ppm 6243 ppm ----->

Y10 oy. 40 mopovcialerar M KPLOTOAAIKY dopn TG €voong 54 pe Baon to
KPUOTOAAOYPAPIKA Oedopéva mov €xovv Anebel. Ymdpyovv opotdtnteg pe TN OOun TOv
OECVLAIKOD €0TéPA 52, OTMG £lval 1 EKAEUTTIKY YEOUETPIX TOV dVO TETOPTOTAYDV OVOPAK®V
ue T 0&uydvo Tovg Kot To PEYAAO URKOG TOL c1-ct’ deopov (1.598 A). Tmv nepintwon tov
54 10 PUNKOG TOL OEGHOV AVTOV Elval EAAPPDOS LEYOADTEPO AOY® KOl TNG UEYOAVTEPNG TAGNG
TOV OVOTTOGGETOL OO TOVG O OYKMOELS LITOKATOOTATES. MEPOC TNg Tdong eElcopponeitan e

TNV GTPOPT TV VO TOGLAK®OV OUAd®V TTPOg TV avtiBeTn KatevBuvon).

Zynua 40. Aicypouuo ORTEP (areixovion ae 50% mbovotna) the KpooTtalikis 0oung Tov
wpikvklof3.3.1.0% Jeveav-3,T-010A-01(4-uebvAeviodenxot sotépa) 54.
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2.2.8 Kvokhkog 0glikdog eotépog TG 010ANng 31

Mo emumpdcBetn avtidopaon VTOKATAGTAoTG TOV £XEL SOKIUAGTEL Elvar 1 chvOesT TOV
KUKMKOV Beukob eotépa 55. Tlapd 1o yeyovog Ot1 011G mAeiotec PiPAoypapikés avapopes, N
ovuvBeon TV OEliKOV E0TEPOV A0 TIG AVTIOTOLES AAKOOAES TPOYLLOTOTOIEITOL e TN YPNON
SO,Cl,, omv mepintwon g 610Ang 31 1 avrtidpaon avth propei va emttevydei pe ™ ypnon
mokvod Oeukod o&éog (H2SOs 95-97%) oyeddv mocotikd (90%) M upe 1™ ypnon
YA®POsOVAPovikod oféoc (HSOsCI) avtictowa (oy. 41).7%9% H yeoperpio tov dvo
vopo&uiopddwv g 010ANG 31 mailel onuavTikd poro otV evkoAio avtidpaong e 1o Oeukd
o&0 guvomvtag v Kivntikny g avtidpaons. Ta dvo —OH g 31 Bpickovtal oe BEon mov

guvoel TV amevbeiog KVKAOTOINGN XWPIG 1O10HTEPES EVEPYELNKEG ATOITIOELC.

90% _
O O
HO OH \s/
7\
31 (a) H,SO, T=reflux, 1h O 55 ©

(B) HSO4CI, T=reflux, 1h

2ynua 41. X0vheon tov kvkdikov Oeiikod eotépo. 55.

Ot xvxkkoi Beukol eotépeg eivar evoelg Tov Ppickovy aPKETEG EPOPLOYES GTOV Y MDPO
Mg oVVOETIKHG opyavikic ymueioc Adym tov wothtov toue. > Avidpodv pe Sapopa
TOPNVOQIAL. Kol €ivor mo dpactikol omd To emo&eidie. Mmopovv emiong vo vmoctohv
TUPNVOPIAN TPOoGPOA| oTov €va GvOpoKa, Evd OpOLYV G OUAOES TPOGTACIOG GTOV GALO
dvBpoaka ko K4T® and mo £vtoveg cuvOnKeg UTOPoHV VO aVTIOPACOLV TAVTOYPOVO KLl GTIG
dvo Béoeis. Emmpdobeta, 10 evoldpeco mpoiov Tov mupnvoPihov aviidpdce®y Tovg gival T0
povo-0etikd dAag, yeyovog mov kdével TN Sadkaciot amopudveOong Tov amd To LTOAOUTA
OLGTATIKA TNG AVTIOPAoNG TAPO TOAD EOKOAT).

H évoon 55 éxer Cs ocoppetpio 6mwg €govv deiéel Ta KPLGTAAALOYPUPLKE, 6880uéva112
(oy. 42) ko 6y Coy Yol KoL G€ QLT TV TEPITTMOT 0 TEVIAUEANG SUKTUALOG TOV OmOTEAEITOL
amd to 6vo O kot 10 S dev etvan emimedog. Ta pnkn tov decpdv C-C omyv évoon 55
xopaivovton amd 1,514 A (C7-C8) yia tovg Seopovg dimha and dropo ofvydvov, uéypt 1,545

A (C1-C2) kavovikd o amhodg deopod avOpaxa-avOpaxo. Tapdiinia, Tapotnpsitar 6Tt 0
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Seopoc petaly tov dvo tetaptotaymv avdpdaxwy (C4-C8) eivar mo empnkne (1,581 A) and
OAOVG TOVG VTOAOITOVG. AvTd o@eideTon KOl TAAL TN UEYAAN TACT TOL GLYKEKPUUEVOL
SeoOD, £V GLYKPITIKG LE TOV avVTIoTOrXO Seoud Tov Stuecviikod eotépa 52 (1.597 A) xon
oV drtocvikoy eotépa 54 (1.598 A) eppoavileton pikpdtepoc. e owtd mailel poko Kot M
VmapéN TOL TEVIOUEAOVG ETEPOKVKAKOD OOKTLAIOL, OMMC EMIONG KOl 1) OTOLGIN OYKMOMV

VITOKOTOOTOTAV.

2ynua 42. Aicypopuo ORTEP (areiovion ae 50% mOavotyta) e kpvotaliikng doung tov 2,4-610éa-
1-Be10tetparviciof5.3.1.1°°.0°] dwdexavo-3,3-016vic 55.

Ta paopato NMR mapovsidlovv peyaidtepn coppeTpion 6TV TEPINTTOOT TOV BETKOV
eotépa 55 og oOyKplon pe 10 Be1ddn eotépa 50. Onmc paivetal Kot 6T GLVEKELX, TO YEYOVOS
oVTO OQEIAETOL GTNV TOAD YpNyopT Kivion avaoTPOPNG TOL TEVIAUEAOVS ETEPOKVKAIKOD
daKTLAlov 6TV évmon 55 og avtiBeon pe v kivnon avacstpoeng otnyv 50 mov cupPaivetl mo
apyd. Katd cvvénela, oty évoon 55 Aapfdvetal To onpo mov aviiotolyel otnv HeTafaTiKn
KOTAGTAOT TNG OVOCTPOQNG Kol €lvol GUUUETPIKY] v otnv 55 Aaupdvovior Eeympiotd
OTNHOTO Y10 TIG OVO SLPOPETIKEG TAEVPEG TG Evmwong oto NMR. Xvykexpyéva oto 3C NMR
enpaviCovror povo 4 kopveég oty mepintmon tov 55 [0 (Cq) 94.45 ppm, (Cy) 46.51 ppm, (Cs)
37.10 ppm, (C4) 33.10 ppm] oe oyéon pe to 50 mov gupaviel 6 kopveéc. H amAdmmra avt
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enexteiveton kou oto "H NMR, 6mov eupoaviCovror poévo 4 KopvEég kol pmopet va @avet
EexdBopa Kol amd TIG OAOKANPOGCELS GE O TPMOTOVIA avtioTotyel 1 kabe o Ta téooepa
YELOO-1oTUEPIVE TPMOTOVIL ERPAVILOVTOL KOL GE VTN TNV TEPITTOON GE TEPLOYN YAUNAOTEPOV
nediov, AMoym g emidpacng mov d€yovior amd To o&uydva. To ynuikd mepifailov twv
TECOAPMV YEVOO-AEOVIKMDY TPOTOVIOV &lval SlPOPETIKO Kol £Tol dev emmpedlovtal TOG0

TOAD Ao 10 ToMKO TS0 AMOTPOSTACING TOL TPOoKaAEiTtan amd Ta dvo o&uyova.

Kivhon avagrpo@nic 1ou meviaueAouc dakTudiou arnv Evwan 85

MeTaBaTikr) KaTdoTOON
(ouppeTpikn)

Kivnon avagrpoenc rou meviaueAouc dakTuAiou arnv évwan 50

; k. L
9
-
-

MeTapaTikr KatdoTaon

(ouppeTpIKN)
H o€-mommemoooee 6 1.55 ppm
C4/ /H< ............. 6 2.65 ppm
Cs ax €------
\\C/H 6 2.19 ppm
C/ Hed o ... 6 2.32 ppm
L)
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2.3  Avoyoyn vopudapavTOVIK®OV TUPaYOYMV

Ye Ut TNV EVOTNTA OVOQEPOVTOL Ol TPOCTAOEIES YO OVOy®YN TOV JSpOpmV
TOPOYDYDV TOL VOPASALUAVTOVION TOV £X0VV cLVTEDE TPOG GYNUATIGULO TOV VOPUOUUAVTEVIOV
1 (oy. 43). Onwg £xel avoagepbel Kot 0TV E16OYOYT TOV KEP. 2, 1| LOVOSIKT TPOdpouUT EVHOT
nov Ppédnke ot pmopei va avaydei pe apddyapo Na/Hg ya ) covBeon tov vopadapaveviov
1 eivor to duwdidio 30. To duwdido 30 avayetor oe Bepuokpacio dopatiov, pe apdAyopLo
vatpiov, oe avudpo THF, kdtw amd adpovi atudcseupa opyod Yol Vo dMOEL TOGOTIKA Kot
oD ypryopo. (< 5 min) to mpoidv [2+2] kukAonpocOfkng 43 tov vopadapavteviov 1.

To dwepéc 43 amopovmbnke Kol TOLTOTOMONKE e GUYKPLION TOV QOCUATOCKOTIKMV
TOV OedoUEVOV e avTioTOolN TNG BlBhoypa(pi(xg.go To 43 éyer moAd ynA ocvppetpio Dop ko
étor ta. edopata NMR tov eivor mépo moAd amAd. Xto C NMR eupaviCovror pévo 4
Kopveéc [0 (C1) 49.90, (C2) 43.81, (C3) 42.07, (C4) 36.96 ppm], evéd to 1610 cvpPaivel kot
ot0 *H NMR. Ta YeLd0-a&ovikd Kol Yevdo-tonuepvd mpmtovia Tov C2 mapovstdalovy Kot 6

VT TV TEpinTmon dapopd otn ynuikn petatdomon (0.51 ppm).

g omemmeeneenneeee 6 1.51 ppm
04/ H - 0 2.43 ppm

Extog and 10 duwdido 30, vmoPAndnkav o avaywyn He opdiyopo vatpiov kot ot
evooelg 52, 54 kot 55 (oy. 43). Avotuymg, Kapio omd Tig TPEIS EVOGELS dev umopet va avoryBel
Kot vo, doetl 1o 1 kato and 11§ id1eg ouvOnkec mov avdyetar Tocotikd To 30. O SYUECVLAIKOG
eotépoc 52 peleOnke Kol o€ wo évrovec cLVONKEG OALG Kol TAAL dev €xel dwaoel BeTiKO
anotéreopa (50 °C, reflux). ‘Etot n povadikny npddpoun évwon yia to 1 eivar to 30 mov éxet
po oAy pkpr| amddoon and tn oA 31 (20%) oe oxéon pe T Tpio GAAG TOPAY®YO TOV

EXOVV OPKETA KAADTEPES AMOOOGELC.
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20% ‘ T=rt f i [2+2]
e ——— _— > >
OH
1

1. T=rt
2. T=50°C :

85% 3. T= reflux : 43
- -----------------/---------:

90% ; ( T=rt

55
Zyiua 43. Avaywyn tov mapaydywy tov vopadauaviaviov ue oudiyouo Na/Hg.

!

A&iler va onuelmBel 61t yio ta Arydtepo mopopidikd HEAN g 1d1og opdAoYNS GEpdg A

[A (n=2) kar A (n= 3)], T0 aAKEVIO UIOPEL VO TPOKVYEL KOL UE OVOLY®YT TOV OVTIGTOLYOV

4 r 27 r r r —
duecVAKoD €0tépa.”’ Xty mepintwon Oume tov vopadouavteviov A (n= 1) kot tov 7o

mopopdtkod A (n= 0), o duecvAikog eotépag dev umopei va. avaydei. H mopatipnon ovt

pumopel va eEnynbel amd to AMOTEAEGUOTO LTOAOYIGTIKNG WEAETNG TOL OQOPE TIG TIUES

NAEKTPOUPYNTIKOTNTOG TOV TPITOTAY®OV POV Kot TIG EVEPYELEG O1A0TAONG TOV AVTIGTOLYMV

toug C-H (X= H) deoudv yia 6o ta péAN ™G opdAoyNG o1pdic A.

113

(CH)n

(CHy)n
Na/Hg
N \ n=0 X=1
n=1X=1 A
n=2 X=1, OMs
n=3 X=1, OMs

2uvoyilovtog To amOTEAEGLOTO TG VTOAOYIOTIKNG HEAETNG, TO UECLAIKO avidv givat

OpPKETEG TAEELG peYEBoLg KaALTEPY OmOoY®POLGH OpAde amd To 1wdidl Ko Bo MTav
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aVOUEVOUEVO 1 ovaymyn vo cvpPaivel gvkolotepa otnv mepintwon X= OMS, avii oty
nepintwon X= L. ITapd 10 yeyovdg avtod, n evépyela didotaons tov deopod C-O gaivetal 0Tt
ovoyetileton dueca pe TG evépyeteg ddotaong twv C-H deoudv (X= H), o1 onoieg pe faon ta
VIOAOYIOTIKG  dedopéva, ovéavoviar 6co 10 N pewdvetar (600 dmiadn ovédvetar 1
TUPOOTKOTNTO. TOV cvoTNUaTOC). TIpogavmg, Yoo N pkpdtepa amd 2 o deouodg C-O eivan
OPKETA 1OoYLPOG YL Vo avtéxel otnv avaywyn. To mo mhvo othépacp,a,m pmopet vo
emextafel Kol oV avtidpaoTn avaym®yng Tov SITOCLAIKOL £0TéPa 54 OT®G Kol Tov Beukon
eotépa 55, o1 omoiot £xovv dvo C-O deopovg OTmMC Kot 1 Eveon 52, Tov eV AVAYOVTOL UE
Baon kot T mepapatikd aroteAéopata. H avayoyn tov sumowiov yu tic n= 0 kot n= 1,
umopet vo amodobel otov achevéotepo C-1 deoud oe oyéon pe tov C-O mov 1oyvpomoteitan

660 avEAVEL 1 TVPASIKOTNTO.
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24  Beltiotomoinon tg ovvOesS TOV dumddiov 30

To yeyovdg 6TL kavéva GALO TOPAY®YO TOV VOPASOUOVTOVIOV EV OVAYETOL EKTOG Od
10 Juwdido 30, e GLVOLOCUO HE TNV TOAD WIKPY| amddoon NG wwdimong g 010Ang 31
(20%), evioyvoe v avéykn avaltnong daPopeTikav Tpdnwv Peitioong g cvvBeong tov
30. 'Etotl éywvav mpoomdbeleg 1wdimong mopaydywv g doAng 31 ta omoia £govv mOAD
KaAOTEPEG am0d0celg amd o dumdidto 30. Térown mapdymya gival o dipecvikdg eotépag 52
(85% amdooom) ko 0 Betkdc eotépag 55 (90% amdd00M) VDO 0 SITOCLAIKOS £0TEPAS 54 dev

vroPANOnke og Wdiwon AOY® ™S HKPOTEPNS AmdGOOGNS TOV (48%).92

Iivaxag 5. 2ovOeon duwdidiov 30 ard dyueovlixo eatépa S2.
Apeovlikog

A/A  eotépoc 52 At EqNal  T(CP t() °° AEZ’;?)?OG“
1¢ o.igs)s [bmin][BF,]/CH;CN 5 (KI) 100 1 -
2 0.155 [bmin][BF,] 5 (K1) 150 1 -
3" 0.155 [bmin][BF4]/ HsPO, 99% 10 (K1) 150 1 -
4P 0.050 PMIMI - 130 1 -
5 0.050 Tetrabutylammonium iodide - 160 1 -
6 0.050 CH3SO3H 70% 5 120 1 <5
7 0.050 HsPO, 99% 20 170 1 46
8 0.050 H3PO,4 99% 20 150 3 52
9 0.050 H3PO,4 99% 30 150 1 72
10 0.050 H3PO,4 99% 50 150 1 73
11 0.050 HsPO, 99% 100 150 1 75
12 0.050 HsPO, 99% 50 150 2 54
13 0.050 HsPO, 99% 20 (K1) 170 1 44
14 0.050 H3PO, 99% 20 (Csl) 170 1 40
15 0.080 H3PO,4 99% 100 150 6h 77
16 0.100 H3PO,4 99% 30 150 6h 75
17 0.100 H3PO,4 99% 30 100 1 35
18 0.100 HsPO, 99% 30 170 1 45

* [bmin]= [1-n-butyl-3-methylimidazolium. * PMIMI= 1-methyl-3-propylimidazolium iodide. ¥ An6doon axadapioTov
npoidvog (5 - 10% pukpdtepn amddoon petd amd ypopotoypagia). ° EEntepikn Beppokpasio ehotdlovtpov.

Apykd, €ywve mpoomddeia 1mdiwoNS Tov SUEGVAIKOD €0TEPA 52 KATM OO S1APOPES
ovvOnkeg (Iiv. 5). Aev mapatnpndnke avtidpoaon otV TEPITT®ON TOL ®G OLOAVTEG

114-119

ypnoonomdnkoy dideopa ovtikd vypa (ionic liquids) (ITiv. 5, ap. 1-5), axopa Kot 611G
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TEPUTTAOGELS TTOL YPNCLoTOMONKaV 10vTIKA vVYpd pe avtiotaduotikd v to I (ap. 4 ko 5). H
avtiopoon ap. 1 tov wivaka 5, divel mapo oAy kahd anotedéopata (~93%) oy 1wdimon
TPOTOTAYDOV UEGVAIKDV E0TEPMV KOl 6€ TOAD [KpO ypdvo ovtidpaonc (15 min) ue Paon ™
BlBkloypa(pia,lzo OUMC otV TEPImT®on Tov 52 dgv €0m0E KOVEVA OMOTEAECUM, OVTE OF
ueyaAvtepovg ypdvoug avtidpaong (t= 1 d). Otav ypnowonomdnke to pebavocovipovikd o
®¢ O1AvTNG (ap. 6), mapatpnOnkav povo tyvn dSuwddiov 30 (<5%), eved amopovdbnke kot

piKpt) mocotTa 610ANG 31 £KTOG Ao TO AVTIOP®V 52.

Anddoon (%)
Anéddoon (%)

AwoAUTNG

Anédoon (%)
Anoééoon (%)

Xpodvog (d) eq Nal

Anodoon (%)

T(°C)

Zynua 44. Hopayovieg mov ennpedlovy v 1wdiwon 10V SLecvAIKOD E0Tépa S2.
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To mokvo pwoeopikd 0&L (99%) gaivetor va glvar 0 KOAVTEPOS SHAVTNG Yo TNV
obvheomn tov 30 and 10 52, evd mapatnpnOnke otL pe ™ ypnomn mo apaov HzPO, (85%) ot
amodOGELg etval HKpOTEPES (avTioToyn TapaTpnon £yve Kot otnv 1wdiwon ¢ 010Ang 31,
nw. 4). ['a 10 Adyo awtd ypnoipomomdnke epmopik®g dtabéoipo 99% oteped pwsopikd 0&v
(mp 40 °C). Kémoteg avtidpdoelc mpaypotomom|dnkoy kétm omd adpavy atudcearpa Ar, to
OmOTEAECUO, OUMG MTOV TO 1010 HE TIG OVOYTEG AVTIOPACELS, HE TN OlPopd OTL OTIg
AVTIOPACELS TOV TPAYULOTOTOMONKOY KAT® amd adpavh OTLOCEOIPO TO Uiy TNG avTidpaong
dev €maipve €vtovo PP oAAd ehappac pol ypopa. To okobpo ypoduo ogeiletar otnv
o&etdwon tov I og I amd v mapovsio ToV ATHOGEALPIKOD 0EVYOVOVL, OUME N 0EEId®OT AV
dev emmpealel v avtidopaon Adym Tov ToAl®V toodvvauwv Nal tov ypnoomrolovvtal otnv
avTiopaon.

H ¢bon tov avtidpactnpiov wwdiwong (wivaxas 5 ap. 7, 13 ko 14) dev @aivetar va
emnpedler v avtidpaon, agov ta Nal, Kl kot Csl édmcav mapdpoleg amoddcels pe tig 101eg
ovvOnkeg avtidpaong (40-46%). And v GAAn to. mOAAG toodvvaua Nal gvvoodv tnv
anddoon g avtidpaong, pe Pértiomn mosotra ta 30 eq. H ypnon mepiocodtepv amd 30
1600VVao dgv emnPedlel OCNUAVTIKA TNV amddoon YU avTd amoeevyeTot Ady® Onpovpyiog
VIEPKOPOL LAV LOTOC.

H BeAtiotonoinon tov ypdvov 1wdiwong Tpayatorodnke e TaKTKN Oty LotoAnyio
Kot TopakorovOnon pe aépia ypopotoypagio (GC) kot fpébnke 6TL 0 duecvAIKOg eotépag 52
KatavaAdveTon o€ 4 mpeg oynpatifovtag dumdidro 30 aAld Kot pikpn TOGOTNTO LOVOI®mO15ion
49. Metd Vv mipodo akopa dvo wpov, Tapatnpiinke 4t oty avtidopacn vadpyer Ldvo
npoidév 30. 'Etor o BérTiotog ¥pdvog 1mdimong etvar 6 dpec, evd e LEYOADTEPOVG XPOVOVG
avTiOPOaoNG, 1 ATOS0CT) LELOVETAL.

O Bértioteg ovvOnkee wdimonc (HsPO4 99%, 30 eq Nal, 6 h, T= 150 °C) tov
OYECVAIKOD £6TEPA 52, EPOUPUOCTNKAY KOl Y1 TNV 1WIMOT] TOL KUKAIKOV Betkod eotépa 55.
Av kot o1 Beuxol eotépeg Bewpodvian apkeTd dpactikoi, N 1wdimon tov 55 edavnke va givon
TOAD 7o apy” omd TV 1wdimon Tov 52, anaitdvtog TePIecoTePES amd 4 HEPESC Y10, VO OMCEL
anddoon pkpotept and 15%. Avtiy n petopévn dpacTikOTNTO ATOSIOETOL KOl TNV JOUN TOV
55 o0 omnoiog g avtiBeon pe AAAOVS KLKAKOVS BeukoVs £6TEPEG TPOEPYETAL TUTIKE OO pLol dt-
tprrotayn 1,2-510An, Kot dev pmopei vo ddoel eninedo kapPfokoTiov AdY® TOV TEPLOPIGUAOV

KApYNG omd TV TPIKLKAKT SO TOV.
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85%

20%

HO _  OH
31

90%

MsO OMs
52

70 %

15%

—|O

1

— 527

31

95%
[2+2]

30
. 5s—|

I

43

2yqua 45. llpoondbeieg PeAtioromoinong tne amxodoons tov vopadouavreviov 1.

2UVvoAIKA atrédoon 57%

43 XuvoAikr) atrédoon 19%

>uvoAikA ammédoon 13%

210 oy. 45 mapovcsialovtal GLVOTTIKA Ot TpelS cuvOeTIKES LEBodOL Yo To duwdido 30

KaOADG KoL 1] GLVOAKT addoon oL AapPdvetal amd v doAn 31 péypt To vopadapavtévio 1

(amopdvwon tov pe T popon 43) axorlovbovtag v kabe mopeia Eeywpiotd. Eivar EexdBapo

OTL pe TV 11T TOL SYHEGVAIKOV £0TEPA 52 1) cuVOAKT amddoon TpmAactdleTot (amd 19%

og 57%) evd pe v wdimwon Tov 55 1 andooon peidveror (arnd 19% o 13%).

SOUTEPAGLATIKA, LLE TN XPNOT TOL SUEGLAKOD £6TEPA 52 G EVOLAUEGOV, 1| 0mddOoN

otV avtidpoaon wwdimong tputhactdletor. Avt 1 pébodog Ba pmopovoe va ypnoyomombet

OTNV OMOTEAECUOTIKN 1WOIWGN TPITOTAYDV AAKOOADY TOV AOY® TNG OOUNG TOVG OEV UITOPOVV

Vo 3GoVY VKON avTOpdoels vrokatdotaons Snl.
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2.5  Xovumlokomoinon tov vopadapavreviov 1

Me Bdon v mpotevopevn cuvletikn mopeia (kee. 2.1), to vopadapavtévio 1 pmopet
VO ATOTEAEGEL OOMIKT LOVAdQ GTN GUVOEST HEYOADTEP®Y TOAVKLKAIK®OV VOPOYOVOVOPAK®V.
Ady® ™ TUPAUISIKOTNTAG TOL OU®G 0ev UmOpel vo. amopovmbel ®¢ aAkéVio aAAd pe ™
popen tov [2+2] mpoidvtog dpepiopol (otnv mEPinT®OOoN TOv pEcH GTNV OvTidpaon Oev
VIAPYEL KATOW0 GALO avtidpactiplo). O diuepiopdc eivor po aotpomiaio. oviidpacn mov
akolovBel avtépato petd omd v avaywyn tov duwmdwiov 30. H ocvvolikn diepyacia
npaypoTonotleitar og ypovo <5 min Baon tov eréyyov pe GC ypopoatoypopio. Extdc omd ta
JEPN TOV TUPAUOIK®OV aAKeEVIwV, £xovv amopovmbel kot Tpoidvta [2+4] kukhompooHnkng
tove (Y10 mapdderypa ovtidpaon Diels-Alder pe to 1,3-diparvoroicopeviopovpvio),™ evid
évag SlopopeTIKOG TPOTMOg Tayidevong Tovg eivol He TN HOPOT GUUTAOK®OV HE UETOAAL
LLETOMTMONG.

Ye mpOTO 6TAd10, emyepnOnke 1 ocvumiokomoinon tov vopoadopavieviov 1 pe
avTIKoTaoToon tov abvieviov omd 1o abvievikd ocvumioko (CoH4)Pt(PPhs), pe Pdon
BiBAoypapucég pseéﬁovg.za H avtidpaon mpaypoatomomnke oy ypouun kevov, kdtm amd
adpaveic ovvOfkeg (Ar) kot 6Aa to avidpovta [duwdidio 30, (CaH4)Pt(PPhs),, apdiyapo
Na/Hg] a1 o draAvtng (THF) mov ypnoonomnkav eiyav Enpoviei kot amoepwbel mpv amd
mv avauén tovg. H avtidpaon mpaypotomombnke oe Oeppokpocio dopatiov pe 76%

anddoon o€ axabapto Aevko-kitpvo oteped poiov 1-Pt.

PPh
PtCly(PPhs), + C,H, _NaBHs_ [>Pt< 3
PPh,
56 57
PPh
i
Na/Hg PPh,
—_—
Pt
o SN
Phs?”  PPhy
30 1 1-Pt

Zynua 46. Xovhson tov 1-Pt ue avuixatdoraon tov aiBvleviov.

To aBvievikd ovumhoko 57 ocvvténke pe avayoyn g eumopkd dabéoiung

SYYA®PO-O1-TPLPAVOAOPMOOPIVO TAativag 56 pe Popodopidlo Tov varpiov, o OSdAvpo
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duyhwpouedaviov/obavoine (1:1). Méoa oto didhlvpua doyetevdtay atbvrévio yio 30 min yia
va ineBei Aevkod oteped 57 oe 90% omddoon. 1%

Ta @oopatockomikd dedopéva (‘“H NMR kot *P NMR) tov 57 kot tov 1-Pt
ovykpidnkav pe to PAoYpapikd kot Bpédnke va cupewvovy. Xtov mivaka 6 Tapovctdlovtal
Ol OYETIKEC YMUIKEC petotomioelg kot ot ovlevéels Jpip (HZ) ota @dopata P NMR toov
evooenv 57 kot 1-Pt 6nwg petpndnkav melpopatikd, eve avoeépovtat Kot ot BtAoypagikés
Tiwés. X Pproypapio, o¢ onueio avaeopdg yio ™ Pabuovounon Aaupdvetor to 85%

ewopopikd o&v (0 ppm).

Hivaxac 6. *'P NMR twv evdoewv 57 ko 1-Pt

J (ppm) Jpep (H2)
"Evoon
Iewpapotikd  Bifhoypagico | Iepopaticd  Biproypapucd
38.1 34.0 3739 3736
57
Aexp-bioi= 4.1 Aexp-bin= -2
34.6 30.5 2957 2959
1-Pt
Aexp-bioi= 4.1 Aexp-bin= -2

*0O dardng Tov ypnoomomnke yio Tnv Ay Tov gacpdtov NMR ftav to CgDg.

Onwg eaivetor otov mwiv. 6, N SQopd TG TEWPOUATIKNAG YNUIKNG UETATOMIONG TNG
évoong 57 etvor 6om ko 1 dteopd yia v éveor 1-Pt. Avt n dtapopd mapatnpnOnke yoti
Kotd ™ Ayn tov eacudtov NMR dev £yive yprion eowtepikod npdtumov (H3PO4 85%) yia
BaBuovounon, dedopévng g peydang evousOnoiag tov 1-Pt. Xpnoorombnke oe kdmoieg
TEPUTTAOGELS EGOTEPIKO TPOTVTO GE TPLYOEIDEG KAEIGTO COANVAKL TOV TomofeTnONnKe péca 610
coinvakt NMR, oOupwmg dvokdieve 1 dSwdwkacio TG opoyevomoinong kot tn ANym
ELOLIKPLTOV PUCUATOV, VD KATOEG GALES POpEG LeTpriOnKe LOVO TO PwSPoptKd 0&D 85% ce
CsDs. H xopven} tov H3PO4 ywpig va yiver Babpovounon, dev epgaviCetor 6to pundév oAid
mePimov ota 4 Ppm oom eivar ko 1 S1apopd TV BPMOYPAPIK®OV 0O TIC TEIPAUATIKEG TILES.

Ioyvpn évoeldn yid 10 GYNUOTIGUO TOV GLUUTAOK®V €lval 1 YOPOKTNPIGTIKY KOPLON
Tov gueaviletal ota EAGHOTO p NMR LE TOVG dVO OPLPOPOLS TNG OV OPEIAOVTOL GTO
166tomo tov P, N andotaon TV onoimv divel T ovlevén peta&d Pt-P tov cuumidkov.

Onwc gaiveton amd tov miv. 6, o1 yopakTNPloTikés ovlevéels Ppiockovior 6 cuuemvior Le

avtéc g Pproypagpiog. 21

’ , 31 , ,
10 oy. 47 eaivovtar ta eacpato P NMR mov avtictotyodv 610 cvumrioko 57 kot

oto 1-Pt. Axdépo kot petd amd mapodo 36 h avtidpaong, ywo ) odvBeon tov 1-Pt, eivan
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ELOLAKPITEG O1 KOPLPES TOV aVTIOP®VTOC 57 oto Pdopa B. 1o pdoua A ektdg amd TIC TPELS
KOPLPEG TTOL OVTIGTOLYOVV GTO 57, l@avi(eTor oKOMO Lo LKPY KOPLPN 1) omoio opeileTan

(1e Béiomn o J kar o J ) 6to Pt(PPh3)2(02).

53,481
38.094
22.7D6
20.8D4

() (CoH,4)Pt(PPhj),

28.599
22.514

PPh
DPt( 2
Z&i PPh,
Pt
1 PhsP” PPhs
1-Pt

O 1-Pt
Q Q POPh;
Q 57

| @ 0

:
e J ‘\’ M 5
fvwn«uxn~m,4jﬁrmmf\kw.w"WW WWMWW»vf'ﬂ"{ww\«“f»wuﬁw\‘lwwnwww%wMMWWW«}W

30 1 400 120 Hi-30 . | 4b ppm

Zyiina 47. 4) *'P NMR o0 (CoH,)Pt(PPhs),. B) P NMR o0 1-Pt uali ue avudpciv 57 kau
POPh; petd 1o tédog ¢ avtiopaong.

89



> ovvéyela, &ywve mpoomadela yio anevBeiog avaywyn Kol GUUTAOKOTOINGT, YWOPIg
™ ¥pNon Tov avievikov cvumidkov 57 (oy. 48). H avtidpaon avt) mpaypatorombnke oe
SGPopeg avoroYieg AVTIOPOVIMV KOl GE SPOPETIKODS ypdvovg avtidpaong (miv. 7), ue
KaAOTEPN omodoon oty mepimtwon ypnone, 1,1 eq (PPhs).PtCl; yio 1 h. H avtidpoon
TPAYULATOTOMONKE KAT® amd adpaveis cuvONKeg o€ Yo KEVoD. Xe auTn TNV TEPITTOON,
uetaeépnke mpmta 1o (PPhs3),PtCl, 6t @1dn mov eiye tomobetnOei to apdryapo Na/Hg kot
OTN GLVEYELN LETA Ao avadevon yio 15 min, tpootédnke kot to duwdidto 30. H cepd pe v
omoia. €xel yivel M TPOCGONKN TOV OAVIWOPOVIOV GTO OUAAYOUW, POCIGTNKE GE TEPALTO
EAEYYOV OV TPOYUOTOTOONKAV Y10 TOV TPOGOOPIoUO TOV ¥pdvov avaymyng tov 30 kot tov
(PPh3)2PtCl,. "Etot éyve mpdto 1 TpocOfkn Kat ovory®yn Tov HETEAMKOD avTidpacTnpiov, yio

va amoeevydel n petatponn tov 30 og 43 1) omoia TPOYUATOTOIEITOL TTOAD TTLO GOVTOLLA.

M(PPh;),Cl,
Na/Hg, THF, Ar, RT

e
>

[ M\
[
L/ L
30 1-M

2ynua 48. Arcvbeiac ovvleon tov 1-M.

H oamevbeiog ocvumioxkomoinon eivar pioe péBodog mov  UEDVEL TNV GLVOMKN
TEPOALOTIKY TOpEin KOTA £va 6TAO10 eV €MioNG 0 GVVOMKOS YpOvog TG avtidpaong (1 h kan
15 min) eivol apketd PikpOTEPOG OO TO YPOVO OV OTOUTEITAL Yo TV AVTIOPACT) HEGH TOV
57. O kaBapiopdg kat n avakpvotdrimon tov 1-Pt ntav pa dwdikacio mov Enpene va yivet
o€ adpaveig cuvONKeg Kat £TGL OV NTAV SLVATOG O TPOTIOPICUOG TNG AKPPOVS amddoong TG
avtiopaons. Evrovtoig, pe Bdon ta pdouata 31p NMR kot *H NMR, @AavNKe OTL 01 KAAVTEPES
ouvOnKeg avtiopaong tvar owtég pe ap. 3 Tov miv. 7. 10 'p NMR 1 KOPLPY| TOV GLUTAGKOV
Ntav peyadvutepn amd 0Tt 6T GAAeS TePTOGELS (Le ypnom TS id1ag TocdTnTog d1aAvTn CeDg
otV 10w KMpakoa avtidopaons) Kot 6to edouo 'H NMR, ot KOPLPEC TOV OVTIGTOLYOVV GTO
OUUTAOKO MTOV UEYOAVTEPEG GE £VTOOTN OE OYECN UE TIS KOPLPEG MOV OVTIGTOLOVV GTO
dwepéc 43.

Me moapdpolo tpémo, emyelpfnke kot 1 avtidpaocr TOL VOPASHUOVTEVIOL LE TO

125-131

SYA®PLOVY0-O1-TPLPOVVAOPOGPIVO  VIKEAO. H amevbeioc avtidopaon oty mepintwon

tov (PPh3),NiCl, avapevotav vo dievkolvve v obvbeon tov 1-Ni, kabdc to aibvievikod
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’ ’ 3 , I ’ ’ ’ 132,1
GUUTAOKO TOL VIKEAIOV €ival TOAD o aoTaBEG amd TO AVTIOTOUYO0 TOL AEVKOYPVLGOV. 2183 o1

oLVONKEG aVTIOPOONG TOV SOKIHLACTNKAY NTAV Ol 101eg e TIG cvvOnkeg cvuvBeong tov 1-Pt,
Oumg oe kapio mepimtwon dev mopatnpnOnKe KATOW KOPLON 7OV VA OVIIGTOWEL GTO
emBLUNTO GLUTAOKO TOV ViIKEAIOVL. O1 dVO KOPLEEG TOV EUPAVICOVTOV GE OAL TO PAGLOTO p

NMR ftav Kopveég mov avTIoTor0VGUV GTNV TPLPULVLAOPOGPIVI Kol GTO POSPIVOEEId10

™me.

Ilivakag 7. AmevOeiog avoywyn kai oourioxoroinon 1-M

A/A* Ioodbvapo Aviidpodvimv (eq) [poidvta
1 05 (PPhy),PtCl, 1 Auwdidio 1-Pt POPh;, Pt(Ph3)s, Pt(Phs),0;
2 1 (PPhs),PtCl, 1 Auwdido 1-Pt POPhs, Pt(Ph3)s, Pt(Ph3),0,
3’ 1,1 (PPhs),PtCl, 1 Auwdidio 1-Pt POPh;, Pt(Ph3)s, Pt(Phs);0;
4 2 (PPh3),PtCl, 1 Auwdidio 1-Pt POPhs, Pt(Ph3)s, Pt(Ph3),0,
5 0,5 (PPhs),NiCl, 1 Auwdidio POPh, PPh;
6 1 (PPhy);NiCl, 1 Auwdidio POPhs PPh;
7 1L1(PPhg)NIiCl, 1 Auwdido POPh, PPh;
8 2 (PPh),NiCl, 1 Auwdidio POPh; PPh;

0 ypovog 6Aev oV avuidpaceny yrav 1 h. Ot idieg cuvbiikeg spappdotnkay Kot og t= 1
d, £8woav opag pkpdTepeg omodooelg. P H kakitepn anddoon oe 1-Pt pe Bion ta paopato
'P NMR 'H NMR.

21 ovvéyeln Tapovctdlovial To PACHATO P NMR tov anevfeiog avIdPAGEDY TOV
vopadapavteviov 1 pe ta (PPh3),PtCl; kot (PPh3),NiCl; avtictoyya (o). 49 kot 50). Zto oy. 49
Tapovctdlovtal V0 PACHOTO 1P NMR tov 8100 delypotog 1o omoio petpnOnke apécmg pHetd
mv avtidpaon tov 1 pe to (PPhs),PtCl, ko po pépa petd. Exeivo mov pmopei vo gavel
EexdBapa (oe odAvpa CgDes, oe avtiBeon pe 1 otepen katdotoon Omov 1o 1-Pt givon
otafepd Yo apkeTohC UNAveG) €lvar OTL 1 KOPLON TOL avtioTolel oto ocvumioko 1-Pt
HELOVETOL [LE TNV TAPOOO TOV ¥POVOL, TO 0EEIGI0 NG TPIPAVVAOPOGPIVIG OWEAVETOL EVED TO
Pt(PPhs); dwomdron** " 1o edopa eppaviCeron akdpa o kopven n omoio pe Phon
Bproypapia®’*® (6= 16,4 ppm war J= 4059 Hz) avuotorei oto Pt(PPhs)x(0,) ko
TOPOUEVEL GYEDOV AUETAPANTN HETA 0md Thpodo piag puépag. Extog and ) ovlevén mov eivan
opota, etvar opotla Kol n yNUKN petatomion av dtopbwbel to pdoua pe v agaipeon 4 ppm

amd TIC KOPLPES TOV. AT 1| S10popa 1oYvEL Kat otny Ttepintmon tov Pt(PPh3)s tov omoiov 1
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BipAoypaikn ynuikn petatomion givor 49.9 ppm onwg kot otnyv Kopven tov 1-Pt mov eivan
30.5 ppm (Babpovounon pe Paon to HzPO4 85%). To POPh; avayvepiotnke pe gppfoioocud
Tov dgiypatog pe mpdtvmo detypo POPhs. H xopuen mov aviietoyel o€ avtd peydimoes Kot

dev TapotnpnONKe ELPAVION KATOLIG VENS KOPLPTG.

: S S o Q 1-Pt
e ;i.' ‘ ¢ ' o POPh3
| Q@ Pt(PPhs)s
Q Pt(PPh3);(O5)

?i! R

' one day later

\ ||l
] Nkl s hio bt | L ATV ANTE P N Yy p roddie 1 ;
'}-1‘.4”.!;;"“]..,"!‘._ It abf«;f' -'.""Lﬂf,‘lf‘ﬂ ’ll""’?-'s‘l‘.'»!'"| "".t"[ ¥ li‘ 'I‘,‘.ﬁ"‘j,'w"“' M'",' "IHF." N,‘J.l., . .-iij-“‘r]"'.‘\‘.'l"'.l

il L

A

| first spectrum

60 50 40 30 20 10 0 -10

A) ¥P NMR apéong petd mv avtidpaon B) 3P NMR petd and o pépa péoa
oto coinva NMR copayiopévo oe adpaveic cuvinkeg (Ar)
2ynua 49. Melétn s arobepotntos tov ovurioxov 1-Pt.

210 o). 50 mapovcidletan éva amd ta eAcpaTo IOV ANEONKAY GE OAES TIG AVTIOPACELS
anmevbeiag cvpmlokomoinong tov vopadapovieviov 1 pe to Ni(PPhs),. To ¢edopo ovtd
Aopfavetal oe GAoVG TOVG XPOVOLS avtidpaong mov dokudotnkay (1 h, 6 h, 1 d) kot oe dheg
TG ovoroyleg oviwpoviov mov moapovotdlovior otov miv. 7. Ot dvo KOpLPEG TOV
napovolaloviar avtiotoyobv oto. POPhs kot PPhs kabmg petd amd ékbeon tov deiyuartog

otov atpooeotpikd agpo (bubbling air) dev mapatnpnOnke kamowo amd TIG dGVO KOPLEEG Vo
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Tapovotdlel evactncio 6to 0EVYOVO TIG ATUOGEAPOS OTT®MG B YTV OVOUEVOUEVO YO TO.
cvumAoka Tov vikedov. Emiong mpdtuma deiypata amd 115 600 ovsieg Exovv TavtomonOel pe
31 I r r ’ Yy ’

P NMR aveédptnto, ahdd kot pe epfoilocud og delypo tv mpoidviov g aviidpaong

OTOL eV maPATNPNONKE N ELEAVIOT] KATOL0G VEAS KOPLPNC.

Phs?”  “PPh,
1-Ni

v @

‘ PPh;

POPh; | /
\ |

50 40 30 20 10 0 10 2( 30 -40 pm

Zyiiua 50. %P NMR petd to él.0¢ e aviidpaonc oovOeonc tov 1-Ni.

To 0&uydvo mov KatasTpEéPet To POV, TOUVO Vo EIGEPYETOL LEGO GTO GVCTNLO KOTA
NV HETAPOPA TOV Oetypatog péoa 6to coinviakt NMR mpwv and v avdivon. To coinvixt
ocQpoyioTnKe KOTAAANAO KOl amOEPOONKE, EVO 1 HETAPOPA TPOYHOTOTOMONKE HE KAVOLAQ
HEC® QLAANG CLVOESEUEVG OTNV Ypapun kevod Kot pe v PonBewa pevpatog apyov. O
daAvtng mov ypnotporombnke (CeDg) MoV GvudpOg KOl AmAUEP®UEVOS EVD UETOQEPONKE
pésa otV AN ToL detypotoc pe eEdTion S1apEGOV TOL KAEIGTOD GUOTHUATOG TG YPOUUUNG
Kevoy. Mikpn mosotnta oSvyovov umopel emiong va Pprokdtav eyKA®PBIoHEVN HEGO GTOVG
TOPOLG TNG YNG OLOTOUWMV TOL XPNGILOTOMONKE Y10 TNV TOUAKPVVGOT] TOV OUOAYAUATOS HETH
10 TEAOG TNG avTidpaons (TapodAo mov ekmAVONKE pe apyd Kol amaep®ONKe TPES POPEG TPV
™ ¥pNon Tov kot 1 OAn Swdikacior Tpaypotomomdnke KAT® amd adpaveic cLVONKEC).
Avaroyn empodAvvon pe o&uydvo moapotnpninke Kot otic avtidpdoelg ovvheong tov 1-Pt pe
mv dmopén €ddv omwg eivar to POPhg kot 1o Pt(Ph3)2(02). Toapoia avtd pikpég d1oppoic
UTOPOVV VO EXNPEAGOVV G€ TOAD peYaAvTEPO Pabd To vikelkd €101 TG avTidpaong mopd o

TAOTIVIKG IOV elval oYeTIKd o otabepd.
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Mia de0tepn TOPAUETPOC OV fow¢ va oamotpémel T ovvOeon tov 1-Ni eivor 1
KOTOAVTIKY]  OpACT] TOV VIKEAMIKOV ovTWOpooTNpiov o€  OVIWOPAGELS TOAVUEPIGLOV.

139-142

Bihoypapucég myég avaeépovv T xpnon ovidpactnpiov tov Ni(ll) oe aviidpdoelg

TOAVUEPIGHOV TOV oubBvAeviov Kot GAA®V aAkeviov. XopaKTnploTikd mopdoetlypo eival o

TOAVUEPIGUOG TOV  VopPRopvuAeviov (GX.SI)MZ

0 Omol0g TpaypoTomoleital ypnyopa G€
Oepurokpacio dopatiov. To yeyovog avtd ce GUVOILAGUO pe TN Un aviyvevon duepots 43 1
KAmo1ov GALov 0pyavikoh mpoidvtog 6to tehkd piypo e avtidpaong pe to NiCly(PPhs), (ne
Baon kot to 'H ko BC NMR) evioydel v dmoyn OTL 1 avtidpacn o0dnyesitol Tpog T

ONUOLPYIN TOAVUEPTKADV EWOMV.

i Ni(ll)-complex, MAO
Dichloromethane,

0-40°C, 15 min n

2ynpua 51. IHolvuepiouog tov vopfopveviov ue ypHon opyoavovikeAKmY KaToADTOV.
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2.6  Xovoym kegaraiov 2

210 KeP. 2 TapovctdleTar OAOKANPT N TEWPAUATIKY TOopeiar cuVBeoN g Kot Taryidevong
oV vopadapavieviov 1 pue ™ popen tov depovg 43 ko tov cvumidkov 1-Pt. To 1-Pt
ovvténke pe PiprAoypapikés peboddovg, eved mopdAinio cuviédnke kol pHE o vEo O
ocvvtoun HEBodo mov omortel €vo Aydtepo otddo. Ot ideg ovvOnkeg avtidpaong
epapudéoTKay Ko otnv mpoonddeio. cOvheong tov 1-Ni dpwg to 1-Ni dev amopovmOnke.
Amouovobnkav pévo mpoiovto Sidomaong kot ofeidwong tov (PPh3):NiCl, Aoyom g
HEYOADTEPNG €VOCONGIOG TOV VIKEMK®OV €0MOV G GYECT WE TO TANTIVIKE, OAAG Kol TNG
KOTOAVTIKNG TOVG OPACTG G QVTIOPAGELS TOAVUEPIGLOV.

Tavtdypova, mpaypatomombnkay dSdeopec PEATIGTOTOMGES G KAMOO GTASIO TNG
TEPALATIKNG TOPEIOS TOV TAPOVGIUCTNKAY HKPES ATOdOGELS (OT™G elval TO 6TAd0 1wdimong
g OtoAng 31), pe v 6vvheon vEmv vopadapavIoviKov tapaydyov (oy. 52). H emioyn tov
TOPAYDYOV 7OV GLVIEOMKAY £yve HE KPUNPLO Ol LITOKATOCTOTES VO OTOTEAOLV KOAEG
ATOYMPOVGES OUAGES Y10 VO LITOpovV va VToANO0VV o€ 1wdimon (Syl). Me v 1wdimon tov
OECVAIKOD €0TéPA. 52 M GLVOAKT amOO0GN NG 1WAIMONG TPUTAAGIAGTNKE Kol 0 XPOVOG
pewwdnke and 4 pépec oe 11 dpeg. Avto elye cov amotérecpo v adENCN TNG GLVOAKNG
amodoong Tov vopadopavieviov 1 (ne ™ popon 43) and 10% oe 29% (oy. 52 A). H mpocOkn
0TI UTOPEL VO EPOPUOCTEL KO 0€ BAAES TPITOTAYEIS AAKOOAES TTOV TOPOLGLALOVY dVGKOALN

oTNV 10dimo™n Toug AOY® NG dOUNG TOVC.
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O O O MeOOC
Ox ~0 + 2 w 4>60% MeOOC CCC())C())'\I/\I/Iee _100%
MeO OMe  NaOH, RT 7\
41 34 ' HCI, CH;COOH
OH OH reflux
HCI 33
MeO OMe
OMe OMe
35 15% JN 90%
Nal (30 eq), >s{ H,SO, 95%,
H3PO, 99%, o "o reflux
140°C 55
ﬁ 95% 20% 85%
Na/Hg, Nal, HyPO, 99% Zn/H
, F3FOy o, g,
THF, RT | [ 150 °C, t= 4d HO OH HCL,MeOH o0 O
1 30 31 reflux 32
[v) 0,
2UVOAIKN a1rodoon: |L &
10% (atreuBeiag) Nal (30 eq), MsCl, Py TsCl, Py o,| SOCI;,
29% (uéow TOU 52) HsPO, 99%, MsO OMs reflux i reflux 100% reflux
140°C 52
_________ ///_ s ( ;
|(PPh3)2PtCI2 i (PPh3),NiCly TsO OTs o. o
: 54 N
' g
/ S 50
Pt Ni
PhsP PPhs PhsP” PPhg
43 1-Pt 1-Ni
X
'H NMR (6 ppm) H1
évaon Ho
H1 H2 H3x H3¢q H3,,
30 1.63 191 2.45 2.76 H3
eq
31 1.44 2.28 1.88 1.88 L L,
32 2.16 2.81 2.32 2.54 30: Ly=Lo=1
31: L1= L2= OH
43 1.51 2.43 1.42 1.93 32:L4=L,=0
43: L1’2= C9H12
52 1.51 2.50 2.26 2.50 52: L= L,= OMs
54: L1y2= 804
54 1.44 2.38 2.18 2.33 55 = L,= OTs
55 1.55 2.65 2.19 2.32

Zynua 52. A) Sovortikh aynuatiki avamapdotacy tov kepadaiov 2. B) Xnquiéc uetarorioeic 'H NMR

VOPOOGUOVTAVIKDV TTOPAYDYDV.
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3.1 Ewaymyn

270 KEQAAOLO 2 TAPOLGLAGTIKE OAGKAN PN 1 GLVOETIKY TOpEl KOt 01 TPOSTADELES TTOL
gywav yioo v obvBeon tov 1-Ni 10 omoio oavapevotav vo ypnoipomomndei Aoym Tng
dpaoTIKOTNTAS TOL 6TV 6VVOEST LEYAADTEP®Y TOAVKVKAIK®V evOoE®V (KETOVN 23). AQoD N
obvOeomn tov 1-Ni dev enetevydn, yeyovog mov Oa pmopovoe pe o avtidpacn (pe CO) va
dwoel v embount ketovn 23, evoAAaKTIKG dlepevviinke por devtepn cuvleTikn Topeia

HEG® TOL Sipepoic 43 (oy. 53). 144

Na/H ML,CI
Yfi>—»a 9 k%>] 2> @ : 1-Pt
M= Pt, Ni .
I g | 1 | M 5
30

[2+21\ -M / .................. 1N

s
@I

co

44
:CCl, (1 eq)l

0
cl_Cl 0
H,0, MeOH
NaOH
58 59 23

Zynua 53. Evoilaxtixny ovvletikn mopeio, yio v ketovy 23.

Me Béon m «Bewpio Tpopctonikdv Tpoyiakdvy (Frontier Orbital Theory),™® ywo va
npoypatoromfel o tavtdypovn aviidpoon kvkilompocsOnkng mpénet to HOMO tpoyiokd
TOV TPAOTOL OVTOP®VTOG Vo, aArniemdpdoel pe 1o LUMO tov dedtepov éxovtag v 0w
ovppetpio. Avtd cvppaiver yia tapdderypo otig [4+2] avtidpdoelg odkeviov pe dévia (oy. 54
A). AvtiBeto otig [2+2] avTidpdoelg aAKeVIOV amotteitol QOTOYNUIKY O1€yepon Yy va

petapepbel Eva niektpovio tov evog aikeviov and 1o HOMO oto LUMO tpoylokd, mov
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petoatpénetar o HOMO* ko éxet v 101 ovppetpio pe 1o LUMO gvdg dAlov aikeviov
(nAextpovideiro) mov gival oty Pacikn Katdotaon (o). 54 B).

H avayoyn tov dumdidiov 30, pe apdiyopo Na/Hg kdto amd adpaveic cuvinkec, divel
10 Owepég 43 (mpoidv [2+2] dwepiopod Tov 1).30 H avtidpaon ooty mpayuoatomoteital
avBopuNTa, YOPIg TN ¥PNON LLEPLOAOVS aKTIVOPOAlNG o€ Beppokpacia dwpatiov (aAAE Kol o€
ToAD yapunAotepn Oeppokpacia, -78 °C)? kat 1o 43 AapPaveTal TOGOTIKG GE TOAD HKpd
xPOVo avtidopoaong. Aeov mn tavtoyxpovn Oepuikn [2+2] avtidpacn kvkAompocOnikng givan
amayopevuévn Paoel e Bewpiog Kot OV TPAYUATOTOEITOL PMTOIEYEPSN TOL AVTIOPDOVTOG, M

avtiopaon givor emTpent LOVo oTadlaKA LES® eAevBEépwV prlav (o). 54 T).

A) Avridpaon digviou ye aAkévio [4+2

I+ = — ()

O¢epUIKA ETTPETITA YETATPOTTH [4n+2]

Alévio AAKévio

B) Avridpaon Sigepiouol aAkeviou [2+2]

= + = — []

O¢ppikd aTrayopeupévn HETATPOTTN [4n]
DWTOXNMIKG ETTITPETTTH

AAkévio A AAkévio B Ainyeppévo alkévio

) Avridpaon Siyepiouoy Tou vopadauavreviou 1 [2+2] oTtadiaknh yéow pidwv

LV —d <

EmtpemtA oTadiakr avtidpaon péow pifwv

Zynua 54. ETitpentéc kot omoyopsvusves avilopaoels KOKAOTOINoNG ue faon ) «Gewpio mpoueTwmiKmy

poyioxcovy (Frontier Orbital Theory).
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3.2 Oeppikn] O1GvVOIEN TETPURELOVS HOKTVAIOV

3.2.1 Nonpa wopgpeioons tov A (n=0)

H petatponn tov depovg 43 oto diévio 44 eivon 10 mpdTO Prjpa pe Pdon v
TPOTEWOUEVT TTEWPANATIKN Topeia Tov oy. 53. Ztn PPproypaeia, 1 avtictoyn oouepeimon
Yoo T0 o TUPadIKd pEAOG TG 010G opdloyng oEpdc mupadikdv aikeviov A (n= 0)
Tpaypatonoleital avbopunto. Zuykekpipéva, 1 avaywyn tov 2 ue Na oe dtoEdvio atovg 100
°C Stver novo 1o d1évio 4 (80% amddoomn). To Swuepéc 3 hapPaveror Lovo og puéylotn overoyio
4:1 (3:4 avtiotoyo) petd omd eoToyNUIKn avtidpacn tov 4 oe kvkAoeEavio. To 3 eival
aotaféc oe Oepuokpacio dopatiov kol petotpénetar oe pepkéc wpeg (18-20 h) Eava oto
Siévio 4.

To avtictoryo dpeBviiopévo dumdidro 60 odivel amevbeiag to diévio 63 pe Tig 1d1eg
ouvOnkeg avtidopaons. Otav opmc 1 avtidopaon mpaypatomoteitar o Beprokpacio dmpatiov
oe THF pe opdiyoapo Na-K n avtidpoaon otapoatd oto dwepéc 62, to omoio pmopel vo
doutnpnei oe Oeppokpacio -30 °C yio pueydrho ypovikd didotnua. e StAvpa YA®POEopuiov
Kot o€ Ogppokpocio dopatiov 10 62 petorpénetor oto 63 (50% petarponn og 50 h) evd og
Oeppokpacio 50 °C 1o 810 moc0oTd petotpomig cvpPaivel oe 2 h. e Sro&dvio otovg 100 °C
TOPOTNPEITOL TANPNG LETATPOTY UETE A0 TPELG MPES avTidpaons. Avdioya pe to 4, av 10 63
vroPAnfel oe potoyMukn avtidpacn oe kKvkAoeEavio, AapPdvetal TOGOTIKA g VTN TNV
nepintmon 1o 62.% Baoel avtdv 1oV Se30EVOV, QAIVETAL TOC KAl OTIG S0 TEPITTOCELS TOV 3
Kot ToV 62 0 KUKAOBOVTOVIKOS SUKTUALOG TPOGOIdEL LEYAAN TAON GTO TOAVKVKAIKO chGTN A
Kol €T61 TPOTIdtal 1 avoryty doun tov oeviov 4 kar 63. To dyedvlwpévo dpepég 62
napovctalel peyaddtepn otabepdmra and to 3 T0 0moio dev amopovabnke moté oe Kabapn

LopON aALG cav piypo Tov meplelye ko 4.

R R
| — — R
-
e —_—
R R © R R

| [
2,R=H A, (n=0), R=H 3,R=H 4, R=H
60, R= CHjy 61, R= CH, 62, R= CHj, 63, R= CHj,

2ynipa 55. Avtidpaon d1avoilng tetpouclois doxToAiov Tov Sugpovs 3 TOL IO TVPOUIOIKOD UEAODS THG

ouoloyne aerpag A kar Tov diuedviiwuévov mopaymyov tov 62.
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3.2.2 Meiétn g Ogpporvong Tov ouepovg 43

Yy mepintoon tov de0TEPOL PEAOVG NG opodroyng oepdg A (N=1), n dévoiEn tov
KUKAOBOLTAVIKOD dOKTLUAIOV Oyl HOVO OV TTpayotomoteitol awBopunto oAl to duepéc 43
elval apkeTd oTobepd MGTE VO, AMOLOVOVETAL KOl VO, AVTEYEL KOl 6€ TOAD YNnAEG Bepokpacieg
(350 °C).

Apywcd, pe Baon ta 6ca fTav yvootd yio ta 3 kot 62, £ytvav mpoonddeieg diavolEng
tov daxtoMov Oepuikd. Te oavoytéc ovtdpdosig kar Ogppokpocisc >60 °C, Adym Tng
TINTIKOTNTAG TOV, TO 43 O10pevyel amd TN QLAAN TG aVTIOPOoNC Kol KPUGTAAADVETOL GTOV
yoktpo (miv. 8 ap. 1-4). Xvykekpéva, oe ypdvo avtidpacng 15 min oe THF (refluxing),
Eextvov va gpeoavifovtatl otov Wyoktpa KpHotaidot Tov 43 ympic va mapatnpeitol ELEAVION
KAmo1ov TPoidvToc. Xe ypoOvo ovTidpaons 2 MUep®V OAN M TOGOTNTA TOL avTWpOVTog 43

Bpicketon kpuoTaAA®UEVT 6TOV YuKThHpa (TTiv. 8 ap. 4).

IHivaras 8. Ocpuolvon tov diuepoivg 43 e ypnon o1adiy.

Ayepéc
Awvg (bp °C) Tovonkeg (T)* Xpovog (1)  Amotéleoua

43 (mg)
1 100 THF (67) Oil bath (reflux) 1h b
2 20 p-xylene (138) Oil bath (reflux) 5h P
3 100 Ethylene glycol (197) Metal bath (reflux) 1d p
4 100 Ethylene glycol (197) Metal bath (reflux) 2d p
5 30 Ethylene glycol (197)  Metal bath (reflux), sealed tube 2h p
6 30 Ethylene glycol (197)  Metal bath (230 °C), sealed tube 1d ¥
7 30 THF (67) Metal bath (200 °C), sealed tube 1h ¥
8 30 THF (67) Metal bath (200 °C), sealed tube 1d ¥
9 30 ethanol (78) Microwave (150 °C) 10 min p
10 30 THF (67) Microwave (100 °C) 10 min p
11 30 ethanol (78) Microwave (110 °C) 1h p

*EEwtepikh Beppokpacio Aovtpov. P Agv mapatnpeitar kapio petapors. ¥ To ypopatoypdenua 1ov GC mapovotalst

KOPLQEG OTNV TEPLOYN TOL SAVTN TOV 0PEIAOVTAL OE AVTIOPAGELG TOV HLOAHT.

"o 0 Ady0 awTd dokiudoTnKay avIOPAceElg o KAEIGTOVG avTidpaotipeg (Tiv. 8 ap. 5-
8), ot omoiec ko mAAL Oev €dwoav KAmolo Oetikd amotéAeopa. To Ouepéc mpoTd va
amodpAcEL omd TO OAVTN KOl VO KPLOTOAA®OEL GTO TOYYMUATO TOV OVTIOPACTIPO TOL OEV
EpYovTol 6€ EMAPN UE TO HETOAMKO AovTpd (Wood’s metal bath) pésa oto omoio Beppovotav

0 aVTIOPACTNPOG. XTIG TEPUITAOCELS OV dokipudotnKav Oeppokpacieg peyaidtepeg and 10
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onueio Céoemg tov doAvtn (miv. 8 ap. 6-8), mopatnpidnke 0 oYNUOTIOUOS TPOIOVI®MY TOL
opeilovtal o€ avTIOPAcEL TOL SHADTN, OH®G TO dpepég 43 Tapéueve apetdfinto.

AxoloVBwg, delypa omd T0o Oepég tomobetnOnke péco o AvTIOpPACTHPO
wikpokvpdtov (CEM® microwave reactor). IlpaypotomomOnkay d1dpopec avtidpdoels oe
SUPOPETIKOVS YPOVOLG Kat Beppokpacies, OGS Kapia oev €0woe Kamolo tpoidv (miv. 8 ap. 8-
10). To 43 @aivetar g dev emmpedletal obTe Amd TNV OKTIVOBOAID LUKPOKLUATOV OTIG
oLVONKeEG TOV pedeThONKOY.

Aapupavoviag vroéyn TNV GLUTEPLPOPE TOV SoPOP®Y OOAVTOV G GLVONKEG
Oepuodrvong, Omwg kot TNV avlektikoTnta, Tov 43 ot SAPOPEC AVIWOPAGEIS TOV
JOKIHACTNKAY, OTOPAGIGTNKE 1] TPOYUATOTOINOT EMTPOGHeT®V TEPANITOV Beppdivong o€
KAELGTOVG aVTIOPUOTNPES XWPIC T xpnon ooty (mtiv. 9). Apyikd, tomobetnOnke 10 43 oe
KAE16TO avTidpacthpa Kot OgppudvOnke o petallixd Aovtpd yio wa pépa otovg 200 °C (miv.
9 ap. 1). To amotéreoua ftav va KpLoToAlmOel To 43 6T0 TAVE TOLYDOUATO TOV OVTIOPAGTI PO
OV OEV £PYOVIOV GE EMAPY| LE TO AOVTPO, YWPig va mapatnpnOel Kamoto GAAN LeTaPOAY. XN
OULVEYELD SOKIUAGTNKOV avTIOPAcElS o€ YuaAlva doyeio Tov cepayioTkay kot Pudictnray
eEohoKkApov péca 6to peTaAAikd Aovtpd (wiv. 9 ap. 2 kar 3) ot Ogppokpacicg 200 °C kar 300
°C oum¢ kar o authi TV mepintoon dev mopatnpRONKe 0 GYNUOTICUOS KATO0D VEOL
npoiovtoc. Evad tehkd epappootnke peyoldtepn Oeppokpacio (350 °C) oe pohpvo mopmong,
HEGO GE KAELGT COOPIKT) PLIAN KO GE COPOYIGUEVO UETOAMKO avTidpacTtipa Yo 2 opes. To
amoTéAecpa NTOV Vo Katovalmbel to duepég 43 aAld dev mapoatnpnOnNKe 0 GYNUATIOUOG
Kamotag véag opyavikng évoong. To 43 kaiyetor Aoy ¢ mapovsiog o&uydovov pésa 6To

doyeto g avtidpaong.

Iivakac 9. Ospuoivon tov duepoic 43 arovoia diodvry.

AtpepEs Tovonkeg (T)* Xpovog Amotéleopo
43 (mg) (t)

1 10 Metal bath (200 °C), sealed tube 1d Y

2° 10 Metal bath (260 °C), sealed glass 1d p

3 10 Metal bath (300 °C), sealed glass 2d p

4° 10 K\ewot oparpiky e1éAn (350 °C), 2h ¢

5° 10 K\eio16¢ petodhcog avidpoothpag (350 °C) 2h ¢

* EEwtepikti Oeppokpasio Aovtpod. P Agv mapotnpsiton kopia petaBors]. ¥ To 43 kpuotodAdvetar ool
TOVE® TOWYMLLOTO TOV AVTISPAGTAPO. OV SEV EPYOVIAL GE ETOQY LE TO AOVTPS. ° TPAyIGHEVO YVAAVO
doyeio Publopévo E0MOKATPOL OTO PETAAALKS AovTpd. & e povpvo mopwonc. ° Kavon tov 43 Aoym g

mapovciog o&uyovov.
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2 ovvégeln oakoAovOnoe peAétn Swpopikng OBepidopetpiog cdpwong DSC
(Differential Scanning Calorimetry). To neipapa tpaypatomoteitol oe adpaveig cuvOnkeg (Ar)
Kot pmopel vor dmoel TANpoeopieg Yo OAec TIc evoOBepuec Ko eEmOepueg peTaffoAéc mov
Aappavoov yopo Koatd v Oowdikacia Oéppavong g évoong oe yvootd mopddvpo
OepLOKPACIOV KOl e GVYKEKPIUEVO PLOUO 6épuavcng.l47’l48

To dipepéc 43 pehetnnke og gvpog Oepuokpacidv 25-400 °C pe pOuod Béppavong 5
°C/min. Ta dwypdppata Topovctdlovy dvo KOPLELS amd TIC OTOIES M U0 AVTICTOUXEL OF
ev8060epun petaforny (mp 211 °C) ko n Sevtepn oe eEmOepun ynuikn diepyoosia (349 °C). H
deVTEPT KOPLPN TOPOLGLALEL GTNV APy TNG M0 SOTAATLVON 1) OTTOi0L 0ONYNOE GTNV LIOY i

OtL M ik petorpornh mov cvuPaivel otovg 349 °C givon amotédeoua pag axolovdiog amd

YNUKES dlepyaocieg mov cuuPaivovy oyeddv Towtdypova (o). 56).

DSC
10
054
exothermic
349
= 0.0+
= initiation of the exothermic process
=
(=]
™
™
T 054
-1.0+
mp = 210.9
endothermic
-1.5 L L — L L R B S R L O S B I L I L R R I T
0 50 100 150 200 250 300 350 400

Erxo Up Temperature (°C)

Zynjua 56. Aidypogpua DSC tov dipepois 43 (r=5 °C/min, 25-400 °C).

INa v gakpifwon Tov mo TEAVE 16YLVPICLOV, TPAYUATOTOMONKE AKOUA VOGS KOKAOG
o710 1010 delypa kot kataypaenke 1o ddypappo DSC katd ™ dadikasio yoéng tov amd 400-

25 °C xat ot ovvéyeto kol ol and tovg 25-400 °C pe tov 1610 pvbud 0épuavonc. To
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SudypapLpo dgv TOV GUYKPIGIIO HE TO TPADTO TOL KATAYPAPNKE apoD eV ELPAVIOTNKE Kopio
KOpLEN. AVTO 0dNYNGE 6TO CVLUTEPAGHA OTL 1| HETAPOAT TTov TapatnpiOnke otovg 349 °C dev
etvar avtiotpent) Kot mhavd va €xel g amotélecua €vo piypo omd ovcieg ol omoieg dev
dtvouv kaBapd @dopa. Evioyvetar emiong o apyikods 1oyvupiopdg mov apopd TIG TOIKIAES
ymuikéc diepyociec mov cvpPaivovy tavtdypova oty Beppokpacio twv 349 °C, ot omoieg
OGS PAVNKE OV 001 YOVV OMOKAEIGTIKA G€ £va, Kabapd Tpoidv.

Metd 10 T€A0C TG SLodIKAGIOG, 1 LETOAAKY] KOWOVLAQ LE TO TPOIOV Omd TO TEipapLo
DSC ehéyybnie pe GC. To ypopatoypaenua £0e1&e o LOVo KOpue 6€ PEYAADTEPO YPOVO
(~1 min) and avt Tov 43 10 omoio katavarmOnke (oy. 57). H paocuatookonia palog (MS)
OL®G PavEPMGE TOAEG KOPLQEG KOl KATOEG amd avTéG Pe M/Z 160 Kol TOAAATAAGIO TOL
avtopovtog 43 (m/z 240, 480, 720, mbovd moAivuepikd Opavopata). To 1610 dSeiypo
eréyyOnie xon pe NMR pacpotookonio kot maporo mov dev Ntav kabapd, dev £0waoe Koptiol
KOPLOY| GTNV TEPLOYN] TOV AVOAUEVOTAV VO OTOPPOPOVV 01 d1thoi decpot Tov dteviov 44.

Axolobbwg, Tposappdotnkay ot cuvinkeg tov DSC (25-400 °C pe pvOuod Oépuavong
5 °C/min) oe @ovpvo eleyyduevnc Oepuokpaciog ypnouorowdviag 5 kéyovieg DSC ortig
omoieg tomoBenOnkav amd 2 mg 43 oty kdbe po. Me tov TpoOTO OWTO pumdpecav Vo
e€ayBovv meprocdTEPEG TANPOYOpPiES Yia TNV avtidpacn Kot va Anedel peyaddtepn mocdtra

TPOIOVTOG Y1 vaL Yivouv Kt GAAES LETPNOELS.

11,836

N
N
N

43

3
.
N L
s f
W& f
i e O

+ © o =] ol
-~ - - & o
1

2ynua 57. Xpouoroypapnuo GC mov AngOnke ueta omd to weipopo. DSC.
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e OheG TIG TEPWTMOOCELS TO depég 43 KatavalmOnke evd 1o KOPLo TPoidv NTav to 16.
Extoc opmg amd to 16 mapatnpnnke o oynuatiopds tpiodv véwv mpoidviov (X1, Xz kot Z)
(oyx. 58). Ze (o amd TIG aVTIOPAGELS TO HiYHO TOV TPOIOVIMV £lXE KOPE YPMOUA KoL 1| KOPLOY|
oto. 13.37 min (Z) dev gpgaviotnke. Eniong ot kopveég ota 11.25, 11.33 ko 11.79 min (X,
X5 kon 16) giyov pikpdtepn €viaon omd To YPOUATOYPUPTUOTO TOV GAL®V JEIYUATOV. XTIg
GAAec 4 KAWOVAEG TO YPOUO TOV UIYHOTOG NTOV KITPIVO KOt Ol 0vaAOYieg TOL piyHoTog TV

TPOIOVIMV NTAV OUOLEG LE VTO TTOV PaiveTal 6To o). 58.

TLC (100% hexane)

............ el A3
SRR g N SRS L .ol 16 ® o © et
: D T X ® e
X2 &
v
SEEE. ST SRR SRR SRR
: : f:(:: T A 16 43
X1 = reaction
3 , mixture
. =
; s
' brown
mixture
b0
-
":-/‘;_.’
2
— m
. = = 3

h

P

\&E 5
o - o -+ C

Zynua 58. 2voyétion kniiowv TLC ue 1o GC and uetallixng kdyovlo uetd, amo mpooouoinwon twv

ovvOnkav tov DSC uéoa o povpvo eleyyouevng Ospuorpooiog.

[Mpaypoatomombnke TLC ypopoatoypaio (dtaivtng 100% e€dvio) kot €yve Tawtion
TV kopue®v Tov GC pe 11g avtiotoyeg knAideg tov TLC. Xe avtd Pondnoe ko 10 koe
delypo Héco 6TO 0mOi0 VINPYUV HOVO Ol KOPLOES IOV OVTIGTOL oLV ota X1, Xz kot 16. X

ocuvéyew TpoypotomomOnke Enpr YPOUHATOYPOPIC Yol SOYOPICUO TV TPOIOVIWV NG
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avtidpaong pe Paon m oepd éxiovong oto TLC (100% e&dvio). Ztov mpdTO COANVA
cvAAEyeTan piypo tov 43 kat 16 eved otovg emdpevovg 3 cwAnves akolovBel 1 GLALOYY| TOV
kaboapov 16. Tnv cvvéyeln cvAiéyetol to piypo tov ovoldv X (Xi ko Xz ot omoieg dev
Swympilovion pe Enpn ypopatoypagio) eved 1 ovcia Z dev eKAovETOL omd Tr GTHAN OVTE UE
TN XPNON MO TOAKAOV SALTOV (StyAwpoueddvio, aketovn), Ady®m mOavAG VOPOAVONG TNG
nave oto Silica gel. Ot oveieg X mapovoidlovy emiong evaichncio 6TV YPOUATOYPOPIKT|

oTAAN.

P
[2]diadamantane 16 0 37':20 PP

2y
0 37.86 ppm ----- »

] 1
0 32.52 ppr-- - » 4h

6 29.69 ppm :

6 37.80 ppm

Zyijua 59. Tovtomoinon twv avlpdxwy C2 koa C3 ue **C DEPT 135 NMR ¢ évwornc 16.

H tavtonoinon tov mpoidviog 16 &ywve pe chykpion tov eacudtov ‘H kat BC NMR
pe Pproypapkd dedopéva. H ovykpion €ytve pe QOOUATOCKOTIKG OEOUEVO LGOUEPDV
OLUUETPIKAV EVAOCEWV, OEOOUEVNG TNG MOAD HIKPNG dpopdc xpOvov G610  aéPLo
YPOULATOYPAPNUO OAAL KO TNG OTOLGIOG OTOl®VONToTE GAAMV avtdpmvimv. Bpédnke va
etvar 1o [2]dwdapovtavio 16 to omoio €xetl pev tov 1o apBud avlpdkwv oAAd TopadoEmg

59,62

V0 mEPLEGOTEPQ VOPOYOVAL. Ta paopato NMR eivor mavopototura pe povn dapopd 6to

106



3C NMR va evtomiletanl otnv Kopven mov aviiotolyel otovg Cy ko Cz. T BlBMoypa(pia59
AOY® TG YOUNAOTEPTG OLaKPLTIKNG tKovOTNTag ToV 0pyavov NMR (250 MHZz) avagpépetot cav
wo kopoen (0 37.8 ppm), evd 6ta pAcuaTe TOV AREONKAY QaiveTal ooV Lo, SITAT) KOPLON LE
TOAD UIKPN O1popd oTn ¥Mukn petatomion. H dwapopd avth yivetan TepliocOTEPO AVIIANTTH
amd TN OPOPETIKN PAOT GTO PAGHLO 3C DEPT 135. SVYKEKPIEVO, 1 UIOL KOPLOY] OVTH TOL
opeiketon otov Cy (0 37.86 ppm, CH) gpoaviCetoar kdto eved n kopven tov Cs avBpaka (0
37.80 ppm CHy) méve (oy. 59).

Ta ocvvolxkd 10 mg mov vroPAndnkav oe dry flash ypopatoypoaeio siyov ddocet
KovomomTikn nocotnto. 16 10 omoio avakpvotodlmOnke (e£Gvio) yio va dMOEL AYPmUOVE
KpvotdArovg. H kpvotodhoypapio mepibraong aktivav X (XRD) emBefaiovoe v doun tov
16 (oy. 60).149*°

2ynua 60. dicypopuo ORTEP (arciovion ae 50% mOovotna) te KpvoTaliikig douns Tov
[2]dadouavraviov 16.

X ovvéyeln vy TV avénomn G KMUOKOG NG avTidopacng ypnoitomomOnkov
YOaAvo coAnvakia pikpng dtapétpov (~5 mm) to omoia cepayioTKay VIO KEVO LE TN LOPOT
Kéyoviag mepikieiovtag to 43. Ot cuvOfKeg TOV POVPVOL TPOGOUOI®VAV KOl TAAL TIG 1O1EG
ouvOnkeg tov DSC, 6upwg 10 piypa tov mpoidviov g avtidpaong £Tuye O0pOPETIKNG
enefepyaciag. Me dedopévo O0tL | évaon Z 0ev ekhovetal KaBOAoL amd TN YPOUATOYPOPIKY|
OTNAT, OOKILAGTNKE 00X WPIoUOG L PAon TN dteAvTdTTO TOV 0VGLOV. Me yprion e€aviov kot

TOAD Hkpng mocdtntog StyAwpopedaviov oto oteped piypa g aviidpaons, n Z pével cav
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Aevkd inuo to omoio cuALéyetan o€ kabapn popen (AOy® uikpdTEPNC SLAAVTOTNTOG GE GYEOT
ue to. vorowro mpoiovra). H X amopovobnke kot mdAl pe ypopotoypaio dry flash amd to
VTOAOITO piypa.

Axolovbwg mpaypatonrombnke NMR ¢acupatookonio ota mpoidovia X ko Z. To
QAGLLOL 'H NMR tov X (kvpimg X3) Nrav moAOTAOKO pe AP TOAAEC KOPLOES OTNV TEPLOYN
0.5-3 ppm 6mov gpeavifoviol ot KOPLPEG TOV KOPESUEVAOV KUKAIKOV EVAOCEMV, QAivVOVTOL

Oopmg Eexabapa 4 KopLEEG otV TTEPLOYT TV Pvolkodv Tpwtoviov (4.5-6 ppm). H doun g

X; amokaAVv@Onke pe kpvotaAroypagion mepibiaong oktvov X KOl OVTIGTOWEL O©TO
149,151

acOupeTpo diévio 64 (oy. 61).

2ynua 61. Aicypouuo ORTEP (areixovion ae 50% mbovotnta) the KpooTtal kg 0oung tov
aobuuetpov oeviov 64 (X1). Or dimdoi deouoi eivar o1 C5-C18 kou C13-C14.

O\ot o1 decpol PeTald TV avOpaKmV &OVY Kavovikd uikn anidv deoumv (~1.54 A)
extoc omd Tovg decpovg C5-C18 (1.327 A) ko C13-C14 (1.323 A) mov ovticTorovv 6Toug
dvo dmhovg deopove g évmong 64. A&loonueiotn sivar emiong n avénuévn tdon wov
napovctaletal otov deopd C1-C6 1 omoia cupuPaAlel 61O va €€l O GLYKEKPIUEVOG OEGOG TO
HeYaAOTEPO KOG amd OAovg Tovg amAovg deopovg (1.577 A). Emiong, ot decpoi C4-C5
(1.515 A), C5-C6 (1.524 A) xar C1-C14 (1.525 A) sivan pkpdtepot amd Toug GUVADELS omAong
deoovg yloti amoteAobvtol amd Eva sp3 Ko €val sp2 vBpcuévo dvBpaxa. To 1610 copPaivet
Kol otV mepintmon tov deopov C12-C13 (1.498 A) o omoiog eivar o pkpdtepog omd Toug

amAovg 0ea oG TG évoons. Méca 6To KpuoTaAlikd mAEypa TG évaoong 64 avayvopictnkay
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V0 OOUEG TOV E€YOVV UETOED TOVG GYECT] E0MAOV-OVTIKEUEVOL KOl OMOTEAOVV ONTIKOVG

avtinodeg (oy. 62).191!

A /C B. C\
0% &
| e o rr
Bl Ml T PR
\ N 3 | op%
NS T NS

2ynua 62. Awoypouuota ORTEP (ameixovion o 50% mBavotnta) e kKpvoTOAAMKHG SOUNS TWV ODO
OTTIKWV AVTITOOWY TOV 0oVUUETPOD Oteviov 64 (X1). Or dimloi deouoi wapovoialoviol e KOKKIVO

APOUC (KOTOTTPIKI AVOTOPAOTACH).

.............................

NANNNNNNNNNA A e A

N S

H3! 1 H4

—7.261

-] 8 7 é 5 4 3 2 1 ppn
e a8 f:Vs:\, elgaizialaln
Lo (< 1ed il et ]

Zyjua 63. "H NMR pdoua actuustpov dieviov 64.
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To o¢dopa 'H NMR m¢ évoong 64 mapovoidletar oto oy. 63. Adym NG
TOALTAOKOTNTOG 7oV mopovctdletar oty mepoy] 0.5-3 ppm, tavtomomOnkav pdévo ot
KOpPLEEG oV avikovy ota. PrvoAikd mpwtdévia. Ta Hz kot Hy gpeaviCovv amd o amin
kopuopn (0 4.63 ppm xor 4.45 ppm avtictorya) o@ov 0ev vVEdpyel cOeVEN UE YETOVIKG
mpotévia. H d1apopd otnv ynukn HETATOMION TOLG OPEILETOL GTO SLOPOPETIKO YMNUIKO TOVG
neptPdirov. To Hy gppavilel o St kopven ota 5.97 ppm Adyw g ovlevéng tov pe 1o
Hjy, evd to Hy epgavilet po moAhamdAn kopuen| ota 5.64 ppm Adym g ovlgvuéng tov pe to Hy
KOl [LE TA OVO OAAVAIKE TPOTOVIA TOL SUTAAVOD GvOpaKaL.

To *C NMR tov deviov 64 Tapovoldlel avtiotolyn SVCKOAIN GTNV TOVTOTOINGCT TOV
KOPLOOV AdY® TG dopng Tov 64 mov dev eivar kaBolov cvppetpikn. o to Adyo avtd
tavtomomOnkay Kot Al pévo ot 4 KOPLEPEG OV OVTIGTOLOVV GTOVS OAKEVIKOVS GvOpokeg
(oy. 64). Xg mo yaunid medio eppaviCetor o tetaprotayng avlpakag Cs (0 154.88 ppm),
axolovBovv ot dbo CH avOpakeg Cq ko C; (0 132.89 ppm ko 6 127.35 ppm avrtictoyya) evd

TENEVTO0G amd ToVg OAePIVIKOVG GvOpakeg eppoviCetar o CH, avBpakoag Cy (0 106.31 ppm).

c1c2 C4

C3

R T T - T 3 T T T G T T T,

200 180 160 140 120 100 80 80 40 20 0 ppm

Zyiiua 64. °C NMR pdoua actuuetpov dieviov 64 (X1).
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Ta edopota 'H kor *C NMR ™G évoong Z sivar mépo moAd amAd, PAvEPOVOVTOG
évoon pe peyddn ovppetpio. Eppavifovtor povo 4 kopupég oto 'H kou 4 610 *C NMR mov
oe ocvvaptnon pe to paopa palog (m/z 240.20) amotélecav woyvpn EvoelEn OtL N ovoia Z
elval o ovppetpkd 01évio 44. H minpng tavtomoinom twv kopvpmv £ywve pe 2D HSQC kot
ue DEPT 135 (oy. 65, 66). 210 *C NMR ot 4 kopugéc avtistoyodv otovg C1 (ahkevikol
avOpokeg & 127.87 ppm), C4 (39.14 ppm), C2 (36.42 ppm), C3 (29.36 ppm) kot oto "H NMR
ot 4 kopveég avtiotoyovv oto C4-H (s, 4H, 6 1.87 ppm), C3-H (s, 4H, 6 1.92 ppm), C2-H, (d,
8H, 0 2.03 ppm, J=13.2 Hz), C2-H;, (d, 8H, ¢ 3.25 ppm, J=13.2 Hz).

A&loonueiot elvar 1 payvntikn StopopeTikdOTNTA TOL TOpovctalovy ta C2-H,y amod ta
C2-Hp mpotovia. [Moapd to yeyovog 6Tt avikovy otov 1010 dvBpaka kot BewpodvTor ynutkd
100d0vapa, Tapovclalovy pio peydAn dwagopd otn ynukn petatomon (1.22 ppm). Ot
YNUIKES PETATOTIGELS TV OAAVAMKOV Tpotoviov, pe Bdon ) Biioypapio, eppaviCovio
omv meproyn 1.5-2.5 ppm otig Kovég ymukég 8V05681§.152 2mv mepintmwon tov 2,3-0puebviro-
Bouvteviov-2 1 povadiky Kopuen TV CAALAIK®V TpoToviov gpeaviletal oto 1.64 ppm, evd
o010 Pouvtévio-1 To oAAvAMKG TpoTOVIa (mov poldalovv mEPLocOTEPO e ovTd Tov 44)

epeavifovrot 6ta 2 ppm Omm¢ Kot To C2-H,. "

i2i BCNMR

13C DEPT 135 ; c2

M3 180 180 8 12 W %0 v ¥ ’ 0
W 80 e
C .

C1

T
T 2 § . T T T el

T L) T T
0 180 160 140 120 100 80 60 40 20 0

Zytjua 65. °C NMR xaz DEPT 135 dieviov 44.
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Zyripa 66. 2D HSQC NMR dieviov 44 (apiotepi: *C NMR, mave: *H NMR).

Yy mepintoon tov deviov 44 ta aAlvikd mpwtovia C2-Hy eppaviCovion ota 3.25
pPPM Kol GAIVETOL VO OTOTPOGTUTEVOVTAL IGYVPA OO TO TOTIKO poyvnTiko medio eve ta C2-Hy
(2.03 ppm) dgv @aiveton vo emnpealovial KaBOAOL amd TV TOTIKY OVIGOTPOTIO G GYECT LE
10 gpappolopevo payvntiko nedio (Hp). Avti 1 dapopd opeiletatl Kuping 610 S10popeTIKd
ANUIKO TEPPAALOV.

To @awvopevo ¢ amonpostaciog AOY® TG TOPOVGiag 7-0EGHOD, £XEl KATA Kopovg

154-160

OTOGYOANCEL  OPKETOVG  EMIGTILLOVEG ot omoiot mpoomdOnoav va eEnynoovv  Tig

amokAMGelg Tov mapaTNPOLVTAV PACEL TOV «UOVTEAOD TOV KOVOLY TO OTOI0 MEPLYPAPETOL GE

. . . , . 161-163
oAa oyeddv ta kKhaoowkd Bipiio NMR eacuatockomiog.

164
l

Me Bdaon 10 KAao1KO «uoviélo
700 KVOovy ToL TpoTabnke and tov McConnel TO POVOUEVO OVTO TOPOVGLALETOL EVTOVA
ota Brvolikd Tpotovia (4.6-5.9 ppm) Loym g KpOTEPNG ATOGTACT G TOVG Amd TOV T-0e0UO.
H xvxhikn kivnon tov niektpoviov kabeta otov SmAd decpd, oynpartilel dvo {oveg (+ {odvn
npootaciog, - {dvn amompootaciag) (oy. 67, A). Me Bdon 10 poviélo avtd 660 VEPOYOVa,
EUTIMTOVV HEGN GTOV KMVO TPOCTUGING, TPOGTATEVOVTOL OO TO TOTIKO LoyvNTIKO mEdI0, EVD

avtd mov Ppickovtol KOVIQ oTo €Mimedo TOL OWAOV OecpHOV Kot €€ OmO TOV KAOVO

OMOTPOGTATEVOVTOL KO ERPaviiovTan o€ mio younho medio (neyoddtepo 8) oto *H NMR.

112



Ho
- deshielding ﬁ O C2H,

+ shielding Ho C2-H,

2ynua 67. A .Kavog mpootacios mov onuiovpyeital omo 10 TOTIKO O GYECH UE TO EPOPUOLOUEVO
uoyvntiko meoio (Hy). B. Avo ortikég amowerg pe orapopa 90° yia to diévio 44. EEnqynon e
O10POPETIKNS HoyvnTiKNG ovurepipopag twv C2-H ¢ évawaong.

Ymv mepintwon tov aBvleviov, n yeoUETplo KOl N OATOCTACN TOV PVOMKOV
TPOTOVIOV amd TO TOMKO GUGTNUO OVIGOTPOTIOG 7OV ONUIOVPYEITAL, GLVTEIVOUV GTO Va
amonpootatevovtal Eviova (5.4 ppm ynuikn petatomion). 1o 44 10 @avouevo avtd €xet
avdioyn enidpaocmn Adym g doung g Evaonc. Ta C2-H, pévouv oyeddv avennpéacta ond 1o
TOTIKO GUGTNUA AVIGOTPOTiaG Yioti Bpiokovtan extdc TS eUPELELOG TOV KOVOL TPOGTACING
(ox. 67, Bl) kot eivon mpooavatolMopuéva pokpld and tov m-dgopd. Avtifeta, ta C2-Hy
OOTTPOGTATEVOVTOL OO TOV T-0eolO YTl Ppiokovtal oto eminedo mov opileron omd TOLG
dvBpakeg TOL ONMAOD OEGUOV Kol TOVG TECOEPIS LIOKOTAoTdTEG TOVG (0). 67, Bl), dmov
TOPOVGLALETAL KOL TTO £VIOVO TO PALVOUEVO TNG AMOTPOSTACING (OTMG Kol GTNV TEPITTOON
0V abvAeviov, oy. 67, A).

[Tapd To yeyovdg 6t Ta VOPOYSVA TOL ABLAEViOV ennpedlovTon TEPICTOTEPO GE GYEDN
pe ta C2-Hp tov 44 (AMdyo g HKpOTEPNG TOVLS OMAGTACNG), T OTOTPOCTUGIO. TTOL
napatnpeiton ota C2-Hp eivor apketd peyoddtepn oe cvykpion pe ta cuvhOn aAALAIKA
VOpoYOVA. AVTO 0QEiAETOL KUPIOEC GTNV TOPOVGIO TOL dEVTEPOV AMAOD OECUOD GE AMOCTUCN
1ovo 2.82 A (amd kpuoTalhoypopiké Sedopéva) Yeyovoc Tov evicyDeL T patvouevo. Me Bdon
Bewpntikd amoteAéopata, Eva vOpoyodvo mov Ppicketar kaBeTa TAVE amd To KEvipo gvog C=C

, . . . . . . 155
SeG1100 UTOPEL VoL EMNPEAGTEL 0O 0TOV GE OMOGTAGELS IKPOTEPES 0md 3.5 A.
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H dopn tov 44 gnainBevtnke apyodtepa Kol e KpuoTaAroypagio TepiOiaons aktivov-
X918 T 44 anopovabnke o popeR AeLKAC okOVIG He TV xprion StoAvtdv (eEGvio Kot
dyyAmpoueddvio) amd to piypo TV TPOIOVIGOV NG ovTidpoong AOY®m NG HKPOTEPNG TOV
dwAvtomToag amd TG voAowmeg ovoieg. H avaxpuotdhimon tov emyelpndnke pe 1o 1010
piypo StoAvtdv (Le dlapopeTikés avaroyieg). Aev epapuootnke B€pupavon yati to 44 sivan
apketd gvaictnto péoa oto duyhwpouedavio oe Beppokpacieg >50 °C. T T0 AOYo 0wTO
epappookay péBodol kpvotdAiwong oe Beppokpacio dopatiov (apyn eEdtuion Tov
oAb, apyn vypn owdyvon, opyn aépra Odyvon). Ot uébodor kpLOTAAA®GONG TOV
epopuoOoTNKAY  Ogv  €iyov GOV OMOTEAEGUN  TOV  OYNUOTIOUO  KPUOTOAA®V  UE
KOAOGYNUOTIGUEVEG EMPAVELEG Yol VO LeEAETNOOUV e TepiBAaoT).

O 1pomoc mov MeOnkav kabapoi kpvoTairotl kot peletOnkav Ntav pe e€dyvoon v
™ amovsio 0Euydvov. Mikpn mocdtta amd v éveon 44 tomobetOnke og yvalvn mmétta
pasteur, m omoia c@payictnke vwd Kevo kor ota dvo akpo. H yvdiwvn kdyovio mov
dnuovpyndnke tomobetiOnke yi 5 min og ovpvo otovg 300 °C kot 6tav apapébnke and
TOV (OVPVO, APYLoOV VO, ONILOVPYOHVTL LKPOT dypmpot KpOSTAALOL TOV dieviov 44.

To amotélecua g kpvotorroypagiag Tov 44 TapovslaleTol oTnV €KOVa TOL GY. 68.
To 44 &yet vymAn ovppetpio (Dop) O0TwE Eavnke Kot omd TV anddtTa TV eacpudtov NMR,
ota omoto gpeaviCovtar povo 4 KopuPEg (13C NMR) mapd to yeyovdg 0t ) évwon 44 éyel 18
GvOpaxec. O Sumhdg Seoudg C1-Cl° éyst kavovikd pfkog Suthov deopod 1.34 A
Tapovolalovtag ToAD [Kpn emunkuven o€ oxéon pe to. ouvnon oikévia (C=C aiBvieviov
1.32 A, pécog dpoc deopod ohkeviov 1.33 A)."*%'%7 O seopoi C2-C4 kar C3-C4 mov &iva ot
5101 AOym cvppetpiog, &xovy Kavovikd unkoc omiod deopod (1.54 A) evéd to uikm tov C4-
C5 Seopdv sivon ehappag pucpdtepa (1.53 A). O1 C1-C2 émog kon or C1-C3 (dpotot) Seopoi
givat o1 pkpoTepot amhoi Seopoi g évmong (1.52 A) yori amotelovvar and éva sz Kot éva
sp® vBpdopévo avbpaka [CLl kar C2 (C3) avtictorya]. Ttov miv. 10 mapovstdlovior OAeg ot
yovieg g évoong 44, Omov TapaTNPOVVIOL UIKPEG OMOKMGOES Omd TS 100VIKEG
nepmthoec.”® Tvykekpyéva, ol yoviec C1-C2-C4 (112.0°) kar C2-C4-C3 (113.1°) eivan
HEYAADTEPES amd TIC cLVNOLopEVEC Yovieg Sp° avBpdkav (109.5%) evd n yovia C2-C1-C3 siva
apketd pucpdtepn (110.9%) and 120° mov givol T0 GVOUEVOUEVO Y0 YOVIES sp? avOplakwv
yeyovog mov emnpedlel Tavtdypovo kot Tig yovieg C1-C1-C2 ko C1-C1-C3 (124.1°) xau

epeaviCovron peyoldrepeg omd 120°,
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Ilivaras 10. I'wvies ¢ évaonc 44

Tovio Moipeg (°)
C1-C1-C2 124.13
C1-C1-C3 124.18
C2-C1-C3 110.86
C1-C2-C4 112.04
C1-C3-C4 111.81
C5-C4-C2 109.00
C5-C4-C3 109.04
C2-C4-C3 113.05
C4-C5-C4 108.74

2ynua 68. diaypoppo ORTEP (ameiovion o 50% mBavotyta) e KpvoTtaldikig doung tov dieviov 44.
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3.2.3 EtgpoivTikog unyoaviopdg 0epporvong tov oipepoig 43

AoV €yve avdivon OAoV TV amoTteElecUATOV TOL ANEONKOV amd To TEPAUATO
Bepuodivong tov dyuepovg 43, depevviOnke 01€£00IKA 0 UNYavVIoLog g avtiopaong. ['a to
oKOTO OVTO, OPYIKA ypnoipomomdnkay ta dedopévo and ta mepdpota DSC pue oxomd v
avamopoymyn Tov cuvinkov (pubuod Bépupavong, telkng Beppokpaciag) o€ yvdAtvoug

COPAYIGUEVOLS OVTIOPOCTNPES Y10 LEYOAVTEPNG KAMUOKOG OVTIOPAGELS.

Iivaxag 11. Ocpucivon owuepoic 43 ue otabepod poluo Oépuavone.”

Apepég Avahoyieg ITpoioviov (%)
A/A Topy °C)  Tur (°C)  Pubudg 6éppavong / t

(mg) 43 4 | X | X 16
1P 1 25 400 5 °C/min - 10 9 32 49
2 3,5 25 400 5 °C/min - 30 | 53 17
3" 46 25 400 5 °C/min - - - fvm
4 2 25 300 5 °C/min 100 - - -
5 2 25 350 5 °C/min 74 22 3 1
6 2 25 350 5 °C/min +15 min 74 | 20 4 2
7 2 25 350 5 °C/min +30 min - 36 | 42 22
8 2 25 350 5°C/min+1h - 42 | 36 22
9 2 25 350 5°C/min+2 h - 5 46 9 40
10 2 25 350 5°C/min+3 h - - 19 20 61
11 2 25 350 5°C/min +4 h - - 42 12 46
12 2 25 350 5°C/min+1d - - 18 23 59
13 2 25 400 100 °C/min 100 | - - -
14 2 25 400 100 °C/min +1 min 9 | 70 | 17 4
15 2 25 400 100 °C/min +15 min - 32 | 58 10

* TOGAIVI) KGWOUAO GQPAYIGHEVI VIO KEVO €KTOG OmO TIC MEPUITOOELS TOV OVAQEPETAL P METOAMKY KAWOVLA® TOV
ypnowonoteital 6to 6pyavo DSC. Y Tvdlivn KAyovAa GOPOYIGHEVT GE KAVOVIKY] OTHOGPOLPA.

Ytov miv. 11 mapovsualovior 6Aeg ot avtwdpdoelg Beppoivong pe otabepd pvduod
Bépuavong, oe o Tpd™ mpoomdbela Tpocopoinong Twv cuvinkdv Tev mepandtov DSC
KOl OTY] GUVEYEWD £YVOV KOTOLEC TPOTOTOMNGELS UE GKOMO TOV EAEYYXO TWV TPOIOVTI®V NG
avtiopaons. H axping avamapaywyn tov covOnkav eivar n avtiopaon ap. 1 tov wiv. 11 kot
10 omotéhecpo ¢ umopet va gavel oto GC 1oL oY, 58. Xg avuty Vv avtidopacn vrnpée
KaTavaAwon oAoKANpov tov 43 kot oynuatiopds Tov 16 kar Xi o cov kbpla tpoidvia, evod
oynpoatileton ko o 44 oe pikpn avaroyio (10%). Ot ideg ocvuvOnKeg €QapUOCTNKAY KOl GE

COPUYIGUEVT YUAAIVT] KAWYOLAD TTOV GEPAYIGTNKE VIO KEVO UETAE amd TPES EKTAVGELS LUE apyO
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Y amouy” G vapéng o&Evuydvou péca oty kdyovia (wiv. 11, ap. 2). To amotéhecua rav
n avénon g avaroyiog tov 44 kot tov Xjo kot M peiworn tov 16 evd 10 avidponv 43
katavaddOnke. H mapovsio o&uyévou péca otnv KQWovio oonyel € Ko TOL OVTIOPOVTOG
divovtag povo iyvn tov 16 (miv. 11, ap. 3).

MeletOnke emiong n Oeppoivon tov Oepovg pe tov 010 pubud Bépuavone aiid
uéxpt t Oeppokpacio tov 300 °C (mwv. 11, ap. 4) ko OTOG NTAV OVOUEVOUEVO, OEV
nopatnpOnke Kopio petaforn agod oto DSC aivetan mmg n eEdBepun ymukn petafoin
ovppaiver otoug 349 °C. T'o 10 Adyo avtd peletnOnkov avidpdoelg pe telky eppokpacio
350 °C, ot didpopovg ypdvoug avtidpaong (mwv. 11, ap. 5-12). To coumépacuo wov eEdyeton
amo TIC OVTIOPACELG aVTEG fval OTL OeV TAPATNPEITAL KATOVIA®MGT TOV avTdpdVTOS 43 Katd
™ dadikacio g 0épuavong aAdd ovte petd amd mdpodo 15 min otn Bepuokpacio Twv 350
°C (mw. 11, ap. 5, 6). Ot avoroyieg mpoidvimv Kol avTldpd@VIeV ftov ot idieg otig dvo
TEPIMTOGELS e KVUPLO TPoiov o 44 (~20%) kot og tyvn Ta X1 2 kot 16, eved 10 avtidpav 43 elye
™ peyovtepn avaioyia oto piypo g avtiopaong (74%). Xe xpovoug peyorvtepovg amd 30
min (mw. 11, ap. 7-12), to 43 KoTovaAdVETOL Kot VITAPYEL 1| TAoT (6€ HEYOADTEPOVS XPOVOLC)
va petoveral 1 avaAoyio Tov 44 kot va av&avel To Tocooto Tov X1 2 Kot 16 v og ypdvoug
ueyalvtepovg amd 3 h dev mapatnpeiton kaborov 44.

H ypovu akoiovBio pe v omola mapdyetor to Kabe mpoidv eivor 1 101 Kot oTIg
avtidpdoelg mov Oepuavinkav uéypt tovg 400 °C (mwv. 11, ap. 13-15) pe moAd ueyavtepo
pLoud Bépupavong (100 °C/min). H cvvolikn Swdikacio maipver ypoévo 3,45 min yio va
oAoKANpBEl Kot QaiveTol Tmg dev mapatnpeitol GYNUATICUOS OTOOLONTOTE TPOTOVTOG (TLv.
11, ap. 13). Otav petd v odokinpwon g oadikaciog OEppavong to delypa mopapeivel oe
Oepuoxpacia 400 °C yio emmhéov 1 min, tote Aaufdvetar n kaAvtepn omddoon oe diévio 44
(70%) evd 10 avTdpmv 43 vapyel akopo o€ ToAD pkpr| avaroyio (9%). To Xi 2 AapPavetot
og avoroyia 17% kot 1o 16 oynparileton povo oe iyvn (4%). Otav o ypdvog mapapLovi|g GTovg
400 °C owéndnke oto 15 min, to 43 katovolddnke, OUoOg T0 T0600Td T0V 44 neimbnke oe
32% evd avéndnke 10 T0c06TO TOL X1 2 KO TOL 16.

ATO TIC TPONYOVUEVES TOPATNPNCELS, £YIVE WK TPAOTY TPOoomabelo epunveiog tov
punyoaviopot Beppoivong tov dpepovg 43. H cepd pe v omoia gppavifovror o didpopa
npoidvta Kotd v avénon g Beppokpaciog Kot Tov ypdvov avTidpaong LTOOMAMDVEL TO
oynuatiopd tov 44 kol ot cvvéxeln Tov X 2 kot 16. H petotponn tov 43 oto 44 ko oto 64
etvon o ovtidpaon oopepeioong (CigHas) oe avtiBeon pe 1o 16 to omoio éxel 2 vépoyoVa

neplocotepa (CigHaze) kol o oynuatiopdg tov dev Mtav avapevopevoc. Mmopel 1 peydin
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Oepuodvvapukn otabepdtnTa oL  KepdileTon

amd TNV  OOUUOVTOVOEWDN JOoUr  TOV

[2]01dapavtaviov 16 va amoteAel woyvpn Kivntiplo Suvaun, Opmg dev umopet vor cuykpidet

e TG avTidpaoel woopepeimong tov Schleyer pe m ypnon Lewis kataAvtov (PA. kep. 1.2.3).

Xty avtidpaon «Schleyer adamantizationy punyaviotikd éxovv tpotadei mdpa moAloi dpopot,

KUPI®MG HEGH UNYOVIGUL®OV ETEPOAVOTG KO TOVTOYPOVNG 1,2-HETOPOPAC D8p18icov.41'63 [Topdia

aVTd, OAEG OL OVTIOPACELS Elval OVTIOPACELS ICOUEPEIMOTG.

[2+2]
ring opening
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43

<>

44

>
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[
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>

1,3-hydrogen shift
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67
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)
L
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glass surface

protonation

-

L

hydride abstraction

1. protonation
2. hydride abstraction

glass surface

<L

16

Zynua 69. Etepolvtiki unyoviotixy mpocéyyion yia v Oepuolvon tov diuepovg 43.
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210 oy. 69 mopovoldletal £vog TPOTOS ETEPOAVTIKOC UNYOVIOUOS O 0moiog
TpobmoBETEL TNV TPOTOVIMGON amd TPMOTOVIK TNG YLAAMVNG EMPAVEINS KOL TNV OTOGTOO
vopdiov amnd éva popo 44 to omoio pe v mAPodo Tov YPdvov eapavileTan KOTA TNV

, 169-171
avtiopaon. o

Me ovtd tov unyoavioud pmopel va e€nynbel n oepd pe v omoia
TOPOUTNPOVVTOL TA TPOIOVTO, TG OEPUOAVONC, OTTMG KO 1) YPOUATIKT OAANYT) TTOL TOPATIPEITOL
Ao TNV KoTovaioon tov 44 Kot Tov Thave oynUaTiopd KAsTavOYpOUNG TOAVUEPOVS OVGIOG.

Apyikd, pe faon Tov TPOTEWVOUEVO UNYOVIoUO, TpaypaTomoleitol po [24+2] ddvoién
TOV TETPAUEAOVS OaKTLAIOL M omoio vvoeitan Beppodvvoptkd amd v anelevBépmon g
Tdomng Tov dakTuAov. Me avtd tov Tpomo oynuortiletarl To diévio 44 to omoio mapatnpeitol o€
avENUEVES avaAoYieg Ge LIKPOVG YPOVOLG avTIOpaoTG. XT1 GLVEXELX, LITAPYOoLY dvo TBAvVOol
dpouot ¢ mopeiag g avtidpaonc: (o) to 44 pe npwrtovioon (Thavdg) amd To TPOTOVIL THG
YOEAIVNG EMUPAVELOG KOl GTT GUVEXELD LLE ATOCTAGT VOGS QAAVAIKOV LOPLdiov amd éva GAAO
popo 44 pmopel va kataAn&el oto mpoidv 16 eved tavtdxpova (B) pe v mpoypaTonoinom

miog otadiorrg 1,3-perédeong "

TOV Mo uKiviTov VOpoyoveVv tov 44 oynuatiletal to
d1évio 67 10 omoio ot cvvéxeln pmopel va dwoel pa 3,3-crypatpomiky avadidraln «Copey
KataAnyovtag oto tpoidv 64. To 64 pe Tpwtovimon Kot TaAL amd TV YOAAIVY ETIPAVELD Kot
OTN GLVEXELD OOGTTAOVTAG LOPISLo amd Eva puopto 44 umopet va katain et oto mpoiov 16.

[Topd to yeyovog 0t 1 [2+2] Beppukn dudvoién givor amayopevpévn 6To TPOTO GTASO
TOL UNYovicpov, (6mwe &xel avagepBel Kot TponyovpEVOC Kotd T ohvheon Tov dieviov 43 1
avtiopaon eivarl emTpenty] HOVO o€ dVO OTAOL, HECH eAevBEépwV plmV) 0 TP®TOG aVTOG
UNYoVIoOg Tov mtpotddnke Bo pmopovoe va e€nynoet v cepd mov gpeaviCovtar OAa to.
npoidvta ¢ avtidpaons. Kdanow mepdpato eléyyov mov €ytvav OUmG, omoppimTovv v
OULVEIGQOPA TNG YLAALYNG eMPAvELNS oty cvuvBeon Tov 16. Apywd, and tov miv. 11 ap.1,
umopetl va govel 6Tt 1o Yol dev gival vebBvvo yia TV TpwTOVimoT, aeov To 16 Aaupdvetat
Kot pe ovtidpoon péco oe petodlkég kayovieg (Al) tov DSC. Opwg yioo v mAipn
eCaxpifoon 01t M emoedvelr dev mailel kamowo poAo oty mopeion TG avtidpaomg,
TpaypatoromOnkay emmpocheTa mEPALOTA EAEYYOL.

SVYKEKPIUEVO, TPUYLOTOTOMONKE OVTIKATACTOOT TOV TEAIKOV VOIPOYOVOV NG
yoahvng emeavelag pe tpipuebvro-ciiavia (TMS) pe v tomobétmon TMSCI péoa oto
YoaAhvo doyeio TG avtidopoong ywo po pépa. Xtn ovvéxelr, agaipédnke to TMSCI xon
tomofeOnKe vepd Yoo EAeyyo TOL PNVickov mov oynuotileTon oV emPdveln TOV doyeiov
AMoy®m ™ aAAnAeniopaong (0ecpol vOPOYOGVOL) TOL VEPOV HE TO LOPOYOVA TNG YLOMVNG

emoaveng. H emodveio tov vepov Ntav eminedn, £voeiEn ot ta H avtikatactdOnkav and
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TMS. Z1t cvvéyewn to vepd apapédnie amd 10 doxeio kol to doyeio Enpabnke mhpo TOAD
KoAd vd kevd mpwv mpaypotonomBel 1o meipapa. [paypoatomombnkoyv dvo oavidpdoelg
eléyyov oe Ogpuokpocio 350 °C yia 30 min. Ztnv mpdTn Tomobethbnkay 2 Mg Kol otV
devtepn 5 My avtidpmdvtoc 43 kor o doyeion oppayioTnkay Vo kevod (miv. 13, ap.1, 2). To
OTOTEAECLO, NTOV VO, GYNUOTIOTEL KOl OTIS OVO TTEPMTMOOELS T0 16 Tov omoiov 1 ovvOeon
npobmobETEL TNV TPOGON KN VO VIPOYOVMV.

AxoroVBwg, TpaypatoromOnke akopo Eva meipapa EAEYXOV TNG YUOAVNG ETIPAVELNS
HE 0evTEPIMOT TV TEMK®OV VOPOYOVOV. 't TV dadikacio avtr TomofetnOnKe devTEPIOUEVO
vepd (D20) pali pe kataivtiky mocotnto. NaOH (5%) v pa pépo péoa oto d0yeio g
avtidpaong. AxkoiovOnoe agaipeon tov DO ko koA Enpaven tov doyelo mpv
tomofetnBovv 10 mg 43. Xt ovvéyelr 10 Odoyelo oepayiotnke VIO KeEVO Kot
npaypatomoOnke mn oavtidpoaon otovg 350 °C ywe 30 min. To wpoidv mov oynuaticTnke
(mocotikd) eixe tov 60 ypdévo omokpiong pe 1o 16 oto GC ko peretnOnke pe
(OCLOTOCKOTIO 'H NMR. Aev napovoidotnke kémoto: aAAOYT 6TO PACU GE GYEON UE TO 'H
NMR tov 16 mpdypo mov onpaiver 6Tt dev Tpootédnke Kamowo 6evtéplo oto 16 Adym g
EMPAVELOG TOL YVLOALOD (mtiv. 13, ap.3).

SOUTEPAGUATIKA, O TPMTOG UNXAVIGUOS ov mpotddnke (oy. 69) dev emainBedtnke
oo To TEWPAUOTO EAEYYOL OV EYovv mpaypatonombel. Av kot pmopel va ddoel e€nynoeig
01N oElpa pe v omoia gpeaviCovral ta 01dpopa TPoidvta, dev UToPel Vo dIKOLOAOYNOEL TNV
TPOTOVIOGCT oL cLUPaiveL, POV amodelyTnke OTL dev VILAPYEL KABOAOL GLUVEICPOPE amd TNV
yodAwvn emoedvele oty mopeion g avtidpaong. [ 1o Adyo owtd ot cvvéyew
TPOLYULATOTOMONKAV TEPETAIP® HEAETES Y10, TOVG TOPAYOVTEG OV ennpedlovv v Beprudivon
Tov 43 Ko éxel mpotabel Evag vEOG OUOALTIKOG UNYovIopos. O de0Tepog UNYavIoHoc HEGM
elevBépmv pilav aviamokpivetal ota mEPApATIKd dedopuéva Kot umopel var e€nynoet tovg

d14popovg Topdyovteg mov exnpealovy v avtidpaon (oy. 71).
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3.2.4  Oporlvtikog pnyoviepnog 0eppoéiveng tov opepovg 43

Ot tapdyovtec mov ennpedlovv v Bepudivon tov 43 peketnkayv exktevéotepa PG
and po oepd mepaudtov oe otabepn OBepuokpacio (miv. 12). Oleg or avidpacelg
TPOYLOTOTOWONKAY GE YUAAVEC KAWOVAEG Ol OTOiec o@payioTnKov VIO KEVO UETE amd
ékmloon pe pedpa apyod. Ilpotdbnke o pnyovicpdg tov oy. 71 o omoiog cuvvdvdhlet
TEPAATIKA OEOOUEVO, L€ VTTOAOYIGTIKA OTOTEAECLATO TOV £YOVV Tparypotomombel pe okond
NV TANPN SLLPAOTICT) TOV UNYOVIGHOD Ospué?wcng.mg

Ev mpdtoig, diepeuvinke vmoAoyIoTIKG TO YEYOVOS TOV ETONUAVONKE GTNV apyn TOV
KeQ. 3 Ko apopd T dvckoAia mov mapovaialetar atny Oepudivon tov 43 (I, n= 1) o€ oyéon
ue to avaroyo duepég I (n=0). To I (n= 0) 6mwg £xel Tpoavapepbei dev amopovmdveToL yati
avBopunto oopepiletan og I (n= 0). To vroloyloTIKA amoTeEAEoHATO TOPOVGIALOVTOL

dwypappotiké oto oy. 70.

(CH,), (CHy),

i n=0: 10.6

— n=1:36.5

n=2: 46.9

I
0.0 n=0: -59.0
©.0) i n=1: -9.8
n=2: 11.9
(CHy)n (CH2)n
(CHy), (CH,),

Zypa 70. EvOoirieg (kcal/mol) o¢ ayéon ue o I yio v ioouspeiwon kokAofovtaviov-dieviov.

Me Bdorn 11¢ oyetwkég evBoimieg tov oy. 70, dwpaiveror mwg M vwoAoylduevn
eEwbeppikodTTa Yo v woopepeiowon tov I oto I, petdveron pe mv avénon tov N, péyxpt mov
oV TEepinTmon Tov N= 2 1 avtidpoon eoivetal va givor evoddepun (yeyovoc mov ival og
TOL0TIKY ovuP@Vio pe ta dtbéoipa mepapatikd dedopéva). H aviidpacn toopepeimong tov
KukAoBovtaviov g dvo alfvAEVia ToTEVETAL OTL EYEL MG EVOLAUESO €100G i TEpAEBVAEVIKN

’ 174-17 r 7 ’ ’ ro ’
diplo. ® Ao 10 YEYOVOG pmOpEl Vo oTNpifEl TOV oXVPIOHO OTL KoL oTNV TEpinTmon
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oopepeimong tov I oto Il 1o evdrdueso otadio givon n dipila II. H evépyera g oipilog Il oe
oxéon pe 1o I amotehel pi koA TPOGEYYIOM YL TNV EVEPYEWDL EVEPYOTMOINONG NG
oopepeioong tov I oto I aAdd kot yo v evépyeta didotaong (BDE) tov C-C decpod tov
I (avdroya Omm¢ Kot otV Tepintmon Tov KukAoBovtaviov). Onme avapevotay, To evepyelnKo
epayua oo 1o I oto I (ko cvvendg kot g evépyetog didotacng (BDE) tov C-C deopov)
pewwvetal, 6co M e&mbeppkdtnTa ™G avTidpaong avsavet Kot To N pewwvetat. O eEopetikd
advvapog C-C deopog (10.6 keal/mol) tov I (n= 0) kou n evkorio ioopepeimong tov oto I
(n=0) &yovv avaeepOei kot nponyouuévmg.3l’32 ['o to enduevo pérog g opodAoyng oepdg I
(n= 1) (43) n evépyero. BDE mov vmoloyiotnke (36.5 kcal/mol) mototikd coppwvei pe ta
TEPAUOTIKA dedopéva Yio To oynuoticpd tov deviov I (n= 1) (44), ta onoia amokieiovv to

oYNUOTIoUO TOL o€ Oepuokpaocieg pikpdtepeg amd 350 °C.

43 66 \
@ 1,3-hydrogen shift @ ‘
H
67 (X;) a4
A
g u L 65 ;
Cope rearrangement ‘ 2H°
(3,3-sigmatropic)

Top &>

64 (X4)

2ynua 11, Ouolvtikog unyoviouos Oepuoivens tov 43.
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Me Bdion Tov VEO TPOTEWVOUEVO UNYOVIGUO, O £VOG OEGHAC TOL TETPOUEAOVG OOKTLAIOV
10V 43 avoiyel opoALTIKG dnpovpydvTag ™ dipila 66 (6TwS Kol 6T0 TPOTO GTAGI0 S1AVOIENG
10V KvkAoPovtaviov). H 66 pe pia devtepn opdivor katoinyel oto diévio 44. Me Bdaon v
avaAvon Tev Tpoidviemv TG avtidpaong, to dEvio 44 pmopel va akoAovBncel VO EVIEANDG
aveEhptnrec mopeiec (dpdpog A | B oy. 71). T v mopeia A, avoykoaio mpodimodeon eivan n
dNpovpyiot TOL «OYOVIOV» OECUOD TOV OASAUOVTAVIKOD OKEAETOV 1 omoio mlavoTtota
odnyel otov oymuationd pag véag diplag (65). To omotéleopa ™G SodKaGiog TOL
TPOKLMTEL Omd TO OpoOuo A eivar ovclooTikd po avadldraén avlpdkov pécm pilov
0dnyovueV TOAVAS amd TV Beproduvakn oTafepOTNTA TG SLOOAUAVTOVIKNG 60m’1g.l79 H
dipila 65 0dnyel otn chvBeon tov [2]ddapavtaviov 16, Tov povadikod and ta TPoidvTa TOV
dev glval 1oopUePES e T VTTOAOITOL ALPOV TPOHTOBETEL avaryyn e TNV TPOocsOnkn dvo atdUmV
VOpPOYOVOUL.

H mBavotepn myn vopoydvev givar ta aAAvAkd vopoyoéva tov 44 mov eglvan ta mo
evdAmTa TPog andomact Kol pe Baon Tig mEPALOTIKEG EVOEIEEIS TOo 44 KaTaAnyEl 6 KATOL
okovpdypoun ovoia mlavototo  TPoidV  TWOAVUEPIGUOV 1  HEPIKNG  amavOpaK®O™G.
YVYKEKPYEVO, GE TEPITTAOGELG TOV TO KOPLo TPoldv glvar to 16, mapatnpeiton 0Tt T0 piypa twv
TPOIOVTOV €YEL £VIOVO KAPE-KITPIVO YPOU, EVOEIEN TOV LIOSMAMVEL TNV VTtapEN TOAvOoVg
TOALUEPOVG ovoing M onoia ogeidetal otnv KatavdAwon tov 44 (50N vopoydvwV) Kot dev
OVIVEVETOL KOTA TNV aépla ypOUaTOypoio. Xe aviidpdoelg mov 10 16 dev elvar 1o KOplo
TPOIOV, TO YPOUA TOV UiyHoTog eivol EAAPPOC KiTpivo, EVAD 6€ GALEC oL dgv oympuatileton
KoBOAOL TO piypa £xel Aevko kKpvoTalhkod ypopa (mwv. 12, ap. 18). Exiong, n pacpotockomio
nalog (MS) o€ piypo g avtidpoong pe povadikod tpoidv to 16 (pe Paon to GC), pavépmoe
Kanoto Opavcpota pe SITAAG1o Kol TpTAdolo M/z and to diévio 44 (m/z 480, 720). Mia GAAn
évoeldn eivon emiong kot T0 oAoKA PO TG KopuPng Tov 16 ota ypouatoypaeriuota GC og
TEPIMTMOGELS KATA TIG 0Toieg elvar To KUPLo N 10 povadkd mpoiov. ‘Exel mapatnpndel o6t 10
OAOKAN PO TNG KOPLENG TOL 16 dev givar cvykpicylo pe 10 OAOKANpOU TG KOPLONG TOV
avtidpmvtog 43 (mpv and v avtidpaor) oe SAdHAT i510G CLUYKEVIPOONG. ZVYKPITIKA £ivat
TOAD pkpOTEPO, o€ avTifeon pe GAAeC avTdpdoelg Kot T omoieg to 16 dev amotedel t0
KOPLO TPOIOV Kot YEVIKA TO OAOKANPOUOTO TOV KOPLO®OV TOV GAA®V Tpoidvtov gival ToAD
LEYOADTEPQ, YEYOVOS OV EVIGYVEL TNV £VOElEN mepl ammAglog nalog wg mpog 10 mpoidv 44,
KOTO TOV GYNUOTIGHO Tov 16.

Emikevtpovovtog kot wdAt oto 01évio 44, to omoio amotedel 10 mpdTO TPOIOV pE Phon

TOV VEO TPOTEVOUEVO Unyavicpd, ivar ypnoto va yivel avaeopd Kot otn ogutepn mbovn
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dwadpoun mov vrapyet (B, oy. 71). O dpduog B apykd mpotmobéter wa suprafacial 1,3-
petdBeon vOPOYOGVOL €vOG amd Ta GAALAKG VIpoYOVa Tov 44 M omolo sival amaryopeLUEVT
(Woodward-Hoffmann). H 1,3-puetdbeon vdpoyovov eivar gpwkty pdévo pe antarafacial
rp()nolso YeYOVOG OmOTPENTIKO Yio TN yeopetpia tov 44. Xt Piploypagio vradpyovv
aVOQOPES KOL Y10 OTAOIOKY] TPOYLOTOTOINoT TG HETAOEoNC ovTNS HEo® V0 dtadoykmv 1,2-

. 181,182
petabécemv,

oumg n evotbdpeon 1,3-6iplla mov Ba dnpovpyeito, Bo pmopovcoe va
00MNYNOEL OTNV AMOUOVOOT EMTPOGHET®V TPOIOVTWV TTOL OUWG dev aviyvevdnkav. TTapoia
avtd 1 1,3-petdBeon vopoyodvov aivetor va cvpPaivel amevbeiog pe Paon to TEWPOUATIKA
amoteAéopaTo Ko autd  emrvyydvetalr pe v Pondewn  kdmowng  «piloag-KotaAvTny
(ohoxkAnpopévn epunveio dlvetar oty Evomta 3.2.5 PBoociopévn Kot 610 VTOAOYIGTIKG
QTOTEAEGLOTAL).

To mpoidv 67 10 omoio dev tavtomomBnke £xel oawénuéveg mbavoTeg va glvar to
dtévio Xy, O 1oyvpiopdg antdg Tpokvumtel amd thv dour tov 67 (1,5-81évio), tov omoiov ot
deopoi givar og tétola Béon oL guvoohv v 3,3-crypatpomikn avadidtaén Cope (oy. 72)
KataAnyovtag oto 64 (Xi) Tov omoiov 1 dopun yapaKTPicTNKE vacmkkoypa(pu(d.m H dopun
Tov 67 (0md vohoytoTucd dedopéva)™™ potdlel e ™ Sapdpewon «avariivipovy 1 onola pe
Baon m Bewpio evvoel mepiosodTEPO TN petaPatikn Kotdotaorn g avadidtatng Cope oe

oyéon pe ™V dopdpeocn «ovtipay. 1

>~ > — e

transition state Xy

+
S ST
47* LT

X, transition state

2

Xy
chair conformation from crystallographic data

2yniue 12, Avamapaotoon e 3,3-2iyuatpomixins avaoiaradng Cope e X, o Xy (draudppwan

OVOKAIVTPOU).
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v mepintoon tov Kavovikov 1,5-eEadieviov M avadidtaln TPOYHOTOTOEITOL GE
Bepuoxpacieg 210-260 °C opwg pmopel vo cuoufel kot oe ToAD yapunAdtepeg Beppokpaocieg

195,196 s
=7 Mg dedopévo 0T ot

avdAoya pe T SoUn TOV GLUGTHLOTOC KOl TOVG VTOKATUGTATEG TOV.
AVTIOPAGELS LAVOIENS TOV KLKAOPBOLTAVIKOD dOKTLAIOV TOV duepovc 43 mpaypatomrotoHvTol
ot Ogppokpacicg peyadvtepeg omd 350 °C, evioydetal oNUAVTIKE O TPONYOVUEVOS IGYVPIGHAG.
Empoobeta, oto paopato "H NMR avtidpioemy katd Ti¢ omoiec Afednke piypa tov Xi kot
X7 (ue Baon 1o GC) @avepdvouv o, pikpn S Kopuen ota 6.15 ppm, 6mov avouévetot va
epepaviletar to frvolkd tpmtovio g Xo. Tavtdypova, T0 OAOKANP®UO TNG KOPLONG OVTNG
WG TPOG TO OAOKANPOLLO TNG KOPLPNG EVOG Al TO PIVOAIKA TpmTOVIOL TG X1, EYOLV TNV 1010
avaAoyio e To OAOKANP®UTA TV KOPLE®OV Tov GC oV avTIeTorovV 6T dLO EVAOCELS.

¥t ovvéyela oxoAdlovtor ot avtdpdoelg tov miv. 12, ov omoieg evioyvovy TNV
TPOTEWVOUEVT] UNYOVICTIKY Topeia pécw prlav Kot divovv emapkelg eENyNoELS Yo TV mopeio
g avtidpaonc. Ipokvmtet, 611 oty Beppokpocio Tov 400 °C, gppavilovror povo ta X, Xo
Kot 16. Avtd amodetkvietl 6t ta Xy 2 Ko 16 givor ta teMkd mpoiovta g avtidpaong (mwv. 12,
ap. 1-6) kot mo cvykekpiéva otig tepmt®celg ap. 1-3 (6nov 1 TocdTTA TOL AVTIOPOVTOG
gtvon 1010, 2 mQ), 1o Xj Ppioketarl oe 8 popég peyardtepn avaroyio and 10 Xo. AveEdpnta
oo 1O YPOVo avtidpaons, ot YNAég Beppokpacies evvooHv To oynuATIGHO Tov X (vvoeiton N
avadidtaén Cope) oe ypnyopeg avidpaoels (e pikpn mocdtTa avtdpovtog). Avtifeta, o€
aVTIOPACELS LE TOV 1010 Ypovo avtidpaong (30 min) kot peyaddtepec TOCOTNTES OVTIOPOVTOG
(o apyég avtidpdoelg) paiveTar Tmg gvvoeital o Opopog A g avtidpaong (mwv. 12, ap. 1, 4,
5, 6).

H &&nynon tov mo méveo nepumtocemv Paciletor kupiog oty vmapén tov 44 oty
avTiopaon. LTS TEPWTAOGELS 1-3 1 TOcOHTNTA TOV AVTIOPDOVTOG £Vl TOAD KPY] ETOUEVMG TO
44 oympatiletor oyedov OLTOUATOC Kol EE0AOKANPOV 0KOAOVOEL TOLG dVO TPOTEIVOUEVOLG
OpOLOVG. ZTN GUVEXELD, O YPOVOG avTidpaomg dev etvar puOUIGTIKOG TaPAYOVTOG Y1 0VTO Kot Ol
AmOd0GELS GE OAEG TIG MEPUTMOCELS LOLALOVV TOAD. AVTO AMOOEKVVEL Kot TAAL OTL TOL TEAMK(L
poidvTa TG Bepproivong oynuatiloviot amd dvo evtelmg aveaptnrovg opopovs. Oco dpmg
av&avel M TOGOTNTA TOL OVTIOPADOVTOG, O CYNUATICHOG Tov 44 dev eivan TOGO YPNYopogS, e
OTOTEAEG O, VO ONUIOVPYEITOL KOO T GTUYT TOV KATOL0 TOGOTNTA TOL £XEL 101 apyicel va
axolovBei Tovg dpdpovg A kot B g avtiopaonc. To amotéhespa givar va vdapyet akdpo 44
(to omoio ypnouevel Gov SOTNG VOPOYOVMOV Yo TO GYNUATICUO Tov 16) péoa otny avtidpaon.
To earvopevo avtd TapovctdleTar aKOUM TO EVTIOVO GE MO PEYAAEG TOGOTNTEG AVILOPMOVTOG

(mw. 12, ap. 5, 6).
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Me v adénon g Oeppokpacioc otadiokd amd Toug 350 °C otovg 400 °C (mv. 12,
ap. 10,9, 7, 1 avtictoya) yio otabepd ypdvo (30 min) kon otabepr) mocoTTO AVTIOPp®VTOC 43
(2 mg) mapatnpeitoan pioe Pértiotn Oeppokpacio (370 °C). e avty ) Oeppoxpacio
nopovotdletar n peyoldtepn avoroyio tov 44 o610 piypuo tov mpoidoviav. Ttovg 350 °C n
avaroyia tov 44 givon 20% m omoia avEavetor ehappdg oe 23% otovg 360 °C, ctovg 370 °C

PTaVEL 6T0 PéY16TO oL givar 39% evd otoug 400 °C £xel v pikpotepn g Ty (1%).

Hivaxag 12. Ocpucivon dwepoic 43 oe otabepii Oepuorpacio avtidpaonc.”
Avatoyieg [Tpoiovtav (%)

A/A Awepéc (mg) T (°C) Xpovoc / t

43 | 44 | X, X, | 16
1 2 400 30 min - 1 77 14 9
2 2 400 1h - - 76 7 17
3 2 400 2h - - 78 12 | 10
4 5 400 30 min - - 6 40 | 54
5 12 400 30 min - - 1 9 90
6 15 400 30 min - - - 100
7 2 370 30 min - 39 | 43 - 18
8 5 370 30 min - - 3 27 | 70
9 2 360 30 min - 23 | 51 - 26
10 2 350 30 min - 20 | 52 - 28
11 4 350 30 min - 9 51 4 36
12 10 350 30 min - 3 12 22 | 63
13 20 350 30 min 6 - 6 88
14 2 350 15 min 4 3 18 25 | 50
15 2 350 5 min 27 54 1 10 8
16 11 350 5 min 13 | 41 1 27 | 18
17 27 350 5 min 6 - 2 21 | 71
18 6 p 15 sec 63 37 - -
19 20 p 15 sec 62 31 5 2

“Tudhvn KGyovAa oppayiopévi] vmd kevo. P H éppaven mpayparonotinke pe pAoya Povtaviov-mpomaviov.

[Mepartépm oToryeion umopovv va, avtAnbovv kot and Tig aviidpdoeig otovg 350 °C (mv.
12, ap. 10, 14, 15) o1 omoieg mpaypaTOTOOVVTOL GE JAPOPETIKOVS YPOVOLG avTidpaonS. Ze
TOAD LKpoVG ¥poOvoug avtidopaons (. 12, ap. 15) 1o 43 dev KaTtavaAdVETOL Kot 1] avTidpoon
OTOUOTA 0TO TPAOTO 0TAd0. [ To Adyo avtd AapuPdvetor n peyaddtepn avaroyio (54%) ce
O1évio 44 wat oAl pKpég avaloyieg ota dALO TPOIOVTO TNG aVTIOPAONG. X& UEYOADTEPOLG

xpOVoLG avtidopaong apyilel va guvoeitan meplocdtepo 0 dpopog B kot avtd gaiverar kKupimg
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amo T1g avaroyieg tov Xi 2 ot onoieg av&dvoviat otadtaxd and 11% o 43% kot otn cuveyeln
og 52% ywa 5, 15 kot 30 min avtictotya. Avtd mov dev pnopei va ereyydei pe peydin axpipfela
etvat 10 1060610 ToV 44 yioti cuvdéetan dueca e To oYNUOTIGUO Tov 16 (mv. 12, ap. 14 kot
10) dedopévng g HeEYAANG OpaocTIKOTNTAS TV PLOV. Xg TOAD UIKPOLS YPOVOLS OUMS M
aVTIOPOoN GTOUATE GTO TPMTO 6TAS0 Kol Aapfdavetor To 44 wg KOplo mpoidv. Avtd pmopel va
drapavel kot amd avtidpaoels Tov OepudvOnkay yio ToAd pikpovg ypovoug (15 sec) pe ypnon
Aoyviag Bovtaviov-tpomaviov (wiv. 12, ap. 18 kot 19). To amotédeopa givar n un Katavaioon
tov 43 (~60%) Ouwc Aapupdveton w¢ koplo mpoiov to 44 (~35%) pe kaborlov N ixvn TV
VIOAOIT®V TPOIOVT®V.

Extog and m Oepuokpacio kot to xpoévo avtidopaonc, ££icov oNUAVTIKY TOPAUETPOG
elvar M ovykévipwon Tov ovipwvtog. Me dedopévo 0Tt o Oheg TIGC AVTIOPACELS
ypnoomomdnkay wepimov icov dykov KAEoTEG kKdwovleg (~2 ml) kou pe Pdon to yeyovog
OTL Ol OVTIOPAGELS TTPOYLOTOTOOVVIOL GTNV 0EPLO PACMN, 1| GLYKEVIPMOOT] TOV OVIOPDOVTOG
eatveron va mailer onpovtikd poro oty mopeio ¢ aviidopaong. Xtov miv. 12 pmopel kaveig
va dlmiotmaoet 6Tt pe avénon g mocdtrag Tov 43, 1 avtidpacn odnysitan pe peyolvTepn
eVKOMa Tpog 10 16 ovykpivovtag TIC OVIWOPACELS TOL TPOUYUOTOTOOVVIOL TNV 1o
Beppokpacio Kot otov id1o ypovo [mv. 12 ap. (o) 1, 4-6 (B) 7, 8 (y) 10-13 (8) 15-17]. Extdg
oo To YEYOVOG OTL M avtidpaon mpaypatonoteitot Pe o apyd puOud Adym g peyoldTepNg
TocOTNTAG AVTIOPOVTOS (CYOMACTNKE MO TPLV), 0 O1TEPOC AOYOG gival mpopavic. Eival
€VKoAOTEPO Vo popla 44 (1o TpdTo TPOidY oL GYNUaTiCeTan) va BpeBodv Kovth Ge Kamoln
pila 65 kot va dddsovv to 16, T0 omoio AapPaveTol TOGOTIKA GE TOAD LEYAAES GUYKEVIPMGELS
avtidpaong. To yeyovog avtd mapoatnpeitol 6e akOUo mo £viovr HOpeN GE LEYOADTEPES

Bepuoxpacieg (400 °C, mv. 12, ap. 6).
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3.2.5 YnmoroyroTikn 61PN TOV PN OVIGROD KO TEPANOTO, ELEYYOV

O punyoviopodg mov TPOTAONKE Yoo vo VTOCTNPIEEL TO TEPAUATIKA OTOTEAEGHLOTA,
dlepeLVNONKE TEPAUTEPM KO LE VITOAOYIOTIKES pa@ééovg.l4g JVYKEKPIUEVO, DTOAOYIGTNKAY Ol
NAEKTPOVIOKEG EVEPYEIEG TOV OOPOP®Y E0MV TOL AdUPAvovy HEPOC otV aviidpaon o€
oyxéon ue 1o Owepéc 43 (oy. 73) xor €161 EOTIOTNKOV TEPIGGOTEPO KATOLO, GNUEID TOV
UNYOVIGHoD oV @aivovtay vo amokAivouy amd Tig KAaoowkég Bewpleg. o mapdderypa, amod
T0 oYNUATIcHO TV 16 Ko 64 edvnke OTL Ol aVOOIATAEEIS TOV ELVOOVV TO GYNUATIGUO TOL
AOOUOVTAVIKOD GKEAETOV €lval €PIKTEC OTIC cLVONKEG TIG avTidopaons. Tlapdio mov Té€TO1Eg
avtdpdoelg  peietnonkov

emopKOg Yoo KopPokatovra (.  avtidpacn  «Schleyer

adamantization» tov 0 AOYog mov TPOTAONKE 0 TPMTOC UNYAVIGHOG ETEPOAVOTG O 0010 6N

cLVéyEw amoppipdnke),* TOPOUOLEG OVTIOPACELS AVAOIATOENG TTOV VO apopovV pileg dev fTtav
YVOGTEG.

TS(44-67)
[——
/ 92.9
TS(66-65) :
[— /
’II 61 \\ ]

' 64
\—
98 7 12.3
Zynpa 73. Zyenxés evlaldmies (kecal/mol) we mpog 7o 43.

Me Bdon tic oyetikég evOaimieg, ot dipileg 65 ka1 68 @aiveton mwg gival mpoiovTo

oopepeioong g 66, ue v tpdm™ va sivar 4.9 kcal/mol mo otabepn amd v 66, evd 1
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devtepn (14 kcal/mol otaBepdtepn amd v 66) eivor m petoPatiky katdotaon Tng
avadidraing Cope g évmong 67 omv 64. Ynobétovtag 6tL dvtog n 66 oynuatiletar oto
TPMOTO GTAd0 TG BeprdAvone, ot LTOAOYIGHOT VITOSEIKVHOLV OTL VTLAPYEL OPKETN OepLuKn
evépyeln mote va mpaypatorombet n avadidraén Cope. ‘Etotl pe dedopévo otL n évoon 64
oynpotileTon Katd tn didpkelo g ovTiopaong, wropet va otnpyBodv akouo TePIeGOTEPO TA
TPOTYOVLEVO TEWPOUATIKG dedopéva mov TavtiCovy T doun g 67 pe v évoon X; mov dgv
TOVTOTOONKE.

[Tapoéro mov @oarvopevikd mn evdoopoplokn oopepeioon g diplag 66 otnv 65 eivan
mhovn o péoov pag 1,2-uetdbeong aAkvAiov, pe PAom TIC OYETIKEG EVEPYEIEC €ivan TO
mBavd to «KAelowwo» Tov dokTuAlov kKo mAAM oe 43 M 1O «bvorypo» tov oe 44,
Ynokoywuoi“g mov €yovv mpaypotonombei otig dipilec TPUTANG TOAAATAOTNTOG, dlyvoLV OTL
YL TV 16opEPEiON TG %66 oc %65 10 EVEPYELOKO PPaypa eivar TovAdyiotov 25 kcal/mol mov
etvat oAy peyaldtepo amd To evepyelokd epaypa g petotponng g oc 43 1 44 (Likpotepo
omd 1 keal/mol) 8edopévav kot tov 6cmv givat yvootd yuo to kukhopovtavio. 7

Tavtoypova, énwg avaeépbnke kol otnv mponyovuevy evotnta (3.2.4), n anevbeiog
evoopoplokn toopepeioon tov 44 oto 67 avoapéveror vo eivor apketd SOOKOAN yiati
npodmobétel o Ogpuikd  amayopevpévn suprafacial  1,3-petdfeon  vdpoydvov. H
VIOAOYIGUEVY douf] NG petofotikng Kotdotacng TS(44-67), Ppioketan 102.7 kcal/mol
ynidtepa oe evépyelan amd v évoon 44. H evépyelo avt elvar peyolvtepn amd v
exTiuopevn evépyela (87.8 kcal/mol) mov ypeidletar yia v opdAvon tov ariviikov C-H
deopov ¢ 44. EmmpoocBeta, to melpdpoto eAEyyov otov mv. 13 ap. 8 kot 9 €oeiav 6t 10 44
givar otabepd oty Beppokpocio 350 °C amovosio o&vydvov (o tpdmog pe tov omoio
KpuotaAl®Onke yioo vor pedetnBel kKpvotaAloypagikd). Emedn n evoopoplaxn mopeio tng
oopepeimong tov 44 oto 67 dev vrootpiletar amd VTOAOYIGTIKA dedopéva (00Te amd TV
BipAoypagio mepi elevBépov pilmv), n avtidpacn mpénel va AaUPAvEL yOPA SLOUOPLOKGL.
YVVENMG, 6 aVTO TO £VOegYOLEVO ia pila etvar vTELOVYN YO TNV KATAAVOT| TG IGOUEPEIMONG
OTOGTTAOVTOS £VO AAAVAIKO VOPOYOVO TO 0mol0 TN GLVEXELWD TTPOooTifeTon otV GAAN TAELPG
™me evdlqueonc aAlvikng pilag (oy. 73). H xotdlvon g avtidpoong mpoyuotonoleiton
mbavotato and 1t dipla 66 pe Pdon to mepdpato eAEyyov. Xvvomtikd otov miv. 13
TaPoLGLALOVTOL OAC T TEPALOTO EAEYYXOL TOV £XOVV TPAYUATOTOMOEL ToL 0TOl0L GLUPWVOLV

LLE TO, VTOAOYIOTIKA dEGOUEVA TNG AVTIOPOOTC.

129



Iivaxac 13. Ocpudloon diuepoic 43 (neipduaza eAéyyon).

Xpoévog Avatoyieg [Tpoiovtav (%)
A/A Avuidpav (mg) T (°C) _ ZovOrKkeg

(min) 43 | 4 | X; | X, 16
1 43 (2) 350 30 p - 20 50 30
2 43 (5) 350 30 p - - 21 79
3 43 (10) 350 30 ¥ - - - 100
4 43 (5) 350 30 8 - - - 100
5 43 (5) 350 30 £ - - - 100

6 X; (1) 350 30 ¢ - - 100 - -
7 16 (2) 350 30 ¢ - - - 100

8 44 (2) 350 5 ¢ - 100 - -

9 44 (2) 350 30 ¢ - 100 - -
10 43 (82%), X142 (9%), 16 (9%)¢ 350 60 ¢ - - 32 68

* Pudhvr kGyovda oepaytopévn vid kevo. P Tudhivn kéyovia oppayiopévn vd kevd oty omoic tomoBethiOnke
TMSCI yuo o pépa mpv ypnotponomdet. ¥ Tudiiv kdyovia cepayicuév vd kevo oty omoio torobetiOnke DO pe
korodTikh Toootnta NaOH yio o pépa mpv ypnotpomomdei (to mpoidv peretidike pe NMR). ® Tudhvn kéyovia
oppayopévy vid kevo pali pe 4eq HaPO4 99%. © Pudhviy kiyovda o@paylopévn vrd kevo pali pe 5eq Ip. & Miypa
GUVOAMKTG pnatog 2 mg.

Yvvoyilovtog, Otav to 16 vmoPAnbnke oe Oegpudivon dev mapatnpnOnke wopio
petafoln petd to téhog g avtidopaong (mv. 13, ap. 7). To amotélecua Tav avoUEVOUEVO
J€dOUEVNC TNG MEYOANG BeprodLVOUIKNG oTaBEPATNTAS TS OOOUAVTOVOELDOVG douNg Tov 16.
H 6eppodivon tov 44 dumg, dnwg éxel mpoavapephel, Exel ovepM®GEL OTL GTIG GLVONKES TNG
avtidpaong to kobapd 44 dev petatpénetar oe 16 ovte og 67 1 64 (mwv. 13 ap. 8 ko 9). To
YEYOVOG 0VTO aKLPMOVEL EAVE TOV TPATO ETEPOAVTIKO UNYOVIGUO 0 0moiog avaeépel TV 44 o¢
TPOdpoun Evmon yia o oynuatiopd Tv 16 kot 64. TlapdAinia, evieyvetal o 1GYLPIOUOG OTL
etvar avaykaio n vmapén g diplag 66 yio ™ cuvéyion g avtidpaong Tpog T mopeieg A
kot B. Tavtoypova, eaivetanr EexdBopa 6tL M tdon mov amerevbepdveror and ) Adon TtV
JECUADV TOV TETPAUEAOVG OOKTVAIOV dgV €lval avTIGTPENTN Kot Yo To AOY0 avtd Oev pmopel
Oepuukd to 44 va emotpéyel oty pila 66 Ko Kot’ enéktaot oto dyuepég 43.

EmumAéov cvumepdopato pmopodv va e&aybovv kot and ) Bepudivon tov 64 Katwm
amd 11 id1eg ovvOnkeg (mv. 13, ap. 6). Aev mopoatnpeiton Kopio peTafoAr] 0VTE GYNUOTIGHOG
Kamolov GAlov mpoidvtog. To yeyovdg avtd amodeikvoel 6t 1 64 dev amoteAel evoldpeon
évoon oty avtidpaon (0nwg mpoimobETel 0 ETEPOAVTIKOG UNYXAVICUOS Yo, VO KOTOANEEL
teMKkd o€ 16), aAAd TeAKkO Tpoidv NG avtidpacng ue Paon tov oporvtikd unyevicpo (oy. 71).
Amodeivoetan emiong kot Tepapotikd oti 1 67 (Xz) dev amotelel mpoidv Cope avadidaralng

™m¢ 64 (X1) otV mopeia TG avtidpaong oAAG avTdpdv (pe PAomn Kot TOVG VIOAOYIGHOVG

130



amattovvron 21.6 kcal/mol ywa v petorpont| tng 67 otnv 64 evd yia Ty avtibetn petatpomn
10 evepyelokd epayua givar 34.8 kcal/mol).

Avaloya, otav piypo 43 (82%), X,, (9%), 16 (9%) Oeppoivdnke ya 1 h otov 350 °C
(mwv. 13, ap. 10) 10 amotéieopa mov €xel mpokOyet givar 32% oe X, ko 68% oe 16,
OmOTEAECUO, TTOV EENYEITAL QO TOV TPOTEWVOUEVO UNYOVIGHO Beppdivong. Zvykekpluéva, 1o
43 amoteAel v TpmdTN VAN TG pilo 66 1 omoia givarl vaeHOvVN Yoo TV KATAAVON Kot TNV
1p60do ¢ avtidpaons. To meipapo avtd eEAEYyeL emiong KoTd TOGO e PHEYAADTEPOLS XPOVOLG
avtiopoong [1 hf 1 d (mwv. 11, ap. 12)] evvoeitatl o T0oc0TIKOG OYNUOTIGHOS TOV 16 1 Tov 64
(X1) ocav 1o Beppodvvapukd otabepdtepo mpoidv ¢ Bepudivong. To anotéleoua Epyetal o€
CLULPMOVIOL [LE TOV TPOTEWVOLEVO UNYAVICUO KOl OTOSEIKVOEL Y10 KOO [t opd OTL O VO
dpopot ¢ avtidpaong etvar un avtiotpentol Ko aveEaptnrotl LETaED TOVS, VM 1 VITOPEN TG

pilag 66 eivar onpavtikn yo v TpoO0odo TS avTidpaonc.
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3.2.6 Xpnon I, ot Bgpporvon Tov dipepovg 43

Oleg ot evoeilelg yioo ™ Beppdivon tov 43 oty aéplo eACT CLUEOVOVV LE TO
unyaviopo ekevdépov piiov (oy. 71). I'o 1o Adyo avtd Bewpndnke 6t | TpocOnkn I Oa £dive
YPNOUEG TANPOPOPIES Y10 TOVG TMPOTEWVOUEVOUG UNYXOVIOTIKOVG OPOUOVS. AEOOUEVNG TNG
wkpng evépyetog ddotacng (BDE 36 kcal/mol) tov I, Oa uropodoe va fondnoet katoivtikd

197,198

™V mopeio. TG avTidpaong N vo OMGCEL VTOKATESTNUEV 10OI00 TOYOELOVTOS TIg

elevBepeg pilec mov oynuatifovrat kKatd ta dtdpopa otddio TG Oepproivong (spin trap).lgg’200
Epappoomrov apywkéd ot ocvvOnkeg otabeprg Oeppokpaciog mov £dmoav v
peyoAvtepn avaroyio e diévio 44 (mwv. 12, ap. 15) pe v npocHnkn 100 codvvapwv L. To
ATOTEAES O, NTAY 1] OAOKAPWGT TNG AVTIOPAONS LE TO oyNUoTicud Tov 16 (mwv. 14, ap. 1) cav
povodkd mpoiov. To 1010 anotérespa AMeOnNKe Kot pe ) ypnomn evog 1wodvvopov Ir katm amd
11§ 101e¢ ovvOnkeg (mwv. 14, ap. 2). Mapdrinio, TopoatnpiOnke 6tL kou to dévio 44 pe éva
oodvvopo I (mv. 14, ap. 3) petotpénetor e£E0AOKANPOL o€ 5 Aemtd o€ dwadapavtavio 16. To
EVOLPEPOV GE QTN TNV TEPIMTOOT £YKELTAL GTO YEYOVOG OTL T0 44 amd povo Tov dev umopet
ue 0éppovon otovg 350 °C va petarpanei oe Swwdopaviavio 16 (mwv. 13, ap. 8, 9). To

TEAEVTOIO OMOTEAEGLO. GE GLVOLOGUO LE TO VITOAOITA EVIGYVEL TNV dmoymn 0Tt o I2 dpa m¢

KATOAVTNG KAT® 0o TIG GLYKEKPUEVEG GLVOTKEG Kot 0o yel TNV avtidpaocmn oto mpoidv 16.

Iivakac 14. Ocpuolvon dyepoic 43 ue ypnon 1.

Avtidpov® Xpdvog Avodoyieg TTpoiovimv (%)
A/A I,(eq) T(°C) .

(mg) (min) 43 44 Xy, 16 69 M
1 43 (5) 100 350 5 - - 100 - -
2 43 (5) 1 350 5 - - 100 - -
3 44 (3) 1 350 5 - - 100 - -
4 43 (2) 1 165 5 1 - - 2 69 28
5 43 (10) 1 150 5 38 - - 3 34 25
6 43 (13,4) 1 150 15 25 - - 6 17 52°

*Tudhvn KGyoLra oePayIouEVY VO Kevd. Agutepevovta mpoidvta P (2% My, 12% My.s, 14% My), ¥ (2% M,
8% M..3, 15% M,), ® (4% M, 18% M,.3, 30% M,).

21 cLVEXELD EPOPUOCTNKAY TO NTEG cLVONKkeg BEpavong o€ pia Tpoomadsio va
EVTOMIGTOVV TO. €VOldpesa €10n g avtidopaons. Amd Tig avidpdoelg tov miv. 14 ap. 4-6,
amokaAveOnKe 0Tl o YaunAOTEPES Beppokpacieg avtidpaonc, epeaviovior véo evOlapeEsa

€idn ta omoia dev mapammpnOnkav otn Oepuokpocio Twv 350 °C. Zvykekpuuéva, OTmG
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eoivetal Kol 610 aéplo ypopotoypdenua (oy. 74), to KOplo mPOidV NG avtidpaong o€
Beppokpacia 165 °C givar n évwon mov gpeaviletar o€ ypovo mold peyaAdvtepo (20.4 min)
a6 10 apykd avidpactipo 43 (10.5 min) poli pe kdmola devtepebovta TPoidvTo T 0moio

eneavifoviatl 6€ TOAD LKPOTEPES AVOAOYIES.

69

|
165 °C, leq I, 5 min " minor
products (M)
43 ''60

Zynpa 14. Eviidueoa gion oty Oepudloon tov duepois 43 wapovoia I, (GC aviidpaons ap. 4, mv. 14).

H tavtomoinon tov kdplov mpoidvtog mpaypatoromdnke Aopupdvoviag vedyn Kot 1o
eaopa palog (MS), to onoio deiyvel EekdBapa v Tpocnkn 2 atdU®Y 1wdiov 6TOV aPYIKO
okeletd. Ta mo onpavtikd Opadouata sivar: m/z 494 (43+21), 367 (43+1) kou 240 (43). Ta
NMR ¢dopato g éveoong mapovctdlovv peydin coppetpio (oy. 75). ITo cvykekpyéva, 6to
3¢ NMR eppaviCoviar pévo 6 Kopveéc Kol 6€ GVVOLAGUO pe TV Vrapén 2 1wdiov otV

Evmor, 1 LOVOSIKT GKEAETIKN doun TTov Tauptdlel ivat ovth Tov dadapavtoviov 69.
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Zyipa 75. Avuiotoryio twv kopopdv ota pdouata *H xor C NMR.

201y évoon 69 &yxet

H doun tov 69 emPeforddnke ka1 kpvotarroypagikd (oy. 76).
AdAILOVTAVOEDN dop OT™G aKPIP®G Kot To dtadopaviavio 16 éyovrog toug 4 avOpaxeg C2-
C1-C1'-C2’ va. Bpickovtol 610 id10 eminedo (yovia otpéync 0°) 1o omoio mpoekteiveTan puéypt
10, 5v0 WOdL e pa ToAH pkpf anodxiion [1.0 (6)°]. O kevipikdg C1-CLl” deoudg o omoiog
gVAVEL TOVG SVO TeTapTOTAYElC AvOpaKeg Tapovstdletar mo emunkng (1.594 A) ce oyéon ue
Tov avtiotoyo decud oto dwadapoviovio 16 (1.554 A).lso Avtd opeidetar Kvpiwg oty
TOPOVGIO TV SVO NAEKTPOUPVITIKMOV OTOL®MV 1mdi0v T 0TToio ETAy®YIKA ennpedlovv Tovg 4
opoemninedovg dvBpakeg kKavovtag tov kevipikd C1-C1l” decud mo advvaplo.

H évoon 69 evioyder ™ ovppetoyn g pilag 65 61OV TPOTEWVOUEVO UNYOVIGUO
OepproAvong tov 43 oty mopeia. A (o). 71) mov akolovbeitat yio TV cdvOeon tov 16. H 69

amotelel akpPdg o Eva amd To Tpio. TPOTOVTO TOL OTTOI AVOUEVOTAV VO, dOCEL 1) Yp1|om Tov I

omv avtidpaon. Ta aAla 2 mpoidvta eivar to 70 kor 71 to omoia. avTioTOWOOV OTIC
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VTOKOTECTNUEVEG HOPQPES TV PIL®V TTOL GLUUETEYOVV otnv mopeia B g Beppoivongc.
Ynrdpyer n mbavétrTa vo eivon Kamowo amd o Tpoidvio Mi3 mov dev TavTOomOmONKAY UE
Baon Tovg ypodvoug tovg oto GC dumg ot avoroyieg Tovg eivon TOAD HKPEG GE oxéomn e TO
1060670 Tov 69 (o). 74). To mPoidv My dev xel emiong TowtonomBel duwe pe Pdon to ypodvo
andkpiong tov oto GC &xer avénuéveg mbavotnteg vo elvar Kamolo oAlyopepés tov 43

(mBavo dpepéc tov 43, gppaviletor Kot 6 GALEG AVTIOPACELS Y®PIG TN XPNON 1WdioV).

70 69 7

Me ypfion tov 10diov, €KTOG amd TO YEYOVOG OTL 1 OUOAVLON TOV OEGUOV
TpayHoTonotleital o oA yauniotepn Oeppokpacio (o1 pileg wwdiov dnpovpyovvTor TOAD
gvkola Loym ¢ youning I-1 BDE 36 kcal/mol), @aivetor eniong vo odnyel ekAektiKd tnv
avtidpaor otov opopo A. To cvunépacua avtd eEdyetar kot amd T Beppdivon mapovsio
1wdiov otovg 350 °C 6mov 1o povadikd mpoidv givar o 16 (mv. 14, ap. 1, 2). To wpoiov 69
givar avopevouevo Ot dnuovpyesiton ko ot Ogpuokpocio tov 350 °C, oAkd Sev
amopovavetat yati o avt T Bepuokpacia ot despoi C-1 givar moid acbeveic (C-1 BDE 50.6

kcal/mol yia 1o Tprrotoyéc adapavroikd wdido ot Beppokpacio 25 °C). %%

Me Baon 10
veyovog 6tL 10 43 dev woopepiletan oto 44 ko kot enéktoon ovte oto 16, 64 kot 68 ot
Oepuokpacio Tov 150 °C, paivetar 6t1 Ta Gropa 10diov kKotaAvovv ™ Aon Tev deoudv C-C
TOPOKAUTTOVTAS TN oVVOeST ToL 44 evd mapdAAnAa og avtr T Beprokpacio VITAPYEL ApPKETN
EVEPYELDL OOTE TO GVUOTNUO Vo KOTOANEEL o€ adapovtovoewdn ooun. H Beppodvvapuxn
otafepdtra mov kepdiletor amd ™ Sdapavtaviky doun sivor n KwnTipa ddvaun g
avTiopaons, VO 1 TPOoHNKN TV aTtOU®V 10wdiov THAVO Vo VVOEL Kot TNV KIWNTIKY NG
avriSpacng.203

H amopdévmon g évoong 69, extdg and v ypnom g o HEGO KOTOVONoNG TOV
pnyoviopod g avtiopaons, omotehel Kot 10 mpdTo Topddetypo [2]dwdapoviaviov pe

vrokataotdteg otig Béoelg 2 ko 9. Me Bdon ™ BlBMOYpOL(p{OLSQ o1 B¢oe1g avtég Bempovvtat g

0l 7o dVOKOAEG BEGELS Y10 LTOKATACTOCT] GTO CKEAETO AOY® GTEPEOYNUIKTG TOPEUTOIONG
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(1,3-a&ovikég OAANAETIOPACELS UE TOL YELTOVIKO LOPOoyoOva) kot dev umopei vo AngOesi pe

angvbeiog ahoyovoon Tov [2]ddapavTaviov.

Zyfpua 76. Aigypouuo ORTEP (areixovion oc 50% mbavotyta) the kpvorotiikng doung tov 69.
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3.3 OoToynUIKN) HEAETN TOV duEPOVG 43

[MopdAinio pe ™ Beppukn PEAETN TOL UNYXOVIGHOL S1dvolENng Tov KLKAOBOVTOVIKOV
d0aKTVALOV TOV 43 TparyUATOTOMONKOY Ko KATOLEG OVTIOPACELS (pmtékvcng.zm O oto)0¢ NTOV
va ANeBel To emBouuntd 61€vio 44 amopevyovTag TIC TOAAEG avadIOTAEELS KOt TO TOPATPOTOVTIQ
TOV TAPOTNPOVVTOL KOTA TN Oeppuoivon. Ot oToynKkég dlepyacieg oTig omoieg vwOPANONKE

10 43 TparypatomomOnkay pe Kot xmpic m xpnon eotogvatcntoromtav (mw. 15).

Hivakag 15. Pwtoynuikés aviidpdoeic 1o diuepove 43.” s

AvTidpav DdwrtogvarsOnronomtig Xpdvog
AwoAdtng ) Amotéheopa
43 (mg) Eidog eq. wg mpog 43 (min)

1 10 p-xylene - - 15 -

2 10 p-xylene - - 30 -

3 10 p-xylene - - 45 Avtidpdoelc Tov dtaAdTn
4 10 toluene d° Ceo 0,1:1 5 -

5 10 toluene d® Ceo 0,1:1 15 -

6 10 toluene d® Ceo 0,1:1 35 -

7 10 toluene d® Ceo 0,1:1 65 -

8 3 benzene d° Ph,CO 0,1:1 10 -

9 3 benzene d° Ph,CO 0,1:1 40 -

10 3 CH,Cl, Ph,CO 1:1 15 8

11 2 CCl, Ph,CO 1:1 15 ¢

12 2 CH,Cl, rose bengal 11 10 16 (12%)
13 2 ethyl acetate  rose bengal 1:1 15 16 (18%)
147 2,5 acetonitrile  rose bengal 0,5:1 30 -
157 2,5 acetonitrile  rose bengal 0,5:1 60 -

*Porewh mnyn: Perkin Elmer Cermax® Xenon Arc Lamp, 180-700 nm, 300BF. " Bubbling Ar yia 5 min, akorot8ag
oppayiCeton pe septum n @idAn kon tomobeteitan oe moydAovtpo. ' H aviidpaon mpaypatomombnke pe kovovikoig
Aopmipeg 60W ko 200W. ° Katavihioon tg Ph,CO, ixv 16.  Mepuc katavélwon 43, ixvi Tpoidvioy mov
dev tavtiCovTol pe Ta yvmoTa Tpoidvta g Oeppotvonc.

Y& TpdTO 6TAS0 TpaypHaTOTOMONKE UV-VIS @oocuatockormio Yo to 43 og dihpopeg
OLYKEVIPMOOELS Kot mopatnpninke o kopver ota 230 nm. To amotédecuo MTav
OVOUEVOUEVO  O€dOUEVNG  TNG OMOLCING  AEITOLPYIKAOV oOpddwv (moAlamiol deopoi,
OPOUOTIKOTNTA, POTOELOIcONTOL VTOKATACTATES). H QpmTevh mnyn mov ypnoipomomdnke yo
mv ewtoéivon (Perkin EImer Cermax® Xenon Arc Lamp, 180-700 nm, 300BF) 6a pmopovce

VO IKOVOTIOUGEL TO OTOUTOVUEVO UNKOG KVUOTOG Yo T O1€yepon tov 43, OpmS To YVoAKd
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(pyrex glass, cut-off 2 <300 nm) mov ypnowomomnkay dev MTav JSATEPATH GTO
ovyKekpuévo A (miv.15, 1-3). T 10 Adyo avtd, ypnoonomdnkay emToELOIGONTOTOMTES OL
0TO101 AMOPPOPOVY GE UEYOADTEPO UNKT KOLOTOG LE OKOTTO VO LETAPEPOLV TNV EVEPYELN TTOV
yperdleton oto 43 yia va deyepOet.

Ytov mwv. 15 mopovcstdloviol GLYKEVIPOTIKA OAEC Ol POTOYNUIKES TPOOTADEIES TOV
gywav. Ot avtidpaoelg o€ devteplopévong dlaAvtes (ap.4-9) mpayuatorombnkay pe okond
v angvbeiog pelét pe NMR tov mpoidoviov g aviidpaong Kot mpaypoatomombnkay e
colveg NMR. Ot potogvoucOntomomrtéc mov ypnoomombnkoay (Ceo, benzophenone, Rose
Bengal) emAiéynkav pe Pdon 11c mOAD KOAEG EQOPUOYEC TOL  £YOVV  KLPIWS ooV

. . . 205-212
EVOCONTOTOMTES TPUTANG KOTAGTOOTG.

Yuvbwg ot evioelg mov Bewpovvrol KaAol
P®MTOEVAIGHNTOTOMNTEG Elval EVAOGELS TOV UITOPOVV va dleyepBovy €0KOAN Kot Vo, SOCOVY TNV
TpumAn dleyeppévn katdotacn. O Adyog etvar 0 TOAD peyaidTepog xpOvog LN TV EVOGE®V
nmov Pplokoviar otV TPWAN S yEPUEVT] KOTAGTAON GE GYECN UE EVMOGELS TOL Ppickovrtan
omv omAn dumyepuévn Katdotaor, yeyovog mov divel to xpoévo mov yperaleTan yio TV
HETAPOP TNG EVEPYELNG 0TIV Vot Tov Ba avtidpdoet (43 otV TpokeEéEVN TEPITTOON).

Ta amoteAéopata ™G EOTOYNMKNG HEAETNG Oev €dmaav kdamoleg DeTikég evoeilel,
TapOAO OV GE UEPIKES apatnpnOnke Kamow petatpony|. [Tio cuykekpiuéva, ot avTdpaceELg
ue ™ xpnon tov Ceo 6€ devTEPIOpEVO TOAOVOAMO dg (KaAdS d1aivTng Yo To Cgp), eV Edmaay
Kanowo Oetikd anotéheopa (mwv. 15 ap. 4-7) énwg kol oty mepintwon g Peviopavovng oe
devteplopévo Pevioao (mv. 15 ap. 8-9). Otav duwg ypnoyomombnkay S1opopeTIKol
daAnteg 1 Bevioeovovn £0€1EE VoL AVTOTOKPIVETAL OTNV OTOYNUIKY depyacio (mwv. 15, ap.
10, 11). Zmv avtidopaon pe dwAvTn Syyhwpopedavio, n Pevioaivévn KATOVOADVETOL KOl
divel mpoidvta avtidpacnc g pe tov Sddtn (meipapo eAéyyov ywpic ) xpnon 43) evod 1
TOAD kpn TocOTNTO TOv 43 oL GLUUETEXEL OTN E®MTOAVGY, divel WIKPO TOGOGTO
dwdapavtoviov 16. To yeyovdg avtd povepdvel mwg 10 dtyAmpoueddvio dev amoteAel Kadod
SAVTN Yl TN GLYKEKPIUEVT] avTIOPAoT) EVA TAVTOHYPOVA EYEL KOS KOUATOG ammokomng (Ccut-

off wavelength)***

oto 230 Nm mov givar akpPdS To 1010 pE TO UNKOC KOUOTOG TTOL OTOPPOPa
70 43. Avtifeta, o KatdAANA0g S10ADTNG AVIKE Va givarl o TETpayAmpavOpakag (. 15, ap.
12) apod 1 Peviopavdvn dev gaivetal vo Aapfavel pEPog oty avtidpaon evad mapatnpeitol
HEPIKN KaTavAA®GSN Tov 43 TPOG GYNUATICUO OUMG KATOIWV TPoidvTv Tov ogv TanTilovtal
He ta YVootd mpoidvta g Oeppdoivong.

¥t ovvéyelo mpayportomomdnkay avtidpdoslc pe ypnon tov rose Bengal wg

eotogvotodnromomt (KOKKIVN ¥pOOTIK ovcin). And dokyég mov Eywvav Ppébnke 0tL M
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oelpd pelwpévng dwAvtoémrag v to rose Bengal sival axetévn > axetovitpidio >
dteBvdanBépag > 0&kdc abBviestépag > dtydmpouebddvio. H avtidpaon oe aketovitpidio mov
etvat évog amd Tovg KOADTEPOLG OOADTES Y10 TN XPWOTIKY], TPOYHOTOTOMONKE LE KOVOVIKOVG
Aapmtipec mopdktmong 60W kot 200W dedopévng g evkorog amoppdPnong opatod pmTOS
a6 to rose Bengal. Aev vanpée dpmg kapio petafoin oto piyua e avtidpacng ovTe HETA
amd mapodo 1 h (mwv. 15, ap. 14, 15). Mwpn petoforn vimpée otav ypnoonomdnke to
dydmpopebddvio kot 0 0&kdc abviestépog ¢ dtodvteg (mv. 15, ap. 12, 13) ot omoiot av kot
KoKol StoAvTES Yo TN YpooTikn £dwoav avtiotorya 12% (e 10 min) kou 18% (cg 15 min )
petotpom Tov 43 og 16. T1g 0VO TEPIMTMOGELS OVTEG YPNCLOTOMONKE N 1OYVPN  POTEVN
nnyn Xe.

[Topd 10 YeEYOVOG OTL € KATOEG POTOYNUKES dlEPYUTIES TOPATNPNONKE GYETIKA UIKPY
petafoln, dev &ywve mepountépw depevvnon yutl kaplo omd avtég doev €de1Ee va e&ummpetel
TOV GKOTO Y10 TOV OTO10 EPAPUOCTNKAV KOl TOL NTav 1 cuvBeon tov 44 pe évo mo €0KOAO
tpomo. [Tapdia ovtd, mapatmpnOnke Kot mdAl ce Kamoleg mepmtdGeES 1 Beppodvvapikn
npotiunon mpog to 16 mov AdYy® NG adapavTavOEWoDS oTafepdTNTAG TOV EOIVETOL VO
amotelel avamOPELVKTO TPoidv o€ kdbe avtidpaorn avadidtatne tov 43. To yeyovdc 6Tt ot
avTOPACELS AVTES TPAYUOTOTOWONKAY G€ doAdUATe KOOIGTA o KOTovonTy TV TPOCANYM
dvo vdpoyovav yia TV cVvvBeom Tov 16 og oyéon e Tig avtidpdcels Beppoivong tov 43 mov
TPOyHoToTomOnkay oty aépia eAoT).

H peiétn g ootoymueiag tov 43 couninpodnke pe kamolo TEWPAPATO GTO, OToio
YPNOLOTOWONKE TO UDOL0 MG POTOELOIGONTOTOMTHS-KOTAADTNG Y10 TV TPOCSANYT] POTOVIDV
(miv. 16). Ovoclaotikd, T0 1Wd10 pmopei vo deyepheil poToynuikd petafaivovtag otny TPy
OMyePUEVT] KOTAGTOOT KoL VO OPACEL OC (poorosvmcﬁnronomrﬁgm OAAG KO dMUOVPYDOVTOG
pilec atopkov 1diov o1 omoiec UMOPovV va dPAGOVY MG EKKIVNTEG KO VO KOTOADGOVY TNV
avtidpoon oto diidvpa.”" To 1810 Ady® TG EVKOAINS S1GoTAGTC TOL PUTOPEL VO GUUPETAGYEL
0€ TOMEG OVTISPACELS KVPIMG LLE VTOGTPOUATO TTOV EYOVV ATAOVG deopovs (ahkévia, d1Evia)

216,217

KOTOAYOVTOG OE EVOLPEPOVTO TPOTOVTA 1o0UEPi®ONG KOl TPOGHNKNG. Mmropel emiong

14 r 14 4 21 r r /4
VoL LETEYEL OT SLAVOLEN KUKAOBOVTOVIK®V OaKTLAI®V & a6 Ko OL0POP®V TOAVUEPICUDV GE

. 219, 220
dtdopo.
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Iivarac 16. Pwroynuréc avudpdoeic tov diuepodc 43 ue ypiion L.""

AvVTdpadv Xpdvog % avaroyio oTo piypo
AwAvg’ I,/ 43° )

43 (mg) (min) 43 69 Y M,
1° 3,3 CH.Cl, 0,5:1 15 7 49 44 -
2 4,3 CHCI, 1:1 15 5 87 8 -
3 2,7 CHCl, 2:1 15 7 73 20 -
4 2 CCl, 0,5:1 15 44 4 18 34
5 2 CCl, 1:1 15 12 11 30 47
6 2 CCl, 10:1 15 - 71 29 -

* Gotewvn mnyn: Perkin Elmer Cermax® Xenon Arc Lamp, 180-700 nm, 300BF. " Bubbling Ar yi 5
min, akohov0w¢ cepayileton pe septum m @euddn ko tomobeteiton oe moydAovtpo. T Oleg ot
OVTISPAGELS TPAYLOTOTOONKAY 6€ SOKILAGTIKOVS SOAVES pe dyko Swdbtn 2 ml. ® Anoypopatiopoc
T0V doddpatog. © AvEnpévn mocotta I, 0dnyei e mOAVO TOAVUEPIGHO 0ol TapaTnpeital peimom
GTNV GLVOAIKY TOGOTNTO TOV TPOIOVTOG G€ GYEGT HE TNV LAL0 TOV OVTIOPMVTOG TOL XPTGIUOTOONKE.

Ot avtidpdoelc mov mapovstalovtal otov mv. 16, mpaypatomombnkay OAec 6ToV 1010
povo (15 min), pe v id1o poTewn anyn Tov 610 dyko daivtn (2 ml) kot vVad atpodcEUpo.
apyov. Ta cvumepdopota mOL TPOKLATOLV OTO TNV YEVIKN €KOVA TOL TivaKa givor OTL
TPOKELTAL Y10 OVTIOPACELG OLO SAPOPETIKAOV TaYLTTOV. [0 GLYKEKPEVE, 01 OVTIOPAGELG
oL TTpaypatoromOnkay o dtyAmpopedavio eaivetal va givat o ypyopeS 6€ oYECT UE TIG
avTPAcELS OV TPOyUATOTOMONKAY GE TETPAYA®PEVOpaKa (CLYKPIVOVTOG THV KOTAVIAMOT)
T0V 43 010 piypa tov tpoidvtwv). To mo evolapépov Opmg gival To KOPLo (TEAKO) TPoidv TG
avtidpacng mov givol e OAeg TIG TEPMTMSELS TO duwdo[2]ddapaviavio 69. Ta vrodAouta
TPoidvTa mov Tapovcsldlovtal o oty T ddkacia givol n évwon Mg 1 omolo epgavietot
Kol oty Oeppdivon tov dipepodg 43 mapovsia 1wdiov otovg 150 °C (oy. 74) ko pio
Kawvovpla Evoon Y 1 onoia Exel xpovo amdkpiong oto GC petadd g My kot Tov 69 kon givat
mOavA KATOL0 EVOIAUESO LOVO-VTOKOTESTNUEVO 10did10 (mLy. 16).

Ot KoAOTEPES GLVONKEG Y10 TNV OAOKANPM®GT TNG AVTIOPOCoNS TOPOVGLALOVTOL GTO
nelpapa ap.2 oe dyydopouedivio Kot €va 1odvvapo Ip. Xe doddtn tetpayropdvipaxa,
avtidpacn 7mpoywpd opyd kot pe TOo  oynuotiopd evdiduecwv  €wdov  (Y) kot
nolvpepav/ohyopepdv evoroemv (Mg). Tavtoypova 1 ypnon peyaing mocotntag Io gvvoel
uev v Kotavilowon tov 43 aldd m ovykévipmon tov teMKdV mpoioviev (amd GC)
KATOOEIKVVEL AmdAELN LAloc mOavadc Adym nomuapwuof).m'm

Emunpdobeto otoyeio amd 1 deEaymyn TOV QOTOYNUKOV TEPAUITOV LE TO 1DO10
givar 0TL N évoon 69 umopel va cvvtedel ko oe yauniés Oepuoxpacicg (0 °C) Adym g
KATOALTIKNG Topovsiog Tov piiov wdiov oty avtidopaon. Evdiagépovoa eivor emiong n

TOPOTAPNON OTL OE OVTEG TIS AVTIOPAGELS TO dtadapavtavio 16 dev amotedel pépog twv
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poioviov. O Kupldtepoc Aoyog eivar 1 younAn Beppokpacio oty omoio AapBdvel xdpa n
avtidpao, yeyovoc mov Ponbd oto va maydevovtor and dropa wwdiov ot pileg (dipila 65, oy.
71) mov odnyovv oto oynuaticpd tov 16. Tavtdypova, o poTOYMUIKOS TOAVUEPIGUOG Eivarl
évag dpOUOG OV OOTEAEL LEPOC TNG CUVOAIKTG JEPYACING E10IKA GE OVTIOPAGELS e HEYOAN
nocotta L. [Tapdria avtd, oe Oheg TIC avTOpAoEL TOV TpaypaTomomonKay dev ANeonKe

Kavéva 1yvog Tov dieviov 44.
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3.4  Xpnion tov oumdoo|2]owdapavraviov 69 otn cvvleon Tov dreviov 44

Ta amoteléopata and ) eoTOALVGN TOV 43 dev ELANPETNOAV TIG UPYIKEG TPOGOOKIES
oL Ntav 1 ovvOeom Tov 44 pe éva o eleyyouevo Tpomo. I'a 1o Adyo avtd avalntmonke Lo
Kavovpla péBodog ovvleong tov 44 mov Ba pmopovoe vo aflomomcEL TN UEYOAN
Oeppoduvapukn TPOTiUMon G adapavTavoedovs doung oe oyéon He OAeg TIG LVITOAOITES
oopepeilg evaoelg tov 43. Avtd emtevyOnke 0E0MOIOVING TIG AEITOVPYIKES OUASES TNG
évaoong 69.

Apyikd, dokipdotnke avaywyn g 69 oe Beppokpacio dwpatiov K4T®m amd adpaveig
ovvOnkec (Ar) oe dvvdpo THF pe okdvn petaAlikod poyynciov mov eivol oyeTikd £va Mo
avaymywko péco. H avtidpaorn opmg dev é0mwoe kavévo amotédecpo ovte petd amd 1 uépa
avtidpaong, £€tol akolovOnce avaymyn pe aupdiyouo Na/Hg. Ov idieg ovvOnkeg siyav
EPAPLOCTEL KO GTNV avaywyn Tov duwdo-vopadapavtaviov 30 (ke@. 2.3) Onmg Kot KAToumv
A v vrokateotpéEveOY vopadapaviaviov. Tote Ppédnke 01t Ta dumdida ovéyovtan pe
HEYAAN €uKOMa (TOGOTIKA, GE TOAD KPS xpOVo) kol OTL €ivol o1 KAADTEPEG TPOSPOLES
EVAOOELG Y10 TO CYNUATIOUO aAKEVIOV (0KOUO Kol 68 SVGKOAN TOAVKVKAIKG GUGTALOTO), OE
ocOyKplon pHe GAAEG Aettovpyikég opdadeg mov eiyav dokipaotel (-OMs, -OTos, -SO4). H
dpopd 6115 dvo mepintdcels givar 01t o 30 givon 1,2-6umdidio eved to 69 givan 1,4-0uwdidno.
O unyaviouéde g avtidpaong (dissociative electron transfer of dihalo-alkanes) otnpiletat og
BipAoypapucd dedopéva, OToL GTIC AvTOPAcELS Yo To 1,4-01adloyovidia To amotéleopo stvon
70 AVTIGTOLYO O1€V10, EVM OAKEVIO AdUPAveTOL O amotélecpa TV 1,2-010Aoyovidiov Kot otV
nepintmon tov 1,3-8hoyovidiov mpaypatonoteital kukhompornavioot. 2>

H avayoyn pe apdiyopo Na/Hg mapoakorovdndnke pe GC ypouatoypapio kot £6e1&e
Ot M KopLEN oV avTioToKEl 6T0 69 eEapaviletal evieAdC og Ypovo HKpoOTEPO ad 30 min.
[MopatpnOnke emiong o oyYMUATIGHOG dVO VEOV KOPLE®V TOL TALTIOVTOL HE OVTEG TOV
dteviov 44 kot tov dwdapavtoaviov 16 og avoroyia mepimov 70:30 avrtiotorya. To amotédeopa
emPBeParddnke ko pe NMR pacpatookonio oe devtepimopévo BevidAiio oto omoio | Eévwon 44
mopovotdlel peyaddtepn otabepdtnto 6€ oYECN UE TO OEVLTEPIOUEVO YAMPOPOPULIO OOV
eaivetol va punv etvar otabepn.

Olo. ot TEWPAUATO TOV TPOYUATOTOMONKOV GE SLOPOPETIKEG GLYKEVIPADGCELS ELyOV
TOPOLO0.  OMOTEAECUOTOL  ZNUOVTIKY 7opatipnon eivar 0Tt 6€  HEYOADTEPOLS YPOVOLG
avVTIOPAoNG, TO TOGOGTH TV TPOIOVTWV Oev peTABdALovTal, YeYovOg Tov Voot pilel mmg M

obvBeon TV dLO TPOIOGVTMOV eivar aveEApTNTY Kol LOVOdpoun OTwg mpoteivetan oto oy. 77.
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MnyovioTikd, T0 TPOTO 6TAd0 ivar pia avaymyr evog nhektpoviov Tov Aapfaveton and tnv
UETAAAIKT EMPAVELD TOV VATPIO, LE TOLTOYXPOVN amoydpnon tov I kat dnuovpyia g pilag
72. Me Bdon o TEWPAPATIKA OTOTEAEGUOTO O OPOUOG TTOL 0dMnYel ot ovuvbeon tov 44
(kokKwva BéAN) mpovimobétel mpooAnym evdg dehtepov mAektpoviov amd v pila 72 kot
dnuovpyia evdg modd dpaotikod kapPoviovtoc (73). AkorovOel pior avBopuntn kot mwoAd
ypiyopn 1,4-petagopd nAeKTpovimV e S1AGTOCT) TOL EVOLUUEGOD OEGLOV KOl OTOYDPNCT TOL
I yio T dnpovpyia tov emBopuntov mpoidvtog 44. H mopeio cvvBeong tov 16 sivor mpopovadg
7o apyn, TPobmoBETOVTAC GUVOAKE TNV TPOSANYT dVO VOPOYOVEV (UTAE BEAT) EVD O dpOLOG
mov epva omd T dipla 65 onueidvetal pe drakekoppéva BEAN a@ov, dedOUEVNC TN LEYAANG
dpaoTIKOTTAG TV POV HEGH 6TO dtdAvpa, dev €xel oxeddv KaBoAov mbavottes. [Topd To
yeyovog OtL to 16 evvositan mepiocdTepo pe Paon T OBegpuodvvopkn e aviidpoaong, o
oynuaticpds tov 44 givorl o ypNyopog Gav GLVETELD EVOOLOPLOKNG dlepyacioc, e oYEo e
10 oynuatiopd tov 16 mov mpaypotomoleiton OUOPLOKE [E OMOTEAEGUO TNV WKPOTEPN

avaA0Yiol TOL GTO TEMKO piypHa TG avTidpaonc.

Hivarag 17. Avudpaoceig ovaywyns tov 69 ge diapopetinois d1oddTeg.

Avtidpav % Avaioyio 6T0 piypa
Aodvtng” Xpdvog
43 (mg) 44 16
1% 300 THF 5 min 72 28
2° 15 EtOEt 5 min 74 26
3 35 CH,CN 15h 73 27

“15 ml Sweddtn pe apdiyope Na/Hg (110 mg Na/ 16g Hg). P 5 ml Siahom pe apdiyapo Na/Hg (50
mg Na/ 8g Hg). " H ovtidpoon mpoyuaronoieitor moAd mo opyd AOY® TG TOAD WKPAG
SdroAvtotntag tov 69 péca oto CH3CN.
H avaywyn tov 69 mpayupatomombnke Kot 6 GAAOVS S10ADTEG e GKOTO TNV GVYKPLoN
TOV TEMKOV OVOAOYIOV TV TPoioviov 44 kot 16. Onmg eaivetar péca amnd to amoTeAéouaTo
tov . 17 ta mepdpata mov dSeENydnkav ce Tpelg SpopeTKovg dlaAvTeS divouv 10 1010
1eEMKO amoteléopota (~70/30, 44/16). Mg avtd TOV TPOTO, UTOPEL VO GTNPLYTEL O 1IGYVPIGUOG
OTL AoV N amdoTacT VOPOYOVOL and TIG pilec 72 ko 75 glvar ave&dptntn amd ToV SIOAVTN, M
OLVEIGPOPA TTpaypaToToLEiTAL TBOVMG KOl GE QLT TNV TEPITTMOT ad Tl PIVLAIKE VOPOYOVA
g évoong 44 dnwg kol oty Beppoivon tov 43. Emnpdcsbeto otoryeio otnv vrootpién tov
TO TOVO 1oYLPICHOV glvar OTL katd TV avayoyn tov 1,2-dumdiov 30, n avaymyn

mpaypatonroleiton mocotikd oe THF to omoio dev cuvelopépetl kaBdAov, apov péoa oTo piypa
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TOV TPOIOVI®MV Oev £)EL aviyveLTel KAmolo AAAO Tpoidv (oTnV TPOKEWEVN TEpimT®ON TO

VOPOSUUOVTAVIO, TOV EIVOL TO AVTIGTOLYO VIPOYOVMOUEVO TPOIOV).

69
e_
_’) o
- SRS
| 44
' ) (70%)

Zyfua 77. Avoywyn tov ouwdo[2]dadauavraviov 69.

H xaBopdmra kou 1 emavainyipodtnto g ovaywyns tov 69 my kabietovv kaAdtepn
Kol To €0YPNOTN avtidopaon ywa ) cVuvleon Tov 44 e kalég amoddoelg (~70%) oe oyéon ue
v avtidpaon Oepudivonc tov 43 oty omoia AapPfavouy pHEPOg TOAAG SPUCTIKG EVOIAUESA.
Xuyypoveg, 1 amoddoon tov 44 katd 1t Oeppdivon eEoaptdtal amd TOAAOVG TOPAYOVTES
(xp6voc, mocdHTNTO OVTOP®VTOG, HETOPOAN TG Beppokpaciog, GALES IGOUEPIOCELS) TOV dEV
umopovv va gheyyfovv pe gvkora. Me v avaywyn tov 69 amogedyovtal ot avemiBounrtot
TOAVUEPIGLOL KO Ol IGOUEPIDGELS TPOG AAAEG EVIOCELG OLMG OVOTOPEVKTO, KOl GE OUTN TNV

nepintoon Aoupavetol onuavtiké mocootd tov 16 (~30%).
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3.5  Eleyyopevn cvvleon tov oumoo|2]dwedapavraviov 69

21 ovvéyeln, Tpoypatoromdnke Beppikd n obvBeon tov 69 péca oe ddAvpa Yo
KOADTEPT] OMOTEAEGUATIKOTNTO, OOV OmOTEAEl Mol KOAN Tpodpoun évoon ywoo 1o 44, H
Oepukn avtidpaon tov 43 pe I otoug 150 °C dev amotehel koA pébodo, dedouévav tov
TOAAGDV JPACTIKAOV £W0MV OV oynuatilovtal otnv aépto eAot, oAAd 00TE Kol 1) OTOYNLUIKN
avtidpaor tov 43 pe I mapovctdlel avomomTikés amoddcelg AOY®M TV TOAVUEPIGUAOV TOV
GUVTPEYOLV.

Ytov mwv. 18 mapovcidlovtar ot aviwdpdacelg tov 43 pe 10010 péoa GE TPELG
drapopeTikovg dloAvteg. Oheg ot avtidpdcels €xovv mpaypotonombel péco o QLIAeS Le
GLVOALKO OyKo dtaAvtn 3 Ml og cuvbnkec Bpacuod pe eTavappor Kot pe ovaAoyio 1diov g
npog 1o 43 2:1 avtictoya. Oko ta mepdpoto mov TPoyUaToTomONKoy KaTadEVOOLY OTL
GLVEIGQOPE NG TOMKOTNTOS TOV SAVTN ivan o onuovtikn ond to onpeio (éoemg Tov. Ot
TPEIG OmPOTIKOL S10AVTES TOL YpNowonow|Onkay efvar: dydmpopediavio (u 1.60 D, bp 40 °C),
Yhopopdppio (1 1.04 D, bp 61 °C) kar o pn mohikdg tetpayropivdpakac (1« 0 D, bp 77 °C).
Me Baon toug ypdvovg avtidpaong GTOVG OTOIOVE TPAYUATOTOMONKE 1 HEAETN KOl TIG
OYETIKES OvVOAOYiEG T®V TPOIOVTOV, QUIVETOL TG 1) CLYKEKPUEVN avtidpacmn evvoeital
TEPIOCOTEPO GE MO TOAIKOVG SoAdTES OGS TO dYAWPOUEDAVIO KOl TO YA®POPOPLL0. XTOV
TeTpayAopavipaka 1 avtidopaorn ypelaletoar mepimov 20 h yw 10 aviictoro mOG00TO
LETATPOTNG OV OTOVG GAAOVG OvO StaAvTeg AapPdvetar otig 2 h. Mikpr dwapopd oty
TOYOTNTO AVTIOPAONG GTOVS dVO TOAKOVG dAVTEG OpeideTan Kupiwg 610 peyaAdTEPO onpeio
{éoemc Tov YAWpoPoppiov mov Ge cLVONKESG PPAGUOV LE ETAVOPPOT UTOPEL VO TPOGPEPEL

LEYOADTEPN EVEPYELD GTTV AVTIOPOOT).

IHivaras 18. Ocpruréc avudpaoeig tov oyuepoig 43 ue I.

Avtidpdv Xpovog % avaAoyio oto piypo
Aoddnc* I,:43

43 (mg) (h) 43 69 Y
1 2 CH,Cl, 2:1 2 9 84 7
2 2,2 CCl, 2:1 4 52 38 10
3 2,2 CCl, 2:1 20 - 82 18
4 3,2 CHCl; 2:1 0,5 43 53 4
5 3,2 CHCl, 2:1 15 12 83 5
6 3,2 CHCl, 2:1 2 8 87 5
7 3,2 CHCl, 2:1 3 7 88 5

* Oleg o1 avtidpdoeig Tpaypatonomdnkay og dyko dwaivtn 3 ml.
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X1 ovvéyela, ueAetnke n mpdodoc ¢ avtidopaong (ap. 1, wiv. 18) oe oyéomn ue 1o
¥PpOVO og peyalvtepn KApoKa pe T xprion tov [2]dwdapavtaviov 16 wg ecotepicd tpdTumo.
XpnowomomOnkav 250 mg piypatog 43 (230 mg) kot 16 (20 mg) oe 20 ml CH,CI; kot ta.
aroteAéopata mapovotdlovtal otov mv. 19. To 16 dev vpictator omoladmoTe aAdayn Kotd
v ovtidpaon yu avtd Kot Exel ypnowonombel wg onueio avapopds. H ypnon ecwtepikon
TPOTUTOL £YvE Yo, Vo eleyybel katd TOCO Ol GYETIKEG OVOAOYIEG T®OV TPOIOVI®V NG
avTidpaoTG UTOPOLY VO EKPPAGOLV TNV amdAvTn pala ¢ avtidpaong dtaceariloviag v un
KATOVAA®ON HAoC AOY® TOADUEPICUMV Kol GAA®V TOPATAEVPOV OVTIOPACE®V TOV OTOI®MV

T, Tpoidvta dev aviyvevovtal oto GC.

Iivarags 19. Eleyyog tns mopeiog s iwdiwons tov 43 ue GC
tov 43 ue I ue ) ypijon wov 16 w¢ eowtepikd mpotomo.”
Avoloyieg TV ed®V TG ovTidpaong

A/A Xpovog (h) ®G TPog 10 16

43 69 Y
1 0 7,57 - -
2 wpocOnkn I, 5,00 1,89 0,12
3 1 3,39 3,26 0,14
4 2 2,45 4,42 0,10
5 3 1,98 517 0,09
6 4 1,60 5,61 0,13
7 5 1,20 5,74 0,10
8 8,5 0,60 6,41 0,09
9 9 0,42 6,67 0,10
10 9,5 0,35 6,72 0,11

“ 250 mg piypatog 43 kor 16 og diddopa 20 ml CHLCly pe 2 eq Ip. Zav
£0mTEPIKO TPOTLITO YpNolponotOnkay to [2]ddapavtavio 16 (20 mg oto

piypor).

>10 ypaonuo mov akolovBel (oy. 78) mapiotdvovtal ot avaroyieg TV eUPaddv TV
Kopueadv 100 GC mg Tpog t0 gcwTEPKO TPdTLIO 16 Yoo GAO TOL €101 TOL GLUUETEYOLYV TNV
avTiopaon oe oxEoT UE TO XPpOvo, OTmg aivoviat otov mv. 19. To cvpmépacpa mov eEdyetan
amd v ddkacio eivar 6TL abBpotoTikd oe KAbe ypovikd onpeio mov eAéyyOnke n avtidpaon,
1 GLVOAIKN avoloyia TV WOV TG avtidpacng eivar otabepn. Avtd 0dnyel 6TO0 GLUTEPAGLLA
OTL TPOKELTOL Yo po kaBopr] HETATPOTN HE VO GUYKEKPIUEVO TTPOTOV YmPIig ammAeln Halog
po¢ GAAeg kotevBuvoels. H ouykekpiuévn avtidpaon moapovotdlel peydin petotponn os 69

KOTA TO OPYIKA TG GTAOLN, TOVTOXPOVO LLE TNV TPOSHNKN Tov 1diov (miv.18, ap.2). Zradiokd
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HE TNV TAPOOO TOL ¥POVOL O PLOUOG NG AVTIOPOONS HEUDVETOL, AOY® TNG MELWUEVNC
OLYKEVTIPMOOTNG TOV OVTIOPOVTOS HEGH GTO SLIAVUO YEYOVOS OV QOiveETOL Omd TV KAIoN NG
KOKKIVNG OAAG KOl TNG TPACIVIG KOUTOANG oL avoAoyel 610 pubud KATOGTPOPNG TOV
AVTIOPMOVTOG Kot 6TO puOpud mapaymyng tov mpoidvtog aviictotya. Ot dvo pvhuoi eivor icot pe
Baon 1o ypaenua kol avtdg givor axkoua £vag Adyog mov 10 Y ov aviyvedeTal, Ogv amoTeAEl
00Te eVOLAIECO OTNV aVTIOPAoN GALL OVTE Kol KATOL0 oNUavTiKO Tpoidv. Onwg poaivetot kot
0T0 YpAonua 1 avaAoyio Tov péGO 6To piypa givor moAd pikpn Kot otabepn kod’ OAn v
SlapKeLN TNG AVTIOpOON.

Ev xatax)eidt, n televtaio cuvBeon g Evmong 69 amotelel pia BeAtiopévn €bkoin
péBodo yia v Ay ~90% kabapov mpoidvtog 69 pe amoEvY TOALDY TOPATPOTOVTIMV Kot
AVETOOUNTOV TOADUEPICUMY, EVA TAVTOYPOVO TPOGPEPEL TPOSPacT oTtnV cOVOesT TOv

dteviov 44 péow avoywyne.

Eleyyog ¢ avtidpaons 1wdiwaong tov diuepovs 43

Avoloyieg Twv 18wV TNG avTidpaong
WG TTPOG E00WTEPIKO TTPOTUTTO (16)

Xpovog (h)

=& time (h) vs dimer (43)
®— time (h) vs diiodo[2]diadamantane (69)
=—8—time (h) vs monoiodo[2]diadamantane

Zynua 18. Eleyyos e mpoodov ¢ avtiopoons ovovleons tov ouwdof2]dadouavraviov 69.
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3.6  IIpocOikn ovyhAmpokappeviov

To endpevo oTAd10 TNG EVOAAAKTIKNG GLVOETIKNG TTopeiag OTwS TPoTabnke 610 GY. 53
elvail n TpocsHnKN £vOg 160d0VaoL dtyAwpokapPeviov oto d1évio 44 yia T chvBeon Tov povo-
VIOKOTEGTNIEVOD OYAMPOKLVKAOTPOTTAVIKOV TPoidvtog 58. X Bipioypapio vrdpyovy whpa
TOAMEG amAég HéBodOL OV UTOPOLV Vo dMGOLY TO JYAMPOKAPPEVIO KLplwg pe apykod

avidpaotipo o CHCl3 kar ™ xprion Paong.””’ >

2NV TPOKEWEVN TEPITTMOOT OUMG TOL
dteviov 44 vmapyel 0 mEPLOPICUOG OTL pe ¥pNom YAmpopopuiov N Evmon kataotpéeetot. O
MEPLOPICUOG aVTOG 00N YyNoe otV ovalTnon MG OopopeTikng nedddov obvvbeong tov
dyydmpokapPeviov. Me Bdon kdmoiteg PPAOYPAPIKEG AVTIOPAGELS, LE TN XPNON LIEPYOV
umopet  vo  Anedel  to  drylwpoxapPévio  amd )0»0)pO(p(')ppqu?’1 oAAG kol omo
tsrpakapdvepamx.zaz O tetpayropdvipakag Bempndnke g n Mo KOTAAANAN Tyn Yo TV
Tapaywyn tov dyAopokapPeviov a@od to 44 edavnke va unv emmpedletor kaborlov péoa e
avToV.

Abdy® tov peydlov ypOVOL TOV aToLTEITOL Y100 TO TTEIPOUO PECH GE AOVTPO VIEPTY OV
(>4 h), bewprOnke 611 Oa HTav KoAvTEPQ Vo, SOKIUAGTEL 1| avTtidpacT Oepuikd a@od peTd omd
Hkpo xpovikd dtaotnue (~30 min), n xprion vaépnyev avéavel katd ToAd v Bepuokpacio
TOV csucsrﬂponog.233 Mo 1o Adyo avtd emyelpndnke por TopaAroyn TS avTidpaons TOve Ge
YVootd vroéotpope (kukhoegévio 76). To 76 ypnowonomOnke oe Ao To TEWPAUOTO TOV
mpaypatoromOnkayv (mv. 20) yuwu v e€edpeon 1OV KATOAANAOTEP®Y CLVONKAOV TNG
avtidpaong, aeod to mPoidv 77 €xel YVOGTA QAGUOTOCKOMIKE OEOOUEVO Kol WTOPeEl e

gvKoAia vo TovtomonOet.

Mg, CCl, THF cl
cl

76 77

2ynua 79. llpooBnkn diylwporapPfeviov ato kvkloeLevio.

Ao 0 TEPAUATIKE amoTEAEGLOTO TOV TTapovotdlovtal otov miv. 20, givor pavepo OTt
N ovtidpaon, KAt amd évioveg cuvinkeg (Bpacpod pe emavappor]) o€ pa dpa divel povo
iyvn tov mpoidvioc 77 evd 10 MQ KATOVOADVETOL 0ONYDVTOS GTO GYNUATIGHO TOAVUEPDV
npoidvtov (mwv. 20, ap. 1). Otav 10 piypa g avtidpoong avadedetor oe Bepuokpacio

dopatiov, mapatnpeital Evrovn BEpuavon e PLIANg TG avTidopaoNns, YEYOVOS TOL 0N YNCE
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oTNV XPNON TAyOAOLTPOL G€ UEPIKES avTdpdoels. H avtidpaon mpayuotomoteitol pe wo apyo
puOud og yaunAdtepn Beppokpacio, 0 Mg KotavoldveTal TOAD apyd divel Op®G EAAPPDG
YoUMAOTEPEG 0m0d0GElS, evd T todvvapa CCly mov ypnoyomombnkav (6tav sivar >2 eq)
dev paiveton va ennpealovy dpaoTikd tv amddoon (mv. 20, ap. 2-5). Te OAec TIG avTIOPACELS
ypnoporomOnke otoryelopetpikny mocotmta Mg pe PBaon ™ Piproypapio Ko oTIg
avtdpdoelg mov mpaypoatomomnkay oe Beppokpocio dopatiov o péyiotog xpovog Nrav 2
DpES Y1aTi 08 PEYOADTEPOVG YPOVOLS TO piypa apyilel va mlet. Me autd Tov Tpodmo ANeOnKav
amodocelg kovtd oto 50% omnv KaAOtepn mepimTmON, Kot TO piypo TV Tpoidviev Tng
avtiopaong (pe faon 1o 'H a1 C NMR tov UYHOTOG T®V TPoiovImV petd and eneéepyocio)

amoTEAEITO 0YXEOOV AMOKAEIGTIKA 0t TO TTPoidV 77 Ko TOAD HiKpO TOG0GTO KukAogEgviov 76.

IHivarags 20. IlpooBnxn diylwpoxapPeviov oo kvkloeéévio 76.

76 Oykog Mg Amddoon
AwaAdTng CCl, (mmol) Ogpuokpacio  Xpdvog
(mmol) (ml) (mmol) 77 (%)
1 12,5 THF 10 25 12,5 reflux 1h Tevn®
2P 19,8 THF 15 39,8 19,8 0°C 15h 38
3 19,8 THF 15 29,7 19,8 0°C 1h 30
4 19,8 THF 15 19,8 19,8 0°C 1h 26
19,8 THF 15 79,2 19,8 0°C 15h 30
6 9,9 THF 1,5 155(1,5ml) 9,9 RT 2h 47
7P 9,9 THF 5 15,5 (1,5 ml) 9,9 RT 2h 42
8P 0,99 THF 15 155(1,5ml) 0,99 RT 1h 44

*Tiohpo Ladpo XPHORA SYNHATIGROS TOADUEPODE 0VGiag Kot kataviimon tov Mg. P EEdOeppm avtidpaon, petd amd 1 h
@tavel og Beppokpacio dopatiov, TOPATNPEITOL GYNUOTICULOC GKOVPOYP®LNG TOAVUEPOVG OVGIOG KOl KATAVAAWDOT TOV
Mg.

[No v koAdtepn Katavomon Tev mopayoviov mov emnpedlovv TV avtidpaon
TpaypoatoromOnkay Kot Kdmwowo mepdpato AEyyov to omoia cuvvoyilovtor otov mv. 21.
MeretOnkav ta 01d@opa avTdpacTnple EEY®MPIoTA Kol TMG TO KAOE Eval aAANAETIOPA LE Ta
vrorowma. [To cuykekpéva, av xpnopomomBovv dAha o avIOPAGTAPLL EKTOG o TO 76 GTIC
TPOTYOVUEVES OVOAOYiEG 0€ CLUVONKEG PPOCLOL LE ETOVOPPOT, TOPATNPEITOL GYNUATIGUOG
OKOVPOYPMUOV SOADLUOTOS KOl OYNUOTIOUOS TOAVUEPOVS ovoiag petd amd 5 Aentd (mwv. 21,
ap. 1). To THF pali pe 1o Mg dev divouv kapio petafoArn ovte PETA TNV TAPOOO 2 MUEPDV
(mw. 21, ap. 2), evd 10 1010 ovpPaivet kar oty mepintmon tov CCly poli pe Mg (. 21, ap.
3). Av ypnoyomomBei moAv pikpn mocodtta THF o€ oyéon pe tov tetpayropdvipaka dev

umopel va dmwoel avtidpaon oe Oepuokpacio dopotiov peTd amd pa pépa, oAAd ovte og
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ovvOnkeg Ppacpov pe emavappor] HETE amd mapodo g opog (mv. 21, ap. 4, 5). T'a va
umopéoet va gvepyomoindel to Mg kot va dwoet v avtidpaon mpénetl 1 avoroyio tov THF wg
npog 10 CCly va givan 1:1 1 ko peyarvtepn. Tavtdypova, n xpnon abépa avti yioo THF dev
€VUVOEl TNV avtidpaon aAAG o0Te Kot piypo Tov ovo pe pukpodtepn avaroyio oe THF (. 21,

ap. 6, 7).

Hivakag 21. Iepduozo eAéyyov mpoadnkns diywporapPfeviov.

A/A ° Aolotng Oreog CCly (mmol) . T(°C) Xpodvog Mopathpnon
(mmol) (ml) (mmol)

1 - THF 5 12,5 6,3 reflux 5 min IMoAvpuepiopoc”
2 - THF 5 - 6,3 RT 2d Ko petoporn®
3 - - - (5 ml) 6,3 RT 1d Kapué petoporn®
4 19,8 THF 02 398(39ml) 198 RT 1d  Kowué petapory’
5 19,8 THF 02 398(39ml) 198  reflux 1h Kad petaporn”
6 9,9 EtOEt 5 (1,5 ml) 9,9 RT 2h Kad petaporn”
7 9,9 EtOEt/THF 4/1 (1,5 ml) 9,9 RT 2h Toovn 77

*Ti0hpo HADPO FPOUO CYNIATIGUOE TOAHEPODS ovsiag petd omd 5 min. P To ypdpo tov piyparog mopopéverl dypmpo.

Eneyuéveg ocuovlnkeg omd tov mv. 1 €popudOGTNKOV GITNV GUVEYEW GE WKPNG
KMpokoag ovipdocelg pe 1o o0vio 44. Xe Ohec TG avtidopdoels epgavioviav 2 Kvpla
TPOIOVTA, 1 AVTIOPUCT OLMG PAVIKE VO TPOYWPE TOAD apyd LETE amd Thpodo 2 mP®VY Kot Vo,
OAOKANPOVETOL HETA OO [0 LEPQL LE OYETIKA UIKpES amodooelc. H ypnon icov dykov CCly
¢ mpog 1o dAvTn (THF) @dvnke va emtayvver Aiyo v avtidpaon (wwv. 22 oap. 4) oumg
dedopévne g evactnciog tov 44 péca oe dbpopovg OlaAvTEG, B MTay YPGIHLO v 1
avTiOpaoN HUropovoe va mpaypatonombel oe mo pikpo xpovo. o to Adyo avtd, dokipudotnke
N xpnon apoaryauatog Na/Hg Aoym g peyaidtepng dpactikdotntog tov Na ce oyxéon pe 1o
Mg. "Etot emyepriOnke avayoyn tov 69 pe apdiyapo Na/Hg mov divel to 44 (~70%) kot ot
cLVEKELD TpaypaToromOnke in Situ mpocOnkn tetpayrmpdvOpaka apécmg petd o €0 Tov
TPADOTOV GTOOIO0V.

Ta amoteAéopato g avtiopoong pe apdiyopo Na/Hg tapovsidlovtol otov miv. 23.
A&oonpeimto givar 6t ko ot dvo avtdpdoelg (Le Mg kot Na) divovv ta idta dvo mpoidvia
(78 ko 79) mov 6pmG apydTEPO ATOSETNKE OTL eV NTOV KAVEVO amd Ta avapevopeva 58 i 80
(ox. 80), 6L®OC N OTOUOVMOOT TOVG TOPOVLGLALEL OPKETO EVOLAPEPOV. ZVYKPITIKA, Ol OLO

avTOPAcES ToPoLGlalovy  Jpopd o©To  YPOVO  avtidpoons AOY® NG HEYOADTEPNMG
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SPACTIKOTNTAG TOL CUAAYALOTOS VOTPIOV 6€ oyéon pe To M. Zuykekpipéva, 1 avtiopaon pe
TOV TETPOYA®PAVOPAKO OAOKANPAOVETOL UETO amd Thpodo 15 Aemtdv pe TNV TOCOTIKN
Katavdiwon tov 44. O pikpdg xpovVoS avTidpaons €uvoel T AYN TOV VO TPOIOVIMV GE
KOAVTEPEG QMOOOCELS QPO UE TNV TAPOdo TOL ¥PAVOL Kol TIG GLVONKES TG avtidpaonc, N
TOUVOTNTEG TOALUEPIOHOD Kol  Opopwv ALV  aviwdpdcewmy tomov Wurtz  eivon
avEnuéves. 2 # H pehém g avtidpaong mpoypotonomonke oe 3 SLapopeTikode SLUADTES
(mwv. 23 ap. 1-3) otovg omoiovg T0 devTEPO 6TASI0 dev Paivetarl va emnpealetar. To mpmTo
0TA010 NG avaywyns Tov 69 sivar apketd mo apyd pe ) ypnomn aketovitpthov (OTmg €xel
avaeepBel kol oe mponyovuevn evotnro 3.4) AOY® TG HKpNG dAvtotnToc tov 69 otov
ovykekpipévo  OtaAvtn. To devtepo Ouwg otTdolo  HETO amd TNV TPOCHNKN TOV
TeETpoYApavOpaKko dev @aivetar va emnpedletar kaBOAOL amd TN YPNOTN OLLPOPETIKAOV
SAVTOV aPOL OAES 01 AVTIOPAGELS OAOKANpOVOVTOL G pdvoug < 30 min g avtibeon pe v
avtidpaor pue Mg 6mov n avtidpaon guvoeiton emiektikd péca o THF. To yeyovog avtod €xet
Vo KAvel pe v evepyomoinon tov Mg péow vreppoplak®v aAnAemidpdoemy e 10 0Euyovo
tov THF. Mg ) ypnon aporyauatog Na/Hg n dpactikdotnto tov vatpiov owédvetar pe

JOTOPA TOV PEGO GTOV LOPAPYVPO INUIOVPYDOVTOG SLPAGIKO GVGTNHO LE TO OLHADTN Kot £TGL

N avtidpaomn TpayHaTonoteiTal ypriyopa Kot aveEaptnta and o StAvT).

ITivakag 22. Aviidpaon tetpoylwpavlpora. ue to oiévio 44 ue ypion Mg.”

44 THF CCl, Miypo mpoidvtov (%)
Mg (mg) O®gppoxpocioc  Xpovog
(mg)  (ml)  Ovyxog (eq) 44 78 79
1 10 5 8ul(2eq) 1(leq) 0°C 1h 80 3 -
2 10 5 8ul(2eq) 1(leq) RT 1d - 17 32
3 10 0,5 8ul(2eq) 1(leq) RT 2h 38 12 2
4 6 0,5 0,5 ml 1 RT 1h 12 11 25

* O1 an0d06€1g TOV TPOIOVIOV VIOAOYIGTNKAV GLYKPITIKG 68 oyéon pe ToAD pkpy TocdTnTo Sradapaviaviov 16 mov
éuewve petd and tov Kobapiopd tov 44 kot mpoépyeton and v avtidpacn cvvbeong tov pe avayoyn tov 69. Oia ta
avTIOPACTHPLO KoL SLOADTES TOL YpnoonoOnkay eiyav Tpoénpaviei pe kotdAinieg pedddovg.

Or omoddoelg OA®V TV  aVIWOPACE®Y VTOAOYICTNKOV GYETIKA ®G TPOS TO
dwdapavtavio 16 1o omoio Aapupdveral katd T0 TPMTO GTASI0 NG OvaY®YNG Tov 69 of
amodocelg 26-30% oOmwg €xel avaeepbel kol oty evomra 3.4. H avayoyn tov 69 sivan
TOGOTIKY YWPIG TapATAELPEG aVTIOPACELS £kTOC amd To 30% petatponng o 16 mov Adym g
o100epOTNTAG TOV GE OAEG TIC OVTIOPACELS OmoTEAEL va TOAD KOAO onueio avagopdg oTig

avaAvoelg eaéyyov g avtidpaong pe GC ypopatoypagic. Ot vwoloyispoi ovtoi nrav
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avayKoiot yu v €aymyn Tov omoddce®mV apov 0 OoY®PIoUOS TOV UIYHOTOG TNG avTiOpaoNS
oV TePLElye T evaoelg 16, 78 kot 79 pe ypopatoypoaeio oTHANG NTav ToAD dvokorog. Ot
TPELG EVAGELG £XOVV KOVTIVEG TOAKOTNTEG KOl EKAOVOVTAL Oltd TN GTHAN oXEOOV TAVTOYPOVAL
HEGO OTOL TPMOTO KAAGUOTO E TN XPNON U1 TOMKOV dtoAvtdv (e€6vio). [a to Adyo avtd o
LEPIKOG dlaymPIopdc ToVg Exetl emtevyel pe v ovALoYN TOAD pukpodv Khaoudtwv (~1 ml og
KGOe SOKIUAOTIKO COAVA) KATE TNV XPOUOTOYPAPic OOV £YIVE EPIKTI 1 OTOUOVOGCT] TOAD
pkpng kabopng TocoTTg 0md TIC evaoelg 78 kot 79 ( oepd éxhovong and ™ GTHAN NTav

npmta T016 petd 1o 78 ko petd to 79).

Iivakag 23. Avoywyi; tov duwdidiov 69 kou in Situ aviidpaon ue tetpayropdvipaxa.”

Marotng  (ml) Na/Hg Xpovog CCl, Amddoon (%)

A/A 69 (mg)
(9,04% Na) 1°ctadio  2° otado  (ml) 78 79
1 57 THF 15 8 0,5h 15 min 5 53 32
2 35 CH;CN 5 8 15h 15 min 5 14 58
3 20 EtOEt 10 8 0,5h 0,5h 1 36 28
4 275 THF 10 32 0,5h 0,5h 1 44 36

*O)eg 01 AVTIBPACELS TPAYLOTOTOONKAY GTV Ypapur Kevod og adpaveic cuvinkes o Beppokpacio dopatiov kot n
ohokApwon Tovg mopakolovdOnke pe GC. Ov omoddcels TV TPoidviov VLIOAOYioTNKaV o€ oyéon UE TO
Swdapavtavio 16 mov mapdyetor Katd o TpdTO 6TAd10 TG avaymyng (o€ 30% anddoon mwv. 17) kot mapapével otadepod
Kot TV mopeia ¢ avtidpaonc.

o o cl_ Cl
;’ < %5 ;> +

o~ c” ¢l

@ CCly THFE,M -~ 58 80
44 al

cl Cl

Cl Cl

78 79

Zynua 80. Avtidpaon tov 44 ue tetpoyrwpavlipara mopovoio. uetdiiov.
O1 moAd pikpég mosotTeg Kobapne ovsiog mov Aednkav amd ™ YpoUATOypoPio

ypnoworomdnkav yia T Aqyn eacpdtov NMR and ta omoia, Aoyw g Cs cvppetpiog twv

dopav, Nrov dvokoro vo e€aybovv cvumepdopato pe Pefoardtmra. o 0 Adyo avtd
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emyelpnOnke Cexymplotd 1 KPLOTAAAMOT TOV VO EVOGEMV WHE TN XPNON O0POP®Y OTADY
neBddmV ov elye cav amotélecua T AW UIKPOV AYpOU®Y KPUSTAAA®V Tng £vaong 79.
10 oy. 81 mapovsialetar n kKpLOoTOAAIKY doun ¢ 79, n omoia fondnoce otV TowTomOiNnoN

Kol ¢ évoong 78, pe ovykpion tov poacpatov NMR.

Cl4

O3 es,

c3 . Oc17 )

ci3 - —

CH

Cl2

2ynua 81. Aicypopuo ORTEP (areiovion ae 50% mOavotyta) the KpooTtalAikng 0oung e évewaons 19.

O ovoyetionds TV avOpaKkov pe To avTioTtotyo VOPOYOHVA TPOYUATOTOONKE HE TN
Bofbewr 2D HSQC oaopdtov ko pe mewpduote C DEPT 135. Sta oyfuato 82-85
TapovctaleTar OAN 1 QOGHOTOGKOTIKY avdAvon vy v enaAnfevon tov 2 dopmv. Xto
eaopoto dvo dractdcewv HSQC pe mpdowvo ypdua eaivovol ot KOpueEs Tov aVTIGTOLYOVV
oe CH davOpaxec. A&lonpdcektn elvar n oydon mov mapovoidlovv 6iot ot CH; dvBpaxeg
(droywpropog oe CHa, CHb cvotiuota) kot 6tig dvo evdoelg, ektdg and toug C4 ko C10 mov

Bpiokovtat 611G OLO YEPLPES.
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3.6.1 Mnyovioetikn e€fynon s avtiopaons Tov 44 pe TeTpoyrlopavlpoka — TpocdKN

Tonov «Kharasch»

Metd v amoudvoon Tov evocemy 78 Kot 79 o¢ ta kupla Tpoidovia TG ovTiopaong
Tov deviov 44 pe tov tETpOoyApdvOpaKa, £ytve mpoomdbein vo e€nynbel pnyoviotikd m
avtidpaor Kot ot Adyot Tov dgv Aapfdvetol kovéva amd ta ovapevopeva tpoidvta 58 kot 80
(ox. 80), mapd 10 yeEYOVOG OTL M TPOSHNKN TOL SYAWPOKAPPEVIOL TPAYLATOTOLEITOL GTNV
TEPIMTOON TOL KLuKAoeEeviov 76. X BlBMoypa(pia237'243 Exovv avaeepOel amd ToAd mTold ot
avtidpaoelg tpocnkne «Kharaschy 1 aAModg aviidphoelc TpocHnkng vIepyAwpo-aAKaviwv
oe olepiveg mov divovv amoteléopata avtictoyo pe v ovtidpacn tov 44 pe CCly. Ty
TAELOYN Q10 TOVG O AVTIOPAGELS AVTEG £xoVV HeEAETNOEL e TN YPNON UETAAA®VY HETONTMONG OE
Heyarovg xpovous avtiopaons kot ynAaég Bepuokpaocies. Ilpaypoatonoinomn tovg og mo Nmieg
ouvOnKeg emTedyOnke apyodTEPA LE TN XPTOT) OPYOAVOUETUAAMKAOV OVTIOPOSTNPIOV e LETOAA
petantmong Kobmg kot dAlwv cvumhokwv tov Ru, Ni, Fe, Mo, Co ka1 dAwv petdAimv
petdntoong. [opdia avtd, owoc(pépﬁnma244 Kot 1 xpnon Mg omv avrtictoyn avrtidpaon
TPOCONKNG € GTLPEVIO Kot 6€ OKTEVIO-1 Tov PBpmpotpryydmpouebaviov divovtag Ta avdioya
TPoidvta o€ MOAD KOAEG amoddoels. Xy mepimtwon tov 44 m avtidpaon @aivetor vo

guvoeitan kat o€ apddyapo Na/Hg mov dev éxet péypt onjuepa avapepbei oty Bipioypapio.

R, Transition metal R Cl CXCl,
1

+
) y &8 Anti-Markovnikov
R2 R2
X=Cl, Br

Mnyxavioué¢ mpoobnkng Kharasch

M* +  CXCl

MCI*  + -CXCl,

R+ -CXcl R

CXCl,

R
+ MCI* R

CXCl, c’  CXxcl,

+ M*

Zynpa 86. «Avtidpaon Kharaschy.

M yeviky| mopdoTocn TOV TPOTEWVOUEVOD UNYAVIGHOV OTIS OVTIOPAGELS «Tpoadnkns

Kharaschy 6mwg vrootpiletat, @aivetor oto o). 86 Kot TpoTeiveTal Unxaviopog eAevfépmv
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pilov. Avtioctoryo oty avtidopacn tov 44 pe tov teTpaylmpavipaka, eivor n mhovotepn
UNYOVIGTIKY TPOGEYYIoN oV pmopel va eénynoet v 1,4-tpocsOnkn mov odnyel otnv cuvbeon
tov 79. T to 78 B pmopovoe gvkola va mpotabel Evag unyoviopog Hécm KapPavidviog 1o
onoio oynuarifeton petd amd mpocHnkn evog ClI' otov éva dmAd deopd tov 44 kot
dNuovpyia Tov «otay@vIovy OGOV Tov dtadapavaviov. To kapPavidov avtd e TPOTOViDoN
umopel va dmoet to 78. O unyovicpog Opmg HEc® KapPoviovimv dev pmopel vo eEnynoet v
ovvbeon tov 79 ovte péow tov 58 (oy. 87, I') apod to MBavdTEPO TPOIGY B NTOV 1M
TpOTOVIOUEVT Evoon 84. To 58 dev umopel va amotelel eVOLAUESO NG avTiOpaoNS 00TE HECH
unyoaviopotd pilov ywori tote o AopPdavoviav Kot EVOGES TOL TUTOV 82 UE TOWKIMO
vrokatactot®v (oy. 87, B). Agv Ba pnopovoe eniong va anokieiotel kot 1 ovvBeon tov 80

(01TAn) Tpoobn kM) o€ mepinT®ON OV 1 TPOSHNKN Tov dtyAwpokapPeviov Ba NTav QK.

ccl, *CCl; + MCI'
%( CCls CCly
A
Ml J 7
cl Cl Ry
cl_cl o 5
‘ ‘ \

44 R 4

58 *CCl3 81 82

\ «Cl R,=CCls Ry= CCl3 Cl

R,=H, CI, CCly
r ‘\\

O cl cl

58 83 84

Zyjue 87. Myyoviotikn mpocéyyion e aviidpaons tov 44 ue CCl,.

IMa Toug Mo mévw Adyovg mpoteivetor oG mMOAVOTEPOS UNYOVIGUOG £VOG UNYXAVICUOG

«tomov Kharaschy o omoiog mpoypatomoleitor TOAD ypRyopo 7PV 1 ONUIovpYyio. TOL
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dyAwpokapPeviov. Kivnmpla dvvaun g avtidpaons eivol Kol 6e vt TNV TEPITTOON 1
neydAn Beppodvvapikn otabepdtnta mov kepdileTar amd v doun Tov dadapavtaviov. [Tapd
TO YEYOVOS OTL GTNV TEPIMTMOOT TOL KuKAoeEgviov 76 1 TpocOnkn tov dyyAwpokapPeviov £xet
emtevyOel, 1oyvpoi Bepuodvvapukol mapdyovieg kabiotodv v TpocsOnkn oto 44 pio ToAD
YPNYOPN OLIKOGIO TTOV OAOKANPAOVETOL TPV OO TO GYNUATICUO TOV diyAmpokapPeviov 61O
piypa g avtidpoaons. To amotédecpa givol 1 HEPIKT] avay®yn TOV TETpayAopavOpaka Tov
KataAnyel vo divel mpoidvta mposbnkng «romov Kharaschy. H ypnon apoaiyduatoc Na/Hg
amotelel emione o véa puéBodo mpoypaTomoinong avidpdoemy avtod TOV TOTOV EVM
Tavtoxpova, N Evaon 79 elvarl amotélecpo HoG amd TG OTAVIES TEPTOGEL 1,4-TpocOfKnC.
Kot o1 600 evdoelg, 78 kat 79 gival evoelg e YpNOYLEG AEITOVPYIKES OUADES KOl ATOTELOVV
aKopa dvo mapodeiypato vrokateotnpévey [2]dwdapoaviaviov oe B€oelg oTIg omoieg M

. . o 59
VITOKOTACTOOT Eval TOAD SVGKOAN).
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3.7 Yovoyn ke@araiov 3

¥10 kepdroto 3 mpotdOnke pio EVOALOKTIKY GLVOETIKN mopein yioo T ovvBeon g
KETOVNG 23 UE apyIKT EVeon To OUEPES ToV vopadapavteviov 43. Méoa and v mopeio ovtn
dtepevvninke o unyaviopog Beppdivong tov duepovg 43, ta TpoidvTa Ko 01 TAPAYOVIES TOV
kabopilovv T1g amoddoelgc Tovg. Ta  mEWPAPATIKA amoTEAéopOTO  TNG  AvTIOpAONG
vrooTpiyOnKav Kot pe vwoAoylotikd dedopéva. MeretOnke n TposHNKn 1wdiov kaTd ™
Oepuoivomn oAAd Kol kKaTd T OeEaymyn EOTOYNUIKOV avtidpdoewy. Emiong, Bpédnke évag
TO OMOTEAECUOTIKOG TPOTOC GVVOeEoNC Tov dleviov 44 pécm tov dumdo[2]dtdapavtaviov 69
HE avoywyn oe o evoloeépovoa avtiopaon 1,4-petapopdc nAiektpoviov. Q¢ teievtaio
otado emyspnOnke n mpocHnkn SiylwpokapPeviov pe po Kovovpla péEBodo, pe ypnom
TETpoYA@pavOpoko Kot gvog dpactikod petdhiov (Mg, Na), n omoio éyel dwoel Oetikd
OOTEAECLLOTO GE TEPALOTO EAEYYOL LE TO KuKAOEEEVIO 76, OpmG pe To 44 1 Beppoduvapuxn
otafepomoinon mov kepdileton amd MV doun Tov [2]dwdapavtaviov 0dNynce otV

ATOLOVOOT] TPOIOVI®V «adauavioroinonsy (18, 79).

T=350°C, I,

44 16

43 Z 67
2; I:=H1g|0 OIC,rlsz X ’\Qg \
2L12Y 2480 RS a) Mg, THF, CCl,
c)hv, I, @ b) Na/Hg, THF, CCl, N
<§\ ésy\
| Cl
al 64
[
69 78 79 o

2yniua 88. Zvvorniki aynuoTiky avowopioTocn Tov Kepolaiov 3.
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4.1 I'evika nepopotikd otoyysia

Ola T apyikd avTIdpacTPLO TTOV £XOVV AYOPOOTEL amd EUTOPIKAOG OBEGIES TYEG ExouV
ypnoporombei  yopic omowadnmote  Jwdwkacio  kKobBapiopov. Or  SAvTeg  TOV
ypnoporomOnkav €xovv Enpavlel pe ovvnbelc SdKaciec Kol 6€  AVIOPAGES TTOV
epappoonKay adpovelg ocuvOnkes éxovv amaepwbel oty ypouun xevod. H mopeio tov
avtidpaoemv mapakolovndnke pe aépa ypouatoypapio (GC) oe 6pyavo Shimadzu GC-
17A pe Alltech capillary column EC™-5 kon pe ypopotoypagio Aentic otpédag (TLC) ot
nhakidwo silica gel 60 Fasa (Merck) aluminum plates. Meté amod v avamtvén tov TLC
TAaKWioV 1 epedvion Toug mpaypatonomnke pe Aauma UV 254 nm kon pe €ékBeon toug og
atuovg wdiov. Ta wpoidvia anopovodnkay pe Dry flash chromatography pe ) ypnon silica
gel G 60, Himedia (less than 0.063 mm). Ta wepdpoto pe YPHON  MKPOKLUATOV
npaypatonomdnkav o avtdpactpo. CEM Discovery Microwave Reactor. Ta H, BC kau
¥p NMR eaopato ANEONKav o poyvntikovg eacuatoypdeovg Bruker Avance 300 MHz ko
Bruker Avance 111 500 Ultrashield Plus 500 MHz. Ot ynuikéc petatoniosig divovtal e ppm
pe onueio ava@opds v Kopuen Tov KATIAANAoL dtoAvtn. H moAlamAdtnto cuvtoviepoh
nopovoldleton pe s (singlet), d (doublet), t (triplet), g (quartet), quin (quintet), m (multiplet), 0
ovvdvacpov tovg. Ot mhatiég (broad) kopveég vrodeikvoovtar pe br. Ta pdopota VEePHOHPOL
IR Mebnkav oe pacpatoypdapog Shimadzu FTIR-NIR Prestige-21 spectrometer with a Pike
Miracle Ge ATR accessory. XaunAng evkpivelog (EI) pdopata paloc mpaypotomombnkay ce
Shimadzu Q2010 GCMS with direct inlet probe kot yning evkpivelag eaopoto paleg (EI kot
ESI) Mebnkav oe Thermo Finnigan Mat 95. Ou petpioelg dwapopikng Oeppidopetpiog
odpwong (DSC) mpayuatomombnkav pe évo Q1000 DSC (TA Instruments). Ot avtidpdoelg
Bepuoivong mpaypotorodnkay péca o€ @ovpvo eheyyduevne Oepuokpaciog ELF 11/6,
Carbolite. Ta onueio ™éemg petpndnkav pe ovokevry Stuart Scientific SMP10. Ot
QOTOYMUIKEG avTidpdoelg mpaypatonomdnkav pe eotewvny mnyn Perkin Elmer Cermax®
Xenon Arc Lamp, 180-700 nm, 300BF kot pe kovovikoOg Aapmtipeg mupdktmong 60W kot
200W. H kpvotarroypapio mepiriacons akTivov-X TpoyUatontotdnke oe KpLGTAALOYPAPO
SuperNova, Oxford-Diffraction pe aviyvevty CCD Atlas, pe dutdn mnyn axtvoforiog Cu kot
Mo.
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4.2 Iewpapatikég AemTopépereg

3, 7-Awdpiévdkvrro[3.3. 1] eveav-2,6-01ev-2,4,6,8,-tetparapfolviikoc eotépog (33)

Miyupa 16.4 g (1.10 mol) 1,1,3,3-tetpapeboéunponaviov 35 kat 50 ml 2M HCI avadevtnke oe
oQaIptkn OéAn Tov 250 ml kakvupévn pe septum yio 2 h ya va dmoet éva Kitpvo dtdilvpa
™Me polovodordetiong 41. Axorovbwg to pH pvbuiotnke oto 8 pe ™ yprion 35 ml 5 M
NaOH kot akorovOnce n tpocstnikn 35 ml (d=0.997, 0.2 mol) duebvro-3-o&oyrovtapikod 34
kot otn ovvéxeto 50 ml pebavoing kot 5 ml 5M NaOH yia va AneBei évo opoyevéc KOKKIVO
dwhvpa pe pH 8. H katapobion otepeod Eexivnoe petd v mdpodo piong mpog. Metd amd
avadsvon vy 3 pépeg otoug 25 °C, 10 piyua g avtidpoong obvviotke oe pH 2 pe v
npocOnikn 9 ml 10M HCI pe tavtoypovn ypiyopn avadevon. Xto mTpokOTTOV piypo pe 1o
TEOMOEG KOPE-KOKKIVO 6TEPED TTpootédnke vepd 20 ml kot to vepkeipevo vypd apalpédnke
TPOOEKTIKA e TuréTo paster. To moomdeg vworeppo ekmAvOnke pe 2X10 ml pebavoing kot
avadevtnke évtova oynuatifovtag Aevkd ilnuo, eved ol €yypopes mpooui&elg mapéusvay
dwhvpéveg otnv pebBavorn. AkolovOnce dunon vd kevd ko ENpavon ywo vo Anedovv 22.4
g (58%) Aevkov otepeov 33. AvokpvotdAiwon pe MeOH édwoe Aevkolg KpLoTAAAOVG
kafopov 33 mp 175-176 °C. *H NMR (300 MHz, CDCl3): 64 1.95 (t, J= 3.3 Hz, 2 H), 3.24 (t,
J=3.3Hz, 2H),3.30 (s, 2 H), 3.77 (s, 6 H), 3.84 (s, 6 H), 12.33 (s, 2 H). *C NMR (75 MHz,
CDC1s): dc 22.5,30.1, 50.3, 52.2, 52.7, 102.0, 168.1, 170.8, 171.8."

Aikvklo[3.3.1]eveav-3,7-016vn (32)

Ye o ceapikn] euadn tov 500 ml epodiacpévn pe kabeto yokthpa, apov TomobeThHOnKay
19.2 g (50 mmol) 33, 100 ml o&wkob o&éoc, SO ml 10M HCI kau 50 ml vepov, tonobetnOnke oe
ehodrovtpo o Oeppoxpacia 130 °C vd avadevon. Mapotnpndnke a@pioud Tov PiypoTog o
onoiog petd oo 6 h dev Ntav T1060 viovog GNIOTOd0TMVTOC TO TEA0G TG amokapBo&uiivong.
21 ovvéyeln mpootédnkav oto piypo 200 g Opvppoticpévov mdyov kot ekyviiotnke pe 4X
200 ml dyhwpopebdavio. Ta exyviicpoto cvykevipmOnkay kot ekmAdvOnkav pe 2X 100 ml
KopeapévoL vdatikoy dtodvpatog NaHCO;. Axolovbnoe Enpavon pe NaSO4, ddnon kot
e€atuion tov SAVTN VIO KEVO Yo ANPOel VITOKITPIVO KPLGTOAAKO GTEPED TO OO0 £0MGE
LETA 0O avoKPLOTAAA®GT (EEGVio/dtyAwpopeddvio) Aevikoig kpvatdAiovg pnalag 7.4 g (97%)
kafopov 32 mp 200 °C. *H NMR (300 MHz, CDCls): 6y 2.16 (s, 2 H, CH,), 2.32 (d, J= 15.4,
4H, Hax), 2.54 (d, J= 15.4, 4H, Heg), 2.81 (s, 2 H, CH). 3C NMR (75 MHz, CDC13): dc 31.5,
32.8, 47.9, 208.7]."”
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Tpucviio[3.3.1.0% eveav-3,7-616/m (31)

Miypo Zn 4.6 g (70 mmol), HgCI 0.46 g (2 mmol) kot 40 ml HCl 5% tomobetbnke oe
opalptkny euAn tov 100 ml ka1 avadedtnke oe Oeppoxpacio dopatiov ywoo 15 min. Xt
ouvvEyelo, To apdiyoua Zn/Hg mov tpoékvye dindfionke vod kevo, ekmAvdnke pe 10 ml vepod
Kot torofetnke oe ceapikn eLaAn twv 50 ml pali pe 210 mg (1.4 mmol) diketévng 32, 2
ml MeOH, 10.5 ml H;O kot 14.5 ml 10M HCI. Meté and évtovn avdadevon ywo 1 h og
Oeppoxpacia reflux, to piypo dmoMbnke kot exmAvOnke pe S ml H,O xoar 5 ml MeOH vy
amopdkpuven tov apoiyduatoc. To dmOnua sxyviiomke pe 10X 15 ml CHCIl3 agob
nponynOnke o kopeoudc tov pe mpocOnkn NaCl. Ta exyvAicpata cvykevipddnkov oia poli
Kot EnpdvOnkav pe dvodpo NaSO,. AkorovBnoce dtdnomn Kot amopdkpuven tov dSAVTN VO
Kevd yio. va AneBovv 188 mg (85%) Aevkic okévng kabapod 31 mp 297-798 °C. 'H NMR
(300 MHz, CDClg): oy 1.44 (s, 2 H, CHy), 1.88 (m, 8H, CH,), 2.28 (s, 2H, CH), 2.44 (s, 2 H,
OH). *C NMR (75 MHz, CDC13): dc 33.1 (CH,), 34.2 (CH), 50.1 (CH,), 79.1 (C-OH).®®7>2%

Tpixvicio[3.3.1.0%"]-eveav-3,7-01wA-diueoviiric sotépoc (52)

Ye éva dtalopa mov mepteiye 1 g (6.49 mmol) d10Ang 31 oe 10 ml mopidivn Tpootédniay apyd
vd ovveyn avadevon oe Beppokpacio dopatiov 5.02 ml (65 mmol) pecvio-yAmpido
(CH3SO.CI). To piypa Bepudavinke og Oeppokpacio reflux yua 5 h. Otav to piypo éptace oe
Oepuoxpacio dopatiov petd 1o téhog g avrtidpaone, tpootédnkav 100 g Opvppoticpuévon
nayov kot mpoyuatomomOnke ekydion 5X 20 ml pe dyyhopopebiavio. Ta opyavikd
eKYLAOHOTO CLYKEVIPOONKAY TNV 010 eréAn kot ekmAvOnkav pe 2M HCI (2X 40 ml), vepd
(2X 20 ml), kopeopévo vaatikd drdAvpa NaHCO3 (2X 20 ml) kot téhog EnpdvOnke pue NaySO,.
Metd ond dmbnom kot €£dtuion tov O1AVTN VIO KEVO, Omopovomdnke £vo Kope-Kitpvo
oteped palag 1.92 g (96%). Avakpvotddlwon pe piypa THF/e€dvio €dwoe dypmpovg
KpLGTAAAOVG Tov 52 padac 172 g (85%) mp 127-128 °C. IR: vma/ecm™ (KBr) 3449, 2943,
1464, 1414, 1341, 1190, 1169, 1101, 1018, 976, 955, 856, 824, 802, 760, 669, 615, 565, 515,
474."H NMR (300 MHz, CDCl3): oy 1.51 (s, 2H, CH, bridge), 2.26 (d, J= 9.0 Hz, 4H, Hax),
2.50 (d, J= 6.9 Hz, 6H, 4He + 2CH), 3.10 (s, 6H, CH3). *C NMR (75 MHz, CDC13): dc
32.28 (CH2 bridge), 34.98 (CH), 40.60 (CH3), 47.42 (CH2), 91.30 (CO). Anal. voloy. yio
C11H1506S,: C 42.6; H 5.8; S 20.7, Bpébnke: C 42.3; H 5.7; S 20.3. HRMS (TOF MS ES+)
vrooy. yuo C1iH1906S2: 311.0623, BpéOnie: 311.0629.7%1%2
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3,7-Auwdo-tpurcvrio[3.3.1.0%evedvio (30)

e o@uplkn QLA epodtacuévn pe kdbeto youktipa tpootédnkav 15 g 99% H3PO,4, 80 mg
(0.26 mmol) dyecvikdc eotépag 3 kar 7.74 g (52 mmol) Nal. To piypa avadedtnke 6Tovg
150 °C y1a 6 h. Otav kpvwoe, tpootédnkav apyd 100 ml H,O oto piypa kot to pop Sidiopa
oL TPOEKLYE ekyVAionKe pe dylmpouedavio 5X 50 ml. To exyvAopo ekmAdOnke ue
KOPESUEVO VOOTIKO dtddlvpa Bgtobeukov vatpiov 1X 50 ml, EnpavOnke pe avodpo NaSO4 kot
0 d10A0TNg e€atpionke VO KeVO Yo vo AneBovv 74 mg (77%) dumddiov 30. Kabapiopdc pe
dry flash ypopotoypapio (100% e&avio) £dmwae 69 mg (72%) dypouov kpuotdiiov tov 30
mp 130-131 °C. IR: vmad/cm™ (KBr) 2926, 1450, 1433, 1333, 1290, 1229, 1151, 1103, 1024,
970, 930, 903, 862, 849, 793, 770, 500 (C-1). *H NMR (300 MHz, CDCls): 6 2.76 (d, J= 12.0
Hz, 4He,), 2.45 (d, J= 10.8 Hz, 4Hy,), 1.91 (s, 2H, CH), 1.63 (s, 2H, CH, bridge); *C NMR
(75 MHz, CDC13): dc 30.60 (CHZ2 bridge), 39.38 (CH), 53.34 (Cl), 57.69 (CH,).*"%

3-Iwdo-T-vdpov-tpikvrcio[3.3.1.0%evedvio (49)

YTIC UEPIKMG OAOKANPOUEVES AVTIOPACELS 1dimwoNG, amopovadnkay pikpég moocdmreg (5-
10%) tng évoong 49 petd and ypopatoypaeio dry flash (20% e&davio/dyhmpouediavio) pe ™
LOPPT LIOKITPIVOL KPVLOTOAAKOD 6TEpeod MP 52-54 °C. IR: vmadcm™ (KBr) 3228 (O-H),
2930, 1722, 1454, 1398, 1344, 1331, 1300, 1244, 1215, 1184, 1136, 1109, 1063, 1007, 962,
937, 907, 870, 816, 718, 631, 520, 459, 422, 411. *H NMR (300 MHz, CDCls): 64 1.55 (s, 2H,
CH bridge), 1.88 (dd, J >2, 10.8 Hz, 2Hax.0n), 1.98 (dd, J >2, 12.3 Hz, 2Heq.0n), 2.10 (s, 1H,
OH), 2.31 (s, 2H, CH), 2.40 (dd, J = 2.1, 11.1 Hz, 2Ha.), 2.68 (dd, J >2, 12.9 Hz, 2Heq.). **C
NMR (75 MHz, CDC13): J¢c 31.69 (CH, bridge), 37.92 (CH), 48.59 (CH2), 54.62 (ClI), 57.33
(CH2), 82.46 (C0O).*" *

2,4-Moéa-22-Osiozetporcorio[5.3.1.1°°.0°] dwderave-3,3-016vi (55)

500 mg (3.25 mmol) d16Ang 31 mpootébnkav oe 5 ml mokvod Bgukov o&éog 95-97% kat to
uiypo avadevtke otovg 130 °C yio 1 h. Otav kpowoe to piypa tpoostédnkoy modd apyd 100
ml H,O xot to didAvpa exyvriotnke pe CHLCl, 4X20 ml. Ta opyavikd exyvAicpozo
tonofetOnkov poli, EnpdvOnkav pe davoopo NaSO4 kot o dtoddtng e€atuionke VO Kevo
v va AneBovv 628 mg (90%) Aevkol otepeol 55 cav povadikd mpoiov. [paypoatonomdnke
avakpuoTdAlmon (kukhoeEdvio) kat €dmoe Agvkodc kpvotdilovg mp 117-118 °C. IR:
vmadem™ (KBr) 2955, 2922, 2853, 1460, 1382, 1337, 1306, 1242, 1202, 1090, 960, 837, 812,
777. *H NMR (300 MHz, CDCls): 8y 1.55 (s, 2H, CH; bridge), 2.19 (d, J= 10.8 Hz, 4Hy),
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2.32 (d, J= 11.1 Hz, 4Hj), 2.65 (s, 2H, CH). *C NMR (75 MHz, CDC1s): éc 33.00 (CH,
bridge), 37.04 (CH), 46.44 (CH,), 94.47 (CO). Anal. vroAoy. yia CgH120,4S: C 50.0, H 5.6, S
14.8, ppébnie: C 50.4, H5.6, S 14.4.12

3,7-Zovigivoi-diocotpucorio[3.3.1.0% eveavio (50)

Miypa mov amoteieito amd 308 mg (2 mmol) 616Ang 31 ka1 5 ml SOCI; avadedtnke yo pio
uépa oe Oeppokpacia reflux. Otav kpdwoe to piypa, TPooTéOnKe TOAD 0pyd Kot VIO GLVEYN
avadsvon 10 ml HoO uéypt va otapoatoet o appiopdc, yio vo, oynuotiotel Aevko oteped. To
oteped cLAAEYONKE pe dmMbnon vmd kevod ko ekmAvOnke pe 2 ml kopeopévov vVIATIKOD
daAvpatog NaHCO3 kot akodlovbwg pe 2 ml H20. To Agvkd oteped palag 390 mg (98%)
KPLOTAAAGONKE (£GVI0) Kot £8m0€ Gypmpovg KpuotéAhove 50 mp 76-77 °C. IR: vmad/cm™
(KBr) 2949, 2880, 2858, 1459, 1340, 1304, 1205, 1129, 1098, 997, 967, 938, 857, 833, 803,
778, 705, 670, 627, 615, 486. 'H NMR (300 MHz, CDCls): 14 1.56 (s, 2H, CH,), 2.08 (m, 4H,
CH2 eqi+axn)), 2.24 (d, J= 10.2 Hz, 2H, CHaaxz), 2.52 (d, J= 10.2 Hz, 2H, CHaeq2), 2.70 (S,
2H, CH). °C NMR (75 MHz, CDC13): ¢ 33.4 (CH,), 40.6 (CH), 41.8 (CH), 48.3 (CHy), 50.2
(CH,), 100.2 (CO).*™

Tpixvxlo[3.3.1. 03’7] eveav-3,T-01wA-01(4-uebvlfeviocovipovikoc eotépoag) (54)

Y& opapikn eéAn tov 10 ml mov wepieiye diéAvpo 100 mg (0.65 mmol) d16Ang 31 o 2 ml
TUPOIvNE, TPooTéONKay apyd Kot Vo avadevon, oe Beppokpacio dopotiov 1.240 g (6.5
mmol). Epapudotnke kdbetog yoktipag kot to piypa Oepudvonke vod avadevon o 4 h og
Bepuoxpacia reflux. Otav to piypo kpdwoe, Tpootétnkav oe avtd 20 ml H,0 kot avadev ke
v axopa 5 Aemtd oe Beppokpacio dopatiov oynuatiloviag Aevkd addAvto oteped. To
oteped  ovAAEYONke pe dmbnon vrd  kevd kol avakpuoTtoAAmOnke pe  piypo
egaviov:duylwpopedaviov oe avoaroyia 2:8 divovrag 145 mg (48%) dypoupwv Pelovoeddv
KPUGTAAA®V TN évmong 54 mp 146-148 °C. *H NMR (300 MHz, CDCly): oy 1.44 (s, 2H,
CH2-bridge), 2.18 (d, J= 7.5 Hz, 4H, CHy), 2.33 (d, J= 11.1 Hz, 4H, CHy)), 2.38 (s, 2H, CH),
2.43 (s, 6H, CH5) 7.28 (d, J= 7.8 Hz, 4H, CHa/), 7.79 (d, J= 7.2 Hz, 4H, CHa,). *C NMR (75
MHz, CDC13): d¢c 21.6 (CHg3), 32.2 (CH2-bridge), 35.0 (CH), 47.4 (CH,), 91.2 (COTs), 127.5
(CHa,), 129.3 (CHp/) , 135.9 (Car), 144.2 (Ca,).' %
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Tpixvxio[3.3.1 .03'7] evedv-3-v0polv-T-vA(4-uebvlfeviooovipovikoc eotépog) (53)

Metd v ovAioyn g évoong 50 pe dmbnon oto téhog g avtidpaong, To SmMbnua
ovAEONKe Ko exyviiotnke pe CH,LCly, 3X10 ml. Ot opyovikég edoelg torofetinkav pali
Kot ekmAvOnKay apyikd pe 2X40 ml 2M HCI (ywo tqv anopdxpovon tng moptdivig) Kot ot
ovvéyeto pue 2X20 ml kop. vd. dwwrvpatoc NaHCO3. To didAvpa Enpavonke pe NaSO4 kot
akolovOnoe dmbnon kot e&dton tov S10ALTH VIO Keve Yoo vo Anebst m évmon 53.
Avoxpvotdlioon pe piypo e€aviov:dylopopebaviov 1:1 édmwoe 80 mg (40%) dypmpovg
KPLGTAAAOVE KaBaPOoy HOVOTOGLAKOD eotépa 53. *H NMR (300 MHz, CDCls): dy 1.44 (s,
2H, CHa-brigge), 1.89 (M, 2H, CHy(), 2.02 (m, 4H, CHy,p), 2.36 (M, 4H, CHy,), CH), 2.43 (s,
3H, CHg3) 2.92 (s, br, 1H, OH), 7.31 (d, J= 7.8 Hz, 2H, CHy,), 7.82 (d, J= 8.4 Hz, 2H, CHa)).
BC NMR (75 MHz, CDC13): dc 21.6 (CH3), 32.5 (CHaubridge), 34.1 (CH), 47.9 (CHz,), 49.0
(CHa2p), 80.1 (COH), 93.3 (COTs), 127.4 (CHar), 129.6 (CHaf) , 135.6 (Car), 144.5 (Cay).

(n*-A10évi0) Si-(tprpoavolo-pwopivo)miativa (0) (57).

Tpoipiky rAn Tov 25 ml tonofemOnke oe maydrovtpo pue NaCl (T~ -5 °C). Tty ¢udin
torofetnOnkav 300 mg (0.4 mmol) Pt(PPh3),Cl; 56, 4 ml EtOH xa1 3 ml diyAwpouedavio kot
droyetevdnke aéplo arbvrévio (bubbling) yia 20 min. Xt cvvéysio Tpootédnkay oTodiokd o€
ddotua 15 min, 71 mg (18.7 mmol) NaBH; pe tavtdypovn otadiakn npocOnkn EtOH
(ovvohkd 5 ml). To piypa avadedtnke yio akope 30 min vd cuveyn pon aBvieviov Kot 6N
ovvéyeta, dmONMOnke vd kevo kot ekmAvdnke pe 0.5 ml H,O, 1 ml EtOH kou 1 ml mevtavio yia
vo Aoty 276 mg (97%) g évwong 57 oe poper Aevkrg okdvng mp 126-128 °C. To 57
umopel va. uAayBel yioo peydAo ypovikd SAGTNUO GE GTEPEN LOPON G KAEIGTH] GOOLPIKY|
@aAn. *H NMR (300 MHz, CDCls): 6y 2.75 (t, Jpr.i= 60.5 Hz, 4H), 6.94-7.50 (m, 18H, CHa,),
7.54-7.59 (m, 12H, CHa,). **P NMR (121.5 MHz, CeDs): dp 38.1 (t, J= 3739 Hz,), (J, (HsPO,

85%)= 4.1, o€ cuppmvia e Tig PIBPAMOYPAPIKES TIUE g).28,121

(szkaio[3.3.l.03'7]8ve -3,7-évi0)o1(tprpavolo-pwopivo)riativa. (1-Pt).

Ye KAelot Sthouun o@alptkn elaAn otnv onoio tomofetnOnke apdiyoapa Na/Hg (8 g, 0.4%
Na), petopéptnkav Katm amd adpavh atpoceapa Ar 100 mg (0.27 mmol) duwdisiov 30
dwwdvpéva og 7 ml THF (dvudpov, amaepopévov) kar 200 mg (0.27 mmol) (PPhs),Pt(CzHy)
57 dwivpéva o 8ml THF (dvvdpov, omaepmpévov) pe ) Pondeto kavoviag. Olo to
avTpactipla eiyav amoepwbei kol TpoEnpaviel Kot dev Npbav ce emaen e TNV ATUOCPOLPO.

To piypo g avtidpacng avadevtnie vto atpdoceatpo Ar oe Oeppokpacio dmpoatiov yo 36 h.
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X1 ovvéyelo 1o piypo dindnonke péoa omd celite kdtow omd adpaveic cvvOnKeg Kot o
SAVTNG apalpédnke vd Kevo divovtog Kaee-KiTpvo oteped. Z1o piypo mpootédnke CgDg
K0l TO KITpvo Stdhvpo avoAbOnke pe 'H o1 3P NMR. 'H NMR (300 MHz, C¢Dg): dn 2.06 (s,
2H), 2.20 (d, J= 10.3 Hz, 4H), 2.37 (td, Jpt.n= 52.2 Hz, Jy.4= 10.3 Hz, 4H), 3.46 (t, J= 60.3
Hz, 2H), 7.12 (m, 18H), 7.22 (m, 12H). 3P NMR (121.5 MHz, C4Ds): Op 34.6 (t, Jprp= 3739
Hz), (6, (H3PO4 85%)= 4.1, e cupguvia e Tig PBAoypapikés Tpée).

(Tpikvrio[3.3.1 .03'7]8\/8 -3,7-évi0)o1(tprpaavolo-pwaopivo)riativa (1-Pt). (amevbeios avvOeon)
Y& KAeloT Sihouun o@alptkn eLaAn otnv onoio tomofetnOnke apdiyopa Na/Hg (8 g, 0.4%
Na), petapépnkay kot amd adpovr atudoeorpo 237 mg (0.30 mmol) Pt(PPhs;).Cl, 56
dwwAvpéva og 8 ml THF (dvudpov, amoaepmpévov) pe kdvovAa Kot To piypo avadedmmke yio 30
min Ogppokpacio dopatiov. Xt cuvéyela petaépdnkay onv erdAn g avtidpacng 100 mg
(0.27 mmol) duwdidiov 30 daivpéva oe 7 ml THF pe kévovla kot to piypo avadedtnke yio
axopa 1 h. X cvvéyewa to piypa dmOnOnke péoa and celite katw and adpaveic cuvOnkeg
Kot 0 S10ADTNG apopédnie VIO Kevo divovtog Koee-Kitpvo oteped. XT10 piypuo mpootédnke
CsDs ka1 10 Kkitpivo dSdAvpo avoArdonke pe H ko P NMR. Ta (POGUATOCKOTIKA
amoteAéopato etvar ta idta pe g ovvBeon Tov 1-Pt pécm tov abvievikod cupmidkov 57.

H Wio pébodog epappoomke kot yww 1 obvleon tov (7] plicvic/lo[3.3.].03’7 eve -3,1-

&vio)o1(tprporvoro-pwaopivo)vikediov (1-Ni) yopig anotéleoua.

Enroxvrio[9.3.1.1%°.148 1913 01°.0%8] Sexaortivio (43)

Ye kheloth] dihouun oceotpkn euaAn tov 50 ml otnv omoia TomobetOnKe audiyoua Na/Hg (8
g, 0.4% Na) petapépOnkoav katm and adpavny atpocearpa Ar 100 mg (0.27 mmol) duwdidiov
30 dwvpéva og 15 ml dvvdpov THF pe t Bornbeta kévovrag. Ola ta avtidpacthipila eiyov
aroepmbel kot mpo&npavlel kar dev MpBov oe emapn pe v atudseapo. To piypa g
avtidpacng avadedmmke vrd atpoceopo Ar oe Bepuokpacio dopatiov yw 0.5 h. X
ocvvéyeln mpaypatonomOnke anin ombnon oe dmONTIKSO Yopti Tvew oto omoio TomobeTONKe
celite ywo amopdkpuven Tov ouaAYaUaTog Kot akolovdnoe ékmivon pe dyydwpouedavio (10
ml). O d1AHTG o1 CLVEYEWD ATOROKPVUVONKE VIO KEVO KOl GTO AEVKO OTEPED VIOAELLLOL
npootédnkav 20 ml e€dvio. AkoroOOnoe amAn dmbnon kar ékmivon pe 2XS ml e&avio ya
amopdakpovven  tov  addivtov Nal. O dwAdtng amopaxpuvOnke vmO Keve Ko
npaypotoromnke dry flash ypouatoypagpia (100% &&dvio) yio tov kabapiopd Tov

npoidvtog. To 43 ANebnke oto mpdTO KAACUATO TG YXPOUATOYPOOING Kol  OTOV
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OTOLOKPOVONKE O SLOADTNG TopaTnPNONKE 0 GYNUATIOUOS GypoU®V KPUoTAAA®mY pdaloc 30
mg (94%) mp 211-212 °C. *H NMR (300 MHz, CDCls): 6y 1.42 (d, J= 10.2 Hz, 8H, CHaax)),
1.51 (s, 4H, CHagridgey), 1.93 (d, J= 10.2 Hz, 8H, CHypxz), 2.43 (s, 4H, CH). *C NMR (75
MHz, CDC13): dc 36.96 (CH2(pridge)), 42.34 (CH), 43.81 (CH,), 50.18 (C).*°

Me 11¢ Mo mhve cvvinkeg £xovv pedetnel ko ol evwoelg 52, 54 kot 55 ywpic va ddcovv

TPOIOVTA AVTIOPOCTC.

Avtidpaoeis Oepuoivoong tov dyuepois 43

Mikp| mocotnto 43 (2-27 mg) tomobethOnke oe YOAAVEC TIMETTEG COPAYIGUEVES GTNV UL
dicpr. Apapédnke o aépag pe T xpNon avtiog Kevoy Kot 1 GAAN dxpn c@payioTnke KAT®
amd kevo pe Bépuavon. Ot pukpég avtég cEPUYIGHEVES Kwovdeg TomoBethOnkay 6 povpvo
ereyyopevng Beppokpaciog oe petaforiopevn (mwv. 11) 1 otabepn Beppoxpacio (mv. 12) yuo
xpovikd ddotnua and 1 Aemtd péypt 24 dpeg. Me to téhog ¢ avtidpaong akolovnce 10
OTAGULO TNG YLAAMVNG KAWOLANS Kol TO TEPLEXOUEVO TNG OAvONKe o€ duyyhmpopeddvio kot
avaAvdnke pe GC. To mpoidv 44 amopovobnke pe mpocHnkn efaviov PETE TO TEAOG NG
avtidpaong AOy® TG HKPATEPNG TOV SIAVTOTNTOG GE GYECN LE TO LIWOAOUTO, TPOIOVTO TNG
avtidpaong Kot avakpuotoAlddnke vd kevd péoa oe ovpvo otovg 350 °C divovrag
KPULOTOAAOVG TOV avoADOMKAY LE KPLGTOALOYPAPiN OKTIVOV-X. 'H NMR (300 MHz, CDCls):
on 3.25 (d, J=13.2 Hz, 8H, CHyy), 2.03 (d, J= 13.2 Hz, 8H, CHyq), 1.92 (s, 4H, CH), 1.87
(s, 4H, CHagridge). °C NMR (75 MHz, CDC13): dc 127.9 (C=C), 39.1 (CH2(pridge)), 36.4 (CH>),
29.4 (CH). HRMS (TOF MS ES+) voAoy. yiar CigHa4H: 241.1951, Ppébnie: 241.1947.1491%°
To vdéroumo piypo tov 16 kot 67 dwywpiotnke pe ypopatoypaio dry flash (e&avio, piypo

50:50 g&avio: dyydmpouebdvio) kot TovtomoOnKay e KpLOTAALOYPaPio AKTIVOV-X.

[2] Madauavtavio (16)

H évoon 16 anopovodnke cav Aevkd oteped and 1o piypa g aviidpaocng Oeppoivong tov
duepovg 43 petd and ypopotoypagio dry flash kot avaxpvotoliodnke pe eEavio divovrag
Gxpmpovg kpuotdAlovg mp 194-196 °C o1 omoiot peretONKay e KPLSTOALOYPAPIO AKTIVOV-
X.*H NMR (300 MHz, CDCls): 64 0.98 (d, J= 12.3 Hz, 4H), 1.09 (s, 2H), 1.45 (d, J= 12.6 Hz,
4H), 1.63 (dd, J= 14.7Hz, 12 Hz, 4H), 1.95 (s, 4H), 2.13 (d, J=12.3 Hz, 4H), 2.49 (d, J=12.6
Hz, 4H). *C NMR (75 MHz, CDC1s): dc 29.69, 32,52, 37.20, 37.80, 37.86, 39.60."%**"
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Hevroxvrio[9.3.1.1*8.1912 08] Sexaorra-01-2(16),6(7)-évio (64)

H évoon 64 anopovabnke cav Aevkd oteped amd 1o piypa g avtidpaong Oeppoivong tov
duepovg 43 petd and ypopotoypagio dry flash kot avaxpvotoliddnke pe piypo dtodlvtdv
eEavio:dryhmpopeddavio 3:1 divovtag AypmUOVE KPLGTAAAOVC OTO TOUYMUOTO KOl GTOV
moluéva TG QEIANG HE SPOPETIKO OYNUO. Ol Omoiol ovoAlvOnKav pe KpLoTOALOYpOia
okTvéV-X Kot amodeiytnke Tog fitav Stapopetucd evavtopepr. "H NMR (300 MHz, CDCls):
on 5.98 (d, J=10.2 Hz, 1H), 5.65 (d, J= 10.4 Hz, 1H), 4.63 (s, 1H), 4.45 (s, 1H), 2.75 (d, J=
11.7 Hz, 1H), 2.52 (t, J= 11.1 Hz, 2H), 2.3-1.1 (complicated spectrum, 17H). **C NMR (75
MHz, CDC13): oc 154.9, 132.9, 127.4, 106.3, 41.5, 40.1, 39.2, 38.5, 36.9, 36.1, 32.9, 32.7,
32.4,32.2,31.6,30.0, 29.7, 29.3, 28.6, 22.6, 14.1."*""

2,9-Auwdo2] dradouovedvio (69)

Miyua 43 (68 mg, 0.3mmol) xat I, (131mg, 0.5mmol) BepuavOnke oe Oeppoxpacio reflux
uéoa og CH,Cl, (10ml) yio 5 h. Metd to téhoc ¢ avtidpaong, oto piypo mpootédnkov
axopo 10 ml CHLCl; kan akorovOnoe Exmivon pe Kop. vd. dtdAvpo Ogi0bsukod vatpiov. T
ouvvéyetla to ddAvpa Enpavonke pe Na2S04 kot o dtaAvTng apapébnie vd kevod divovtag 90
mg (64%) Aevkod otepeod 69. To oteped avokpvotoAldOnNke pe piypa e&oviov:
Syhwpouedaviov 5:1 ko £8woe dypmuovg kpvotddhovg mp 240-242 °C ot omoiot
avaAvnkav pe kpvotailoypapio aktvav-X. IR: vmaxlcm'1 2976, 2941, 2907, 2868, 2847,
1470, 1462, 1447, 1433, 1364, 1350, 1341, 1329, 1288, 1254, 1223, 1171, 1153, 1130, 1109,
1063, 1015, 1005, 959, 935, 883, 860, 829, 787. 'H NMR (500 MHz, CgD¢): dn 2.79 (d, J=
12.5 Hz, 4H), 2.27 (d, J= 12.0 Hz, 4H), 2.04 (d, J =12.5 Hz, 4H), 1.60 (d, J= 13.0 Hz, 4H),
1.53 (s, 4H), 1.35 (g, J= 12.5 Hz, 4H). *C NMR (125 MHz, C¢Ds): dc 34.1, 36.9, 37.0, 47.7,
48.4,69.1.1%%%

Hevroxvrio[9.3.1.1%°.1*% 198 Sexaorra-01-1(2),8(9)-évio (44) (ue avaywyij tov 69)

AdAvpo 69 (300 mg 0.59 mmol) péca oe dvodpo ko amaepopévo THF (15 ml), tpootébnke
le Kavovio péca og didaun pear-shape eiain mov mepieiye apdiyopa Na/Hg amalgam (16 g,
0.4% Na) oe atpocpaipo Ar. To piypa avadedtke yio. 30 min og Oeppokpacio dopotiov Kot
dmnonke oe péoa and pkpn mocdtta Celite. O daddng apapébnke Kbtw omnd Kevo,
mpootédnke e£avio kal TpaypatoromOnke dmbnon yio v amopdkpuvon tov adidivtov Nal.
O dhvng e€atpiotnke VIO KeVO Yo VoL SMGEL AeVKO oTEPED piypo Tov amotereito amd 72%

44 xon 28% 16 pe Paon to GC (90%)and the solvent removed under vacuum.
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Ot 101eg ovvOnKeg epapudonkay kal pe tovg oAvteg CH3CN ko EtOEL divovrag ta idw
amoteAéopata. H avayoyn oe CH3CN opwmg ypetdletar 1,5 h y va oAokAnpwbei Adyw

neploplopévng drokvtdmrag tov 69,

Daotoynurés ovtiopaoels Tov oyuepoig (43)

Oleg o1 ovvOnkeg mov gpapuodsTNKOY (SLOAVTNG, POTEWVN TNYY, POTOELOIGOHNTOTONTEG KOt
1G00VVOLLOL TTOV YPNoLoToMONKaY) KaBdS Kot T0 amoTéEAEGHA TNG avTidpaong TeEPLypdpovTal
otov . 15. Ot avtidpdoelg 6Aeg TpaypaTomom|OnKoy 6€ KAEIGTOVG SOKIUAGTIKOVS GOANVES

ue oyko dadvt 2 ml kot pwv v avtidpaon droyetevdnke Ar yio. 5 min.

DoToynukés oviiopaoels tov oyepovs (43)ue m ypnon I

Adivpa tov 43 (2.7 mg, 0.01 mmol) xar I, (131 mg, 0.02 mmol, 2 eq) ce CH,CI, (2 ml)
tomofeOnke o€ SOKAGTIKO cOANVA Kol amaep®Onke pe v doxétevon Ar yioo 5 min. O
COAVOG 0T GLVEXELD oPpoyioTnKe pe Septum kot aktivofoAndnke yio 15 min pe Adpma UV
(180-700 nm). A6 v avédivon GC 10 mpotdv piyua mepieiye 75% 69, 6% 43 kot 19%
ovciag mov dev TowtomoOnke Kot mBave va givar to 2-1wdo[2]dwdapavtdvio pe Paon

TEPApLOTO EAEYYOV.

7,7-Avydwpo-oikvriof4.1.0] extévio (17)

Y& o@aiptkny eLaAN pe ddivpa kukiogEeviov 76 (1 ml, 9.9 mmol) og dvvdpo THF (1.5 ml)
npootédnke okovy Mg (240 mg, 9.9 mmol) xar CCly (1.5 ml, 15.5 mmol). H ¢idin
oppayioTnke pe Septum kot to piypoa avoadedtnke yo 2 h og Beppokpacio dopatiov. T
ovvéyeta Tpootédnkav 20 ml H,0 kot akorovOnoe dndnon kot ExmAvon pe vepd kar e&avio.
To piypa exyviiotke pe e&dvio 3X20 ml kot n opyavikr eaon Enpavonke pe avodpo Na,SOy,
dmoMdnke kot o doAdng aeopédnke vd kevo divovtag 1.16 ml (47%) «itpvov vypov
piypotog 77 (78% xabapdrnra pe Baon 1o GC ko NMR). *H NMR (500 MHz, CDCls): dy
1.25 (m, CHy, 4H), 1.68 (m, CH,s, CH, 4H), 1.95 (m, CHa, 2H). *C NMR (125 MHz,
CDC13): 6¢ 18.9 (CHy), 20.2 (CH>), 25.8 (CH), 68.0 (CCl,).

Avaéyawyn tov 2,9-0uwdo[2]dodouavraviov 69 ue opdlyoua Na/Hg ko in situ zpoobnxn CCly.
AdAvpo 69 (300 mg 0.59 mmol) péosa oe dvodpo ko amaepopévo THF (15 ml), tpootébnke
Le Kavovla puéca og didaun pear-shape eiain mov mepieiye apdiyoapa Na/Hg amalgam (32 g,

0.4% Na) oe atudéoeapa Ar. To piypo avadedtnke yio 30 min og Ogppokpacio dmpatiov.
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[Ipaypatomombnke €ieyyoc pe GC OamoTt@®VOVTAG TNV OAOKANP®OTN TNG OVTIOpAoNG e
povadikd mpoidvta to [2]dwdapoviavio 16 (26%) kot to Siévio 44 (74%). AxorovOnoce
npoctnkn 1 ml dvvdpov CCls ovpryya kot to piypo avadedmmre yio akopo 30 min oe
Bepuoxpoocio dopatiov. AkolovOnoe dmbnoe péoa amd pikpn mocodtnta Celite. O doadvTng
apopétnke kot and kevo, mpootédnke eEdvio Ko mpaypatomombnke dmbnon yw v
amopdKpuven Tov adtdAvtov otepeov. AkorovOnoe Enpoavon pe NaSO4 kot ddnom. To
piypo omotekeito amd 2 kHpla mpoidvra 78 kot 79 (44% xor 36% oaviictoyo ®¢ mPOg To
TPOIOV TOL TPMTOL oTadiov 44), [2]d1adauavtdvio 16 (Tapaxpoidv TpmdTOov oTadion) Kot fyvn
0o OPKETA TOPATPOTOVTIN TOV OeV TawTomoOnNKay. MepKoc doympPiopidsg Tov PiYHATOS TV
npoiovimv emtedydnke pe ypopotoypapio dry flash (e€avio kot e€dvio:dtyylwpopedavio 2:1).
Ot evoroelg 78 kot 79 exhovovtat and tn othAn oyeddv pali pe m ypnon e€aviov ota TpOTL 5
KAGopata. O doywplopds enttedydnke pe T VALY KAAGHATOV TOAD pikpob oykov (1 ml),
dtvovtrog kaBapn mocdtmta 8 mg 78 wor 15 mg 79. H évoon 79 avakpuotoailmOnke
(e&avio:orylmpopeddavio 8:1) pe apyn e&dtion tov SeAdTn divovTag AYPOIOVS KPLGTAALOVG

ov peAeTOnKav pe KpuotaArloypagio akTvov-X.

2-Xlawpo[ 2] oradouovrdvio (78)

'H NMR (500 MHz, CDCls): 54 0.98 (d, J= 13 Hz, 2H, CHa), 1.21 (s, 1H, CHy), 1.47 (d,
J= 12.5 Hz, 2H, CHagy), 1.56-1.69 (M, 6H, CHay, CHao), CHagsry), 1.89 (d, J= 12 Hz, 2H,
CHazq1p)), 2.03 (s, 2H, CHg)), 2.10 (d, J= 13 Hz, 2H, CHasa), 2.17 (s, 2H, CH), 2.28 (d, J=
12.5 Hz, 2H, CHaysa), 2.52 (d, J= 12.5 Hz, 2H, CHapa), 2.61 (d, J= 12 Hz, 2H, CHy@p). °C
NMR (125 MHz, CDC13): Jc 28.5 (C9), 32.2 (C8), 32.4 (C3), 32.8 (C5), 36.9 (C2), 37.5
(C10), 37.7 (C7), 39.0 (C4), 41.1 (C6), 43.2 (C12), 43.3 (C11), 77.6 (C1). (ApiBunon pe Pdon
10 o). 85).

2-Tpryhwpouebvro-9-ylawpol 2] dradouoviavio (79)

'H NMR (500 MHz, CDCly): 3y 1.59 (m, 4H, CHawy, CHaqoy), 1.83 (d, J= 13 Hz, 2H, CHaa),
1.89 (d, J= 12 Hz, 2H, , CHapa), 2.13 (d, J= 12.5 Hz, 2H, , CHawa), 2.22 (brs, 4H, CH,
CH9)), 2.36 (M, 4H, CHasp), CHa(11a)), 2.48, (M, 4H, CHasn), CH2qap)), 2.63 (d, J= 13 Hz, 2H,
CHaeny). °C NMR (125 MHz, CDC1s): d¢ 28.5 (C3), 32.4 (C9), 32.5 (C8), 33.8 (C5), 34.8
(C11), 36.4 (C10), 37.8 (C4), 42,5 (C2), 45.4 (C6), 50.0 (C12), 56.3 (C7), 77.6 (C1), 110.8
(C13). (ApiBunon pe Paon to oy. 83).
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Avtidpaon tov 44 ue CCly (ue yprion Mg)

Y& cQupIKn QLOAN pe ddAvpoa deviov 44 (10 mg, 0.4 mmol) oe avvdpo THF (0.5 ml)
npootédnke okdévn Mg (1 mg, 0.5 mmol) kot CCly (0.5 ml). H @uddn cepayictnke pe septum
Kot 7o piypo avoadedtke yo 1 h og Ogpuokpacio dopatiov. Xt cvvéyeto tpootédnkoayv 10 ml
H>O kot axolovOnoe ombnon kot ékmivon pe vepd kot e€avio. To piypo exyvAiomnke pe
e&avio 3X10 ml kou n opyaviky @don Enpdvonke pe dvvdpo NaSO4, SMOMONKe Ko 0
AV TNG apapédnke vtd kevd divovtag piypo tov 78 (12%) kot 79 (25%) kot 44 (12%) mov
dev avtédpaoe (ue Paon to GC).
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4.3

Kpvotarrhoypo@ikd dedoopéva Tov dop@v ov peretOnkav pe XRD

Micypoypie. ORTEP (ameiovion oe 50% mbavémyra) e kpvotalduic dounc tov 2,4-010éa-1%-
Osrotetparvriof5.3.1.1°°.0%° ] dwdexavo-3,3-016vic 55.'%
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Twvie otouwv s évawons 52

Atom1l  Atom2  Atom3 Angle (°)
03 S1 02 119.15(9)
03 S1 o1 103.93(8)
02 S1 o1 109.81(8)
03 S1 C10 109.29(10)
02 S1 C10 109.19(10)
o1 S1 C10 104.42(9)
05 S2 06 117.91(9)
05 S2 04 110.94(7)
06 S2 04 108.39(8)
05 S2 C11 110.45(10)
06 S2 Ci11 109.68(10)
04 S2 Ci11 97.54(9)
C1 01 S1 123.35(11)
c7 04 S2 123.51(11)
o1 C1l C2 112.82(15)
o1 C1l C9 117.39(15)
C2 C1l C9 108.93(15)
o1 C1l Cc7 108.58(13)
C2 C1l C7 104.29(15)
C9 C1l Cc7 103.63(14)
C1 C2 C3 100.45(15)
C2 C3 cs 99.70(16)
c2 c3 C4 109.24(17)
C8 C3 C4 110.77(16)
C3 c4 c5 111.08(16)
C9 Cc5 C6 99.70(16)
C9 Cc5 c4 110.65(16)
C6 C5 C4 110.45(17)
c7 cé 3 99.02(15)
04 Cc7 C8 108.08(14)
04 Cc7 C6 116.34(14)
C8 Cc7 C6 108.35(16)
04 Cc7 c1 114.35(15)
C8 Cc7 C1 103.85(14)
cé c7 c1 105.04(14)
Cc7 C8 C3 100.23(15)
c1 C9 c5 99.71(15)
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My deoucv s évawong 52

Atom1l  Atom2  Length (A)
s1 03 1.4215(15)
s1 02 1.4301(13)
s1 01 1.5744(13)
s1 C10 1.754(2)
S2 05 1.4255(14)
) 06 1.4260(14)
s2 04 1.5887(13)
) c11 1.746(2)
01 c1 1.459(2)
04 c7 1.456(2)
c1 c2 1.521(3)
c1 co 1.525(3)
Ccl c7 1.597(3)
c2 c3 1.525(3)
Cc3 c8 1.533(3)
C3 C4 1.541(3)
o c5 1.543(3)
c5 co 1.537(3)
Cc5 Cc6 1.543(3)
Cé c7 1.530(3)
c7 c8 1.521(3)




Midypopua ORTEP (ameixovion oe 50% mibovotnra) s kpvotalikng douns tov
tpixviciof3.3.1.0% Jeveav-3,7-010A-01(4-uelvl feviobenkob eotépa) 54.%

177



Twvies atouwv e évawane 54

Atom1l Atom2 Atom3  Angle (°)
03 s1 02 119.37(7)
03 s1 o1 104.49(6)
02 s1 o1 110.64(6)
03 s1 C6 108.44(7)
02 s1 C6 108.63(7)
o1 s1 C6 104.21(6)
c1 o1 s1 120.64(8)
o1 C1 C5 113.89(11)
o1 c1 C2  115.94(11)
C5 C1 C2 109.00(11)
01 C1 C1 108.76(6)
C5 C1 Ci 104.17(11)
c2 c1 Cl  103.96(11)
c1 C2 Cc3 99.75(11)
C5 Cc3 c2 99.64(11)
C5 C3 C4 109.69(11)
c2 Cc3 C4  110.76(11)
C3 C4 C3 111.49(17)
c1 3 Cc3 99.98(11)
Cc7 C6 Ci11 120.91(14)
c7 C6 Sl 119.30(11)
Ci11 C6 Sl 119.76(11)
Cc6 c7 Cc8  119.36(13)
C9 C8 C7 120.95(13)
c8 c9 C10  118.56(14)
C8 C9 C12 120.69(13)
C10 Cc9 Cl2  120.75(14)
C11 C10 C9 121.38(14)
C10 c11 C6  118.82(13)
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Mnxkn deouwv e évawong 54

Atom1  Atom2  Length (A)
s1 03  1.4236(11)
s1 02  1.4246(11)
s1 01  1.5685(10)
s1 C6  1.7548(15)
o1 Cl  1.4600(16)
c1 C5  1.5228(18)
c1 C2  1.5237(18)
c1 c1 1.598(2)
c2 Cc3 1.531(2)
C3 c5 1.530(2)
c3 C4  1.5389(19)
Cc4 C3  1.5389(19)
C5 Cc3 1.530(2)
Cé c7 1.383(2)
Cc6 c11 1.389(2)
c7 cs 1.386(2)
c8 co 1.386(2)
C9 C10 1.394(2)
co c12 1.501(2)
C10 c11 1.382(2)




Midypoppie. ORTEP (ameiovion oe 50% mbavotnra) e kpvotaldiic dounic tov 2,4-010éa-°-
Oerotetparvriof5.3.1.1°°.0"° ] Swdexavo-3,3-016vnc 55.17
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Twvies atouwy ¢ évawong 55

Atom1l Atom2 Atom3  Angle (°)
03 S1 04 118.88(9)
03 Sl 02 109.24(9)
04 S1 02 109.66(9)
03 Sl 0O1 108.94(9)
04 S1 o1 109.92(9)
02 Sl 0O1 98.22(8)
C4 01 S1 109.39(12)
C8 02 Sl 109.44(12)
C6 C1 C2 111.76(17)
C9 C2 C3 100.12(16)
C9 C2 C1 110.47(17)
C3 C2 Ci 109.83(18)
C4 C3 C2 98.27(16)
o1 C4 C5 113.56(17)
o1 C4 C3 116.37(16)
C5 C4 C3 110.08(18)
o1 C4 Cc8 105.98(16)
C5 C4 C8 104.54(16)
Cc3 c4 C8  105.15(17)
C4 C5 C6 98.78(17)
c7 C6 c5 99.84(16)
Cc7 C6 Ci 110.17(18)
3 C6 Cl  109.73(18)
Ccs c7 C6 98.85(17)
02 c8 C7  113.03(17)
02 C8 C9 116.85(17)
C7 Cc8 C9 110.41(17)
02 C8 C4 105.88(15)
c7 cs C4  105.08(17)
C9 C8 C4 104.40(16)
c8 co c2 98.76(17)
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Mnxkn deouwv e évawong 55

Atom1  Atom2  Length (A)
s1 03 1.4129(16)
s1 04 1.4221(16)
s1 02 1.5759(15)
s1 o1 1.5801(15)
o1 c4 1.466(2)
02 cs 1.466(2)
Ccl Cc6 1.546(3)
c1 c2 1.546(3)
c2 c9 1.536(3)
c2 C3 1.540(3)
c3 o 1.526(3)
Cc4 c5 1.520(3)
o c8 1.581(3)
c5 Cé 1.541(3)
6 c7 1.538(3)
c7 cs 1.514(3)
c8 C9 1.521(3)




Midypopua ORTEP (ameixovion oe 50% mibovotnra) e kpvoraddikins doung tov [2]diadopovtaviov

16149150
Twviec atouwv e évaons 16 Mpnxn deouwv e évoanc 16
Atom1l Atom2  Atom3 Angle (°) Atom1l Atom2  Length (A)

c4 Cc3 Cl4  105.50(12) Cc3 c4 1.543(2)
C4 C3 C2 111.27(13) Cc3 cl4 1.542(2)
Cl4 Cc3 c2 111.79(12) Cc3 c2 1.550(2)
C4 Cc3 C3 110.02(14) Cc3 Cc3 1.554(3)
Cl4 Cc3 Cc3 110.14(15) c4 Cc6 1.533(2)
C2 Cc3 Cc3 108.12(15) or: cl1 1.529(2)
C6 C4 C3 111.35(13) Cs8 C6 1.535(2)
cl1 o}: C6 108.61(13) cl1 C16 1.531(2)
C16 Cl1 C14 109.64(13) Cl1 C14 1.534(2)
C16 cl1 cs 109.59(13) C6 c7 1.531(2)
Cl4 C11 cs8 109.40(13) c2 C16 1.538(2)
c7 C6 C4 110.07(13) C2 c7 1.543(2)
C7 C6 cs8 109.05(14) C16 C11 1.531(2)
C4 Cc6 cs 109.04(13) c7 c2 1.543(2)
c11 C14 Cc3 111.25(12)

C16 C2 C7 107.34(12)

C16 c2 C3 111.08(12)

C7 C2 C3 110.73(13)

c11 C16 c2 109.68(14)

C6 C7 C2 109.80(13)
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Aéypoppo. ORTEP (ameixoévion oe 50% mbavétnta) me kpvotallikic dounc tov dieviov 44,

T'wvies otouwv e évaans 44 Mpnxn deoucwv e évaoans 44
Atom1l Atom2 Atom3  Angle (°) Atom1l Atom2  Length (A)
c1 c1 c2 124.13(7) c1 c1 1.343(3)
c1 c1 Cc3 124.17(7) c1 C2 1.5153(18)
c2 C1 C3 110.88(11) C1 C3 1.5164(18)
c1 C2 C4  112.03(11) C2 c4 1.5434(18)
c1 Cc3 C4  111.80(11) c3 c4 1.5450(19)
C5 C4 C2 109.00(11) c4 C5 1.5250(17)
C5 C4 C3 109.04(11) C4 C3 1.5450(19)
C2 C4 C3  113.04(11) C5 c4 1.5250(17)

C4 C5 C4 108.75(15)
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Midypopua ORTEP (amsixovion oe 50% mibovotnta) e KpootoAlikng Sopng Tov AoOUUETPOD O1EVIOD
64a. O1 dimhoi deopoi sivar o1 C5-C18 xou C13-C14.1°
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Twvieg otéuwv e évwons 64a

Atom1l Atom2  Atom3 Angle (°)
Ci14 C1 C2 106.43(19)
Cil4 C1 C15 111.00(18)
C2 C1 C15 111.57(17)
Cil4 C1 C6 110.02(17)
C2 C1 C6 110.22(18)
C15 C1 C6 107.63(18)
C3 C2 C1 110.37(18)
C2 C3 C12 109.5(2)
C2 C3 C4 109.4(2)
C12 C3 C4 112.56(19)
C5 C4 C3 113.09(19)
C18 C5 C4 121.0(2)
C18 C5 C6 124.0(2)
C4 C5 C6 115.04(18)
C5 C6 C7 112.79(17)
C5 C6 Ci11 110.47(18)
C7 C6 Ci11 106.55(18)
C5 C6 C1 108.18(18)
C7 C6 C1 109.30(18)
Ci11 C6 C1 109.53(17)
C6 C7 C8 111.44(17)
C16 C8 Cc7 110.09(19)
C16 cs c9 108.59(18)
C7 C8 C9 109.37(19)
C10 c9 cs 108.60(19)
C11 C10 C9 109.07(18)
cl1 C10 C17 110.5(2)
C9 C10 C17 109.2(2)
C10 c11 C6 111.11(18)
C13 C12 C3 113.3(2)
C14 C13 C12 123.5(2)
C13 Ci14 C1 124.1(2)
c17 C15 Cl6  107.12(19)
C17 C15 C1 111.12(18)
C16 C15 c1 111.63(17)
C8 C16 C15 109.97(18)
C15 C17 C10  109.55(19)
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My deoucv e évawons 64a

Atom1l Atom2  Length(A)
c1 C14 1.525(3)
c1 c2 1.533(3)
Ccl c15 1.549(3)
c1 Cé 1.577(3)
c2 c3 1.530(3)
C3 C12 1.533(3)
c3 o 1.537(3)
C4 Cc5 1.515(3)
C5 c18 1.327(3)
Cc5 Cé 1.524(3)
C6 c7 1.534(3)
C6 c11 1.552(3)
c7 c8 1.536(3)
cs C16 1.523(3)
c8 c9 1.541(3)
C9 C10 1.533(3)
C10 c11 1.524(3)
C10 c17 1.538(3)
C12 c13 1.498(4)
C13 Cl4 1.323(3)
C15 C17 1.529(3)
C15 C16 1.538(3)




Midypopua ORTEP (amsixovion ge 50% mibovotnta) tne KpootoAliKns SOUnS T0v OTOUUETPOD O1EVIOD
64p. O1 dimhoi deooi siver or C5-C18 kau C13-C14,149%!
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Twvieg otéuwv e évwons 644

Atom1l Atom2  Atom3 Angle (°)
C2 C1 C10 111.01(18)
C2 C1 Cil4 112.48(18)
C10 C1 Ci14 106.72(17)
C2 C1 C6 108.09(17)
C10 C1 C6 109.84(18)
Cil4 C1 C6 108.68(17)
C18 C2 C3 121.3(2)
C18 C2 C1 124.2(2)
C3 C2 C1 114.60(19)
C2 C3 C4 113.35(19)
C13 C4 C5 109.6(2)
C13 C4 C3 112.7(2)
C5 C4 C3 108.96(19)
C4 C5 C6 110.29(18)
Ci11 C6 C5 106.49(18)
Ci11 C6 Cc7 111.30(18)
C5 C6 C7 111.25(18)
Ci11 C6 C1 110.61(18)
C5 C6 C1 109.68(18)
Cc7 C6 C1 107.53(17)
Cc8 C7 C17 107.68(18)
C8 C7 C6 111.25(18)
c17 Cc7 C6 111.16(18)
c7 Cs C9 109.8(2)
C10 c9 cs 109.96(19)
C10 C9 C16 108.61(19)
c8 c9 C16 109.2(2)
C9 C10 C1 111.70(18)
C12 c11 Cc6 124.6(2)
C11 C12 C13 122.7(2)
C12 C13 c4 113.66(19)
C15 Ci14 C1 111.21(18)
C17 C15 C16 109.01(19)
C17 C15 Ci14 109.86(18)
C16 C15 Cl4  109.71(19)
C15 C16 C9 108.77(18)
C15 c17 c7 109.75(18)
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My deoucwv e évawons 644

Atom1l Atom2  Length(A)
c1 c2 1.528(3)
c1 C10 1.543(3)
c1 Cl4 1.543(3)
c1 Cé 1.583(3)
C2 C18 1.328(3)
c2 C3 1.518(3)
c3 o 1.540(4)
C4 C13 1.528(4)
o C5 1.537(3)
Cc5 Cé 1.542(3)
C6 c11 1.516(3)
C6 c7 1.555(3)
c7 c8 1.529(3)
c7 c17 1.541(3)
c8 c9 1.541(3)
C9 C10 1.533(3)
C9 C16 1.542(3)
c11 C12 1.332(3)
c12 C13 1.509(3)
Cl4 C15 1.539(3)
C15 c17 1.527(3)
C15 C16 1.536(3)




Miéypoppo. ORTEP (ameixévion oe 50% mbavitnra) e kpvotalixic dounc tov 69.2
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T'wvie otouwv s évaons 69

Atom1l Atom2 Atom3  Angle (°)
C2 C1 Cc8 113.1(4)
C2 C1 C5 112.8(4)
C8 C1 C5 106.0(4)
C2 C1 Ci 106.0(5)
C8 C1 C1 109.7(5)
C5 C1 Ci 109.2(5)
C3 C2 C6 108.4(4)
C3 C2 Ci 112.5(4)
C6 C2 C1 112.2(4)
C3 C2 11 106.6(3)
C6 C2 11 105.3(3)
C1 C2 11 111.4(3)
C2 C3 C4 108.4(4)
C9 C4 C5 109.9(4)
C9 C4 C3 109.5(4)
C5 C4 Cc3 109.7(4)
C4 C5 c1 111.3(4)
c7 C6 C2 108.3(4)
cs c7 c9 109.7(4)
cs c7 C6 109.9(4)
c9 c7 Ccé 109.8(4)
c7 cs c1 111.4(4)
C4 c9 c7 108.3(4)
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My deoucv e évawons 69

Atom1  Atom2  Length (A)
11 c2 2.202(5)
c1 c2 1.545(7)
Ccl c8 1.549(6)
c1 c5 1.550(7)
Ccl Ccl 1.593(9)
c2 C3 1.529(7)
c2 Cc6 1.541(7)
C3 C4 1.539(7)
c4 co 1.529(7)
C4 c5 1.532(7)
C5 c1 1.550(7)
Cé c7 1.532(7)
c7 c8 1.528(7)
c7 C9 1.530(7)
c8 cl 1.549(6)
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Miypouuo ORTEP (ancixovion oe 50% mbavotnta) e kpoorolikng doung e évwong 19.
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Twvieg aréuwv e évwons 719

Atom1l  Atom2  Atom3  Angle(°) Atom1l  Atom2 Atom3  Angle (°)
C17 C1 C10 105.8(3) c7 C15 C16 108.3(3)
C17 C1 C6 109.2(3) C18 C16 C15 109.1(4)
C10 C1l C6 108.7(3) C18 C16 C17 109.5(3)
C17 C1 C2 113.1(3) C15 C16 C17 110.6(4)
C10 C1 Cc2 114.2(3) Ci16 C17 C1 111.6(3)
C6 c1 C2 105.6(3) C16 c18 C9 108.6(4)
C11 C2 C3 107.7(3) C2 C19 Cli 114.5(3)
cl1 C2 c19 106.8(3) C2 c19 cl2 114.6(3)
C3 C2 C19 106.2(3) Ccli C19 ClI2 107.5(2)
cl1 C2 c1 108.9(3) C2 c19 CI3 111.0(3)
C3 C2 C1l 109.2(3) Ccli C19 CI3 103.81(19)
C19 C2 C1 117.6(3) ClI2 C19 CI3 104.35(19)
C4 c3 c2 111.1(3)

Cc5 c4 C13 110.1(3)
C5 c4 C3 109.3(3)
c13 c4 C3 110.0(3)
c4 Cc5 Ccé 110.5(3)
cl4 C6 C5 107.4(3)
Cl4 Ccé c7 110.9(3)
Cc5 C6 c7 110.4(3)
Cl4 Ccé c1 110.5(3)
Cc5 C6 c1 111.0(3)
c7 Ccé c1 106.7(3)
C15 c7 cs 109.4(4)
C15 c7 Ccé 112.3(3)
cs c7 C6 111.9(3)
Cc15 c7 cl4 106.9(3)
cs c7 Cl4 106.3(3)
C6 c7 Cl4 109.8(3)
c7 cs C9 107.8(3)
cs C9 c18 109.4(4)
cs C9 C10 110.8(4)
C18 C9 C10 109.0(4)
C9 c10 c1 111.4(3)
C12 Cl1 C2 111.1(3)
C13 C12 C14 109.9(3)
C13 C12 C11 109.9(3)
C14 C12 C11 109.6(3)
C12 C13 c4 108.4(3)
C12 C14 C6 110.2(3)
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Mrixn deoucv e évawong 19

Atom1  Atom2  Length (A)

ci C19 1.784(4)
cI2 C19 1.789(4)
CI3 C19 1.812(4)
Cl4 c7 1.843(4)
c1 Cc17 1.545(5)
c1 C10 1.551(5)
c1 cé 1.602(5)
c1 c2 1.613(5)
c2 c11 1.550(5)
c2 c3 1.552(5)
c2 C19 1.571(5)
c3 C4 1.536(5)
c4 c5 1.516(5)
C4 C13 1.528(6)
c5 cé 1.544(5)
cé Cl4 1.535(5)
cé c7 1.555(5)
c7 Cc15 1.527(6)
c7 cs 1.528(6)
cs c9 1.534(6)
c9 Cc18 1.538(7)
c9 C10 1.541(6)
c11 C12 1.531(5)
c12 C13 1.528(6)
C12 Cl4 1.531(6)
Cc15 C16 1.532(6)
C16 c18 1.525(7)
C16 c17 1.540(6)
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