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ONSOZ

Biyolojik aktivite acisindan onem arz eden polioller ve tiirevleri, laboratuvarlarda
sentezlenebildigi gibi dogal olarak da elde edilebilen organik kimyanin 6nemli bir konusunu
olusturmaktadir. Fonksiyonel agidan ¢esitliligi saglayan bisiklopolioller organik kimyacilar ve
biyokimyacilar agisindan olduk¢a 6nem arz etmektedir. Gelistirilecek olan yeni sentetik
yontemler, farkli bisiklopoliol tiirevlerinin sentezine 1s1k tutmaktadir. Bisiklopolioller,
bisiklohekzan halkasini ihtiva eden biinyelerinde dort veya daha fazla hidroksil grubu

barindiran, polibisiklohekzanollerdir.

Gerek sentetik acidan, gerekse gostermis olduklar1 biyolojik aktivitelerinden dolayi
oldukca onemli olan bu bilesikler, konduritol, kuersitol ve inositol olarak adlandirilabilirler.
AIDS arastirmalarinda yaygin olarak kullanilmalarinin yan1 sira HIV viriisiiniin ve glikozidaz
enzimlerinin inhibisiyonunda da etkili ajanlardir. Onceleri bitkilerden izole edilen ve sonra
kimyasal yolla da sentezlenen polioller anti-enflamatuvar, anti-bakteriyal, anti-viral gibi
biyolojik ozellikleri tasirlar. Bisiklopoliol veya bisiklohekzitol izomerleri, oligosakkarit
olusumunda gorev yapan enzimlerin aktivitelerini engellediklerinden kemoterapi ve diyabet
tedavisinde bagarili bir sekilde kullanilirlar. Bocek oldiiriicii ve bitki biiylime diizenleyicileri
olarak bilinen polioller, bitki metabolitlerinin enzim inhibitorii tiirinden biyolojik aktivite

gosterirler.

Bundan dolayr c¢aligmamizda farkli yontemler kullanilarak yeni molekiillerin
sentezlenmesi amaclanmistir. Proje kapsaminda sentezlenen molekiillerin biyolojik

akivitesinin yapilmasi yapilan isin en 6nemli kismudir.

S6z konusu calismalar bir proje kapsaminda yapilmis olup, tamamiyla TUBITAK
(TBAG) tarafindan desteklenmistir. Proje ekibi olarak verilen destekten otiirii s6z konusu
kuruma tesekkiirii bir bor¢ bilmekteyiz. Ayrica proje siiresince ¢alismalarimizda da siirekli
bilgi ve teriibelerinden yararlandigimiz Sayin Prof. Dr. Metin Balc1’ya tesekkiir ederiz. Ayrica
proje calismalarinda bursiyer olarak calisan G. AYDIN, S. CAMBUL ve T. SAVRAN’a

yapmis olduklari katkilardan otiirli tesekkiir ederiz.
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OZET

Tasarlanan ¢alismanin ilk kisminda cis-hidrofitalik anhidritten ¢ikilarak ve singlet
oksijen reaksiyonundan yararlanilarak yeni bir yontemle siklohegzitollerin cesitli izomerleri
sentezlenmistir. Ayrica diger bazi karbon sekerlerinin sentezlerini gergeklestirebilecek dnemli
ara Urlnler de sentezlendi. Bunun i¢in sirasiyla sentetik potansiyeli yiiksek olan bazi
reaksiyon  basamaklar1  kullanildi. Elde edilen bilesiklerin  konfigurasyon ve
karakterizasyonlart *H NMR, *C NMR, elemental analiz, HRMS, X Ray gibi spektroskopik
yontemler kullanilmistir. Elde edilen bu bilesiklerin biyolojik aktiviteleri a-glikozidaza karst
inhibisyonlari test edilmistir. Bunun sonucunda elde edilen sonug bilesikleri degisik oranlarda
biyolojik aktivite gosterdikleri gdzlenmistir.

Calismanin ikinci kisminda ise vinilen karbonat ve furandan ¢ikilarak oksonorbornen tiirevleri
elde edilmistir. Bu bilesiklerdeki okso kopriileri asidik ortamda agilarak halojeno-konduritol
tiirevleri sentezlenmistir. Bu bilesiklerin konfigurasyon ve karakterizasyonlar1 i¢in *H NMR,
B3C NMR, eclemental analizi gibi yontemler kullanilmistir. Elde edilen bu bilesiklerin a-
glikozidaza karsi inhibisyon etkileri incelenmistir. Bu bilesiklerin de farkli oranlarda aktivite

gosterdikleri tespit edilmistir.

Anahtar kelimeler: Siklohekzitol, Poliol, Karba sekerleri, Okzonorbornen, Oksitol
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ABSTRACT

In the first part of this study, various isomers of cyclohexitols were synthesized using
a new method starting from cis-hydrophythalic anhydride. Moreover, to perform the synthesis
of the carbosugars some of important intermediates were synthesized. For this purpose, high
potential synthetic reaction steps were used. Configuration and characterization of these
compounds were done by using spectroscopic methods such as *H NMR, *C-NMR,
elemental analysis, HRMS, and X-Ray. Biological activities of these compounds were
investigated against a-glycosidase inhibition. These compounds showed biological activities
in different ratios.

In the second part of the study, oxonorbornen were synthesized starting from vinylene
carbonate and furan. Halogeno-konduritol derivatives were synthesized by opening oxo
bridges of these compounds in acidic media. For the configuration and characterization of
these compounds, *H NMR, *C-NMR and elemental analysis methods were used. Inhibitory
effects of these compounds against a-glycosidase have also examined. These compounds also

showed biological activities in different ratios.

Key words: Cyclohexitol, Polyol, Carba sugar, Oxonorbornene, Oxitol
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BOLUM 1. GIRIS
1.1. Konduritoller

[k konduritol, tropikal bir bitki tiiriinden sentezlenmistir. Dogal olarak sentezlenen bu
bilesik siklohekzan yapisinda olup ¢ift bag iceren 1,2,3,4-tri hidroksi siklohekzan yapisinda
oldugu tespit edilmistir (KUBLER, 1909). Daha sonra bu tiir bilesiklere ait diastereomerik
formda birgok bilesik sentezlenmistir (BALCI, 1990). Bu izomer bilesikler sentez ve

izolasiyon sirasina gore A; B; C; D; E; F sembolleriyle ifade edilmistir.

OH OH OH
Y OH Y OH Y OH

OH OH OH
Konduritol-A Konduritol-B Konduritol-C

OH OH OH
OH OH WwOH
OH " "'OH OH

OH OH OH
Konduritol-D Konduritol-E Konduritol-F

Sekil 1.1. Konduritoller

Sentezlenen bu bilesiklerden konduritol-A, konduritol-F dogal olarak sentezlenirken
digerleri sentetik olarak elde edilmislerdir. Giiniimiize kadar konduritol sentezleri giderek
artmaktadir. Artan bu ilgi bunlarin istlendikleri biyolojik fonksiyonlaridir. Bu biyolojik
fonksiyonlar; Insiilin diizenleyicisi olarak biyolojik aktite gdsterip insiilin salgisini
diizenleyen ilaglara model olusturmalaridir. Konduritol yapisindaki ¢ift baglarin
yiikseltgenmesi ile bunlarin {iist analogu olan kuersitol ve inositol yapisin1 olusturan
molekiillere anahtar bilesiklerdir. Konduritol, kuersitol ve inositol yapilarimi ihtiva eden
yalanci sekerler, glikozidazlarin inhibitorleri gibi davranmalar1 nedeniyle olduk¢a onemli

bilesiklerdir.



1.2.Bromo Konduritoller

Son yillarda glikozidaz inhibitorleri olarak aktivite gosteren halojenokonduritollerin
sentezleri ile ilgili caligmalar gittikce yayginlagmaktadir. Bu ¢alismalarda daha ¢ok halojeno-
benzen tiirevlerinin antibakteryel ortamda halojeno-cis-diol 1 bilesiklerine doniistiiriilmesi
reaksiyonlar1 takib edilerek yapilir. Bu bilesiklerden poliollerin sentezi genis bir kullanim
alan1 olusturmaktadir. Basarili bir sekilde gelistirilen bu yontem/yontemlerden faydalanilarak
halojeno-benzenden ¢ikilarak halojenokonduritol ve halojenokonduritoliin yiikseltgenmesi ile de

siklitol (pinitol) sentezleri genis bir kulanim alani olusturmustur (BROWN, 1993).

X X X X OMe
O — O —Chx =00 = X
OH o HO" ™ ~OH HO OH
OH OH
halo-benzen 1 2 halokonduritol (+)-Pinitol

Sekil 1.2. Halo-benzenden ¢ikilarak (+)-Pinitol sentezi

Bromokonduritoller, AIDS arastirmalarinda biyolojik aktivite sahip olmasinin yani
sira diyabette de 6nemli biyolojik ajanlardir. Dogada yaklasik olarak 3000 civarinda enzim
mevcuttur. Bunlarin yaklasik 150 tanesi glikozidazlardir. Glikozidazlar, substrat 6zelligine
bagl olarak mono-, oligo- ve polisakkaritlerle birlikte N- ve S-glikozit baglarinin hidrolizi

gerceklestiren enzimlerdir. Bir enzimin stereospesifikligi ilk olarak glikozidazlar aracilifiyla

gozlenmistir ki enzim ya a-glikozit bagini1 yada B-glikozit bagini kirar.

Glikozit Bagi Baglanma Sekli
CH,OH
H
H ! HOH,C
o-Glikozit Bagi o H CH,OH
HO o
H
H OH OH
CH,0OH CH,OH
H H
B-Glikozit Bagi OH H OH H
HO 0— | H
H  OH H OH

Sekil 1.3. Glikozit Baginin baglanma sekli



Bunlarin i¢inde en Onemlileri o-glikozidaz (maltaz), B-glikozidaz, -galaktozidaz
(sakkaraz, invertaz), B-glikofuranaz ve amilazlardir. o —Glikozidaz, ger¢ekten maltozdaki o-
glikozit baglarin1 pargalar. B-glikozidaz, B-metil glikozit, amigdalin ve sellobioz [-
glikozidleri hidroliz eder. B-galaktozidaz (laktaz), ozellikle laktozun B-glikozit bagini
pargalayarak galaktoz ve glikozu olusturur. B-fruktozidaz, sukrozu glikoz ve fruktoza
parcaladigi gibi furanoid yapidaki pB-fruktozidleri de hidroliz eder. B-Glukuronidaz,
mukoidleri de kapsayan glukuronidleri pargalar. Amilazlar, nisasta ve glikojeni parcalar

(BEYER, 1996).

1.3. Kuercitoller (Siklohekzanpentoller)

Konduritollerin bir iist analogu siklohekzan pentoller veya kuersitollerdir. Ilk
siklohekzanpentol (kuercitol), quercus mese agaci yapraklarindan Broconnot tarafindan izole
edildi. Yapis1 siklohekzanpentol olarak belirlenen bu alkol, quercitol olarak adlandirild:
(BRACONNOT, 1849).

OH OH OH OH OH
HO.,. Ho\é\ HO\_~ Hoji') HO
HO'" “OH  ho' Y Yo HOJQ"’OH HO” ™ “OH ho' Y~ “oH
OH OH OH OH OH
proto-kuercitol gala-kuercitol neo-kuercitol talo-kuercitol vibo-kuercitol
OH OH OH OH OH
HO., i HO HO HO Hoji'j\
HO” >~ YoH  HO OH  HO" OH HO OH HO” ™" “OH
OH OH OH OH OH
scyllo-kuercitol cis-kuercitol muco-kuercitol allo-kuercitol epi-kuercitol

Sekil 1.4. Kuercitol Izomerleri

Kuercitoller organik kimyada bilinen en genis diastereoizomer ailesindendir
(McCASLAND, 1965). Siklohekzanpentol 16 stereoizomerden olusmaktadir. Bunlardan
onikisi alt1 enantiyomer ¢ifti halinde, diger dordii simetrik yapidadir. Karisikligi 6nlemek icin
bu izomerlerin konfigiirasyonlar allo, cis, epi, gala, muco, neo, proto, scyllo, talo ve vibo 6n
ekleriyle veya rakamlarla (1,3,4/2,5 gibi) belirtilerek adlandiriimistir (MCCASLAND, 1961).



Dogada bir¢ok bitkide quercitol izomerlerinden (+)-proto-kuercitol ve (-)-vibo-
kuercitol’iin mevcut oldugu bulunmustur. (+)-proto- ve (-)-proto-kuersitol ve (-)-vibo-
kuercitol olmak tizere sadece ii¢ quercitol enantiyomeri optikce aktiftir. (-)-vibo-kuercitol,
gymnema sylvestre, stephania hermandifolia, menispermum canadanse ve 6zellikle viburmum
tinus gibi pek ¢ok bitkiden izole edilmistir (POSTERNAK, 1965). Braconnot tarafindan izole
edilen quercitol, optik¢e aktif, doymus, siklik bir yapiya sahiptir. Prunier, quercitolii HI ile
1sittiginda fenol, kinon, benzen ve hidrokinonun bir karisimini elde ettigini, MnO; ve H,SO,
varliginda genellikle kinona yiikseltgendigini, sogukta permanganat ile muamele edildiginde
de oksalik asit, karbondioksit, malonik asit ve diger lrlinleri verdigini tespit etti. Bu
reaksiyonlar molekiilde bir -CH»- grubunun varligina isaret ediyordu. Kanonnikof tarafindan
siklohekzanpentol yapisi tayin edilmesine ragmen Kuercitoliin gergek konfigiirasyonu uzun

bir miiddet belirlenemedi (POSTERNAK, 1965).

1.4. Yalanc (pseudo-sekerler) Sekerler

Yapilan aragtirmalarda kuersitol ve inositol tiirevi olan bu yalanci sekerlerin kuersitol

ve inositollerden daha yiiksek biyolojik aktiviteye sahip olduklar tespit edilmistir.

OH OH OH

HO OH HO on O OH

OH OH .o OH

OH OH OH
Sekil 1.5. Pseudo-sekerleri

Monosakkarid grubundan olan bu yalanci seker molekiillerine pseudosekerleri olarak
adlandirilmaktadir. Yapay tatlandiricilar olarak da bilinen bu molekiiller validamisin
antibiyotiklerinin yapitasi olmalarinin yam sira glikozidazlariin inhibitorleri ve antidiyabet
ilaclar1 olarak da bilinmektedir (PINGLI, 1994).

Pseudo-sekerler karbohidratlarin karboksilik analoglaridir. 2,3,4,5-tetrahidroksi-1-
(hidroksimetil)-siklohekzanlar veya 5-a-karbohekza-pranolar, halka oksijeni bir metilen grubu
ile yerdegistirdigi i¢in hekzapiranolarla iliskilidir. Yapisal olarak gercek sekerlere
benzerlikleri ile taninan bu bu bilesiklerin sentezine olan ilgiye biyiiktiir (PINGLI, 1994).



Pseudo-seker terimi McCasland tarafindan ilk sentetik analogun DL-pseudo-a-talopiranozun
sentezi i¢in One siiriilmiistiir. Son zamanlarda ise ‘pseudo’kelimesinin yerine karbo- 6nekinin
kullanimi Suami ve Ogawa tarafindan one siiriilmiistiir. Karbo-sekerler hem monosakkarit
formunda hem de bilesik sekilde oligosakkaritler i¢inde dogada bol miktarda bulunmaktadir
(TRAN, 1998).

Monosakkaritlerde halka oksijen atomunun bir metilen grubu ile yer degistirmesi,
orjinalinde pseudo-sekerler olarak siniflandirilan fakat simdi genellikle karbo-sekerler olarak
bilinen taklit karbonhidrat molekiillerini meydana getirir. Karbogekerlerin artan stabilizesi ve
yapisal benzerlikleri, dogal sekerlerle kiyaslanabilir. Enzim substratlar1 veya inhibitorleri

olarak bilindikleri i¢in bu alandaki sentezler yogunluk kazanmistir (BOYD, 2005).



BOLUM 2. GENEL BILGILER

2.1. SIKLOHEKZIiTOLLER

2.1.1. Giris

2.1 2. 4-Dihidroksibenzenden ve 1,3-Siklohekzadien-Ketalden Halojeno-Konduritol

Sentezi

Siibstitiie bromokonduritollerin sentezi ile ilgili bir sentez de dihidroksibenzen ve
benzen-cis-diolden gerceklestirilmistir (CANTEKIN, 2009). 1,4-dihidroksi benzenin
bromlanmasi, yiikseltgenmesi, tekrar bromlanmasi, indirgenmesi, bromlarin uygun
pozisyonda asetat ile siibstitiisyonu ve olusan asetatli molekiiliin bazik ortamda hidrolizi ile
slibstitiie bromokonduritol-B’nin sentezi gergeklestirilmistir. Diger bir sentezde benzen-cis-
diole singlet oksijen katilmasi, brominasiyonu, olusan {iriiniin diizenlenmesi, karbonil
grubunun indirgenmesi, asetatlanma ve bazik ortamda hidroliz gibi birseri reaksiyonla bromo-

konduritol-C’nin sentezi gergeklestirilmistir.

OH 0 OH OH
h
L Br . Br c.d Br Br eg, Br\Ev:l;\OH
Br ~ " OH
OH o) OH OH

1,4-dihidroksi- Bromo-
benzen Konduritol-B
a)Bro/eter, b) CAN/CH3CN, ¢)Br,/DCM, d) NaBH4/eter, e)Ac,O/piridin,
9)AgOACc/AcOH/ACc,0 h) NH3/MeOH
Sekil 2.1. Bromo- Konduritol-B sentezi
O OH

(o< 2% @ \ o Brﬁm
(@] y OH
OH OH
Cis-siklohekzadien- Bromo-
ketal Konduritol-C

1)0,/TPP/DCM, 2)Br,/DCM, 3)DMSO, 4)NaBH4/THF, 5)Ac,0/H*, 6)NHs/MeOH

Sekil 2.2. Bromo-konduritol-C sentezi



2.1 3. Mono- ve Dihalojeno- Konduritol Sentezi

Mono-, di- ve tri-halojeno-konduritollerin sentezleri oldukga sinirlidir. Bu sentezlerin
smirli olmasi, bunlarin biyolojik aktivitelerinin pek bilinmedigini géstermektedir. Mono- ve
dihalojeno-konduritollerin sentezi ile ilgili bir ¢alisma yapilmis fakat biyolojik testleri
yaptlmamistir. Bu bu calismada kinonun brominasiyonundan 3 c¢ikilarak yapilmis bir
¢alismadir. Kinonun bromlanmasi 3, indirgenmesi 3, asetatlanmasi 4, bazik ortamda mono- ve
diepoksidasiyonu 5,6,8 ile olusan epoksitlerin degisik reaktiflerle a¢ilmas: 7,9,10 gibi bir seri
reaksiyonla  glikozidazlarin  inhibitorii ~ olan  halojeno-konduritollerin  sentezleri

gerceklestirilmis fakat biyolojik inhibisyonlari test edilmemistir.

o) OH OAcC OAC o Cl
a ' b ' c ' d e '
7 Br 7 Br o o 7~ YOH
O OH OAc \ 5 6 Cl 7
Kinon 3 4
OH OH OH
~Br «Br WBr
S
"OH "OH
Br 10 g O Cl 9

a)i.Br,/CCly, 11.NaBH,4, b) Ac,O/piridin, ¢) NaOMe, d) KOH, e) LiCuCly, f) LiNiBrs, Q)
LICUC|4

Sekil 2.3 Kinondan ¢ikilarak farkli halojeno-konduritollerin sentezleri

2.1 4. Antimikrobiyal Yontemle Halojeno-Konduritol Sentezi

Glikozidazlarin kovalent inhibitorleri olan baska bir calisma halojenobenzenin once
pseudomonas putida ile antibakteriyal olarak indirgenmesinden dien-dioliin olusturulmasidir.
Olusan dien-dioliin farkli reaksiyon sartlarinda yiikseltgenmesi ile siibstitiie halojeno

konduritolleri sentezlenmistir (CHARLESS, 1993).



X X OH OH
+
X=Cl, Br OH : OH OH

OH OH

Halo-benzen 1 Halokonduritoller

a)pseudomonas putida, b) OsO,/NMO

Sekil 2.4. Halo-benzenden ¢ikilarak halokonduritollerin sentezi
2.1 5. Floro-Bromo- ve Kloro-Bromo Konduritol Sentezi

Hudlicky ve grubu tarafindan yapilan bir ¢alismada 3-kloro-siklohekza-3,5-dien-cis-
1,2-diol’den hazirlanan epoksi-ketal 11’in, degisik reaktiflerle acilmasi sonucu halojeno-
konduritol F ve Halojeno-konduritol E tiirevleri elde edilmistir. Calismada FeCls.Et,O ve
TBSCI/Ti(OPr1)4 ile diklorokonduritol 13,14, BusPH,F; ve BF3;.Et,O ile de floro-
klorokonduritol 12,15 tiirevleri sentezlenmistir. Sentezlenen bu molekiillerinin glikozidazlara
kars1 biyolojik aktivite testleri yapilmamustir. Bu tiir molekiillerinin biyolojik aktivitelerinin

Olciilmesi bundan sonraki ilgili aragtirmalara 1s1k tutmasi1 bakimindan 6nemlidir.

Br Br
O O><
" 7 a Wij:o
OH Br H
12 'e)

O
13
I O
Br q o 1 c Br
O>< O><
F o cl O

OH OH

15 14

a)BF3.Et,0, b)FeCls.Et,0, c)TBSCI/Ti(OPrY),, d)Bu,PH,F;

Sekil 2.5. Floro-Bromo- ve Kloro-Bromo Konduritol Sentez semasi

2.2. Kuersitollerin Konfigiirasyonu Tayini

Konduritoliin bir iist analogu, siklohekzanpentoller olup bu bilesikler kuersitol olarak

adlandirilirlar. Bu bilesikler inositollerin deoksi tiirevleri olup, dort tanesi mezo, alt1 tanesi



optikge aktif formda olmak iizere 10 tane diastereomerleri vardir. Bunlardan proto- ve vibo-
kuersitol tabiatta mevcuttur. Kuercitol’iin konfigiirasyonunu belirlemek amaciyla Kilani ve
Scheber, tarafindan yapilan bir seri reaksiyon ile quersitoli 16 nitrik asit ile
yiikseltgediklerinde konfigiirasyonu kesin olarak bilinen musik asiti 17 ve (-)-
trihidroksiglutarik asidi 18 elde edildi. Musik asidin 17 olusumunu, metilen grubuna saldiri ile
halka parcalanmasi ve onun Kkarboksile doniisiimii seklinde agikladi. 18’de ise -CHy-
grubunun ayni anda halkanin her iki kdsesinden parcalanmasi ile olustugu diisiiniildii. Bu
sonu¢ musik asit 17 olustugu icin molekiiliin birka¢ konfigiirasyonunun olabilecegini
gostermekteydi. Posternak tarafindan Quercitoliin 16 gercek konfigiirasyonu ilk defa 1932°de
belirlendi (POSTERNAK, 1932).

HOOC‘HJ—FCOOH
CoO

.z o
Q musik asit O\CI:EZ
metasakarin
HOOC%CHZ—I—COOH
20 19

Sekil 2.6. Kuersitollerin konfigiirasyon tayini

Posternak, tarafindan kuercitol bilesiginin permanganatla yiikseltgenmesinde bir
metasakaronik asit olan 18-deoksimusik asiti 19 elde edildigi tespit edildi. Ayrica 19,
metasakarin 21 nitrik asit oksidasyonundan da elde edildi. O halde kuercitoliin ger¢ek
konfigiirasyonu (1,3,4/2,5)-siklohekzanpentol 16 yapisinda oldugu kanitlandi. Bu yap1 (+)-
inositoliin 20 formiili ile karsilastirilrsa (+)-kuercitol, 19-deoksi-(+)-inositol olarak
diistintilebilir. Daha sonralar1 Plouvier tarafindan (1,3,4/2,5)-siklohekzanpentole 16 “‘(+)-
proto-kuersitol (16-kuercitol)’” ad1 verildi (PLOUVIER, 1961). (-)-proto-kuercitol ise yine
Plouuvier tarafindan 1961’ de Eucalyptus populnea agacinin yapraklarindan izole edildi
(PLOUVIER, 1961). McCasland ve grubu (16-formunda), (+)-proto-kuercitoliin
konfigiirasyonunu daha sonra 220 MHz H-NMR spektroskopisiyle dogruladi (McCASLAND,
1969). Kuersitollerin degisik yontemlerle sentezlerinin gelistirilmesinden sonra bu bilesiklerin
biyolojik aktiviteleri arastirilmis ve yapilan ilk arastirmalarda olumlu sonuglar alinmamis olsa

da (POSTERNAK, 1932), daha sonraki ¢aligsmalarda baz1 kuersitol izomerlerinin (neo-, epi-,



10

vibo-, scyllo-) biyolojik aktivite gosterdigi tespit edilmistir (SOTHEESWARAN, 1989),
(BAKER, 1989), (MOYER, 1988).

2.3. Pseudo-Sekerlerin Sentezi

Kuersitollerin degisik tiirevlerinin hazirlanmast ile ilgili olarak literatiire yeni sentetik
metotlar tanimlanmistir. Bu sentetik metotlarda siklitol molekiilindeki komsu bir veya iki
hidroksil fonksiyonel gurubunun metanol ile siibstitiie edildigi, ve siibstitiisyon sonucu

degisik yalanci seker izomerlerinin sentezlendigi bilinmektedir.

OH OH OH
HO OH HO oH HO oH
OH OH OH
OH OH OH
kuersitol pseudoseker pseudoseker

Sekil 2.7. Kuersitol ve pseudosekerler
2.3.1 Furan ve Akrilik Asidin Siklokatilmasindan Pseudo-Sekerlerin Sentezi

Bu yalanci sekerlere psudeo sekerleri denilmektedir. ilk pseudo-seker 1966°da G. E.
McCasland ve calisma arkadaslar tarafindan sentezlenmistir. Pseudo-sekerlerin sentezi igin
en erisilebilir baglangic materyali furan ve akrilik asidin Diels-Alder katilma {irlintidiir. Furan
ve akrilik asidin Diels-Alder katilma reaksiyonu bilinen endo-7-0ksabisiklo[2.2.1.]hept-5-ene-
2-karboksilik asidi 22 verir . Bu bilesik ¢esitli pseudosekerlerin sentezi igin ideal ¢ikis
materyalidir. Formik asit i¢inde hidrojen peroksitle hidroksilasyonu sonucu ekzo-9-hidroksi-
2,7-dioksatrisiklo[4.2.1.0.*®*]nonan-3-on 23 olusur. 23’in lityum aliiminyum hidrit ile
indirgenmesi ve asetilasyonunda ekzo-5-endo-6-dihidroksi-endo-2-dihidroksimetil-7-oksa-
bisiklo[2.2.1]Theptan1 24 verir. 24 nolu bilesikteki okso kopriisiiniin = siilfiirik  asit
katalizorliigiinde, asetik anhidrit ve asetik asit i¢inde hidroliz edilmesi ve asetatlanmasi ile 1:1
oraninda pseudo-a-DL-galaktoz pentaasetat ve pseudo-B-DL-glukopranoz pentaasetat
olusmaktadir. Izomer bilesiklerindeki asetat fonksiyonel gruplarinm hidrolizi ile hidroksit
yapisinda 24 ve 25 nolu pseudo-sekerler olusur (SUAMI, 1987).
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0 0
Co N & -y — > HO
= COOH
COOH 0—C,
akrilik asit 22 23 0
HO  CH,OH CH,OH Q
AcO
. HO -
HO HO OH
HO  OH OH OAc CH,OAc
26 25 24

Sekil 2.8. Furan ve Akrilik Asidin Siklokatilmasindan Pseudo-Sekerlerin sentez semasi

2.3.2 Oksosiklohekzankarboksilikasitten Pseudo-Sekerlerin Sentezi

Pseudosekerlerle ilgili bagka bir ¢alismada da pseudo-a-DL-talopranoz 4, 4-asetoksi-2,3-
dihidroksi-5-oksosiklohekzankarboksilikasit’den 27 sentezlenmistir. 27 nolu bilesigin NaBH4

ile indirgenmesi ve esterifikasiyondan sonra bu molekiiliin hidroliz edilmesiyle pseudo seker

29 elde edilmistir.
OH COOH AcO COOMe HO CH,OH
N —— . \fo—\
(0] OAc OH
27 28 29

Sekil 2.9. Oksosiklohekzankarboksilikasitten Pseudo-Sekerlerin Sentez semasi

2.3.3. Hidroftalik Anhidritten Pseudo-Sekerlerin Sentezi

Anahtar molekiil olarak secilen 36 nolu bilesik, ucuz ve kolay elde edilebilen cis-
hidroftalik  anhidritten sentezlenmistir. ~ Cis-hidroftalikanhidritin ~ LiAIH,;  varliginda
indirgenmesi 31, TosCl ve piridin ile hidrofuranasyonu 32, brominasyonu 33, HBr
eliminasyonu 34, fotooksijenasyonu 35 ve fotooksijenasyon reaksiyonunda elde edilen

oksijen-oksijen baglarinin indirgenmesi ve asetatlanmasi ile 36 nolu bilesik elde edilmistir.
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O
o LiAIH, (;COH TsCI CCO \CC
THF OH Pyr|d|ne
30 O 31
DBU
OAc
1.Tiyoure
- MeOH o
2. P|r|d|n
36 OAc

Sekil 2.10. Hidroftalik anhidritten Pseudo-sekerlerin sentez semasi

Pseudosekerlerin sentezi i¢in kuersitollerin bir iist analogu olan 36 nolu bilesikten
cikilarak ve bu bilesikte bulunan alkenik fonksiyonel grubun degisik oksidatif reaktiflerle
yiikseltgenmesi saglanmistir. OsO4 katalizorliigiinde N-metilmorfolin N-oksit kullanilarak
yapidaki ¢ift bagin yiikselgenmesi ile olusan diol asetatlanarak furanoid-tetraasetat 37
molekiilii sentezlenmistir. Asidik ortamda furan halkasinin agilmasi ve bazik hidroliz ile

pseudeo-seker analogu bishimo-allo-inositol 39’un sentezi gergeklestirilmistir.

OAc OAc OAc

' AcO,, AcO,,
CCO 1.050,/NMO _ CCO NH,SOzH CCOAC
. 2.Ac,0,piridin AcO™ Ac,0/AcOH ACO™ N OAc

OAc OAc OAc
36 37 38

NH,

OH

HO" ™ OH
OH
39

bishomo-allo-inositol
Sekil 2.11. Bishimo-allo-inositol sentez semast

Diger izomerik bishomo-chiro-inositol tiirevlerinin sentezi i¢in, diasetat 36, m-CPBA
ile reaksiyona sokulmus ve tek izomer 40 elde edilmistir. Epoksitin a¢ilmasi i¢in komsu grup
destegi dikkate alinarak yapilan islemler disiiniilmiis ve epoksit-diasetat 40, dnce yapidaki
asetatlar hidroliz edilmis ve sonra epoksit halkasi agilarak asetat 41 elde edilmistir, elde edilen
bilesik 41’nin siilfamik asit katalizorliigiinde asetik anhidrit/asetikasit varliginda hidrofuran

halkas1 acilmis ve 42 elde edilmistir. Ote yandan epoksit-diasetat 40, siilfamik asit
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katalizlizorliigiinde asetik anhidrit/asetik asit varliginda direk olarak agilmis ve 42 elde

edilmistir. Molekiiliin bazik hidrolizi ile bishomo-chiro-inositol 43 elde edilmistir.

OAc OR OAc
- ? 1. NH3/ MeOH ACOL
m-CPBA y 2. H,0/H,S0,
— o, o) - o)
Y - 3 ACZO/ACOH Aco\\l v
OAc OR OAc
36 40 41
aR=H
b: R=OAc NH2803H NstOSH
Ac,O/AcOH Ac,0O/AcOH
OH OAc
HO\CCOH ~ NH3, MeOH ACO\C(:OAC
HO" ™ OH AcO” OAC
OH OAc
42
43

bishomo-chiro-inositol

Sekil 2.12. Bishomo-chiro-inositol sentez semasi

2.3.4. 1,4-Diasetoksi-1,3-biitadien ile Alil-asetatin Siklokatilmasindan Pseudo-Sekerlerin
Sentezi

Literatiirde yer alan 6nemli bir ¢alisma da; 1,4diasetoksi-1,3-biitadien ile alilasetatin
Diels-Alder tepkimesinden elde edilen siklokatilma {irtinii, 2,5-dihidroksi-3-siklohekzen-1-
metanol triasetatin 44 sentezidir. Olusan siklohekzen-triasetat bilesigindeki alkenik g¢ift
baglarin oksidatif reaktiflerle yiikseltgenmesinde, bir siklohekzitol veya karbon sekerinin 45
sentezi gerceklestirilmistir. Birbirini izleyen hidroksilasyon ve asetilasyonla 2,3,4,5-
tetrahidroksi-1-siklohekzanmetanol pentaasetat 45 sentezlendikten sonra bu bilesigin bazik

hidrolizi ile pseudo-B-DL-glukopranoz 46 sentezlenmektedir.
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OAC CHzoAC
z CH,O0AC AcO
~ W > N
44
OAc l
HO CH,OH AcO CH,OAC
-
m mom
OH
HO OH 0Ac  OA¢
46 45

Sekil 2.13. Pseudo-B-DL-glukopranoz sentez semasi

2.3.5. Pseudo-a-DL-Galaktopranoz Sentezi

Pseudo-a-DL-talopranozpentaasetat 47 ise siilfirik asit igeren asetik asit iginde
isitildiginda C-4 iizerinden epimerizasyona ugramis ve gerekli doniisiimlerden sonra pseudo-

a-DL-galaktopranoz 49 elde edilmistir.

AcO CH,OAc AcO  CH,OAc HO  CH,OH

% — — m
AcO HO
AcO OAC 7 L oH
o}
47 48 j/ 49
CHj

Sekil 2.14. Pseudo-a-DL-galaktopranoz

2.3.6. Pseudo-p-DL-galaktopranoz ve Pseudo-a-DL-altropranozun myo-inositolden
Sentezi

Asagida, molekiil i¢i yapilan reaksiyonlarda iki pseudo-seker: pseudo-f-DL-
galaktopranoz 55 ve pseudo-a-DL-altropranoz 56 myo-inositolden hazirlanmistir. Ik basta
myo-inositol dort basamakli reaksiyonlar sonucunda [1,2,0]-sikloheksilidin-5-deoksiciro-
inositol’e 50 ¢evrilmistir. 50’un 2,2-dimetoksipropanla 0O-izopropildenasyonu ve takip eden
Pfitzner-Moffat oksidasyonu 2-deoksi-kiroinosos-1 tiirevini vermistir. Diazometanla bir yan
zincirin 51°e girmesiyle spiro epoksit 52 olugmustur. Hidroiyodik asit ile 52’de ki oksijen

halkasinin ac¢ilmasi ve bunu takip eden asetilasyonla da pentaasetat 53 olugmustur. Bu
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bilesigin de glasiyal asetik asit i¢cinde ¢inko tozu ile 1sitilmasit sonucu 53 eksosiklik olefin 54°¢
doniismiistiir. 54’tin hidroborasyonu, hidrojen peroksitle bunu izleyen oksidasyonu ve
takibinde asetilasyonu pseudo-B-DL-galaktopranoz pentaasetat 55 ve pseuso-a-DL-altropranoz

pentaasetati 56 vermistir. 55 ve 56 nin hidrolizi de pseudo-sekerleri vermistir.

HO o o
HO OH / e o
[ C6H10 _— CGH].O\
HO OH o= OH o
OH OH OH o O
Myo-inositol 50 51 \'\
AcO
/o c CH,l ACO  CH,
— C6H10\ _— OAC — >
o AcO AcO OAC
Oﬁ OAc OAcC
52 53 54
AcO  CH,0Ac CH,0OAc
. + AcO m
AcO OAc
OAc AcO OAc
55 56

Sekil 2.15. Pseudo-B-DL-galaktopranoz ve Pseudo-a-DL-altropranozun sentez semasi

2.3.7. Oksonorbornen-Karboksilik Asit Tiirevinden Pseudo-Sekerlerin Sentezi

Karbon-gekerleri ile ilgili diger bir diger ¢alismada, a-ido, a-manno, B-altro ve f-
manno konfiglirasyonlarinda olan dort pseudo-seker, ardisik reaksiyonlarla 53’den
hazirlanmistir.  Endo-3-asetoksi-endo-5-asetoksi-metil-ekso-2-bromo-7-oksabisiklo  [2.2.1]
heptan 55 bromo lakton 54 hidroliz edilerek elde edilmistir. 55 nolu molekiildeki okso
kopriisiiniin acilmasi ve esterifikasyonu ile 56 ve 57 izomer bilesikleri sentezlenmistir. 56’{in
asetat anyonu ile niikleofilik yerdegistirmesi ve bunu takip eden asetilleme sonucunda %10
oraninda pseudo-o-DL-galaktopranoz pentaasetat 58 ve %31 oraninda da pseudo-a-DL-
galaktopranoz pentaasetatt 59 elde edilmistir. Reaksiyon kademelerinin ilerleyisinde brom
atomunun bir asetat iyonuyla yerdegistirme reaksiyonunda visinal trans asetoksil grubunun
angimetrik destekle, 2,3-siklik asetoksonyum araciligiyla ilerlemistir. 57°iin bir asetat
anyonuyla yerdegistirme reaksiyonu % 62 verimle pseudo-a-DL-manopranoz pentaasetati 60
vermistir ve % 27 verimle de pseudo-B-DL-altropranoz pentaasetati 61 vermistir, bunlarin

hidrolizi ise bunlarla ilgili olan pseudo-sekerleri vermistir. 57 nolu molekiil, sodyum asetattan
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ziyade sodyum benzoatla reaksiyona girdiginde dogrudan pseudo-f-DL-manopranoz tiirevini

vermek iizere SN° yerdegistirme tepkimesine gore ( % 49 verimle) 62 meydana gelmistir.

o o) 0

Br Br

Br2 .
4 LiAIH,
COOH o C\\o AcO CH,0AC
53 54 55
Qv
&
AcO  CcH,0Ac T

I

AcO B AcO CH,OAC CH,0ACc
OAc OAc AcO AcO
o8 - * OAc
AcO ACO
ACO + Br oAc ¢ Br

AcO

i

OAc
OAc
59

/ CH,OAC CH,0AC CHZOAC\

AcO AcO AcO
+ OAc
AcO

AcO
OAc OAC OAc
60 61

62

Sekil 2.16. Oksonorbornen-Karboksilik Asit Tiirevinden Pseudo-Sekerlerin Sentezi

Boylece bugiine kadar, teorik olarak miimkiin olan 16 rasemik pseudo-sekerin
sentezlenmesi gergeklestirilmistir, a-talo- 4, B-gulo- 7 ve a-galakto- konfigiirasyonlarina
sahip 3 pseudo-seker McCasland ve ¢alisma arkadaslar1 tarafindan sentezlenmistir. Diger iki
B-galakto- 55 ve a-altro-C 56 konfigiirasyonlarina sahip pseudo-sekerler myo-inositolden
sentezlenmistir. Geri kalan diger 11 pseudo-seker ise furan ve akrilik asidin 53 diels-alder

katilmasindan sentezlenmistir.

2.3.8. Cis-Dihidrodiol Araiiriiniinden Karbo-Seker Sentezi

Karba sekerlerin tanimlanmasi i¢in ¢ok degisik metotlar mevcuttur. Bu metotlardan birisi

karbon iskeletine sahip toluen, benzonitril, iodobenzen ve metilbenzoattan ¢ikilarak

antibakteriyal yontemlerle cis-dihidrodiol araiiriinii elde edilmis ve bu araiiriin kullanilarak
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karba-a-D-gikopiranoz 63, karba-a-L-galaktopiranoz 64, karba-p-D-idopiranoz 65, karba-p-
L-glikopiranoz 66, karba-p-D-altropiranoz 67, karba-o-L-fukopiranoz 68 karbo-sekerleri igin

sentez metotlar1 gelistirilmistir.

HO

e Me
~_sOH i :OH
HO “'OH HO" ™ “OH
OH OH
63 Carba-a.-D- 68 Carba-o-L-
glucopyranose fucopyranose
HO
HO R=H \_
OH R i :OH
HO" 7 TOH o Rel © R= » HO" 7 “OH
OH OH
64 Carba-o-L- 67 Carba-B-D-
galactoryranose altropyranose
R=I R=I
HO._ HO
: OH WOH
O\ Benzene(R=H)
Toluene(R=Me)
HO™ " "OH Benzonitrile(R=CN) HO™ ~~ "OH
OH lodobenzene(R=1) OH
Methyl benzoate(R=C0,Me
65 Carba-p-D- y (R=C0.Me) 66 Carba-p-L-
idopyranose glucopyranose

Sekil 2.17. Karbo-sekerleri i¢in sentez metotlar1 semasi

2.3.9. Siibstitiie Benzen Tiirevlerinden Pseudo-Sekerlerin Sentezi

Toluen, benzonitril, iyodo benzen ve metil benzoatlar, karbonsekerlerinin sentezinde
kullanilan cis-dihidrodiollerin sentezi i¢in ideal oncii bilesiklerdir. Bu ¢alismada bu oncii
bilesikler kullanilarak yiiksek enantiyomerik saflikta degisik karbonsekerlerinin tiirevleri 69
sentezlenmistir. Ekzosiklik yapiya sahip ve hidroksimetilen igeren karbonsekeri Onciisii

bilesikler gosterilmistir (FU, 2002).
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OH

OH .
71 \ OH &~ 70 OH

OH #*
HO OH
karbo sek
/ arpo-seker \\\

co,Me " 69 T~ OAc

OH OH

OH OH
72 73

Sekil 2.18. Siibstitiic benzen tlirevlerinden Pseudo-Sekerlerin sentez semasi

Benzil alkoliin cis-dihidrodiol 70 araiiriinii, ekzosiklik hidroksimetilen grubu igeren
karbon halkasina sahip olmasindan dolay1 ideal bir karbon sekeri Onciisiidiir. Benzil alkol,
toluen dioksijenaz (TDO) kaynagi olan pseudomonas putida UV4 adli toprak bakterisinde,
doniistiiriilmiis olarak az miktarda bulunmustur. Ekzosiklik hidroksimetilen grubunun
yarigmali enzim-kataliz oksidasyonunun, benzaldehit ve benzoik asit liriinii i¢in, gerekli olan
cis-dihidrodiol’iin 70 diizenlenmesinde tercih meydana getirdigi bulunmustur ve bu yiizden
sadece %4 verimle elde edildigi goriilmistiir. Diger birka¢ substratin p.putida UV4
kullanilarak biyotransformasyonu az miktarda olusan cis-diol araiiriiniinii 70 meydana

getirilmistir.

2.3.10. iyodobenzenden Karbosekeri Sentezi

Iyodobenzenin  enantiosaf  araiiriinii,  cis-(1S-2S)-1,2-dihidroksi-1,2-dihidro-3-
iyodosikloheksa-1,3-dien 74, p. putida UV4 bakteri mutant varyanti kullanilarak elde
edilmistir. Biyokimyasal reaksiyon sonucunda elde edilen pranoz karbosekerleri, karba-p3-D-
altropranoz 75 ve karba-a-L- galaktopranoz’un 76 C-3 ve C-4 pozisyonlarinda bulunan iki
kiral merkez igerir, bunlarin mutlak konfigiirasyonlari1 6zdestir. Cis-dioliin (3aS,7aS)-asetonid
tiirevi 79 olarak korunmasi bunu takip eden cis-dihidroksilasyon, aseton-su ¢ozeltisi iginde N-
metilmorfolin  N-oksit varhiginda osmiyum tetraoksitin katalitik miktar1 kullanilarak,

(3aS,4R,5R,7aS)-diol asetonid izomeri 80, %87 verimle olusmustur.



OH 22.pMP O Me
R S x
Me
74 OH 79
OSO4
MeZCO
H,O
HO
OH O Me
wen LOOX
HO” ™>"~OH HO" ™0 Me
OH oH
78 80
karba-p-L-glukopranoz Pd(OAC),
CO,NaOAc

HO—

OH
75
karba-p-D-altropranoz

MeOH

Sekil 2.19. Tyodobenzenden Karbosekeri Sentez semasi
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O><Me
BzO" o Me
OBz
82
BzCl !
CeH:N :
y
HO—
OH

karba-p-D-iodopranoz

HO
OH

HO™ ™
OH
76
karba-a-L-galaktopranoz

OH

2.3.11. Bishomo-Inositol Tiirevlerinden Pseudo-Sekerlerin Sentezi

Son yillarda yapilan bir caligmada, 5-hidroksimetil-2-siklohekzanon’un her iki

enantiyomerinden yola ¢ikilarak bishomo-inositol tiirevlerinin 83, 84, 85, 86 izomerleri

sentezlenmistir.
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OH o} OH

HO,, . f i
g " OH HO OH
[ j\ OH I J

HO _OH o ., OH

83 85

Sekil 2.20. 5-hidroksimetil-2-siklohekzanon’dan ¢ikilarak Pseudo-sekerlerin sentez genel semasi

83 ve 84 nolu siklitollerin sentezi, (S)-5-hidroksimetil-2-siklohekzanon’ dan baslatilmistir, ilk
olarak serbest hidroksil grubu TBDPS ile korunmus, karbonil grubunun o konumuna hidroksi
metil grubu eklenmesi ile hidroksi keton 89 bilesigi elde edilmistir . Ardindan ¢ift bagin di-
hidroksilasyonu ile yiikseltgenmesi sonucu trihidroksi-keton 90 elde edilmistir. Son asamada
karbonil grubunun indirgenmesi ve TBDPS grubununu hidroliz edilmesi ile siklohekzitol 83
elde edilmistir. 84 nolu bilesigin sentezi i¢in de Oncellikle serbest hidroksil grubunun
korunmas1 91 ve bir sonraki bilesigin dnciisiiniin hazirlanmasi igin. bilesigin benzotriazol-1-
yl-metanol ile hidroksimetilasyonu saglanarak 92 nolu bilesik elde edilmistir. Serbest
hidroksil grubu TBDPS-eterik formunda korunarak bilesik 93 elde edilmistir, bunu takiben
PMB grubunun DDQ ile hidrolizi sonucu 94 elde edilmistir. 94 nolu bilesigin AD-mix-f ile
asimetrik dihidroksilasyonu sonucu tek diastreomer olarak 95 elde edilmistir ve karbonil
grubunun indirgenmesi ve de TBDPS grubunun hidroliz edilmesi ile siklohekzitol 84 elde

edilmistir.
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o) o)
TBDPS-CI PMB-O(C=NH)CCl, éy
OTBDPS ol OH OPMB

87 91 g9

LTMP,benzotriazol-1-yl-metanol| g
TBDPS-CI, imidazol
DDQ DCM/H,0O

g: —0O

LTMP

benzotriazol-1-yl-metanol 2 R=PMB,R=H

3 R=PMB,R=TBDPS

o}
~~on o Cos R=H,R=TBDPS
“"SOR
OTBDPS OR
89 94
AD-mix-o AD-Mix-B,
MeSO,NH, MeSO,NH,
'BUOH/H,0O(1:1) 'BUOH/H,0O(1:1)
O o)
HO/ NN
., " HO W
@SH ; ﬁjOTBDPS
B TBDP
; OH
HO™ g HO e

(i)NaBH,, MeOH

(i) TBAF-THF (i)NaBH, MeOH

(i) TBAF-THF

OH
H - K
OH
OH
H
© 84

Sekil 2.21. Bishomo-inositol Tiirevleri Sentez semasi-1

HO/, \

I

C

QO
/ T
/

83

Siklitol 85 ve 86’in sentezi i¢in, enantiomerik (R)-5-hidroksimetil-2-siklohekzanon
kullanilmistir. Bu molekiillerin sentezi i¢in kullanilan yontem 83 ve 84 nolu bilesigin elde
edilmesinde kullanilan yontemle aynidir, anahtar reaksiyon 96 nolu bilesigin 6 numaral
karbonuna hidroksimetil grubunun baglandigi reaksiyondur. Secici olarak koruma ve bu
korumanin kaldirilmasi i¢in 5 ve 6 pozisyonlarindaki korunmus hidroksimetil gruplarinin
stereosegiciliginden yararlanilmistir. Sonu¢ olarak NaBH, kullanilarak indirgenmeyle

bishomo inositol tiirevleri 83 ve 84 elde edilmistir.



TBDPS-CI
imidazol
., ~OTBDPS

97

LTMP
benzotriazol-1-yl-metanol
)

OH

., ~OTBDPS
98
AD-Mix-o.
MeSO,NH,
'BUOH/H,0O(1:1)

0
HO
b/\OH
.. _OTBDPS
HO s
99

()NaBH,, MeOH
(i) TBAF-THF

OH
HOL -
U\OH
. _OH
HO v
85
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o)
PMB-O(C=NH)CCl,
R .

OH .., OPMB

Yy o

96 100
LTMP,benzotriazol-1-yl-metano C101R:PMB, R'=H

TBDPS-Cl,imidazol .
DDQ DCM/H,O 102R=PMB, R=TBDPS

o Q'1OZRIH, R'=TBDPS

8-
"’//OR

AD-Mix-p
MeSO,NH,
'BuOH/H,0

0
HO/"ijAOTBDPS
.- .. _OH
HO' "
104

(i) NaBH,, MeOH
(i) TBAF-THF

OH
HO,
"©/\OH
. ~, OH
HO' e
86

Sekil 2.22. Bishomo-inositol tiirevleri Sentez semas1-2
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BOLUM 3. GEREC VE YONTEM

3.1. Kullanilan Cihaz ve Kimyasallar
Deneysel caligmalarda 1s1 kaynagi olarak Heidolph MR Hei-Standart marka 1siticili
karistirict kullanildi. Coziicii uzaklastirma islemlerinde Heidolph Laborota 4000 ve Bibby

marka doner buharlastirici cihazlari kullanildi.

NMR spektrumlart VARIAN marka Infinity Plus model 300 MHz’lik NMR cihazi ile
elde edildi.

Calismada kullanilan ¢oziicii ve kimyasallar Fluka, Merck, Alfa Aesar ve Sigma

Aldrich firmalarindan temin edildi.

3.2. Deneysel Calismalar A Kismm

3.2.1. rel-(1R,2S)-Cyclohex-4-ene-1,2-diyldimethanol (1) sentez yontemi

30.5 gr Cis-1,2,3,6-tetrahidroftalikanhidrit 100 ml eterde ¢oziildii ve magnetik olarak
karisan ¢ozeltinin sicakhign 0°C’a diigiiriildii. 0°C’a 8 gr LiAlH,; yaklasik 60 ml eterde
¢oziilerek, ayn1 sicaklikta reaksiyon ortamina damla damla ilave edildi. Daha sonra reaksiyon
ortamiin sicaklig1 oda sicakligma yiikseltilerek bu sicaklikta bir gece daha karistirildi. Once
metanol ile queng edildi sonra sulu Na,SOy ile hidroliz edildikten sonra EtOAc ilave edilerek,
dioliin organik faza ge¢mesi saglandi. Organik faz susuz Na;SO, iizerinde kurutuldu ve
buharlastirilarak, siklohekz-4-ene-1,2-diyldimetanol, renksiz sivi 15.1 gr (53%) madde olarak
elde edildi (GOODRIDGE, 1986), (HALL, 1982).
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3.2.2. rel-(1R,2S)-Cyclohex-4-ene-1,2-diylbis(methylene) diacetate (2) sentez yontemi

OH AcCl OAc
D
OH Piridin OAc
%98

2

(4.0 g, 28.2 mmol) diol 1, 60 ml diklorometanda ¢6ziildii, ve (6.8 ml, 3 ekivalent)
piridin ilave edilerek karistirildi. Bu karigimin {izerine (4.2 ml, 2.1 ekivalent) asetilkloriir
damla damla ilave edilerek karigtirildi ve reaksiyon olustukg¢a olusan kati renksiz tuz
¢okeltileri olusmaya basladi. Bir gece oda sicakliginda karigtirilan reaksiyon durduruldu ve
olusan ¢okelti kismi diklormetanda seyreltilerek 1IN HCI ¢ozeltisi ile sonra doygun tuz
¢ozeltisi ile yikand1 ve kurutuldu. Portakal renginde Cis-1,2-diacetoxymethylcyclohex-4-ene
yagimsi olarak elde edildi (6.3 gr, 98%) (MIYAFUJI, 2000), (SCHMIDT, 2007), (BAILEY,
1960).

3.2.3. rel-((1R,2S,4S,5S)-4,5-Dibromocyclohexane-1,2-diyl)bis(methylene) diacetate (3)

Br
OAc Bra OAc
OAc  Diklormetan - OAc

%94 Br 3

sentez yontemi

(10g, 44.3 mmol) diasetat 2, 200 ml diklormetanda ¢oziildii. Oda sicakliginda karigan
¢ozeltiye 100 ml diklormetanda ¢oziilmiis Br, (10.62 gr, 1.5 ekivalent) damla damla ilave
edildi. Ilave bittikten sonra reaksiyon 12 saat daha ayni sicaklikta karistirildi. Daha sonra
¢oziici  uguruldu. rel-((1R,2S,4S,5S)-4,5-Dibromocyclohexane-1,2-diyl)bis(methylene)
diacetate (16.069, %94) elde edildi (BARAN, 2012).
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3.2.4. Cyclohexa-2,4-diene-1,2-diylbis(methylene) diacetate (4) sentez yontemi

Br
OAc bBU OAc
——
- OAc Benzen OAC
Br\ Refluks

%48 4

(20 ar, 51.81 mmol) rel-((1R,2S,4S,5S)-4,5-Dibromocyclohexane-1,2-
diyl)bis(methylene) diacetate 3, oda sicakliginda benzen igerisinde ¢oziildii. Ayni sicaklikta
karisan ¢ozeltiye (19.72 gr, 2.5 ekivalent) DBU ilave edilerek karisim geri sogutucu altinda
bir gece refluks edildi, sonra reaksiyon karigimi oda sicakligina sogutularak su i¢ine dokiildii.
Once su, sonra doygun NaHCOj3 ¢ozeltisi ile yikandi ve MgSO; iizerinde kurutuldu. Céziicii
evaporatdrde ugurularak renksiz sivi dien elde edildi (5.6 gr %48) (YANO, 2010).

3.2.5. rel-(1R,4R,7R)-2,3-Dioxa-bicyclolo[2.2.2]oct-5-ene-1,7-diylbis(methylene)diacetate

(5) sentez yontemi
@COAC '0, OAC
hv
OAc %87 OAc

5

(10 gr 39.06 mmol), Cyclohexa-2,4-diene-1,2-diylbis(methylene) diacetate 4, 250 ml
diklormetanda ¢6ziildii. 200 mg tetrafenilporpirin (TPP) ilave edildi. 500 W’lik bir
projeksiyon lambasi altinda karigan ¢6zelti ortamindan 12 saat boyunca oksijen gazi gecirildi.
Bu siire sonunda, diisiik sicaklikta reaksiyonun ¢oziiclisii u¢uruldu, geri kalan madde eterde
kristallendirildi (10 gr, 87% ). Renksiz kristal rel-(1R,4R,7R)-2,3-Dioxa-bicyclolo[2.2.2]oct-
5-ene-1,7-diylbis(methylene)diacetate elde edildi (BICKELHAUPT, 2002), (SELLEN, 1991).

3.2.6. rel-(1R,2S,5S)-2,5-Dihydroxycyclohex-3-ene-1,2-diyl)bismethylene) diacetate (6)

sentez yontemi
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OAc Tiyodre OAc
-
OAc MeOH OAc

%88

I
©,
m 3
16
I

(4 gr, 15.63 mmol) bisiklik endperoksit 5, 150 ml metanolde ¢6ziildii. Oda
sicakliginda karisan ¢ozeltiye 1.43 gr (18.77 mmol) tiyoiire ilave edildi. 24 saat oda
sicakliginda karistiktan sonra ¢oken kiikiirtler siiziilerek bertaraf edildi. Geri kalan madde
organik ¢oziicili ile 25 gr silika iizerinde siiziildii. Bunun i¢in 6nce diklormetan kullanilarak
ortamda kalan kiikiirt bertaraf edildi ve kolondaki geri kalan kisim EtOAc ilave edilerek temiz
stvi ve vizkoz 3.5 gr, (%88) madde diol-diasetat elde edildi (BALCI, 1981), (SCHENCK,
1956).

3.2.7. rel-(1S,2S,3R,5S,6S)-2,3-Bis(hydroxymethyl)cycloheptane-2,5-diol (7) sentez

yontemi

(4 gr, 15.5 mmol) dioldiasetat 6, metil asetat gruplarinin hidrolizi i¢in metanolda
coziilerek ve bu ¢ozelti ortamindan amonyak gazi gegirilerek kantitatif miktarda 1,6-
bis(hidroksimetil)siklohekz-2-ene-1,4-tetrol 7’nin sentezi (2.62,%96) verimle renksiz viskoz
stv1 olarak elde edildi.. NMR ve IR gibi tekniklerle molekiiliin konfigurasiyonu aydinlatildi
(BARAN, 2012).

3.2.8. Siklohekzan tetrol 7°nin Pb(OAc,) ile reaksiyonu

Projede tasarlanan ¢alisma, 7 nolu molekiile kadar sentezlendi. 7 nolu molekiilden

cikilarak 23 nolu molekiiliin sentezinde iiriin veriminin diisiik olmasi nedeni ile sikintilar
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yasandi. 7 nolu tetroliin literatiir yt')ntemine5 gore kullanilan ¢oziiciide (diklorometan) tam
¢Ozlinmedigi i¢in bu ¢oziicii yerine ancak reaksiyon metanol, asetik asit, asetonitril gibi
¢oziiciilerde yapildi fakat reaksiyon veriminde istenen sonug¢ alinamadi. Diklorometan yerine
kullanan bu ¢oziiciilerde muhtemelen reaksiyonun C-C bagi Pb(OAc), ile koparak yine
¢oziinmeyen polimerik triinler olustu. Bu nedenle bir tarafta reaksiyonun sentetik
basamaklarinda strateji degisikligine gidildi (7 nolu molekiile epoksidasiyon reaksiyonu
uygulanarak) ve benzer molekiiller 13 sentezlendi ve biyolojik aktiviteleri incelenerek yayima
sunuldu. Diger taraftan B yontemi devreye sokularak benzer molekiillerin sentezi

gerceklestirildi ve biyolojik testleri yapilarak yayina hazirlandu.

(e] OH
OH OH
z B HO
(j:OAc (:COH Pb(OAC), OAC OH
. OAc o OH
HO' HO HO
OAc ~ OH
siklohekzitol
6 7 23 izomerleri

\ OH
(@] (:)H HO
) OAc —=> OH
OAc OH
AcO" HO

11 13

Bununla birlikte %5 civarin da elde edilen a-, p- doymamis diasetat 23 molekiilii
saflastirilarak izole edildi. Gerekli saflastirma ve izolasiyon islemleri yapildiktan sonra
molekiiliin yapis1 aydinlatildi. Fakat 23 nolu bilesigin sadece konfigurasiyon caligmasi
yapildi. Calisma 7 nolu molekiiliin epoksidasiyonundan ve B planindan ayr1 ayri gidilerek

ayni analogdan degisik molekiillerin sentezleri gergeklestirildi.

3.2.8.1. ((1R)-5-hydroxy-2-oxocyclohex-3-enyl)methyl acetate (23) sentez yontemi

I/o

H

Z SoH Pb(OAC), OAc
——
OH MeOH
HO'

%57

1,

23
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1 gr (5.75 mmol) tetrol oda sicakliginda 100 mL diklorometanda ¢oziilmeye calisildi. Bu
sicaklikta karisan ¢ozeltiye 1 ekivalent (2.65 gr 5.9 mmol) Pb(OAc), ilave edildi. Daha sonra
zor ¢Oziinen maddenin ¢ozlinilirliglinii arttirmak i¢in, reaksiyon reflux edildi. Ayni sicaklikta
12 h. siirdiiriilen reaksiyon sogutuldu ve ¢oziiciisii aktirilarak evapiratdrde uguruldu. Geriye

0.6 gr diasetat Sivi1 sar1 renkli tiriin elde edildi. Sivi sar1 renkli tirti (COREY, 1993).

3.2.9. rel-{(1R,2S,5S5)-5-(Acetyloxy)-2-[ (acetyloxy)methyl]-2-hydroxycyclohex-3-en-1-
yl}methyl acetate (9) ve rel-(1S,4S,5R)-4-(Acetyloxy)-4,5-bis[(acetyloxy)methyl]cyclohex-

2-en-1-yl acetate (8) sentez yontemi

OAc oH OH
(:COAC Ac,O/Pyr. 7~ TOAc Ac,O/Pyr. A >S0Ac
“ OAcC rt, %80 OAC rt, %283 - OAC
AcO 79h HO 12h AcO
8 6 9

6 nolu molekiilinden 8 nolu molekiiliiniin elde edilmesi i¢in, 6 nolu diasetat-diol
bilesigi piridinde ¢o6ziilerek refluks sicakliginda ve asetik anhidrit/piridin varliginda 72 saat
gibi uzun siire manyetik olarak karistirilmasi sonucu tetraasetat 8 elde edildi. Tetraasetat
molekiiliiniin, hidrolizi, nétiirlestirilmesi, izolasyonu ve konfigurasyon ¢alismasindan sonra
%80 oraninda renksiz, s1v1 olarak yapis1 aydinlatildi. Ayni ¢ikis bilesigi, 6’dan 9 nolu molekiil
elde edildi. ayn1 yontemle, ayn1 reaktifler kullanilarak oda sicakliginda 12 saat karistirilmasi
ile ve sonra hidroliz, nétiirlestirme, izolasyon ve de konfigurasyon ¢alismasindan sonra 9 nolu
triasetat molekiilii kantitatife yakin bir verimle elde edildi. Calismada hedeflenen seker
molekiillerin sentezi i¢in 9 nolu molekiil kullanildi. Ciinkii 8 nolu molekiiliin yapisindaki ¢ift
bag, sonradan olusturulan di asetatlardan dolay1 sterik olarak kapandigi icin ylikseltgenme
reaksiyonu vermemektedir. Fakat 9 nolu molekiil kolaylikla yiikseltgenme reaksiyonu verdigi

icin ¢alisma 9 nolu molekiiliinden ¢ikilarak yapilmistir.

(1.0 g, 3.87 mmol) dihidroksi diasetat 6, 2.5 ml pridinde ¢6ziildii ve iizerine 3 ml
asetikanhidrit ilave edildi. Cozelti 72 saat boyunca manyetik karistirici da karistirildi. Daha

sonra ¢okelti kism1 diklormetanda seyreltildi ve 6nce 1N HCI sonra doygun tuz ¢ozeltisi ile

yikandi ve kurutuldu. 1.1 g, (80%) Renksiz vizkoz 8 elde edildi.
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(1,299, 5 mmol) dihidroksi diasetat 6, 3 ml piridinde ¢6ziildii ve iizerine 5 ml
asetikanhidrit ilave edildi. Cozelti 12 saat boyunca manyetik karistirict da karistirildi. Daha
sonra ¢okelti kism1 diklormetanda seyreltildi ve 6nce 1N HCI sonra doygun tuz ¢ozeltisi ile
yikandi ve kurutuldu. Portakal renkli bir madde elde edildi, bu madde diklormetanda ¢oziildii
ve por iizerine bir miktar silika konularak siiziildii siizme isleminden sonra agik sar1 renkli 1,2
gr (% 83) vizkoz 9 elde edildi (MIYAFUIJI, 2000), (HENBEST, 1966), (VON LANGEN,
1997) (SCHMIDT, 2007), (BAILEY, 1960).

3.2.10. rel-((1R,2S,3R,5S,6R)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-
diyl)bis- (methylene) diacetate (10) ve rel-((1S,2S,3R,5S,6S)-5-Acetoxy-2-hydroxy-7-
oxabicyclo[4.1.0]heptane-2,3-diyl)bis- (methylene) diacetate (11) sentez yontemi

(6,35 g, 21,14 mmol) triasetat 9, 400 ml diklormetanda ¢oziildii, tizerine m-CPBA
(10,95 g, 44.4 mmol, %70) ilave edildi ve manyetik karistiricida oda sicakliginda karigmaya
birakildi. Bir hafta sonra sonra NaHSO3; ve NaHCOs ile ekstraksiyon islemi yapildiktan sonra
organik faz kurutuldu. Coziicii siiziilerek uguruldu. Renksiz, vizkoz bir sivi karigimi elde
edildi (6,20 g, %93). Bu s1v1 karisim silika gel ile EtOAc/hekzan (1:4) esliginde kolon islemi
yapilarak izomerler ayristirildi (HOVEYDA, 1993), (ROBERT, 1998), (ITOH, 1979).

rel-((1R,2S,3R,5S,6R)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis-
(methylene) diacetate (10): kolonda ilk gelen fraksiyon 10 (470 mg, 1.48mmol, %7) renksiz

svidir.

rel-((1S,2S,3R,5S,6S)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis-
(methylene) diacetate (11): kolonda son gelen fraksiyon 11 (5.01 gr, %75) renksiz sividir.
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9 nolu molekiiliindeki cift bag, mCPBA ile yiikseltgenerek epoksi molekiilleri 10 ve
11 sentezlenmistir. Bu molekiillerin izolasiyon ve konfigurasiyon ¢alismasindan sonra 11
nolu izomerin daha yiiksek verimle olustugu tespit edildi. Epoksit 11 ile siklohekzitollerin

sentezine devam edildi.

3.2.11. rel-(1S,2S,3R,5S,6S)-2,3-Bis(hydroxymethyl)-7-oxabicyclo[4.1.0]heptane-2,5-diol
(11-OH) sentez yontemi

Epoksi-hidroksi-triasetat 11°den yola ¢ikarak epoksi karbon sekerinin sentezlenmesi
amaclanmistir. Bunun igin i¢in Epoksi-hidroksi-triasetat 11’in (0.30g 0.95 mmol) bazik
hidrolizi gergeklestirilmistir Hidroliz islemi, metanol i¢inde NHjg) ile gerceklestirildi. MeOH
ve reaksiyon ortaminda olusan asetamitin ugurulmasi ile geri kalan maddenin, yapilan NMR
analizi ile tetrol 11-OH temiz olarak ve yiiksek verimle (0.15g, 86%) renksiz vizkoz sivi
olarak elde edildi (BARAN, 2012).

3.2.12. rel-(1S,2R,3S,4S,5R)-4,5-Bis(acetoxymethyl)-4-hydroxycyclohexane-1,2,3-triyl

triacetate (12) sentez yontemi

OAc
O, OH - OH
AN AcO B
(:COAC 1.H,0/H,S0, \@OAC
- OAc N OAc

ACO' 2.Ac,0/Pyr. ACO'
24h
11 12

(570 mg, 1,8 mmol) epoksi-asetat 11, 20 ml suda ¢6ziildii ve iizerine 2 ml siilfirik asit
ilave edilerek 24 saat oda sicakliginda karigtirilarak hidroliz edildi, sodyumbikarbonat ile

noétrallestirildikten sonra ¢oziicli buharlastirildi. Gerikalan kistm mutlak metanolda ¢oziilerek
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stiziildii, katt kisim bertaraf ettikten sonra metanol buharlagtirildi. Geri kalan maddeye
herhangi bir islem uygulamaksizin iizerine 1,5 ml piridin ve 2 ml asetikanhidrit ilave edilerek
manyetik karistiricida 12 saat boyunca karistirildi. Karistm HCI (100ml, %S5) ile hidroliz
edildi. Sonra NaHCOg; ile notralize edilerek kurutuldu. Olusan bilesigin purifikasiyon
isleminden sonra %80 verimle 12 elde edildi sonra konfigurasiyon ¢aligsmasi yapilarak yapisi
belirlendi (BARAN, 2012).

3.2.13. rel-(1S,2S,3R,4S,6R)-1,6-Bis(hydroxymethyl)cyclohexane-1,2,3,4-tetraol (13)

sentez yontemi

OAc OH
> OH = OH

AcO B HO ~_-

\ij:om NHy/MeOH \(I:OH

_— >

. OAC . OH

AcO' HO'
12 13

(1 g, 2.39 mmol) pentaasetat (12), 50 ml metanolde ¢oziildii ve manyetik olarak
karisan c¢ozelti ortamimdan 1 saat boyunca amonyak gazi gecirildi. Karigimin iginde
bulundugu balonun agzi kapatilarak oda sicaklifinda ilave bir gece karistirmadan sonra

¢0Oziicli uguruldu sonra 13 nolu bilesik kantitatif verimle kat1 olarak elde edildi.

3.2.14. Hidroksi-epoksisiklohekzan-diasetat 11’in Reaksiyonlari

: 0., OH 0., ?AC
NHS(g) Ac0 Y T0Ac AcO Y oAc
OH  MeOH o HS04 , OAc HpSO4 )\ OAc
(asiri) 11 (katalitik) "

3.2.15. rel-(1S,2S,3R,5S,6S)-2,5-Acetoxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl) bis(methy-

lene) diacetate (14) sentez yontemi

OAcC
/ O/ -
? ~ (T)H AC20/H2504 = P -
OAc  (catalytically) OAc
W OAc o OAc
AcO AcO

11 14
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(1.2 g, 3.80 mmol) epoksi-triasetat 11, 5 ml Ac,0 iginde ¢oziiniip katalitik miktarda
(bir damla) H,SO, ilave edilerek karisim 12 saat oda sicakliginda manyetik olarak karigtirildi.
Epoksi halkasi hidroliz edilmeksizin, molekiildeki -OH gubu asetatlandi. Olusan bilesigin
14’0n purifikasiyonu gergeklestirildikten sonra konfigurasiyon ¢alismasi yapilarak, madde (1

gr, %74) siv1 ve renksiz elde edildi.

3.2.16. rel-(1S,2S,3R,4S,6R)-1,6-Bis(acetoxymethyl)cyclohexane-1,2,3,4-tetrayl

tetraacetate (15) sentez yontemi

OAc
O, OH ; AcoL - 2A¢
T v ACzo H2504 :
OAc (excess) OAc
- OAc o OAc
AcO' AcO
11 15

(3.0 g, 9.49 mmol) epoksi-triasetat 11, 15 ml Ac,0 iginde ¢oziiniip asirt miktarda (12
damla) H,SO, ilave edilerek molekiildeki epoksi halkasinin agilmasi ve asetatlanmasi

saglanarak hekzaasetat 15, %75 verimle siv1 renksiz olarak elde edildi.

3.2.17. Hekzaasatat 15’in deasetalizasyonu

OAc OH
- OAc NH -
ACO 5 KON - OH
OAc MeOH Y OH
—_—
OAc . OH
AcO HO'
15 13

(1.0 g, 2.17 mmol) hekzaasetat 15, mutlak metanolda ¢6ziildii ve manyetik olarak
karisan bu ¢ozelti iginden NH3 gazinin gegirilmesi ve yukaridaki procedure gore hidroliz

islemi gergeklestirilerek. 13 nolu hekzol molekiilii kantitatif verimle sentezlendi.
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3.2.18. rel-(1S,2S,4S,5R, 7S)-{4-[ (Acetyloxy)methyl]-3,8-dioxatricyclo[5.1.0.0%*]oct-5-
yl}methyl acetate (16) sentez yontemi

oAc Co-TPP " oac
0y,
OAcC DCM ’ OAc

5 16

Calisma ile ilgili olarak baska bir karbongekeri veya siklohekzitol izomerinin elde
edilmesi i¢in bisiklik endoperoksit 5 molekiiliiniin, bis epoksite ¢evirilmesi ve bu bis
epoksitten faydalanilarak yeni bir seker molekiiliiniin sentezidir.

Calismada, (5.0 g, 19.5 mmol) bisiklik endoperoksit molekiiliiniin 150 ml diklorometanda
¢oziildi. CoTPP (180 mg)’in 25 ml diklorometandaki ¢ozeltisi 0°C de damla damla ilave
edildi. 20 dakikalik damlatma damlatma isleminden sonra reaksiyon oda sicakliginda 30
dakika daha manyetikolarak karigtirtldi. Coziiciiniin ugurulmasi ile bisepoksit stereospesifik
ve regioselektif olarak gerceklestirildi. Reaksiyonda ¢oziictiniin uzaklastirilmasi ile elde
edilen ve elde edilen madde silikajel de siiziilerek CoTPP’den arindirildi. %80 verimle
renksiz ve sivi olarak elde edildi. Molekiiliin yap1 analizi yapilarak tayin edildi (BOYD,
1980).

3.2.19. Bisepoksit 16’nin hidrolizi

RO
\.(:TCOAC
o),
’ OAc
16
Ac,0/AcOH
H,NSOZH
refluks
12h
AcO ACO
Q AcO yo AcO "7 o
) c o C -
-‘:_- + N + N
0 2l : s
OAc €O Hac ACO Sac AcO  OAc

17 (30%) 18 (10%) 19 (19%) 20 (29%)
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Bis epoksit molekiilii 16, kontrollii olarak belli siirede hidroliz edilerek degisik
hidroliz ve diizenlenme molekiilleri elde edilmistir. Kolon kromatografisi, ince tabaka
kromatografisi ve kristalizasiyon gibi yontemler kullanilmak suretiyle molekiillerin
ayristirtlmasi gergeklestirilmistir. Bu molekiillerin izolasiyonu, konfigurasiyon ¢alismasi gibi

kimyasal iglemleri yapilarak yapilari tayin edilmistir.

(3.0 g 11.71 mmol) bisepoksit 16, 10 ml Ac,O/AcOH (1:1)’de ¢oziilerek oda
sicakliginda manyetik olarak karistirildi. Bu ¢ozeltiye katalitik miktarda (100 mg) siilfamik
asit ilave edilerek 12 saat reflux edilmistir. Bu sure sonunda Karisim oda sicakliginda
sogutulduktan sonra soguk HCIl (150 ml, %5) ilave edilerek hidroliz edildi. Daha sonra
karisima diklormetan (3x75 ml) ilave edilerek bol sui ile ekstrakte edildi. Organik faz
kurutuldu. Coziiciiniin buharlastirilmasi ile sivi renksiz karisim elde edildi. Bu karisim kolan
kromatografisi ile hekzan /EtOAc (4:1) esliginde ayristirildi. Kolanda fraksiyon sirasina gore
17, 18, 19, 20 bilesikleri ayristirildi. Bilesiklerin purifikasiyonlar1 gergeklestirildikten sonra
konfigurasiyon ¢alismasi yapilarak yapilari tayin edildi (GONG, 2005), (WANG, 2004).

3.2.20. rel-(1R,2S,4S,5S,6R)-2-(Hydroxymethyl)-3,7-dioxatricyclo[4.2.1.0**Inonan-5-ol
(17-OH) sentez yontemi

AcO HO
o) NH3q)
%)i el | o

O: O -
OAc OH

17 17-OH

(0.27 g, 1.05 mmol) epoksidiasetat 17, yukaridaki prosediire gore hidroliz edilmistir.
Hidroliz isleminde madde, MeOH icerisinde c¢oziilerek ve manyetik olarak karistirilarak
olusturulan ¢dzelti ortamindan NH3 gaz1 gecirilerek yapildi. gerekli purifikasyon isleminden
sonra 17-OH, (0.14g, 79%) renksiz vizkoz olarak elde edildi. Olusan maddenin biyolojik testi
yapildi.



3.2.21. Hekzaasetat 21°in sentezi

AcO o
AcO__ ..
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ACO  Sac
18
Ac,0O/AcOH
H,NSO3H
72h
AcO
, OAc OAG HO
Ac,O/AcOH ' Ac,O/AcOH O
AcO-_ ..
H,NSO;H AcO' H,NSOzH w
72h 72h S
AcO OAc ACO  Sac
17 21 19

Olusan diizenlenme fiiriinleri ayr1 ayri (1.0 g 3.90 mmol) 17, 1.0 g (2.79 mmol) 18,
(1.0 g 3.17 mmol) 19, Ac,O/AcOH (7 ml, 1:1) alinarak hidroliz edildi. Hidroliz isleminde
yukaridaki prosediir takib edildi. Buna gore 17, 18, 19 ayr1 ayr1 15 ml Ac20/AcOH (1:1)’da
¢ozerek ve oda sicakliginda 70 mg H,NSOsH ilave edilerek reflux sicakliginda 72 saat
manyetik olarak karigtirildi ve degisik verimlerde pentaasetat triinii 21 elde edildi. Bu
triinlerin ayr1 ayrt hidrolizleri, nétiirlestirilmeleri,

ayristirlmalart  ve konfigurasiyon
calismalar1 sonucu degisik yiizdelerde elde edildi (GONG, 2005), (WANG, 2004).

3.2.22. Pentaasetat 20 *den hekzaasetat 21’in sentezi

AcO
, OAc OAG
Ac,0O/Piridin | AcO'
oda sicakligi |
2 hafta AcO  OAc

21



36

Pentaasetat molekiilii 20, hekzaasetat molekiiliine doniistiirmek igin pentaasetat
piridinde c¢oziilerek oda sicakliginda ve asetik anhidrit varliginda bir hafta gibi uzun bir
stirede reaksiyonu devam ettirildi. Fakat kuaterner —OH’in asetatlanmadigi ve dolayisiyla
hekzaasetata hi¢ doniisiimiin olmadigi, yapilan analiz sonucunda tespit edildi. Bu da
pentaasetat molekiiliindeki hidroksit grubuna komsu asetat gruplarinin, bu grubunun etrafini
sterik olarak kapatmasindan ileri gelmektedir. Dolayisiyla bastan itibaren igslemler hidroksi-

pentaasetata gore dizayn edilmistir.

3.2.23. Pentaacetate 20°nin Ac,O/AcOH/H,NSO3H ile asetatlanmasi

Ac,O/AcOH
H,NSO,H

12h

Pentaasetat 20 bilesiginin Ac,O/Pyridin de asetatlanmamasi sebebi ile farkli methotla
uygulanarak asetatlandirilmaya g¢alisildi. Bu amagla, pentaasetat 20, Ac,O/AcOH (1:1)’de
coziiliip katalitik miktarda HoNSO3H ilave edilerek 12 saat refluks edildi ve pentaasetat 21
elde edildi.

3.2.24. Pentaasetat 20 ve hekzaasetat 21’in hidrolizi

AR 0Ac,— onc "R on ,_on AR oH

. 1y,
NH NH
AcO' 2 :
CH30H, 89% CH30H, 91%

OAc

AcO

ACO  Hac HO  OH AcO  OAc
21 22 20



37

Pentaasetat ve hekzaasetat molekiillerinden hedeflenen karbongekeri izomerleri veya
siklohekzitol izomerleri hazirlamak i¢in bu asetat molekiillerinin bazik hidrolizleri

gergeklestirild.

Bunun i¢in; Hekzaasetat 21 molekiilinden 1.5 g (3.26 mmol) alinarak metanolde
¢oziildii ve manyetik olarak karisan ¢ozelti ortamindan NHs; gazi gegirilerek yukaridaki
prosediire gore hidroliz edildi. Hidroliz sonucu, 0.60 g hekzol 22 (%89 verimle) viskoz ve
renksiz olarak elde edildi. Etanol/hekzan da kristallendirilerek yapisi tayin edildi. Erime
noktas1 176-179°C°dir.

Ayni sekilde pentaasetat 20°den de 1 g (2.39 mmol) alinarak metanol i¢inde NH3 gazi
ile hidroliz edildi. Hidrolizi sonucu, 22 nolu hekzol (0.45 g, %91 verimle) viskoz ve renksiz

olarak elde edildi.

3.2.25. Bis epoksit 16’min Ac,O/H;SO,(katalitik) ile hidrolizi

AcO ACO
.\‘Q () O
\"@OAC Ac0 : ACO_ .+
O/,' D 5 + K
OAc H>S0,4 6 - E
C

(Katalitik) OAC AcO G

16
17 18

3.0 g, (11.71 mmol) bis epoksit 16 10ml Ac,0O i¢inde ¢oziiliip katalitik miktarda (4
damla) H,SO, ilave edilerek oda sicakliginda 12 saat manyetik olarak karistirildi. Daha sonra
gerekli saflagtirma ve kromotografik yontemler kullanilarak bisepoksit 17 (1.4g, 47%) ve 18
(1.029, 24 %) nolu bilesikler renksiz kristal olarak sentezlenmistir (BARAN, 2012).

3.2.26. Tetraasetat 18 ve triasetat 19°1n deasetatlandirilmasi

o AcO o " o HO o - HO o
O ) 3(g) e 3(9) AcO_ ..
~ MeOH > MeOH e

A S HO o AS Gpc

18 18-19-OH 19
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0.33g (0.92 mmol) tetraasetat 18 ve 0,25g, (0,72 mmol) triasetat 19, ayr1 ayr1 MeOH
igerisinde ¢Oziilip oda sicakliginda manyetik olarak karistirildi.  Karisan ¢ozelti
karisimlarindan yarim saat siireyle NH3 gaz1 gegirildi. NH3 gazi gecisi durdurularak reaksiyon
balonun agzi kapatildi. Ayni sicaklikta ilave 5 saat karistirildi. Daha sonra reaksiyon
durdurularak bilesiklerdeki asetat gruplari hidroliz edildi. Reaksiyonlarin ¢oziiciileri ve
ortamda olusan aset amit buharlastirildi. Hirolizden sonra heriki bilesiginde ayni tetrole gittigi
yapilan konfigiirasiyon aydinlatmasi ile tespit edildi. Boylece hedeflenen karbon sekerlerinin

oncii bilesigi tetrol 18-19-OH beyaz toz seklinde elde edildi.

3.2.27. Farkh sartlar kullanilarak diasetat 17°nin halka acilmasi

HO AcO

ACO vy Ac,0 Ac,0 AcO_ ../
5. : H2S04 W : Y
ACO Sac (asiri) (Katalitik) ACO  Eac
19 17 18
H,0
H,SO,

(asiri)

reaksiyon olusmadi

Diasetat 17’nin (0.75 g, 2.93 mmol), 8 ml Ac,0 ile ¢oziiniip asir1 miktarda (8 damla)
H,SO, ilave edilip oda sicakliginda 12 saat manyetik karistiricida karigtirilarak reaksiyon
gerceklestirildi. Reaksiyon bitiminde gerekli saflastirma ve kromotografik yontemler

kullanilarak triasetat 19 (0.87 g) %94 verimle renksiz ve kristal olarak sentezlendi.

Diasetat 17’nin (0.8 g, 3.13 mmol), 8 ml Ac,0 ile ¢oziiniip katalitik miktarda (bir
damla) H,SO, ilave edilip reaksiyon gergeklestirildi. Reaksiyon bitiminde gerekli saflastirma
ve kromotografik yontemler kullanilarak tetraasetat 18 (0.9 g) %80 verimle renksiz ve kristal

olarak sentezlendi.

Diasetat 17’nin (0.66 g, 2.58 mmol) 10 ml H,O da ¢oziinerek asir1 miktarda 1.5ml

H,SO, ilave edildi. Bir gece oda sicakliginda manyetik karistiricida karistirildiktan sonra
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notrallestirme ve buharlastirma isleminden sonra olusan iiriin herhangi bir ayirma islemine
tabi tutmaksizin 1.5 ml piridinde ¢6ziiliip lizerine 2 ml Ac,O ilave edilerek asetatlandirildi.
Karisim oda sicakliginda 24 saat karistirildiktan sonra hidroliz noturlestirme islemlerinden
sonra bilesigin karekterizasyonu yapildi. Diasetat 17 bilesiginin bu reaksiyona sartlarinda

reaksiyon vermedigi yapilan konfigurasiyon galigmasi ile anlagildi.

Yukarida sentezlenen 7, 11-OH, 13, 17-OH, 18-19-0H, 22 nolu bilesiklerin Alfa
Glukozidaza kars: biyolojik inhibisyonlar1 asagidaki metoda gore yapilmistir.

Alfa Glukozidaz Inhibisyon metodu

a-Glukozidaz enzimi (0,1 U), fosfat tamponu (67 mM, pH 6,8)¢esitli Konsantrasyonlarda
inhibitér maddeler (1-1000 uM) 37°C’de 200 rpm’de inkiibe edilir. Daha sonra 500 pM
paranitrofenil a D-glukopiranozid (PNPG) ilave edilerek 37°C’de 200 rpm’de reaksiyon
baslatilir ve 1 dakika sonra 0,2 ml 1 M Sodyum Karbonat eklenerek reaksiyon durdurulur ve
400 nm’de agia c¢ikan paranitrofenil absorbansi dl¢iiliir. Kontrol olarak igerisinde inhibitor
madde bulunmayan karisimin 400 nm’deki absorbansi 6l¢iilerek sentezlenen maddeler ile a-
Glukozidaz enziminin inhibisyon yiizdeleri ve IC50 degerleri hesaplanir.

Bu bilesikler ile ilgili biyolojik inhibisyon tablosu Béliim 5 Sonuglar ve Oneriler A kisminda
verilmistir.
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3.3. Deneysel Calismalar B Kismm

3.3.1.1,3,3a,4,7,7a-hexahydroisobenzofuran (1) sentez yontemi

OH  TosCl
e o
OH Piridin

%98
1

rel-(1R,2S)-Cyclohex-4-ene-1,2-diyldimethanol bilesigin sentezi gergeklestirildikten
sonra bu bilesigin ¢ozlinlirligiiniin artirilmasi i¢in yapidaki metanolik gruplar hidrofurana
doniistiiriildi.. Bu islem igin 15 gr diol 25 ml piridinde ¢oziilerek refluks edildi. Reflux islemi
esnasinda 30 ml piridinde ¢6ziilmiis 25 gr p-toluen stilfonil kloriir damla damla ilave edildi.
Ug saat aym sicaklikta manyetik olarak karistirmadan sonra reaksiyonun sicakhigi 0°C’a
diisiiriildii ve H,SOy ile hidroliz edildikten sonra eter ve bol su ile ektraksiyon yapildi. Eter
faz1 NapSO;, tizerinde kurutulduktan sonra buharlagtirildi ve kromatografik islemleri yapilarak
12 gr cis-1,2-diasetoksimetilsiklohekz-4-en  1’in sentezi gergeklestirilmistir.  Yapi

aydinlatilmasi icin NMR, IR, MS gibi analizlerde yapildi.

3.3.2. (3aS,5R,7aR)-1,3,3a,4,5,7a-hexahydroisobenzofuran-5-ol (2) ve (3aS,5S,7aR)-

1,3,3a,4,5,7a- hexahydroisobenzofuran-5-ol (3) sentez yontemi

1. Tpp/hv
o) o + o
2. (CHg),S -
HO HO®

Titanizopropoksit
1 (Katalitik) 2 3

1,3,3a,4,7,7a-hexahydroisobenzofuran (7.0 g, 56.5 mmol) CH,Cl, (500 ml)’de ¢oziildii
ve oda sicakliginda karigsan ¢ozeltiye tetraphenylporphyrine (TPP) (150 mg) ilave edildi. Aym
sicaklikta karisan ¢ozelti ortaminda oksijen gazi gegirilip, projeksiyon lambasi (500W) ile
1siklandirildi. Ayni sicaklikta karisan reaksiyon 6 saat sonra tamamlandi. Olusan solvent
evaoperatorde (0°C, 25 mmHg) uzaklastirildi. Herhangi bir saflastirma islemi yapmaksizin
elde edilen ham sivi CH,Cl; (300 mL)’de ¢oziiliip ekivalent miktarda (CH3),S ve katalitik
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miktarda titantetraisopropoxide 0°C’de ilave edildi. Reaksiyon oda sicakliginda 12 saat
kanistirildi. Olusan reaksiyonun ¢oziiciisii evaoperatorde uzaklastirildiginda (7.2 g, 51.4
mmol) vizkoz karisim bilesigi elde edildi. Olusan bilesik silica gel (150g) ile kolonda CH,Cl,
ile yuritilerek ayristirlldi. Kolonda ilk gelen fraksiyon (3aS,5R,7aR)-1,3,3a,4,5,7a-
hexahydroisobenzofuran-5-ol 2 (3.4 g, 24.3 mmol 47%) vizkoz renksiz sivi olarak, ikinci
gelen fraksiyon (3aS,5S,7aR)-1,3,3a,4,5,7a- hexahydroisobenzofuran-5-ol 3, (3.1 g, 22.1
mmol 43%) vizkoz renksiz madde olarak elde edildi (BOYD, 1980).

3.3.3. (3aS,5R,7aR)-1,3,3a,4,5,7a-hexahydroisobenzofuran-5-yl acetate (4) sentez

/(:Co Ac,0,pirdin /(:Co
HO AcO

2 4

yontemi

(39, 21.4 mmol) alkol 2, 10 ml piridin de ¢6ziiliip lizerine 16 ml Ac,0 ilave edildi.
Reaksiyon oda sicakliginda 18 saat manyetik olarak karistirildi. Reaksiyon bitiminde ¢6zelti
soguk buzlu HCI (5%) ile hidroliz edildi. Karisima eter (300 m) ilave edildi ve eter ile
yikand1. Doygun NaHCOjsile yikandi. Organik faz Na,SQ; ile kurutulup evaoperatorde (20°C,
25 mmHg) uguruldu. Geriye kalan renkli tirin EtOAc varliginda silica gel (100g) kolon
verildi. Filtre edilen 4 renksiz sivi olarak (2.90 g, 17.9 mmol 97%) olustugu belirlendi.

3.3.4. (3aS,5S,7aR)-1,3,3a,4,5,7a- hexahydroisobenzofuran-5-yl (5) sentez yontemi

@:/\O Ac,0,pirdin ():/\O
Aco™

3 5

H O\\\\\“

(3 g, 2.14 mmol) alkol 3, piridin (10ml)’de ¢ozillip Ac,O (16 ml) ilave edilidi.
(3aS,5S,7aR)-1,3,3a,4,5,7a- hexahydroisobenzofuran-5-yl 5, yukarida tariff edilen 4 nolu
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tirtiniin olusumundaki ayn1 prosediir uygulanarak (2.60 g, 16.1 mmol 86%) vizkoz sivi 5 elde
edildi.

3.3.5. (3aR,4R,5S,6R,7aS)-Octahydroisobenzofuran-4,5,6-triyl triacetate (6) sentez
yontemi

(=)Ac OAc
ACOy,, AcO,
o 1. 0sO,/NMO o 1. 0sO,/NMO o
2. Ac,O/H* 2. Ac,O/H*
AcO AcO AcO®
6 4 9

(2.4 g, 13.18 mmol) monoasetat 4, 15ml aseton/ H,O (1:1) kanisiminda ¢oziiliip
kanistirildi. 0°C de (1.55 g, 13.19 mmol) NMO ve OsO4 (ca. 19.0 mg, 0.073 mmol)
karismakta olan triine ilave edildi. Reaksiyon oda sicakliginda 24 saat azot altinda manyetik
olarak karistirilarak gerceklestirildi. Reaksiyon durdurulup ¢ozeltinin pH 2 olacak sekilde
HCI ile ayarlandi. solvent evaoperatorde buharlastirildiktan sonra geri kalan madde direk
piridin (6ml) de ¢oziiniip, lizerine Ac,O (10 mL) ilave edildi. Reaksiyon oda sicakliginda 24
saat karistirildi. Reaksiyon bitiminde EtOAc (100 mL) ilave edildi. Olusan soliisyon soguk
buzlu HCI (110 mL, 20%) ile hidroliz edildi. Doymus NaHCOj5 ile ardindan tekrar yikandi.
Organik faz Na,SO, ile kurutulup evaoperatorde (20°C, 25 mmHg) buharlastirildi. Geriye
kalan madde EtOAc ile silica gel (80g) kolona verildi.ve gerekli purifikasyon islemleri
uygulanarak elde edilen madde (EtOAc/hekzan, 1:2) kristalendirilerek (2.28 g, 58%) renksiz
kristal 6 nolu iiriin ve (1.18 g, 30%) renksiz kristal 9 nolu iiriin elde edildi (YANG, 1984).

3.36. (1R,2S,3R,4R,55)-4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl triacetate (7)
sentez yontemi

OAc OAc
AcOy,, ; AcOy,, ;
' o Ac,0/AcOH OAc
H,NSO3H OAc
AcO AcO
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(2.9 g, 9.67 mmol) (3aR,4R,5S,6R,7aS)-octahydroisobenzofuran-4,5,6-triyl triacetate
(6), 15 mL Ac,O/AcOH (1:1) karisimi oda sicakliginda ilave edildi. Katalitik mitarda (150
mg, 1.55 mmol) of sulfamik asit ortama ilave edildi. Karisim refluks sicakliginda 24 saat
manyetik olarak karistirildi. Oda sicakligina getirildikten sonra H,O (20 ml) ve eter (200 ml)
ilave edildi. 5 damla HCI ile asitlendirildi. Eterli organik faz 3 kez doymus NaHCO; (100
mL) ve bol miktarda su ile yikandi. Organik faz MgSQ, ile kurutuldu v buharlastirildi. Geri
reksiz 2.95¢gr 7 siv1 olarak elde edildi (GONG, 2005), (WANG, 2004).

3.3.7. (1R,2S,3R,4R,55)-4,5-bis(hydroxymethyl)cyclohexane-1,2,3-triol  (8)  sentez
yontemi

(=)AC QH
AcO,, HO,
OAc NH3, MeOH OH
OAc OH
AcO HO
7 8

(1.5 g, 3.73 mmol) pentaasetat 7, 75 ml mutlak MeOH’da ¢6ziildii. Manyetik olarak
karisan ¢ozelti ortamindan yarim saat siireyle NHs() gecirildi. Reaksiyon balonun kapagi
kapatilarak oda sicakliginda 6 saat ilave olarak karistirildi. Sonra ¢oziicii ve reaksiyon

ortamindan olusmus asetamit uzaklastirilarak 0.58 gr renksiz, vizkoz 8 elde edildi.

3.3.8. (3aR,4S,5R,6S,7aS)-Octahydroisobenzofuran-4,5,6-triyl triacetate (9) sentez
yontemi

OAc

o 1. 0sO,/NMO
-_——
2. Ac,Olpyr

5 9

ACO\\\\\\..
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(3.0 g, 16.48 mmol) monoasetat 5, 15 ml aseton/ H,O (1:1) karisiminda ¢6ziiniip
karistirldi. 0°C de (1.93 g, 16.48 mmol) NMO ve OsO; (ca. 23.0 mg, 0.091 mmol)
karismakta olangozeltiye ilave edildi. Reaksiyon oda sicakliginda 24 saat azot atmosferinde
gerceklestirildi. Reaksiyon durdurulup ¢o6zeltinin pH 2 olacak sekilde HCI ile ayarlandi.
solvent evaoperatorde cektirildikten sonra piridin (6ml) de ¢6ziiniip, lizerine Ac,O (10 mL)
ilave edildi. Reaksiyon oda sicakliginda 24 saat karistirildi. Reaksiyon bitiminde EtOAc (300
mL) ilave edildi ve soguk buzlu HCI (110 mL, 20%) ile hidroliz edildi. Doymus NaHCO3 ile
nétralize edildi. Organik faz Na;SO; ile kurutulup evaoperatorde (20°C, 25 mmHg) ucuruldu.
Geriye kalan madde (EtOAc/hekzan, 1:2) ile silica gel (100g) kolonda siiziildi. Kolon
fraksiyonlar1 toplanarak ¢oziiciisii uguruldu. Geriye kalan madde kristallendirilerek saf (3.18

0, 72%) renksiz kristal 9 elde edildi (YANG, 1984).

3.3.9. (1S,2R,3S,4R,55)-4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl  triacetate (10)
sentez yontemi

OAcC OAc

AcO AcO,

OAc

Ac,0/AcOH

H2NSO3H = OAC
Aco®

9 10

ACO\\\\\\..

Hidrofuran halkasi, yukaridaki 7 nolu iriine uygulanan prosediiriine gore yapildi. Tri
asetat 9 (2.5 g, 8.33 mmol), 15 mL of Ac,O/AcOH (1:1) ile ¢oziinlip katalitik miktarda
HoNSO3H (130 mg, 1.34 mmol) ilave edildi. Bir gece reflukstan sonra su (20 ml) ve eter (200
ml) ilave edildi. 4 damla HCI ile asitlendirildi. Yikanip kurutulan organic faz silica gel (10 gr)
ile siliajelde siiziildi. Purifikasyon islemlerinden sonra 2.75 gr madde elde edildi GONG,
2005), (WANG, 2004).

3.3.10. (1R,2S,3R,4R,5S)-4,5-bis(hydroxymethyl)cyclohexane-1,2,3-triol (11) sentez
yontemi

OAc

OAC  NH3, MeOH
OAc
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(1.0 g, 2.49 mmol) pentaasetat 10, 75 ml mutlak MeOH’de ¢oziildii. Karigimdan
NHs() gecirilerek oda sicakliginda 6 saat karistirildi. Coziicli evaoperatorde uzaklastirilarak

maddeden asetamid giderilerek renksiz vizkoz 0.62 gr madde elde edildi.

3.3.11. Asetoksi epoksi furan 1. izomer (12) ve Asetoksi epoksi furan I1. izomer (13)
sentez yontemi

O, o)

m-CPBA P
L +
AcO AcO

AcO
4 12 13

(4gr, 21.98 mmol) (3aS,5R,7aR)-1,3,3a,4,5,7a-hexahydroisobenzofuran-5-yl acetate 4,
150 ml diklormetanda ¢oziildii. Uzerine 8.22 gr (95.65 mmol, 2.5 ekivalent) %70’lik m-klor-
perbenzoik asit ilave edilerek oda sicakliginda 24 saat karistirildi. Reaksiyon NMR ile takib
edildi. Reaksiyonun bitiminde reaksiyona girmeyen perasitin fazlast NaHSOj3 ile muamele
edildi. Daha sonra reaksiyon ortami NaHCOj ile notiirlestirildi. Su ile ekstraksiyon islemi
yapildi. Organik kisim Na;SOg.lizerinde kurutuldu ve ¢oziicti buharlastirildi. Geri kalan kisim
hekzan/etilasetat ile kolon kromatografisine tabi tutuldu. Sirasiyla ilk fraksiyon 12, 1.1 gr
(5.56 mmol), ikinci fraksiyon 13, 2.4 gr (21.12 mmol) elde edildi (HOVEYDA, 1993),
(ROBERT, 1998), (ITOH, 1979).

3.3.12. Asetoksi epoksi furan I11. izomer (14) ve Asetoksi epoksi furan IV. izomer (15)

sentez yontemi

Q//,,, @
1. mCPBA i
0 ——— "% o + o
2.DCM ‘

Aco™ Aco™ AcO™
5 14 15

(4.8 g 26.37 mmol) (3aS,5S,7aR)-1,3,3a,4,5,7a- hexahydroisobenzofuran-5-yl 5, 200
mL kuru diklorometanda ¢oziildii ve 2.5 ekivalent 9.86 gr (57.18 mmol) %70’lik ilave
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edilerek yukaridaki prosediirle epoksit iriinlerine donustiiriildii. Hidroliz, nétiirlesme ve
reaksiyon ¢Oziiciisiiniin buharlastirilmasindan sonar elde edilen 4.7 gr vizkoz epoksit karigimi
kolon kromatografis,ine tabi tutuldu. Yukaridaki ¢6ziicli oraniyla sirastyla ilk fraksiyon 14,
1.7 gr %36 verimle, ikinci fraksiyon 15, 2.1 gr, %45 verimle renksiz sivi olarak elde edildi
(HOVEYDA, 1993), (ROBERT, 1998), (ITOH, 1979).

3.3.13. Epoksi furan alkol I. izomer (16) sentez yontemi

Qu, 2

f NH3/MeOH f
o — o
AcO HO

12 16

2 gr (10.10 mmol) asetoksi-epoksi-furan 12, 100 ml mutlak metanolda ¢oziilerek oda
sicakliginda karistirildi. Ayni sicaklikta ¢oziicli ortamindan 30 dak. siireyle NH3(g) gegirildi.
Sonra balonun agzi kapatilarak ayni sicaklikta ilave olarak 6 saat daha karistirildi. Daha sonra
methanol ve reaksiyon ortaminda olusan asetamit buharlastirildi. Geriye 1.55 gr renksiz sivi
alkol elde edildi.

3.3.14. Epoksi furan alkol II. izomer (17) sentez yontemi

©) ©)

NH,/MeOH
———

AcO HO
13 17

(2.2 gr, 11.11 mmol) epoksi-asetat 13, 16 nolu iiriiniin sentez yontemi uygulanarak
diger epoksit izomeri de NHs ile hidroliz edildi. Reaksiyon sonucu olusan epoksi-alkol 1.70

gr renksiz sivi olarak elde edildi.

3.3.15. Epoksi furan alkol III. izomer (18) sentez yontemi

C=)//, 0, c:)//,"

‘ ():/\O NH3/MeOH (;CO
\ H O\\\\“"‘

14 18
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1.8 gr (9.09 mmol) epoksi-asetat 14, 16 nolu iirliniin sentez yontemi uygulanarak
diger epoksit izomeri de NHs ile hidroliz edildi. Reaksiyon sonucu olusan epoksi-alkol 18,

1.38 gr renksiz sivi1 olarak elde edildi.

3.3.16. Epoksi furan alkol 1V. izomer (19) sentez yontemi

O NH3/MeOH O]
_—

Aco™ HO™
15 19

(2.0 gr, 10.10 mmol) epoksi-asetat 15, 13 nolu {iriiniin sentez yontemi uygulanarak
dordiincii epoksit izomeri de NHj3 ile hidroliz edildi. Reaksiyon sonucu olusan epoksi-alkol

19, 1.51 gr renksiz vizkoz olarak elde edildi.

3.3.17. Furan triasetat I. izomer (20) sentez yontemi

OAc
O,
ACO/,,'
1. H,0/H,S0O, -
_—— O
2. Ac,Olpiridin
HO AcO

16 20

(1.5 gr, 9.62 mmol) epoksi-alkol 16, 10 ml su ilave edilerek karistirildi. Bu ¢ozeltiye 2
ml H,SO, damla damla ilave edildi ve oda sicakliginda bir gece karigtirildi. Karisima
NaHCOgs ilave edilerek notralize edildi. Su karisimi evaoperatorde uzaklastirildi. Geriye kalan
madde metanol i¢inde ¢oziilerek siiziildii ve metanol buharlastirildi. Herhangi bir ayrilma
yapmaksizin madde 4 ml piridinde ¢oziilip, 4.5 ml Ac,0O ilave edildi. Oda sicakliginda
reaksiyon bir gece karistirildi. Sonra ¢ozelti buzlu % 5 HCI ile yikandi. Sonra NaHCOj ile

notralize edildi. Ekstraksiyonla ayristirilan organik kistm Na;SOy ile kurutuldu. Organik fazin
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buharlastiriimasindan sonra Geriye kalan triasetat 20 tek bir {irtin (2.2 gr renksiz ve sivi)
olarak elde edildi.

3.3.18. Furan triasetat II. izomer (21) sentez yontemi

OAc
O, H
AcO -
o 1. H,0/H,SO, o
2. Ac,Olpiridin
HO AcO
17 21

(1.6 gr 10.26 mmol) epoksi-alkol 17, 20 nolu firliniin sentez yontemi uygulanarak
hidroliz edildi. Buna gore, epoksit halkasi su ve H,SO, ile hidrolize edildi. Sonra, olusan
madde herhangi bir ayirima tabi tutmaksizin AcyO/piridin varliinda asetatlandi. 2.4 g renkli

s1vi elde edildi. Bu siv1 20 g silika jel lizerinde siiziildii. 2.3 g saf triasetat 21 elde edildi.

3.3.19. Furan triasetat III. izomer (22) sentez yontemi

OAc
Q///
z . ACO/,,I'
CQO 1. H,0/H,S0, : .
_—
HO‘\\\“‘. 2. Ac,Olpiridin Aco\““‘v
18 22

(1.2 gr, 7.69 mmol) epoksi-alkol 18, 20 nolu iriiniin sentez yontemi uygulanarak
hidroliz edildi. Buna gore, epoksit halkasi su ve H,SO, ile hidrolize edildi. Sonra, olusan
madde herhangi bir ayirima tabi tutmaksizin AcyO/piridin varliginda asetatlandi. 2.4 g renkli
stvi elde edildi. Bu sivi 30 g silika jel iizerinde siizlildii. 1.5 gr renksiz 22 sivi olarak elde
edildi.

3.3.20. Epoksi furan alkol IV. izomerden Furan triasetat I. izomer (20) sentez yontemi

OAc
Q///,
T ACO/,,"
(;CO 1. Hy0/H,50, : .
—_—
= 2. Ac,Olpiridin
HOY AcO

19 20
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1.4 g (8.97 mmol) epoksi-alkol 19, 20 nolu iiriiniin sentez yontemi uygulanarak
hidroliz edildi. Buna gore, epoksit halkasi su ve H,SO, ile hidrolize edildi. Sonra, olusan
madde herhangi bir ayirima tabi tutmaksizin Ac,O/piridin varliginda asetatlandi. 2.4 g renkli

stvi elde edildi. Bu s1v1 3 g silika jel lizerinde siiziildii. 2.2 gr renksiz s1vi olarak elde edildi.

3.3.21. Penta asetat I. izomer (23) sentez yontemi

OAC OAC
AcO, AcO,
OA
AcO AcO ¢
20 23

(0.6 gr 2.00 mmol) 20, Ac,O/AcOH (1/1) 5 ml igerisinde ¢ozildi. Cozelti oda
sicakliginda karistirildi. HoNSO3H katalitik miktarda ilave edildi ve ardindan refluks edildi.
Karigim, bir gece boyunca ayn sicaklikta karigtirildiktan sonra, ¢ozelti sogutuldu. Sogutulan
¢ozeltiye diklorometan (150 ml) ilave edildi ve buzlu % 5’lik 100 ml HCI ¢6zeltisi eklenerek
hidrolize edildi. Doygun NaHCOg3 ile nétiirlestirildi ve bol su ile yikandi. Organik faz MgSQO,
tizerinde kurutuldu. Organi solvent uzaklastirildi. Elde edilen kuyu renkli karigim, silika
tizerinde siiziilerek renksiz sivi pentaasetat elde edildi(0.69 g,%86) (GONG, 2005), (WANG,
2004).

3.3.22. Penta asetat 1. izomer (24) sentez yontemi

OAc OAc
ACO:@:O Hidroliz ACOI}:OAC
A
AcO AcO OAc
21 24

Triasetat 21 (0.9 gr, 3.0 mmol), 10 ml Ac,O/AcOH (1/1) ile ¢oziiniip, katalitik
miktarda HoNSO3H (110 mg) ilave edildi. furan halkasi agilmasi igin yukaridaki 23 nolu
bilesigin sentez yontemi kullanilarak 24 (1.0 gr, %83) renksiz bir s1v1 olarak elde elde edildi
(GONG, 2005), (WANG, 2004).
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3.3.23. Penta asetat I11. izomer (25) izomer sentez yontemi

OAc OAcC
ACO,,,G:/\O Hidroliz ACO/,,©:OAC
. - OAc
AcO' AcO'
22 25

(0.7 gr, 2.33 mmol) hidrofuranuran triasetat 22 i¢in 23 nolu bilesigin sentez yontemi
kullanildi. 22 nolu bilesik, 10 ml Ac,O/AcOH (1/1)’de ¢oziildii. Katalitik miktarda sulfamik
asit kullanilarak ve sirasiyla 19 nolu bilesik i¢in uygulanan metot uygulanarak 25 elde
edildi.ve gerekli prosediir islemleri uygulanmistir. 0.90 g siyah renkli karisim elde edildi Bu
karisim kolonda heksan-EtOAc (6:1) ile silika {izerinde siiziildii. Coziiciiniin ugurulmasi ile 25

nolu pentaasetat 0.80 gr vizkoz olarak elde edildi (GONG, 2005), (WANG, 2004).

3.3.24. Pentol I. izomer (26) sentez yontemi

OAc OH
AcO,,
/@COAC NHsg Ho- OH
AcO OAc MeOH HO OH
23 26

(1.0 g, 2.48 mmol) pentaasetat 23, 50 ml mutlak MeOH’da ¢6ziildii. Manyetik olarak
karisan ¢ozelti ortamindan yarim saat siireyle NHsg) gecirildi. Reaksiyon balonun kapagi
kapatilarak oda sicaklifinda 6 saat ilave olarak karistirildi. Sonra ¢oziicii ve reaksiyon

ortamindan olusmus asetamit uzaklastirilarak (0.37 gr, %77) renksiz ve vizkoz 26 elde edildi.

3.3.25. Pentol I1. izomer (27) sentez yontemi

OAc OH

AcO - HO. :
e Npee:
AcO MeOH 1o OH

24 27
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(0.90 g, 2.24 mmol) pentaasetat 24, 50 ml mutlak MeOH’da ¢oziilereck 23 nolu
molekiile uygulanan prosediir uygulandi.(0.38 gr, %91) renksiz ve vizkoz 27 elde edildi.

3.3.26. Pentol I11. izomer (28) sentez yontemi

OAc OH
ACO’“('):OAC NHa(q) HO’“[ I :OH
ACO" OAc MeOH HO OH

25 28

(0.98 g, 2.44 mmol) pentaasetat 25, mutlak MeOH’da ¢6ziilerek 23 nolu molekiile
uygulanan prosediir uygulandi.(0.33 gr, %70) renksiz ve vizkoz 28 elde edildi.

3.3.27. Epoksi furan alkol III. izomerden Kloro-diasetoksi furan A ve Furan triasetat

I11. izomer (22) sentez yontemi

o OAc OAc
- Ac,0/ H,50, I8N~ ACO:,
© ~bcm 0 ©
HO" AcO™ AcO"
18 A 22

1.2 g (7.69 mmol) asetoksi 18, diklorometan (40 ml) i¢inde ¢oziildii. 3 ml Ac,O ve
2ml H,S0; ¢ozeltiye ilave edildi. Cozelti oda sicakliginda 24 saat karistirldi. Uriin soguk
buzlu HCI (100 mL,% 5) ile hidrolize edildi. ilk olarak, su ile sonra doygun NaHCOjs ¢ozeltisi
ile yikand1. Organik faz Na,SO, tizerinde Kurutuldu. Solvent uzaklastirildi. 2.0 g karisim elde
edildi. Ince tabaka kromatografisi ile, iki maddenin varligi kanitlandi. Karigim ayrilmasi igin,
hekzan/EtOAc (4:1) ile silika iizerinde kolon yapildi. Ilk fraksiyon klorodiasetat A (0.8 gr,
%40) ve ikinci fraksiyon triasetat22 (1.0 gr, %50) elde edildi.

3.3.28. Epoksi furan alkol IV. Izomerden Kloro-diasetoksi furan B ve Furan triasetat .

Izomer (20) sentez yontemi
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o OAc OAc
Ac,0/ H,S0, Cl. , oo
0——Fo ) o) o
HO AcO' AcO
19 B 20

(1.3 gr 8.33 mmol) Asetoksi IV. izomer 19, bilesik epoksi halka yukaridaki 18 igin
kullanilan sentez yontemi kullanildi. 1.4 gr karisim elde edildi. Olusan bilesikler kolon
kromatografisi ile ayristirildi. ilk fraksiyon B (0.6 g, %43) kristal ve renksiz, ikinci fraksiyon
20 (0.7 g, %50) renksiz siv1 olarak elde edilir

3.3.29. Klor-tetraesetat (29) sentez yontemi

OAc OAc
Cl\(;CO Ac,0/AcOH Cl\(rOAC
. H,NSO3H .
AcO' 2R Acor Ohe
A 29

(0.73 gr 2.64 mmol) Klor-diasetat A, 5 ml Ac,O/AcOH (1/1) igerisinde ¢oziilerek. oda
sicakliginda manyetik olarak karistirildi. Karisima katalitik miktarda H,NSO3H ilave edilerek
refluks edildi. Karisim, bir gece boyunca ayni sicaklikta karigtirildiktan sonra, Reaksiyonun
sicakligi oda sicakligma disiiriildii ve diklorometan (150 ml) ilave edilerek buzlu % 5°1ik 100
ml HCI ¢ozeltisi ile hidrolize edildi. Sonra doygun NaHCOj ile nétiirlestirildi ve bol su ile
yikandi. Organik faz MgSO, iizerinde kurutuldu. Organi solvent uzaklastirildi. Elde edilen
kuyu renkli karisim, silika tizerinde siiziilerek renksiz sivi Klor-tetraasetat 29 elde edildi(0.85
9,%85) (GONG, 2005), (WANG, 2004).

3.3.30. Klor-tetrol (31) sentez yontemi

OAc OH

Cla Cla_~
. VeOH ™ OH
AcO' OAC MeOH o

29 31
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(0.57 g, 1.51 mmol) klor-tetraasetat 29, 50 ml mutlak MeOH’da ¢6ziildii. Yukaridaki
prosediire gore hidroliz edildi (0.23 gr, %72) renksiz ve vizkoz 31 elde edildi.

3.3.31. Klor-tetraesetat (30) sentez yontemi

OAcC OAcC
Cl.,, Cl,,
' o Ac,O/AcOH " OAc
ACO\" H2NSO3H ACO\‘. OAc
B 30

(0.55 gr 1.99 mmol) Klor-diasetat B, 5 ml Ac;O/AcOH (1/1) igerisinde ¢oziildii ve
katalitik miktarda H,NSOsH ilave edildi. 27 nolu molekiiliin sentezi i¢in, 29 nolu molekiiliin

uygulanan islemlerin aynis1 uygulandi ve elde edilen karigim, silika tizerinde siiziilerek sivi ve

renksiz klor-tetraasetat 30 elde edildi( 0. 58 g,%77) (GONG, 2005), (WANG, 2004).

3.3.32. Klor-tetrol (32) sentez yontemi

OAc OH

Cl.,, ,
- OAc MeOH .
ACO' HO OH
30 32

(0.53 g, 1.39 mmol) Kklor-tetraasetat 30, 50 ml mutlak MeOH’da ¢6ziildii. Manyetik
olarak karisan ¢ozelti ortamindan 20 dak. siireyle NH3(g) gegirildi. Reaksiyon balonun kapagi
kapatilarak oda sicakliginda bir gece ilave olarak karistirildi. Sonra ¢oziicli ve reaksiyon

ortaminda olusmus asetamit uzaklastirilarak (0.23 gr, %79) renksiz ve vizkoz 32 elde edildi.
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Yukarida sentezlenen 8, 11, 26, 27, 28, 31, 32 nolu bilesiklerin Alfa Glukozidaza karsi
biyolojik inhibisyonlar1 asagidaki metoda gore yapilmstir.

Alfa Glukozidaz Inhibisyon metodu

a-Glukozidaz enzimi (0,1 U), fosfat tamponu (67 mM, pH 6,8)cesitli Konsantrasyonlarda
inhibitér maddeler (0,1-40 uM) 37°C’de 200 rpm’de inkiibe edilir. Daha sonra 5 puM
paranitrofenil a D-glukopiranozid (PNPG) ilave edilerek 37°C’de 200 rpm’de reaksiyon
baglatilir ve 1 dakika sonra 2ml 100 mM Sodyum Karbonat eklenerek reaksiyon durdurulur
ve 400 nm’de agiga ¢ikan paranitrofenil absorbansi olgiiliir. Kontrol olarak igerisinde inhibitor
madde bulunmayan karisimin 400 nm’deki absorbansi 6l¢iilerek sentezlenen maddeler ile -
Glukozidaz enziminin inhibisyon yiizdeleri ve IC50 degerleri hesaplanur..

Bu bilesikler ile ilgili biyolojik inhibisyon tablosu Boliim 5 Sonuglar ve Oneriler B kisminda
verilmistir.
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3.4. Deneysel Calismalar C Kism

3.4.1. Dikloretilenkarbonat (1) ve monokloretilenkarbonat (2) sentez yontemi
Orosim Tov D=
c:c:|4
cl o o
1 2

88 gr (1 mol) etilen karbonat 1 It karbon tetra kloriir i¢inde ¢oziildii. Cozelti, oda
sicakliginda 500 wattlik bir civa lambasi ile yavasca 1sinlandirilirken yavas bir hizla ¢ozelti
icinden klor gazi1 gecirildi. Siirekli nmr ile takip edilen reaksiyonun 5 saatte tamamladig1
goriildii. Coziicii evaoperatorde (35°C, 25 mm Hg) uzaklastirildi. Geriye kalan klorlama
trlinleri diisik basing altinda (25 mm Hg) destillenerek ilk gelen fraksiyon olan dikloriir
liriinii 1 60°C de ayrildiktan sonra ana iiriin olarak olusan monokloro-etilenkarbonat 2
fraksiyonu 72-75°C de toplandi. Monokloretilenkarbonat 2 siv1 iiriin olarak 86 gr elde edildi
(NEWMAN, 1955).

3.4.2. Vinilen karbonat (3) sentez yontemi

t N(et)s ©
o2 [
T ETER
%60 o

3

30 gr (0.24 mol) monokloretilenkarbonat 2, 100 ml kuru eterde ¢oziildii. Cozeltiye
25.3 gr (0.25 mol) trietilamin 50 ml kuru eterdedeki ¢ozeltisi eterin refluks sicakliginda 7
saatte damla damla ilave edildi. Damlatma islemi bittikten sonra ilaveten bir gece daha ayni
sicaklikta karistirildi. Bu silire sonunda olusan katilar siiziildii. Geri kalan eterli ¢ozeltinin
¢oziiciisii evaoperatorde (35°C, 25 mm Hg) uguruldu ve vakum destilasyonu yapilarak saf

12.4 gr vinilen karbonat 3 renksiz siv1 olarakelde edildi (NEWMAN, 1955).
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3.4.3. Furan ve vinilen karbonatin diels-alder katilma reaksiyonun sentez yontemi

0]

(0]
Termollz + 0 (@]
E>0+ |: >: 123- 127°C m\?\: mﬁ
0O (0]
5

4

4.00 gr (58 mmol) furan ve 25 gr (290 mmol) vinilen karbonat 3 termoliz tiipiinde
kanigtirilarak 21 saat 123-127°C de 1sitildi. Bu siire sonunda reaksiyona girmemis vinilen
karbonat 3 destillenerek geri kazanildi (52°C/25 mm Hg). Geri kalan kat1 madde kloroform-
metanol ig¢inde ¢ozilip adi siizgeg kagidandan siiziilerek ¢6ziinmeyen polimerik
safsizliklardan ayrildi (4.20 gr) endo- ve ekzo- katilma {iriinleri karisiminin 25 gr silikajel
kolon tizerinden hekzan-etil asetat (1:1) ile yliriitiilmesi sonucunda 6nden endo-katilma iiriinii
4 (3 gr) tuz benzeri renksiz kristaller olarak, ardindan da ekzo-katilma iriinii 5 (0.75 gr)
renksiz ignemsi kristal olarak ayrildi (NEWMAN, 1955).

3.4.4. Endo-diasetat (6) ve ekzo-diasetat (7) sentez yontemi

®) o) o) o)
/ . m% o0  1K,COy/MeOH ; mOAc
o) 0 2. AcCI/DCM OAc + OAc
Oho
4 5 6 OAc 7

Siklokatilma iirtinleri 4 ve 5’in (4.62 gr, 30 mmol) 4:1 izomerik karisimi 100 ml MeOH/H,0
(20:1) karigimi iginde ¢oziildii ve daha sonra K,COg3 (1 gr) eklendi. Elde edilen karisim oda
sicakliginda 10 saat siireyle manyetik olarak karistirildi. Karisim asetik asit ile notralize edildi
ve ¢Oziiclisii uguruldu. Geride kalan maddeye Ac,O (7.35 gr, 72 mmol) ve 10 ml piridin
eklendi. Karisim oda sicakliginda 6 saat karistirildi. Karisim 0°C ye sogutuldu ve 70 ml % 10
HCI ¢ozeltisi eklendi ve etil asetat (3x50 ml) ile ekstrakte edildi. Birlestirilen organik
ekstratlar doymus NaHCO3 ¢ozeltisi ile (3x10 ml) yikandi ve daha sonra da Na;SO, tizerinde
kurutuldu. Evaoperatorde (35°C, 25 mmHg) ¢6ziiciiniin uzaklastirilmas: ile endo ve ekzo-
diasetatlar 6 ve 7’nin karisimi elde edildi. (5.09 gr, %80). 2:1 oraninda hegzan/etil asetat ile

40 gr silikajel kolonda yiirtitmek suretiyle ilk fraksiyon olarak renksiz kristaller endo diasetat
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6 ve ikinci fraksiyonolarak ekzo-diasetat 7 renksiz kristaller olarak elde edildi (TROST,
1993).

3.4.5. Dibrom endo-diasetat (8) sentezi

OAc DCM Br OAcC
6 OAc 8 OAc

410 gr (11 mmol) endo-diasetat 6, 75 ml diklorometan iginde ¢Oziildi. 100 ml
diklorometanda ¢6ziilmiis 3.10 gr Br, oda sicakliginda damla damla reaksiyon ortamina ilave
edildi. 2 saatte iginde ilave islemi bittikten sonra ilave olarak ayni sicaklikta 12 saat daha
karistirldi. Diisiik basing altinda (35°C, 25 mmHg) ¢oziiciiniin evapiratérde uzaklastiriimasi

ile kantitatif verimle (7.15 gr) dibrom-diasetat elde edildi.

3.4.6. Endo-dibrom ketal (9) sentez yontemi

o) o)
Br
Br 1. NH3, MeOH
Br oM Br
OAc 2. >< e @)
8 OAc OMe 9 OX

7.15 gr (19 mmol) dibrom endo-diasetat 8, 100ml mutlak MeOH’da ¢oziildii. Oda
sicakliginda karisan reaksiyon ortamindan 2 saat boyunca NHs(g) gecirildi. 2 saat sonunda
reaksiyon balonun agzi kapatilip 8 saat boyunca aymi sicaklikta karistirildi. Reaksiyon
bitiminde ¢oziiciiniin diisiik basing altinda (35°C, 25 mmHg) evaoperatorde uzaklastiriimasi
ile geri kalan maddeye herhangi bir kimyasal islem uygulamaksizin 10 ml 2,2-dimetoksi
propanda ¢oziiniip katalitik miktarda p-toluen siilfonik asit (80 mg) ilave edildi. Reaksiyon
karisimi oda sicakliginda 3 saat karigtirildi. Daha sonra ¢6zelti karisimi DCM ile bazik Al,O3
lizerinden siiziiliip ¢oziiciiniin evaoperatorde (35°C, 25 mmHg) uzaklastirilmast ile 5.4 gr sivi

madde elde edildi.



3.4.7. Endo-monobrom ketal (10) sentez yontemi

Br Br
KOt f
(@) O,

SN WA

9 10

Br
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5.4 gr (16 mmol) Endo-dibrom ketal 9, 50 ml THF igerisinde ¢6ziiniip, oda sicakliginda 1.79
gr (16 mmol) potasyum ter-butoksit ilave edildi. Olusan karisim 2 saat 50°C’de refluks edildi.
Reaksiyon sonunda eter (3x80 ml) ile ekstrakte edildi. Na,SO, ile kurutuldu. Organik faz

evaoperatorde (35°C, 25 mmHg) uzaklastirilmas: ile kalan madde 3,6 gr siv1 olarak elde edildi

(SCHLOSSER, 2001).

3.4.8. 4-bromo-3,6-dichlorocyclohex-4-ene-1,2-diyl diacetate (11) sentez yontemi

Cl

(0]
Br Br OAC
AcClI
i —AcCl_
H
0] Y OAc
o Cl

10 11

3.6 gr (14 mmol) endo-monobrom ketal 10, 50 ml DCM igerisindeki ¢ozeltisine 1.33

gr (17 mmol) asetil kloriir ve 4 damla H,SO, ilave edildi. Elde edilen karigim 12 saat

karistirildi. Asetil kloriir ve HCI’nin fazlas1 evaoperatorde ugurulduktan sonra maddenin

karisimi 4.6 gr elde edildi. Madde Hegzan/EtOAc ile 50 gr silikajel kolonda yiirlitmek

suretiyle kolon yapildu. ilk fraksiyon 3.4 gr 11 sivi olarak elde edildi (BARAN, 2003).
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3.4.9. 4-bromo-3,6-dichlorocyclohex-4-ene-1,2-diol (12) sentez yontemi

Cl cl
Br\@iom MeOH B i :OH
H*
" Yoac T - NOH
Cl Cl
11 12

1.38 gr (4 mmol) brom diklor-diasetat 11, 30 ml metanol igerisindei ¢ozeltisi 0°C’de
karistirtlirken 20 dakika stire ile HCI gazi1 ¢ozeltiden gecirildi. Reaksiyon balonun agzi bir tipa
ile kapatilarak 12 saat karigtirildi. Metil asetat ve ortamda kalan HCI’nin evaoperatorde
ucurulmasi ile 4-bromo-3,6-dichlorocyclohex-4-ene-1,2-diol (12) 0,97 gr sivi olarak elde
edildi (BARAN, 2003)..

3.4.10. 4,6-dibromocyclohex-4-ene-1,2,3-triyl triacetate (13) sentez yontemi

o OAc
Br Br OAc
f AcBr/H* \C:
o) y OAc
-7 Br
10 13

3 gr (12 mmol) endo-monobrom ketal 10, 50 ml DCM igerisindeki ¢6zeltisine 1.8 gr

(14.4 mmol) asetil bromiir ve 4 damla H,SO, ilave edildi. Elde edilen karisim 12 saat

karistirldi. Asetil kloriir ve HCI’nin fazlasi evaoperatorde ugurulduktan sonra 3.92 gr madde

s1vi olarak elde edildi.

3.4.11. 4,6-dibromocyclohex-4-ene-1,2,3-triol (14) sentez yontemi

OAc

OH

Br OAc Br OH
MeOH / H*
- OAc . OH
Br Br
13 14
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3.92 gr (9.46 mmol) dibrom diasetat 13, 12 nolu sentez yontemi kullanarak asetat

gruplar1 hidrolize edildi. Reaksiyon sonucu olusan madde 2,6 gr s1vi olarak elde edildi.
3.4.12. 5-bromocyclohex-5-ene-1,2,3,4-tetrayl tetraacetate (15) sentez yontemi

OAc

(0]
Br . Br ~OAC
Ac,O/H :
/ - .
(0]

OX 5Ac e

10 15

3 gr (12 mmol) endo-monobrom ketal 10, 15 ml Ac,0 igerisinde ¢6ziinerek 5 damla
H,SO,4 ilave edilerek oda sicakliginda 24 saat karistirildi. Reaksiyon sonunda 50 ml
diklorometan ilave edilip NaHCOg; ile ¢oziicii notiirlestirildi. Karisim (3x75 ml) kez su ile

ekstrakte edildi. Organik faz Na,SO, ile kurutulup evaoperatorde uzaklastirildi. Geriye kalan

madde 3.86 gr s1v1 olarak elde edildi.

3.4.13. 5-bromocyclohex-5-ene-1,2,3,4-tetraol (16) sentez yontemi

OAc OH

Br \\OAC Br ) \\OH
' MeOH / H*
—_—
B OAc : OH
OAc OH
15 16

3.86 gr (9.8 mmol) bromo tetraasetat 15, 12 nolu sentez yontemi kullanarak asetat

gruplart hidrolize edildi. Reaksiyon sonucu olusan madde 2,03 gr vizkoz sivi olarak elde

edildi.
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Yukarida sentezlenen 12, 14, 16 nolu bilesiklerin Alfa Glukozidaza kars1 biyolojik
inhibisyonlar1 asagidaki metoda gore yapilmistir.

Alfa Glukozidaz Inhibisyon metodu

a-Glukozidaz enzimi (0,1 U), fosfat tamponu (67 mM, pH 6,8)cesitli Konsantrasyonlarda
inhibitér maddeler (1-1000 pM) 37°C’de 200 rpm’de inkiibe edilir. Daha sonra 500 uM
paranitrofenil a D-glukopiranozid (PNPG) ilave edilerek 37°C’de 200 rpm’de reaksiyon
baslatilir ve 1 dakika sonra 0,2 ml 1 M Sodyum Karbonat eklenerek reaksiyon durdurulur ve
400 nm’de a¢iga ¢ikan paranitrofenil absorbansi 6l¢iiliir. Kontrol olarak igerisinde inhibitor
madde bulunmayan karisimin 400 nm’deki absorbansi 6l¢iilerek sentezlenen maddeler ile a-
Glukozidaz enziminin inhibisyon yiizdeleri ve IC50 degerleri hesaplanir.

Bu bilesikler ile ilgili biyolojik inhibisyon tablosu, Boliim 4 deneysel bulgular ve tartismanin
C kisminda verilmistir.
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BOLUM 4. DENEYSEL BULGULAR VE TARTISMA

4.1. A KISMI

OH
OH

1

rel-(1R,2S)-Cyclohex-4-ene-1,2-diyldimethanol:  Cis-1,2,3,6-tetrahidroftalikanhidrit  ¢ikis
bilesiginden %353 verimle 153 gr 1 nolu bilesik elde edildi. 'H NMR ve ¥C NMR
spektrumlart sirastyla Sekil EK Al.1 ve EK A2.2°de verilmistir.

'H NMR (400 MHz, CDCls): 8 (ppm) = 5.62 (s, 2H), 3.76-7.70 (m, 2H), 3.72-3.55 (m, 4H),
2.20-1.98 (m, 6H).

3C NMR (100 MHz, CDCls): & (ppm) = 125.6, 63.7, 37.8, 26.9.

IR (KBr, cm™): 3304.06, 3022.45, 2889.37, 2841.15, 1436.97, 1246.02, 1097.50, 1026.13,
977.91, 956.609.

Element Analiz: CgH140,, Hesaplanan: C, 67.57; H, 9.92 ; Bulunan: C, 67.33 ; H, 9.58.

OAc
OAc

2

rel-(1R,2S)-Cyclohex-4-ene-1,2-diylbis(methylene) diacetate: 4 gr rel-(1R,2S)-Cyclohex-4-
ene-1,2-diyldimethanol kullanilarak % 98 verimle 6,3 gr 2 nolu bilesik elde edildi. 'Hve Bc
NMR spektrumlari sirasiyla Sekil EK A2.1 ve Ek A2.2°de verilmistir.

'H NMR (400 MHz, CDCls): & (ppm) = 5.55 (bs, 2H, H, and Hs), 4.03 (dd, A-part of AB-
system,J = 11.0 Hz, and J=6.5 Hz, 2H, OCHH), 3.93 (dd, B-part of AB-system, J = 11.0 Hz,
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and J = 7.3 Hz, 2H, OCHH), 2.17-2.06 (m, 4H, 2CH and 2 CHH), 2.03 (s, 6H, CH3), 1.86
(dd, B-part of AB-system, J=16.4 Hz and J = 5.9 Hz, 2H, CHH).

13C NMR (100 MHz, CDCly): & (ppm) =170.7, 125.0, 64.9, 33.6, 26.5, 20.8..

IR (KBr, cm™): 3026.31, 2956.87, 2899.01, 2845.00, 1735.93, 1438.90, 1367.53, 1226.73,
1033.85, 975.98.

Element Analiz: C1,H;504, Hesaplanan: C, 63.70; H, 8.02; Bulunan: C, 63.32 ; H, 7.84.

Br
OAc
OAc
Br™

3

rel-((1R,2S,4S,55)-4,5-Dibromocyclohexane-1,2-diyl)bis(methylene) diacetate: 10 gr rel-
(1R,2S)-Cyclohex-4-ene-1,2-diylbis(methylene) diacetate kullanilarak % 94 verimle 16,06 gr
3 nolu bilesik elde edildi. *H ve 3¢ NMR spektrumlari sirasiyla Sekil Ek A3.1 ve EK A3.2°de

verilmistir.
'H NMR (300 MHz, CDCI3): 6 (ppm) = 04.27 (dt,J = 10.0 Hz and J =4.0 Hz, 1H), 4.15-3.95
(m, 5H), 2.48 (dt, J = 14.3 Hz and J = 4.2 Hz, 1H), 2.44-2.37 (m, 1H), 2.30-2.25 (m, 1H),

2.18-2.10 (m, 1H), 2.03-1.94 (m, 2H), 2.02 (s, 3H, CH3), 2.1 (s, 3H, CHa).

13C NMR (75 MHz, CDCls): & (ppm) = 171.04, 170.99, 65.1, 62.8, 54.50, 53.4 (2C), 38.2,
35.2,35.4,21.2, 21.1

IR (KBr, cm™): 2954, 2899, 1732, 1446, 1367, 1222, 1033, 979, 910, 848, 788, 744, 684, 605.

Element Analiz: C;,H1gBr,04, Hesaplanan: C, 37.33; H, 4.70; Bulunan: C, 37.67; H, 5.21.
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OAc
OAc

4

Cyclohexa-2,4-diene-1,2-diylbis(methylene)  diacetate: 20 gr rel-((1R,2S,4S,55)-4,5-
Dibromocyclohexane-1,2-diyl)bis(methylene) diacetate kullanilarak % 48 verimle 5,6 gr 4
nolu bilesik elde edildi. ‘H NMR ve *C NMR spektrumlari sirasiyla Sekil Ek A4.1 ve Ek
A4.2’de verilmistir.

'H NMR (400 MHz, CDCls): & (ppm) = 6.02 (bd,J = 5Hz, 1H), 5.94-5.90 (m,1H), 5.75-5.71
(m, 1H), 4.63 (AB-system, J =11.0 Hz, 2H), 4.09 (dd, A-part of AB-system, J = 10.5 Hz, and
J = 5.4 Hz, 1H, CHH), 3.98 (dd, B-part of AB-system, J = 10.5 Hz and J = 9.1 Hz, 1H,
CHH), 2.53-2.49 (m, 1H), 2.38-2.34 (m, 2H), 2.09 (s, 3H, CHj3), 2.05 (s, 3H, CHs)

13C NMR (100 MHz, CDCls): § (ppm) = 170.9, 170.7, 126.2, 125.1, 124.4, 123.5, 66.6, 63.0,
32.8,25.2,20.9, 20.8

IR (KBr, cm™): 3043, 2947, 2829, 1735, 1367, 1220, 1070, 1026, 974.

HRMS-ESI (m/z): [M + H]" , Hesaplanan: C1,H;704 225.11268; Bulunan: 225.10966.

OAc
OAc

5

rel-(1R,4R,7R)-2,3-Dioxa-bicyclolo[2.2.2]oct-5-ene-1,7-diylbis(methylene)diacetate: 10 gr
Cyclohexa-2,4-diene-1,2-diylbis(methylene) diacetate kullanilarak % 87 verimle 10 g 5 nolu
bilesik elde edildi. Erime noktas: 78-79 °C’dir. *H NMR ve *C NMR spektrumlart sirasiyla
Sekil Ek A5.1 ve EK A5.2°de verilmistir.

'H NMR (300 MHz, CDCls): & (ppm) = 6.78 (dd, A-part of AB-system, Jsg= 8.5 Hz and Js,=
5.9 Hz, 1H, H-5) 6.37 (d, B-part of AB-system, Jes= 8.5, 1H, H-6), 4.75-4.70 (m, 1H, H-4)),
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4.48 (d, A-part of AB-system, Jjo 0= 12.9 Hz, 1H, H-10 or H-10"), 4.35 (d, B-part of AB-
system, Jio.10= 12.9 Hz, 1H, H10’ or H-10), 3.84 (dd, A-part of AB-system, Jyo=11.8 Hz and
Jo7¢907=5.9 Hz, 1H, H-9 or H-9'), 3.69 (dd, B-part of AB- system Jo o= 11.8 Hz and Jo 7¢9,7) =
8.5 Hz, 1H, H-9 or H-9'), 2.82 (m, 1H, H-7), 2.53 (ddd, Jss= 13.5Hz,J=9.4 Hz and J = 3.8
Hz, 1H, H-8 or H-8'), 2.14 (s, 3H, CH3), 2.03 (s, 3H, CH3), 1.09 (ddd, Jss= 13.5 Hz, J = 3.8
Hz and J = 2.0 Hz, 1H, H-8 or H-8")

13C NMR (75 MHz, CDCls): & (ppm) = 170.9 (2C), 134.0, 129.1, 78.4, 70.9, 65.8, 63.8, 34.0,
27.1,21.01, 20.97

IR (KBr, cm™): 3016, 2970, 2941, 1726, 1365, 1222, 1035, 987, 956, 902, 877.

Element Analiz: C1,H1606, Hesaplanan: C, 56.24; H, 6.29. Bulunan: C, 55.92; H, 6.35.

OAc

R OAc
HO'

»
/O
I

rel-(1R,2S,5S)-2,5-Dihydroxycyclohex-3-ene-1,2-diyl)bismethylene) diacetate: 4 gr rel-
(1R,4R,7R)-2,3-Dioxa-bicyclolo[2.2.2]oct-5-ene-1,7-diylbis(methylene)diacetate kullanilarak
% 88 verimle 3,5 g 6 nolu bilesik elde edildi. Erime noktas1 108-110 °C’dir. 'H ve *C NMR
spektrumlari sirasiyla Sekil Ek A6.1 ve EkK A6.2°de verilmistir.

'H NMR (300 MHz, CDCls): & (ppm) = 5.94 (ddd, A-part of AB-system, J,3 = 10.0 Hz, Js5
=4.1Hzand Js6 = 1.0 Hz, 1H, H-4), 5.72 (dd, B part of AB system, J34 = 10.0 Hz and J35 =
0.6 Hz, 1H, H-3), 4.30 (dd, A-part of AB-system, Jgg = 11.3 Hz and Jgs.1y = 6.0 Hz, 1H,
H-8 or H-8"), 4.25 (q, Js54 = Js54= J56 = 4.1 Hz, 1H, H-5), 4.09 (dd, B-part of AB-system, Jg s
=11.3Hz and Js 1) = 7.0 Hz, 1H, H-8 or H-8"), 4.11-4.04 (AB- system, J; ;= 11.7 Hz, 2H,
H-7 and H-7"),3.3-2.9 (br s, 2H, -OH), 2.41 (m, 1H, H-1), 2.10 (s, 3H, CH3), 2.09 (s, 3H,
CHjs), 1.92 (ddt, A part of AB system,Js¢ = 14.3 Hz, Js 565 = 3.6 Hz and Js4.4) = 1.0 Hz,
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1H, H-6 or H-6"), 1.82 (ddd, B-part of AB-system, Js¢ = 14.3 Hz, J= 11.1 Hz and J= 4.6 Hz,
1H, H-6 or H-6").

13C NMR (75 MHz, CDCls): & (ppm) = 6171.33, 171.31, 133.2, 131.2, 71.4, 67.1, 64.3, 63.3,
38.9,31.7, 21.2, 21.1.

IR (KBr, cm™) 3387, 3279, 2958, 2926, 2897, 1728, 1462, 1440, 1381,1363, 1305, 1228,

1105, 1035, 1004, 977, 927, 912, 812.

Element Analiz: C;,H1506, Hesaplanan: C, 55.81; H, 7.02. Bulunan: C, 55.73; H, 6.69.

OH

. OH
HO

~
.,,IIO
T

rel-(1S,2S,3R,5S,6S)-2,3-Bis(hydroxymethyl)cycloheptane-2,5-diol: 4gr rel-(1R,2S,5S)-2,5-
Dihydroxycyclohex-3-ene-1,2-diyl)bismethylene) diacetate kullanilarak %96 verimle 2.62 gr
7 nolu bilesik elde edildi. *H ve *C NMR spektrumlari sirasiyla Sekil Ek A7.1 ve EK A7.2°de

verilmistir.

'H-NMR (300 MHz, CDs;OD): & (ppm) =5.83 (ddd, 1H, A-part of AB system, J;,=10.1
Hz,J34 = 3.8 Hz and J35 = 0.9 Hz, 1H, H-3), 5.63 (dd, B-partof AB system, J;, = 10.1 Hz,
J24= 1.0 Hz, 1H, H-2), 4.9 (s, 4H, -OH), 4.17 (9,343 = J45 = J45 = 3.8 Hz,1H, H-4), 3.73 (dd,
A-part of AB-system, J;,=10.8 Hz and J76(76)= 5.8 Hz, 1H, H-7 or H-7"), 3.65 (dd, B-part
of AB-system, J;7=10.8 Hz and J;¢¢7.6)= 5.8 Hz, 1H, H-7 or H-7"),3.53-3.42 (AB-system,
Jss=11.5 Hz, 2H, H-8 and H-8'), 2.17-2.09 (m, 1H, H-6),1.92 (ddd, A-part of AB-system,
J=12.9, 10.8 and 4.8 Hz, 1H, H-5 or H-5"),1.82 (ddd, B-part of AB-system, J=12.9, 3.8 and
1.0 Hz, 1H, H-5 or H-5");

B3C-NMR (75 MHz, CDs0D): & (ppm) =133.8, 130.7, 72.4, 65.0, 63.2, 61.5, 41.4, 31.3.
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IR (KBr, cm™): 3305, 2931, 1662, 1402, 1203.58, 1043, 999, 756.

Element Analiz: CgH1404, Hesaplanan: C, 55.16; H, 8.10. Bulunan: C, 55.34; H, 8.31.

0
OAc

OH

23

((1R)-5-hydroxy-2-oxocyclohex-3-enyl)methyl  acetate: 1 gr rel-(1R,2S,55)-2,5-

Dihydroxycyclohex-3-ene-1,2-diyl)bismethylene) diacetate kullanilarak %57 verimle 0.6 gr
23 nolu bilesik elde edildi. *H ve *C NMR spektrumlari sirastyla Sekil Ek A8.1 ve Ek
A8.2°de verilmistir.

'H-NMR (400 MHz, CDCl3): & (ppm) =7.02-6.98 (dd, 1H, j=3.7, j=10 Hz), 5.95 (d, j=10,
1H), 4.89 (bs, 1H), 4.61-4.57 (dd, 1H, j=4.5, j=9.2 Hz), 3.83 (dd, 1H, AB sisteminin A kism,
i=6.2, j=11 Hz), 3.75 (dd, 1H, AB sisteminin B kismu, j=5.1, j=11, Hz), 2.77 (dt, 1H, j=5.5, j=
18.8 Hz), 2.34-2.27 (m, 1H), 2.18-2.10 (m, 1H), 1.93 (s, 3H).

3C-NMR (100 MHz, CDCls): & (ppm) =200.87, 180.82, 151.19, 128.16, 62.54, 61.30, 45.80,
33.46, 25.11.

OAc

i OAC
OAcC
AcO

8

rel-(1S,4S,5R)-4-(Acetyloxy)-4,5-bis[ (acetyloxy)methyl]cyclohex-2-en-1-yl acetate : 1 gr
rel-(1R,2S,55)-2,5-Dihydroxycyclohex-3-ene-1,2-diyl)bismethylene) diacetate kullanilarak
%83 verimle 1.1 gr 8 no’lu bilesik elde edildi. *H ve *C NMR spektrumlar sirastyla Sekil Ek
A9.1 ve Ek A9.2°de verilmistir.
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'H NMR (300 MHz, CDCls): § (ppm) = 6.13 (dd, A-part of AB-system, Js» = 10.3 Hz, Jg1 =
0.9 Hz, 1H, H-3), 5.91 (dd, B-part of AB-system, J,3 = 10.3 Hz, J,; = 4.1, 1H, H-2), 5.23 (bq,
J12= J16= J15= 4.1 Hz 1H, H-1), 4.48 (d, A-part of AB-system, Jgs = 12.1 Hz, 1H, H-8 or
H-8') 4.23 (dd, A-part of AB-system, J;7 =11.4 Hz, J;5 = 5.2 Hz, 1H, H-7 or H-7'), 4.11 (d,
B-part of AB-system, Jsg = 12.1 Hz and, 1H, H-8 or H-8’), 3.98 (dd, B-part of AB-system,
J7» =114 Hz and J;5 = 7.3 Hz, 1H, H-7 or H-7’), 2.92 (dg, J = 5.0 and 7.1 Hz, 1H, H-5),
2.05 (s, 3H, CHs), 2.04 (s, 3H, CHs), 2.03 (s, 3H, CH3), 2.02 (s, 3H, CH3), 1.97 (dd, J = 7.0,

4.7 Hz, 2H, H-6 and H-6").

BBC-NMR(75 MHz, CDCls): & (ppm)= 171.1, 170.9, 170.5, 170.0, 131.6, 128.6, 79.6, 65.6,

64.0, 63.0, 36.3, 28.4, 22.2, 21.5, 21.1, 21.0.

IR (KBr, cm™): 2956, 1732, 1435, 1367, 1222, 1031, 1016, 972, 941, 858, 765, 638.

Element Analiz: C;6H,,0g, Hesaplanan: C, 56.13; H, 6.48. Bulunan: C, 56.27; H, 6.40.

OAcC

OAc
AcO’

© Qlo
I

rel-{(1R,2S,5S)-5-(Acetyloxy)-2-[ (acetyloxy)methyl]-2-hydroxycyclohex-3-en-1-yl}methyl
acetate: 1,29 gr rel-(1R,2S,5S)-2,5-Dihydroxycyclohex-3-ene-1,2-diyl)bismethylene) diacetate
kullanilarak % 80 verimle 1.2 gr 9 nolu bilesik elde edildi. *H ve *C NMR spektrumlari
sirastyla Sekil Ek A10.1 ve EK A10.2’de verilmistir.

'H NMR (300 MHz, CDCls): & (ppm)= 5.88 (ddd, A-part of AB-system, Js3 = 10.3 Hz, Js5 =

4.1 Hz and Js46 = 1.2 Hz, 1H, H-4), 5.81 (dd, B-part of AB-system, J34 = 10.3 Hz, J35 = 0.6
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Hz, 1H, H-3), 5.23 (bq, Js4= Js6 = Js ¢ = 4.1 Hz 1H, H-5), 4.26 (dd, A-part of AB-system, J; 7
=11.4 Hz and J¢7,1y = 6.2 Hz, 1H, H-7 or H-7"), 4.12 (dd, B-part of AB-system, J;, = 11.4
Hz and J71) = 6.5 Hz, 1H, H-7 or H-7"), 4.08 (s, 2H, H-8 and H-8'), 2.42-2.34 (m, 1H, H-1),
2.28 (s, 1H, OH), 2.07 (s, 3H, CHs), 2.06 (s, 3H, CH3), 2.04 (s, 3H, 1.90 (ddd, A-part of AB-
system, J = 14.6, 4.1 and 1.2 Hz, 1H, H-6 or H-6"), 1.85 (ddd, J = 14.6, 11.4 and 4.7 Hz, 1H,

H-6 or H-6").

13C NMR (75 MHz, CDCl3): & (ppm) = 171.2, 171.1, 170.8, 135.4, 127.2, 71.4, 67.0, 65.7,

64.0, 39.2, 28,6, 21.5, 21.2, 21.1.

IR (KBr, cm™): 3464, 3240, 3151, 2966, 1732, 1693, 1525, 1487, 1367,1230, 1211, 1020,

976.

Element Analiz: C14H,007, Hesaplanan: C, 55.99; H, 6.71. Bulunan: C, 55.81; H, 6.64.

(@) OH
OAcC
o OAc
AcO'

10

rel-((1R,2S,3R,5S,6R)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis-

(methylene) diacetate: 6.35 gr rel-{(1R,2S,5S)-5-(Acetyloxy)-2-[(acetyloxy)methyl]-2-
hydroxycyclohex-3-en-1-yl}methyl acetate kullanilarak %7 verimle 470mg 10 nolu bilesik
elde edildi. *H ve *C NMR spektrumlari sirasiyla Sekil Ek A11.1 ve Ek A11.2°de verilmistir.

'H NMR (300 MHz, CDCls): & (ppm) = 5.15 (ddd, Js4 = 11.0 Hz, Js4 = 5.7 Hz and Js6 = 1.6
Hz, 1H, H-5), 4.25 (d, A-part of AB system, J;7=11.6 Hz, 1H, H-7 or H-7"), 4.27 (dd, A-part

of AB-system, Jgg =11.4 Hz and Jg3 = 5.7 Hz, 1H, H-8 or H-8'), 4.17 (dd, B-part of AB-
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system, J;7 = 11.6 Hz, 1H, H-7 or H-7'), 3.91 (dd, B-part of AB-system, Jss=11.4 Hz and
Jg3 = 7.0 Hz, H-8 or H-8"), 3.53 (bdt, Js1 = 4.0, and Jg 5 = Js4 = 1.6 Hz, 1H, H-6), 3.36 (d, J16
= 4.0 Hz, 1H, H-1), 2.70 (bs, 1H, -OH), 2.10 (s, 3H, CHgz), 2.09 (s, 3H, CHj3), 2.02 (s, 3H,

CHs), 1.84-1.65 (m, 2H), 1.56 (dd, J,4= 12.7 Hz and Ju5 = 11.0 Hz, 1H, H-4 or H-4").

13C NMR (75 MHz, CDCl3): 5 (ppm) = 171.1, 170.9, 170.7, 70.2, 68.4, 67.0, 63.8, 59.4, 56.3,

38.4,22.8,21.3,21.2,21.1.
IR (KBr, cm™): 3466, 2947, 1732, 1433, 1367, 1226, 1028, 979, 912, 815, 734, 702.

Element Analiz: C14H,00g, Hesaplanan: C, 53.16; H, 6.37. Bulunan: C, 53.20; H, 6.25.

O, OH

“NoAc
OAc
AcO'

11

rel-((1S,2S,3R,5S,6S)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis-

(methylene) diacetate: 6.35 g rel-{(1R,2S,5S)-5-(Acetyloxy)-2-[(acetyloxy)methyl]-2-
hydroxycyclohex-3-en-1-yl}methyl acetate kullanilarak %75 verimle 5.01 gr 11 nolu bilesik
elde edildi. *H ve **C NMR spektrumlar sirastyla sekil Ek A12.1 ve Ek A12.2’de verilmistir.

'H NMR (300 MHz, CDCls): § (ppm) = 5.18 (dt, J = 5.0 and 3.6 Hz,1H, H-5), 4.25 (dd, A-
part of AB-system, Jsg =11.4 Hz and Jg3 = 5.2 Hz, 1H, H-8 or H-8"), 4.23 (d, A-part of AB
system, J; - =11.6 Hz, 1H, H-7 or H-7"), 4.21 (AB-system, J; 7 = 12.0 Hz, 2H, H-7 and H-7’),
4.02 (dd, B-part of AB-system, Jsg= 11.4 Hz and Jg 3 = 6.7 Hz, H-8 or H-8"), 3.61 (t,J61 =Js5

= 4.1, 1H, H-6), 3.31 (d, Ji6 = 4.1 Hz, 1H, H-1), 2.70-2.80 (bs, 1H, -OH), 2.33-2.24 (m, 1H,
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H-3), 2.12 (s, 3H, CH3), 2.119 (s, 3H, CHs), 2.07 (s, 3H, CH3), 1.84-1.65 (m, 2H, H-4 and H-

4").

13C NMR (75 MHz, CDCI3): & (ppm) = 171.0, 170.94, 170.90, 70.9, 66.4, 65.9, 63.3, 57.6,

55.3,37.7,27.4,21.2,21.15, 21.1.

IR (KBr, cm™): 3468, 2958, 1732, 1433, 1369, 1226, 1028, 910, 875.

Element Analiz: C14H,00g, Hesaplanan: C, 53.16; H, 6.37. Bulunan: C, 53.58; H, 6.31.

O///

nQ
T

OH
OH

HO"
11-OH

rel-(1S,2S,3R,5S,6S)-2,3-Bis(hydroxymethyl)-7-oxabicyclo[4.1.0]heptane-2,5-diol:  0.30 gr
rel-((1S,2S,3R,5S,6S)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis-
(methylene) diacetate kullanilarak %86 verimle 0.15 gr 11-OH nolu bilesik elde edilmistir. 'H
ve °C NMR spektrumlar sirasiyla sekil Ek A13.1 ve EK A13.2°de verilmistir.

'H NMR (300 MHz, D,0):  (ppm) = 4.06 (m, 1H), 3.57-3.39 (m, 3H), 3.34 (t, J =3.3 Hz, 1H,
H-6), 3.24 (dd, B-part of AB-system, J =11.0 and J = 8.0 Hz, 1H, H-8 or H-8"), 3.15 (d, 1H, J
= 4.0 Hz, 1H, H-1), 1.70-1.60 (m, 1H, H-3), 1.59-1.45 (m, 1H, H-4 or H-4'), 1.42-1.37 (m,

1H, H-4 or H-4");

B3C NMR (75 MHz, D;0): 5 (ppm) = 72.6, 62.9 (2C), 60.5, 58.5, 57.2, 38.7, 29.5.

IR (KBr, cm™): 3331, 3298, 3286, 2933, 1406, 1332, 1257, 1031.
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Element Analiz: CgH140s, Hesaplanan: C, 50.52; H, 7.42. Bulunan: C, 50.16; H, 7.07.

12

rel-(1S,2R,3S,4S,5R)-4,5-Bis(acetoxymethyl)-4-hydroxycyclohexane-1,2,3-triyl triacetate:
0.57 gr rel-((1S,2S,3R,5S,6S)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis-
(methylene) diacetate kullanilarak % 80 verimle 0,6 gr 12 nolu bilesik elde edildi. Erime
noktas1 132-135 °C’dir *H ve *C NMR spektrumlari sirastyla sekil Ek A14.1 ve EK Al14.2°de

verilmistir.

'H NMR (300 MHz, CDCls): 6 (ppm) = 5.51 (d, J34 = 9.9 Hz, 1H, H-3), 5.40 (t, Jss5 = Jss =
9.9 Hz, 1H, H-4), 5.20 (ddd, Js = 11.7 Hz, J54 = 9.9 Hz, and Js ¢ = 5.3 Hz, 1H, H-5), 4.65 (d,
A-part of AB-system, Jgg = 11.7 Hz, 1H, H-8 or H-8'), 4.56, (d, B-part of AB-system, Jgs =
11.7 Hz, 1H, H-8 or H-8'), 4.33 (dd, A-part of AB-system, J;» =12.0 Hz and J71 = 5.9 Hz,
1H, H-7 or H-7"), 4.20 (dd, B-part of AB-system, J;7 =12.0 Hz and J;,; = 5.0 Hz, 1H, H-7 or
H-7'), 3.27 (m, 1H, H-1), 2.16 (s, 3H, CH3), 2.14 (s, 3H, CHs), 2.02 (s, 3H, CHs), 2.00 (s, 3H,
CHa), 1.99 (s, 3H, CHs), 1.97 (s, 3H, CHa), 2.16-2.08 (m, 1H, H-6 or H-6"), 1.87-1.75 (m, 1H,

H-6 or H-6").

13C NMR (75 MHz, CDCls): & (ppm) = 170.5, 170.28, 170.23, 169.9 (2C), 169.8, 84.2, 72.6,

70.0, 69.8, 63.4, 63.1, 37.0, 28.7, 21.9, 21.1 (2C), 20.9, 20.83, 20.76;

IR (KBr, cm™): 2970, 1737, 1433, 1367, 1217, 1029, 952, 898, 864, 734 700, 640.
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Element Analiz: C,oH2501,, Hesaplanan: C, 52.17; H, 6.13. Bulunan: C, 52.12, H, 6.08.

""""O
T
nQ
T

HO
OH

OH

g

HO""
13

rel-(1S,2S,3R,4S,6R)-1,6-Bis(hydroxymethyl)cyclohexane-1,2,3,4-tetraol: 1 gr rel-
(1S,2R,3S,4S,5R)-4,5-Bis(acetoxymethyl)-4-hydroxycyclohexane-1,2,3-triyl triacetate
kullanilarak %93 verimle 0.47 gr 13 nolu bilesik elde edildi. Erime noktas1 195-198 °C’dir. 'H
ve 3C NMR spektrumlar sirasiyla sekil Ek A15.1 ve Ek A15.2°de verilmistir.

'H NMR (300 MHz, D,0): & (ppm) = 4.65 (bs, 6H, OH), 3.59-3.22 (m, 7H), 1.93 (m, 1H, H-
5), 1.79 (ddd, 1H, Js¢=12.2 Hz, J = 5.3 and 2.8 Hz, 1H, H-6 or H-6"), 1.59 (dt, Js¢ = 12.2 Hz
and J = 4.4Hz, 1H, H-6 or H-6).

3C NMR (75 MHz, D;0): 6 (ppm) = 76.3, 76.1, 72.9, 69.2, 64.8, 60.3, 41.3, 28.6.

IR (KBr, cm™): 3446, 3342, 3155, 2956, 2927, 2893, 1384, 1363, 1327,1151, 1089, 1058,
1033, 1014, 975, 941.

Element Analiz: CgH1606, Hesaplanan: C, 46.15; H, 7.75. Bulunan: C, 46.01; H, 7.78.

o, 9Ac

OCOAC
OAc
AcO
14
rel-(1S,2S,3R,5S,65)-2,5-Acetoxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis(methy-lene)

diacetate: 1.2 gr rel-((1S,2S,3R,5S,6S)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-
diyl)bis- (methylene) diacetate kullanilarak %74 verimle 1 gr 14 nolu bilesik elde edilmistir.
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Erime noktas: 85-88 °C’dir. 'H ve *C NMR spektrumlar sirasiyla sekil Ek A16.1 ve Ek
A16.2°de verilmistir.

'H-NMR (300 MHz, CDCls): & (ppm) = 5.20 (dt, Js4 = Js4 = 7.3 Hzand Jsg = 2.9, 1H, H-
5), 4.97 (d, A-part of AB system, J;» = 12.3 Hz, 1H, H-7 or H-7"), 4.18 (dd, A-part of AB-
system, Jgs = 11.4 Hz and Jg3 = 5.3 Hz, 1H, H-8 or H-8"), 4.16 (d, B-part of AB system, J; 7
= 12.3 Hz, 1H, H-7 or H-7"), 3.97 (dd, B-part of AB-system, Jgg = 11.4 Hz and Jg3 = 7.9
Hz, 1H, H-8 or H-8'), 3.67 (d, Ji6 = 3.5 Hz, 1H, H-1), 3.54 (dd Js1 = 3.5 Hz and Jg5 = 2.9
Hz, 1H, H-6), 2.41-2.49 (m, 1H, H-3), 2.11 (s, 3H, CHs), 2.09 (s, 3H, CHa), 2.08 (s, 3H,

CHa), 2.06 (s, 3H, CHa), 1.76-1.84 (m, 2H).

BC-NMR (75 MHz, CDCls): & (ppm) = 170.9 (2C), 170.3 (2C), 78.2, 67.1, 62.6, 62.4, 54.7,

545,37.5,24.3,21.7,21.3,21.1, 21.0.
IR (KBr, cm™) 2947, 2852, 1733, 1435, 1367, 1222, 1031, 906, 873, 815, 734.

Element Analiz: C1H2,09, Hesaplanan: C, 53.63; H, 6.19. Bulunan: C, 53.58, H, 5.96.

OAc
- OAc

AcO
OAc
o OAc
AcO

15

rel-(1S,2S,3R,4S,6R)-1,6-Bis(acetoxymethyl)cyclohexane-1,2,3,4-tetrayl tetraacetate: 3.0 gr
rel-((1S,2S,3R,5S,6S)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis-
(methylene) diacetate kullanilarak % 75 verimle 3.28 gr 15 nolu bilesik elde edilmistir. *H ve
3C NMR spektrumlar sirasiyla sekil Ek A17.1 ve EK A17.2°de verilmistir.
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'H NMR (300 MHz, CDCl5): § (ppm) = 5.51 (d, Js4 = 9.9 Hz, 1H, H-3), 5.40 (t, Js3=Jss =
9.9 Hz, 1H, H-4), 5.20 (ddd, Js¢ = 11.7 Hz, J54 = 9.9 Hz, and Js¢ = 5.3 Hz, 1H, H-5), 4.65 (d,
A-part of AB-system, Jgg =11.7 Hz, 1H, H-8 or H-8'), 4.56, (d, B-part of AB-system, Jgg =
11.7 Hz, 1H, H-8 or H-8'), 4.33 (dd, A-part of AB-system, J; =12.0 Hz and J;; = 5.9 Hz,
1H, H-7 or H-7"), 4.20 (dd, B-part of AB-system, J;7=12.0 Hz and J;/; = 5.0 Hz, 1H, H-7 or
H-7"), 3.27 (m, 1H, H-1), 2.16 (s, 3H, CH3), 2.14 (s, 3H, CHa3), 2.02 (s, 3H, CHa), 2.00 (s, 3H,
CHa), 1.99 (s, 3H, CHs), 1.97 (s, 3H, CHa), 2.16-2.08 (m, 1H, H-6 or H-6"), 1.87-1.75 (m, 1H,

H-6 or H-6").

13C NMR (75 MHz, CDCls): § (ppm) = 170.5, 170.28, 170.23, 169.9 (2C), 169.8, 84.2, 72.6,

70.0, 69.8, 63.4, 63.1, 37.0, 28.7, 21.9, 21.1 (2C), 20.9, 20.83, 20.76.

IR (KBr, cm™): 2970, 1737, 1433, 1367, 1217, 1029, 952, 898, 864, 734 700, 640.

Element Analiz: C,oH2501,, Hesaplanan: C, 52.17; H, 6.13. Bulunan: C, 52.12, H, 6.08.

rel-(1S,25,4S,5R, 7S)-{4-[(Acetyloxy)methyl]-3,8-dioxatricyclo[5.1.0.0%*]oct-5-yl }methyl
acetate: 5 gr rel-(1R,4R,7R)-2,3-Dioxa-bicyclolo[2.2.2]oct-5-ene-1,7-
diylbis(methylene)diacetate kullanilaral % 80 verimle 4 gr 16 nolu bilesik elde edildi. *H ve
3C NMR spektrumlari sirasiyla sekil Ek A18.1 ve EK A18.2°de verilmistir.

'H-NMR (300 MHz, CDCl3) : § (ppm) = 4.53 (d,J7» = 12.6 Hz, 1H, H-8 or H-8"), 4.24 (dd,

A-part of AB system,J; =11.6 Hz and J;6 = 5.8 Hz, 1H, H-7 or H-7"),4.17 (dd, B-part of AB
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system, J; 7 =11.6 Hz and J;6 = 5.3 Hz, 1H, H-7 or H-7"), 3.94 (d, Jss = 12.6 Hz, 1H, H-8 or
H-8",3.39 (d, A-part of AB-system, J,3=2.6 Hz, 1H, H-2), 3.31 (dd, B-part of AB-system
J34= 4.1 Hz and J3,= 2.6 Hz, 1H, H-3), 3.03 (dt, 1H, J=5.6, 3.8 Hz, 1H, H-5), 2.5-2.42 (m,

1H, H-6), 2.08 (s, 3H, CH3), 2.07 (s,3H, CHs), 1.94-1.88 (m, 2H, H-5 and H-5");

BBC-NMR (75MHz, CDCls): & (ppm) = 171.0, 170.7, 65.3, 64.5, 57.3, 51.6, 48.0, 46.3, 33.1,

245,21.2,21.0.
IR (KBr, cm™): 2956, 1735, 1431, 1365, 1224, 1103, 1029, 975.

Element Analiz: C;,H1606, Hesaplanan: C, 56.24; H, 6.29. Bulunan: C, 56.27; H, 6.40.

AcO
5)1

O -
OAc

17

rel-((1R,2S,4S,5S,6R)-5-Acetoxy-3,7-dioxatricyclo[4.2.1.02,4]nonan-2-yl)methyl acetate: 3 gr
rel-(1S,25,4S,5R, 7S)-{4-[(Acetyloxy)methyl]-3,8-dioxatricyclo[5.1.0.0%*]oct-5-yl }methyl
acetate kullanilarak %30 verimle 0.9 gr 17 nolu bilesik elde edilmistir. Erime noktas1 92-94
°C’dir. *H ve *C NMR spektrumlar sirasiyla sekil Ek A19.1 ve EK A19.2°de verilmistir.

'H NMR (300MHz, CDCls): & (ppm) = 4.73 (ddd, J = 4.2, 2.8, 1.5 Hz, 1H, H-5), 4.53 (d, A-
part of AB-system, J = 12.5 Hz, 1H, H-10), 4.06 (dt,J = 6.2 and 2.1 Hz, 1H, H-6), 3.98 (dd,
A-part of AB-system, J = 8.4 and 0.9 Hz, 1H, H-8¢1q0), 3.96 (d, B-part of AB-system, J =12.5

Hz, 1H, H-10"), 3.80 (dd, B-part of AB-system, J = 8.4, 3.9 Hz, 1H, H-8.,), 3.33 (ddd, J =
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4.1, 1.9, 0.6 Hz, 1H, H-4), 2.74 (bt, J = 4.1 Hz, 1H, H-1), 2.31 (d, J = 12.1 Hz, 1H, H-%nq0),

1.58 (dddd, J =12.1, 6.1, 4.4, 1.5 Hz, 1H, H-9ey0).

BC-NMR (75MHz, CDCl5): 6 (ppm) = 170.8, 170.3, 74.5, 70.0, 69.9, 64.1, 60.0, 52.7, 35.6,
27.4,21.0, 20.96; Gated decoupled **C-NMR (75 MHz, CDCls) only one bond C-H couplings
are given 170.8 (s), 170.3 (s), 74.5 (t, '3 = 157.0 Hz, 70.0 (d, 1J = 150.0 Hz) 69.9 (t, J =
149.0 Hz), 64.1 (t, *J = 148.0 Hz), 60.0 (s), 52.7 (d, *J = 184.0 Hz), 35.6 (d, 'J = 141.0 Hz),

27.4 (t, 1) = 136.2 Hz), 21.0 (q, J = 129.8 Hz), 20.96 (g, 1J = 128.8 Hz);

IR (KBr, cm™): 3001, 2962, 2949, 2879, 1745, 1726, 1433, 1367, 1232,1220, 1197, 1095,

1031, 1006, 974, 883.

Element Analiz: C;,H1606, Hesaplanan: C, 56.24; H, 6.29. Bulunan: C, 56.08; H, 6.35.

17-OH

rel-(1R,2S,4S,5S,6R)-2-(Hydroxymethyl)-3,7-dioxatricyclo[4.2.1.0>*]nonan-5-ol: 0.27 gr rel-
((1R,2S,4S,5S,6R)-5-Acetoxy-3, 7-dioxatricyclo[4.2.1.02,4]nonan-2-yl)methyl acetate
kullanilarak %79 verimle 0.14 gr 17-OH bilesigi elde edilmistir. *H ve *C NMR spektrumlari
strastyla sekil Ek A20.1 ve Ek A20.2°de verilmistir.

'H NMR (300 MHz, D,0): & (ppm) = 3.84-3.75 (m, 3H), 3.58 (m, 2H), 3.35 (d, J = 13.1
Hz1H,), 3.09 (m, 1H), 2.62 (t, J = 3.8 Hz, 1H,), 1.97 (bd, J = 12.3 Hz, 1H), 1.41-1.34 (m,
1H);
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13C NMR (75 MHz, D,0):  (ppm) = 76.6, 69.5, 67.6, 63.3, 61.4, 54.7, 34.5, 26.1;

IR (KBr, cm™): 3327, 3313, 3300, 2941, 2883, 1558, 1435, 1332, 1288, 1253, 1116, 1097,
1045, 1024, 993.

Element Analiz: CgH;,04, Hesaplanan: C, 55.81; H, 7.02. Bulunan: C, 55.39; H, 6.57.

AcO o
AcO_ .,
AcO Z

OAc
18

rel-(1R,2S,3S,4S,5R)-2-(Acetoxymethyl)-6-oxabicyclo[3.2.1]octane-2,3,4-triyl tri-acetate: 3
gr rel-(1S,2S,4S,5R,7S)-{4-[(Acetyloxy)methyl]-3,8-dioxatricyclo[5.1.0.0%*]oct-5-yl }methyl
acetate kullanilarak %10 verimle 0.42 gr 18 nolu bilesik elde edilmistir. Erime noktas1 97-99
°C’dir. *H ve *C NMR spektrumlari sirasiyla sekil Ek A21.1 ve Ek A21.2°de verilmistir.

'H NMR (300 MHz, CDCls): & (ppm) = 5.38 (d, J = 5.2 Hz, 1H, H-3), 5.27 (dt, J = 5.0, 1.2
Hz, 1H, H-4), 5.17 (d, A-part of AB-system, J = 12.7 Hz, 1H, H-9), 4.56 (d, B-part of AB-
system, J = 12.7 Hz, 1H, H-9"), 4.27 (t, J = 5.1 Hz, 1H, H-5), 4.11 (bd, A-part of AB-system,
J =09.1, 1H, H-7¢nq0), 3.77 (dd, B-part of AB-system, J = 9.1 and 4.5 Hz, 1H, H-7¢, ), 3.31
(bt, J = 4.5 Hz, 1H, H-1), 2.22 (bd, A-part of AB-system, J = 13.2 Hz, 1H, H-8ena0), 2.13 (5,
3H, CHj3), 2.08 (s, 3H, CH3), 2.02 (s, 3H, CH3), 1.99 (s, 3H, CHj3), 1.85 (ddt, J = 13.2, 5.1 and

12 HZ, 1H, H‘89xo);

13C NMR (75MHz, CDCls): 5 (ppm) = 170.4, 169.9, 169.8, 169.5, 84.3, 74.1, 71.7, 70.2, 68.7,

62.4, 40.3, 28.6, 22.2, 21.11, 21.07, 20.8;
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IR (KBr, cm™): 2970, 2893, 1737, 1456, 1435, 1367, 1218, 1055, 1039, 952, 894, 813, 777,
734,705, 638.

Element Analiz: C;6H,,04, Hesaplanan: C, 53.63; H, 6.19. Bulunan: C, 53.79; H, 6.34.

HO
AcO_ ...

AcO OAC

19

rel-(1R,2S,3S,4S,5R)-2-(Acetoxymethyl)-2-hydroxy-6-oxabicyclo[3.2.1]octane-3,4-diyl

diacetate: 3 gr rel-(1S,25,4S,5R,7S)-{4-[(Acetyloxy)methyl]-3,8-dioxatricyclo[5.1.0.0>*]oct-
5-yl}methyl acetate kullanilarak %19 verimle 0.71 gr 19 nolu bilesik elde edilmistir. Erime
noktasi 174-176 °C’dir. *H ve *C NMR spektrumlart sirasiyla sekil Ek A22.1 ve Ek A22.2°de

verilmigtir.

'H NMR (300MHz, CDCl3): & (ppm) = 5.25 (dt, J = 5.2, 1.2 Hz, 1H, Hy), 5.15 (d, J = 5.2 Hz,
1H, H-3), 4.45 (d, A-part of AB-system J = 12.3 Hz, 1H, H-9), 4.35 (d, B-part of AB-
system,J = 12.3 Hz, 1H, H-9"), 4.27 (t, J = 5.2 Hz, 1H, H-5), 4.23 (bd, J = 8.8 Hz, 1H, H-
Tendo), 3.75 (dd, J= 8.8 and 4.4 Hz, 1H, H-7ex), 3.4-3.0 (1H, -OH), 2.55 (bt, J = 4.4 Hz, 1H,
H-1), 2.15 (bd, A-part of AB-system, J = 13.0 Hz, 1H, H-8¢nq0)2.13 (s, 3H, CH3), 2.09 (s, 3H,

CHs). 2.04 (s, 3H, CH3), 1.81 (dddd, J =13.0, 5.2, 4.4, 1.2 Hz, 1H, H-8exo):

BBC-NMR (75MHz, CDCly): § (ppm) = 171.5, 171.0, 169.7, 75.2, 74.6, 74.2, 70.0, 68.7, 66.5,

42.1,28.9, 21.1, (2C), 21.0;

IR (KBr, cm™): 3481, 2972, 2900, 1735, 1716, 1373, 1232, 1217, 1195,1134, 1056, 1037,

883.
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Element Analiz: C14H,00g, Hesaplanan: C, 53.16; H, 6.37. Bulunan: C, 53.49; H, 6.31.

HO OE!
HO_ ...
HO 61
18-19-OH
rel-(1R,2R,3S,4R,5R)-2-(Hydroxymethyl)-6-oxabicyclo[3.2.1]octane-2,3,4-triol: 0.33 gr rel-
(1R,2S,3S,4S,5R)-2-(Acetoxymethyl)-6-oxabicyclo[3.2.1]octane-2,3,4-triyl tri-acetate
kullanilarak %92 verimle 0.18 gr 18-19-OH nolu bilesik elde edildi. Erime noktast 256-258

°C’dir. *H ve *C NMR spektrumlar sirastyla sekil Ek A23.1 ve A23.2°de verilmistir.

'H NMR (300 MHz, D,0): & (ppm) = 4.6 (bs, 4H, OH), 4.09 (t, J = 5.0 Hz, 1H, H-4), 3.83 (d,
J = 8.5 Hz, 1H, H-4), 3.72 (m, 2H), 3.53 (m, 3H), 2.35 (t, J = 4.7 Hz, 1H, H-1), 1.98 (bd,
J=12.9 Hz, 1H, H-8), 1.53 (dt, J = 12.9, 5.3 Hz, 1H, H-8").

B3C NMR (75 MHz, D;0): 5 (ppm) = 77.1, 76.7, 73.3, 70.5, 68.2, 63.4, 40.3, 27.5;

IR (KBr, cm™): 3334, 3213, 2937, 2893, 1392, 1350, 1323, 1251, 1060, 1033, 977.

Element Analiz: CgH140s, Hesaplanan: C, 50.52; H, 7.42. Bulunan: C, 50.16; H, 7.33.

ACC{ OH

OAcC

rel-(1R,2S,3S,4R,5R)-4,5-Bis(acetoxymethyl)-4-hydroxycyclohexane-1,2,3-triyl triacetate: 3
gr rel-(1S,2S,4S,5R,7S)-{4-[(Acetyloxy)methyl]-3,8-dioxatricyclo[5.1.0.0%*]oct-5-yl }methyl
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acetate kullanilarak %29 verimle 1.41 gr 19 nolu bilesik elde edilmistir. rel-(1R,2S,3S,4R,6R)-
1,6-Bis(acetoxymethyl)cyclohexane-1,2,3,4-tetrayl tetraacetate. *H ve *C NMR spektrumlari
sirasiyla sekil Ek A24.1 ve EK A24.2°de verilmistir.

'H NMR (300 MHz, CDCls): & (ppm) = 5.33 (bd, A-part of AB-system, J=3.1 Hz, 1H, H-3),
5.26 (bdd, B-part of AB-system J=10.5 and 3.2 Hz, 1H, H-2), 5.08 (b dt, J= 10.5 and 5.1 Hz,
H-1), 4.21 (dd, A-part of AB-system, J= 11.5 and 6.4 Hz, 1H, CH-CHH-O), 4.17 (d, A-part
of AB-system J = 12.0 Hz, 1H, O-CHH), 4.14 (d, B-part of AB-system, J =12.0 Hz, 1H, O-
CHH), 3.98 (dd, B-part of AB-system, J=11.5, 5.9 Hz, 1H, HC-CHH-O), 3.41 (bs, 1H, OH),
2.25-2.15 (m, 1H, H-5), 2.12-1.98 (m,1H, CHH), 2.05 (s, 3H, CH3), 2.03 (s, 2 x CHj), 2.00 (s,

3H, CHs), 1.94 (s, 3H, CHj3), 1.69 (q, B-part of AB-system,J = 12.3 Hz,1H, CHH).

13C NMR (75 MHz, CDCI3): & (ppm) = 171.6, 170.9, 170.8, 170.7, 169.7, 73.9, 71.1, 70.3,

69.2, 67.0, 63.5, 36.9, 28.4, 21.3, 21.2, 21.0, 20.99, 20.9.

IR (KBr, cm™): 3462 3441, 2966, 1730, 1456, 1433, 1365, 1220, 1178, 1076, 1028, 987.

Element Analiz: C1gH,6011, Hesaplanan: C, 51.67; H, 6.26. Bulunan: C, 51.98; H, 6.55.

OAc

ACQ OAC

rel-(1R,2S,3S,4R,6R)-1,6-Bis(acetoxymethyl)cyclohexane-1,2,3,4-tetrayl tetraacetate: 1 gr
rel-((1R,2S,4S,5S,6R)-5-Acetoxy-3,7-dioxatricyclo[4.2.1.02,4]nonan-2-yl)methyl acetate
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kullanilarak %80 verimle 1.02 gr 21 nolu bilesik elde edilmistir. 'H ve *C NMR spektrumlar1
sirasiyla sekil Ek A25.1 ve EK A25.2°de verilmistir.

'HNMR (CDCl3, 300MHz): & (ppm) = 5.97 (d, J=2.0 Hz, 1H, H-2), 5.2-5.03 (m, 2H, H-3 and
H-4), 4.78 (d, A-part of AB-system, J=12.3 Hz, 1H, OCHH), 4.34 (d, B-part of AB-system,
J=12.3 Hz, 1H, OCHH), 4.26 (dd, A-part of AB-system, J=11.4 and 5.3 Hz, 1H, HCCHH-
0), 3.96 (dd, B-part of AB-system, J=11.4 and 8.0 Hz, 1H, HCCHH-O), 2.56-2.40 (m, 1H,
H-6), 2.19-2.1 (H-5), 2.12 (s, 3H, CHs), 2.08 (s, 3H, CHs), 2.03 (s, 3H, CHa), 2.02 (s, 3H,

CHa), 2.00 (s, 3H, CHs), 1.96 (s, 3H, CH3), 1.64-1.50 (m, 1H, H-5").

BBC-NMR (75 MHz, CDCl3): & (ppm) = 170.91, 170.6, 170.19, 170.15, 169.3, 169.27, 81.7,

70.4, 69.25, 68.9, 63.5, 63.3, 37.9, 28.6, 21.8, 21.3, 21.1, 20.95, 20.9, 20.86;

IR (KBr, cm™): 2966, 1737, 1367, 1209, 1078, 1031, 902.

Element Analiz: CyoH,501,, Hesaplanan: C, 52.17; H, 6.13. Bulunan: C, 52.19; H, 6.25.

rel-(1R,2S,3S,4R,6R)-1,6-Bis(hydroxymethyl)cyclohexane-1,2,3,4-tetraol: 1.5 gr rel-
(1R,2S,3S,4R,6R)-1,6-Bis(acetoxymethyl)cyclohexane-1,2,3,4-tetrayl tetraacetate kullanilarak
%89 verimle 0.60 gr 22 nolu bilesik eldeedildi. . Erime noktasi 176-179 °C’dir. *H ve *C
NMR spektrumlari sirasiyla sekil Ek A26.1 ve EK A26.2°de verilmistir.
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'H-NMR (300 MHz, D,0): & (ppm) = 4.67 (s, 6H, OH), 3.72 (d, J=3.2Hz, 1H, H-2), 3.67-
3.49 (m, 5H),3.39 (dd, J = 11.4 and 6.2 Hz, 1H, CHCHHOH), 1.79-1.70 (m, 2H), 1.35 (dt,

J=13.5and 11.1 Hz, 1H, H-6).

BBC-NMR (75 MHz, D,0): & (ppm) = 110.0, 76.2, 73.0, 69.2, 65.0, 61.5, 37.6, 31.0.

IR (KBr, cm™): 3296, 2935, 2899, 1643, 1415, 1301, 1244, 1060, 1028.

Element Analiz: CgH1606, Hesaplanan: C, 46.15; H, 7.75. Bulunan: C, 46.11; H, 7.77.
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4.2. B KISMI

(1T

1

1,3,3a,4,7,7a-hexahydroisobenzofuran: 15 gr rel-(1R,2S)-Cyclohex-4-ene-1,2-diyldimethanol
kullanilarak % 91 verimle 12 gr 1 nolu bilesik elde edildi. *H ve B3C NMR spektrumlari
sirastyla sekil Ek B1.1 ve B1.2°de verilmistir.

'H-NMR (400MHz, CDCls): & (ppm) = 5.69 (s, 2H), 3.89 (dd, A-part of AB-system, J )
7.5and 6.4 Hz, 2H), 3.54 (dd, B-part of AB-system, J) 7.5 and 5.6Hz, 2H), 2.36 (m, 2H),
2.26-2.22 (m, 2H), 1.95 (dd, J ) 16.0 and3.4 Hz, 2H); 13C NMR (100 MHz, CDCI3) § 124.9,
73.1, 35.3,24.1.

3C-NMR (100MHz, CDCls): § (ppm) = 124.9, 73.1, 35.3,24.1.

IR (KBr, cm™): 3025, 2927, 2857, 1485, 1437, 1377, 1309, 1209, 1189, 1175, 1120, 1088,
1055, 1019, 968, 951, 899.

Element Analiz: CgH;,0, Hesaplanan: C, 77.38; H, 9.74; Bulunan: C, 77.40; H, 9.70.

/@O
HO

2

(3aS,5R,7aR)-1,3,3a,4,5,7a-hexahydroisobenzofuran-5-ol: 7.0 gr 1,3,3a,4,7,7a-
hexahydroisobenzofuran kullanilarak %47 verimle 3.4 gr 2 nolu bilesik elde edildi. 'H ve B¢
NMR spektrumlart sirasiyla sekil Ek B2.1 ve B2.2°de verilmistir.

'H-NMR (300MHz, CDCl3): & (ppm) = 5.93 (ddd, 1H, J=10.0, 3.8, 1.8Hz), 5.79 (ddd, 1H,
J=10.0, 3.8, 0.9Hz), 4.23 (dd, 1H, J=9.0, 4.4Hz), 3.98 (t, 1H, J=8.0Hz), 3.60 (dd, 1H, J=8.3,
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4.6Hz), 3.49 (dd, 1H, J=8.3, 6.7Hz), 2.84-2.74 (m,1H), 2.66-2.56 (m, 1H), 1.87 (ddd, 1H,
J=13.5, 8.5, 4.4Hz), 1.76 (ddd, 1H, J=13.5, 10.9, 5.0Hz).

B3C-NMR (75MHz, CDCls): & (ppm) =130.53, 129.88, 72.93, 72.64, 63.38, 38.86, 33.79,
32.52.

IR (KBr, cm™): 3225, 3188, 2962, 2842, 2374, 2154, 1487, 1413, 1322, 1281, 1145, 1012,
918, 849, 823, 738, 670, 626, 587.

Element Analiz: CgH;,0,, Hesaplanan: C, 68.54; H, 8.63; Bulunan: C, 68.40; H, 8.96.

(1

HOY
3

(3aS,5S,7aR)-1,3,33,4,5,7a-  hexahydroisobenzofuran-5-ol: 7.0 gr  1,3,3a4,7,7a-
hexahydroisobenzofuran kullanilarak %43 verimle 3.1 gr 3 nolu bilesik elde edildi. *H ve **C

NMR spektrumlari sirasiyla sekil Ek B3.1 ve B3.2’de verilmistir.

'H-NMR (300MHz, CDCl3): & (ppm) = 5.84 (ddd,1H, J=10.2, 3.0, 1.8Hz), 5.71 (ddd, 1H,
J=10.2, 4.1, 2.1), 4.28 (ddd, 1H, J=9.4, 5.0, 2.0Hz), 3.98 (t, 1H, J=8.2Hz), 3.96 (dd, 1H,
J=8.5, 6.4Hz), 3.70 (dd, 1H, J=8.8, 2.6Hz), 3.51 (t, 1H, J=8.2 Hz), 2.70 (m, 1H), 2.49 (m,
1H), 1.98 (dtd, 1H, J=12.3, 5.0, 1.2Hz), 1.52 (td, 1H, J=12.3, 9.4Hz).

BC-NMR (75MHz, CDCls): & (ppm) =133.3, 127.4, 74.4, 72.5, 66.9, 38.9, 36.5, 34.8.

IR (KBr, cm™): 3312, 3278, 2896, 2845, 2348, 2242, 1451, 1429, 1384, 1274, 1085, 1021,
952, 819, 728, 650, 627, 590.

Element Analiz: CgH;,0,, Hesaplanan: C, 68.54; H, 8.63; Bulunan: C, 68.92; H, 8.36.
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SO

AcO
4

(3aS,5R,7aR)-1,3,3a,4,5,7a-hexahydroisobenzofuran-5-yl acetate: 3 gr (3aS,5R,7aR)-
1,3,3a,4,5,7a-hexahydroisobenzofuran-5-ol kullanilarak % 97 verimle 2.9 gr 4 nolu bilesik
elde edildi. 'H ve *C NMR spektrumlari sirastyla sekil Ek B4.1 ve B4.2°de verilmistir.

'H-NMR (400MHz, CDCl5): 5 (ppm) = 5.82 (m, 2H), 5.17 (dd, 1H, J=7.6, 4.5 Hz), 3.92 (dd,
2H, J=16.2, 8.2 Hz), 3.53 (dd, 1H, J=8.7, 4.3 Hz), 3.41 (t, 1H, J=7.8 Hz), 2.74 (dd, 1H,
J=15.2, 7.6 Hz), 2.52 (m, 1H), 1.98 (s, 3H), 1.63 (m, 2H).

B3C-NMR (100MHz, CDCl3): & (ppm) = 170.45, 131.38, 126.18, 72.76, 72.06, 65.84, 38.57,
33.50, 28.90, 21.13.

IR (KBr, cm™): 3033, 2936, 2862, 1735, 1438, 1372, 1242, 1174, 1043, 1018, 951, 905, 748,
610, 471.

Element Analiz: C1oH1403, Hesaplanan: C, 65.91; H, 7.74; Bulunan: C, 65.52; H, 7.95.

o

5

ACO\\\\\\.

(3aS,5S,7aR)-1,3,3a,4,5,7a- hexahydroisobenzofuran-5-yl: 3 gr (3aS,5S,7aR)-1,3,3a,4,5,7a-
hexahydroisobenzofuran-5-ol kullanilarak % 86 verimle 2.60 gr 5 nolu bilesi elde edildi. H
ve ¥C NMR spektrumlar sirastyla sekil Ek B5.1 ve B5.2’de verilmistir.

'H-NMR (400MHz, CDCls): & (ppm) = 5.71 (m, 2H), 5.26 (m, 1H), 3.92 (t, 1H, AB
sisteminin A kismi, J=8.3 Hz), 3.48 (t, IH, AB sisteminin B kismi, J=8.2 Hz), 3.88 (dd, 1H,
AB sisteminin A kismi, J=8.6, 6.3 Hz), 3.61 (dd, 1H, AB sisteminin B kismi, J=8.6, 3.2 Hz),
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2.66 (dd, 1H, J=16.0, 8.0 Hz), 2.46 (m, 1H), 1.99 (s, 3H), 1.96 (m, 1H), 1.55 (dd, 1H, J=12.2,
9.2 Hz).

B3C-NMR (100MHz, CDCl3): & (ppm) = 170.58, 128.91, 128.66, 73.43, 72.04, 68.92, 38.60,
36.95, 29.84, 21.18.

IR (KBr, cm™): 3034, 2935, 2868, 2360, 1733, 1435, 1372, 1242, 1043, 912, 799, 750, 610,
504.

Element Analiz: C1oH1403, Hesaplanan: C, 65.91; H, 7.74; Bulunan: C, 66.26; H, 7.55.

OAc
ACO/,,,"' i
L2
AcO
6

(3aR,4R,5S,6R,7aS)-Octahydroisobenzofuran-4,5,6-triyl triacetate: 2.4 gr (3aS,5R,7aR)-
1,3,3a,4,5,7a-hexahydroisobenzofuran-5-yl acetate kullanilarak %58 verimle 2.28 gr 6 nolu
bilesik elde edildi. 'H ve *C NMR spektrumlari sirasiyla sekil Ek B6.1 ve B6.2’de verilmistir.

'H-NMR (400MHz, CDCls): & (ppm) = 5.52 (bs,1H), 5.05 (dd, 1H, J=11.8, 3.4 Hz), 4.87 (dd,
1H, J=10.7, 1.4 Hz), 3.94 (t, J= 8.8), 4.72 (m, 2H), 3.60 (t, J= 10.5 Hz), 2.73 (dt, 1H, J=15.8,
7.5 Hz), 2.45 (dt, 1H, J=10.4, 4.8Hz), 2.15 (s,3H), 2.06 (m, 1H), 2.02 (s, 3H), 2.01 (s, 3H),
1.86 (dd, 1H, J=13.7, 4.5).

3C-NMR (100MHz, CDCls): 3 (ppm) = 170.09, 170.06, 169.78, 70.54, 69.86, 69.63, 69.57,
67.06, 39.37, 36.24, 23.28, 20.84, 20.81, 20.74.

IR (KBr, cm™): 2940, 2873, 1742, 1376, 1231, 1047, 948, 910, 885, 811, 714, 693, 620, 586,
463, 423.

Element Analiz: C14H»007, Hesaplanan: C, 55.99; H, 6.71; Bulunan: C, 56.16; H, 6.45.
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(=)Ac
ACO/,," H
OAc
OAc
AcO
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(1R,2S,3R,4R,5S)-4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl triacetate: 2.9 gr
(3aR,4R,5S,6R,7aS)-Octahydroisobenzofuran-4,5,6-triyl triacetate kullanilarak (2.95 g, %76
verimle 2.95 gr 7 nolu bilesik elde edildi. 'H ve 3C NMR spektrumlari sirastyla sekil Ek B7.1

ve B7.2’de verilmistir.

'H-NMR (400MHz, CDCls): & (ppm) = 5.45 (bs, 1H), 5.17 (dt, 1H, J=9.0, 4.0 Hz), 4.98 (dd,
1H, J=8.4, 3.1 Hz), 4.27 (dd, 1H, AB sisteminin A kismi1, J=11.3, 5.5 Hz), 4.09 (dd, 1H, AB
sisteminin B kismi, J=11.3, 6.5 Hz), 4.18 (m, 2H), 2.37 (m, 2H), 2.18 (m, 1H), 2.11, 2.06,
2.05, 2.04, 2.02 (s, 5XCH3), 1.62 (m, 1H).

3C-NMR (100MHz, CDCls): & (ppm) = 170.63, 170.58, 169.80, 169.76 (2xC), 71.93, 68.92,
67.30, 63.81, 61.03, 39.41, 33.78, 28.00, 20.94, 20.81 (2xC), 20.73, 20.66.

IR (KBr, cm™): 2972, 1803,1768, 1423, 1275, 1149, 1042, 1013, 978, 943, 926, 842, 823,
742,671, 621, 593, 562, 527.

Element Analiz: C1gH26010, Hesaplanan: C, 53.73 ; H, 6.51; Bulunan: C, 53.39; H, 6.29.

OH
HO,,
oH
OH
HO
8

(1R,2S,3R,4R,5S)-4,5-bis(hydroxymethyl)cyclohexane-1,2,3-triol:1.5 gr (1R,2S,3R,4R,5S)-
4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl triacetate kullanilarak %80 verimle 0.58 gr 8
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nolu bilesik elde edildi. *H ve *C NMR spektrumlart sirasiyla sekil Ek B8.1 ve B8.2’de

verilmistir.

'H-NMR (300MHz, D,0): & (ppm) =3.96 (bs,1H), 3.83(m, 1H), 3.70-3.42 (m, 5H), 3.34 (dd,
1H, J=9.2, 3.1Hz), 2.06-2.01 (m, 1H), 1.92 (m, 1H), 1.46-1.35 (m, 1H)

B3C-NMR (100MHz, D;0): & (ppm) = 76.12, 69.72, 67.27, 61.13, 60.33, 43.66, 36.56, 33.33.
IR (KBr, cm™): 3338, 2918, 1459, 1406, 1048, 992, 975, 862, 742, 648.

Element Analiz: CgH160s, Hesaplanan: C, 49.99; H, 8.39. Bulunan: C, 49.68; H, 8.67.

OAc

(3aR,4S,5R,6S,7aS)-Octahydroisobenzofuran-4,5,6-triyl  triacetate: 3 gr (3aS,5S,7aR)-
1,3,3a,4,5,7a- hexahydroisobenzofuran-5-yl kullanilarak %72 verimle 4.03 gr 9 nolu bilesik
elde edildi. . *H ve **C NMR spektrumlar sirasiyla sekil Ek B9.1 ve B9.2 de verilmistir.

'H-NMR (400MHz, CDCls): & (ppm) = 5.35 (dd, 1H, J=4.7, 2.8 Hz), 5.16 (m, 2H), 3.96 (t,
1H, J= 8.4, AB sisteminin A kism1), 3.76 (t, 1H, J= 8.2, AB sisteminin B kismi), 3.83 (dd, 1H,
AB sisteminin A kismi, J=8.4, 5.4 Hz), 3.71 (dd, 1H, AB sisteminin B kismi1, J=8.4, 3.0 Hz),
2.57 (m, 1H), 1.64 (m, 1H), 2.09 (s, 3H), 2.05 (s, 3H), 2.03 (s, 3H), 1.64 (m, 1H).

B3C-NMR (100MHz, CDCls): & (ppm) = 170.03, 169.97, 169.89, 73.01, 69.86, 69.21, 68.73,
68.01, 42.20, 35.60, 28.89, 20.98, 20.86, 20.68.

IR (KBr, cm™): 2935, 1741, 1372, 1227, 1162, 1107, 1050, 945, 923, 894, 754, 670, 628, 604,
469, 434.
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Element Analiz: C14H»007, Hesaplanan: C, 55.99; H, 6.71; Bulunan: C, 56.12; H, 6.94.

OAc

OAc
OAc

(1S,2R,3S,4R,55)-4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl triacetate: 2.5 gr
(3aR,4S,5R,6S,7aS)-Octahydroisobenzofuran-4,5,6-triyl triacetate kullanilarak %82 verimle
2.75 gr 10 nolu bilesik elde edilmistir. 'H ve BC NMR spektrumlart sirastyla sekil Ek B10.1
ve B10.2°de verilmistir.

'H-NMR (400MHz, CDCls): & (ppm) = 5.46 (bs, 1H), 5.17 (m, 2H), 4.14 (m, 4H), 2.53 (m,
2H), 2.13 (s, 3H), 2.10 (s, 3H), 2.04 (s, 3H), 2.01 (s, 2x3H), 1.98-1.85 (M, 2H).

BBC.NMR (100MHz, CDCls): & (ppm) = 170.55 (2C), 170.02, 169.74 (2C), 69.21, 68.23,
67.15, 63.77, 62.02, 36.54, 32.05, 27.90, 20.92, 20.85, 20.79, 20.72, 20.66.

IR (KBr, cm™): 2959, 1738, 1366, 1240, 1138, 1083, 1045, 956, 929, 902, 858, 800, 725, 695,
626, 604, 578, 541, 483, 454, 407.

Element Analiz: C1gH26010, Hesaplanan: C, 53.73 ; H, 6.51; Bulunan: C, 54.07; H, 6.29.

(1R,2S,3R,4R,5S)-4,5-bis(hydroxymethyl)cyclohexane-1,2,3-triol: 1 gr (1S,2R,3S,4R,5S)-
4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl triacetate kullanilarak %85 verimle 0.62 gr 11
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nolu bilesik elde edilmistir. *H ve **C NMR spektrumlari sirasiyla sekil Ek B11.1 ve B12.2°de

verilmistir.

'H-NMR (300MHz, D,0): & (ppm) = 3.86 (bs, 2H), 3.73 (m, 2H), 3.65 (m, 2H), 3.50 (m, 1H),
2.19 (m, 1H), 2.09 (m, 1H), 1.70 (m, 2H).

B3C-NMR (100MHz, D;0): & (ppm) = 71.71, 69.78, 67.41, 60.57(2C), 40.80, 33.83, 28.48.
IR (KBr, cm™): 3417, 3395, 2951, 2814, 1471, 1412, 1018, 985, 924, 887, 821, 771, 691.

Element Analiz: CgH160s, Hesaplanan: C, 49.99; H, 8.39. Bulunan: C, 50.28; H, 8.77.

Asetoksi  epoksi  furan I.  izomer (12): 4gr  (3aS,5R,7aR)-1,3,3a,4,5,7a-
hexahydroisobenzofuran-5-yl acetate kullanilarak %28 verimle 1.1 gr 12 nolu iiriin elde
edilmistir. 'H ve *C NMR spektrumlar sirastyla sekil Ek B12.1 ve B 12.2°de verilmistir.

'H-NMR (300MHz, CDCls): & (ppm) = 5.57 (dd, 1H, J=7.3, 5.3 Hz), 4.10 (t, 1H, J= 8.6Hz),
3.86 (dd, 1H, J=8.8, 6.4 Hz), 3.72 (t, H, J=8.3 Hz), 3.69 (t, 1H, J=4.4 Hz), 3.23 (d, 1H, J= 3.5
Hz), 3.12 (d, 1H, J= 8.2 Hz), 2.81 (dd, 1H, J=16.4, 8.2 Hz), 1.43-2.24 (m, 1H), 2.11 (s, 3H),
1.92 (dt, 1H, J=5.0, 18.7 Hz), 1.49 (dt, 1H, J=17, 8.2 Hz).1.47 (dt, 1H, J=17, 8.8 Hz).

BBC-NMR (75MHz, CDCly): & (ppm) = 170.32, 73.46, 69.48, 67.83, 54.25, 53.40, 37.59,
33.28, 26.29, 21.38.

IR (KBr, cm™): 3458, 2940, 2868, 2358, 2133, 1731, 1481, 1433, 1372, 1238, 1186, 1044,
902, 845, 812, 746, 680, 606, 515, 491.
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Element Analiz: C;0H1404, Hesaplanan: C, 60.59; H, 7.12; Bulunan: C, 60.26; H, 7.26.

o

AcO
13

Asetoksi  epoksi  furan  Il.  izomer (13): 4gr  (3aS,5R,7aR)-1,3,3a,4,5,7a-
hexahydroisobenzofuran-5-yl acetate kullanilarak %61 verimle 2.4 gr 13 nolu iiriin elde
edilmistir. *H ve 3¢ NMR spektrumlar sirastyla sekil Ek B 13.1 ve B 13.2°de verilmistir.

'H-NMR (300MHz, CDCl3): 5 (ppm) = 5.30 (dd, 1H, J=5.8, 3.0 Hz), 4.06 (t, 1H, J=8.5 Hz),
3.87 (dd, 1H, J=8.8, 6.4 Hz), 3.76 (t, 1H, J=8.5 Hz), 3.41 (dd, 1H, J=8.8, 3.2 Hz), 3.25 (m,
2H), 2.63 (ddd, 1H, J=17.8, 9.0, 3.8 Hz), 2.03-2.02 (m, 1H), 2.09 (s, 3H), 1.64 (dd, 1H, J=
9.4, 2.9 Hz)

BBC.NMR (75MHz, CDCly): & (ppm) = 170.59, 74.03, 69.48, 67.77, 51.67, 51.46, 36.04,
30.88, 26.62, 21.30.

IR (KBr, cm™): 3455, 2940, 2865, 2360, 1739, 1574, 1434, 1372, 1241, 1093, 1038, 982, 925,
855, 816, 638, 603, 555, 480.

Element Analiz: C;0H1404, Hesaplanan: C, 60.59; H, 7.12; Bulunan: C, 6.35; H, 7.37.
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Asetoksi epoksi furan I11. izomer (14): 4.8 g acetoksi siklohekzen-furan kullanilarak %36
verimle 1.7 gr 14 nolu iiriin elde edilmistir. *H ve **C NMR spektrumlari sirasiyla sekil Ek B
14.1 ve B 14.2’de verilmistir.

'H-NMR (400MHz, CDCl5): 5 (ppm) = 5.24 (dd, 1H, J=11.0, 5.2 Hz), 3.87 (dd, 1H, J=9.0, 7.6
Hz), 3.75 (t, 1H, J=8.6 Hz), 3.66 (dd, 1H, J=9.3, 4.0 Hz), 3.49 (t, 1H, j=7.7 Hz), 3.27 (d, 1H,
J=4.0 Hz), 3.07 (d, 1H, J=4.0 Hz), 2.62 (dt, 1H, j=12.0, 4.1 Hz), 2.43 (m, 1H), 2.03 (s, 3H),
1.84 (ddd, 1H, J=16.2, 11.2, 4.9 Hz), 1.59 (dt, 1H, J=13.0, 4.1, 8.2 Hz.

B3C-NMR (100MHz, CDCls): & (ppm) = 170.60, 71.75, 71.48, 67.67, 56.43, 52.99, 35.96,
35.55, 23.60, 21.04.

IR (KBr, cm™): 2938, 2866, 1736, 1430, 1372, 1241, 1088, 1034, 977, 903, 861, 821, 755,
605, 463, 420.

Element Analiz: C;9H1404, Hesaplanan: C, 60.59; H, 7.12; Bulunan: C, 60.28; H, 7.51.

®)
b@o

AcO™
15

Asetoksi epoksi furan IV. izomer (15): 4.8 g acetoksi siklohekzen-furan kullanilarak %45
verimle 2.1 gr 15 nolu iiriin elde edilmistir. *H ve *C NMR spektrumlar sirasiyla sekil Ek B
15.1 ve B 15.2°de verilmistir.

'H-NMR (400MHz, CDCls): & (ppm) = 5.15 (dd, 1H, J=10.5, 5.9 Hz), 3.9 (t, 1H, J=8.5 Hz),
3.82 (dd, 1H, J=8.6, 6.8 Hz), 3.75 (t, 1H, 8.6, 7.2 Hz), 3.41 (dd, 1H, J=8.9, 3.1 Hz), 3.31 (d,
1H, J=4.1 Hz), 3.24 (t, 1H, J=4.1 Hz), 2.48 (ddd, 1H, J=17.7, 8.0, 4.0 Hz), 2.23 (m, 1H), 2.04
(s, 3H), 1.59 (m, 1H).
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B3C-NMR (100MHz, CDCls): & (ppm) = 170.66, 73.64, 70.46, 68.79, 53.66, 53.00, 36.60,
35.95, 26.81, 20.80.

IR (KBr, cm™): 2931, 2824, 1797, 1478, 1414, 1354, 1285, 1093, 1021, 962, 915, 887, 872,
793, 756, 675, 542.

Element Analiz: C;0H1404, Hesaplanan: C, 60.59; H, 7.12; Bulunan: C, 60.75; H, 7.39.

O,

/Ej:/\o
HO
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Epoksi furan alkol 1. izomer (16): 2 gr asetoksi-epoksi-furan 12 kullanilarak %98 verimle
1.55 gr 16 nolu iiriin elde edilmistir. 'H ve *C NMR spektrumlar sirasiyla sekil Ek B 16.1 ve
B 16.2°de verilmistir.

IH-NMR (300MHz, CDCl): & (ppm) = 4.09 (m, 1H), 3.94-3.72 (m, 4H), 3.23 (dd, 1H, AB
sisteminin A kismi, J=3.8, 2.4 Hz), 3.15(dd, 1H, AB sisteminin B kismi, J=3.8, 1.7 Hz), 2.97
(m,1H), 2.83 (ddd, 1H, J=14, 8.2, 1.8 Hz), 2.30 (ddd, 1H, J=12, 5.8, 3.5 Hz), 1.97 (ddd, 1H,
J=14.0, 5.8, 4.1 Hz), 1.49 (dt, 1H, J=12.0, 5.8 Hz).

BBC-NMR (75MHz, CDCl3): § (ppm) = 75.91, 70.61, 65.83, 55.04, 54.08, 36.97, 33.28, 30.23.

IR (KBr, cm™): 3327, 3274, 2975, 2812, 2427, 2145, 1506, 1461, 1329, 1221, 1158, 1093,
934, 881, 711, 673, 629.

Element Analiz: CgH;,03, Hesaplanan: C, 61.52; H, 7.74 ; Bulunan: C, 61.88; H, 8.009.
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Epoksi furan alkol II. izomer (17): 2.2 gr asetoksi-epoksi-furan 13 kullanilarak %98 verimle
1.7 gr 17 nolu iiriin elde edilmistir. *H ve **C NMR spektrumlari sirasiyla sekil Ek B 17.1 ve
B 17.2°de verilmistir.

'H-NMR (300MHz, CDCl3): & (ppm) = 4.35 (dd, 1H, J=5.5, 2.6 Hz), 4.07 (t, 1H, J=8.5 Hz),
3.90 (dd, 1H, J=8.6, 6.4 Hz), 3.78 (t, 1H, J=8.5 Hz), 3.45 (dd, 1H, J=8.6, 3.5 Hz), 3.26 (dt,
2H, J=8.0, 8.0, 4.1 Hz), 2.65 (ddd, 2H, J=17.6, 8.8, 3.8 Hz), 2.38 (m, 1H), 1.67 (dd, 1H, AB
sisteminin A kism1 J=11.5, 2.5 Hz), 1.60 (m, 1H, AB sisteminin B kismi).

B3C-NMR (75MHz, CDCl3): § (ppm) = 74.20, 69.52, 64.96, 53.97, 51.66, 36.17, 30.07, 29.28.

IR (KBr, cm™): 3483, 3455, 2988, 2918, 2256, 2190, 1482, 1433, 1322, 1282, 1096, 1022,
943, 889, 824, 718, 693, 606.

Element Analiz: CgH1,03, Hesaplanan: C, 61.52; H, 7.74 ; Bulunan: C, 61.41; H, 8.07.

Epoksi furan alkol III. izomer (18): 1.8 gr asetoksi-epoksi-furan 14 kullanilarak % 97 verimle
1.38 gr 18 nolu iiriin elde edilmistir. 'H ve **C NMR spektrumlari sirasiyla sekil Ek B 18.1 ve
B 18.2°de verilmistir.
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'H-NMR (300MHz, CDCl5): 5 (ppm) = 4.20 (d, 1H, J=6.5 Hz), 3.95 (dd, 1H, J=9.2, 7.5 Hz),
3.82 (t, 1H, J=8.5 Hz), 3.72 (dd, 1H, J=9.2, 4.4 Hz), 3.53 (dd, 1H, J=8.5, 7.2 Hz), 3.37 (ddd,
1H, J=4.1, 1.8, 0.9 Hz), 3.18 (d, 1H, J=4.1 Hz), 2.68 (dt, J=8.2, 8.2, 4.4 Hz), 2.48 (m, 1H),
2.03 (M, 1H), 1.74 (m, 2H).

B3C-NMR (75MHz, CDCI3): § (ppm) = 72.23, 71.59, 64.69, 57.59, 55.98, 36.11, 36.07, 28.16.

IR (KBr, cm™): 3501, 3456, 2862, 2807, 2358, 2141, 1468, 1425, 1396, 1227, 1205, 1016,
1001, 956, 858, 821, 763, 650, 628, 539.

Element Analiz: CgH1,03, Hesaplanan: C, 61.52; H, 7.74 ; Bulunan: C, 61.77; H, 7.48.

©)
bCO

HOY
19

Epoksi furan alkol IV. izomer (19): 2 gr asetoksi-epoksi-furan 15 kullanilarak %96 verimle
1.51 gr 19 nolu iiriin elde edilmistir. 'H ve *C NMR spektrumlar sirasiyla sekil Ek B 19.1 ve
B 19.2°de verilmistir.

'H-NMR (300MHz, CDCl5): & (ppm) = 4.04 (m, 1H), 4.09 (t, 1H, AB sisteminin A kismu,
J=8.5 Hz), 3.80 (t, 1H, AB sisteminin B kismi, J=8.5 Hz), 3.87 (dd, 1H, AB sisteminin A
kismi, J=8.7, 6.4 Hz), 3.50 (dd, 1H, AB sisteminin B kismi1, J=8.8, 3.0 Hz), 3.39 (d, 1H, J=4.1
Hz), 3.23 (t, 1H, J=4.4 Hz), 2.67 (m, 1H, -OH’a ait), 2.52 (ddd, 1H, J=17.5, 8.8, 4.0 Hz),
2.31-2.20 (m, 1H), 1.67 (m, 1H), 1.54 (dd, 1H, J=13.0, 11.2 Hz).

BBC-NMR (75MHz, CDCl3): § (ppm) = 73.99, 68.98, 68.05, 56.81, 53.86, 37.56, 36.07, 31.08.

IR (KBr, cm™): 3372, 2810, 2749, 2218, 2187, 1489, 1392, 1309, 1181, 1156, 1027, 938, 874,
839, 728, 689, 616.

Element Analiz: CgH1,03, Hesaplanan: C, 61.52; H, 7.74 ; Bulunan: C, 61.15; H, 7.56.
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Kloro-diasetoksi furan A: 1.2 g epoksi-alkol 18 kullanilarak %40 verimle 0.8 gr A nolu
bilesik elde edilmistir. . *H ve **C NMR spektrumlar sirasiyla sekil Ek B 29.1 ve B 29.2°de

verilmistir.

'H-NMR (300MHz, CDCls): § (ppm) = 5.15 (t, 1H, J= 10.2 Hz), 5.09(dt, 1H, J=10.3, 4.7 Hz),
3.98-3.64(m, 5H), 2.71-2.67(m, 1H), 2.28-2.35(m, 1H), 2.04-2.20(m, 1H), 2.14(s, 3H), 2.11(s,
3H), 1.79(ddd, 1H, J=14.1, 10.8, 6.2 Hz)

BBC-NMR (75MHz, CDCl3): 8 (ppm) = 170.07, 169.81, 72.77, 71.18, 71.00, 69.73, 63.17,
44.82, 36.37, 28.38, 20.92, 20.86.

IR (KBr, cm™): 3050, 2955, 2817, 1823, 1758, 1336, 1298, 1262, 1129, 1031, 968, 968, 926
847, 832, 806, 751,715, 662, 645, 628, 518.

Element Analiz: C1,H;7CIOs, Hesaplanan: C, 52.09; H, 6.19 ; Bulunan: C, 51.72; H, 6.36.

OAcC

Cl..,
O
AcO"

B

Kloro-diasetoksi furan B: Epoksi furan alkol 19°dan 1.3 gr kullanilarak %43 verimle 0.6 gr B
nolu bilesik elde edilmistir. *H ve *C NMR spektrumlari sirasiyla sekil Ek B 32.1 ve B
32.2’°de verilmistir
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'H-NMR (300MHz, CDCls): § (ppm) = 5.06(m, 2H), 4.00-4.09(m, 1H), 3.94(t, 1H, J=8.8 Hz),
3.76(m, 2H), 3.59(dd, 1H, J=10.5, 8.8 Hz),2.75-2.70(m, 1H), 2.30-2.43(m, 1H), 2.21-2.15(m,
1H), 2.08(s, 3H), 2.05(s, 3H)

BC-NMR (75MHz, CDCls): & (ppm) = 170.15, 170.01, 76.30, 71.43, 70.95, 69.29, 55.46,
43.90, 37.49, 32.22, 20.77, 20.67.

IR (KBr, cm™): 2982, 2938, 2882, 1811, 1792, 1473, 1382, 1288, 1106, 1062, 988, 939, 828,
809, 791, 737, 729, 687, 628, 591.

Element Analiz: C1,H;7CIOs, Hesaplanan: C, 52.09; H, 6.19 ; Bulunan: C, 52.39; H, 6.01.

OAcC
ACO/,,'I

AcO

20

Furan triasetat 1. izomer (20): 1.5 gr Epoksi furan alkol 16 kullanilarak %69 verimle 2.2 gr 20
nolu iiriin elde edilmistir. "H ve **C NMR spektrumlar sirasiyla sekil Ek B 20.1 ve B 20.2°de

verilmistir.

'H-NMR (300MHz, CDCI3): § (ppm) = 5.27 (m, 2H), 4.97 (dd, 1H, J=8.0, 3.0 Hz), 3.81 (m,
4H), 2.53 (dd, 1H, J=13.3, 6.1 Hz), 3.33 (m, 1H), 2.05 (s, 3H), 1.98-1.97 (s, 2x3H), 1.89 (m,
2H).

BC-NMR (75MHz, CDCls) & (ppm) = 170.44, 170.27, 170.23, 72.12, 71.43, 69.73, 69.34,
68.57, 43.58, 36.77, 26.09, 21.40, 21.20, 21.06.

IR (KBr, cm™): 2974, 2846, 1785, 1395, 1205, 1088, 958, 929, 872, 834, 743, 667, 632, 572.

Element Analiz: C14H007, Hesaplanan: C, 55.99; H, 6.71; Bulunan: C, 56.33; H, 6.98.
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OAc
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- OAc
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29

Klor-tetraesetat (29): 0.73 gr Klordiasetat A kullanilarak %85 verimle 0.85 gr 29 nolu iiriin
elde edilmistir. *H ve *C NMR spektrumlart sirasiyla sekil Ek B 30.1 ve B 30.2°de

verilmigtir.

'H-NMR(300 MHz-CDCly) §; 5.32(dd, 1H, J=10.0 Hz), 5.17(ddd, 1H, J=4.7 Hz, J=10.0 Hz,
J=11.4 Hz), 4.27-4.12(m, 3H), 4.02(dd, 1H, J=4.4, 11.4 Hz), 3.81(t, 1H, J=10 Hz), 2.39-
2.43(m,1H), 2.14-2.27(m, 2H), 2.11(s, 3H), 2.09(s, 3H), 2.08(s, 3H), 2.02(s, 3H), 1.59(ddd,
1H, J=5.3 Hz, 11.7 Hz, 13.5 Hz).

BBC-NMR(75 MHz, CDCls) §&; 170.8(x2), 170.11, 170.08, 71.9, 71.8, 64.1, 63.7, 62.5, 42.7,
33.6, 33.4, 21.3, 21.2, 21.1, 20.9.

IR (KBr, cm™): 3015, 2952, 2625, 1811, 1792, 1426, 1353, 1308, 1258, 1173, 1080, 987, 915,
842, 809, 774, 768, 742.

Element Analiz: C1H23CIOg, Hesaplanan: C, 50.73; H, 6.12; Bulunan: C, 50.91; H, 6.35.

Klor-tetrol (31): 0.57 gr Klortetraasetat 29 kullanilarak %72 verimle 0.23 gr 31 nolu {iriin elde
edilmistir. *H ve 3C NMR spektrumlar sirastyla sekil Ek B 31.1 ve B 31.2°de verilmistir.

IR (KBr, cm™): 3380, 3315, 2736, 1586, 1495, 1430, 1378, 1281, 1142, 962, 860, 815, 785,
746, 734, 631.
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Element Analiz: CgH15ClO,4, Hesaplanan: C, 45.61; H, 7.18; Bulunan: C, 45.8 ; H, 7.42.

OAcC

Cl.,
Qc:
- OAc
AcO'

30

Klor-tetraesetat (30): 0.55 gr Klordiasetat B kullanilarak %77 verimle 0.58 gr 30 nolu {iriin
elde edilmistir. *H ve *C NMR spektrumlart sirasiyla sekil Ek B 33.1 ve B 33.2°de

verilmistir.

'H-NMR(300 MHz-CDCls) &; 5.15(dd, 1H, J=9.1, 11.4), 5.03(t, 1H, J=9.4 Hz), 4.09-4.21(m,
4H), 3.96(dd, 1H, J=4.1 Hz, J=11.7 Hz), 2.27-2.42(m, 3H), 2.08(s, 3H), 2.04(s, 3H), 2.04-
2.01(m, 1H), 2.00(s, 3H), 1.98(s,3H).

BC-NMR(75 MHz, CDCls) §; 170.8, 170.7, 170.3(x2), 77.6, 70.2, 63.2, 62.1, 55.8, 41.5, 36.7,
34.9,21.3, 21.0, 20.93, 20.90.

IR (KBr, cm™): 2815, 2786 2668, 1885, 1789, 1522, 1386, 1349, 1195, 1142, 1023, 968, 929,
878, 838, 803, 766, 705.

Element Analiz: C1H23CIOg, Hesaplanan: C, 50.73; H, 6.12; Bulunan: C, 51.03; H, 6.17.

32

Klor-tetrol (32): 0.53 gr Klortetraasetat 30 kullanilarak %79 verimle 0.23 gr 32 nolu {iriin elde
edilmistir. 'H ve ¢ NMR spektrumlart sirasiyla sekil Ek B 34.1 ve B 34.2°de verilmistir.

'H-NMR (300MHz, CDCI3): & (ppm) = 3.62-3.71 (m, 2H), 3.45-3.55 (m, 4H), 3.33 (dd, 1H,
J=11.4,8.8Hz), 2.00-2.06 (m, 2H), 1.67-1.77 (m, 1H), 1.32 (td, 1H, J=13.5, 5.3Hz).
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B3C-NMR (75MHz, CDCls) & (ppm) = 72.4, 71.81, 69.60, 61.09, 59.68, 46.36, 35.46, 34.22.

IR (KBr, cm™): 3325, 3290, 2618, 1522, 1496, 1386, 1349, 1275, 1195, 1142, 1023, 950, 922,
830, 821, 803, 766,735, 705, 670..

Element Analiz: CgH15ClO,4, Hesaplanan: C, 45.61; H, 7.18; Bulunan: C, 45.97 ; H, 7.55.

OAc
AcO :
o,
AcO
21

Furan triasetat II. izomer (21): 1.6 gr Epoksi furan alkol (17) kullanilarak %75 verimle 2.3 gr
21 nolu iiriin elde edilmistir. *H ve 3C NMR spektrumlan sirasiyla sekil Ek B 21.1 ve B

21.2’de verilmistir.

'H-NMR (300MHz, CDCls): & (ppm) = 5.03 (m, 3H), 3.90 (t, 1H, J=8.8 Hz), 3.73 (d, 2H,
J=2.9 Hz), 3.61 (dd, 1H, j= 9.7, 8.8 Hz), 2.66 (m, 1H), 2.35 (m, 1H), 2.08 (m, 1H), 2.00, 1.99,
1.98 (s, 3x3H), 1.81 (m, 1H).

BBC-NMR (75MHz, CDCls): § (ppm) = 170.50, 170.42, 170.25, 74.55, 71.34, 71.16, 70.31,
69.93, 43.79, 30.40, 27.57, 21.20, 21.06, 20.98.

IR (KBr, cm™): 3012, 2896, 1796, 1428, 1252, 1120, 976, 941, 853, 838, 757, 681, 662, 549,
478.

Element Analiz: C14H»007, Hesaplanan: C, 55.99; H, 6.71; Bulunan: C, 56.39; H, 6.94.
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Furan triasetat I1I. izomer (22): 1.2 gr Epoksi furan alkol 18 kullanilarak %65 verimle 1.5 gr
22 nolu iiriin elde edilmistir. 'H ve *C NMR spektrumlart sirasiyla sekil Ek B 22.1 ve B
22.2°de verilmistir.

'H-NMR (300MHz, CDCls): 3 (ppm) = 5.53 (dd, 1H, J=10.4, 6.6 Hz), 5.43 (quintet, 1H,
J=2.5 Hz), 5.10 (dd, 1H, J=10.6, 2.8 Hz), 3.89 (d, 1H, J=9.1 Hz), 3.83 (dd, 2H, J=8.2, 4.4 Hz),
3.70 (d, 1H, J=8.2 Hz), 3.10 (ddd, 1H, J=15.8, 9.7, 6.1 Hz), 2.56 (dt, 1H, J=5.7 Hz), 2.12 (s,
3H), 2.04 (s, 3H), 2.02 (s, 3H), 1.92 (dt, 1H, j=4.4 Hz), 1.74 (ddd, 1H, J=15.0, 12.3, 2.3 Hz).

B3C-NMR (75MHz, CDCls): & (ppm) = 170.44, 170.38, 170.17, 73.51, 70.01, 69.82, 69.65,
66.89, 41.76, 35.13, 28.75, 21.07, 20.87, 20.85.

IR (KBr, cm™): 2995, 2832, 1823, 1336, 1270, 1006, 977, 920, 847, 832, 751, 662, 645, 569,
488, 447.

Element Analiz: C14H»007, Hesaplanan: C, 55.99; H, 6.71; Bulunan: C, 56.14; H, 6.92.

OAc

OAc
OAc

Penta asetat I. izomer (23): 0.6 gr furan tri asetat 20 kullanilarak %86 verimle 0.69 gr 23 nolu
iiriin elde edilmistir. 'H ve *3C NMR spektrumlar sirasiyla sekil Ek B 23.1 ve B 23.2°de

verilmistir.
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'H-NMR (300MHz, CDCls): § (ppm) = 5.45 (bs, 1H), 5.15 (dd, 2H, J=11.0, 2.5 Hz), 4.14 (m,
4H), 2.50 (m, 1H), 2.12 (s, 3H), 2.08 (s, 3H), 2.03 (s, 3H), 2.00 (s, 2x3H), 1.92 (M, 2H).

B3C-NMR (75MHz, CDCl3): & (ppm) = 170.89 (2C), 170.36, 170.08 (2C), 69.42, 68.41, 67.35,
64.02, 62.27, 53.69, 36.63, 28.08, 21.25, 21.18, 21.13, 21.05, 20.99.

IR (KBr, cm™): 2882, 1795, 1426, 1285, 1158, 1128, 1087, 968, 942, 914, 842, 813, 766, 672,
660, 612, 581, 558, 468.

Element Analiz: C1gH26010, Hesaplanan: C, 53.73 ; H, 6.51; Bulunan: C, 53.91; H, 6.70.

OAc

AcO :
OAc
OAc
AcO

24

Penta asetat II. Izomer (24): 1.6 gr furan tri asetat (21) kullanilarak %72 verimle 1.55 gr 24
nolu iiriin elde edilmistir. "H ve **C NMR spektrumlart sirasiyla sekil Ek B 24.1 ve B 24.2°de

verilmistir.

'H-NMR (300MHz, CDCls): & (ppm) = 5.22 (dd, 1H, J=11.3, 9.0 Hz), 5.10 (dd, 1H, AB
sisteminin A kismi, J=9.3, 4.6 Hz), 5.03 (dd, 1H, AB sisteminin B kismi, J=9.3, 9.0 Hz), 4.17
(m, 3H, AB sisteminin A kismi), 3.98 (dd, 1H, AB sisteminin B kismi1, J=11.8, 4.3 Hz), 2.41
(m, 1H), 2.29-2.15 (m, 1H), 2.09 (s, 3H), 2.00 (s, 3H), 1.99 (s, 2x3H), 1.98 (s, 3H), 1.62 (ddd,
J=13.7,11.4, 5.2 Hz).

B3C-NMR (75MHz, CDCls): & (ppm) = 170.86, 170.80, 170.45, 170.27, 170.21, 75.19, 69.95,
69.66, 63.55, 62.23, 41.41, 33.49, 31.70, 21.24, 21.20, 21.02, 20.95, 20.91.

IR (KBr, cm™): 2988, 2936, 1830, 1815, 1342, 1215, 1140, 1029, 1005, 974, 936, 918, 870,
829, 778, 652, 623, 611, 582, 539, 463, 454.
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Element Analiz: C1gH26010, Hesaplanan: C, 53.73 ; H, 6.51; Bulunan: C, 54.02; H, 6.85.

OAc

ACO/,,,
gy OAc

= OAc
AcO"

25

Penta asetat I11. Izomer (25): 1.5gr furan tri asetat (22) kullanilarak %90 verimle 1.8 gr 25
nolu iiriin elde edilmistir. *H ve **C NMR spektrumlari sirasiyla sekil Ek B 25.1 ve B 25.2°de

verilmigtir.

'H-NMR (300MHz, CDCls): & (ppm) = 5.36 (d, 1H, J=3.5 Hz), 5.22 (dd, 1H, AB sisteminin
A kismi, J=10.0, 5.3 Hz), 5.07 (dd, 1H, AB sisteminin B kismi, J=10.0, 3.2 Hz), 4.25 (dd, 1H,
AB sisteminin A kismi, J=11.7, 3.8 Hz), 4.10 (dd, 1H, AB sisteminin B kismi, J=11.7, 6.4
Hz), 4.05 (dd,, 2H, J=12.0, 7.3 Hz), 2.56 (dt, 1H, J=10.0, 5.0 Hz), 2.44 (m, 1H), 2.06 (s, 3H),
2.05 (s, 3H), 2.01 (s, 2x3H), 1.98 (s, 3H), 1.78 (m, 2H).

B3C-NMR (75MHz, CDCls): & (ppm) = 170.96, 170.88, 170.74, 170.28, 170.21, 70.08, 69.48,
68.00, 64.81, 59.81, 37.95, 32.51, 27.90, 21.26, 21.21, 21.17, 21.07, 20.97.

IR (KBr, cm™): 2932, 1775, 1735, 1408, 1372, 1285, 1162, 1029, 993, 908, 883, 831, 817,
753, 675, 647, 631, 569, 519, 482, 439, 424.

Element Analiz: C1gH26010, Hesaplanan: C, 53.73 ; H, 6.51; Bulunan: C, 53.89; H, 6.89.

OH

HO,,
g OH

OH
HO
26
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Pentol 1. izomer (26): 1 gr penta asetat (23) kullanilarak %77 verimle 0.37 gr 26 nolu {iriin

elde edilmistir. *H ve *C NMR spektrumlart sirasiyla sekil Ek B 26.1 ve B 26.2°de
verilmistir.

'H-NMR(300 MHz, D,0): § (ppm) = 3.72-3.35(m, 7H), 1.95-2.12(m, 2H), 1.79-1.72(m,1H),
1.16-1.02(m, 1H),.

BC.NMR(75 MHz, D,0): & (ppm) =73.13, 71.18, 69.64, 63.51, 58.34, 44.29, 34.28, 31.21.
696

IR (KBr, cm™): 3301, 2952, 2901, 2820, 1473, 1426, 1358, 1030, 981, 928, 862, 749, 719,

Element Analiz: CgH160s, Hesaplanan: C, 49.99; H, 8.39. Bulunan: C, 50.25; H, 8.68.

H

-||I|O

HO
OH
OH
HO

27

verilmistir.

Pentol II. izomer (27): 0.90 gr penta asetat (24) kullanilarak % 91 verimle 0.38 gr 27 nolu
iiriin elde edilmistir. '"H ve *3C NMR spektrumlar sirasiyla sekil Ek B 27.1 ve B 27.2°de

'H-NMR(300 MHz, D,0): & (ppm) = 3.92(d, 1H, J=3.3 Hz), 3.77(dd, 1H, J=8.8, 4.7 Hz),
3.66(dd, 1H, J=11.7, 4.4 Hz), 3.57-3.40(m, 4H), 1.92-2.06(m, 2H), 1.61-1.45(m, 2H).

3C-NMR(300 MHz, D;0): & (ppm) = 68.04(2C), 63.19(2C), 57.88(2C), 35.22(2C).
IR (KBr, cm™): 3419, 3365, 2978, 2715, 1483, 1365, 1172, 1026, 929, 913, 882, 716, 681.

Element Analiz: CgH160s, Hesaplanan: C, 49.99; H, 8.39. Bulunan: C, 50.36; H, 8.73.
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Pentol II1. izomer (28): 0.98 gr penta asetat (25) kullanilarak % 70 verimle 0.33 gr 28 nolu
iiriin elde edilmistir. *H ve *C NMR spektrumlari sirasiyla sekil Ek B 28.1 ve B 28.2°de

verilmistir.

'H-NMR(300 MHz, D,0): & (ppm) = 3.76-3.32(m, 7H), 2.08(m, 1H), 1.96(m, 1H), 1.61-
1.59(m, 2H).

BBC-NMR(75 MHz, D,0): 3 (ppm) = 69.49(2C), 67.07(2C), 60.58(2C), 28.48(2C).

IR (KBr, cm™): 3362, 3210, 2918, 1519, 1482, 1441, 1108, 982, 912, 832, 742, 713, 671, 653.

Element Analiz: CgH160s, Hesaplanan: C, 49.99; H, 8.39. Bulunan: C, 49.66; H, 8.12.
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4.3.C KISMI
Cl 0
-
(0]
2

Monokloretilenkarbonat (2): 88 gr etilen karbonat kullanilarak % 70 verimle 86 gr 2 nolu
bilesik siv1 olarak elde edildi. *H ve *C NMR spektrumlari sirastyla sekil Ek C1.1 ve Ek
C1.2’de verilmistir.

'H-NMR (200 MHz, CDCI3-CCly): § (ppm) = 6.43 (dd, 1H, j=5.6, j=10, J=1.8 Hz), 4.83 (dd,
1H, j=10.3 Hz, J=5.6 Hz), 4.56 (dd, 1H, j=10.3 Hz, J=1.8 Hz).

B3C-NMR (50 MHz, CDCl3-CCl,): & (ppm) = 151.60, 87.62, 76.03.

Element Analiz: C3H5ClOs, Hesaplanan: C, 29.41; H, 2.47; Bulunan: C, 29.05; H, 2.66.
o)

[ -
o)
3

Vinilen karbonat (3): 30 gr monokloretilenkarbonat 2 kullanilarak % 60 verimle 12.4 gr 3
nolu bilesik renksiz siv1 olarak elde edildi. *H ve *C NMR spektrumlar sirastyla sekil Ek
C2.1 ve Ek C2.2°de verilmistir.

'H-NMR (200 MHz, CDCl5-CCly): & (ppm) = 6.43 (s,2H).

B3C-NMR (50 MHz, CDCl3-CCl,): & (ppm) = 151.60, 92.28.

Element Analiz: C3H,05, Hesaplanan: C, 41.88; H, 2.3; Bulunan: C, 42.11; H, 2.48.
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Endo-katilma ftirtinii (4): 4.00 gr (58 mmol) furan ve 25 gr (290 mmol) vinilen karbonat 3
kullanilarak % 75 verimle 3 gr 4 nolu bilesik tuz benzeri renksiz kristaller olarak elde edildi.
Erime noktasi 144-146 °C’dir. *H ve *C NMR spektrumlari sirastyla sekil Ek C3.1 ve Ek
C3.2°de verilmistir.

'H-NMR (200 MHz, CDCl5-CCly): & (ppm) = 6.51 (br.s, 2H), 5.16 (AA’BB’ sisteminin AA’
kismi, 2H), 4.94( AA’BB’ sisteminin BB’ kismi, 2H).

B3C-NMR (50 MHz, CDCl3-CCl,): 8 (ppm) = 156.34, 136.08, 81.23, 76.27.

Element Analiz: C;HgO,4, Hesaplanan: C, 54.55; H, 3.92; Bulunan: C, 54.77; H, 4.27.

Ekzo katilma {irliini (5): 4.00 gr (58 mmol) furan ve 25 gr (290 mmol) vinilen karbonat 3
kullanilarak % 25 verimle 0.75 gr renksiz siv1 olarak 5 nolu bilesik elde edildi. *H ve *C
NMR spektrumlari sirasiyla sekil Ek C4.1 ve Ek C4.2’de verilmistir.

'H-NMR (200 MHz, CDCl5-CCly): & (ppm) = 6.38 (s, 2H), 5.05 (s, 2H), 4.65(s, 2H).

3C-NMR (50 MHz, CDCl3-CCly): § (ppm) = 156.67, 136.73, 82.65, 78.40.

Element Analiz: C;HgO,4, Hesaplanan: C, 54.55; H, 3.92; Bulunan: C, 54.90; H, 4.29.
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OAc
6 OAc

Endo-diasetat (6): 4.62 gr Siklokatilma {irlinleri 4 ve 5 kullanilarak % 64 verimle 4.10 gr
renksiz kristal olarak 6 nolu bilesik elde edildi. Erime noktas: 81-83 °C’dir. *H ve *C NMR
spektrumlar1 sirasiyla sekil Ek C5.1 ve Ek C5.2°de verilmistir.

'H-NMR (400 MHz, CDCls):  (ppm) = 6.44 (s, 2H), 4.84 (AA’BB’ sistemi, 4H), 1.96(s, 6H).
B3C-NMR (100 MHz, CDCls): § (ppm) = 170.47, 135.90, 81.61, 70.00, 20.68.

IR (KBr, cm™): 3185, 2978, 1754, 1439, 1388, 1244, 1105, 1076, 1037, 944.

Element Analiz: C;0H1,0s, Hesaplanan: C, 56.60; H, 5.70; Bulunan: C, 56.56; H, 5.609.

(0]
OAc
/ OAc

7

Ekzo-diasetat (7): 4.62 gr Siklokatilma tiriinleri 4 ve 5 kullanilarak % 8 verimle 0.52 gr
renksiz kristal olarak 7 nolu bilesik elde edildi. Erime noktast 91-92 °C’dir. *H ve *C NMR
spektrumlari sirasiyla sekil Ek C6.1 ve EK C6.2°de verilmistir.

'H-NMR (400 MHz, CDCls): & (ppm) = 6.6.44 (m, 2H), 4.90 (m, 2H), 4.84(br.s, 2H), 2.09
(s,6H).

BC-NMR (100 MHz, CDCl5): & (ppm) = 172.14, 137.90, 83.53, 71.99, 22.63.

IR (KBr, cm™): 3104, 3012, 2950, 1758, 1727, 1430, 1380, 1292, 1257, 1052, 944.
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Element Analiz: C;0H1,0s, Hesaplanan: C, 56.60; H, 5.70; Bulunan: C, 56.61; H, 5.66.

Br

Br OAc

OAc

Dibrom endo-diasetat (8): 4.10 gr endo-diasetat 6 kullanilarak kantitatif verimle 7.15 gr sivi
olarak8 nolu bilesik elde edildi. *H ve *C NMR spektrumlari sirastyla sekil Ek C7.1 ve Ek
C7.2°de verilmistir.

'H-NMR (200MHz, CDCl3): & (ppm) = 4.89(t, 2H, J= 2.5 Hz), 4.75(t, 2H, J=2.6 Hz)
4.68(b s, 2H), 2.01(s, 6H).

B3C-NMR (50MHz, CDCls): & (ppm) = 170.07, 87.01, 68.26, 49.94, 21.35.

IR (KBr, cm™): 1765, 1715, 1651, 1408, 1365, 1328, 1227, 1186, 1065, 978, 935, 910, 846,
811, 782, 733, 701, 693

Element Analiz: C;0H1,Br,0s, Hesaplanan: C, 32.29; H, 3.25; Bulunan: C, 32.56; H, 3.51.

Br
Br

o1

9

Endo-dibrom ketal (9): 7.15 gr dibrom endo-diasetat 8 kullanilarak % 86 verimle 5.4 gr sivi
olarak 9 nolu bilesik elde edildi. *H ve *C NMR spektrumlar: sirasiyla sekil Ek C8.1 ve Ek
C8.2°de verilmistir.
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'H-NMR (400 MHz, CDCls): & (ppm) = 4.89(s, 2H), 4.67(dd, 2H, AB sistemin A kism1 J=3.5,
2.4Hz), 4.56(dd, 2H, AB sisteminin B kism1 J=3.3, 2.3Hz), 1.51(s,3H), 1.32(s,3H).

13C. NMR(100 MHz, CDCls): 5 (ppm) = 121.21, 89.67, 80.83, 51.54, 28.07, 26.90.

IR (KBr, cm™): 1384, 1375, 1265, 1215, 1190, 1153, 1095, 10982, 1020, 1006, 987, 968, 937,
921, 910, 848, 796, 773, 671, 611.

Element Analiz: CoH1,Br,05, Hesaplanan: C, 32.96; H, 3.69; Bulunan: C, 33.21; H, 4.05.

Endo-monobrom ketal (10): 5.4 gr (16 mmol) Endo-dibrom ketal 9 kullanilarak % 88 verimle
3.6 gr sv1 olarak 10 nolu bilesik elde edildi. *H ve *C NMR spektrumlar sirastyla sekil Ek
C9.1 ve Ek C9.2°de verilmistir.

'H-NMR (400 MHz, CDCls): & (ppm) = 6.43(d,1H, J=2.0Hz), 4.85(m, 2H, AA XX sistemin
AA’ Kismi ), 4.74(m, 2H, AA’ XX sisteminin XX’ Kismi), 1.24(s,3H), 1.20(s,3H).

13C- NMR(100 MHz, CDCls): & (ppm) = 135.10, 126.08, 121.27, 86.36, 83.94, 81.12, 80.75,
28.20, 27.78.

IR (KBr, cm™): 1581, 1386, 1323, 1282, 1220, 1153, 1103, 1051, 1024, 999, 977, 943, 900,
881, 819, 788, 761, 736, 736, 613.

Element Analiz: CoH,1BrOs, Hesaplanan: C, 43.75; H, 4.49; Bulunan: C, 44.04; H, 4.79.



112

Cl
Br\@OAc
Y OAc

Cl

11

4-bromo-3,6-dichlorocyclohex-4-ene-1,2-diyl diacetate (11): 3.6 gr (14 mmol) endo-
monobrom ketal 10 kullanilarak % 81 verimle 3.4 gr sivi olarak 11 nolu bilesik elde edildi.
'H ve *C NMR spektrumlar sirastyla sekil Ek C10.1 ve Ek C10.2°de verilmistir.

'H-NMR (400 MHz, CDCl3): & (ppm) = 6.45(d, 1H, J=1.8Hz), 5.14(dd, 1H, J=7.1, 4.3Hz),
5.06(dd, 1H, J=7.0, 4.3Hz), 4.97(dd, 1H, J=4.0, 1.5Hz), 4.93(d, 1H, J=4.2Hz), 1.97(s,3H),
1.95(s, 3H).

3C- NMR(100 MHz, CDCls): & (ppm) = 170.00, 169.96, 132.93, 125.18, 82.77, 80.41, 77.39,
77.07, 76.75, 68.57, 68.30, 20.40, 20.20.

IR (KBr, cm™): 1776, 1712, 1633, 1581, 1382, 1348, 1206, 1128, 1102, 962, 891, 855, 792,
753, 708, 694.

Element Analiz: C1oH11BrCl20,4, Hesaplanan: C, 34.71; H, 3.20; Bulunan: C,34.93; H, 2.94.

Cl

Br< i :OH
=~ YOH
Cl
12

4-bromo-3,6-dichlorocyclohex-4-ene-1,2-diol (12): 1.38 gr 4-bromo-3,6-dichlorocyclohex-4-
ene-1,2-diyl diacetate 11 kullanilarak % 93 verimle 0.97 gr sivi olarak 12 nolu bilesik elde
edildi. *H ve *C NMR spektrumlari sirasiyla sekil Ek C11.1 ve Ek C11.2°de verilmistir.
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IH-NMR (400 MHz, CDCly): & (ppm) = 4.81(dd, 1H, He, Jss=1.7, Jis=4.2Hz), 4.70(d,1H, Ha,
J23=4.4Hz), 4.24(dd, 1H, H;, AB sisteminin A kismu1 J14=4.3, J1,=7.4Hz), 4.10(dd, 1H, H,, AB
sisteminin B kismi J1,=7.4, J,3=4.4Hz), 3.36(bs, 2H).

13C. NMR(100 MHz, CDCls): & (ppm) = 133.03, 124.89, 84.43, 82.13, 67.01, 66.31, 60.70,

IR (KBr, cm™): 3375, 3103, 2945, 1392, 1323, 1282, 1220, 1155, 1103, 1051, 1022, 1001,
900, 881, 819, 785, 736, 653, 611.

Element Analiz: C¢H;BrCl,0,, Hesaplanan: C, 27.51; H, 2.69; Bulunan: C, 24.72; H, 3.02.

OAc

Br\C:OAc
y OAc

Br
13

4,6-dibromocyclohex-4-ene-1,2,3-triyl triacetate (13): 3 gr Endo-monobrom ketal (10)
kullanilarak % 78 verimle 3.92 gr siv1 olarak 13 nolu bilesik elde edildi. *H ve *C NMR
spektrumlar sirastyla sekil Ek C12.1 ve Ek C12.2°de verilmistir.

IH-NMR (400 MHz, CDCly): & (ppm) = 6.34(d, 1H, Hs Jss=4.0 Hz), 5.68(d, 1H, Hs AB
sistem A kismi, J3=6.1Hz), 5.48(dd, 1H, H,, AB sistem B kismu J3,=6.2, J;=2.2 Hz),
5.36(dd, 1H, Hj, J16=5.2, J1»=2.3Hz), 4.50(t, 1H, He, Js6=4.8Hz), 2.10(s,3H), 2.05(s,3H),
2.02(s,3H).

13C- NMR(100 MHz, CDCly): 5 (ppm) = 169.60, 169.56, 169.32, 131.53(2C), 71.76, 70.76,
68.86, 42.30, 20.71, 20.66, 20.63.

IR (KBr, cm™): 1738, 1632, 1429, 1376, 1321, 1247, 1130, 1083, 1053, 1026, 1002, 870, 835,
723, 667,.

Element Analiz: C;,H14Br,0¢, Hesaplanan: C, 34.81; H, 3.41; Bulunan: C, 34.97; H, 3.63.
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Br
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4,6-dibromocyclohex-4-ene-1,2,3-triol (14): 3.92 gr 4,6-dibromocyclohex-4-ene-1,2,3-triyl
triacetate (13) kullamlarak % 95 verimle 2.6 gr sivi olarak 14 nolu bilesik elde edildi. *H ve
3C NMR spektrumlar sirastyla sekil Ek C13.1 ve Ek C13.2°de verilmistir.

'H-NMR (400 MHz, CD3OD): § (ppm) = 6.27(d, 1H, H, J=4.0Hz), 4.84(b.s, 3H), 4.61(t,1H,
J=4.8Hz), 4.22(d, 1H, J=5.5Hz): 5 (ppm) = 4.12(dt, 1H, J=112, 8.0, 6.3 Hz), 4.03(dd, 1H,
J=5.5, 2.2Hz).

13C- NMR(100 MHz, CD;0D): & (ppm) = 130.02, 127.74, 73.68, 72.77, 72.53, 49.21.

IR (KBr, cm™): 3294, 3275, 2449, 1350, 1281, 1165, 1071, 1025, 963, 887, 843, 806, 721,
667, 653.

Element Analiz: C¢HgBr,03, Hesaplanan: C, 25.03; H, 2.80 ; Bulunan: C, 25.20; H, 3.08.

OAc

Br\@OAC

H OAc
OAc
15

5-bromocyclohex-5-ene-1,2,3,4-tetrayl tetraacetate (15): 3 gr endo-monobrom ketal 10
kullanilarak % 81 verimle 3.86 gr siv1 olarak 15 nolu bilesik elde edildi. 'H ve *C NMR
spektrumlar sirasiyla sekil Ek C14.1 ve Ek C14.2°de verilmistir.

'H-NMR (400MHz, CDCl5): & (ppm) = 6.22(t, J=2.1 Hz, 1H, H-3), 5.79(dt, J=3.8 and 2.1Hz,
1H, H-1), 5.58(dd, J=3.8 and 2.5 Hz, 1H, H-4), 5.55(ddd, J=7.9, 2.5 and 2.1 Hz, 1H, H-5),
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5.22(dd, J=7.9 and 2.1 Hz, 1H, H-6), 2.11(s, 3H, CHs), 2.08(s, 3H, CHsg), 2.07(s, 3H,
CH3),2.03(s, 3H, CHa).

13C-NMR (100MHz, CDCls): & (ppm) = 170.0, 169.9, 169.6, 169.2, 129.6, 122.59, 69.7, 69.3,
69.0, 68.7, 20.8, 20.6 (2C), 20.4.

IR (KBr, cm™): 3474, 2943, 1753, 1650, 1370, 1217, 1050, 1027, 970, 923.

Element Analiz: C14H,7BrOg, Hesaplanan: C, 42.77; H, 4.36; Bulunan: C, 43.13; H, 4.51.

OH

Br\@OH

T OH
OH
16

5-bromocyclohex-5-ene-1,2,3,4-tetraol (16): 3.86 gr 5-bromocyclohex-5-ene-1,2,3,4-tetrayl
tetraacetate (15) kullamlarak % 92 verimle 2.03 gr sivi olarak 16 nolu bilesik elde edildi. *H
ve ¥C NMR spektrumlari sirasiyla sekil Ek C15.1 ve Ek C15.2°de verilmistir.

'H-NMR (400MHz, CDsOD): & (ppm) = 6.10(br s, 1H), 4.79(br s, 4H, OH), 4.27-4.26(m,
1H), 4.21(br s, 1H), 4.11, 4.09(m, 1H), 3.64(dd, J=6.6 ansd 1.6 Hz, 1H).

BC-NMR (100MHz, CD30D): & (ppm) = 133.1, 127.7, 75.5, 73.2, 72.9, 71.6.

IR (KBr, cm™): 3366, 2912, 1662, 1350, 1314, 1269, 1094, 1041, 853, 617.

Element Analiz: CsH9BrO,4, Hesaplanan: C, 32.02; H, 4.03; Bulunan: C, 32.31; H, 4.34.
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BOLUM 5. SONUCLAR VE ONERILER

Kistim A olarak Bu calismada cis-hidroftalik anhidritten ¢ikilarak ve singlet
oksijenden yararlanilarak ilk defa siibstitiie karbon sekerinin sentezi i¢in yeni ve kisa bir
sentez yontemi gelistirilmis oldu. Ayrica diger bir¢cok karbon sekerlerinin sentezlerini

gergeklestirilebilecek 6nemli ara iirlinler sentezlendi.

Ik olarak cis-hidroftalik anhidritin LiAlIH, ile indirgenmesi saglanarak cis- dihidroftal
diol 1 sentezlendi. Sentez akisinda herhangi bir ¢oziiniirliikk problemi ile karsilasmamak i¢in
Cis-hidrodioliin yapisindaki hidroksitler asetat formuna 2 c¢evirildi. Diasetat molekiiliiniin
bromlanmasi ile dibromdiasetat 3 elde edildi. Molekiilin yapisindaki diasetatlarin cis
konumunda olmast molekiiliin bromlanmasinda da konfigurasiyonun korundugu ve
molekiiliin stereokimyasinin kontrol altinda oldugu bilinmektedir. Dibrom-diasetat’tan 3
bazik ortamda iki mol HBr uzaklastirilmasi ile siklohekzadien-diasetat’in 4 sentezi
gerceklestirildi. Buradaki eliminasyonda beklenen ftiriin 1,3-eliminasyon iriiniiyken, 1,4-

eliminasyon {riiniin olustugu goriilda.

Burada  molekiilin ~ geometrisinin ~ 1,4-eliminasyonuna  elverisli ~ oldugu
distiniilmektedir. Bugiine kadar foto oksijenasiyonla yapilan kuersitol sentezlerinde g¢ok
faydali yontemler tanimlanmistir. Bu ¢alismada da siklohekzadien’den 4 karbon sekerlerinin

sentezi igin sentetik potansiyeli oldukea yiiksek olan fotooksijenasyon yontemi kullanildi.

O
LiAIH
9 4 OH AcCl OAc
Eter OH piridin OAc

o) 1 2
DCM | Br
102
OAc hv OAc  DbBU BrjOCOAc
- <
OAc Tpp OAcC Benzen Br OAcC
5 4 3

Fotooksijenasiyon reaksiyonunda olusan 5, peroksit baglari tiyotire ile agilarak olusan
cis- konumundaki dioller ile molekiiliin 6 stereokimyasi da kontrol altina alindi. Molekiiliin

asetatlanmasi reaksiyonunda, kuaterner konumundaki hidroksit grubu, asetikanhidrit/piridinle
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ancak uzun siire ultrasiyonlanmasiyla asetatlanirken, alilik konumundaki hidroksit grubu ise
alt1 saat manyetik olarak karistirildiginda asetatlanmanin tamamlandigi 9 sonucuna varildi. 6
nolu molekiiliin alt1 saatte asetatlanmasiyla olusan 9. nolu molekiildeki ¢ift bag
epoksidasyonla yiikseltgenerek epoksit 11, 10 molekiilleri 9:04 oraninda meydana geldigi
tespit edildi. 11°deki epoksitin stercospesifik olarak acildigi ve yiiksek verimle 12 elde
edildigi belirlendi. 12 nolu bilesigin bazik ortamda hidrolizi ile hedef bilesik siklohekzitol
13’nun sentezi gergeklestirildi. Calismada 6 nolu molekiil ve ilgili tetrolii 7°den, 23 nolu
molekiil ¢ok diisiik verimle elde edildigi i¢in bu ydntemle siklitollerin 24 sentezine
caligilamadi. Bunun yerine 9 nolu molekiildeki c¢ift bagin oksidasiyonu ile benzer siklitol

molekiilleri sentezlendi.

OAc
OAc Aco_ M
Ac OH NH3 f OAc
OH MeOH . OAc
5 AcO'
12
MeOH | Tiyoure 1.H,S0O4/H,0
2.Ac,0O/Piridin
0. oH Oy _OH
OAC Ac,0 OAc mCPBA ~ OAc 7 TOAc
OAc piridin OAc . OAc
AcO AcO'
11 10
NHs(g)
MeOH OH
OH 2 OsO HO OH
4
«CCOH NMO
HO HO
OH
7 24

Iki kisimdan olusan bu ¢alismada 4 nolu molekiilden cikilarak 5 nolu molekiil elde
edildikten sonra CoTPP ile diizenlenmesi ile diger bazi siklohekzitollerin sentezi hedeflendi.
Bunun i¢in elde edilen diizenlenme {iriinii 16’ kontrollii olarak bazi reaksiyonlar uygulandi.
12 saat reflux sicakliginda yapilan reaksiyon sonucunda glikozidazlarin inhibitorii olan bazi
ara kademe reaksiyonlar1 17, 18, 19, 20 olustu. Bunlarin ayristirilmasi karakterizasiyonlari
gibi islemler tamamlandiktan sonra bunlarin bazik ortamda hidrolizleri gerceklestirildi ve a-
glikozidaza karsi biyolojik inhibisyonlari test edildi. Bu bilesiklerin her biri a-glikozidaza

kars1 degisik oranlarda inhibitor 6zellik gosterdikleri tespit edildi. Daha sonra bu araiiriinler
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17, 18, 19, 20°deki oksijen kopriileri agilarak 22 nolu siklohekzitol elde edildi ve bu
siklohekzitoliin biyolojik inhibisyonu test edilerek yeni bir bilesik grubu literatiire kaydedildi.
Bu ¢alismanin yaymi yayinlanmak {izere journal of organic chemistry’e yayinlanmak {izere

sunuldu ve bazi diizeltmelerden sonra yayinlanacaktir.

.0
OAc ‘o, OAc CoTPP " “OAc
OAc CHyCly, rt OAc CH,Cly, 1t O, OAcC
82% 82%
4 5 16
Ac,0, AcOH
NH,SO3H
reflux
12saat
AcO o
AcO .\ ACO_ ..y
OAC Ac,0, AcOH N
ACO! - < NH>SOzH AcO OAC
reflux
72saat 17 (30%) 18 (10%)
AcO 21 OAc N .
NH3 AcO  OH
CH3OH HO \ OAc
AcO__ ...,
HO OH S
\, OH E \
HO'" AcO (_JAC AcO OAC
19 (19%) 20 (29%)
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6, 11, 13, 22, 23 ve 24, nolu bilesiklerin a-Glikozidaz Inhibisiyonu

Compound Inhibition® (%) | 1Cso (uM)°
OH
2 OH ab
on 64.6+2.2 24
HO
6
o, OH
T f OH a,c f
\\(;COH 8.7+1.2 NT
HO
11
OH oy
HO ~_ OH
\(j: 3.0+2.0* NT'
OH
HO
13
HO
O
S 13.0£2.4*° NT'
O:
OH
24
HO o
HO__,
12.3+6.6"¢ NT'
HO 6
23
" on
HO/,' - B3NS
/CLOH 10.6+2.19% NT'
OH
HO
22
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*Her bilesik i¢cin 4 deney hazirlanmistir ve her deney iki kez tekrarlanmustir. ® 30 uM bilesigin
inhibisyonu. ©400 UM bilesigin inhibisyonu. 440 MM bilesigin inhibisyonu. “Deney sartlarinda
enzim aktivitesini % 50 inhibe eden bilesik konsantrasyonu. 'NT= Test edilmedi

Kisim B olarak Calismanin bu kismi B planidir. Burada da aymi ¢ikis bilesiginden
cikilarak benzer molekiillerin sentezleri icermektedir. Cis-hidroftalik anhidritin indirgenme
reaksiyonu ile baslayan ve bir seri reaksiyonla devam eden siklohekzitol molekiilleri
sentezlendi. Sirasi ile cis-hidroftalik anhidrit indirgenmis, indirgenme sonucu olusan serbest
metanolik gruplarinin hidro-furana doniisiimii saglanmistir. Isik varliginda singlet oksijen ile
en reaksiyonu yapilarak Once peroksit izomerleri olusturulmustur. sonra bu peroksitlerin
indirgenmesi saglanarak 2, 3 nolu alkol izomerler olusturulmustur.2 ve 3 nolu molekiiliin
¢cozlinlirliiglinii saglamak ve calismanin daha kolay yiiriimesi i¢in yapilarindaki -OH
fonksiyonel gruplar1 asetatlanarak 4, 5 nolu izomer bilesikleri elde edilmistir bu bilesiklerden
siklohekzitol molekiillerini olusturmak i¢in yapilarindaki ¢ift bag fonksiyonel gruplari
yiikseltgenmistir. Bu yiikseltgenmede OsO4/NMO ve MCPBA kullanilmistir. OsO4/NMO ile
cis- konfigurasiyonda araiiriinler elde edilip, bu araiiriinlerden ¢ikilarak hedef molekiilleri
olan siklohekzitol bilesikleri 8, 11’in sentezi gerceklestirilmistir. Sentezlenen bu bilesiklerin

a-glikozidaza kars1 inhibisyonlar test edilerek yayina hazirlanmigtir.
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m-CPBA (m-klor perbenzoik asit) ile de sentezlenen baslangi¢ bilesikleri 4, 5’in yapilarindaki
cift bagin trans- olarak yiikseltgenmesini saglayarak siklohekzitollerin hazirlanmasi i¢in ilgili
bilesiklerin oncii molekiilleri sentezlendi. Bu oncii bilesikler olan 12, 13, 14, 15 epoksitler
sentezlendikten sonra yapilarindaki epoksit halkalar1 hidroliz edildi. Bu hidroliz islemlerinde
molekiillerin stereokimyast kontrol altina alinmasina dikkat edildi  Onun igin epoksiz
molekiilleri 12, 13, 14, 15 hidroliz edilmeden 6nce yapilarindaki asetat gruplari amonyakla
metanol icerisinde hidroliz edildi. Béylece epoksitlerin hidrolizi esnasinda asetat gruplarindan
otliri meydana gelebilecek komsu grup destegide ortadan kaldirilmis oldu. Triasetat 20, 21,
22 olusturulduktan sonra asidik ortamda molekiillerdeki furan halkasinin agilmasi ile
pentaasetat molekiilleri 23, 24, 25 molekiillerin sentezi gerceklestirildi ve konfigurasiyonlari
tayin edildi. Ote yandan 18 ve 19 nolu epoksi-alkollerden triasetat bilesikleri elde etmek igin
diklor metan iginde H,O/ H,SO, yerine Ac,O/H,SO, denendi ve triasetat molekiilleri yerine
A, B ile gosterilen klor-diasetat molekiilleri elde edildi. Molekiillerdeki klor asidik ortamdan
dolayr diklorometan tarafindan saglanmigtir. Bu molekiillerinde yukaridaki gibi hidrofuran

halkalar1 agilarak kloro-tetraasetatlar olusturuldu. Bu molekiillerin hidrolizi ile glikozidaz
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inhibitori 26,27,28,31,32 nolu molekiiller olusturularak, yukarida sema halinde verilen cis-

kisminda elde edilen 8 ve 11 nolu molekiillerle, a-glikozidaza kars1 biyolojik inhibisyonu test
edildi.

OAcC

0., OAc
i NH 0., AcO, )
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AcO MeOH 2.Ac,0
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12 16 piridin 20 2 3 AcO™ 53 OAc
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o
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8, 11, 26, 27, 28, 31 ve 32, nolu bilesiklerin a-Glikozidaz Inhibisiyonu

123

Bilesik inhibisyon (%)? IC50 (uM)®
OH
HO, ,
;(;COH 28,242 5 NT'
OH
HO
8
OH
23,4+0,2% NT'
22,7+3 NT'
54+9%° 20
33,547,19 NT'
50,3+3°¢ 7
37,8+0,6*° NT'
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a Herbir bilesik icin 4 deney hazirlanmigtir ve her deney iki kez tekrarlanmigstir. b 22 MM
bilesigin inhibisyonu. 7,2 uM bilesigin inhibisyonu. d 9,5 uM bilesigin inhibisyonu. INT= Test
edilmedi. 24 uM bilesigin inhibisyonu. 819 pM bilesigin inhibisyonu "1,6 pM bilesigin
inhibisyonu. '7 UM bilesigin inhibisyonu. 125 UM bilesigin inhibisyonu. 8,6 puM bilesigin

inhibisyonu. © Deney sartlarinda enzim aktivitesini % 50 inhibe eden bilesik konsantrasyonu

Kisim C olarak gosterilen  ¢alismanin  son  kismuda  siibstitiie
halojenokonduritollerin sentezinde vinilen karbonat ve furanin siklokatilmasidir. Katilma
sonucunda 4, 5 nolu bisiklik karbonat bilesikleri olustu. Bu bilesiklerin ¢oziintirliik
problemlerinden  dolayr  karbonat  gruplar1  hidroliz edilerek  ve sonra
asetatlanarakoksonorbornen tiirevleri 6, 7°ye ¢evrildi. Calismanin bundan sonraki kismi endo-
izomerine gore devam edildi. Exo-iirliniin termdinamik olarak kararli bir iriindiir. Bu
molekiildeki okso-koOpriisiiniin agilmasi zordur, ¢ok etkin sartlarda agilsa da bu etkin sartlarda
retro-Diels-Alder reaksiyonunada ugrayabilir. Bu yiizden ¢alisma endo-izomerine gore
yiirlitiilmiistiir. Endo-diasetat’in hidroliz edilmesi ile olusan dioliin bazik sartlara dayanan
ketalizasiyon reaksiyonu uygulanarak ketal 9’a dontstiiriildii. Kot ile bir mol HBr elimine
edildikten sonra olusan 10 nolu bromo-oksonorbornen siklohekzitollerin hazirlanmasi igin
onemli bir oOncii bilesiktir. Sirast ile bu molekiil Ac,O/H" AcCI/H* AcBr/H'ile
reaksiyonunda, dibromo-triasetat 13, bromo-dikloro-diasetat 11 ve bromo-tetraasetat 15
molekiilleri elde edilmistir. Bu halojeno-konduritol-asetat tiirevleri asidik ortamda hidroliz
edilerek halojeno-konduritol 12, 14, 16 nolu molekiillerin sentezi gergeklestirilmis ve

biyolojik testleri yapilarak yayina hazirlanmstir.
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12, 14 ve 16, nolu bilesiklerin a-Glikozidaz Inhibisiyonu

Bilesik

inhibisyon (%)?

IC50 (MM)°

Cl
Br OH

OH
Cl

12,3+6,6*°

NT®

OH

Br OH

OH

o

Br

54+9>f

NT®

OH
Br .\\OH

OH
OH

16

84+6,9*¢

30

® Herbir bilesik icin 4 deney hazirlanmistir ve her deney iki kez tekrarlanmistir.
®400 MM bilesigin inhibisyonu. “NT= Test edilmedi. 430 KM bilesigin inhibisyonu.
e Deney sartlarinda enzim aktivitesini % 50 inhibe eden bilesik konsantrasyonu
22 MM bilesigin inhibisyonu.
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Ek.A1.1 rel-(1R,2S)-Cyclohex-4-ene-1,2-diyldimethanol (1) *H NMR spektrumu
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Ek.A1.2 rel-(1R,2S)-Cyclohex-4-ene-1,2-diyldimethanol (1) **C NMR spektrumu
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Ek.A2.1. rel-(1R,2S)-Cyclohex-4-ene-1,2-diylbis(methylene) diacetate (2) *H NMR spektrumu
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Ek.A2.2. rel-(1R,2S)-Cyclohex-4-ene-1,2-diylbis(methylene) diacetate (2) **C NMR spektrumu
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Ek.A3.1 rel-((1R,2S,4S,55)-4,5-Dibromocyclohexane-1,2-diyl)bis(methylene) diacetate (3) *H NMR spektrumu
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Ek.A3.2. rel-((1R,2S,4S,5S)-4,5-Dibromocyclohexane-1,2-diyl)bis(methylene) diacetate (3) *C NMR spektrumu
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Ek.A4.1 Cyclohexa-2,4-diene-1,2-diylbis(methylene) diacetate (4) *"H NMR spektrumu
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Ek.A4.2. Cyclohexa-2,4-diene-1,2-diylbis(methylene) diacetate (4) *C NMR spektrumu



ol o i

5

WWMJMWMMWM%QM

— T T T T T

6.80 6.75 6.4 6.3 26 25 T T —

2.16 2.07 1.12  1.05

[ R I0

[ | | . |

4.3 3.8 37

5 S TEL ‘R I AN £
= < QQQ QQ Q Q QQ a
i i - v 1 v Ll i oM o™M o
L e | T L L B L A B |
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Ek.A5.1. rel-(1R 4R, 7R)-2,3-Dioxa-bicyclolo[2.2.2]oct-5-ene-1,7-diylbis(methylene)diacetate (5) *H NMR spektrumu
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Ek.A5.2. rel-(1R 4R, 7R)-2,3-Dioxa-bicyclolo[2.2.2]oct-5-ene-1,7-diylbis(methylene)diacetate (5) **C NMR spektrumu
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Ek. A6.1. rel-(1R,2S,5S)-2,5-Dihydroxycyclohex-3-ene-1,2-diyl)bismethylene) diacetate (6) *"H NMR spektrumu
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Ek. A6.2. rel-(1R,2S,5S)-2,5-Dihydroxycyclohex-3-ene-1,2-diyl)bismethylene) diacetate (6) *C NMR spektrumu
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Ek. A7.1. rel-(1S,2S,3R,5S,6S)-2,3-Bis(hydroxymethyl)cycloheptane-2,5-diol (7) *H NMR spektrumu
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Ek. A7.2. rel-(1S,2S,3R,5S,6S)-2,3-Bis(hydroxymethyl)cycloheptane-2,5-diol (7) **C NMR spektrumu
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Ek. A8.1. ((1R)-5-hydroxy-2-oxocyclohex-3-enyl)methyl acetate (23) *H NMR spektrumu
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Ek. A8.2. ((1R)-5-hydroxy-2-oxocyclohex-3-enyl)methyl acetate (23) **C NMR spektrumu
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Ek. A9.1. rel-(1S,4S,5R)-4-(Acetyloxy)-4,5-bis[(acetyloxy)methyl]cyclohex-2-en-1-yl acetate (8) *H NMR spektrumu
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Ek. A9.2. rel-(1S,4S,5R)-4-(Acetyloxy)-4,5-bis[(acetyloxy)methyl]cyclohex-2-en-1-yl acetate (8) *C NMR spektrumu
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Ek. A10.1. rel-{(1R,2S,5S)-5-(Acetyloxy)-2-[(acetyloxy)methyl]-2-hydroxycyclohex-3-en-1-yI}methyl acetate (9) *H NMR spektrumu
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Ek. A10.2. rel-{(1R,2S,5S)-5-(Acetyloxy)-2-[(acetyloxy)methyl]-2-hydroxycyclohex-3-en-1-yl}methyl acetate (9) **C NMR spektrumu
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Ek. A11.1. rel-((1R,2S,3R,5S,6R)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis- (methylene) diacetate (10) ‘H NMR
spektrumu



i o

‘ o 0T AW T

171.0 1705 M0 QMmN 23 2 2
oOWOWMO WO o

0 - O N OOV VoLwnLwn <

SR SN\ Ao ®x NILS

— O O A

(]
=505 I NN NN
~ —s

-r.~.~r~. .~ o1~~~ .~~~ o~~~ o~~~ ~ o1~~~ ~ .o~ ~Tr+~ T+ ~rr o1 T -r T 1T T T 1T T
220 210 200 190 180 170 160 150 140 130 120 ‘ (110 N 100 90 80 70 60 50 40 30 20 10 0
1 (ppm

Ek. A11.2. rel-((1R,2S,3R,5S,6R)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis- (methylene) diacetate (10) *C NMR
spektrumu
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Ek. A12.1. rel-((1S,2S,3R,5S,6S)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis- (methylene) diacetate (11) *H NMR
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Ek. A12.2. rel-((1S,2S,3R,5S,6S)-5-Acetoxy-2-hydroxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis- (methylene) diacetate (11) *C NMR
spektrumu
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Ek. A13.1. rel-(1S,2S,3R,5S,6S)-2,3-Bis(hydroxymethyl)-7-oxabicyclo[4.1.0]heptane-2,5-diol (11-OH) ‘*H NMR spektrumu
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Ek. A13.2. rel-(1S,2S,3R,5S,6S)-2,3-Bis(hydroxymethyl)-7-oxabicyclo[4.1.0]heptane-2,5-diol (11-OH) *C NMR spektrumu
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Ek. A14.1. rel-(1S,2R,3S,4S,5R)-4,5-Bis(acetoxymethyl)-4-hydroxycyclohexane-1,2,3-triyl triacetate (12) *H NMR spektrumu
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Ek. A14.2. rel-(1S,2R,3S,4S 5R)-4,5-Bis(acetoxymethyl)-4-hydroxycyclohexane-1,2,3-triyl triacetate (12) **C NMR spektrumu
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Ek. A15.1. rel-(1S,2S,3R,4S,6R)-1,6-Bis(hydroxymethyl)cyclohexane-1,2,3,4-tetraol (13) *H NMR spektrumu
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Ek. A15.2. rel-(1S,2S,3R,4S,6R)-1,6-Bis(hydroxymethyl)cyclohexane-1,2,3,4-tetraol (13) *C NMR spektrumu
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Ek. A16.1. rel-(1S,2S,3R,5S,6S)-2,5-Acetoxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis(methy-lene) diacetate (14) *H NMR spektrumu
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Ek. A16.2. rel-(1S,2S,3R,5S,6S)-2,5-Acetoxy-7-oxabicyclo[4.1.0]heptane-2,3-diyl)bis(methy-lene) diacetate (14) **C NMR spektrumu
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Ek. A17.1. rel-(1S,2S,3R,4S,6R)-1,6-Bis(acetoxymethyl)cyclohexane-1,2,3,4-tetrayl tetraacetate (15) *H NMR spektrumu
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Ek. A17.2. rel-(1S,2S,3R,4S,6R)-1,6-Bis(acetoxymethyl)cyclohexane-1,2,3 4-tetrayl tetraacetate (15) *C NMR spektrumu
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Ek. A18.1. rel-(1S,2S,4S,5R, 7S)-{4-[(Acetyloxy)methyl]-3,8-dioxatricyclo[5.1.0.0>*Joct-5-yI}methyl acetate (16) *H NMR spektrumu
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Ek. A18.2. rel-(1S,2S,4S,5R, 7S)-{4-[(Acetyloxy)methyl]-3,8-dioxatricyclo[5.1.0.0*Joct-5-yI}methyl acetate (16) *C NMR spektrumu
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Ek. A19.1. rel-((1R,2S,4S,5S,6R)-5-Acetoxy-3,7-dioxatricyclo[4.2.1.02,4]nonan-2-yl)methyl acetate (17) *H NMR spektrumu
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Ek. A19.2. rel-((1R,25,4S,5S,6R)-5-Acetoxy-3,7-dioxatricyclo[4.2.1.02,4]nonan-2-yl)methyl acetate (17) *C NMR spektrumu
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Ek. A20.1. rel-(1R,2S,4S,5S,6R)-2-(Hydroxymethyl)-3,7-dioxatricyclo[4.2.1.0**Inonan-5-ol (17-OH) *H NMR spektrumu
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Ek. A20.2. rel-(1R,2S,4S,5S,6R)-2-(Hydroxymethyl)-3,7-dioxatricyclo[4.2.1.0**lnonan-5-ol (17-OH) *C NMR spektrumu
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Ek. A21.1. rel-(1R,2S,3S,4S,5R)-2-(Acetoxymethyl)-6-oxabicyclo[3.2.1]octane-2,3,4-triyl tri-acetate (18) *H NMR spektrumu
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Ek. A21.2. rel-(1R,2S,3S,4S,5R)-2-(Acetoxymethyl)-6-oxabicyclo[3.2.1]octane-2,3,4-triyl tri-acetate (18) *C NMR spektrumu
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Ek. A22.1. rel-(1R,2S,3S,4S,5R)-2-(Acetoxymethyl)-2-hydroxy-6-oxabicyclo[3.2.1]octane-3,4-diyl diacetate (19) *H NMR spektrumu
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Ek. A22.2. rel-(1R,2S,3S,4S,5R)-2-(Acetoxymethyl)-2-hydroxy-6-oxabicyclo[3.2.1]octane-3,4-diyl diacetate (19) *C NMR spektrumu
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Ek. A23.1. rel-(1R,2R,3S,4R,5R)-2-(Hydroxymethyl)-6-oxabicyclo[3.2.1]octane-2,3,4-triol (18-19-OH) *H NMR spektrumu
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Ek. A23.2. rel-(1R,2R,3S,4R 5R)-2-(Hydroxymethyl)-6-oxabicyclo[3.2.1]octane-2,3,4-triol (18-19-OH) **C NMR spektrumu
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Ek. A24.1. rel-(1R,2S,3S,4R,5R)-4,5-Bis(acetoxymethyl)-4-hydroxycyclohexane-1,2,3-triyl triacetate (20) *H NMR spektrumu
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Ek. A24.2. rel-(1R,2S,3S,4R,5R)-4,5-Bis(acetoxymethyl)-4-hydroxycyclohexane-1,2,3-triyl triacetate (20) *C NMR spektrumu
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Ek. A25.1. rel-(1R,2S,3S,4R,6R)-1,6-Bis(acetoxymethyl)cyclohexane-1,2,3 4-tetrayl tetraacetate (21) *H NMR spektrumu
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Ek. A25.2. rel-(1R,2S,3S,4R,6R)-1,6-Bis(acetoxymethyl)cyclohexane-1,2,3 4-tetrayl tetraacetate (21) *C NMR spektrumu
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Ek. A26.1. rel-(1R,2S,3S,4R,6R)-1,6-Bis(hydroxymethyl)cyclohexane-1,2,3,4-tetraol (22) *H NMR spektrumu
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Ek. A26.2. rel-(1R,2S,3S,4R,6R)-1,6-Bis(hydroxymethyl)cyclohexane-1,2,3 4-tetraol (22) *C NMR spektrumu
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EK B1.1. 1,3,3a,4,7,7a-hexahydroisobenzofuran 1 nolu bilesigin ‘H-NMR.spektrumu
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EK B1.2. 1,3,3a,4,7,7a-hexahydroisobenzofuran 1 nolu bilesigin *C-NMR.spektrumu
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EK B2.1. (3aS,5R,7aR)-1,3,3a,4,5,7a-hexahydroisobenzofuran-5-ol 2 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B2.2. (3aS,5R,7aR)-1,3,3a,4,5,7a-hexahydroisobenzofuran-5-ol 2 nolu biles

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B3.1. (3aS,5S,7aR)-1,3,3a,4,5,7a- hexahydroisobenzofuran-5-ol 3 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B3.2. (3aS,5S,7aR)-1,3,3a,4,5,7a- hexahydroisobenzofuran-5-ol 3 nolu bilesigin **C-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B 4.1. (3aS,5R,7aR)-1,3,3a,4,5,7a-hexahydroisobenzofuran-5-yl acetate 4 nolu bilesigin *"H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B 4.2. (3aS,5R,7aR)-1,3,3a,4,5,7a-hexahydroisobenzofuran-5-yl acetate 4 nolu bilesigin *C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B 5.1 (3aS,5S,7aR)-1,3,3a,4,5,7a- hexahydroisobenzofuran-5-yl 5 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B 5.2. (3aS,5S,7aR)-1,3,3a,4,5,7a- hexahydroisobenzofuran-5-yl 5 nolu bilesigin **C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B 6.1 (3aR,4R,5S,6R,7aS)-Octahydroisobenzofuran-4,5,6-triyl triacetate 6 nolu bilesigin ‘"H-NMR.spektrumu

AP-GR-01 Guncelleme Tarihi 31/12/2009
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EK B 6.2. (3aR 4R,5S,6R,7aS)-Octahydroisobenzofuran-4,5,6-triyl triacetate 6 nolu bilesigin *C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B 7.1 (1R,2S,3R,4R,55)-4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl triacetate 7 nolu bilesigin ‘H-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B 7.2. (1R,2S,3R 4R,55)-4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl triacetate 7 nolu bilesigin **C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B 8.1. (1R,2S,3R,4R,55)-4,5-bis(hydroxymethyl)cyclohexane-1,2,3-triol 8 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B 8.2. (1R,2S,3R 4R,55)-4,5-bis(hydroxymethyl)cyclohexane-1,2,3-triol 8 nolu bilesigin **C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B 9.1 (3aR,4S,5R,6S,7aS)-Octahydroisobenzofuran-4,5,6-triyl triacetate 9 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009



OAc \V | | ‘ V

B R e e B e RAMAALAAS Libad

I

210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm

EK B 9.2. (3aR,4S,5R,6S,7aS)-Octahydroisobenzofuran-4,5,6-triyl triacetate 9 nolu bilesigin *C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B10.1. (1S,2R,3S,4R,5S)-4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl triacetate 10 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B10.2. (1S,2R,3S,4R,55)-4,5-bis(acetoxymethyl)cyclohexane-1,2,3-tryl triacetate 10 nolu bilesigin “*C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B11.1. (1R,2S,3R,4R,5S)-4,5-bis(hydroxymethyl)cyclohexane-1,2,3-triol 11 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Guncelleme Tarihi 31/12/2009
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EK B11.2. (1R,2S,3R,4R,5S)-4,5-bis(hydroxymethyl)cyclohexane-1,2,3-triol 11 nolu bilesigin *C NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B12.1. Asetoksi epoksi furan I. izomer 12 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009



77.700
77.276
76.852

54.245
53.398

73.458
69.475
67.834
37.587
33:277
26.290

21.384

170.321

|
n | |
. o | ‘ | |
i : I L |

) |
MWWIWWMMWWWMWWWWWWMWWMMMWMJ HJWV‘WMMM‘ {AVRPRIPRFIAY e S L S S

180 160 140 120 100 80 60 a0

ppm

EK B12.2. Asetoksi epoksi furan 1. izomer 12 nolu bilesigin *C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B13.1 Asetoksi epoksi furan I1. izomer 13 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B13.2. Asetoksi epoksi furan 11. izomer 13 nolu bilesigin **C-NMR.spektrumu

AP-GR-01 Guncelleme Tarihi 31/12/2009
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EK B14.1 Asetoksi epoksi furan I11. izomer 14 nolu bilesigin "H-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B14.2. Asetoksi epoksi furan I11. izomer 14 nolu bilesigin *C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B15.1 Asetoksi epoksi furan V. izomer 15 nolu bilesigin *H-NMR.spektrumu
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EK B15.2. Asetoksi epoksi furan 1V. izomer 15 nolu bilesigin *C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009



7 6 5 4 3 2 1 ppm

5.67 718 14.65 10.52 8.44
2 3 c

EK B16.1 Epoksi furan alkol I. izomer 16 nolu bilesigin *"H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B16.2. Epoksi furan alkol I. izomer 16 nolu bilesigin >C-NMR.spektrumu

AP-GR-01 Glncelleme Tarihi 31/12/2009
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EK B17.1 Epoksi furan alkol II. izomer 17 nolu bilesigin "H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B17.2. Epoksi furan alkol II. izomer 17 nolu bilesigin *C-NMR.spektrumu

AP-GR-01 Guncelleme Tarihi 31/12/2009
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EK B18.1 Epoksi furan alkol IIL izomer 18 nolu bilesigin *H-NMR.spektrumu

AP-GR-01 Giincelleme Tarihi 31/12/2009
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EK B18.2. Epoksi furan alkol III. izomer 18 nolu bilesigin **C-NMR.spektrumu

AP-GR-01 Guncelleme Tarihi 31/12/2009
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EK B19.1 Epoksi furan alkol IV. izomer 19 nolu bilesigin *H-NMR.spektrumu
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EK B19.2. Epoksi furan alkol IV. izomer 19 nolu bilesigin *C-NMR.spektrumu

AP-GR-01 Guncelleme Tarihi 31/12/2009
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EK B20.1 Furan triasetat I. izomer 20 nolu bilesigin *H-NMR.spektrumu
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EK B20.2. Furan triasetat I. izomer 20 nolu bilesigin **C-NMR.spektrumu

AP-GR-01 Guncelleme Tarihi 31/12/2009



J
(
J
|
|
f |
I |
I
I |
/| | |
I'h 11
| it 10 .
A W TR | S AN s
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.
13.01 ‘ ' as !
20.3a 468 5.38 aa-6t

EK B21.1 Furan triasetat II. izomer 21 nolu bilesigin "H-NMR.spektrumu
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EK B21.2. Furan triasetat II. izomer 21 nolu bilesigin *C-NMR.spektrumu
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EK B22.2. Furan triasetat I1I. izomer 22 nolu bilesigin *C-NMR.spektrumu

AP-GR-01 Guncelleme Tarihi 31/12/2009
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EK B23.1 Penta asetat I. izomer 23 nolu bilesigin *H-NMR.spektrumu
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EK B23.2. Penta asetat I. izomer 23 nolu bilesigin *C-NMR.spektrumu
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ABSTRACT: 1,3,3a,7a-Tetrahydro-2-benzofuran was used as key com-
pound for the synthesis of various bishomoinositol derivatives. The diene
was subjected to an epoxidation reaction for further functionalization of the
diene unit. The bisepoxide obtained was submitted to a ring-opening l
reaction with acid in the presence of water. Various bishomoinositols were |
synthesized. However, when the reaction was carried out in the presence of
acetic anhydride, a substituted 3-oxabicyclo[3.3.1]nonane skeleton was
formed. The mechanism of the formation of the products is discussed. ;

B INTRODUCTION

Cyclitols are sugar-like molecules. They have for the past few
decades attracted interest because of their significant biological
properties and diverse synthetic intermediates." Among the
cyclitols, chemists have extensively studied inositols because of
their remarkable, comprehensive, and important biological
functions.” The most prominent naturally occurring form is
myo-inositol, cis-1,2,3,5-trans-4,6-cyclohexanehexol (1) (Figure 1),

OH H
OH H H
HH H
H H
2 3

Figure 1. Representative cyclitols.

which is actively involved in cellular events and processes. In
recent years, inositol phosphates in particular have been studied
and new derivatives have been discovered that possess vital
biological and physiological functions in cellular signaling
events. Numerous synthetic approaches for inositol derivatives
have been developed including the use of naturally occurring
inositols,> sugars,4 aromatic compounds,5 chiral acids,®
tetrahydrobenzoquinone,” and cyclohexene and its derivatives.®
Moreover, an increasing number of reports also describe the
synthesis of analogues of various inositol derivatives with novel
architectures.’

Recently, we have prepared bicyclic bishomoinositol
derivative 2 and other isomeric derivatives, which are locked
in rigid conformations with six hydroxyl groups.'® Furthermore,

-4 ACS Publications  © 2012 American Chemical Society
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we reported the synthesis of various isomeric inositol deriva-
tives with skeleton of 3, starting from the diene 7 (Figure 1).M
Motivated by the important biological activities of inositol
derivatives, we formulated a new strategy of synthesis for new
bishomoinositols based on the photooxygenation of diene 7
followed by transformation of the bicyclic endoperoxide
formed.

B RESULTS AND DISCUSSION

The previously known diene 7'' was prepared in five steps
starting with the addition of maleic anhydride to in situ
generated butadiene. The reduction of the anhydride
functionality in 4 followed by tosylation of diol S afforded
the desired tetrahydrofuran derivative 6. Bromination of the
resulting tetrahydrofuran, and 1,8-biazabicyclo[5.4.0Jundec-7-
ene (DBU) induced elimination furnished diene 7. Addition of
singlet oxygen'” to the diene moiety in 7 afforded bicyclic
endoperoxide 8 as the sole product (Scheme 1).

Unsaturated bicyclic endoperoxides can be conveniently
converted into the corresponding diepoxides with syn-
configuration by treatment with cobalt(II) tetraphenylporphyr-
in (CoTPP)."”"® The reaction of the endoperoxide 8 with
CoTPP at 0 °C resulted in the formation of bisepoxide 9 in
84% yield. The symmetrical structure was confirmed by the *C
NMR spectrum consisting of four carbon resonances.
Bisepoxide 9 was subjected to an acid-catalyzed ring-opening
reaction in the presence of water (to avoid any neighboring
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Scheme 1. Preparation of Bisepoxide 9 from Anhydride 4

O
LiAIH, H TsCl
—_—
THF H  Pyridine
4 5 6
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CH2C|2
2. DBU, benzene}
reflux, 70%
Qu,
z CoTPP P 10.
— |0.0 -2
s CHCl, 3 85%
o 84%
9 8 7

group participation) followed by acetylation with acetic an-
hydride in pyridine resulting in the formation of three separable
tetraacetates 10—12 (two of them with symmetrical structures)
in 15, 50, and 19% yields, respectively (Scheme 2). The spectral

Scheme 2. Reaction of Bisepoxide 9 with H,SO, in Water

QAc
% JHOM AcO 35 3 0:0:);
:03 2. Ac0/Pyr.
&
9 10 (15%) 11 (50%) 12 (19%)

data of the symmetrical tetraacetates were in complete agree-
ment with the proposed structures 11 and 12, which are for-
med by symmetrical trans-opening of the epoxide rings in 9.
The “C NMR spectra of 11 and 12 having eight carbon
resonances also support the proposed structures. However, we
were not able to make a clear-cut differentiation between those
isomers on the basis of NMR data alone. Finally, the structure
12 was further confirmed by single crystal X-ray analysis

(Figure 2).

Figure 2. Crystal structures of 12.

The structure of 10 was found to be in a trans—trans—trans
configuration based on the analysis of NMR spectroscopic data
(COSY, HSQC, HMBC). The resonance signal of H-S appears
as a doublet of doublets at 5.27 ppm with coupling constants of
J = 9.5 and 9.1 Hz, which clearly supports the trans relation of
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the protons H-5—H-4 as well as the protons H-S—H-6. The
acetoxy proton H-6 also resonates as a doublet of doublets with
coupling constants of ] = 9.1 and 10.0 Hz, clearly indicating the
trans relation of the protons H-6—H-7. On the basis of these
findings we assigned a trans—trans—trans relationship to the
acetate groups in 10.

After complete structural characterization of three tetraace-
tates 10—12, we turned our attention to the opening of the
tetrahydrofuran ring and removal of the acetate groups. Sulfamic
acid"* was used as an efficient catalyst in acetic anhydride to pro-
mote the acetolysis reaction of the tetrahydrofuran ring. Reaction
of sulfamic acid with tetraacetate 10 at reflux temperature of a
mixture of acetic acid and acetic anhydride (1:1) afforded the
desired hexaacetate 13, which was characterized by spectral data
(Scheme 3). The structure and stereochemistry of this tetraacetate
were rigorously established by inspection of NMR spectra.
Furthermore, the spectral data of 13 were identical with those
synthesized by ring-opening reaction of the dihydroxy epoxide 15."°

The configuration at the carbon atom C-4 in 13 compared
with the configuration in 10 was inversed. The exclusive forma-
tlon of 13 can be explained by neighboring group participa-
tion,"> which controls the mode of the reaction. Probably, initially
protonated dihydrofuran ring 16 undergoes an attack by the adjacent
acetoxy group to form cyclic oxolonium ion 17, which can undergo
ring-opening through attack by the acetate ion, causing ring-opening
and configuration isomerization (Scheme 4). Deacetylation of tetra-
acetate 13 with ammonia was carried out in methanol to give the free
hexol, bishomo-chiro-inositol 14 (Scheme 3).

Next, the ring-opening reaction of 11 was studied. The
tetraacetate 11 was treated with sulfamic acid in a mixture of
acetic acid and acetic anhydride to give the hexaacetate 18 as
the sole product in 74% yield. Hydrolysis of 18 with ammonia
in MeOH resulted in the formation of bishomo-muco-inositol
19 in 92% yield (Scheme S). Studies of the NMR spectra did
not reveal any configuration change in the product. In
particular, C-13 NMR of 19 showing only 4 carbon resonances
clearly indicates that the original configuration of the
tetraacetate 11 was preserved in the product. The geometry
optimized structure of the tetraacetate 11 shows that the
acetate groups attached to C-4 and C-7 carbon atoms are
remote from the methylene groups and can not approach from
the back of the methylene carbon atom.

Finally, the tetraacetate 12 was submitted to a sulfamic acid
catalyzed ring-opening reaction in the presence of acetic
anhydride. Two diastereoisomers 20 and 21 were isolated after
column chromatography on silica gel (Scheme 6). The 'H
NMR spectral data of 21 showed that the configuration of
acetate groups in 12 was not changed during the ring-opening
reaction. The "H NMR and *C NMR spectra of 21 supported
the symmetrical structure in the molecule. However, the con-
figuration at C-4 carbon atom in 20 was changed. The 20-line
BC NMR spectrum clearly indicated the presence of an un-
symmetrical structure. This outcome was expected. As
discussed in the case of 10, the acetate group attached to C-4
carbon atom is responsible for this configuration isomerization.
Hydrolysis of 20 and 21 with ammonia in methanol afforded
the corresponding hexols 22 and 23 with neo-inositol and allo-
inositol configuration in high yield.

We then turned our attention to the acid-catalyzed ring-
opening reaction of 9 in acetic anhydride instead of water. The
attempted analogous epoxide opening with H,SO, in acetic
anhydride, however, resulted in the formation of a rearranged
product 24 (Scheme 7). First we determined the constitution
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Scheme 3. Synthesis of Bishomo-chiro-inositol 14
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Scheme 4. Mechanism of Formation of 13

OAc

ACO\(:CzAC
AcO™ Y Ac

OAc
13

of 24 by using NMR spectroscopic data (COSY, HSQC,
HMBC). The COSY spectrum of 24 showed correlation
between the high field acetoxy proton H-9 resonance appearing
at 4.96 ppm as a broad triplet (J = 2.7 Hz) with two bridgehead
protons H-1 and H-5, indicating clearly that this acetoxy proton
is located between two bridgehead protons. To confirm this
finding and to determine the exact configuration of the acetate
groups, an X-ray diffraction study of 24 was undertaken (Figure 3).
The results of this study showed that 24 is rearranged and the
relations of the acetate groups attached to C-6, C-7, and C-8
carbons are cis and trans. To gain insight into the mechanism
of formation of this product, we ran the reaction in the
presence of lower acid concentration eventually to isolate any
intermediate formed during the reaction. During the conversion
of 9 to 24, there are two successive reactions: the opening of
one of the epoxide rings and the opening of the second
epoxide-ring followed by migration of the alkyl group. For this
purpose, the bisepoxide 9 was submitted to ring-opening
reaction with a catalytic amount of H,SO, in the presence of
acetic anhydride. After consumption of the starting material, a
mixture of two compounds 26 and 27 was formed in yields of
48% and 39%, respectively. The structures of these compounds
were determined unambiguously. To demonstrate the feasibility
of converting these products to 24, they were separately sub-
mitted to an acid-catalyzed reaction as applied in case of convers-
ion of 9 to 24. Analysis of the reaction mixture clearly indicated

that both products were converted to tetrahydropyran derivative
24 in high yields.

At this stage, we suggest the following mechanism for the
formation of the products 26 and 27. We assume that the
acetate anion prefers first to attack the protonated epoxide ring
in 28 from the back (solid arrows in Scheme 8) to form 26. On
the other hand, the acetate anion can also attack the methylene
carbon atom followed by cleavage of the carbon—oxygen bond
and subsequent formation of the double bond in 29 (broken
arrows in Scheme 8).

For the formation of 24 from 27, the following mechanism is
suggested. Removal of the acetate group attached to the methylene
carbon atom will form a primary carbocation 30 which will be
stabilized by the neighboring oxygen atom. The formed oxonium
ion can be attacked by double bond electrons to complete the
cyclization reaction (Scheme 9). The formed carbocation will be
then captured by the acetate anion from the less crowded side to
furnish pyrane derivative 24.'® The fact that the reaction of 9 with
acid in the presence of acetic anhydride forms the rearranged
product 24 can be attributed to the weak nucleophilicity of acetic
anhydride compared to water.

Attempts were made to cleave the pyran ring in 24 with
sulfamic acid under drastic conditions. However, in all cases the
starting material was isolated. Finally, deacetylation of 24 with
ammonia gave tetrol 25 with a pyran skeleton in the molecule.

H CONCLUSION

In conclusion, the methodology detailed herein resulted in the
convenient conversion of the diene 7 into various bishomoi-
nositol derivatives. The oxygen functionalities were introduced
by an epoxide-ring-opening reaction in the presence of water or
acetic anhydride. This methodology opens up also an entry to the
synthesis of bishomoaminoinositol derivatives. Furthermore, it has
been shown in this paper that the bisepoxide 9 can be used for the
construction of a bicyclic pyran skeleton. Further work to generate

Scheme S. Synthesis of Bishomo-muco-inositol 19
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Scheme 6. Synthesis of Bishomo-neo-inositol 22 and
Bishomo-allo-inositol 23
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Scheme 7. Reaction of Bisepoxide 9 with H,SO, in Acetic
Anhydride
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Figure 3. Crystal structures of 24.

a pyran skeleton with various substituents is currently under
investigation by our group.

B EXPERIMENTAL SECTION

rel-(1aR,1bS,2a$,2bS,5aR,5bR)-Octahydrobis(oxireno)[2,3-
e:2’,3'-glisobenzofuran (9). To a magnetically stirred solution of
bicyclic endoperoxide 8 (2.0 g, 13 mmol) in 40 mL of CH,Cl, was
added a solution of cobalt meso-tetraphenylporphyrin (60 mg) in
10 mL of CH,Cl, at 0 °C. After complete addition (10 min), the mixture
was stirred for 2 h at room temperature. Removal of solvent and
chromatography of the residue on 50 g of silica gel eluting with
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Scheme 8. Mechanism of Formation of 26 and 27
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Scheme 9. Mechanism of Formation of 24 from 27
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hexane/EtOAc (2:3) gave diepoxide 9 (1.68 g, 84%), which was
crystallized from chloroform: colorless crystals; mp 73—75 °C; 'H
NMR (400 MHz, CDCl;) 6 3.91 (br t, A-part of AB-system, ] = 7.6 Hz,
2H), 3.62 (dd, B-part of AB-system, ] = 8.4 and 4.5 Hz, 2H), 341 (d, ] =
1.3 Hz, 2H), 2.87 (br d, J = 1.3 Hz, 2H) 2.64—2.58 (m, 2H); 3C NMR
(100 MHz, CDCl,;) 6 71.0, 50.4, 47.6, 36.8; IR (KBr, cm™") 3003, 2956,
2879, 1423, 1365, 1267, 1195, 1070.49, 1049, 1033, 952, 929, 894. Anal.
Caled for CgH,(O5: C, 62.33; H, 6.54. Found: C, 62.36; H, 6.65.
Reaction of Bisepoxide with H,SO, in Water. To a slurry of
bisepoxide 9 (4.0 g, 26.0 mmol) in 20 mL of water was added H,SO,,
(4 mL), and the resulting mixture was stirred at room temperature for
24 h. For neutralization of acid NaHCO; (8.0 g) was added. After
evaporation of water, the residue was treated with MeOH and the solid
was filtered. MeOH was evaporated, and the residue, without any
purification, was treated with pyridine (7 mL) and Ac,O (10 mL). The
resulting mixture was stirred at room temperature for 24 h. EtOAc
(300 mL) was added to the mixture and stirred for 5 min, then
aqueous ice-cooled HCI (30 mL 5—7%) was added, and the mixture
was stirred for a while at room temperature. The organic layer was
washed with saturated aqueous NaHCO; (3 X 100 mL) and water
(3 x 200 mL), dried (Na,SO,), and concentrated to give 9.0 g of a
mixture of isomeric tetraacetates 10—12. The mixture of isomers was
chromatographed on a silica gel column (150 g) eluting with EtOAc/
hexane (1:3). Three compounds were isolated in the following order:
rel-(3aR,4R,5S,6S,7R,7aS)-Octahydroisobenzofuran-4,5,6,7-
tetrayl tetraacetate (10): 1.39 g, 15% as colorless crystals from
hexane/EtOAc (1:4); mp 133—135 °C; 'H NMR (400 MHz, CDCl,)
5 5.27 (dd, A-part of AB-system, J,5 = 9.5 Hz, Jis = 9.1 Hz, 1H, H-S),
5.22 (dd, B-part of AB-system, J,s = 9.5 Hz, J,5, = 6.3 Hz, 1H, H-4),
5.12 (t, Jo7, = J»6 = 10.0 Hz, 1H, H-7), 5.4 (dd, Js; = 10.0 Hz, J¢s = 9.1
Hz, 1H, H-6) 3.83 (d, J53 = 9.7 Hz, 2H, H-3, H-3') 3.75 (d, A part of
AB system, J;; = 8.9 Hz, 1H, H-1), 3.69 (dd, B part of AB system,
Ji7a = 44 Hz, J;; = 8.9 Hz, 1H, H-1"), 2.98 (tt, ] = 9.5 and 6.3 Hz, 1H,
H-3a), 2.35 (ddd, J = 10.0, 6.3, and 4.5 Hz, 1H, H-7a), 1.97 (s, 6H,
CH,), 1.94 (s, 3H, CH;), 1.93 (s, 3H, CH;); *C NMR (100 MHz,
CDCly) 6 169.9, 169.8, 169.7, 169.6, 72.8, 71.1, 70.93, 70.3, 70.0, 67.4,
422, 40.5, 20.70, 20.68, 20.57, 20.53; IR (ATR) 2944, 2918, 2882,
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1745, 1734, 1456, 1367, 1265, 1215, 1114, 1053, 1033, 975, 940, 923,
894. Anal. Calcd for C,¢H,,04: C, 53.63; H, 6.19. Found: C, 53.50; H,
5.94.

'"H NMR (400 MHz, benzene-dg) & 5.49 (t, J = 9.3 Hz, 1H, H-5),
5.33 (t,J = 10.1 Hz, 1H, H-7), 5.25 (dd, ] = 9.3 and 6.6 Hz, H-4), 5.22
(t,J=9.3 Hz, H-6), 3.72 (dd, ] = 8.7 and 1.1 Hz, 1H, CH,), 3.61-3.53
(m, 2H, CH,), 3.31 (dd, ] = 8.7 and 4.5 Hz, 1H, CH,), 242 (tt, ] =
9.76 and 6.6 Hz, H-3a), 1.89—1.63 (m, 1H, H-7a), 1.67 (s, CH;), 1.66
(s, CH,), 1.62 (s, CH,), 1.51 (s, CHy).

rel-(3aR,4R,5S,6R,7S,7aS)-Octahydroisobenzofuran-4,5,6,7-
tetrayl tetraacetate (11): (4.65 g 50%) colorless crystals from
hexane/EtOAc; mp 120—122 °C; 'H NMR (400 MHz, CDCl;) 6
5.33-5.22 (m, 4H, H-4, H-5, H-6, H-7), 3.92—3.88 (m, 4H, H-1, H-
3), 2.62—-2.57 (m, 2H, H-3a, H-7a), 2.10 (s, 6H, 2 X CH,), 2.06
(s, 6H, 2 X CH,); *C (100 MHz, CDCL,) § 170.0, 169.9, 70.2, 69.6,
68.1, 42.9, 212, 21.0; IR (KBr, cmi™*) 3002, 2890, 1739, 1367, 1251,
1213, 1060, 1041, 1028, 933, 906. Anal. Calcd for C,H,,0,: C, $3.63;
H, 6.19. Found: C, 53.58; H, 6.31.

rel-(3aR,4S,5R,6S,7R,7aS)-Octahydroisobenzofuran-4,5,6,7-
tetrayl tetraacetate (12): colorless crystals (1.77 g 19%) from
hexane/EtOAc; mp 115—116 °C; 'H NMR (400 MHz, CDCl;) § 5.40
(br s, 4H, H-4, H-5, H-6, H-7), 3.89 (d, ] = 6.4 Hz, 4H, CH,), 2.94 (br
s, 2H, H-3a, H-7a), 2.11 (s, 6H, 2 X CH;), 2.08 (s, 6H, 2 X CH;); *C
NMR (CDCl,, 75 MHz) § 170.3, 170.0, 69.5, 69,2, 68.7, 40.1, 21,2,
21.0; IR (KBr, cmi ™) 3000, 2955, 1745, 1732, 1369, 1255, 1222, 1213,
1093, 1074, 1031, 885. Anal. Caled for C,H,,0,: C, 53.63; H, 6.19.
Found: C, 53.59; H, 6.37.

General Procedure for Ring-Opening of Tetrahydrofuran
Derivatives (10—12). To a stirred solution of 1.0 g (2.80 mmol) of
tetraacetate in Ac,0/AcOH (10 mL 1:1) was added sulfamic acid
(40 mg) at room temperature, followed by heating at reflux temperature
for 24 h. After the mixture was cooled to room temperature, HCI was
added (50 mL, 5%) and extracted with ethyl acetate (300 mL). The
organic phase was washed with water (2 X 100 mL) and saturated
NaHCO; (2 X 50 mL) and dried (MgSO,). After removal of the
solvent under reduced pressure the residue was crystallized from
EtOAc/n-hexane (1:4) to give the corresponding hexaacetate.

rel-(1R,2S,35,4S,55,6R)-5,6-Bis(acetoxymethyl)cyclohexane-
1,2,3,4-tetrayl Tetraacetate (13). Tetraacetate 10 (1.0 g, 2.79 mmol)
was reacted with sulfamic acid as described above to give hexaacetate
13 as colorless crystals (0.90 g, 70%): mp 105—107 °C; '"H NMR
(300 MHz, CDCly) 6 5.47 (t, J34 = J54 = 3.2 Hz, 1H, H-4), 5.38 (dd, A
part of AB system, J;, = 9.4, J,; = 10.1 Hz, 1H, H-2), 5.29
(dd, B part of AB system, J;; = 11.4 Hz, J;, = 9.4 Hz, 1H, H-1) 5.18
(dd, J»; = 10.1 Hz, J5, = 3.2 Hz, 1H, H-3), 429—4.22 (m, 3H), 3.98
(dd, 1H, J = 11.8 and 4.1 Hz, 1H), 2.66—2.56 (m, 1H, H-6), 2.47—
236 (m, 1H, H-7), 2.14 (s, 3H), 2.03 (s, 3H), 2.03 (s, 3H), 2.02
(s, 3H), 2.00 (s, 3H), 1.99 (s, 3H); 3C NMR (75 MHz, CDCl;) §
170.7, 170.6, 170.4, 170.2, 170.1, 170.0, 71.8, 70.3, 70.0, 69.8, 61.7,
614, 39.6, 37.0, 21.2, 21.1, 21.0, 209, 20.9; IR (KBr, cm™) 2964,
1747, 1433, 1369, 1230, 1040, 952. Anal. Calcd for CpHyOyy: C,
52.17; H, 6.13. Found: C, 51.84; H, 6.09.

General Procedure for Hydrolysis of Hexaacetates 10—12.
Synthesis of Bishomoinositols. Hexaacetate (1.0 mmol) was
dissolved in 60 mL of absolute methanol. While dry NH;(g) was passed
through solution, the mixture was stirred for 5 h at room temperature.
Evaporation of the solvent and formed acetamide gave hexol.

rel-(1R,2S,3S,4S,5S,6R)-5,6-Bis(hydroxymethyl)cyclohexane-
1,2,3,4-tetraol (14). Hexaacetate 13 (1.0 g 217 mmol) was
hydrolyzed as described above to give hexol 14: 0.43 g, 96%, colorless
viscous oil; '"H NMR (400 MHz, DMSO) & 4.55 (bs, 1H), 4.43 (bs,
2H), 4.34 (bs, 1H), 4.27 (bs, 2H), 3.88 (bs, 1H), 3.70—3.67 (m, 1H),
3.53—3.50 (m, 1H), 3.46—3.43 (m, 1H), 3.37 (bs, 1H), 3.30 (bd, ] =
7.9 Hz, 1H), 327-3.17 (m, 2H), 2.01-1.94 (m, 2H); 3C NMR
(100 MHz, DMSO) & 75.4, 71.9, 72.4, 70.2, 60.9, 58.6, 43.2, 40.1; IR
(KBr, cmi™)) 3400, 2931, 2904, 1447, 1382, 1343, 1324, 1256, 1239,
1214, 1196, 1150, 1134, 1110. Anal. Caled for CH,4O4: C, 46.15; H,
7.75. Found: C, 46.52; H, 7.49.

rel-(1R,2S,3R,4S,5S,6R)-5,6-Bis(acetoxymethyl)cyclohexane-
1,2,3,4-tetrayl Tetraacetate (18). Tetraacetate 11 (0.5 g, 1.40 mmol)
was hydrolyzed with sulfamic acid as described above: colorless crystals
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(047 g 74%) from EtOAc/n-hexane (1:4); mp 117—119 °C; 'H-NMR
(300 MHz, CDCl,) & 5.30 (br s, 4H, H-1, H-2, H-3, H4); 4,35 (dd, A
part of AB System, ] = 11.2 and 6.7 Hz, 2H, CH,), 4.17 (dd, B part of AB
System, ] = 11.2 and 6.0 Hz, 2H, CH,), 2.57—2.53 (m, 2H, H-5, H-6),
2.09 (s, 2 X CHj;), 2.07 (s, 2 X CH,), 2,06 (s, 2 X CH;); *C NMR
(75 MHz, CDCL,) 6; 170.8, 169.8, 169.7, 70.3, 68.0, 61.7, 38.8, 21.1,
21.0, 20.9 ppm; IR (KBr, cmi™') 1735, 1435, 1367, 1219, 1205, 1180,
1105, 1082, 1031, 989, 945. Anal. Calcd for C,gH,40,y: C, 52.17; H,
6.13. Found; C, 52.19; H, 6.25.
rel-(1R,2S,3R,4S,5S,6R)-5,6-Bis(hydroxymethyl)cyclohexane-
1,2,3,4-tetraol (19). The hexaacetate 18 (1.0 g, 2.17.mmol) was
hydrolyzed with NHj(,) as described above to give hexol 19 (041 g,
92%) as a colorless viscous oil: 'H NMR (300 MHz, CD,0D) 6 4.88
(bs, 6H, OH), 3.89—3.83 (m, 4H, CH), 3.79—-3.73 (m, 4H, CH,),
2.18—2.13 (m, 2H, CH); 3C NMR (75 MHz, CD,0D) & 73.3, 71.6,
61.2, 43.2; IR (KBr, cm™') 3294, 2922, 1402, 1039, 999, 769, 632.
Anal. Calcd for CgH,4O4: C, 46.15; H, 7.75. Found: C; 46.01, H, 7.78.
Reaction of Tetraacetate 12 with Sulfamic Acid. Tetraacetate
12 (1.0 g, 2.8 mmol) was hydrolyzed with sulfamic acid as desribed
above. The mixture was separated by silica gel chromatography eluting
with EtOAc/hexane (1:3). The first fraction was the hexaacetate 20.
The second fraction was identified as the symmetrical hexaacetate 21.
rel-(1S,2R,35,4S,55,6R)-5,6-Bis(acetoxymethyl)cyclohexane-
1,2,3,4-tetrayl tetraacetate (20): 0.58 g (45%); colorless crystals
from EtOAc/n-hexane (1:2); mp 153—155 °C; '"H NMR (300 MHz,
CDCl,) 6 5.58 (br's, 1H, CH), 5.37 (dd, A part of AB system, ] = 10.8,
3.2 Hz, 1H, CH), 5.36—5.30 (m, 1H, CH), 5.31 (dd, B part of AB
system, ] = 10.6, 5.3 Hz, 1H, CH), 4.31 (dd, 1H, A part of AB system,
J =120, 2.4 Hz, 1H, CH,), 4.21 (dd, B part of AB system, ] = 12.0, 3.2
Hz, 1H, CH,), 4.15 (d, ] = 5.5 Hz, 2H, CH,), 2.72—2.64 (m, 2H, CH),
2.16 (s, CH,), 2.15 (s, CH;), 2.10 (s, CH;), 2.04 (s, CH;), 2.03 (s,
CH;), 2.01 (s, CH;); 3C NMR (75 MHz, CDCl,) § 170.7, 170.5,
170.4, 170.2, 169.9, 169.8, 69.9, 69.5, 68.3, 67.5, 61.9, 59.6, 36.6, 36.0,
21.3, 21.1, 21.0, 20.9, 20.86 (2C); IR (KBr, cmi™): 2938, 2870, 1740,
1443, 1368, 1243, 1108, 1066, 965. Anal. Caled for CyH,4Oyy: C,
52.17; H, 6.13. Found: C; 52.08, H, 6.23.
rel-(1R,2S,3R,4S,5R,65)-5,6-Bis(acetoxymethyl)cyclohexane-
1,2,3,4-tetrayl tetraacetate (21): 0.39 ¢ (30%); colorless crystals
from EtOAc/n-hexane (1:2); mp 106—109 °C; NMR (300 MHz,
CDCly) 6 5.30 (br d, 2H, ] = 6.8 Hz, 2H, CH), 5.15 (bs, 2H, CH),
4.24 (bs, 4H, CH,), 2.66 (bs, 2H, CH), 2.11 (s, 2 X CH,), 2.05 (s, 2 X
CH,;), 2.03 (s, 2 X CH;); *C NMR (75 MHz, CDCl;) 6 170.7, 169.8,
169.7, 69.5, 67.6, 61.4, 37.3, 21.1, 21.1, 21.0; IR (KBr, cm™') 1732,
1367, 1230, 1209, 1188, 1064, 1043, 1024, 904. Anal. Caled for
CyoH,401y: C, 52.17; H, 6.13. Found: C; 52.36, H, 6.27.
rel-(1S5,2R,35,45,5S,6R)-5,6-Bis(hydroxymethyl)cyclohexane-
1,2,3/4-tetraol (22). Hexaacetate 20 (0.8 g, 1.74 mmol) was
hydrolyzed with NHj(,) as described above to give hexol 22 (0.35 g,
97%) as a colorless viscous oil: '"H NMR (300 MHz, D,0) & 4.7 (bs,
6H, OH), 3.99 (bd, ] = 2.2 Hz, 1H, CH), 3.94—3.91 (m, 1H, CH),
3.88—3.65 (m, 8H, CH and CH,), 2.32—2.24 (m, 1H, CH), 2.18-2.10
(m, 1H, CH); *C NMR (75 MHz, D,0 at 60 °C) § 70.6, 68.7 (2C),
60.9, 57.0 (2C), 40.8 (2C); IR (KBr, cm™!) 3342, 1661, 1397, 1032, 845.
Anal. Calcd for CgH,4Og: C, 46.15; H, 7.75. Found: C, 45.87; H, 7.53.
rel-(1R,2S,3R,4S,5R,65)-5,6-Bis(hydroxymethyl)cyclohexane-
1,2,3,4-tetraol (23). Hexaacetate 21 (0.6 g 130 mmol) was
hydrolyzed with NH;, as described above to give hexol 23 (024 g
90%) as a colorless viscous oil: '"H NMR (300 MHz, CD;0D) § 4.89
(bs, 6H, OH), 3.95—3.62 (m, 8H, CH and CH,) 2.27 (bs, 2H, CH);
BC NMR (75 MHz, CD;0D at 80 °C) § 70.9, 69.9, 58.2, 40.2. IR
(KBr, coi™) 3332, 2926, 1450, 1402, 1039, 999, 769, 632. Anal. Calcd
for CgH,4O4: C, 46.15; H, 7.75. Found: C, 45.82; H, 7.37.
Ring-Opening Reaction of the Bisepoxide 9 with H,SO, in
Acetic Anhydride 9. To a stirred solution of bisepoxide 9 (4.0 g,
26.0 mmol) in 10 mL of acetic anhydride was added dropwise H,SO,
(1.5 mL) and then the mixture was stirred for 12 h at room tem-
perature. After completion of the reaction, dichloromethane (500 mL)
was added. The resulting solution was extracted first with saturated
NaHCO; solution then with water and dried over MgSO,. Solvent was
evaporated and the residue was chromatographed on a silica gel
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column (70 g) eluting with hexane/EtOAc (4:1). The rearranged
product 24 was isolated (7.43 g, 80%). Crystallization from hexane/
EtOAc (1:4) gave rel-(1R,5S,6R,7R,8R,9S)-3-oxabicyclo[3.3.1]nonane-
6,7,8,9-tetrayl tetraacetate 24 as colorless crystals, mp 164—166 °C. 'H
NMR (400 MHz, CDCl;) § 5.72 (dd, J;5 = 10.3 Hz, J,s = 5.4 Hz, 1H,
H-7), 5.56 (dd, J;; = 10.3 Hz, J;; = 4.6 Hz, 1H, H-8), 5.50 (ddd,
Jor = 54 Hz, Jis = 2.3 Hz, Joo = 09 Hz, 1H, H-6), 4.96 (bt,
J = 2.7 Hz, 1H, H-9), 4.14 (bd, A-part of AB system, J,,, = 11.4 Hz,
1H, H-2), 3.94 (d, A-part of AB system, J,, = 12.1 Hz, 1H, H-4), 3.62
(dd, B-part of AB system, J,, = 12.1 Hz, J,s = 2.2 Hz, 1H, H-4'), 3.54
(d, B-part of AB system, J,, = 11.4 Hz, 1H, H-2'), 2.43 (m, 1H, H-5),
229 (m, 1H, H-1), 2.08 (s, 6H, 2 X CH,), 2.01 (s, 3H, CH,), 1.92 (s,
3H, COCH,); '*C NMR (100 MHz, CDCl;) § 170.2, 170.1, 169.9,
169.87, 72.8, 71.6, 70.0, 69.5, 68.4, 66.5, 39.6, 38.7, 21.2, 21.0, 20.9,
20.7; IR (ATR) 2978, 2856, 1735, 1369, 1216, 1171, 1132, 1114, 1035,
975, 948, 909, 862. Anal. Caled for C,H,, 04 C, 53.63; H, 6.19.
Found: C, 53.80; H, 6.43.
rel-(1R,5S,6R,7R,8R,9S)-3-Oxabicyclo[3.3.1]lnonane-6,7,8,9-
tetraol (25). Tetraacetate 24 (100 mg, 0.28 mmol) was dissolved in
10 mL of methanol. The solution was stirred at room temperature for
24 h while passing NHj;,) through the solution. After evaporation of
the solvent and the removal of the acetamide which was formed during
the reaction, tetrol 25 was obtained as colorles oil (499 mg, 94%): 'H
NMR (400 MHz, CD;0D) & 4.95 (bs, 4H, OH), 4.27—4.15 (m, SH,
H-2, H-6, H-7, H-8, H-9), 3.86 (d, A-part of AB system, J,, = 11.8 Hz,
1H, H-4) 3.63 (dd, B-part of AB system, J,, = 11.8 Hz, ], = 2.2 Hz,
1H, H-4), 3.49 (bd, B-part of AB system, J,,, = 11.6 Hz, 1H, H-2"),
229 (bs, 1H, H-5), 2.16 (bs, 1H, H-1); *C NMR (100 MHz,
CD,0D) & 76.6, 74.8, 74.0, 70.6, 69.6, 66.9, 46.5, 43.2; IR (ATR) 3264,
3356, 2921, 2856, 1659, 1394, 1259, 1142, 1127, 1101, 1059, 970. Anal.
Calcd for CgH,,O4: C, 50.52; H, 7.42. Found: C, 50.14; H, 7.34.
Ring-Opening Reaction of the Bisepoxide 9 in Acetic Anhy-
dride with Catalytic Amount of H,SO,. To a stirred solution of
bisepoxide 9 (2.0 g, 13 mmol) in 10 mL of acetic anhydride was added
4—S5 drops of H,SO,, and then the mixture was stirred for 12 h at
room temperature. The reaction mixture was worked up as described
above. The residue was chromatographed on a silica gel column
eluting with hexane/EtOAc (3:1). The first fraction was the rearranged
product 27 (1.39 g, 39%). The second fraction was identified as the
epoxide ring-opening product 26 (1.60 g, 48%).
rel-(((15,2S,5R,6S)-5-Acetoxy-7-oxabicyclo[4.1.0]hept-3-en-
2-yl)methoxy)methyl acetate (27): '"H NMR (400 MHz, CDCl,) §
5.57 (dt, Js = 4.5 Hz, J54 = J3 = 2.1 Hz, 1H, H-5), 5.53 (ddt, A- part of
AB-system, J;, = 10.4 Hz, J5; = J35 = 2.1 Hz, and J5, = 4.7 Hz, 1H,
H-3), 5.46 (ddt, J,; = 10.4 Hz, J,s = 2.1 Hz, and J,, = J,4 = 1.6 Hz, 1H,
H-4), 5.20 (d, A-part of AB-system, J,, = 6.3 Hz, 1H, H-9), 5.16 (d,
B-part of AB-system, J, = 6.3 Hz, 1H, H-9'), 3.71 (dd, B-part of AB-
system, J,» = 9.8 Hz and J,, = 9.8 Hz, 1H, H-7'), 3.52 (dd, B-part of
AB-system, J,»» = 9.8 Hz and J,, = 6.7 Hz, 1H, H-7), 3.47 (ddd, J =
4.2 Hz, J4s = 4.5 Hz, ], = 2.2 Hz, 1H, H-6), 3.36 (dt, J;s =42 Hz, ] ;3 =
Ji» = 2.1 Hz, 1H, H-1), 2.88 (m, 1H, H-2), 2.08 (s, 3H, CH;), 2.03
(s, 3H, CH,); *C NMR (100 MHz, CDCL,) 6 170.6, 1704, 126.3, 124.1,
89.1, 70.5, 67.7, 53.1, 52.4, 36.4, 21.0, 20.96; IR (ATR) 2922, 1730, 1433,
1369, 1225, 1155, 1123, 1011, 939, 899, 866, 808, 772, 733. Anal. Calcd for
CpH,Og C, 5624; H, 629. Found: C, 5627; H, 6.40.
rel-(1a$,2R,35,3aR,6aS$,6bS)-Octahydrooxireno[2,3-e]-
isobenzofuran-2,3-diyl diacetate (26): 'H NMR (400 MHz,
CDCl;) § 5.41 (dd, A-part of AB system, J,; = 9.6 and J,;, = 1.3 Hz,
1H, H-2), 5.37 (dd, B-part of AB system J;, = 9.6 and J53, = 5.0 Hz,
1H, H-3), 3.90 (dd, A-part of AB system, J,,, = 9.7 and J,3, = 6.7 Hz,
1H, H-4 or H-4"), 3.85 (d, Js. = 4.7 Hz, 2H, H-6), 3.70 (dd, B-part of
AB system J,,; = 9.7 and J,5, = 8.3 Hz, 1H, H-4 or H-4"), 3.39 (dt,
Jia6o = 4.1 and J;,, = 1.3 Hz, 1H, H-1a), 3.13 (bd, J;,¢ = 4.1 Hz, 1H, H-6b),
2.92 (dt, Jeuza = 8-3 and Jg,6 = Jeas = 4.7 Hz, 1H, H-6a), 2.75—2.85 (m,
1H, H-3a), 2.07, (s, 3H, COCHj,), 1.97 (s, 3H, COCH,); *C NMR
(100 MHz, CDCl,) § 170.9, 170.2, 71.8, 69.3, 69.2, 68.5, 56.9, 54.8,
41.0, 38.6, 21.13, 21.1; IR (ATR) 2958, 2883, 2856, 1735, 1479, 1440,
1367, 1226, 1097, 1064, 1039, 1020, 985, 921, 910, 893, 831, 798.
Anal. Calcd for C,H,4O: C, 56.24; H, 6.29. Found: C, 55.92; H, 6.35.
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Reaction of the Monoepoxide 26 with H,SO, in Acetic
Anhydride. To a stirred solution of monoepoxide 26 (1.0 g, 3.9
mmol) in 10 mL of acetic anhydride was added H,SO, (1.5 mL), and
then the mixture was stirred for 12 h at room temperature. The
reaction mixture was worked up as described above. Chromatography
of the residue on silica gel (40 g) column eluting with hexane/EtOAc
(4:1) gave 1.2 g (86%) tetraactate 24.

Reaction of 27 with H,SO, in Acetic Anhydride. To a stirred
solution of 27 (1.0 g, 3.9 mmol) in 10 mL of acetic anhydride was
added H,SO, (1.5 mL), and then the mixture was stirred for 12 h at
room temperature. The reaction mixture was worked up as described
above. Chromatography of the residue on silica gel (40 g) column
eluting with hexane/EtOAc (4:1) gave 1.1 g (86%) tetraacetate 24.
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ABSTRACT: Transformation of cyclohexa-2,4-diene-1,2-diylbis(methylene) diacetate to
various carbasugars is described. Photooxygenation of a cyclohexadiene derivative gave a
bicyclic endoperoxide, which was reduced with thiourea to diol diacetate. Epoxidation of the
remaining double bond followed by epoxide ring-opening and hydrolysis of the acetate
groups gave one of the target hexols. The bicyclic endoperoxide was rearranged to a
diepoxide by CoTPP. The diepoxide was reacted with sulfamic acid in acetic anhydride,
resulting in the formation of a new branched carbasugar as well as in the formation of
cyclitols with a 6-oxabicyclo[3.2.1]-nonane skeleton. The mechanism of the formation of the
products is discussed. The inhibition activity of six cyclitol derivatives was tested against a-

glycosidase.
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A New Synthetic Approach to Carbasugars
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INTRODUCTION

Cyclohexitols are polyhydroxylated cyclohexanoid
compounds and some of them are known as
carbasugars|1,2]. Their structural resemblance (scheme 1)
to the parent sugars would facilitate their recognition by
enzyme or other biological systems in place of the related
true sugars|3]. There is a great deal of current interest in this
type molecule, as these structural entities not only constitute
segments of a diverse range of natural products, e.qg.
antibiotics, but also exhibit promising biological activity
profiles ranging from glycosidase inhibitors to antidiabetes
and anticancer agents|1].

0 il .
OH OH
OH
O OH HO OH
OH

Scheme 1

AIM OF THE STUDY

We have disclosed various approaches for carbasugars
synthesis starting from readily accessible and commerical
available product dihydro-phthalic anhydrate (Figure 1). Even
though simple ether-linked methyl, ethyl, and isopropyl carba-
hexapyranoside derivatives were previously prepared, no two

Involving oxygen grup by replaced methylene group have so ’

far been synthesized systematically.

LIA|H4 OH Ac,O/Pyr.
guant.

O %90

Dihydro phthalic
anhydride
OAcC dbu
quant

Figure 1

Synthesis of pseudo-pyranose drivatives was aimed. This was
the first member of a new series of compounds which we
propose to designate pseudo-sugars, I.e., cyclic forms of
monosaccharides. Cyclohexadiene-diacetate 4 was used as
starting material and developed a synthetic methodology
leading to saturated cyclohexane hexol derivatives involving
oxygen groups replaced by methylene that was synthesized 5,
10, 13, 15 (Scheme 2).

Our starting material 8 was synthesized by photooxygenation of
the diene 4. Reaction of 4 with Co-TPP provided the
bisepoxide 7 with syn-configuration (Figure 2).

OAc 10 OAC OAC
2 e -
ol Co Tpp> o)

OAcC hv OAC ' OAc

4 oS ) 7

Figure 2

Bis-epoxide was submitted to the ring opening reaction under the
acidic condition to give cyclohexapyranoside 13 and interesting
rearranged byproducts 11, 12 (Figure 3). Carbasugar derivatives
have also been envisaged to play roles In elucidating and
controlling other biological events that involve sugar moieties. This
Includes the synthesis of analogues of enzyme substrates, which
were modified by replacing part of their structures with carbasugar
units and which were expected to be used in the elucidation of the
mode of the action of sugar transferases. These analogues have
been recognized as good substrates, thus showing that the ring
oxygen in the acceptor is not involved In the specific recognition by

Cleavage of ether and oxa-bridges in 11 and 12
resulted in the formation of 15 in different refluxing
time (figure 4).

O

12
Ac,O/AcOH Ac,O/AcOH
H,NSO;H H,NSO;H
24h 24h
Y Y
OAC 0 ACOAC
AcO AT
\( ACO/ oy OAC
OAC
15
Ac,O/AcOH
HNSO3H
48h
Figure 4

The convenient route for the synthesized of another
pseudohexose derivative, we utilized from starting
material 8 and anticipated that 5, 10. pseudo-pyranose
derivative I1s formed as target molecules by using
OsO4/NMO, MCPBA, hydrolizing of epoxide and
acetylated respectively (figure 5).
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RO ] AcO | 0Ac
@COAC /C( OAC
OAc AcO e EAE AcO '+ —~0OAC
4 5 Alo
A
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Fo 2.H"/Ac,0 2.Ac,0O/Pyr.
} OH @) OH
OAC O‘\OAC 1.mCPBA /E\/(‘\OAC
OAcC i : z :
ACO  —OAC ACO ._~0OAC
. 8 9 6 J
Figure 5

In summary, We have conceptualized that a class of
polyhydroxylated cyclohexanoids, named carbasugars
(Scheme 2). As their promising therapeutic potential in the
management of wide ranging disorder like diabets, viral
Infections, HIV and cancer, glicosidase inhibitons that have a
great deal of synthetic interest in recent years and they used
as a precursor for the future synthesis of complex carbasugar
analogue.
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Scheme 2
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INTRODUCTION

The generic name quercitol has been proposed for the deoxyinositols (cyclohexanepentols)[1]. Cyclitol compounds fundamental to cellular
communication, continues to maintain a vigorous pace as evidenced by the number of approaches to this molecules. Several recent
reviews highlight the continuing importance of both natural and unnatural cyclitol derivatives. Modern methods of the cyclitol synthesis have
surfaced from the “naked sugar” approach[2]. Such an approach would be particularly significant in the context of developing the potantial
of polyhydroxylated cyclohexanes such as cyclitols as inhibitory of glycosidases. Their ability to inhibit olisaccharide-processing enzyme
provides a wide range of possible applications in chemoterapy for this compounds, glycoproteins are involved in numerous biochemical

processes|3]

AIM OF THE STUDY

In this study, we have disclosed various approaches for cycl

synthesis starting from readily accessible and commerically
able compound 1,4-cyclohexadiene. This has stimulated

aval
synthetic efforts recently and several synthetic approaches
these substrates have been proposed. We propose here

Itol

to
a

strategy directed toward the synthesis of polyhydroxylated

cyclohexanes from cis- and trans-bromoketal.

B O
1

cis- and trans-

Bromoketal 1, which is the key compound for preparing the target

compounds. Bromination of 1.4-cyclohexadiene followed by cis-

ﬁxﬁ e i KIX

and trans-hydroxylation and ketalization gave dibromoketals

12. The reaction of the ketals 1,12 with excess of NaOMe gave

the methoxy compound 2, 13 as the sole products (Figure 1).

1. Br,/2. mMCPBA

3. H*/H,0

1. Br,/2. 0sO4/NMO
3. H*/H,0

NaOMe
MeOH

4. 2.2'-dimethoxy-
propane/DMF  1.4-cyclo-

(J o

NaOMe
MeOH

4. 2.2'-dimethoxy-

propane
hexadiene

(R Br, OH)

Figure 1

n ongoing study, methoxy-ketal 2 was converted to methoxy-tetraacetate 3 (over %80 yield) by cis-hydroxylation with OsO,/NMO followed
oy acetylation with (Ac,0/H,SO,: 4/1). Demethylation of methoxytetraacetate 3 with %32 HBIr/AcOH solution afforded neo-quercitol
pentaacetate 4 in quantitative yield.Removal of the acetate groups provided neo-quercitol 5 in %90 yield (Figure 2).

OAC OAC CE)H
/@:‘OX 1. 0sO,/NMO ACOiO:OAC HBI/ACOH ACOiO:OAC NHs(g) HOiO:OH
+
eO Ghssnil A L OAC AcO ORI OH
3 4 5
neo-Quercitol
Figure 2
trans-Methoxyketal 2 did not undergo epoxidation reaction 0 SAL ‘ e
with mCPBA. Therefore, methoxy-ketal 2 was first converted /@\ ACOMH” /@\ S/ /Ej\ /O\
Into Its methoxyacetate 6. Epoxidation of the double bond In 6 | meo o
with m-CPBA gave 7 and 8 in %50 and %45 yields, 5 i (%50)1 Ry 8(%45)
respectively. Ring-opening reaction of 7 and 8 followed by 5 ,iCZO,pyr 1. H,OH"
acetylation provided methoxytetraacetate 9. 2. Ac,0/Pyr.
Methoxtetraacetate 9 was reacted with HBr in AcOH solution,
and after aqueous workup with saturated NaHCO,; gave i OAc :
pentaacetate 10 in almost quantitative yield. Treatment of 10 i Ol o 120 OAC BAcOH | -““\OAC
with NH;(g) in MeOH led to hydrolysis of the acetate groups to DR D\ i
. . . . . MeO OA
give the pentol, gala-quercitol, 11 in %95 vyield (figure 3). e ' S i s B } : ;
gala- Quercitol
Figure 3
Epoxydation of the alkene moiety of 13 with m-CPBA : OAc OAc bl !
' ACOE e A e CRE G @) 5 Jr.,
gave eopxy 14 as the sole product. Treatrr_le_nt Qf 14 w!tq S C 1.H,0/H | O
H,SO, In water followed by esterification with b 0 e *2 : ><
Ac,O/pyridine provided methoxytetraacetate 15 in high ACO 2l plEs SriaCasl VEE TS O
yield. Demethylation of methoxytetraacetate 15 with HBr e ez =i 15 14
in water solution at room temperature followed by EGSIE e I ;"’LB”OH/ZF? STy
acetylation with Ac,O/pyridine gave the pentaacetate 16 b
In high yield. However, treatment of 15 with HBr in AcOH OAc OAc A
solution for 12h furnished gala-quercitol tetraacetate 18 SO A I ACO A LOAC /@: ><
as the major product in (%70) (Figure 4) along the minor D\ D:
- - - AcO OAC AcO OAC MeO O
bromo quercitoltetraacetate 17 in %20 yield.
18 (%70) 16 13
- Itol
Bromo gala-quercitol mpuecnc;acglggtrgtleo
Figure 4
OAC HO ?H
For the deasetilation of the pentaacetate 16 the above procedure was ACO_~_LOAC NH3(q) OH
used. Pentaacetate 16 treatment with NH;(g) iIn MeOH led to ﬁ e
hydrolization of the acetate groups to give muco-quercitol 19 In AcO OAC HO OH
guantitatively yield (figure 5). 16 19
muco-quercitol muco-quercitol
pentaacetate
Figure 5

CONCLUSION

A general strategy for the simple and stereoselective
synthesis of polyhydroxylated cyclohexanes derivatives
have been developed. For the polyhydroxylated
cyclohexanes synthesis, starting material 1,4-
cyclohexadiene was choosed and provides different
synthetic iIsomers. With relatively little synthetic effort we
have achieved the stereoselective synthesis of neo-,
gala-, vibo-, muco-, and additionally bromoquercitol
derivatives especially point out that all steps proceed
yields over %70.

This research was supported by the Scientific & Technological Research
Council of Turkey (TUBITAK) through the project number 109T817
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