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T h ๙ we are not n o w that strength w h i c h in o l d days 

M o v e d earth and heaven; that w h i c h we are, w e are; 

One equal temper o f heroic hearts, 

Made weak by t ime and fate, but strong i n w i l l 

T o str ive, to seek, to find, and not to y ie ld . 

Ulysses, Alfred Lord Tennyson 
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A b s t r a c t 

Carbohydrates are one o f the most structural ly and func t iona l ly diverse classes o f 

natural ly occur r ing compounds and i t is w e l l established that they p lay an essential ro le 

i n a vast array o f b io log ica l processes. 

The synthesis o f stereochemical ly def ined ol igosaccharides by a series o f 

g lycosy la t ion processes, i n vo l v i ng the react ion between a g lycosy l donor and acceptor, 

is o f paramount importance i n synthetic carbohydrate chemistry and g lycob io logy . 

However , despite the importance o f g lycosy la t ion chemistry and the development o f 

sophisticated methodologies, there remains no general and stereoselective strategy that 

has been universal ly adopted for the syntheses o f ol igosaccharides. 

I n th is thesis w e present the synthesis and fìonction o f a novel f a m i l y o f g lycosy l 

donors, i n w h i c h fluorinated pyr id ine systems are ut i l ised as the leav ing group. I n 

systems o f this type i t p roved possible to ' t une ' the g lycosy la t ion capabi l i ty o f the donor 

via var ia t ion o f the substituents present on the py r id ine ring and the type o f Lew is ac id 

act ivator used. 

Y 

、 3 ՜ ^ 

Laws aad 

The fo rmat ion o f a g lycosid ic bond w i t h cont ro l o f the stereochemistry at the 

anomeric centre is usual ly d i f f i cu l t . Interest ingly g lycosy l donor systems o f this type 

prov ide a h igh degree o f stereoselectivi ty, p rov id ing diastereomeric excesses i n the 

region o f 80 to 9 8 % . I t has been determined that po l y f l uo ro -py r i dy l g lycosy l donors do 

not react via the established S N I g lycosy la t ion process but via an unique ร N 2 process 

w h i c h gives rise to the h i gh degree o f stereoselectivi ty observed. 
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1 P o l y f l u o r o - P y r i d y l G i ycosy l D o n o r s 

Carbohydrates are one o f the most structural ly and func t iona l ly diverse classes o f 

natura l ly occur r ing compoimd' "^ and i t is w e l l established that they p lay an essential 

ro le i n a vast array o f b io log ica l processes. For almost 150 years the importance o f 

sugars has d r i ven research for creat ing bonds between them, however , a universal 

methodology fo r the synthesis o f ol igosaccharides remains elusive. The lack o f easy 

access to ol igosaccharides has hindered their invest igat ion and development ; 

consequently, general methodologies for the synthesis o f ol igosaccharides are 

imperat ive i f the area o f g l ycob io logy is to be expanded. 

Recent ly , p romis ing improvements have been made w i t h the development o f 

hetaryl g lycosy l donors ' ՛ 8 and this study aims to expand upon this area by propos ing a 

methodology that ut i l ises fluorinated heterocycles to couple t w o or more saccharides 

(Figure 1.1). 

Lewis add 一 

F i g u r e 1.1. A schematic representation o f the use o f hetary l g l ycosy l donors i n 

ol igosaccharide synthesis. 

I n pr inc ip le , the react iv i ty o f systems o f this type w i l l be ณneable by va ry ing the 

substiณents o n the heterocycl ic ring and the L e w i s acid act ivator used, p rov id i ng a h igh 

degree o f cont ro l . However , before we can investigate the synthesis and reactions o f 

such systems a knowledge o f bo th carbohydrate and fluorine chemistry , w i t h a 

part icular emphasis on perf luoroheteroaromat ic chemistry , is requi red and to that end 

the f o l l o w i n g t w o chapters w i l l p rov ide an overv iew o f these t w o unique areas o f 

chemistry. 
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1.1 F l u o r i n e i n N a t u r e 

Fluor inated organic c o m p o m d s are rarely found i n nature, fewer than twenty 

compounds are current ly known.^"*^ A selection o f these natura l ly occur r ing fluorine 

conta in ing compounds can be seen i n Figure 1.2. 

. ๐ ՜ 

๐ 

f luoraacetate 

¿>๙7/̂ 0๙^um GasùOfotìum 
Oxyioö/umspp. 

О 

fluoroacetcne 

Aœâa geofginæ 

OOįH 
CCįH 

(2R. 3F0"fluoroatrate 

several higher plants 

F マОН 

4-flucxothrBonine 

steptom/ces cattleya 

CCįH 

он (-l·several others) 

0>fluorOOleic acid 

Dichapeเอtum toxicaňum 

HÖ 'GH 

5 ֊fluoro-5-deoxyadenosine 

Hö Ъ н 

nucteoddin 

steptomyces са/vus 

F i g u r e 1.2. Na tu ra l l y occurr ing fluorinated compounds. 

Natura l products conta in ing ch lor ine, bromine and iodine are more numerous i n nature. 

The apparent absence o f fluorinated compounds is surpr is ing since fluorine is 

widespread and has been est imated as the 13^ most abundant element i n the earth'ร 

crust, 14 whereas chlor ine has been est imated as the 20^^, b romine the 4 6 * and iodine 

the 6 0 ^ . Nature , however , has general ly found i t d i f f i cu l t to іпсофога Їе fluorine into 

organic molecules, probably due to the strong energy o f so lvat ion o f fluoride ion i n 

water. 
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Fluor ine can also be found i n a var iety o f minera l deposits i n the f o r m o f var ious 

inorganic compoxmds, the most impor tant be ing fluorspar (СаҒг , fluorite) w h i c h is the 

pr inc ip le source o f fluorine fo r industr ia l fluorocarbon product ion . ' ^ Other s imple 

fluorine conta in ing minerals are k n o w n , some examples are v i l l amn i te (NaF) , sel lante 

(MgF2) , fluoropatite (Са5(Р04)зҒ) and yt tocer i te (СазСегҮзҒб). '^ 

1.2 P rope r t i es o f C a r b o n - F l u o r i n e B o n d s 

The in t roduct ion o f one or more fluorine atoms into an organic compound can impar t 

unique chemical and phys ica l propert ies to the compound, compared to the 

corresponding non- f luor inated der ivat ives. Th is arises due to the паШге o f the fluorine 

a tom and its bonds to carbon; there are several factors w h i c h contr ibute to the dist inct 

behaviour o f fluorine as a substituent. '^ ' I 4 ' 17-19 

• F luor ine is the most react ive halogen, and arguably the most react ive element i n 

the per iodic table, comb in ing w i t h a l l other elements except the l ighter noble 

gases. The h i gh react iv i ty o f fluorine can be at t r ibuted to a combina t ion o f the 

very weak F-F bond (159 kJmo l ' ) and the very strong bonds o f fluorine to most 

other atoms (Table 1.1).'^՛^*^ 

• F luor ine is the most electronegative a tom i n the per iodic table (Paul ing scale), 

therefore, carbon- f luor ine bonds are more polar ised and ion ic i n character than 

other carbon-halogen bonds. ' ' " ^՚՛ ՛^^ 

• F luor ine fo rms the strongest single bond to carbon (485 k J m o ľ ' ) , ' ^ o f ten 

resul t ing i n compounds that posses enhanced thermal stabi l i ty. '^ 

• The presence o f fluorine in an organic compound also serves to strengthen the 

bonds between other p rox imate atoms i n the molecu le , for example, the C-C 

bond dissociat ion energies o f CH3CH3, CH3CH2F and CH3CF3 are 372, 423 and 

413 kJmo l ' respect ively. '^ 
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Fluor ine has a re lat ive ly smal l V a n der Waals radius g i v i ng i t a steric size 

s imi lar to that o f oxygen ; th is means that the in t roduct ion o f a fluorine a tom into 

a compound does not per turb the s t ruc toe any more than that o f an oxygen 

atom. 

F luor ine posses three t i gh t l y bound, non-bond ing electron pairs, w h i c h results i n 

weak intermolecular reactions between per f luor inated compounds. 

Property F C l B r I и о 
Electronegat iv i ty (Paul ing scale) 4.0 

C -X bond length ( Å ) 1.35 

C - X bond dissociat ion energy ( k J m o ľ ' ) 485 

V a n der Waals rad i i ( Å ) 1.47 

3.2 

1.77 

339 

2.8 2.5 

1.94 2.14 

285 213 

1.75 1.85 1.98 

2.1 

1.09 

413 

1.20 

3.4 

1.43 

358 

1.52 

T a b l e 1.1. Properties o f C - X bonds. 

1.3 A p p l i c a t i o n s o f F l u o r i n a t e d C o m p o u n d s 

The unique propert ies o f fluorine conta in ing compounds, such as enhanced chemica l 

and thermal stabi l i t ies, have been ut i l ised for numerous industr ia l appl icat ions and some 

examples are i l lustrated i n F igure 1.3.՛–՛՜՛^՛ I 7 ՝ '^' ̂ ^՜^^ 

- C F 2 Œ 2 -

Teflon 

FHuoropolyrrBr 

- f C F ^ C F ^ y C F - C F ^ 

F3C СҒз 

Teflon AR 

Ниоюроіутвг 

ҒгС-ҒС Œ-CF2 

F2 

СҮГОР 

Huorínated nasin 

СҒзОҒОСНҒг 

DesfluoTsne 

Anesthetic Liquid crystal 

F i g u r e 1.3， Some industr ia l fluorinated compounds. 
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The appl icat ion o f fluorine conta in ing compounds to the pharmaceut ical and 

agrochemical f ie lds is re lat ive ly new. The f i rst compound to demonstrate the 

importance o f fluorine substituents i n enhancing the effectiveness o f drugs was 9-a-

fluorohydrocortisone acetate, developed by Fr ied i n 1954 (Figure 1.4).^^ U n t i l the 

1970ร, however , fluorinated compounds were on ly rarely encountered i n medic ina l and 

agrochemicals, whereas, at present there are over 220 fluorinated l i fe-science products 

i n use i n the U S , a select ion o f these can been seen i n F igure 1.4.՝^՛ 2 5 ， 2 7 ， 28 

๐coo-b 

9-a-fluorahydทอœrtisone acetate 

НзССГ ๐ O b 

С р г Н 

Ruoxetine (Prozac) 

AnO-depæssant 

Trifloxystcbir 

Fungicide 

Qpof lxadn (apro) 

Anü-öactenaí 

F i g u r e 1.4. Examples o f fluorine conta in ing pharmaceut ical and agro-chemicals. 

1.4 T h e C h e m i s t r y o f P o l y f l u o r o a r o m a t i c C o m p o u n d s 

The риф05е o f th is study was to develop a methodo logy that ut i l ised fluorinated 

heterocycl ic leav ing groups to couple t w o or more saccharide units together (F igure 

1.1). Subsequent chapters w i l l detai l the synthesis o f h igh ly substituted heterocycl ic 

compounds der ived f r o m per f luor inated systems. Therefore, i t is desirable to discuss 

some o f the aspects that govern the chemistry o f h igMy- f luo r ina ted heteroaromatic 

compounds since they f o r m the basis o f the methodo logy developed i n this thesis. 



1.4.1 Synthesis 

M o s t o f the synthetic methods that are ut i l ised fo r i n c o φ o r a t տ g other halogens into 

organic compounds are not appropriate fo r the synthesis o f f luor inated molecules; 

however , several d i f ferent routes to the synthesis o f h i g M y fluorinated heteroaromatic 

compounds exist. 

One o f the first methods for synthesising per f luor inated aromatic compounds 

consisted o f per f luor inat ion o f the parent hydrocarbon fo l l owed by def luor inat ion over 

i ron or n icke l under v igorous conditions.^^' 30 Recent ly more ef f ic ient techniques have 

been developed u t i l i s ing hot sod ium oxalate (143շ€շ04) fo r def luor inat ion under m i lde r 

condit ions.^ ' 

соҒҙ f р ๆ Fe, 500РС 

150°c Հ [ ՝ յ CDT N32๐2๐4 

F i g u r e 1.5 

This approach has been used to synthesise a w ide range o f aromatic and heteroaromatic 

systems, however , its effect iveness is severely l im i ted due to the re lat ive ly l o w y ie lds o f 

per f luor inated compound isolated and the d i f f i cu l t y o f the def luor ina t ion stage w h i c h 

of ten results i n complex mix tures o f compounds. 

One o f the most pract ical routes to h igh ly fluorinated aromatic systems invo lves 

the ทนcleophi l ic displacement o f ch lor ide b y fluorine using a lka l i -meta l fluorides. 

KF + A r - a · • Ar-F + KCl 

F i g u r e 1.6 

The react iv i ty o f the a lka l i metal fluorides decreases i n the series CsF > K F » N a F (i.e. 

w i t h increasing latt ice energy) and, because the ทนcleophi l ic i ty o f fluorine d imin ishes 

substantial ly upon so lvat ion, reactions are usual ly carr ied out i n either a d ipolar aprot ic 

solvent or in the absence o f solvent?^' ՚՛^՜^^ I t has been determined that o p t i m u m results 
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are obtained i n the absence o f solvent w i t h reactions occurr ing at h i g h temperature i n an 

autoclave. 
36 

if기 FO5, autcxJawe 

~ 2 8 0 - 2 8 5 ° C ՜ 
KF,48œc 

N ' 
eejtodawe 

α 

7% 

》 

、 ๙ 
68% 

F i g u r e 1.7 

Numerous h igh l y fluorinated aromat ic and heteroaromatic compounds have been 

synthesised i n tMs manner and the condi t ions for their synthesis have been documented 

in several revieพร.^^' 3 4 ， 3 7 ， 3 8 

1.4.2 N u c l e o p h i l i c A r o m a t i c S u b s t i t u t i o n 

Fluor ine is characterised by its h igh electron a f f i n i t y , the in t roduc t ion o f fluorine into an 

aromatic or heteroaromatic compound s ign i f icant ly alters the electronic propert ies and 

react iv i ty o f the system compared to their hydrocarbon analogues. Due to the h igh 

electronegat iv i ty o f fluorine, M g h l y fluorinated aromatic compounds are very electron 

def ic ient species and are therefore susceptible to nuc leophi l i c attack.^"^' 39՜"^2 The 

subst iณt ion o f fluorine by a ทนcleophi le in h igh ly fluorinated aromatic systems 

proceeds via a w e l l established two-stage mechanism^"^' ՚̂ *̂ ՜̂ ՛* i n w h i c h the f i rs t stage ( k i ) 

is rate l i m i t i n g w i t h the second stage consist ing o f the cleavage o f the carbon- f luor ine 

bond ( к г ) . 

Nu 
ki ร/см/ 

Κι 

кг fast 

Meisenhenw 
intenredisie 

F i g u r e 1.8. The t w o stage process o f nuc leophi l i c subst i tut ion i n n igh ly fluorinated 

aromatic systems. 



The fact that perf luorobenzene is much more reactive than percMorobenzene is 

consistent w i t h there be ing l i t t le or no bond break ing i n the rate-determining stage."*^ 

A n impor tant feature o f ทนcleophi l ic subst iณt ion i n h igh ly fluorinated aromatic 

compounds is their po ly - func t iona l i t y , i.e. a ทนcleophi le can substitute a fluorine a tom 

located ortho; meta- or para- to a substituent other than fluorine (Figure 1.9). K ine t i c 

studies for subst iณt ion reactions o f various fluoroaromatic compounds (Table 1.2) have 

determined that a fluorine a tom para- to the site o f attack is s l ight ly deact ivat ing, 

whereas fluorine atoms ortho- and meta- to the site o f attack are act ivat ing w i t h respect 

to hydrogen atoms at the same pos i t ion. 

para-

meta-

ortho-

F i g u r e 1.9 

Ortho Meta Para 

Benzene der ivat ives 

Pyr id ine derivat ives 

Pyr id ine der ivat ives 

CH3O7CH3OH, 58°c 

57 106 0.43 

79 30 0.33 

NHs/dioxane, 25で 

31 23 0.26 

T a b l e 1.2. Compar ison o f kf, /кң . 

The electron d is t r ibu t ion at the t ransi t ion state can exp la in the observed subst iณt ion 

patterns in fluorinated aromatic species."^^' 41' 44' 45 The stabi l i ty o f the carbanionic 

Meisenheimer intermediate is s igni f icant տ determin ing the regioselect iv i ty o f 

ทนcleophi l ic attack i n fluorinated heterocycles, there are t w o siณations to consider:^ 39， 

40， 44, 46,47 
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• F luor ine d i rect ly attached to the carbanion centre. · c—F 

• F luor ine attached to a carbon adjacent to the carbanion centre. ' C - C - F 

The ef fect o f a fluorine a tom attached to a carbon atom adjacent to the carbanion 

is h igh ly carbanion stabi l is ing, due to the Ισ electron w i t hd raw ing effect.^ ' ' 46 

： C - ^ C ֊ 

Stabilising 

For a fluorine a tom attached d i rec t ly to a carbanion centre there are t w o opposing 

effects to consider: e lectron w i t hd raw ing effects ( Ισ) and electron pair repuls ion (Ιπ)， 

the resultant o f these t w o effects determines the ef fect o f a fluorine a tom upon the 

carbanion. 

The electron w i t h d r a w i n g ( Ισ ) ef fect o f fluorine is strongly carbanion stabi l is ing 

and arises f r o m the h i gh electronegat iv i ty o f fluorine.^''՜՛^ 

Electron pair ( Ιπ) repuls ion arises due to the interact ion between the lone-pairs 

o f electrons on the fluorine a tom and the non-bond ing electron pair at the carbanion site, 

the magni tude o f this ef fect is dependant upon the geometry at the carbanion centre. 

90P 109P 

sp2 hybndised system sp^ hybridised system 

Destabilising stabilising 

F i g u r e 1.10 

I t has been established that the Ιπ repuls^^ ef fect is greater fo r planar sp2 hybr id ised 

carbanion centres, due to the p r o x i m i t y o f the non-bond ing electron pairs on the carbon 

and fluorine atoms. Consequent ly , for s į T nybr id ised systems the destabi l is ing Ιπ ef fect 
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overshadows the Ισ stabi l is ing ef fect resul t ing i n the overal l déstabi l isat ion o f the 

carbanion,^ ' ' 3 9 ' 4 8 ' 49 ^hereas^ for sp3 hybr id ised systems the Ισ ef fect is dominant 

resul t ing i n stabi l isat ion o f the carbanion centre. 

The act ivat ing and deact ivat ing effects o f the fluorine atoms can n o w be 

exp lamed by examin ing the stabi l is ing and destabi l is ing effects o f the fluorine 

substituents on the Meisenheimer intermediate. I n the case o f a fluorine a tom para- to 

the site o f attack (F igure 1.11), délocal isat ion o f charge generates a carbanion centre 

w i t h a fluorine a tom di rect ly attached to i t , w h i c h has been demonstrated to be 

destabi l is ing i n planar (sp2 hybr id ised) systems. 

F i g u r e 1.11 

The same effect w o u l d also be expected for fluorine atoms ortho- to the site o f attack, 

however , k inet ic studies have shown that fluorine atoms i n th is pos i t ion are in fact 

activating.'**^' 41' 4 4 ' 45 Consequent ly, the act ivat ing effect o f the ortho-üuoúne atoms is 

predominant ly a polar in f luence ( Ισ) on the in i t ia l state, enhancing the electrophi l ic 

character o f the carbon a tom under attack. Th is induct ive ef fect activates the in i t ia l 

state to such an extent that i t e f fec t ive ly supplants the deact ivat ing inf luence observed i n 

the Meisenheimer intermediate (Figure 1.12). 

F i g u r e 1.12 

The act ivat ing ef fect o f a fluorine a tom meta- to the site o f attack can be 

expla ined s imp ly by examin ing the Meisenheimer intermediate, i n th is instance the 
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negative charge is delocal ised adjacent to the carbon- f luor ine bond i n the meta-positi 

(F igure 1.13) w h i c h has been demonstrated to be h igh l y stabilising.^^՚ ՚՝^ 

F i g u r e 1.13 

The site o f ทนcleophi l ic attack can n o w be rat ional ised by m i n i m i s i n g the number o f 

deact ivat ing pa ra - f l uo r i ne atoms wh i l e at the same t ime max im is ing the number o f 

act ivat ing Ortho- and we/a- f luor ine atoms.'**'"'^' 

I t has been established that both Ortho- and /neto-f luor ine atoms are act ivat ing, 

w i t h respect to hydrogen, however , the extent to w h i c h each contr ibutes is dependant 

upon the system. I n hexaf luorobenzene, fo r example, we/ûf-f luorine atoms exh ib i t a 

greater act ivat ing inf luence than or i / îo - f luor ine atoms wh i l e for more react ive systems, 

such as pentaf luoropyr id ine, the act ivat ing inf luence o f ortho-ñuoúne atoms takes 

precedences^' 4 6 ' 47 Th is is fiirther con f i rma t ion that the act ivat ing inf luence o f 

fluorine ortho- to the site o f attack can be at t r ibuted to the enhancement o f the 

e lect ropMl ic character o f the carbon centre under attack i n the in i t ia l state. O n this 

basis, a more reactive system should lead to an earlier t ransi t ion state ( H a m m o n d 

postulate^*^) w h i c h means a greater cont r ibu t ion from the in i t ia l state to the strucณre o f 

the t ransi t ion state. Th is i n tu rn impl ies that the induct ive ef fect o f ortho-ñuoúne is 

more s igni f icant than the act ivat ing effect o f the meta-ñuorine atoms. Conversely, i n a 

less reactive system, the t ransi t ion state w i l l more closely resemble the product , thereby 

decreasing the signi f icance o f the ortho-ñuoúne act ivat ing effect, a l l ow ing the meta-

fluorine act ivat ing effect to become dominant . 

1.4.3 P e n t a f l u o r o p y r í d i n e 

Polyf luoro-n i t rogen-heteroaromat ic systems are al l act ivated, relat ive to the 

corresponding benzenoid compounds, towards ทนcleophi l ic aromatic subst i tut ion due to 

the act ivat ing effect o f the r ing n i t rogen (F igure 1.14).^՛՛ 
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à) N 、 г Г ^ N ^ N 

37.4 2000 >1๙ 

F i g u r e 1.14. The relat ive rate constants fo r attack by NHs/aq. d ioxane, 2 5 。 c 

I n the case o f pentaf luoropyr id ine, the ring n i t rogen w o u l d be expected to direct ortho-

and para- to itself, however , i t has been found that ทนcleophi l ic subst i tut ion occurs 

exc lus ive ly at the 4-pos i t ion , para- to the ring n i t rogen. The site o f ทนcleophi l ic attack 

i n po ly f luor ina ted pyr id ines is governed by a combina t ion o f the d i rect ing effects o f the 

r ing n i t rogen and the act ivat ing/deact ivat ing effects o f the fluorine substituents, i.e. the 

number o f fluorine atoms ortho֊ and meta- to the site o f attack is max imised (Figure 
1 1 5 ) 40-42,44 

3acüv3dingF 

ՅՑՇէԽՅՕոցԲ 

4 activating F 

4: 100% 2:22% 
4: 78% 

F i g u r e 1.15. The sites o f ทนcleophi l ic subst i tut ion by aqueous ammonia . 

I n systems where several possible sites o f ทนcleophi l ic attack have the same number o f 

act ivat ing/deact ivat ing fluorine substituents the act ivat ing ef fect o f the ring n i t rogen 

determines the rat io o f attack.'^''' 45 

Another ef fect o f the fluorine substiณents i n pentaf luoropyr id ine is thei r 

inf luence upon the base strength o f the ring n i t rogen, the e lec t ron-wi thdrawing ef fect o f 

the fluorine atoms ortho- to the r ing n i t rogen render pentaf luoropyr id ine almost ent i re ly 

non-basic and in fact ac id salts are on ly fo rmed by protonat ion w i t h ext remely power fu l 

super acids.^'"^^ 
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1.4.4 React ions o f P e n t a f l u o r o p y r i d i n e 

The reactions o f pentaf luoropyr id ine w i t h an array o f carbon, n i t rogen, oxygen and 

sulphur centred ทนcleophiles have been investigated,^^' 34， 36, ร 1， 54-65 some examples are 

displayed i n F igure 1.16, and such reactions are central to m u c h o f the w o r k i n this 

thesis. Reactions between pentaf luoropyr id ine and nuc leophi l ic species can be v igorous 

and are usual ly carr ied out using equimolar sto ichiometr ics or excess nuc leopMle under 

very m i l d condi t ions. 

The range o f nuc leophi l ic species found to undergo mono-subst i tu t ion w i t h 

pentaf luoropyr id ine is vast, even b u l k y hindered ทนcleophiles such as tert-hutoxidc and 

L D A have been found to undergo nuc leophi l ic subst i tut ion to g ive the mono-subst iณted 

compounds 64 

aqNaOH 

(СНз)2МН 

HFP,TDÛ£ 
autodave 

ҪҒ(СҒз)2 

ՕՕՒկ 

F i g u r e 1.16. Selected nuc leophi l ic subst i tut ion reactions o f penta f luoropyr id ine 51,54-56 

A great extent o f this research has been focussed upon the synthesis o f mono-subst i tuted 

per f luoropyr id ine der ivat ives and, surpr is ingly, there has been l i t t le research into 

sequential po ly-subst i tu t ion reactions. T r ime thoxy la t i on o f pentaf luoropyr id ine 
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y ie ld ing the 2,4,6- t r imethoxy derivative^"*' 51' ^ and, more recent ly, a series o f reactions 

o f tet raf luoro-4-(per f luoropropan-2-y l )pyr id ine^^" ' ' ' are the exceptions (Figure 1.17). 

0СҢ3 

0СҢ3 

ҪҒ(СҒз)2 ҪҒ(СҒз)2 

МаОСНҙ ^ Ғ \ 기 ^ Q C H , 

0CH3 

F i g u r e 1.17. H i g h l y substi tuted pyr id ine der ivat ives from the sequential ทนcleophi l ic 

subst i tut ion o f pentaf luoropyr id ine. 

These รณdies have con f i rmed that the order o f act ivat ion towards ทนcleophi l ic 

subst i tut ion fo l l ows the sequence 4- f luor ine > 2- f luor ine » 3- f luor ine w h i c h is consistent 

w i t h the carbanion stabi l isat ion rules presented prev ious ly . However , due to the l im i ted 

nature o f this research l i t t le is k n o w n regarding the factors that inf luence react iv i ty and 

substituent compat ib i l i t ies . Nuc leopMl i c subst i tut ion at the 3-posi t ion is rare and has 

on ly been observed w i t h the te t ra f luoro-4- (per f luoropropan-2-y l )pyr id ine sysíems.^"*' 51' 
64' 66-70 

1.5 S u m m a r y 

Organof luor ine compounds have been found to be ext remely useful compounds and 

mater ials; however , they do not occur natura l ly and hence they must be prepared by a 

var iety o f synthetic methods. 

M a n y ทนcleophi l ic aromat ic subst iณt ion reactions o f pentaf luoropyr id ine have 

been carr ied out p rov id ing a vast array o f exper imenta l i n fo rmat ion , however , studies 

concerning sequential po ly-subst i tu t ion reactions have not been examined, 

demonstrat ing that there is st i l l a great deal o f w o r k required i n this area i n order to 

determine the factors that in f luence react iv i ty . Consequent ly, before sequential 

ทนcleophi l ic subst i tut ion can be used to generate substi tuted pyr id ines, a systematic 
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รณdy to establish the regiochemistry o f sequential subst i tut ion reactions and assess the 

robustness o f the substituents towards further ทนcleophi l ic subst i tut ion reactions is 

required. 
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շ C a r b o h y d r a t e C h e m i s t r y 

Carbohydrates are one o f the most structural ly and ftmctionally diverse classes o f 

natural ly occur r ing compound^"^ and i t is w e l l established that they p lay an essential 

ro le i n a vast array o f b io log ica l processes.^' ^^՜^՛^ A s w e l l as their roles i n metabo l ism, 

biosynthesis and as a structural component , there is ever- increasing recogni t ion o f their 

ro le as messengers i n commun ica t ion processes^ 6 ' " ， 76 The fact that ol igosaccharides 

can func t ion as l igands in b io log ica l recogni t ion, usual ly th rough thei r b ind ing to 

prote in receptor sites, is n o w beyond dispute.^^"^^ A s part o f g lycoprote ins, g lyco l ip ids 

and other conjugates, carbohydrates are the key elements i n a var iety o f processes such 

as bacterial and v i ra l adhesion and intercel lu lar recognit ion.^ ' 5， ^*՜^^՛ 81， 82 The func t ion 

o f these molecules and detai led mechanisms o f these events are s t i l l poor ly understood 

and, as such, carbohydrates remain the least exp lo i ted o f the three major classes o f 

biomoleculeร. 

For almost 150 years the importance o f carbohydrates has dr iven the search fo r 

methods for creat ing bonds between saccharides, bo th as mechanist ic probes and as 

potent ia l therapeutic agents.^' 3 U n l i k e the synthesis o f peptides and nucleot ides, the 

synthesis o f ol igosaccharides is much more compl icated ― mos t l y because o f the 

inherent propert ies o f the molecules themselves, but also due to the lack o f a single set 

o f ' o p t i m u m ' react ion condi t ions for the stereospecif ic fo rmat ion o f the oxygen bridges 

between t w o saccharide residues, the g lycosid ic bond. The compar ison o f the number 

o f possible isomers o f d i - , t r i - , tetra- and penta-saccharides w i t h those o f the 

corresponding peptides and nucleot ides, g iven i n Table 2 . 1 , c lear ly demonstrates the 

relat ive comp lex i t y o f ol igosaccharide synthesis. 

O l igomer Compos i t ion* 
N u m b e r o f possible isomers 

Peptide or nucleot ide Saccharide 

D i m e r A A / A B ！/շ 11/20 

T r imer A A A / A B C 1/6 120/720 

Tetramer A A A A / A B C D 1/24 1424/34560 

Pentamer A A A A A / A B C D E 1/120 17872/2144640 

T a b l e 2 . 1 . Isomeric possibi l i t ies fo r sequences fo r biopolymers.^^ 

*A, B, c... represent a dist๒ct peptide, nucleotide or saccharide residue. 
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Several e f f ic ient methodologies for g lycos id ic bond synthesis and, hence 

ol igosaccharides are n o w avai lable, but t yp ica l l y each has its o w n idiosyncrasies that 

are characteristic to a specif ic systems.*' 3， 4， 7， 8， 84 The lack o f easy access to 

ol igosaccharides has created a technological bott leneck; therefore, general methods fo r 

the synthesis o f ol igosaccharides are an urgent requirement i f the area o f g l ycob io logy 

is to be expanded. A general discussion concerning g lycosy la t ion strategies w i l l f o l l o w 

since th is thesis is concerned w i t h the development o f new methodologies based upon 

the synthesis and appl icat ion o f h igh l y fluorinated heterocycl ic g lycosy l donors. 

2.1 G l ycosy l a t i on Strategies 

In general, g lycosy la t ion invo lves the contro l led coup l ing o f a g lycosy l donor, พ Ы с һ is 

usual ly a protected carbohydrate system bear ing a leaving group at the anomeric carbon 

atom ( С і ) , w i t h a sui tably protected g lycosy l acceptor bear ing one unprotected hyd roxy l 

group (Figure 2.1). Compl ica ted protect ing group strategies^^'^^ and suitable procedures 

for the activation^'*"^^^ o f the anomeric carbon atom are required and ideal ly the coup l ing 

stage should occur stereoselectively w i t h respect to the fo rmat ion o f an α or β l inkage 

between the saccharide uni ts. 

【Æa 
o[P| β attack 0[P1 

Activator 

[ P ļ ๐ ^ ՜ v i i ^ 

Glycosyl Donor OxDcarbenium 1๐ก ！ attack 

ค [PIO 

Glyoosyl Acceptor 

լら 

[PIO [ 

•isaochande 

F i g u r e 2 . 1 . The g lycosy la t ion process. 

The react iv i ty o f a g lycosy l donor system is dependant upon the nature o f the 

protect ing groups, for example, benzy l protect ing groups general ly act ivate the system, 
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whereas benzoy l groups are deact ivat ing towards g lycosy la t ion , and the leav ing group 

ab i l i t y o f the substituent ( L G ) located at the anomeric carbon.^*'՜^^ The паШге o f the 

leaving group can have a s t r ik ing ef fect on the react iv i ty o f a g lycosy l donor since the 

ra te- l im i t ing step տ al l g lycosy la t ion reactions invo lves the development o f posi t ive 

charge at the anomeric site. G lycosy l donors are rough ly classif ied տ է օ 14 groups 

based upon the type o f anomeric funct ional group and their act ivat ion methods. The 

choice o f g lycosy l donor is dependant upon: the required stereochemistry o f the 

g lycosy l l inkage, the react iv i ty and the stabi l i ty o f the saccharide under the react ion 

condi t ions and the requi red chemoselect iv i ty o f the ol igosaccharide product. Table 2.2 

provides an overv iew o f some c o m m o n g lycosy l donors a long w i t h their methods o f 

act ivat ion. The number o f g lycosy l donors avai lable is beyond the scope o f this 

in t roduct ion in to carbohydrate chemistry and has been rev iewed t h o r o u g h l y ; ' ' 3 ' 4 ' 101' 102 

instead several classes o f g lycosy l donor w i l l be exammed i n more detai l p rov id ing an 

insight in to this s igni f icant area o f research. 

G lycosy l D o n o r 

leav ing group 
Ac t i va to r Comments 

B r 

С І 

F 

O A c 

SR/SeR 

SOR 

Br-, HgCN2, A g O T f 

HgCN2, HgBr2, A g O T f 

AgOT f /SnC İ2 ,1 ք շՕ , 

D M T S T 

D M T S T , т ю н 

D M T S T , Т Ю Н 

TfzO 

M o s t c o m m o ฝ y used donor. The rates 

o f react ion can be modulated by the 

choice o f act ivator 

M o r e stable and less flexible than the 

bromide 

E f f i c ien t donors under m i l d condi t ions, 

react w i t h th ioglycosides i n good y ie lds 

M i l d condi t ions 

Rap id , h igh y ie ld ing and Stereoselective 

Rap id g lycosy la t ion o f unreact ive 

acceptors 

T a b l e 2.2. Several o f the most c o m m o n glycoside donors. 1,3, 83, 84,97, 100-104 
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2.2 T h e Stereoselect iv i ty o f G l ycosy l a t i on 

The key step i n dec id ing a strategy for ol igosaccharide synthesis is o f ten dependant 

upon the required stereochemistry o f the g lycos id ic l inkage, to this end, l inkages are 

classif ied accord ing to the stereochemistry o f the С і - Օ շ bond, cis (α) or trans (β ) , o f 

the un i t being transferred (Figure 2.2). Several o f the g lycosy l donor systems can 

inf luence the stereoselect ivi ty o f the g lycosy la t ion process; however , th is is usual ly 

insuf f ic ient so several methodologies fo r con t ro l l i ng the stereoselectivi ty o f g lycos id ic 

bond fo rmat ion have been developed. 

0 (P| 
0[P1 

[ P | 0 | [ 

β Glyccsidic Bond 

1,2 trans Glycoside Bond 

[PIO 

[H' OfPl 

α GlyODSidic Bond 

1,2 às Glycosidic Bond 

F i g u r e 2.2. Stereoselect ivi ty considerat ions in the g lycosy la t ion process. 

There are several g lycosy la t ion strategies for in f luenc ing the stereochemistry o f 

g lycosid ic bond fo rmat ion depending upon the type o f l inkage required, t w o o f the most 

c o m m o n are: 
1-3,83 

Anch imer i c assistance or ne ighbour ing group part ic ipat ion (NGP) fo r the 

construct ion ofi,2-trans l inkages. 

In situ anomerisat ion for the synthesis o f 1,2-cis l inkages. 
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2.2.1 N e i g h b o u r i n g G r o u p P a r t i c i p a t i o n 

β G lycosy l l inkages can be readi ly fo rmed through anchimer ic assistance f r o m 

part ic ipatory groups, such as an ester (acetate, benzoate or p ivalate) at the Շշ pos i t ion. 

A f t e r the leaving group has departed from the g lycosy l donor, the ne ighbour ing group 

act ive substiณent at the Շշ pos i t ion stabilises the oxocarbenium i on to g ive a 

d ioxocarben ium i on (Figure 2.3). 

•laxocarDenium Ion 

Qxcxarbenium Ion 

F i g u r e 2.3. Stereochemical cont ro l u t i l i s ing ne ighbour ing group par t ic ipat ion. 

Nuc leoph i l i c ring opening o f the d ioxocarben ium ion at the С і pos i t ion results i n the 

fo rmat ion o f the β g lycoside on ly since the ทนcleophile can on ly access the upper face 

o f the d ioxocarben ium ion . I n reactions w i t h on ly moderate ly reactive alcohols, the 

oxocarben ium ion can also react resul t ing i n the loss o f cont ro l over the stereochemistry 

o f g lycos id ic bond fo rma t ion . ' ' 3 Th is strategy is used rout ine ly to generate β g lycos id ic 

bonds w i t h a h igh level o f success, however , i t does l i m i t the range o f protect ing groups 

avai lable 
105-110 

2.2.2 N o n - P a r t i c i p a t o r y G l ycosy l a t i on 

I n the absence o f Շշ N G P , stereoselectivi ty is considerably less and the fo rmat ion o f a 

g lycosy l cat ion ( favoured by polar solvents) means that absolute cont ro l o f the 

stereochemistry o f g lycos id ic bond fo rmat ion is lost (F igure 2.4). Stereoelectronic 

effects dictate that such cations w i l l tend to f o r m mix tures o f bo th α and β g lycosy l 
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l inkages, however , thei r intercept ion either by counter ions (resul t ing i n either covalent 

intermediates or in t imate ion pairs) or certain solvent molecules may dramat ica l ly af fect 

the s t e r e o c h e m i s t r y ^ ^ ' · ' ^ ^ ' " ՛ ՛ ՛ ՛ շ 

Activator 

СНзСЫ 

CIP] 

GR 

t / р l i i i k a ^ 

OR 

β linkage 

F i g u r e 2.4. Non-par t ic ipa tory g lycosy la t ion. 

Th is strategy can successful ly enhance the fo rmat ion o f one isomer, however , the ef fect 

o f a part icular solvent is usual ly characterist ic o f the donor system being used. ՚̂ ՝̂ ՛ " ՚ * 

2.2.3 In Situ A n o m e r ì s a t ì o n 

The synthesis o f α glycosides by the previous t w o methods is problemat ic due to the 

fo rmat ion o f anomeric mix tures, the separation o f w h i c h is t ime consuming and 

expensive, or the preferent ial f o rmat ion o f β g lycosid ic bonds. T o avo id these 

d i f f i cu l t ies , the synthesis o f a glycosides can be carr ied out us ing the in situ 

anomerisat ion methodology (Figure 2,5)}՝ 115 

The α glycoside ( i ) exists i n equ i l i b r i um w i t h the β g lycoside ( і і ) ; the 

equ i l i b r i um react ion is catalysed b y an ion species, such as hal ides, and is usual ly carr ied 

out i n solvents o f l o w polar i ty . The ion pairs ( i i i ) and ( v ) are generated f r o m the α and β 

glycosides respect ively, the t w o ion pairs are i n equ i l i b r i um via the ion (vi).*^"*^ 
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F i g u r e 2.5. The in situ anomerisat ion strategy to generate α g lycosy l l inkage. 

The g lycosy la t ion react ion can n o w proceed via one o f t w o routes: 

• f i rs t ly , w i t h invers ion via ( і і ) ― (ν ) ― ( v i i i ) ֊> ( χ ) , or 

• secondly via ( i ) ― ( і і і ) ( v i i ) ― ( i x ) . 
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The energy barr ier for the ทนcleophi l ic react ion occurr ing by the first mechanism is 

lower than that for the second, 1 therefore, the fo rmat ion o f the α g lycoside (x ) is faster 

than that o f the β glycoside ( i x ) . Th is enables cont ro l o f the react ion by exp lo i t i ng the 

di f ferences i n the react ion rates o f the t w o processes, e f fec t ive ly a l l ow ing the selective 

synthesis o f α g lycosid ic l inkages. The m a i n p rob lem o f th is approach is that i t is o f ten 

qui te d i f f i cu l t to complete ly cont ro l the react ion rates o f the t w o processes and hence 

anomeric mix tures are o f ten produced. 

2.3 G l y c o s y l D o n o r Systems 

A s stated prev ious ly , the number o f g lycoside donors avai lable is vast and far beyond 

the scope o f th is in t roduct ion into carbohydrate chemistry; instead several classes o f 

g lycoside donor w i l l be examined i n more detai l p rov id ing an insight in to th is immense 

area o f chemistry. 

2.3.1 G l y c o s y l Ha l i des 

The use o f g lycosy l bromides and cMor ides as g lycosy l donors was first in t roduced by 

Koen igs and Клог г i n 1903^^՛ ^ and they s t i l l remain one o f the most e f f ic ient and 

versati le classes o f g lycosy l donor. G lycosy la t ion condi t ions and react ion rates сал be 

m o d i f i e d over a w ide range by va ry ing the choice o f hal ide and act ivator used 

demonstrat ing the versat i l i ty o f this class o f donor system (Table 2.3). 
3, 83, 84, 102, 104, 116 

Glycosy l donor Ac t i va to r G lycosy l acceptor 

LG 

[Р] ֊ B n > B z > A c 

L G - 1 > B r > C l > F 

Ag(รO3CF3) I Ag2C03 

AgC104 / Ag2C03 
HgBr21 molecu lar sieve 

Hg(CN)2 I HgBr2 

H g ( C N ) 2 

(C2H5)4NBr I molecular sieve 
CH30H » RCH20H > 

- O H > 3 - O H > 2 - O H > 4 - O H 

T a b l e 2.3. The reactivi t ies o f the g lycosy l hal ides and their corresponding activators. 
* activator reactivity is listed in descending order, i.e. from the most to the least active. 
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Recent developments w i t h this class o f g lycosy l donor have centred on the use o f 

g lycosy l fluorides, a l though they are less reactive than the g lycosy l donors created from 

the other hal ides, they possess higher thermal and chemical stabi l i t ies compared to the 

lower stabi l i t ies o f other g lycosy l hal ides. The drawback o f tMร class o f donors is that 

they o f ten require s igni f icant quantit ies o f h igh l y tox ic heavy metal act ivators, w h i c h is 

unfavourable and hinders their appl icat ion i n the synthesis o f b ioact ive compounds. 

2.3.2 He te rocyc l i c G l y c o s y l D o n o r s 

O f part icular interest to th is report is the recent development o f a series o f heterocycl ic 

g lycosy l donors 3, 7, 8, 117-125 I n systems o f th is type, the С і hyd roxy l group is select ively 

a lky lated using N-heterocycl ic chlor ides or fluorides to f o r m a hetary l g lycosy l donor, 

w h i c h under m i l d acid act ivat ion f o r m pyr id inones (Figure 2.6). The react ion o f hetary l 

donors is comparable to that o f t r icMoroacet imidates f o r m i n g amides, w h i c h have been 

we l l documented.'^ ,8, 109， 126 

N' 
丄A 

0[P1 

Н๙aryl g l y c o l donor 

0๐3 

TricNoTOaoetirTldate 

F i g u r e 2.6. The react ion pathway 01 netaryl and t r ich loroacet imidate g lycosy l donors. 

Hetary l g lycosy l donors are usual ly generated via ทนcleophi l ic subst i tut ion o f the 

halogen on the parent heterocycle by a saccharide moie ty . Several e lectron poor 

halogenated azines have been reacted w i t h glucose to produce hetaryl g lycosides; 

several o f w h i c h are shown i n Table 2.4. 

The ease o f fo rmat ion and potent ia l fo r leav ing group tun ing i n these systems 

holds great promise, but has yet to be addressed systematical ly. A s shown i n F igure 2.7 

hetary l g lycosy l donors can func t ion both i n enzyme catalysed and Lew is ac id act ivated 
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glycosy la t ions /^^ this technique also provides a convenient route fo r the j o i n i n g o f 

ol igosaccharides to heterocycles enabl ing the synthesis o f potent ia l ly nove l 

pharmaceut ical compounds. 

Parent heterocycle G lycosy l donor 
Stereochemistry o f 

g lycosy la t ion (a :β) 

N-N 

α . 

α 
-N 

๐вп 

พ , 

OįN ' ՝ ^ ՝ N O į 

α 

Ν γ Ν 

๐ 

1:19 125 

2.1:1 121-123 

4:1 

2:1 

T a b l e 2.4. Examples o f hetaryl g lycosy l donors. 

PöalactGádase 

іі)АсігО,ру 

fi^^ TMScfn, DCM -acre 

суง 

F i g u r e 2.7. React ion show ing the versat i l i ty or hetary l g lycosy l donors and their use i n 

enzyme and acid promoted g ly cosy lat ions. 

- 2 5 



2.4 Chemose lec t ív í t y 

I n the ma jo r i t y o f g lycosy la t ion strategies a large percentage o f the synthetic e f for t is 

directed towards the preparat ion o f the monomer ic g lycosy l donors and acceptors. 

Ideal ly the assembly o f these units to construct an o l igomer should invo lve the 

m i n i m u m number o f synthetic steps and each react ion should proceed w i t h h i gh 

stereoselectivity and h i gh y ie ld . Prev iously , w e have examined h o w to couple the 

monomer ic uni ts in a stereoselective manner, n o w we shall examine the var ious 

strategies u t i l i sed to construct complex ol igosaccharides e f f ic ient ly . 

2.4.1 O r t h o g o n a l G l y c o s y l a t i o n Strategies 

I n standard g lycosy la t ion strategies, the convers ion o f c o m m o n saccharide bu i l d i ng 

b lock into a g lycosy l donor requires several manipulat ions at the anomeric centre and 

this presents a major drawback that is especial ly undesirable when coup l ing larger 

ol igosaccharides. Ideal ly the anomeric substiณent o f an ol igosaccharide should be able 

to act as both a protect ing group and also as a g lycosy l donor under var ious condi t ions. 

Th is is the basis for the or thogonal g lycosy la t ion strategy, by va ry ing the type o f 

act ivator used dur ing the react ion, a group that acted as a protectmg group earl ier i n the 

react ion can be act ivated becoming the g lycosy l donor (F igure 2.8). 

і … 厂 0\ w 

Ό V / 

o o n c i t k r t s îi 厂 ๐ 
) ~ Y 

(aciīvates Y) \ _ 

œ n c f i t i o n s î 

(activées >į 

ХогҮ 

F i g u r e 2.8. A schematic o f the or thogonal g lycosy la t ion strategy. , 4 , 127 
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The th ioglycoside donors have been ut i l ised extensively for or thogonal strategies due to 

their var iable react iv i t ies and the var iety o f act ivators avai lable. For example, a 

c o m m o n set o f condi t ions for or thogonal g lycosy la t ion uses the pheny l th io group for X， 

act ivated using N B S - D A S T , and the fluoride for Y , act ivated by C p 2 H f C İ 2 - A g C 1 0 4 

(Figure 2.9). Th is or thogonal g lycosy la t ion strategy explo i ts the fact that a fluorine 

substituent can be act ivated w i t hou t a f fect ing a th ioglycoside at the anomeric carbon. 

QÛC 

Aว๐ 
S P h 

NBSฟ 
X = SPh 

QÛC 

AĆO 

S P h 

N B S ֊ 

X = S P t า 广 л = 0 
Qûsrn F 

cp2Hra2-yûoao4 

QÛC 
QÛC 

S P h 

F i g u r e 2.9. A n or thogonal synthesis o f a tetrasaccharide u t i l i s ing th io - and fluoro-

g lycosy l donors. 
4, 97 
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2.4.2 A r m e d - D i s a r m e d Strategies 

Whether the mechanism o f a g iven g lycosy la t ion react ion possesses part ia l or complete 

S n I character, the ra te - l im i t ing step typ ica l ly invo lves the development o f posi t ive 

charge i n the t ransi t ion state. A s a consequence, the electronic effects o f the 

substituents o f a g iven g lycosy l donor can marked ly effect its react iv i ty . Consequent ly, 

electron donat ing substiณents, such as those found i n ether protected donors, tend to 

stabil ise the rate l i m i t i n g t ransi t ion state o f g lycosy la t ion. Th i s results i n an increase o f 

the react iv i ty o f the donor so such donors are termed ' a rmed ' . Conversely, electron 

w i t hd raw ing substiณents, such as ester, g ive rise to 'd isarmed ' ժօոօքտ.՝^ ՛ ՛* ՛ 

IDCP 

nild activation ^ 퀄 소 ^ 
A m e d Qsarmed 

Dsarmed 

NismoH 

moœpcMeriU 

R = ๐ 

F i g u r e 2.10. The use o f the armed-disarmed strategy i n the synthesis o f a tr isaccharide. 

Th i s methodo logy enables the coup l ing o f t w o saccharides w h i c h have the same leav ing 

group at the anomeric centre w i t h h igh select iv i ty by exp lo i t ing the fact that one is 

' a rmed ' and the other is 'd isarmed ' (F igure 2.10). 
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2.4.3 A c t i v e - L a t e n t St rategies 

I t was proposed by Ley et ๗. '28 that the armed-disarmed g lycosy la t ion strategy cou ld 

ga in versat i l i ty by tun ing the g lycosy l donor leav ing group ab i l i ty , i.e. sw i tch ing the 

donor react iv i ty on or o f f via a l terat ion o f the leav ing group substituent (Figure 2.11). 

I n this strategy the nature o f the leav ing group controls the react iv i ty o f the system, for 

example, a react ive th iog lycos ide donor can react w i t h a less reactive th iog lycos ide 

protected acceptor, w h i c h i n t u m , can act as a g lycosy l donor under more fo rc ing 

react ion condi t ions. Th is approach has been used successful ly i n several m u l t i -

component one-pot syntheses where chemoselect iv i ty is achieved by the use o f va ry ing 

levels o f donor react iv i ty , a l l o w i n g a contro l led cascade o f g lycosy la t ion reactions w i t h 

d i f ferent donor systems.^'"՚^՛*՛ '23 

F i g u r e 2 . 1 1 . The use o f the act ive-latent strategy in the synthesis o f a tr isaccharide. 

2.5 M u l t i - C o m p o n e n t Synthesis 

One-pot g lycosylat ions to f o r m t w o or more g lycosid ic bonds by the chemoselect ive 

add i t ion o f g lycosy l donors is an attractive strategy for the synthesis o f ol igosaccharides 

since i t does not require the pur i f i ca t ion o f intermediate compounds. Mu l t i - componen t 

syntheses ut i l ise layers o f react iv i ty avai lable through tun ing o f the g lycosy l donors and 
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al l o f the prev ious ly ment ioned strategies i n order to establish a cont ro l led cascade o f 

g lycosy la t ion react ions.^ ' 4 ' ւ ւ շ ՛ ւ շ 3 ՛ ւ շ 9 ՜ ւ 3 ւ The order o f act ivat ion o f the g lycosy l donors 

not on ly rel ies on their leaving groups but also upon the combinat ion o f their protect ing 

groups and activators p rov id ing access to a large assortment o f react iv i t ies. 

Figure 2.12 details the synthesis o f a tr isaccharide f r o m a m ix tu re o f 

monosaccharides, ՝ treatment o f the m ix tu re w i t h zinc chlor ide f o l l owed by N I S and a 

catalyt ic amount o f t r i f l i c acid resulted i n the exclusive fo rmat ion o f the tr isaccharide 

w i t h a y ie ld o f 4 6 % . Th is react ion was found to proceed i n a sequential manner w i t h 

the g lyca l epoxide ( і і ) coup l ing to the unprotected hyd roxy l group on the glucosamine 

( i ) to g ive the disaccharide. Th is was f o l l o w e d by the add i t ion o f (Ш) , w i t h N I S and a 

catalyt ic amount o f t r i f l i c ac id , w h i c h couples to the disaccharide to g ive the 

tr isaccharide. 

BnoĢBn 
๐ Zna; 

에 쇼 ՜ ' ^ Ο Γ Γ ' PhthN с 

OBn 

BnCpBn 

NismcDH 

GBn 

F i g u r e 2.12. The synthesis o f a tr isaccharide using a one-pot methodo logy . 

Tn is type o f g lycosy la t ion strategy a l lows the construct ion o f several g lycos id ic 

l inkages via a one-pot procedure; however , this sort o f react ion on ly gives satisfactory 

results wh en the ind iv idua l g lycosy la t ion reactions are h igh ly diastereoselective. 

Several ol igosaccharides have been synthesised u t i l i s ing this strategy, p rov id ing an 

ef f ic ient and selective route to a w ide range o f target compounds 
129-131 
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2.6 S u m m a r y 

M a n y strategies fo r the synthesis o f ol igosaccharides exist, yet these can be h igh l y 

specif ic and sometimes unpredictable. The m a i n d r i v i n g force i n the area o f 

carbohydrate chemistry is the development o f a generalised methodology w h i c h w i l l 

make the synthesis o f ol igosaccharides more predictable and rout ine. I n spite o f 

considerable progress i n the development o f new g lycosy la t ion techniques there s t i l l 

exists a requirement for a general g lycosy la t ion methodo logy , especial ly one w h i c h 

provides increased cont ro l over the stereochemistry o f g lycosy l bond fo rmat ion wh i l e 

s t i l l being s imple and robust enough to be used rout ine ly i n organic synthesis. 
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з P o l y f l u o r o - P y r i d y l - G l y c o s y l D o n o r s 

The synthesis o f ol igosaccharides, by l i n k i ng a series o f monosaccharide units together 

via g lycos id ic bonds, remains a key research chal lenge. A s discussed i n the previous 

chapters, many strategies for the synthesis o f ol igosaccharides exist; however , these are 

general ly h igh l y specif ic and unpredictable. Future developments i n g lycosy la t ion 

methodo logy w i l l , therefore, require the synthesis o f fami l ies o f new g lycosy l donors 

w i t h adjustable react iv i ty i n w h i c h the electronic demand o f the leav ing group can 

' t une ' the react iv i ty o f each donor i n con junct ion w i t h specif ic act ivat ing agents. 

The риф08е o f this study was to develop a g lycosy la t ion methodo logy that 

ut i l ises heterocycl ic leav ing groups i n g lycosy l donors (Figure 3 . 1 ) / ՛ 8， 'շւ， ւ շ 2 

ค ^ ^ ร น O H ^ Í^^^C^^^^O^%^ 

Y 

F i g u r e 3 . 1 . G lycosy la t ion us ing hetary l g lycosy l donors. 

For this approach to be ef fect ive, a s imple method for the synthesis o f a range o f 

po lyñ inc t iona l py r id ine systems was requi red, a long w i t h a procedure fo r the 

attachment o f a saccharide mo ie ty to the heterocycl ic ring. However , the range o f 

readi ly accessible py r id ine systems is re lat ive ly nar row due to the l o w react iv i ty o f 

pyr id ine , severely h inder ing the var ie ty o f py r i dy l -g l ycosy l donors possible. 

A s discussed prev ious ly , fluorinated heteroaromatic systems are very electron 

def ic ient systems that are h igh l y react ive towards ทนcleophiles and, i n p r inc ip le , a l l the 

fluorine atoms cou ld be displaced by ทนcleophiles i n a sequential process, a l though this 

chemistry has not been established. S imple tr i -subst i tuted systems have been reported 

i nvo l v i ng the react ion o f pentaf luoropyr id ine w i t h a sequence o f three nucleopMles 

(Figure 3.2) ind icat ing the possibi l i t ies o f th is approach.^'*' 5 1 ' 6 4 
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F i g u r e 3.2. Sequential ทนcleophi l ic subst i tut ion o f penta f luoropyr idme. 

U t i l i s i ng th is approach we can envisage the sequential ทนcleophi l ic subst i tut ion strategy 

depicted i n Figare 3.3 where an appropr iately protected carbohydrate der ivat ive is 

u t i l ised as a ทนcleophi le to generate a h i g M y ftinctionalised hetaryl g lycosy l donor. 

F i g u r e 3 3 . Strategy fo r the synthesis o f fami l ies o f g lycosy l donors f r o m 

pentaf luoropyr id ine (1) . 

I n pr inc ip le this approach w o u l d a l l ow the synthesis o f a f a m i l y o f g lycosy l donors 

bearing d i f ferent funct ional i t ies on the pyr id ine r i ng . I n these cases the leav ing group 

ab i l i t y o f the pyr id ine ring w o u l d , theoret ical ly , be dependant upon both the substituents 

present on the ring and the type o f Lew is ac id act ivator u t i l i sed. Th is concept was 
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separated in to three areas o f research, w h i c h w i l l be examined i n the subsequent 

chapters. 

F i rs t ly , we w i l l investigate the synthesis o f poly-subst iณted heteroaromatic 

compounds from pentaf luoropyr id ine (1)， as seen prev ious ly , studies concern ing such 

sequential po ly-subst i tu t ion reactions have not been developed to any real extent .2 4 ' 51' м ' 

66՜ 7*^ Secondly, the in fo rmat ion obtained from the systematic invest igat ion o f the 

react iv i ty o f (1) w i l l be used to synthesise a series o f g lycosy l donors as depicted i n 

Figure 3.3. F ina l l y , we w i l l examine the reactions o f th is nove l class o f g lycosy l donors 

i n order to determine their g lycosy la t ion potent ia l . 
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4 Nuc leoph i l ì c A r o m a t i c S u b s t i t u t i o n o f P e n t a f l u o r o p y r i d i n e 

The g lycosy l donor synthetic strategy detai led i n the previous chapter (Figure 3.3) is 

dependant upon a sequence o f ทนcleophi l ic subst i tut ion reactions u t i l i s ing 

pentaf luoropyr id ine (1) as a scaf fo ld. However , as seen prev ious ly , studies concerning 

such sequential po ly-subst i tu t ion reactions have not been developed to any real 

extent 24, 51, 64, 66-70 Consequent ly, before under tak ing the synthesis o f py r idy l -g l ycosy l 

donors, the reactions o f (1) w i t h a series o f oxygen and n i t rogen ทนcleophiles was 

รณdied to establish the v iab i l i t y o f the po ly -subst i tu t ion strategy, determine the 

regiochemist ry o f sequential subst iณt ion reactions and assess the robustness o f the 

substiณents towards fur ther nuc leopMl ic subst iณt ion reactions. W e began our mode l 

studies by invest igat ing the reactions o f (1) w i t h a series o f oxygen ทนcleophiles, since 

such systems are analogous to oxygen ทนcleophiles der ived from carbohydrate systems. 

4.1 Reac t ions w i t h O x y g e n Nuc leoph i les 

The react ion o f (1) w i t h sod ium methox ide proceeded i n accordance w i t h l i terature 

y ie ld ing the 4-methoxy der ivat ive (2) w h i c h reacted sequential ly w i t h t w o 24,51,64 reports 

fur ther equivalents o f sod ium methox ide to g ive (3) and (4) i n a stepwise manner 

(F igure 4.1) 

๐Ob ҪСҢз oa-b 

oa-b оа-ь 

(1) (2) 

(91%) 

(3) 

(52%) 

(4) 

(20%) 

F i g u r e 4 . 1 . Reagents and Conditions: i , СНзОМа (1 equ iv . ) , C H 3 O H , re f lux . 

Th is proved consistent w i t h the expected order o f act ivat ion towards ทนcleophi l ic attack 

(Sect ion 1.4.4), w i t h the fluorine a tom i n the 4-pos i t ion being the most susceptible 

towards ทนcleophi l ic subst iณt ion, f o l l owed by replacement o f the fluorine atoms i n the 

2- and 6-posit ions. The subst i tut ion o f fluorine also results i n a decl ine in the react iv i ty 

o f the system, evident from the reduct ion i n the y ie lds f r o m (2) —>• (4) . 
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The standard l i terature procedure for isolat ing mono-subst i tuted compounds o f 

this type from the react ion mix tu re invo lves an aqueous/organic extract ion procedure^' ' 

55,56, 66-68.70,132 ^ h i c h general ly p rov ided isolated yields i n the reg ion o f 50 -60%. A n 

alternative procedure was developed that ut i l ised so l id phase resins to remove or 

neutral ise the unreacted ทนcleophi l ic species. In th is procedure, the add i t ion o f 

Amber l i t e resin (sod ium f o r m ) replaced the extract ion stage increasing the isolated 

y ie lds to greater than 9 0 % . Amber l i t e resin is h igh ly acid ic , e f fec t ive ly neutra l is ing any 

a lkox ide present i n the react ion m ix tu re conver t ing i t back in to the parent a lcohol . 

F i l t ra t ion to remove the resin and sod ium fluoride, fo rmed dur ing the neutral isat ion, 

f o l l owed by concentrat ion under reduced pressure d i rect ly y ie lded the substiณted 

pyr id ines i n h i gh pur i ty . 

I n order to invest igate the compat ib i l i t y o f the methoxy substiณent towards 

further ทนcleophi l ic subst i tut ion reactions, (2) was reacted w i t h sod ium ethoxide (Figure 

4.2). However , i n contrast to the react ion w i t h sod ium methox ide, the react ion o f (2) 

w i t h sod ium ethoxide gave a complex mix tu re o f products ar is ing f r o m the 

displacement o f methox ide from the act ivated 4-pos i t ion. 

c x > b 

(3) 

(2) 

ОСНз 

(6) (7) (8) 

Solvent 
Compound rat io 

Solvent 

2 3 5 6 7 8 

Ethanol 4 5 3 10 77 1 

T H F 5 18 3 9 62 3 

F i g u r e 4.2. Reagents and Conditions: i , С г Н з О К а (1 equiv . ) , C 2 H 5 O H or T H F , re f lux . 
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Compounds (3)， (5) , (6) and (8) arose f r o m the displacement o f the methoxy substituent 

f r o m the 4-pos i t ion and subsequent react ion w i t h either sod ium ethoxide or the l iberated 

methox ide anion. V a r y i n g the solvent appears to have l i t t le ef fect upon the degree o f 

displacement o f the methoxy substiณent at the 4-post ion, as observed from the rat ios o f 

compounds (5) , (6) and (8) . Chang ing the solvent d id appear to have an ef fect o n the 

extent o f ทนcleophi l ic attack by the l iberated methox ide i on ; this is not surpr is ing since 

ethanol is a prot ic solvent w h i c h w o u l d neutral ise the methox ide i on , e f fec t ive ly 

remov ing i t from the react ion, account ing for the decreased amounts o f compound (3) . 

The displacement o f the methoxy substituent can be expla ined by examinat ion 

o f the Meisenheimer intermediates for attack at the 2- and 4-posi t ions (Figure 4.3) . The 

most stable carbardonic intermediate is fo rmed from attack at the 4-pos i t ion, combined 

w i t h the good leav ing group ab i l i ty o f methox ide explains w h y ทนcleophi l ic subst i tut ion 

at the 4-pos i t ion o f (2) occurs. These results demonstrate that methoxy substituents are 

inappropriate for the purposes o f our g lycosy l donor synthesis strategy. 

2 activating meta-flLXxines 
2 acüvatirğ ortho-fluorines 

1 deactivating para-flucxine 
1 activabng meta-fluonnes 
1 activating ortho-fluorines 

F i g u r e 4.3. Compar ison o f the Meisenheimer intermediates for attack at the 2 - and 4 -

posi t ions o f (2) 

I n contrast, however , reactions o f 4-ethoxy-2,3,5,6- tet raf luoropyr id ine (5) were 

found to be selective (Figure 4.4) and both the 2 ,4-d ie thoxy-3,5 ,6- t r i f luoropyr id ine (6) 

and 4-e thoxy-2 ,3 ,5- t r i f luoro-6-methoxypyr id ine (8) systems were prepared by react ion 

o f (5) w i t h sod ium ethoxide and sod ium methox ide respect ively. The synthesis o f the 

tr i -subst i tuted system (9) also proved possible ind icat ing that th is is a v iab le approach 

for the synthesis o f g lycosy l donors when the substituents on the pyr id ine r ing are not 

labi le. 
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(6) (9) 

(75%) (52%) 

F i g u r e 4.4. Reagents and Conditions: i , C2H50Na (1.2 equiv . ) , C 2 H 5 O H , re f lux ; ii， 

СзНзОМа (2.2 equiv . ) , C 2 H 5 O H , re f lux ; і і і , С Н з О Н а (1.2 equiv . ) , C H 3 O H , re f lux . 

The select iv i ty observed when using ethoxy substituents can be at t r ibuted to their 

in fer ior leav ing group ab i l i ty , compared to the methoxy substituent, w h i c h d imin ishes 

the l i ke l i hood o f subst i tut ion occurr ing at the site occupied by the ethoxy group. 

4.2 React ions w i t h N i t r o g e n Nuc leoph i les 

I n order to increase the range o f poly-subst i tu ted pyr id ine systems avai lable by the 

sequential ทนcleophi l ic subst i tut ion approach, the reactions o f (1) w i t h p r imary and 

secondary amine nucleophi les was invest igated (Figure 4 .5) , methy lamine and 

d ie thy lamine gave (10) and (11) respect ively. T w o equivalents o f the amine were 

required i n bo th cases to prov ide mono-subst i tu t ion, compared to on l y one equivalent 

be ing required fo r the alkoxides. I t is postulated that one equivalent o f amine acts as a 

ทนcleophi le subst iณt ing the fluorine a tom i n the 4-pos i t ion, wh i l e the second equivalent 

o f amine acts as a base to neutral ise the hydrogen fluoride generated as a by-product in 

these reactions. Nuc leoph i l i c subst i tut ion was possible w i t h on ly one equivalent o f 

amine wh e n there was another base present i n the react ion, consistent w i t h the above 

theory (F igure 4.5 cond i t ion і і і ) . 
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(12) 

89%neocvery ๙ (10) 

(1) 

(10) 

° 入 ^'^М(С2һУ2 

(13) 

N(C2İ-fe)2 79%necx>№fyof(10) 

(11) 

il 8 1 % 

ІІІ 89% 

F i g u r e 4.5. Reagents and Conditions: і , C H 3 N H 2 (2.2 equiv . ) , T H F , stir, r t ; 11， 

(C2H5)2NH (2.2 equ iv . ) , T H F , re f l ux ; і і і , (C2H5)2NH (1 equ iv . ) , N a H C O s (2 equ iv . ) , 

T H F , re f lux ; i v , C2H5NH2 (2.2 equ iv . ) , T H F , re f l ux ; V, (C2H5)2NH (2.2 equiv . ) , T H F , 

re f lux ; v i , (C2H5)2NH (3.2 equiv . ) , T H F , re f lux . 

I n order to increase the degree o f ftmctionality on the pyr id ine ring, (10) was 

reacted w i t h ethy lamine and d ie thy lamine i n an attempt to f o r m the 2,4-disubst i tuted 

compounds (12) and (13) respect ively (F igure 4.5) . However , (10) fa i led to react w i t h 

either o f the amine ทนcleophi les; i t is proposed that the amines were p r ima r i l y act ing as 

a base, instead o f a ทนcleophi le, interact ing w i t h the acidic secondary amine substiณent 

on the heterocycl ic r i ng resul t ing i n the reduct ion o f the ทนcleophi l ic i ty o f the system 

(Figure 4.6). The presence o f the hydrogen bonded system (14) was inferred f r o m a 

broadening o f the observed І 9 р N M R signals. 
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(10) (14) 

R i = C 2 H 5 
R2 = H7C¿H5 

F i g u r e 4.6. Interact ion o f (10) w i t h amines. 

I n contrast, the react ion o f (15) w i t h buty lamine and d ie thy lamine proceeded as 

expected to g ive exc lus ive ly the 2,4-disubst i tuted products (16) and (17) i n moderate 

y i e l d (F igure 4.7) . E lect ron ica l ly methy lamine and /.yopropylamine groups are s imi lar , 

so the di f ference i n the react iv i t ies o f (10) and (15) may be at tr ibuted to the increased 

steric bu lk around the n i t rogen a tom i n (15) , w h i c h restricts access by an amine and 

hence reduces the degree o f associat ion, enabl ing ทนcleophi l ic attack. 

N(C2İ-fe)2 Xii 

ΗΝ 
,,CH(C>b)2 

(ҢзС)2на 

(1) 

՝М(СзН7)2 N(C2hfe)2 

(19) 

vi, 24% 

(17) 

63% 

F i g u r e 4.7. Reagents and Conditions: i , (СНз)2СШН2 (2.2 equ iv . ) , T H F , re f lux ; і і , 

C4H9NH2 (3.2 equiv . ) , T H F , re f l ux ; і і і , (C2H5)2NH2 (11.2 equiv . ) , T H F , re f lux ; i v , 

(C2H5)2NH (2.2 equiv . ) , T H F , re f l ux ; V , (СНз)2СШН2 (2.2 equ iv . ) , T H F , re f lux ; v i 

(СзН7)2КН (6 equiv . ) , T H F , re f l ux ; v i i , (СзН7)2Ш (1.2 equ iv . ) , 'BULİ (1.2 equ iv . ) , 

T H F , re f lux . 
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Compound (11) was also found to react w i t h both p r imary and secondary amines to 

generate the di-subst i tuted compounds (18) and (19) (Figure 4.7). The in t roduc t ion o f a 

second ni t rogen-centred ทนcleophile into (11) was found to be considerably more 

d i f f i cu l t than fo r (15) , an excess o f reagent and pro longed heating was required to a f fo rd 

reasonable quanti t ies o f (18) and (19) . Th is evidence suggests that the d ie thy lamine 

substituent deactivates the pyr id ine r ing towards further ทนcleophi l ic subst i tut ion to a 

greater degree than an /5opropylamine or an oxygen substituent i n the same pos i t ion , 

therefore, a more act ivated ทนcleophile is requi red to faci l i tate subst iณt ion i n such 

systems. To this end, an alternative procedure was developed that i nvo lved the 

generation o f the l i t h i um salt o f the amine p r io r to ทนcleophi l ic attack as th is was 

expected to increase the ทนcleophi l ic i ty o f the amine and hence improve the rate o f 

ทนcleophi l ic subst i tut ion. Th is procedure resulted i n a three f o l d increase i n the y ie ld o f 

(19) i n add i t ion to a reduct ion in react ion t ime and the quant i ty o f ทนcleophile required 

(Figure 4.7 cond i t ion v i i ) . 

4.3 M o r e C o m p l e x S u b s t i t u t i o n Pa t te rns 

The range o f mul t i -subst i tu ted pyr id ines developed thus far has been l im i ted to systems 

u t i l i s ing the same f a m i l y o f ทนcleophiles (i.e. bo th oxygen or both n i t rogen 

ทนcleophiles). I n order to f u l f i l the requirements o f the g lycosy l donor methodo logy 

(Figure 3.3) a m u c h w ider range o f substi tuted pyr id ines is required ánd， to that end, the 

synthesis o f heterocycles u t i l i s ing a m ix tu re o f carbon, n i t rogen and oxygen 

nucleophi les was carr ied out. 

4.3.1 O x y g e n , N i t r o g e n Systems 

The react ion o f (2) w i t h d ie thy lamine fa i led to produce the expected 2,4֊disubstituted 

compound in pract ical quanti t ies (F igure 4.8) due to the dealky la t ion o f the methoxy 

substituent to g ive 2,3, J , 6-terafluoropyrìdin'4-olatedìethyl-ammonium (20) . Th is result 

may be expla ined by the h igh rate o f รN2 ทนcleophi l ic attack at a methy l group 

compared to higher chain length a l ky l groups (Table 4.1) , for example, the rate o f 

attack at a me thy l site is th i r ty t imes that for a methylene site.'^^ This provides fur ther 

evidence for the incompat ib i l i t y o f methy l -based substituents w i t h this approach. 
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çx>b 

(2) 

N(C2hfe)2 

(20) 

93% 

(21) 

5% 
(22) 

2% 

(Col-tìoNH 

(2) 

CH3NKÇ2hfe)2 

(Cy-tbNH 

(20) 

93% 

F i g u r e 4.8. Reagents and Conditions: і , HN(C2H5)2 (2.2 equ iv ) , T H F , re f lux . 

The structure o f compound (20) was con f i rmed by N M R spectroscopy and mass 

spectrometry. I t is postulated that the counter i on observed i n (20) results from the 

second equivalent o f amine, present i n the react ion т і х Ш г е , d isp lac ing the counter ion 

that was fo rmed dur ing the react ion. 

С Н з - Х CH3CH2-X (СНз)2СН-Х 

կ,շ re l . ЗО 1 0.025 

T a b l e 4 . 1 . Compar ison o f the relat ive rates o f ทนcleophi l ic attack by รN2 processes o f 

a l ky l chlor ides w i t h the iodine i o n . ' " 

The k inet ic data indicates that the prospect o f dealky la t ion occur r ing is d imin ished 

when higher a l k y l groups are u t i l i sed. Th is was con f i rmed by the fact that the react ion 

o f (5) w i t h bu ty lamine and d ie thy lamine proceeded as desired w i t h the nuc leopMle 

subst iณt ing the fluorine a tom at the 2-posi t ion o f the pyr id ine r i ng (Figure 4.9) . 
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9ՇշՒէ ę c į h t ๐С2Ң5 に 
MHC4H9 F l·l^F F^N քՎՇշ4^)շ 

(23) (5) (24) 

49% 63% 

F i g u r e 4.9. Reagents and Conditions: i , H2NC4H9 (2.2 equ iv ) , T H F , re f l ux ; і і , 

HN(C2H5)2 (2.2 equiv . ) , T H F , re f lux . 

The y ie lds obtained f r o m these reactions were comparable to the reactions detai led 

prev iously i n Sections 4.1 and 4.2. 

4.3.2 N i t r o g e n , O x y g e n Systems 

I n order to prov ide a mode l for the coup l ing o f a saccharide uni t w i t h an amine 

substituted py r id ine , compounds (15) and (11) were reacted w i t h sod ium ethoxide 

(Figure 4.10). These reactions proceeded i n the same way as the oxygen, oxygen 

systems detai led i n Sect ion 4 . 1 . 

І ^СКСНзЬ ^СН(СҢз)2 

, ғ 

OCįhfe 

(15) (25) 
8 1 % 

N(C2İ-y2 ГЧСгНУг 

F 

(26) 

68% 

F i g u r e 4.10. Reagents and Conditions: i , NaOCaHs (1.2 equ iv ) , C2H5OH, re f lux . 
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4.3.3 E l e c t r o n Poo r P e r f l u o r o a l k y l Systems 

The ทนcleophi l ic subst iณt ion reactions detai led i n the prev ious sections demonstrate the 

potent ia l use o f this methodo logy fo r the synthesis o f h igh ly substituted py r id ine 

systems in a contro l led and M g h l y e f f ic ient manner. So far, a l l o f the substituents added 

to the pentaf luoropyr id ine scaf fo ld have been less electron w i t hd raw ing than fluorine 

and so i n order to p rov ide access to more electron def ic ient systems, per f luoroa lky l 

groups were u t i l i sed as a substituent (F igure 4.11). Chambers and co-workers^^'^^ 

developed an e f f ic ien t route to per f luo roa lky l ated heteroaromatics using 

tet rak is(d imethy lamino)ethy lene ( T D A E ) as a catalyst i n the absence o f so lvenj . 

ҪҒ(СҒз)2 

(1) (27) 

28% 

F i g u r e 4 . 1 1 . Reagents and Conditions: i , hexaf luoropropene (HFP) (1 equiv . ) , T D A E 

(0.02 equiv . ) , autoclave, 60 °С. 

The proposed mechanism for the fo rmat ion o f per f luoroa lky la ted heteroaromatic 

compounds is shown i n Figure 4.12. Under anhydrous react ion condi t ions, T D A E 

reacts w i t h H F P disp lac ing a fluoride ion f r o m the alkene, e f fec t ive ly act ing as an in 

situ source o f fluoride ion . The l iberated fluoride ion reacts w i t h another H F P molecule 

to g ive the ทนcleophi l ic fluorocarbanion (28) w h i c h then reacts w i t h (1) to g ive 2,3,5,6-

tetrafluoro-4-(perfluoropropan-2-yl)pyridine (27). 
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- >=СҒСҒз + F 

TOAE 

ҪҒ(СҒз)2 

(1) (СҒз)2СҒ 

(27) 

28% 

(28) 

F i g u r e 4.12. Mechan ism for the fo rmat ion o f per f luoroa lky la ted heteroaromatics. 

I n pr inc ip le , nuc leopMl ic subst iณt ion i n (27) cou ld occur at either the 2 - or 3-

posi t ions, in both cases the Meisenheimer intermediate has fìmctionalities w h i c h cou ld 

stabil ise the generated an ion (Figure 4.13) . However , i t has been reported prev ious ly 

that ทนcleophi l ic subst i tut ion occurs exc lus ive ly at the 2/6-posi t ion w i t h a lkox ide 

ют''-'' 

ҪҒ(СҒз)2 
Nu ๙ め θ 

ҪҒ(СҒз)2 

M j 

ҪҒ(СҒз)2 

θ 

F i g u r e 4.13. The two possible sites for ทนcleophi l ic attack i n (27). 

The reactions o f (27) w i t h oxygen and n i t rogen centred ทนcleophiles proceeded 

as prev ious ly observed (Figure 4.14) to g ive the 2,4-disubst iณted compounds (29) to 

(31) i n moderate to good yields. Interest ingly the reactions o f (27) proceed m u c h more 

rap id ly than the reactions o f (5) , (11) and (15) ind icat ing that these systems are more 

electron def ic ient than the prev ious ly developed substituted heterocycles. 
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ҪҒ(СҒз)2 

(29) 

55% 

ҪҒ(СҒз)2 ҪҒ(СҒз)2 

(31) (27) (30) 

69% 75% 

F i g u r e 4.14. Reagents and Conditions: і , NaOCsHs (1.2 equ iv ) , C2H5OH, re f lux ; і і , 

H2NC4H9 (2.2 equ iv ) , T H F , re f l ux ; і і і , HN(C2H5)2 (2.2 equiv . ) , T H F , re f lux . 

4.4 O n e - P o t M u l t i - C o m p o n e n t Reac t ions 

I t has been shown that sequential ทนcleophi l ic subst i tut ion o f (1) prov ides a versati le 

and ef f ic ient route to the synthesis o f a var iety o f h igh l y subst iณted pyr id ine based 

compounds. In order to increase the e f f ic iency o f this methodology the app l icab i l i t y o f 

sequential ทนcleophi l ic subst i tut ion per ta in ing to a one-pot synthetic strategy was 

invest igated (Figure 4.15). 

(1) (11) (26) 

56% 

F i g u r e 4.15. Reagents and Conditions: i， HN(C2H5)2 (1 equiv . ) , N a H C O s (2 equiv . ) , 

T H F , re f l ux ; і і , СгНзОЫа (1 equiv . ) , T H F , re f lux . 
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Firs t ly , (1) was reacted w i t h d ie thy lamine to g ive the mono-subst i tu ted 

compound (11) as seen prev ious ly ; tMs was f o l l owed by the add i t ion o f sod ium 

ethoxide to the react ion med ium to g ive the di-subst i tuted compound (26) i n moderate 

y ie ld . I n order to contro l the regiochemistry o f the react ion i t was determined that the 

use o f excess amine i n the first stage was not possible, therefore, the alternat ive 

procedure was used (Figure 4.5 cond i t ion і і і ) , where an excess o f sod ium hydrogen 

carbonate replaces the second equivalent o f amine. 1 9F N M R prov ided a probe to 

determine when complete convers ion o f (1) in to (11) had occurred, enabl ing the correct 

t i m i n g for the add i t ion o f the sod ium ethoxide so lut ion. 

Th is fur ther emphasises the app l icab i l i ty o f this approach to the rapid synthesis 

o f a mul t i tude o f poly-subst i tuted pyr id ine compounds. 

4.5 S u m m a r y 

I n this chapter w e have conducted a systematic study into the chemistry o f 

pentaf luoropyr id ine (1) w i t h a range o f oxygen and n i t rogen centred nucleophi les; the 

purpose o f w h i c h was to examine the poss ib i l i ty o f u t i l i s ing (1) as a scaf fo ld fo r the 

synthesis o f a range o f poly-subst i tuted pyr id ine derivat ives as models for the 

development o f hetary l g lycosy l donors (F igure 3.3). 

I n general (1) was found to readi ly undergo ทนcleophi l ic aromatic subst i tut ion to 

prov ide mono- d i - and tr i -subst i tuted compounds w i t h excel lent reg iochemical cont ro l 

and moderate to good y ie lds, for the nucleophi les studied (Figure 4.16). The or ientat ion 

o f nuc leophi l ic attack was found to be h igh l y selective, w i t h the order o f act ivat ion 

f o l l o w i n g the sequence 4-posi t ion > 2-posi t ion » 3-posi t ion, w h i c h proved consistent 

w i t h earl ier l im i t ed invest igat ions. 

Several l imi ta t ions were discovered w i t h this approach, speci f ica l ly the 

incompat ib i l i t y o f methoxy and methy lamine substituents towards further nuc leophi l ic 

subst iณt ion reactions. Th is is not o f great concern since i t does not s ign i f icant ly reduce 

the range o f poly-subst i tu ted pyr id ine mot i f s accessible by th is strategy. The ease o f 

nuc leophi l ic subst iณt ion was also found to decrease w i t h each subst i tut ion o f fluorine. 

Th i s was ı տ ร u φ r i s i n g , bu t resulted i n an increase i n the severity o f the condi t ions 

required for several reactions. Th is may result i n some problems when u t i l i s ing 

nucleophi les der ived from saccharides due to their l o w thermal tolerances. 
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(23) 

(24) 

ҪҒ(СҒз)2 

(ธ) 
сңоьь 

ᄋ 

ҪҒ(СҒз)2 ҪҒ(СҒз)2 
^ С К С Н з Ь 

NHCUhb 

(ЗО) (27) (15) (16) 

ҪҒ(СҒз)Г 

ЧСгНธ)շ 

(17) 

М(СзН7)2 

(18) (26) 

(19) 

F i g u r e 4.16. Schematic representation o f the use o f (1) fo r the synthesis o f po l y -

substituted pyr id ine systems. 

Overa l l , the synthesis o f poly-subst i tuted pyr id ines via sequential nuc leophi ł ic 

aromatic subst i tut ion o f (1) has p roved to be a v iab le , versati le and ef fect ive strategy. 

Th is synthetic strategy a l lows the rapid synthesis o f heterocycl ic compounds i n a 

cont ro l led manner, using either mul t i -stage or one-pot methodologies. I t has been 

established that a range o f mono- , d i - and tr i -subst i tuted pyr id ine compounds can be 

synthesised ш this way , demonstrat ing the potent ia l app l icab i l i ty o f this approach to the 

synthesis o f ' t u n e a b l e ' hetary l g lycosy l donors. 
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5 P o l y f l u o r o - P y r i d y l G l y c o s y l D o n o r Synthesis 

The g lycosy l donor synthet ic strategy detai led in Yigoľe 5.1 is dependent upon a 

sequence o f ทนcleophi l ic subst iณt ion reactions u t i l i s ing penta f luoropyr id ine (1) as a 

scaf fo ld. I n the previous chapter we conducted a systematic study o f the chemistry o f 

pentaf luoropyr id ine (1) w i t h an array o f oxygen and n i t rogen centred ทนcleophiles, 

demonstrat ing that the synthesis o f mul t i -subst i tu ted pyr id ines via the sequential 

ทนcleophi l ic aromatic subst i tu t ion o f (1) is a v iab le and ef fect ive strategy. 

NU1 

NU2 

NU2 

Ν - . / N i t 

F i g u r e 5 . 1 . Strategy for the synthesis o f fami l ies o f g lycosy l donors f r o m 

penta f luoropynd ine (1) . 

I n p r inc ip le , i f an appropriately protected carbohydrate der ivat ive was to be used as a 

ทนcleophile a f a m i l y o f g lycosy l donors, bear ing d i f ferent funct ional i t ies on the pyr id ine 

r ing , cou ld be constructed readi ly . I n the f o l l o w i n g chapters we detai l the synthesis o f a 

short range o f g lycosy l donors and demonstrate the app l icab i l i ty o f these systems i n a 

var iety o f g lycosy la t ion reactions. 

D i rect 0 -he ta ry la t ion o f 2,3,4,6-tetra-O-benzyl -D -g lucopyranose (32) w i t h 

electron def ic ient heteroaromatic compounds, leading d i rect ly to hetaryl 
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glucopyranosides, has recent ly been shown to be quite e f fec t ived ' s' ՚^՛՜^^՝^՛ ւ շ 5 ՛ 1 34 Th is 

approach provides a convenient manner to l i n k sugar residues through a g lycos id ic 

l inkage onto heterocycles. The synthesis o f several a ry l - and hetary l glycosides has 

been reported previously,^ ' ᄀ、 8 ' 8 3 ' ՚^՛՜՛^^ Schmidt et af' 8 have recently prepared a related 

system b y the react ion o f a glucose der ivat ive w i t h pentaf luoropyr id ine (1) and effected 

g lycosy la t ion using strong Lew is acid p romot ion . 

I n the previous chapter w e saw that (1) reacts readi ly w i t h a range o f oxygen 

ทนcleophiles, since such systems are analogous to the ทนcleophiles generated from 

carbohydrate systems i t should prove possible to use the same approach for the 

attachment o f a saccharide to the pyr id ine ring. 

5.1 M o n o - S u b s t i t u t e d D o n o r Synthes is 

The react ion o f (1) w i t h (32) was f i rs t l y carr ied out according to the exper imental 

procedure detai led by Schmidt et a l 7 ' 8 (Figure 5.2, cond i t ion i ) , where (1) was added to 

a so lu t ion o f (32) i n d ry d ichloromethane and st irred at r o o m temperature fo r 1-3 hours. 

Th is procedure fa i led to generate the heterocycl ic g łycosy l donor (33) , p rov id ing 

complete recovery o f the start ing mater ia l . Th is is unsurpr is ing since the reactions o f 

(1) w i t h s imple alkoxides usual ly required heat ing before ทนcleophi l ic aromatic 

subst i tut ion occurred. 

(32) (33) 卜 

iO% 

iii 4๐% 36:64 α:Ρ 

iv 70% 36:64 α:β 

ν 70% 36:64 α:(3 

F i g u r e 5.2. Reagents and Conditions: i ， (1) (1 equiv . ) , N a H (1.2 equiv . ) , CH2CI2, st ir 

r t ; і і (1) (1 equ iv . ) , N a H (1.2 equiv . ) , CH2CI2, 40^c , i i i , (1 ) (1 equ iv . ) , N a H (1.2 equ iv . ) , 

T H F , 70^C; i v , (1) (1 equiv . ) , N a (1.2 equiv . ) , T H F , 70°C; V ， (1) (1 equiv . ) , " B u L i (1.2 

equiv . ) , T H F , 70°c . 
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U t i l i s i n g the opt imised react ion condi t ions developed i n the previous chapter, (33) was 

generated readi ly. Pur i f i ca t ion by h igh pressure flash cføomatography (HPFC) a l lowed 

the rapid isolat ion o f the α and β anomerร i n good y ie lds. Typ i ca l l y iso lat ion o f the 

g lycosy l donor f r o m unreacted (32) and (1) was achieved i n under an hour u t i l i s ing 

H P F C . 

Ana lys is o f the Ή N M R spectrum o f (33) a l lowed the ident i f icat ion o f the α and 

β anomerร (Figure 5.3) by the observat ion o f a unique set o f signals for each o f the 

isomers. The most impor tant signal to ident i fy was the peak ar is ing f r o m the C] 

hydrogen a tom since th is a l lowed the rat io o f the α and β anomerร to be determined. 

The hydrogen a tom at the anomeric centre can be easi ly assigned since i t occurs 

down f i e l d o f the other r i ng hydrogen atoms due to deshield ing by the t w o oxygen atoms 

and the electron def ic ient pyr id ine r ing . 

GBn 

49% 

аН і δ 5.74 ppm 

^Jax-«, 3.6 Hz 

Ғз δ-156.19 ppm 

1+С,-С2-Н֊60° 

аН і δ 5.35 ppm 

3 J 3 , ^ 7 . 0 H Z 

Ғз δ-158 .17 ppm 

Н-Сі-С2-Н~180° 

F i g u r e 5.3. The α and β isomers o f (2,3,5,6- tet raf luoro-4-(2,3,4,6- tet ra-0-benzyl -D-

g lucopyranosy loxy) -pyr id ine (33). 

A doublet signal was observed at δ 5.74 p p m , this is consistent w i t h the existence o f a 

hydrogen a tom that is bonded to a carbon a tom attached to t w o oxygen atoms (the 

anomeric carbon, С і ) . The coup l ing constant (J) for th is doublet was 3.6 H z , tMร is due 

to a smaller axial-equator ial d ihedral angle at H-C1-C2-H (approx imate ly 60° ) , w h i c h 

proves consistent w i t h the α isomer. A second doublet was also observed centred at δ 

5.35 p p m . This p ro ton signal exhib i ts a s ign i f icant ly larger coup l ing constant, J = 7.0 

H z , พ Ы с һ proves consistent w i t h a larger ax ia l -ax ia l coup l ing expected from the β 

isomer, i n w h i c h the angle at H-C1-C2-H is approx imate ly 180°. 
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W e observed that the α and β anomerร had d is t inct ive ' 9 F N M R spectra (F igure 

5.4) w h i c h a l lowed the very convenient determinat ion o f the rat io o f the t w o anomerร i n 

the react ion m ix tu re . Signals at δ -156.19 p p m and δ -158.17 p p m were observed for 

the α and β anomerร, corresponding to the fluorine atoms at the 3՝ and 5՝ posi t ions. The 

rat io values obtained f r o m the 19ғ N M R were consistent w i t h the α:β ratios determined 

by ' H N M R , opt ical po lar imet ry and l i terature values for the equi l ibr ix im concentrat ions 

o f the t w o anomerร o f glucose (Table 5.1). '^^՛ 1 36 Consequentty, ' 9 F N M R provides a 

unique probe for the mon i to r ing o f systems o f this type, a l l ow ing the rapid 

determinat ion o f anomeric rat ios w i thou t the isolat ion o f the compounds. 

33ß 

F i g u r e 5.4. 1 9 F N M R o f compound (33) showing the α and β anomerร. 

Percentage anomer (%) 

Η N M R 

I-Ì С N M R 

ι リ r 
T N M R 

Opt ica l po lo r imet ry 

Ь і ІегаШге values 
135, 136 

U 

37 

35 

35 

36 

36 

B 

63 

65 

65 

64 

64 

T a b l e 5 .1 . Relat ive amounts o f the α and β anomerร o f (33) i n the react ion mix tu re as 

determined f r o m ' H and ' 9 F N M R . 
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13, 
с N M R was also used to characterise compound (33) , unique signals resul t ing 

from the carbon atom at the anomeric centre a l lowed the ident i f i ca t ion o f the t w o 

anomerร and the α:β anomer rat ios determined were consistent w i t h the ratios 

determined by ' H and 1 9 F N M R (Table 5.1). However , i n order to acquire ассша їе 

integral data the 1 3 C N M R had to be carr ied out fo r a pro longed per iod o f t ime due to 

s low re laxat ion o f the ' 3 C nuclei w h i c h proved to be inef f ic ient . 

5.2 D i - S u b s t i t u t e d D o n o r Synthesis 

The react ion o f (32) w i t h the mono-subst i tuted pyr id ine cores (5) , (11) , (15) and (27) 

proceeded as expected to generate the corresponding hetary l g lycosy l donors i n good to 

moderate y ie lds (F igure 5.5). 

51% 1:3 OKObfe 

СҒ(СҒз)2 

СҢСҒз)2 

OBn 

(ЗЭсф) һ그^수^ 

-.„ F 

F i g u r e Э .5. Reagents and Conditions: 1, (5) (1 equiv . ) , N a H (1.2 equiv . ) , T H F , re f l ux ; 

і і , (11) (1 equiv . ) , N a H (1.2 equ iv . ) , T H F , re f lux ; і і і , (26) (1 equiv . ) , N a H (1.2 equiv . ) , 

T H F , re f l ux ; i v , (41) (1 equiv . ) , N a H (1.2 equiv . ) , T H F , re f lux ; V , (27) (1 equ iv . ) , N a H 

(1.2 equiv . ) , T H F , re f lux ; v i , (42) (1 equiv . ) , N a H (1.2 equiv . ) , T H F , re f lux . 
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Separation o f the α and β anomerร o f the di-subst i tuted pyr id ine systems by 

chromatography proved more d i f f i cu l t than for (33) w i t h on ly (37a) and (37β) be ing 

separated, the other compounds were isolated as anomeric mix tures. 

Characterisat ion o f bo th the α and β anomerร f r o m the anomeric m ix tu re was 

st i l l possible by u t i l i s ing their unique N M R signals i n a s imi lar manner to that used for 

compound (33). Character isat ion o f the di-subst i tuted pyr id ine systems was achieved 

by iden t i f y ing the anomeric carbon and hydrogen atoms using 13C and *H N M R (Figure 

5.6), u t i l i s ing these signals i t was possible to assign the ne ighbour ing atoms sequential ly 

us ing C O S Y and H E T C O R 2-dimensional N M R techniques. 

бн 6.39 ppm 

С Н С α ÔH 5 . 6 9 ppm 

C H C I β 

6.4 6 .3 6.2 6 . О 5 .8 

ôc 98.0 ppm 

CH Cl β 

óᄂ 94.2 ppm 
CH С, α 

9 6 9 4 

F i g u r e 5.6. Ή and '"^c N M R o f compound (34) showing the un ique signals from the 

anomeric hydrogen and carbon atoms. 
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W e also observed that the α and β anomerร had d is t inct ive '^F N M R spectra 

(F igure 5.7), analogous to (33) , w h i c h a l lowed the relat ive amounts o f the α and β 

anomerร to be determined. The ratios determine by '^F N M R proved consistent w i t h the 

rat ios determined f r o m the mono-subst i tuted pyr id ine system and the c i ted equ i l i b r i um 

values for the rat io o f the α and β anomerร o f D-glucose i n so lu t ion (Table 5.1). 

δρ-158.24 ppm 

3-Fß 

δ[ -157.94 ppm 

3-Ға 

ノ ᄂ ч 

՚ ì ՚ ՚ ՚ * т •• 

リリ 

F i g u r e 5.7. 19F N M R o f compound (34) showing the α and β anomerร. 

Interest ingly the react ion o f (32) w i t h 2,3,5,6-tetrafluoro-pyridìne֊4-carbonìtrile 

(41) y ie lded t w o d i f ferent g lycosy l donors due to ทนcleophi l ic subst i tut ion o f fluorine at 

the 2 - and 3-posit ions, compounds (38α/β) and (39α/β) respect ively. Nuc leoph i l i c 

subst iณt ion o f fluorine at the 2-pos i t ion was expected as observed f r o m prev ious 

reactions. Nuc leoph i l i c subst i tut ion o f fluorine at the 3-posi t ion arose due to the ortho-

act ivat ing effect o f the cyano substituent at the 4-pos i t ion (Figure 5.8). 

F i g u r e 5.8. The or tho-act ivat ing effects o f a 4-cynao substituent. 

The cyano substiณent at the 4-pos i t ion provides stabi l isat ion o f the Meisenheimer 

complex when nuc leophi l ic subst i tut ion occurs at the 3-posi t ion in a s imi la r way to the 

ring n i t rogen when attack occurs at the 2-pos i t ion. I n add i t ion to th is , the cyano 
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substituent is also h igh ly electron w i t hd raw ing act ivat ing the site orlho to i t i n the in i t ia l 

state, comparable to the Ortho act ivat ing ef fect o f fluorine detai led i n Chapter two . The 

ratio o f ทนcleophi l ic aromat ic subst i tut ion at the 2- and 3-postions was 1:1, the number 

o f act ivat ing and deact ivat ing fluorine atoms is the same fo r attack at either pos i t ion 

ind icat ing that the cyano group exerts an act ivat ing ef fect comparable to that o f the r i ng 

n i t rogen. 

The react ion o f (32) w i t h 4-benzenesulfonyl-2,3,5,6-tetrafluoro-pyridine (42) 

fa i led to produce the expected hetaryl g lycosy l donor due to displacement o f the 

benzenesulfonyl substiณent. Th is resulted i n a complex mix tu re o f compounds ar is ing 

from the displacement o f the benzenesulfonyl substituent and subsequent nuc leopMl ic 

attack from bo th the l iberated benzenesul fonyl and 2,3,4,6-tetra-O-benzyl-D-

glucopyranosy lox ide i n a comparable process to that observed i n Figure 4.2. The 

fai lure o f this react ion demonstrates the incompat ib i l i t y o f the benzenesul fonyl group 

w i t h the current po l y f l uo ro -py r i dy l g lycosy l donor methodology. 

5.3 T r i - S u b s t i t u t e d D o n o r Synthesis 

I n order to increase the tun ing aspect o f this f a m i l y o f donors, (32) was reacted w i t h 

equimolar quanti t ies o f the di-subst i tuted pyr id ine der ivat ives synthesised i n the 

previous chapter (F igure 4.16). The react ion o f (32) w i t h the ma jo r i t y o f the d i -

substituted pyr id ine der ivat ives fa i led to generate the expected hetary l g lycosy l donors 

w i t h the on ly except ion be ing the more act ivated system (30) (F igure 5.9). Th is result is 

unsurpr is ing since the synthesis o f many o f the di-subst i tuted pyr id ine der ivat ives 

required an excess o f reagents and pro longed heat ing to a f fo rd reasonable quanti t ies. 

Prolonged heat ing and increased react ion concentrat ion fa i led to faci l i tate the fo rmat ion 

o f the expected g lycosy l donors, instead resul t ing i n the decomposi t ion o f (32). 

OH « Ո Ս ֊ ^ . ^ ^ ^ น ^ - w N H C ^ b ^ 

С Ғ ( С Ғ з ) 2 

F i g u r e 5.9. Reagents and Conditions: (30) (1 equ iv . ) , N a H (1.2 equ iv . ) , T H F , re f lux . 
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The systems based upon 2 , 3 , 5 , 6 - t e t r a f l u o r o - 4 - ( p e r f l u o r o p r o p a n - 2 - y l ) p y r i d i n e 

(27) were more act ivated towards ทนcleophi l ic subst iณt ion compared to the other 

subst iณted pyr id ines. Th is can be at t r ibuted to the electron w i t h d r a w i n g effect o f the 

per f luoropropan-2-y l substituent w h i c h reduces the electron density o f the pyr id ine ring 

causing i t to be more susceptible to ทนcleophi l ic attack. 

5.4 S u m m a r y 

I n this chapter w e have detai led the synthesis o f a nove l f am i l y o f potent ia l g lycosy l 

donors. The synthesis o f compounds (33) to (40) demonstrates that protected glucose 

moiet ies can be readi ly attached to a substituted pyr id ine ring u t i l i s ing the same 

techniques developed in the previous chapter for the synthesis o f h igh l y ftinctionalised 

pyr id ine der ivat ives. Systems o f this type have also been found to be qui te stable, w i t h 

l i t t le degradat ion o f the g lycosy l donors be ing observed after periods o f up to t w o years 

w i t h no special hand l ing or storage protect ion. 

I t was also determined that 19р N M R provides an excel lent probe fo r measur ing 

the α and β anomer ratios w h i c h can not be achieved for any class o f donor system 

prev ious ly developed. 
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6 G lycosy la t i on Reac t ions o f P o l y f l u o r o - P y r i d y l G l y c o s y l D o n o r s 

The chemical synthesis o f ol igosaccharides is m u c h more compl icated than the 

synthesis o f other b iomolecu leร, such as peptides and nucleot ides, due to the lack o f a 

single set o f O p t i m u m ' react ion condi t ions for the stereoselective fo rmat ion o f a 

g lycosid ic bond between t w o saccharide residues.^^ A s discussed i n Chapter t w o , 

several e f f ic ient methodologies fo r the synthesis o f g lycos id ic bonds are n o w avai lable, 

however, these are general ly unpredictable and characterist ic to specif ic s y s t e m s . ' ' 3 ' 4 ' 7 ' 

8 ' 84 The lack o f easy access to ol igosaccharides has s lowed the development o f the area 

o f g lycob io logy , resul t ing i n carbohydrates be ing the least exp lo i ted o f the three major 

classes o f b iomoleculeร. The рифозе o f th is thesis was to develop a new g lycosy la t ion 

methodology that ut i l ised h igh ly fluorinated heterocycl ic leav ing groups i n g lycosy l 

donors in an attempt to create a more versati le and selective class o f g lycosy l donor 

(Figure 6.1)7 ' 

,Ν 

Y 

F i g u r e 0 . 1 . G lycosy la t ion using hetary l g lycosy l donors. 

I n the previous t w o chapters we developed a synthetic methodo logy fo r the 

synthesis o f a w ide range o f po ly-subst iณted heteroaromatic compounds onto w h i c h a 

saccharide moie ty cou ld be grafted to create potent ia l g lycosy l donors. U t i l i s i ng this 

methodology a series o f potent ia l g lycosy l donors, (33) to (39) , was synthesised and i n 

the f o l l o w i n g chapter we w i l l detai l the g lycosy la t ion potent ia l o f this f a m i l y o f hetary l 

g lycosy l donors w i t h a var ie ty o f substrates. 
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6.1 M o d e l G l y c o s y l a t i o n React ions 

The compounds synthesised i n the previous chapter display the same strucüiral m o t i f as 

many classes o f g lycosy l donor, i m p l y i n g that they should also possess analogous 

g lycosy l donor propert ies. I n order to determine the g lycosy l donor propert ies o f 

hetaryl g lycosy l donors o f th is type, compounds (33) to (39) were reacted w i t h h e x a n - Ι 

ο ί and cyc lohexano l , as s imple carbohydrate m im ics , i n the presence o f a Lew is acid 

(boron t r i f l uo r ide diethyletherate) i n the in i t ia l studies o f th is react ion (Figure 6.2). 

๐֊֊ LG 

(33)-(39) 

(44α/β) 

(45α/β) 

F i g u r e 6.2. Reagents and Conditions: i , (33) to (39) (1 equiv . ) , hexan-1-о ї (1 equ iv . ) , 

ВҒз.(С2Н5)20 (1.5 equiv . ) , CH3CN, stir, r t ; і і , (33) to (39) (1 equiv . ) , cyc lohexanol (1 

equiv . ) , ВҒз.(С2Н5)20 (1.5 equ iv . ) , CH3CN, st ir, rt. 

Under bo ron t r i f luor ide act ivat ion in acetoni tr i le so lu t ion, these 0 -benzy l protected 

g lycosy l donors a f fo rded the k n o w n saccharides (44α/β) ' ՝ '^ ' " 0 and (45α/ß)^^^՜^'*^ տ good 

to h igh y ie lds w i t h a h igh degree o f stereoselectivi ty (Table 6.1). 

Nu 

Д А 

Ν 

F i g u r e 6.3. The react ion pathway o f hetaryl g lycosy l donors 

I t is postulated that dur ing the g lycosy la t ion process the Lew is ac id coordinates 

to the oxygen a tom w h i c h forms the g lycos id ic bond between the saccharide and the 
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electron w i t hd raw ing py r id ine ring. Th is faci l i tates the fo rmat ion o f the new g lycos id ic 

bond by increasing the leav ing group ab i l i t y o f the pyr id ine r i ng (Figure 6.3). 

Donor Acceptor: Hexanol 
Acceptor: 

Cyclohexanol 

α:β ratio Yield [%] 44๙β Yield [%] 45๙β 

33β 0:1 78 19:1 59 49:1 

34α/β 4:7 69 7:4 67 7:4 

35α/β 

ΟΒη 

4:7 94 7:4 87 7:4 

ΗΝ. 
՝ а - К С Ң з ) 2 

36α/β 

ΟΒη 

4:7 Ο 

37α/β 
F 

С Ғ ( С Ғ з ) 2 

4:7 94 7:4 83 7:4 

38α/β 4:7 64 7:4 

ĆN 

39α/β 4:7 60 7:4 

T a b l e 6 . 1 . G lycosy la t ion o f donors (33) to (39) w i t h hexan-1-о ї and cyc lohexanol . 
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D u r i n g the model g lycosy la t ion reactions i t was possible to mon i to r the progress o f 

g lycosy la t ion using ^^F N M R spectroscopy. B y observ ing the disappearance o f the 

signals ar is ing from the fluorine atoms on the heterocycl ic leav ing group, i t was 

possible to determine the progress o f the react ion, т ы ร prov ided a unique react ion 

probe w h i c h of fers many advantages over t rad i t ional techniques, such as T L C and 

H P L C , w h i c h are general ly s lower and less ef f ic ient . 

The saccharides (44α/β) and (45α/β) were isolated f r o m unreacted po l y f l uo ro -

py r i dy l g lycosy l donor and acceptor by h i gh pressure flash chromatography (HPFC) . 

Th is was found to be an ef f ic ient and rap id technique for the iso lat ion o f such 

compounds, typ ica l ly a l l ow ing their separation w i t h i n an hour. 

Once the saccharides had been isolated i t was possible to determine the rat io o f 

the α and β anomerร by compar ison o f the Ipļ N M R integrals ar is ing f r o m the hydrogen 

a tom at the С і pos i t ion , since a unique signal is observed for each anomer. 

δ|֊ι 4.65 ppm 

Um, 3.6 Hz 

C H C l α 
5н 4.38 ppm 

' J H H 7 . 3 H Z 

C H C l β 

F i g u r e 6.4. H N M R o f compound (44α/β) showing the rat io o f the α and β anomerร. 

I t was possible to ident i fy the signals ar is ing f r o m the С і hydrogen a tom o f the α 

anomerร o f (44) and (45) due to their coup l ing constant (J) o f 3.6 and 3.5 H z 

respect ively. Coup l ing constants o f this magni tude are characterist ic o f a smal ler ax ia l -
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equatorial dihedral angle at H-C1-C2-H (approx imate ly 60°). I n contrast the signals 

ar is ing from the β anomerร exMbi t a s ign i f icant ly larger coup l ing constant, J = 7.3 and 

7.7 Hz , w h i c h proves consistent w i t h a larger ax ia l -ax ia l coup l ing . The anomer ratios 

ascertained by opt ica l po lar imet ry were consistent w i t h those determined u t i l i s ing the 

' H N M R integrals con f i rm ing the va l id i t y o f us ing ' H N M R to determine the anomer 

rat ios. U t i l i s i ng the unique N M R signals ar is ing f r o m the α and β anomerร, i t was 

possible to f u l l y characterise compounds (44α/β) and (45α/β) , spectroscopic data 

p roved consistent ІіЇегаШге values'^^"''*^ con f i rm ing the g lycosy la t ion potent ia l o f 

po l y f l uo ro -py r i dy l g lycosy l donor systems. 

Interest ingly the mode l g lycosy la t ion reactions o f donors (33) to (39) , w i t h 

hexanol and cyc lohexanol , d isplayed an unusual ly h igh degree o f stereoselectivi ty 

(Table 6.1). Th is impl ies that the g lycosy la t ion reactions are not proceeding via the 

expected SNI mechanism, an alternat ive g lycosy la t ion mechanism w i l l be discussed i n 

Sect ion 6 .1 .1 . 

I n contrast to the other po l y f l uo ro -py r i dy l g lycosy l donors the react ion o f 

d ie thy łamino-pyr id ine der ivat ive (36α/β) w i t h hexanol fa i led to generate the expected 

saccharide (44) . I t is hypothesised that instead o f p romot ing the g lycosy la t ion process, 

bo ron t r i f luor ide underwent a one-electron transfer process to generate a radical cat ionic 

species (F igure 5 5) '44-146 The fo rmat ion o f a radical cat ion was proposed due to a 

quenching o f the N M R signals usual ly observed dur ing the '^F N M R react ion 

mon i to r ing . The fo rmat ion o f the radical cat ion w o u l d not on ly neutral ise the Lew is 

ac id , by al ter ing its ox ida t ion state, and hence restrict the expected g lycosy la t ion 

process, i t w o u l d also alter the electron density o f the pyr id ine ring, reducing its leav ing 

group ab i l i ty . 

N(C2H5)2 

F i g u r e 6.5. Theor ised radical cat ion fo rmat ion f r o m the react ion o f (36) w i t h a Lew is 

acid. 
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Electron Density: 
Values at the colour 
boundaries 

Glycosyl hotict (36) 

o^J^f^ radical calioii 

Glycosyl bond 
oxygen 

F i g u r e 6.6. A n electron density p lo t for compound (36) and the radical cat ion 

generated dur ing g lycosy la t ion der ived via molecular mode l l i ng . 

I n order to determine the ef fect o f f o r m i n g a radical cat ion upon the electron 

density o f the g lycos id ic bond oxygen the electron density o f (36) and the radical cat ion 

were calculated (Figure 6.6). F igure 6,6 shows that the fo rmat ion o f a radical cat ion 

w o u l d remove electron density f r o m the g lycosid ic bond oxygen, d im in i sh ing its ab i l i t y 

to coordinate to the L e w i s acid and hence its act ion as a g lycosy l donor. Th is c lear ly 

demonstrates that a d ie thy lamine substituent on the pyr id ine ring inh ib i ts the 

g lycosy la t ion process. 

6 Л Л T h e S te reochemis t r y o f G l ycosy l a t i on us ing P o l y f l u o r o - P y r i d y l D o n o r s 

The fo rmat ion o f a g lycos id ic bond w i t h cont ro l o f the stereochemistry at the anomeric 

centre is usual ly d i f f i cu l t , as discussed i n Sect ion 2.2. Interest ingiy the mode l 

g lycosy la t ion reactions o f donors (33) to (39)， w i t h һехало! and cyc lohexanol , 

d isplayed an unusual ly h i gh degree o f stereoselectivi ty (Table 6.1). Th is was most 

evident for the reactions o f donor (33), where pure β anomer was used for the 

g lycosy la t ion react ions, i n th is case the g lycosy la t ion reactions predominant ly y ie lded 

the α anomerร o f (44) and (45) w i t h a diastereomeric excess o f 95 and 9 8 % respect ively. 
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This is surpr is ing since the established mechanism for the g lycosy la t ion process is an 

SNI react ion proceeding via an oxocarbenium ion (Figure 6.7). 

[PIO [ 

しら 

р Q y c œ i d i c B o n d 

1,2 trans Gřyooscfc Bond 

u ö y c o s i d i c B o n d 

1,2 ás Gfyoošcfc Bond 

F i g u r e 6.7. Stereoselect ivi ty considerat ions i n the g lycosy la t ion process. 

A s prev iously discussed i n Chapter t w o , a mechanism o f this type is expected to 

produce a m ix tu re o f α and β anomerร unless anchimer ic assistance is u t i l ised. 

I n the g lycosy la t ion reactions o f this class o f donor, i t appears that the 

stereochemistry at the anomeric carbon ( С і ) was inverted w i t h respect to the in i t ia l 

conf igura t ion o f the donor. Th is was observed for donors (34) to (39) , where a 4:7 rat io 

o f the α and β anomerร was ut i l ised for the g lycosy la t ion reactions, resul t ing in a 7:4 

rat io o f α and β products. Th is invers ion o f conf igura t ion is characterist ic o f an รN2 

react ion, where the ทนcleophile (or g lycosy l acceptor i n th is case) must approach the 

site o f subst i tut ion from the side opposite the leaving group (Figure 6.8). 

Nu: 
' 7 

N u — C - L G 
/ Л 

Nu֊Ҫ,,,^^ ւ օ ՜ 
V 

F i g u r e 6.8. Schematic representation o f the invers ion o f conf igura t ion observed w i t h 

รN2 reactions. 
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Therefore, for th is class o f donor i t seems that the g lycosy la t ion process must proceed 

via the รN2 mechanism detai led i n Figure 6.9, rather than the expected SNI process. In 

this mechanism, instead o f being cleaved to f o r m an oxocarben ium ion , the leav ing 

group remains attached to the glucose moie ty . The heterocycl ic leav ing group 

e f fec t ive ly b locks one face o f the glucose mo ie ty , fo rc ing the g lycosy l acceptor to attack 

the free face w h i c h results i n the observed invers ion o f conf igura t ion at the С і pos i t ion 

F i g u r e 6.9. Proposed รN2 mechanism for g lycosy la t ion u t i l i s ing po l y f l uo ro -py r i dy l 

g lycosy l donors. 

Th is new g lycosy la t ion pathway cou ld have far reaching impl ica t ions for the 

synthesis o f ol igosaccharides as i t enables the synthesis o f g lycos id ic bonds w i t h cont ro l 

over their stereochemistry. 

6.1.2 N M R R e a c t i o n M o n i t o r i n g 

D u r i n g the g lycosy la t ion process py r i d in -o l compounds were generated f r o m the 

displacement o f the substituted pyr id ine leav ing groups from the glucose mo ie ty (F igure 

6.9). The appearance o f N M R signals at t r ibuted to these py r i d i n -o l compounds 

prov ided an ef fect ive probe for mon i to r i ng the progress o f the g lycosy la t ion reactions 

using I^F N M R spectroscopy, by analys ing a sample o f the react ion mix tu re at t imed 

intervals i t was possible to observe signals ar is ing f r o m the fo rmat ion o f the py r i d in -o l 

compounds and the disappearance o f signals due to the g lycosy l donor (F igure 6.10). 
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c ^ o h e r ø n d (1 equiv.) 
Cu(รОзСҒз)2 (1.5 ěqii\t.f 

(33α/ρ) (45α/ρ) (46) 

Ul 

н а 

ÜL 

օ_ս ՜ 
, ๐ ^ 人 ズ 

Ν. 

_J ᄂ 

T ime (һ ) 

->δ (ppm) 

F i g u r e 6.10. T i m e resolved '^F N M R o f the react ion between (33) and cyc lohexanol . 

I n order to use the py r i d in -o l compounds as a react ion probe, i t was necessary to 

synthesise the py r i d in -o l compovmds unambiguous ly b y ทนcleophi l ic aromatic 

subst i tut ion o f the parent pyr id ine to con f i rm that they are fo rmed as react ion by

products. 

React ion o f the parent pyr id ines w i t h sod ium hydrox ide i n 2-methy lypropan-2-

o l generated the py r i d in -o l compoxmds i n good yie lds (Figure 6.11). The structure o f 

the py r id in -o l compounds was con f i rmed b y x-ray crysta l lography and the i r Ι 9 ρ N M R 

spectroscopic data p roved consistent w i t h the data obtained f r o m the g lycosy la t ion 

reactions. Interest ingly, the x- ray crystal lographic data d isplayed no double bond 

character for the carbon-oxygen bond at the С і pos i t ion w h i c h is consistent w i t h the 

proposed react ion mechan ism (Sect ion 6.1.1) since i t prov ides an ind ica t ion o f the 

nature o f the heterocycl ic leav ing groups. 
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GH 

F 

R R 

GH 

Parent pyr id ine Pyr id in -o l compound Y i e l d [%] 

(1) 

(5) 

(15) 

(11) 

(27) 

N ' 

9C2H5 

СҢСҢз)2 

N(CįHfe)2 

ҪҒ(СҒз)2 

O H 

(46) 

(47) 

(48) 

(49) 

(50) 

ΗΝΤ 
СҢСҢз)2 

O H 

O H 

ХСҒз)2 

OH 

70 

68 

80 

83 

72 

F i g u r e 6 . 11 , Reagents and Conditions: і , (1 ) , (5)， (11) , (15) , (27) (1 equiv . ) , sod ium 

hydrox ide (2.2 equiv . ) , 2 -methy lpropan-2-o l , re f lux . 
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The ab i l i t y to mon i to r reactions o f th is type rap id ly via standard N M R 

techniques provides a s igni f icant advantage over ex is t ing donor species where 

mon i to r i ng o f the progress o f g lycosy la t ion is usual ly achieved via t h i n layer 

chromatography ( T L C ) , w h i c h on l y provides qual i tat ive in fo rmat ion , or by iso lat ion o f 

the react ion products by H P L C . H P L C analysis does prov ide quant i tat ive data, bu t i t 

can be t ime consuming and requires characterisat ion o f the isolated products. N M R 

analysis on the other hand, can prov ide quant i tat ive data i n a m u c h shorter t ime. 

The s imple mode l g lycosy la t ion reactions detai led i n th is section demonstrate 

that this class o f compound exh ib i t g lycosy l donor characteristics w i t h both p r imary and 

secondary a lcohol acceptors. M o r e impor tan t ly i t appears that th is class o f g lycosy l 

donor ut i l ises an รN2 type g lycosy la t ion mechanism rather than the prev ious ly 

docmnented SNI g lycosy la t ion mechanism. Th is provides this class o f donor w i t h an 

unusual ly h i gh degree o f s tereosdect iv i ty over the fo rmat ion o f g lycos id ic bonds. 

6.2 T u n i n g G l ycosy l D o n o r R e a c t i v i t y 

I n the previous section i t was established that po l y f l uo ro -py r i dy l systems display 

g lycosy l donor propert ies, f o r m i n g g lycos id ic bonds w i t h a h igh degree o f 

stereoselectivity. However , to be ef fect ive g lycosy l donors, po l y f l uo ro -py r i dy l systems 

must d isplay a w ide range o f react iv i t ies under var ious condi t ions in order to enable 

thei r use i n the var ious g lycosy la t ion strategies detai led in Sect ion 2.4. I n donor 

systems o f this type the g lycosy la t ion potent ia l o f the donors was hoped at the onset to 

be dependant upon the leav ing group ab i l i t y o f the pyr id ine ring and the type o f Lew is 

ac id used to promote the react ion. I n order to determine the ef fect o f the ring 

substituents and Lew is acids upon the rate o f g lycosy la t ion the O-benzy l g lycosy l 

donors (33) - (35) and (37) were reacted w i t h cyc lohexanol , under the g lycosy la t ion 

condi t ions ut i l ised in the previous sect ion, and screened against a var iety o f Lew is acid 

act ivators (Figure 6.12). 

The progress o f the reactions was mon i to red over t ime using ' 9 F N M R 

spectroscopy to determine the relat ive amounts o f donor and py r i d in -o l present i n the 

react ion mix tures ( f u l l data can be found in appendix A ) . Th is proved to be an ef fect ive 

and easily per fo rmed method for determin ing the relat ive effectiveness o f the g lycosy l 

donor I Lew is acid combinat ions. 
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(33ß) 

он 

(45α/β) 

(34α/β) R=OCyH5 

(36α/ρ) R=HNCH(a-b)2 

(36๙(3) R=N(C2H5)2 
(37α/(3) F^CF(CF¿2 

ОН 

(46α/β) 

Ν ОН 

(47) R < X į H 5 
(48) РИ-МСН(СНа)2 

(49) R=N(C2H5)2 

(50) R ^ ( C F ¡ ) 2 

F i g u r e 6.12. Reagents and Conditions: i , (33) to (37) (1 equ iv . ) , cyc lohexanol (1 

equiv . ) , Lew is ac id (1.5 equiv . ) , CH3CN, st ir. I t . 

A l l o f the po l y f l uo ro -py r i dy l donor systems developed in Chapter f i ve were screened 

against 12 Lew is acids, inc lud ing copper( I I ) t r i f la te , a lumin ium( I I I ) ch lo r ide , bo ron 

t r i f luor ide diethyletherate and t i t an ium( IV )cMor ide ( f u l l data can be found i n appendix 

A ) . Donor (36) fa i led to generate any usable screening data due to the quenching o f the 

N M R signal resul t ing f r o m the fo rmat ion o f a radical cat ionic species (F igure 6.5). 

The screening o f the g lycosy l donors w i t h a range o f Lew is acids revealed that 

g lycosy la t ion on l y occurred when certain donor I Lew is ac id combinat ions were used 

(Table 6.2), these 'match-pa i rs ' o f donors and L e w i s acids appear ideal for or thogonal 

(Sect ion 2.4.1) and active-latent (Sect ion 2.4.3) g lycosy la t ion strategies. However , i n 

this format the data provides l im i ted in fo rmat ion regarding the relat ive react iv i t ies o f 

the ' m a t c h ' donor I Lew is acid combinat ions, therefore, the data was used to determine 

the in i t ia l rate constants fo r the g lycosy la t ion reactions. 
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Donor Lew is ac id 
Percentage convers ion after է (һ ) 

2 4 6 12 24 48 

(33) Cu(รОзСҒз)2 18 ЗО 41 58 73 100 

F 

"^ ՝CH(o^)2 

(35) Cu(รОзСҒз)2 0 0 0 0 0 0 

(37) Cu(รОзСҒз)2 0 0 0 0 0 0 

СҢСҒзЬ 

οβη 

(33) ТІСІ4 11 22 28 42 55 71 

F 

cen 

(35) ТІСІ4 12 20 31 

ΗΝ. 
сн(а%)2 

(37) ТІСІ4 0 0 0 0 0 0 

СҒ(СҒз)2 

๐Bn 

(35) А1СІЗ 35 51 61 81 95 100 

ΗΝ, 
CH(Ob)2 

(37) А1СІЗ 23 42 47 51 62 78 

СҢСҒзЬ 

T a b l e 6.2. Compar ison o f the percentage convers ion o f several g lycosy l donors w i t h 

var ious Lew is ac id act ivators. 
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6.2Л K i n e t i c S t u d y o f the G l ycosy l D o n o r R e a c t i v i t y 

The progress o f the screen reactions was monitored over time using 19р N M R 

spectroscopy, f r o m the N M R peak integrals i t was possible to calculate the 

concentrat ions o f g lycosy l donor and py r i d in -o l i n the react ion mix tures . The 

g lycosy la t ion was assumed to obey second order k inet ics, i.e. d isplays a dependence on 

both the donor and acceptor concentrat ions, due to the รN2 nature o f the react ion 

mechanism. Second order tónetics follows the f o l l o w i n g rate equat ion: ̂ ՚^^՜՛՛̂ ^ 

rate oc [donor Jacceptor 

d\donor] dlacceptor] . г , ᅲ ๅ 
rate = 二 ―——-r = -к donor ļacceptor 

dt dt լ iL r J 

For the reactivity screens we set [donor]o =[acceptor]o which reduces the equation to ： 

d\donor\ , г ， ๅ7 
rate = ——^ = -к donor 

dt L J 
.๒ 

1 1 
[donor] donor Q 

donor = concentration of donor moldm"^ 

с1опог\ = initial concentration of donor moldm 3 

к = rate constant dm^moľ's" 

է = time ร 

A p lot o f 1 1 vs. է gave a straight l ine o f gradient k. The results for 
[donor] ゆ ^ 

donors (33) , (34) , (35) and (37) are detai led on the f o l l o w i n g pages. 
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2y3， 5， 6-Tetrafluöro-4-(2, з, 4, ó'tetra-O-benzyl֊p-glucopyranosyloxy)pyridìne (33) 

F Cydcihexand (1 equiv.) 
LewMsaad (1.5 eqLiv.) ' 

(33α/β) (45α/ρ) (46) 

5 = 0.0057X 

I . 

40000 50000 60000 

Time (ร) 

I CuíSaCF^b • А1СІЗ • BFj íCiHsbO • FeCI, іпси 

к I d m m o ľ ^ 

(χ 1 め 
T i m e (h) О 4 6 12 24 

Cu(รОзСҒз)2 14.5 11.9 11.0 8.6 6.1 3.9 2.4 

А1СІЗ 14.5 13.5 11.7 11.0 9.0 6.5 1.0 

о ВҒз.(С2Н5)20 14.5 10.2 7.7 6.3 3.9 2.3 4.2 
x ҒеСЬ 14.5 8.7 6.6 5.2 5.2 5.2 5.3 

ТІСІ4 14.5 12.9 11.3 10.4 8.4 6.5 1.2 

F i g u r e 6.13. K ine t i c data for the react ion o f (33) w i t h cyc lohexanol . 
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4-Ethoxy֊2,3,5-tetrafluoro-6-(2,3， Հ 6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine (34) 

N、 ノ F գฟohexanol (1 eqUv.) 
~Lewwis add (1.5 eqiiv.) 

OH 

(34α/β) (45cx/p) (47) 

ё 150 

ý = 00002x 

= І хЮЛ 

0 20000 40000 60000 80000 100000 !20000 140000 160000 180000 

Time (s) 

Cu(รОзСҒз)2 ц AlClj 國 ВҒз.(С2Н5)20 匪 FeClj ś^iCU 

T i m e (h) 0 2 4 6 12 24 
к / d m ^ m o ľ ' s " ' 

(x 10—つ 

で 

๐ 
ε 

Cu(รОзСҒз)2 14.0 14.0 ՛ 14 .0 ՛ 12.9 12.2 11.3 0.2 

で 

๐ 
ε 

О 
> 

А1СІЗ 

ВҒз.(С2Н5)20 

14.0 

14.0 

9.2 

6.3 

6.5 

4.1 

5.2 

3.0 

2.5 

2.1 

2.0 

1.7 11.9 
ι է 

ひ 

ҒеСЬ 14.0 6.3 4.2 3.2 2.2 2.2 11.3 
ι է 

ひ 

ТІСІ4 14.0 14.0* 14.0* 14.0* 13.1 12.2 0.1 

F i g u r e 6.14. K ine t i c data for the react ion o f (34) w i t h cyc lohexanol . 

* progress of the glycosylation reaction was below the detection threshold. 
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շ , з, 5-Trifluoro-N-isopropyì-6-(2, з, 4,6-tetra-0'benzyl-o-glucopranosyloxy)pyridin-4-

amine (35) 

Cydchexanol (1 equiv.) 
Leฟsacid(1.5ecMv.) 】 

CH(a-b)2 

(36๙β) (45α/β) (48) 

է 

100000 
Time (s) 

Cu(รОзСҒзЬ • А1СІЗ в BFjiCîHîbO яҒеСЬ І՝ІСІ4 

k / d m ^ m o ľ ' s - ' 

(x 10-^) 
T i m e (h) 4 6 12 24 

f ท ุ ่ 
ε 

Cu(รОзСҒз)2 13.7 13.7 13.7 13.7 13.7 13.7 0.0 

А1СІЗ 13.7 8.9 6.7 5.4 2.6 0.7 5.3 

O ВҒз.(С2Н5)20 13.7 10.9 8.9 6.2 3.6 1.1 2.7 

ҒеСЬ 13.7 11.3 9.7 8.4 8.0 8.0 2.1 

ТІСІ4 13.7 13.7* 13.7* 12.8 12.1 11.0 0.2 

F i g u r e 6.15. K ine t i c data for the react ion o f (35) w i t h cyc lohexanol . 

* Progress of the glycosylation reaction was below the detection toeshold. 
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շ, з, 5-Trifluoro-6-(2,3,4,6-tetra-0-benzyl-ß-D-glucopyranosyloxy)-4-(perfluoropropan-

2-yl)pyridme (37) 

OBn 

СҒ(СҒз)2 

Cydohexanol (1 equiv.) 
"Lewisaaa(l.õequív.) 】 

(37a/ß) (45a/ß) 

ҪҒ(СҒз)2 

Time (ร) 

• Cu(รОзСҒзЬ • АІСЬ • 画 ҒеСЬ •ТІСІ, 

T i m e (h) 0 2 4 6 12 24 
k / d m ' m o ľ ' s " ' 

(x Ш—3) 

Cu(รОзСҒз)2 64.0 64.0 64.0 64.0 64.0 64.0 0.0 

/-^ 
А1СІЗ 64.0 49.3 37.1 33.9 31.3 24.3 0.8 

OUI I 

m 
ö 

f-н 

ВҒз.(С2Н5)20 64.0 26.0 16.8 14.5 9.3 0 3.1 

ҒеСЬ 64.0 64.0 64.0 64.0 64.0 64.0 0.0 
「 v 

ТІСІ4 64.0 64.0 64.0 64.0 64.0 64.0 0.0 

F i g u r e 6.16. K ine t i c data for the react ion o f (37) w i t h cyc lohexanol . 
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The in i t ia l rate constants calculated above a l lowed us to prepare a seale o f 

react iv i ty fo r this class o f g lycosy l donor. Table 6.3 displays the relat ive rate constants 

for the 'matched ' g lycosy l donor I L e w i s acid combinat ions w i t h respect to the least 

reactive combinat ions (donor (34) and TİCI4). 

(33) (34) 

krel 

(35) (37) 

Cu(รОзСҒз)2 24 2 О О 

AICİ3 10 55 53 8 

ВҒз.(С2Н5)20 42 119 27 31 

ҒеСЬ 53 113 21 О 

TİCİ4 12 1 2 О 

T a b l e 6.3. The relat ive rate constants for g lycosy l donors (33) - (35) and (37) . 

The relat ive rate constants for the donor I act ivator combinat ions range over a factor o f 

100, p rov id ing a w ide range o f react iv i ty from a smal l select ion o f donors. Th is c lear ly 

demonstrates the react iv i ty tun ing potent ia l o f this f a m i l y o f g lycosy l donor. Ideal ly 

react iv i ty ranges over a factor o f 1000 are desirable,'^'^''^'' however, from such a smal l 

sample set the re lat ive react iv i ty range o f 100 demonstrates the versat i l i ty o f this class 

o f donors and i t is expected that the analysis o f a much larger set o f donors w o u l d 

prov ide a range o f react iv i t ies over the preferred factor o f 1 ООО. 

Interest ingly there appears to be l i t t le re lat ionship between the relat ive rate 

constants and the substiณents on the py r id ine r i ng , as demonstrated by donor (34) 

พ Ы с һ displays relat ive rate constants over a factor o f 100. Instead i t appears as i f the 

react iv i ty is pure ly dependant upon creat ing a compat ib le donor I Lew is ac id pa i r ing. 

The mode l g lycosy la t ion reactions detai led i n the previous sections demonstrates 

that the new class o f donors synthesised i n Chapter five are ef fect ive g lycosy l donors 

p rov id ing excel lent y ie lds o f the coupled saccharides (44) and (45). 

The most impor tant d iscovery dur ing this invest igat ion was that th is class o f 

donor does not react via the standard S N I type g lycosy la t ion mechanism. Instead an 

ร N 2 type g lycosy la t ion mechanism is observed w h i c h provides h i gh levels o f 

stereoselectivi ty, enabl ing the selective synthesis o f α or β g lycosid ic l inkages. A s 
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discussed i n Chapter t w o the stereoselective fo rmat ion o f g lycos id ic bonds is a key 

requirement fo r the ef fect ive synthesis o f ol igosaccharides. I t is also interest ing to note 

that this class o f donor prov ides stereoselectivi ty even w h e n a non-part ic ipatory solvent 

(Sect ion 2.2.2) is used w h i c h favours the fo rmat ion o f the opposite anomer, 

demonstrat ing the robustness o f this approach. 

6.3 G l ycosy la t i on Reac t ions be tween T w o Sacchar ides 

The mode l g lycosy la t ion reactions detai led in the prev ious sections demonstrate the 

potent ia l usefulness o f po l y f l uo ro -py r i dy l g lycosy l donors i n the synthesis o f complex 

ol igosaccharides. So far the po l y f l uo ro -py r i dy l donors have on ly been coupled w i t h 

s imple alcohols, hexanol and cyc lohexanol , and a l though these reactions have p roved 

successful the donors ab i l i t y to f o r m an ol igosaccharide is s t i l l unknown . T o this end, 

g lycosy l donor (33) was reacted w i t h the g lycosy l acceptor 1 , 2 : 3 , 4 - d i - 0 - o p r o p y l i d e n e -

a -D -galactopyranose (54) u t i l i s ing the same condi t ions as the mode l g lycosy la t ion 

reactions (Figure 6.17). However , under these condi t ions g lycosy la t ion fa i led to occur, 

a l l ow ing complete recovery o f the g lycosy l donor. 

nOH OBn OBn 

(33ß) {55๗β) 

F i g u r e 6.17. Reagents and Conditions: i， Cu(รОзСҒз)2 (1.5 equ iv . ) , CH3CN, stir, rt. 

6.3.1 O p t i m i s a t i o n o f the G l y c o s y l a t i o n Process 

Since the g lycosy la t ion condi t ions ut i l ised prev ious ly fa i led to y ie ld the disaccharide 

(55) a systematic study into the react ion condi t ions required in order to achieve 

g lycosy la t ion was carr ied out. I t was qu i ck l y established that the react ion required 

heat ing before g lycosy la t ion w o u l d occur, upon heat ing the react ion to a temperature o f 

4 0 。 c i t was possible to observe the fo rmat ion o f (46) and the deplet ion o f (33) i n the 

react ion mix tu re by 19F N M R , ind icat ion that g lycosy la t ion was occur r ing. 
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The first step in op t im is ing the react ion condi t ions required for g lycosy la t ion 

was to determine the o p t i m u m concentrat ion o f acceptor and donor required, т ы ร was 

achieved by react ing var ious amounts o f (33) and (54) , where [ (33)] = [ (54) ] , w i t h a 

fixed quant i ty o f Lew is ac id (F igure 6.18, Table 6.4) 

.๐OH 

"조^니 
F ん 

OBn 

(ЗЗр) (55α/ρ) 

F i g u r e 6.18. Reagents and Conditions: i , Cu(รОзСҒз)2 (1.5 equ iv . ) , CH3CN, stir, 40°c. 

A p lo t o f [ (33)] vs. percentage convers ion a l lows the o p t i m u m donor concentrat ion to 

be ascertained by determin ing the concentrat ion w h i c h y ie lded the greatest percentage 

convers ion (Figure 6.19) 

g 40 

і 3。 

0.0000 0.0050 0.0100 0.0150 0.0200 0.0250 0.0300 0.0350 0.0400 0.0450 0.0500 0.0550 0.0600 0.0650 

[(33)] I moldm'^ 

F i g u r e 6 Л 9 . A p lo t o f [ (33)] vs. percentage convers ion. 
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[ (33) ] ( Χ ί ο ๆ 

ι m o l d m -з 

Percentage convers ion after է ( һ ) 

О 

1.6 

2.1 

3.2 

6.4 

О 

О 

О 

О 

2 4 6 

u 20 34 

37 48 59 

40 50 60 

39 47 54 

T a b l e 6.4. Opt im isa t ion data for F i g w e 6.17. 

F r o m Figure 6.19 i t is clear that the o p t i m u m donor and acceptor concentrat ion is 0.026 

moldm"^, since concentrat ions above th is value prov ide no increase i n convers ion. A t 

h igh donor and acceptor concentrat ions reduced convers ion is observed, compared to 

the o p t i m u m concentrat ion, due to the increased v iscosi ty o f the react ion mix tu re . 

The next stage i n op t im is ing the g lycosy la t ion condi t ions was to determine the 

ef fect o f the Lew is acid concentrat ion upon the g lycosy la t ion process. Th is was 

achieved by react ing a donor I acceptor so lu t ion o f fixed concentrat ion w i t h increasing 

amounts o f Lew is ac id and mon i to r ing the fo rmat ion o f (46) i n the react ion via 19F 

N M R (Table 6.5). 

[Cu(รОзСҒз)2] (х 10 ՜ ^ ) / ՜ ՜Pe rcen tage convers ion after 11 һ 

mo ldm '^ 0 2 4 6 12 

1.6 0 0 0 0 0 

3.2 0 0 0 0 4 

6.4 0 0 0 0 11 

9.6 0 0 0 9 20 

12.8 0 3 7 17 28 

16.0 0 8 16 24 36 

T a b l e 6.5. Opt im isa t ion data for F igure 6.19. 

A p lo t o f [Cu(รОзСҒз)2] vs. percentage convers ion (Figure 6.20) demonstrates 

that increasing the concentrat ion o f Lew is acid i n the g lycosy la t ion react ion increases 

the rate o f g lycosy la t ion. 

7 9 -



[Си(50зСҒ,)211 molđm ' 

լ շ • 6Һ • 4Һ 

F i g u r e 6,20. A p lot o f [Cu(รОзСҒз)2] vs. percentage convers ion. 

The react iv i ty screens detai led above a l l ow us to propose a set o f opt imised 

react ion condi t ions for the g lycosy la t ion reactions i nvo l v i ng po l y f l uo ro -py r i dy l 

g lycosy l donors. I t has been established that the react ion requires a donor and acceptor 

concentrat ion o f 0.026 moldm"^, an excess o f Lew is acid and heat ing to a temperature o f 

4 0 T in order to achieve g lycosy la t ion i n acceptable levels. 

6.3.2 O p t i m i s e d G l ycosy l a t i on 

Ut i l i s i ng the opt imised g lycosy la t ion condi t ions from the previous sect ion, g lycosy l 

donor (33) was reacted w i t h the g lycosy l acceptor (54) (Figure 6.21), '^F N M R 

spectroscopy showed the fo rmat ion o f (46) and the deplet ion o f (33) i n the react ion 

mix tu re . Compound (55) was not , however , isolated f r o m the react ion m e d i u m ; instead 
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a complex m ix tu re o f compounds was observed w h i c h resisted separation by co lunm 

chromatography. 

I t appears as i f the acidic condi t ions ut i l ised to promote the g lycosy la t ion 

react ion also catalysed the deprotect ion o f the acetal protect ing groups on the acceptor, 

resul t ing i n a complete loss o f regiochemist ry and the fo rmat ion o f a complex mix tu re 

o f ol igosaccharides. 

,οΟΗ 

る + 웝 ^ 

GBn 

(ЗЗР) (55α/β) 

F i g u r e 6 . 21 . Reagents and Conditions: i, Cu(รОзСҒз)2 (1.5 equ iv . ) , CH3CN, stir, 40' 'C. 

I n order to inh ib i t the deprotect ion o f the g lycosy l acceptor, the g lycosy la t ion 

react ion was buf fered w i t h 2,4,6-tri-tert-butylpyrimidine (56) (F igure 6.22),՛^՛՛ w h i c h 

e f fec t ive ly stopped the acid catalysed deprotect ion o f the g lycosy l acceptor w i thou t 

e f fec t ing the g lycosy la t ion process. A sl ight reduct ion i n the rate o f g lycosy la t ion was 

observed when the react ion was buf fered w i t h (56) , however , th is was considered an 

acceptable loss since the react ion proceeded w i t h complete cont ro l o f the 

regiochemistry o f the disaccharide fo rmed. 

F i g u r e 6.22. Reagents and Conditions: i , (54) (1.0 equ iv . ) , (33) (1.0 equ iv . ) , 

Cu(รОзСҒз)2 (1.5 equ iv . ) , (56) (1.6 equ iv . ) , CH3CN, stir, 40°c. 

Under these mod i f i ed condi t ions the g lycosy la t ion react ion proceeded e f f i c ien t ly to g ive 

compound (55) i n moderate y ie ld . There was, however , a s l ight reduct ion i n the 
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stereoselectivity o f the g lycosy la t ion process, compared to the mode l reactions, w i t h 

(55a) be ing isolated w i t h a diastereomeric excess o f 80%. 

The stereoselectivi ty observed i n this react ion is a improvement upon that 

achieved by many o f the ex is t ing groups o f g lycosy l donor, especial ly consider ing i t can 

be predetermined by us ing either the α or β anomer o f the g lycosy l donor. Th is class o f 

donor also provides an ef fect ive route for the synthesis o f α g lycosid ic l inkages, w h i c h , 

as we saw i n Chapter t w o , are extremely d i f f i cu l t to synthesise select ively i n pract ical 

quanti t ies. 

6.4 A p p l i c a b l e G l y c o s y l a t i o n Strategies 

The range o f react iv i ty avai lable f r o m this class o f donor makes them ideal candidates 

for the g lycosy la t ion strategies detai led i n Sections 2.4.1 and 2.4.3. A n or thogonal 

g lycosy la t ion strategy can be envisaged (Figure 6.23) where var ia t ion o f the act ivator 

can be used to establish a contro l led cascade o f g lycosy la t ion reactions. 

hīvj֊a-KCH3)2 

(33) 

Си(ЗО^СҒз)2 

(•acŕvafes33; 

Ւผ֊CH(Oį)2 
ҒеОз 

-0(P1 

,СҒ(СҒз)2 

ВпЬ 

ВҒз.(С2һ%)20 

(activates 37) 

CţP] 

F i g u r e 6.23. A schematic o f an or thogonal g lycosy la t ion strategy us ing po l y f l uo ro -

p y r i d y l g lycosy l donors. 
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I n this proposed tetrasaccharide synthesis the anomeric substituents act as a protect ing 

group un t i l the correct Lew is ac id is added to the react ion mix tu re . 19F N M R 

spectroscopy w o u l d a l l ow react ion mon i to r i ng , p rov id ing detai led in fo rmat ion as to 

when to add the correct L e w i s acid act ivator. 

Unfor tunate ly , t ime constraints have not a l lowed us to pursue this methodo logy 

for the synthesis o f polysaccharides; however , in i t ia l indicat ions are that this 

g lycosy la t ion strategy should aUow the synthesis o f polysaccharides i n a controUed 

manner w i t h good contro l o f the stereochemistry o f the g lycos id ic l inkages. 

6.5 S u m m a r y 

I n this chapter w e have conducted a systematic study into the g lycosy la t ion capabi l i t ies 

o f a nove l f a m i l y o f g lycosy l donors w i t h a var iety o f substrates. The synthesis o f 

compounds (44) , (45) and (55) c lear ly demonstrates that the new class o f donors 

synthesised i n Chapter f i v e are ef fect ive g lycosy l donors p rov i d i ng excel lent y ie lds o f 

coupled saccharides. 

Probably the most important d iscovery dur ing th is invest igat ion was that th is 

class o f donor does not appear to react via the standard S N I type g lycosy la t ion 

mechanism. Instead an ร1տ]2 type g lycosy la t ion mechanism is observed, w h i c h can be 

con f i rmed by k inet ic รณdies and stereochemical evidence, w h i c h provides h igh levels 

o f stereoselect ivi ty, enabUng the selective synthesis o f α or β g lycos id ic l inkages. A s 

discussed i n Chapter t w o the stereoselective fo rmat ion o f g lycos id ic bonds is a key 

requirement fo r the ef fect ive synthesis o f ol igosaccharides w h i c h th is class o f donors 

has successful ly f u l f i l l ed . I t is also interest ing to note that this class o f donor provides 

stereoselectivi ty even when a non-par t ic ipatory solvent (Sect ion 2.2.2) is used w h i c h 

favours the fo rmat ion o f the opposite anomer, demonstrat ing the robustness o f this 

approach. 

The other prerequisite for an ef fect ive g lycosy la t ion methodo logy is that i t must 

display a wide-range o f react iv i t ies under var ious condi t ions i n order to access the 

chemoselect ive g lycosy la t ion strategies (Sect ion 2.4). The smal l set o f po l y f l uo ro -

py r i dy l donors screened display var iable react iv i ty over a factor o f 100， ideal ly 

react iv i ty ranges over a factor o f 1000 are desired. ̂ ^^՜՛^՛^ However , f r o m such a smal l 

sample set the relat ive react iv i ty range o f 100 demonstrates the versat i l i ty o f this class 
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o f donors and i t is expected that the analysis o f a much larger set o f donors w o u l d 

prov ide a range o f react iv i t ies over the preferred factor o f 1000. 
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7 S u m m a r y o f P o l y f l u o r o - P y r i d y l G l ycosy l D o n o r s 

Carbohydrates are one o f the most structural ly and func t iona l l y diverse classes o f 

natural ly occur r ing compound and i t is w e l l established that they p lay a v i ta l ro le i n a 

vast array o f b io log ica l processes. I n spite o f th is , carbohydrates are the least exp lo i ted 

o f the three ma jor classes o f b iomolecules due to the d i f f i cu l t y o f synthesising 

ol igosaccharides w i t h cont ro l o f the chemo- and stereo-chemistry. A s discussed i n 

Chapter t w o , several e f f i c ien t methodologies for the synthesis o f g lycos id ic bonds are 

n o w avai lable; however , these are general ly unpredictable and characterist ic to 

part icular systems. 

The purpose o f this thesis was to develop a new g lycosy la t ion methodology that 

ut i l ised heterocycl ic leav ing groups i n g lycosy l donors (Figure 7.1) i n an attempt to 

address the l im i ta t ions o f the ex is t ing strategies. 

LevMs a ä d 

0 Q 2 H 5 

LG2 

F i g u r e 7 .1 . A schematic representation o f the use o f hetary l g lycosy l donors m 

ol igosaccharide synthesis. 

Th is approach required a s imple procedure fo r the synthesis o f a range o f po ly func t iona l 

heterocycl ic cores, a long w i t h a procedure fo r the attachment o f a saccharide mo ie ty to 

the heterocycl ic ring. I n Chapter ihice an approach u t i l i s ing po ly f luor ina ted 

heterocycles was proposed, w h i c h w o u l d a l l o w the construct ion o f such systems by 

nuc leopMl ic aromatic subst i tut ion. 

Since studies concerning the sequential ทนcleophi l ic subst i tut ion o f h igh l y 

fluorinated heterocycles have not been developed to any real extent, we conducted a 

systematic รณdy in to the chemistry o f penta f luoropyr id ine (1) w i t h a range o f oxygen 
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and n i t rogen centred ทนcleophiles (Chapter four ) . I n general (1) was found to undergo 

ทนcleophi l ic aromatic subst i tut ion to prov ide mono- , d i - and t r i -subst iณted compounds 

w i t h excel lent contro l o f the regiochemist ry i n excel lent y ie lds. 

I n general the synthesis o f poly-subst i tuted pyr id ines via писюорЫИс aromatic 

subst iณt ion was demonstrated to be a versat i le and ef fect ive synthet ic strategy w h i c h 

a l lowed the synthesis o f an array o f h igh l y substituted pyr id ine cores fo r the 

development o f po l y f l uo ro -py r i dy l g lycosy l donors. 

U t i l i s i ng the ทนcleophi l ic aromat ic subst i tut ion methodo logy developed for the 

synthesis o f po ly - func t iona l pyr id ines i t was possible to develop a f a m i l y o f hetary l 

g lycosy ! donors o f the type shown i n F igure 7.2. The synthesis o f compounds (33) to 

(40) demonstrated that an appropr iately protected glucose moie ty cou ld be graf ted onto 

a substituted pyr id ine core via ทนcleophi l ic attack f r o m a g lucopyranosy l an ion. Th is 

proved to be an ef f ic ient method for the synthesis o f an array o f po l y f l uo ro -py r i dy l 

g lycosy l donors d isp lay ing a range o f substituents on the pyr id ine ring (Figure 7.2) 

(33a/p) 

5 1 % 1:3 ОКОУг 

32% 1:3 

СҒ(СҒз)2 

СҒ(СҒз)2 

Ν NHCHfe 

СҒ(СҒз)2 

F i g u r e 7 .2. The po l y f l uo ro -py r i dy l g lycosy l donors synthesised via th is approach. 
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I n order to determine the g lycosy l donor propert ies o f this class o f donors a 

systematic study in to their g lycosy la t ion capabi l i t ies was conducted w i t h a var ie ty o f 

acceptors. The synthesis o f compounds (44) , (45) and (55) c lear ly demonstrate that 

po l y f l uo ro -py r i dy l g lycosy l donors were ef fect ive i n g lycosy la t ion reactions. 

The most impor tant d iscovery from this invest igat ion was that the donors do not 

appear to react via the standard S N I g lycosy la t ion mechanism. Instead an ร N 2 type 

mechanism is observed w h i c h provides invers ion o f the conf igurat ion o f the anomer ic 

carbon ( С і ) on the g lycosy l donor a l l ow ing the stereoselective fo rmat ion o f g lycos id ic 

bonds (Figure 7.3). 

HC)-G^ 

F i g u r e 7.3. Proposed ร N 2 mechanism for g lycosy la t ion u t i l i s ing po l y f l uo ro -py r i dy l 

g lycosy l donors. 

G lycosy l donors o f th is type also display a moderate range o f react iv i t ies w h i c h 

are tuneable via a l terat ion o f the Lew is ac id used and the substituents present on the 

pyr id ine ring. I n pr inc ip le , this raage o f react iv i ty should enables po l y f l uo ro -py r i dy l 

systems to ut i l ise var ious mu l t i - component g lycosy la t ion strategies to cont ro l the 

chemoselect iv i ty du r ing ol igosaccharide synthesis. 

Po ly f l uo ro -py r idy l g lycosy l donors display many advantages over ex is t ing 

g lycosy la t ion methodologies, p r imary due to the h igh levels o f stereoselectivi ty 

observed when they are used i n g lycosy la t ion reactions. They are s imple to synthesise 

and stable fo r pro longed periods o f t ime, i l lust rat ing their potent ia l fo r commerc ia l 

appl icat ions. The smal l set o f donors invest igated i n this thesis appear to address many 

o f the l imi ta t ions observed w i t h previous methodologies and prov ide a p romis ing new 

approach fo r the synthesis o f complex ol igosaccharides. 
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8 Experimental 

8.1 Instrumentat ion 

Reagents 

Unless otherwise stated, all chemicals were used as received from the suppliers: 

Aldrich, Apol lo, Lancaster and Sigma. A l l solvents were dried accordmg to literature 

procedures and column cføomatography was performed using silica gel (particle size 

0.040-0.063 mm). 

High pressure flash chromatography 

HPFC was performed on a Biotage Horizon flash chromatography system equipped 

with u v detector and solvent gradient modules. 

Elemental analysis 

Elemental analyses were obtained on an Exeter Analytical CE-440 elemental analyser. 

Gas l iqu id chromatography 

Chromatographic analyses were performed on a Hewlett Packard 5890 Series I I gas 

l iquid Chromatograph equipped wi th a 25 m cross-linked methyl silicone or 5% phenyl 

methyl silicone capillary wi th a flame ionisation detector. 

Mass spectrometry 

Mass spectra were recorded on a Fisions V G Trio 1000 mass spectrometer coupled with 

a Hewlett Packard 5890 Series I I gas Chromatograph (for ЕҐ) or a Micromass LTC (for 

ES^). 

Mel t ing point analysis 

Melting points were obtained using Gallenkamp melting point аррагаШร and are not 

corrected. 

N M R spectroscopy 

N M R spectra were recorded in deuteriochloroform as solvent, unless otherwise stated, 

util ising the fol lowing spectrometers: Varian Unity 300, Varian V X R 400ร or Unity 
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Inova 500. İH spectra were recorded at 400 MHz, *՝̂ c spectra were recorded at 100 

M H z and ' 9 F N M R were recorded at 376 MHz. Reactions were monitored by '^F N M R 

at 282 MHz. A l l spectra were obtained using either tetramethylsilane (TMS), 

chloroform, acetonitrile and/or trichlorofluoromethane as internal references. Coupling 

constants are given in Hertz, 

COSY, HETCOR and DEPT spectra were recorded deiiteriochloroform as 

solvent, unless otherwise stated, utilising a Unity Inova 500 spectrometer. 

Optical Polor imetry 

Optical rotations were recorded in chloroform utilising an Optical Act iv i ty AA-10 

automatic polarimter using the D֊line o f sodium as the light source and a temperatoe o f 

20。c. The observed rotation was then used to calculate the specific rotation ( a]]^ ) 

utilising the fol lowing equation: 

โ ไ20 
(^๒ = ձօհտ 

Ic 

\a\ specific rotation 

observed rotation 

path length 

concentration 

dm 

gdm' 

X-ray analysis 

Crystal structures were obtained were collected at T==120。K using a Bruker SMART-

CCD 6000 diffractometer. Structural elucidation (direct methods) and refinement by 

fu l l matrix least squares on for all data using SHELLXTL software. A l l non-

hydrogen atoms were refined with anisotropic displacement parameters, H-atoms were 

located on the difference map and refined isotropically. 

Molecular Model l ing 

Molecular modelling calculations were carried out using CACHe worksystems version 

6.1.1. Calculations were carried out by firstly optimising the molecular geometry o f the 

molecule by performing a minimise gradient calculation in MOP AC using PM5 

parameters. This was followed by the determination o f the electron density isosurface 

o f the molecule utilising PM5 parameters. 
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8.2 Experimental to Chapter 4 

23i5ł6-Tetraf luoro-4-methoxypyr idine (2) 

๐Ob 
CHgONa (1 equiv.) 

а д а ~ ^ 

(1) (2) 

Under an atmosphere o f dry argon, sodium metal (0.410 g, 17.7 mmol) was added to 

methanol (20 mL) and stirred until hydrogen evolution subsided. The sodium 

methoxide solution was added dropwise to pentafluoropyridine (1) (3.000 g, 17.7 

mmol) over 30 min. The reaction mixture was then heated at reflux temperature for 20Һ 

before cold water (50 mL) was added. The т іхШге was extracted with dicMoromethane 

(4 X 20 mL) , dried (MgSO 4 ) and evaporated to yield crude material (1.84 g). 

Disti l lation at reduced pressure yielded 2,3,5,6-tetrafluoro-4-methoxypyridine (2) (1.72 

g， 53 %) as a colourless o i l ; bp 28 °С， 0.85mbar. (Found: c, 39.7; H， 1.6; N， 7.6. 

C 6 H 3 F 4 N O requires c, 39.8; H, 1.7; N， 7.7%); ÔH 4.29 (3H, է, ^JHF 2.6, O Œ j ) ; ô c 61.6 

(է, V 4.5, СНз), 134.8 (ddm, 'JcF 248.8, ^JcF 23.6.7, C3), 144.4 (dtm, 'JcF 248.8, Ъсғ 

23.6, C2)， 147.895 (m, C4); δρ -91.44 (2F， m, 2-F), -160.48 (2F, m, 3-F); m/z ( Е Ґ ) 181 

(M+, 100), 180 (49)， 151 (70), 138 (82), 132 (40), 100 (69), 93 (69), 74 (55)， 31 (17); 

spectroscopie data is consistent wi th literature values.^'' 56' 155 

Under an atmosphere o f dry argon, sodium metal (3.402 g， 0.15 mol) was added to 

methanol (165 mL) and stirred until hydrogen evolution subsided. The sodium 

methoxide solution was added dropwise, while stirring, to pentafluoropyridine (24.95 2 

g， 0.15 mol) over 30 minutes, followed by heating at reflux temperature for 14Һ. The 

reaction т іхШге was allowed to cool to room ЇетрегаШге and neutralised with ion-

exchange resin (Amberlite IR 120, Na+ forai, 16-50 mesh, 8% cross-linked, 0.50 g)， 

filtered and the filtrate concentrated under reduced pressure. Purification by reduced 

pressure distillation yielded 2,3,5,6-tetrafluoro-4-methoxypyridine (2) (24.516 g， 91%) 

as a colourless oi l . Spectroscopic data were consistent wi th previously recorded results. 
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2,3,5-Trif luoro-4,6-dimethoxypyridine (3) 

ОСҢз 

O+ţONa (1 eqùv. ì^ 
CH3OH 

( 2 ) (3) 

Sodium metal (1.272 g, 55.2 mmol) was added to methanol (50 mL) under an argon 

atmosphere and stirred at room temperature until hydrogen evolution was complete. 

The methoxide solution was then added drop wise to 2,3,5,6-tetrafluoro-4-

methoxypyridine (2) (9.992 g, 55.2 mmol) wi th stirring over 30 minutes; the resulting 

mixture was heated at reflux temperature over 15Һ. Water (50 mL) was added and the 

mixture extracted in dichloromethane (4 X 20 mL) , the organic extracts were dried 

(MgS04) and evaporated to give a crude product which was purified by reduced 

pressure distillation to yield 2 ,3,5- t r i f luoro-4 ,6-d imethoxypyr id ine (3) as a colourless 

l iquid (5.582 g， 52%); bp 29 °С, 0.9 mbar; (Found c, 43.7; H, 3.3; N , 7.1. C7H6F3NO2 

requires c, 43.5; H， 3.1; N， 7.3%); ÔH 3.93 (3H, ร, 2-ОСНз), 4.20 (ЗН, է, 5 J H F 2.6, 4-

ОСНзУ, ôc 54.6 (ร, 2-ОСЯз), 61.5 (է, 4JcF 4.3, 4֊ОСНз), 132.1 (dd, 'JcF 246.3, Ъсғ 19.3, 

СЗ), 136.1 (dd, 'JcF 246.3, ^JcF 6.5, C5), 】45·̂  (ddd, 'JcF 246.3, 2JCT 19.3, 4 J c F 4.3, C2), 

146.291 (m, C6), 146.589 (tm, 2 JcF 19.3, C4); δρ -94.39 ( IF , է, ^^^JpF 23.2, 2-Ғ), -161.72 

( IF , d, ^JFF 23.2, 5-Ғ), -168.11 ( IF , d, ^JpF 23.2, 3-Ғ); m/z ( Е Ґ ) 193 (М+， 100), 192 (62)， 

164 (80)， 163 (40), 162 (14)， 150 (31) ); spectroscopic data is consistent wi th literature 

3,5-Dif luoro-2,4,6-tr imethoxypyridine (4) 

ОСҢз 

CHgONa (1 eqiiv.) 

CH3OH 

ОСҢз ҢзССГ ՝՝|νΓ " G C Ķ j 

(3) (4) 

Sodium methoxide (0.281 g, 5.2 mmol) in methanol (10 mL) was added to 2,4-

dimethoxy-3,5,6-trifluoropyridine (3) (1.021 g， 5.3 mmol) over 30 minutes and the 
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mixture stirred at reflux temperature for 65Һ. Water (25 mL) was added and the т іхШге 

was extracted into dichloromethane (4 X 20 mL) . The combined extracts were dried 

(MgS04) and evaporated to give a crude product which was purified by sublimation at 

40 °С, 1.2 mbar to yield 3,5-difluoro-2,4,6-trimethoxypyridine (4) (0.214 g, 20%) as a 

white crystalline solid; mp 52-53°C. (Found: c, 46.6; H, 4.3; N , 6.7. C8H9F2NO3 

requires c, 46.8; H, 4.4; N , 6.8%); Ô h 4.15 (3H， t， 5 J h f 2.4, 4 - О С Я 3 ) , 3.95 (6H, ร, 2/6-

ОСЯз); 5c 54.0 (ร, 2/6 ОСНз), 61.4 (է, "JcF 3.9, 4-ОСЯз), 133.7 (d, 'JcF 248.5, C3)， 

145.1 (է, 2 JcF 9.9, C4)， 146.1 (dd, 2JcF 9.9, "JcF 3.9, C-2); δρ -169.05 (2F， m, 3-F); m/z 

( Е Ґ ) 205 (M+, 100), 175 (29), 162 (60), 132 (20), 116 (34), 105 (40), 100 (18), 87 (21), 

70 (21). 

Reaction of 2,3»5,6-tetrafluoro-4-methoxypyridine (2) w i th sodium ethoxide 

๐o-fe 

C2h%ONa(1.2 equiv.J 
(2) 

(2) 

OC2H5 

(6) 

(5) 

oa֊b 

๐a-b 
(3) 

(7) (8) 

General Procedure. Under an argon atmosphere, sodium metal was added to a 

solution of ethanol (40 mL) and stirred until hydrogen evdut ion had subsided. The 

sodium ethoxide solution was added dropwise to 2,3,5,6-tetrafluoro-4-methoxypyridine 

(2) over 30 minutes at room temperatoe; the resulting mixture was heated at reflux 

temperature for 20Һ before being cooled to room temperature and water (50 mL) added. 

Extraction into dicMoromethane (4 X 20 mL) enabled recovery o f products. The organic 

phase was dried (MgS04) and the solvent removed on a rotary evaporator to give a 

crude product. 

Solvent: ethanol. Sodium (0.635 g， 27.6 mmol) and 2,3,5,6-tetrafluoro-4-methoxy-

pyridine (5.021 g， 27.6 mmol), yielded crude material (5.66 g) shown to contain 6 

- 9 2 



components by analytical g.l.c and ' 9 F N M R (ratio of peaks 4:3:5:10:76:1 

corresponding 2,3,5,6-tetrqfluoro-4-methoxypyrid։ne (2), 4-ethoxy-2,3,5,6-

tetrafluoropyridine (5), 2,3,5-trifluoro-4,6-dimethoxypyridine (3), 2,4-diethoxy֊3,5,6-

trifluoropyridine (6), 2-ethoxy-3,5,6trißuoro-4-methoxypyridine (7) and 4-ethoxy-2,3,5-

trìfluoro-6-methoxypyridine (8) respectively, which were identified by N M R 

spectroscopy, mass spectrometry and/or comparison to authentic samples. No further 

separation was attempted. 

2,3,ร,6-tetrafluoro-4-methoxypyridine (2). δρ -91.6 (2F, m, 2-Ғ), -160.8 (2Ғ, m, з-F); 

m/z ( Е ґ ) 181 (М+， 100), 151 (11), 138 (23), 100 (15), 91 (15), 74(11) , 59 (32), 43 (32), 

31 (15). 

4-ethoxy-23 ,5,6-tetrafluoropyridine (5). δρ -91.82 (2Ғ, m, 2-Ғ), -160.31 (2Ғ, m, 3-Ғ); 

m/z ( Е ґ ) 195 ( iv f , 22), 181 (17), 167(100), 119(18), 93 (11), 29 (20). 

2,3,ร-tr i f luoro-4,6-dimethoxypyridine (3). δρ -94.89 ( I F , է, 2-Ғ), -162.11 ( IF , d, 5-Ғ), 

-168.47 ( I F , d, 3-Ғ); m/z ( Е Ґ ) 193 (м+, 100), 192 (69), 164 (94), 163 (65), 150 (35), 

116(22), 93 (21), 74 (27). 

2,4-diethoxy-3,5,6-tr i f luoropyridine (6). δρ -94.89 ( IF , է, 6-Ғ), -161.08 ( I F , d, 3-Ғ), -

168.17 ( IF , d, 5-Ғ); m/z ( Е Ґ ) 221 (М+， 25), 207 (ЗО), 193 (33), 179 (69)， 165 (100). 

2-ethoxy-3,5,6tri f luoro-4-methoxypyridine (7). δρ -94.71 ( IF , է, 6-Ғ), -161.78 ( I F , 

dd, 3-Ғ), -168.79 ( I F , dd, 5-Ғ); m/z ( Е Ґ ) 207 (м+, 32)， 179 (100), 151 (34)， 136 (48). 

4- ethoxy-2,3,5-trifluoro֊6-methoxypyridme (8). δρ -94.71 ( IF , է, 2-Ғ), -161.41 ( IF , d, 

5- Ғ) , -167.86 ( IF , d, 3-Ғ); m/z ( Е Ґ ) 207 (М+, 32)， 179 (100), 151 (34), 136 (48). 

Spectroscopic results are consistent wi th recorded results for these compounds. 

Solvent: T H F . Sodium (0.649 g， 28.2 mmol), ethanol (1.300 g, 28.2 mmol) and 

2,3,5,6-tetrafluoro-4-methoxypyridine (4.942 g, 27.3 mmol), gave crude material (4.54 

g) shown to contain 6 components by analytical g.l.c and 19F N M R (ratio o f peaks 

5:3:18:9:61:3) corresponding to corresponding 2,3,5,6-tetrafluoro-4-methoxypyridine 

(2), 4-ethoxy-2,3,5,6֊tetrafluoropyridine (5), 2,3,5-trifluoro-4,6-dimethoxypyridine (3), 

2,4-diethoxy-3,5,6-trifluoropyridine (6) ， 2-ethoxy-3,5,6trifluoro-4-methoxypyridine (7) 

and 4-ethoxy-2,3,5-trifluoro-6-methoxypyridine (8) respectively. 
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4-Ethoxy-2,3ł5,6-tetrafluoropyridine (5) 

ҪС2И5 
C5>H50Na(1.2eciuv.ļ 

О) (5) 

Sodium metal (0.188 g, 8.2 mmol) was added to ethanol (10 mL) under an argon 

atmosphere and stirred at room temperature until hydrogen evolution was complete. 

The ethoxide solution was added to a stirred solution o f pentafluoropyridine (1) (1.459 

g, 8.6 mmol) over 30 min at room t e m p e r a l e ; the resulting mixture was heated at 

reflux temperaüire for 3h before water (25 mL) was added. The mixture was extracted 

with dicMoromethane (4 X 10 mL) , dried (MgS04) and evaporated affording a l iquid 

(1.80 g). Kugdrohr distillation yielded 4-ethoxy-2,3,5,6-tetrafluroropyridine (5) (0.872 

g, 55%) as a colourless l iquid; bp 28 °С 2.4 mbar. (Found: c, 43.0; H, 2.5; N， 7.3. 

C7H5F4NO requires c, 43.1; H, 2.6; N , 7.2%); ŐH 1.84 (3H, է, 3 J H H 7.2 , OCH2CH3), 

4 . 9 4 (2H， qt, 3 J H H 7 . 2 , 5 JHF 1.6, ОСЯ^СНз); ôc 15 .6 (s, ОСНгСЯ і ) , 7 0 . 8 (է, 4 J c F 4 . 6 , 

ОСЯ2СН3), 135.1 (dm, 'JcF 246.2, C3), 144.40 (dm, 'JcF 246.2, C2), 147.3 (m, C4); δρ -

91.53 (2Ғ， m, 2-F), -159.89 (2F, m, 3-F); m/z ( Е Ґ ) 195 (M+, 82), 168 (24), 167 (100), 

138(27), 119 (65), 100 (28), 93 (26), 74 (30), 29 (57)， 27 (32). 

Under an atmosphere o f dry argon, sodium metal (3.136 g， 0.14 mol) was added to 

methanol (130 mL) and stirred until hydrogen evolution subsided. The sodium 

methoxide solution was added to pentafluoropyridine (20.699 g， 0.12 mol) over 30 min 

at room temperature; the resulting mixture was heated at reflux temperature for 20Һ 

before Amberlite resin (IR 120, Na+ form, 16-50 mesh, 8% cross-linked, 2.00 g) was 

added. The mixture was filtered and evaporated affording a l iquid. Reduced pressure 

distillation yielded 4-ethoxy-2,3,5,6-tetrafluoropyridme (5) (19.899 g, 85%) as a 

colourless oi l . Spectroscopic data were consistent with previously recorded results. 
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2,4-Diethoxy-3,5,6-tr i f luoropyridine (6) 

C į l į a s ๒ (Z2equiv._) 

( จ (6) 

З 

Sodium metal (1.403 g, 60.9 mmol) was added to ethanol (25 mL) under an atmosphere 

o f dry argon and stirred until hydrogen evolution was complete. The sodium ethoxide 

solution was added to pentafluoropyridine (1) (4.936 g, 29.2 mmol) over 30 minutes. 

The resulting mixture was heated at reflux temperature for 20Һ before water (50 mL) 

was added and the mixture extracted into dichloromethane (4 X 20 mL). The combined 

extracts were dried (MgS04) and evaporated to give a crude product which was purified 

by reduced pressure distillation yielding 2 ,4-d ie thoxy-3 ,5 ,6- t r i f luoropyr id ine (6) (4.859 

g, 75%) as a colourless l iquid; bp 42 °С 1.1 mbar; (Found c， 48.9; H， 4.5; N， 6.4. 

С9Н,оҒзМ02 requires c， 48.9; H， 4.6; N, 6.3%); ÔH 1.39 (ЗН, է, ^JHH 7.0 ， І-ОСЯгСНз), 

1.44 (ЗН, է, Ънн 7.0, 4-ОСН2СЯ5), 4.33 (2Н, q, 3 JHH 7.0， 2-ОСЯ2СН3), 4.48 (2Н, qt, 

'JHH 7.0, 5 JHF 1.5, 4 -ОСЯ2СН3) ; öc 14.5 (ร, 2-ОСН2СЯ і), 15.6 (ร, 4 - O C H 2 ^ j ) , 63.4 (s, 

2-ОСЯ2СН3), 70.2 (է, %v 3.1, 4-ОСЯ2СН3), 132.2 (dd, 'JcF 245.8, ^JcF 22.1, C5), 

136.3 (dd， 'JcF 245.8, ^JcF 6.9, C3), 144.8 (ddd, ՝JcF 245.8, ^JcF 22.1, ^ C F 3.1, C6), 

145.5 (m, C2), 146.1 (tm, ^JcF 22.1, C4), δρ -94.50 ( IF , է, ^'^JpF 23.6, 6-Ғ), -160.70 ( IF , 

d, ^JFF 2 3 . 6 , 3 - Ғ ) , - 1 6 7 . 7 9 ( I F , d, ^JpF 2 3 . 6 , 5 - Ғ ) ; m/z ( Е Ґ ) 2 2 1 ( М+， 5 0 ) , 2 0 6 ( 4 0 ) , 193 

(58)， 178 (35), 165 (85)， 148 (34), 145 (38), 137 (100), 116 (69), 93 (44), 74 (31), 29 

(44). 

(yjsONa(1.2equiv.¿ 

(5) (6) 

Under an atmosphere o f dry argon, sodium metal (0.232 g, 9.7 mmol) was added to 

methanol (5 mL) and stirred until hydrogen evolution subsided. The sodium methoxide 

solution was added to 4-ethoxy-2,3,5,6-tetrafluoropyridine (5) (1.503 g, 7.7 mmol) over 
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зо min at room temperature; the resulting mixture was heated at reflux temperature for 

17Һ before Amberlite resin (IR 120, Na+ form, 16-50 mesh, 8% cross-linked, 0.50 g) 

was added. The mixture was filtered and evaporated affording a l iquid. Reduced 

pressure distillation yielded 2,4-diethoxy-3,5,6-trifluoropyridine (6) (1.483 g， 87%) as a 

colourless oi l . Spectroscopic data were consistent wi th previously recorded results. 

4-Ethoxy-23»5-tr i f luoro-6-methoxypyridine (8) 

CH,ONa(1.2eqijv.) 

(5) 

Sodium metal (0.425 g， 18.5 mmol) was added to methanol (20 mL) wi th stirring under 

an atmosphere of dry argon until hydrogen evolution had subsided. This solution was 

then added dropwise over 30 minutes to 4-ethoxy-2,3,5,6-tetrafluoropyridine (5) (3.587 

g, 18.4 mmol). The mixture was heated at reflux temperature for 17Һ before being 

cooled to room temperature and water (50 mL) added. Extraction into dichloromethane 

(4 X 20 mL) enabled recovery o f the products. The organic phase was dried (MgS04) 

and the solvent was removed on a rotary evaporator. Reduced pressure distillation gave 

4-ethoxy֊2,3,5-trifluoro-6-methoxypyridine (8) (1.776 g， 47%) as a colourless o i l ; bp 84 

。 c 10.0 mbar; (Found c , 46.3; H, 3.9; N, 6.9. CgHgFsNOi requires c , 46.4; H, 3.9; N , 

6.8%); ÔH 1.41 (3H, է, ' J H H 7.0 , ОСН2СЯ3) , 3.89 (3H， ร, OCHs), 4.45 (2H, qt, ' J H H 7.0, 

5 JHF 1.5, ОСЯ2СН3) ; ôc 15 .4 ( ร , ОСНгСЯз), 54.4 (s, 0CH3), 70.2 (է, 4JcF 4.4, 

ОСЯ2СН3) , 132.3 (dd, 'JcF 246.1, Ъсғ 22.1, C5), 136.3 (dd, 'JcF 246.1, ^JcF 13.7, C3), 

144.9 (ddd, 'JcF 246.1, ' jcF 22 . l / J cF 4.4, C2)， 145.5 (dt, 2JcF 22.1, 'JcF 13.7, C4), 146.4 

(ddd, ^ C F 22.1, 3JcF 13.7, 4JcF 4.4, Cl), δρ -94.67 ( I F , է, ^'^JpF 23.5, 2-Ғ); -161.00 ( I F , 

^JFF 2 3 . 5 , 3 - F ) , - 1 6 7 . 5 9 ( I F , d, ^JpF 2 3 . 5 , 5 - F ) ; m/z ( Е Ґ ) 2 0 7 ( M ^ , 6 6 ) , 1 7 9 ( 4 0 ) , 178 

(52), 149 (100), 136 (15), 131 (26), 100 (21), 74 (17), 29 (28). 
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2,4֊Diethoxy-3,5-difluoro-6-methoxypyridine(9) 

CHgONa (1.2 equiv 
ҪС2И5 

(6) 

Under an atmosphere o f dry argon, sodium metal (0.227 g, 9.9 mmol) was added to 

methanol (20 mL) and stirred until hydrogen evolution had subsided. The sodium 

ethoxide solution was added dropwise to 2,4-diethoxy-3,5,6-trifluoropyridine (6) (2.158 

g, 9.8 mmol) over 30 minutes. The mixture was heated at reflux ЇетрегаШге for 71Һ 

before being cooled to room temperature and water (50 mL) added. Extraction into 

dichloromethane (2 X 20 mL) , enabled recovery o f products, the organic phase was 

dried (MgS04) and the solvent removed on a rotary evaporator. Sublimation at 42 °С, 

0.6 mbar gave 2,4-diethoxy-3,5-difluoro-6-methoxypyridine (9) (1.172 g， 52 %) as a 

white crystalline solid; mp 33-34 °С; (Found c, 51.2; H, 5.6; N, 6.0. СюНоҒгЫОз 

requires c, 51.5; H, 5.6; N， 6.0%); 5н 1.38 (3H, է, 3 J m 7.1, 2-ОСН2СЯ3), 1.39 (էէ, зн, 

3 J H H 7 . 1 , 6 JHF 0 . 5 , 4-ОСН2СЯ3), 3 . 9 0 ( З Н , s, 6-OCH3), 4 .35 ( 2 Н , q, 3 J H H 7 . 1 , շ֊ 

ОСЯ^СНз), 4.38 (2Н, qt, 3 J H H 7.1, 5 JHF 1.4, 4-ОСЯ2СН3); ôc 14.7 (ร, 2-OCU2CH3), 

15.5 (ร, 4-ОСН2СЯ5), 53.7 (s, 6-ОСЯ5), 62.4 (s, 2-ОСЯ2СН3), 69.8 (է, 4JcF 4.2, 4-

ОСН2СП3), 133.8 (d, 'JcF 247.9, C5)， 134.0 (d, 'JcF 247.9, C3) 144.2 (t, Ъсғ 10.2, C4), 

145.8 (m, C2/6); δρ -167.9 ( I F , s, 5-F), -168.6 ( I F , ร, 3-F); m/z ( Е Ґ ) 233 (M+， 71)， 205 

(44)， 177 (71), 176 (82), 148 (100), 29 (22). 

2,3,5,6-Tetrafluoro-N-methyIpyridin-4-ainine (10) 

CH3NH,(2.2eqù 

(1) (10) 

A solution o f methylamine (60 mL, 2.0 molčim"^ solution in THF, 0.12 mol) in THF (50 

niL) , was added dropwise to pentafluoropyridine (1) (10.043 g, 59.4 mmol) at room 
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temperature over зо minutes and the resulting mixture was stirred at room temperature 

for 28Һ. Water (50 mL) was added and the mixture extracted in dichloromethane (4 X 

20 mL) . The organic extracts were dried (MgSO 4 ) and evaporated to give a crude 

product which was purified by recrystallisation from ргорап-2-ol yielding 2,3,5,6-

tetrafluoro-N-methylpyridin-4-amine (10) (6.60 g， 62%) as a white crystalline solid; mp 

83-84 。(：； (Found: С, 40.0; н , 2.3; N , 15.5. C6H4F4N2 requires с , 40.0; н , 2.3; N, 

15.6%); ÔH 3.24 (ЗH, է, ^JHF 2.4, ШСНз), 4.59 ( İ H , br ร, тСПг); ôc 32.3 ( ร , МСЯз), 

131.4 (dm, 'JcF 242.4, СЗ), 138.64 (m, С4), 144.4 (dm, 'JcF 242.4, C2); δρ -95.00 (2Ғ, 

m, 2-Ғ), -165.65 (2Ғ, m, 3-Ғ); m/z ( Е Ґ ) 180 (м+, 85), 179 (100), 139 (31), 132 (79), 

100 (22), 90 (15), 82 (34), 31 (16). 

N,N-Díethyl-2,3,5,6-tetrafluoropyridin-4-amine (11) 

(C2hy2h4H(2.2ecpvO 
THF *՜ 

(1) (11) 

A solution o f diethylamine (17.306 g, 0.24 mol), in acetonitrile (100 mL) was added 

dropwise to pentafluoropyridine (1) (20.025 g, 0.12 mol) at room temperature over 30 

minutes and the resulting mixture was heated at reflux temperature for 16h. Water (50 

mL) was added and the mixture extracted in dichloromethane (4 X 20 mL) . The organic 

extracts were dried (MgS04) and evaporated to give a crude product which was purified 

by reduced pressure distillation to yield N,N-diethyl-2,3,5,6-tetrafluoropyridin-4-amme 

(11) (19.262 g, 81%) as a colourless l iquid; bp 52 °С, 1.5 mbar; (Found: c， 48.6; H, 4.5; 

N， 12.7. C9H,oF4N2 requires c , 48.7; H, 4.5; N， 12.6%); ÔH 1.22 (6H， t, ^JHH 7.0, 

МСНзСЯз), 3.43 (4H, qt, ^JHH 7.0, ^JHF 1.6, КСЯ2СНз); ôc 13.9 (ร, МСНзСЯз), 46.7 (է, 

^̂ JcF 5.0, ЫСЯ2СНз), 134.5 (ddm, 'JcF 245.9, 2jcF 22.7 СЗ), 139.5 (m, C4), 145.3 (dtm, 

'JcF 245.9, 2JCT 12.7, C2); δρ -95.06 (2F, m, 2-F), -156.71 (2F, m, 3-F); m/z ( Е Ґ ) 222 

(M+, 23)， 207 (82), 193 (10), 179 (100), 177(11), 100 (9), 29 (27), 28 (22). 
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Ņ(C2Hy2 
(Cy-%)2İSH(1.2ecMv.) 
NaHCOa(2.0equiv.), 

THF 

(1) (11) 

A solution o f diethylamine (0.836 g, 11.4 mmol), in THF (5 mL) was added dropwise to 

a solution o f pentafluoropyridine (1) (2.025 g, 12.0 mmol) and sodium hydrogen 

carbonate (1.928 g， 22.9 mmol), in THF (5 mL) , at room temperature over 30 minutes. 

The mixture was heated at reflux ІетрегаШге for 15Һ before being cooled to room 

temperature. Water (50 mL) was added and the mixture extracted into dicMoromethane 

(4 X 20 mL). The organic extracts were dried (MgS04) and the solvent was removed on 

a rotary evaporator. Purification by reduced pressure distillation yielded N,N-diethyl-

2,3,5,6-tetrafluoropyridin-4-amine (11) (2.241 g, 89%) as a colourless oi l , spectroscopic 

data was consistent wi th previously recorded results. 

Attempted reaction of 23ł4,5-tetraf luoro-N-methylpyńdin-4-amine (10) 

General procedure. The amine ทนcleophile in THF (50 mL) was added to 2,3,5,6-

tetrafluoro-N-methylpyridin-4-amine (10) in a dropwise manner over 30 minutes. The 

resulting solution was heated at reflux temperature before water (50 mL) was added. 

The mixture was extracted with dichloromethane (4 X 20 mL) , dried (MgS04) and 

concentrated to yield crude material พЫсһ was analysed by '9ρ N M R and gas 

chromatography mass spectrometry. 

CpH5Nl-ļ2(2.2equiv.) |l 
THF 1 1 ՜ ^ •• 

՝ N ^ N H ( C 2 İ - y 

(10) (12) 

Amine: ethylamine. Ethylamine (11 mL o f 2.0 M solution in THF, 21.0 mmol) and 

2,3,5,6-tetrafluoro-N-methylpyridin-4-amine (10) (1.882 g， 10.5 mmol) were stirred at 

reflux temperature for 22Һ gave 2,3,5,6-tetrafluoro-N-methylpyridm֊4-amine (10) 

(1.684 g， 89% recovery). Spectral data was consistent wi th previous results. 
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(^ t i )2NH (2.2equiv. ) | 
TVF 1 

(10) 

N^N(C2h į )2 

Amine: diethylamine. Diethylamine (0.843 g， 11.5 mmol) and 2,3,5,6-tetrafluoro-N-

methylpyridin-4-amine (10) (1.013 g, 5.6 mmol) were stirred at reflux temperature for 

24Һ gave 2,3,5,6-tetrafluoro-N-methylpyridin-4-amme (10) (0.750 g, 74% recovery). 

H N 피 H Ņ ' ^ 
{C2h%)2NH(3.2equiv.)jl 

(10) (13) 

Amine: diethylamine. Diethylamine (1.241 g， 17.0 mmol) and 2,3,5,6-tetrafluoro-N-

methyIpyridin-4-amine (10) (1.022 g, 5.7 mmol) were stirred at reflux temperature for 

24Һ gave 2,3,5,6-tetrafluoro-N-methylpyridin-4-amine (10) (0.858 g, 84% recovery). 

2,3í5í6-Tetraf luoro-N-wopropylpyridi i i -4-amine (15) 

HST CH(ci֊b); ՝2 
(СҢзЬСНМҢг (2.2 eqUv.ì 
一 ՜ T H F 

( จ (15) 

A solution o f żsopropyłamine (6.993 g, 0.12 mol) in acetonitrile (50 mL) was added 

dropwise to pentafluoropyridine (1) (9.962 g， 58.9 mmol) at room temperature over 30 

minutes and the resulting mixture was stirred at room temperature for 16Һ. Water (50 

mL) was added and the mixture extracted in dichloromethane (4 X 20 mL) . The organic 

extracts were dried (MgSCU) and evaporated to give a crude product which was purified 

by reduced pressure distillation to yield 2,3,5,6-tetrafluoro-N-isopropylpyridin-4-amine 

(15) (11.029 g, 90%) as a colourless l iquid; bp 62 °С, 2.4 mbar; (Found: c , 46.0; H, 3.9; 
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N, 13.5. C8H8F4N2 requires с, 46.2; н, 3.9; N， 13.5%); ÔH 1.28 (6Н， է, 3 J H H 6.3, 

ШСҖСНз)2), 4.13 ( İ H , sext, 3 J H H 6.3, ШСЯ(СНз)2) , 4.38 ( İ H , Br s, ШСН(СНз)2 ) ; 

ö c 24.0 ( ร , ШСҖСНз)2), 46.6 (է, ^JcF 8.7, ННСЯ(СНз)2), 131.0 (ddm, 'JcF 242.4, ^JcF 

24.0 C3), 137.1 (m, C4), 144.4 (dtm, 'JcF 242.4, ^JcF 24.0, C2); δρ -95.15 (2F, m, 2-Ғ), -

164.80 (2Ғ, m, 3-Ғ); m/z ( Е Ґ ) 208 (м+, 77), 193 (100), 166 (61), 153 (52), 146 (56), 

100 (58), 97 (54), 43 (52), 41 (54). 

А solution o f wopropylamine (7.693 g, 0.13 mol) in THF (50 mL) was added dropwise 

to pentafluoropyridine (1) (9.999 g, 59.1 mmol) at room temperature over 30 minutes 

and the resulting mixture was stirred at room temperature for 20Һ. Amberlite resin IR 

120, Na+ form, 16-50 mesh, 8% cross-linked, 0.50 g) was added wi th stirring at room 

temperature for 30 min, the solution was then filtered and the solvent removed. 

Reduced pressure distillation yielded 2,3,5,6-tetrafluoro-N-isopropylpyridin-4-amine 

(15) (11.503 g, 94%) as a colourless oi l . Spectroscopic data were consistent with 

previously recorded results. 

N^-ButyI-3,5,6-trif luoro-N'*-พ ํopropylpyridine-2,4-diamine (16) 

CnHgNl-b (2.2 ecMv.) 
THF 

火 人 „ ^NHC4İ-b 

(15) (16) 

A solution of butylamine (2.214 g, 30.3 mol) in THF (15 mL) was added dropwise to 

2,3,5,6-tetrafluoro-N-wopropylpyridin-4-amine (15) (2.019 g, 9.7 mmol) at room 

temperature over 30 minutes and the resulting mixture was heated at reflux temperature 

for 72Һ. Amberlite resin ( IR 120, Na+ form, 16-50 mesh, 8% cross-linked, 0.50 g) was 

added wi th stirring at room temperature for 30 min, the solution was then filtered and 

the solvent removed on a rotary evaporator. Purification by reduced pressure 

distillation yielded №-butyl-3,5,6-trifluoro-N*֊isopropylpyridine-2,4-diamine (16) 

(1.832 g， 72%) as a colourless o i l ; bp 120-121 °С, 2.6 mbar; (Found: c , 55.0; H, 7.0; N, 

16.2. Сі2Н,8РзНз requires c , 55.2; H , 6.9; N， 1 6 . 1 % ) ; ÔH 0.92 ( З Н , է, ^JHH 7.1, 

НМ(СН2)зСЯз), 1.22 (6Н, d, 3 JHH 7.1, шсҗснร)շ), 1.38 (2Н, hextet, 3 J H H 7.1, 
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Ш(СН2)2СЯ2СНз), 1.54 (2Н， pentet, 3 J H H 7 . 1 , ЫНСНгСЯгСНзСНз), 3 . 3 2 ( 2 Н , է, 3 J H H 

7.1, ННСЯ2(СН2)2СНз), 3.85 ( İ h , br s, ЛЗДС4Н9), 4.02 ( Ш , m, МНСЯ(СНз)2), 4.18 

( İ H , br s， ШСН(СНз)2); ôc 14.0 (s, ЫН(СН2)зСЯ5), 20.2 (ร, НН(СН2)2СЯ2СНз), 24.1 

(ร, МНСН(СЯ і )2), 32.1 (s, ЫНСНзСЯ^СНзСНз), 41.0 (s, ННСЯ2(СН2)2СНз), 46.2 (է, 

4JcF 2.5 КНСЯ(СНз)2), 126.6 (ddd, 'JcF 233.2, 2JcF 21.8, ^JcF 6.4, C5)， 131.9 (dd, 'JcF 

233.2, ^JcF 6.4， C3), 133.6 (m, C4)， 141.5 (ddd, 2JcF 21.8, ^JcF 6.4, 4 J c F 2.4, C2), 146.7 

(ddd, 'JcF 2 3 3 . 2 , ^ C F 2 1 . 8 , bcF 2 . 5 , C 6 ) ; δρ - 9 7 . 1 9 ( I F , է, ^^^JFF 2 4 . 2 , 6 - Ғ ) , - 1 6 7 . 2 7 ( I F , 

d, ^JFF 2 4 . 2 , 3 - F ) , - 1 7 6 . 3 8 ( I F , d， Ъғғ 2 4 . 2 , 5 - F ) ; m/z ( E I + ) 2 6 1 (ІУҐ, 70)， 2 4 6 ( 2 5 ) , 2 3 2 

(21), 219 (28), 218 (100), 205 (131), 190 (69), 176 (99), 102 (26), 41 (28). 

N^,N^-Diethyl-3,5,6-trif luoro-N'*-«opropylpyridine-2,4-diamine (17) 

(C2H5)2NH(11.2ec|uiv.)^ Ғ \ Д ^ Ғ 

F ' ^ N ^ N ( C 2 İ - f e ) 2 

(15) (17) 

A solution o f diethylamine (7.907 g, 108.1 mmol) in THF (15 mL) was added dropwise 

to 2,3,5,6-tetrafluoro-N-/5Opropylpyridin-4-ainine (15) (2.017 g, 9.7 mmol) at room 

temperature over 30 minutes and the resulting mixture was heated at reflux temperature 

for 10 days. Amberlite resin (IR 120, Na+ form, 16-50 mesh, 8% cross-linked, 0.50 g) 

was added with stirring at room temperature for 30 min, the solution was then filtered 

and the solvent removed on a rotary evaporator. Purification by reduced pressure 

distillation yielded Ν^,Ν^-dietni-3,5,6-trifluoro-ľsŕ-isopropylpyridine-2,4-diamine (17) 

(0.668 g, 26%) as a colourless o i l ; bp 91 °С， 2.9 mbar; (Found: c , 55.3; H, 6.8; N , 16.1. 

С,2Н,8ҒзНз requires c， 55.2; H, 6.9; N, 16.1%); ÔH 1.13 (6H, է, Ънн 6.8, НСНзСЯ і ) , 

1.22 (6Н, d, 3 J H H 6.8, ШСН(СЯ5)2) , 3.35 (4Н， qt, 3 JHH 6.8, ^JHF 1.5, НСЯ^СНз), 3.89 

( İ H , br ร, 7^ЯСН(СНз)2), 4.04 ( İ H , sext, 3 J H H 6.8, ^JHF 1.5, НЫСЯ(СНз)2); ôc 13.8 (ร, 

МСНгСЯл), 24.2 (ร, }ШСҖСНร)շ), 44.1 (d, 4JcF 4.3, ЫНСЯ^СНз), 46.2 (է, 4 JcF 4.3 

ШСЯ(СНз)2 ) , 127.0 (dd, 'jcF 235.2, 2JcF 21.7, C5), 134.1 (dd, 'JcF 235.2, ^JcF 7.3, 

C3)， 135.2 (dt , ' j cF 21.7, 'JcF 7.3, C4), 140.9 (ddd, 2 JcF 21.7, 'JcF 7.3, % ғ 4.3, C2), 

145.7 (ddd, 'JcF 235.2, 'JcF 21.7, ^JcF 4.3, C6); δρ -94.73 ( IF , է, 26.3, 6-Ғ), -157.92 
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( I F , d， 'JFF 2 6 . 3 , 3 - F ) , - 1 7 3 . 7 6 ( I F , d， ' j p F 2 6 . 3 , 5 - F ) ; m/z ( Е Ґ ) 2 6 1 (M+， 7 5 ) , 2 4 7 ( 2 4 ) , 

246 (100), 232 (33), 218 (79)， 202 (22), 190 (32), 176 (83), 72 (31), 41 (17), 29 (24). 

N'*,N'*-Diethyl-3,5,6-trifluoro֊N^-¿$opropylpyridine-2,4-diamine (18) 

Ņ(ら ЬЇ)2 М(С2І֊У2 

(O-ygCHNH, (2.2 ecyjiv.^ ғ、 

CH(CHb)2 

п 

(11) (18) 

A solution of wopropylamine (1.171 g, 19.8 mmol) in THF (15 mL) , was added 

dropwise to N,N-diethyl-2,3,5,6-tetrafluoropyridm-4-amine (11) (1.989 g, 9.0 mmol) at 

room temperature over 30 minutes and the resulting mixture was heated at reflux 

temperature for 10 days. Amberlite resin (IR 120, Na+ form, 16-50 mesh, 8% cross-

linked, 0.50 g) was added with stirring at room temperature for 30 min, the solution was 

then filtered and the solvent removed on a rotary evaporator. Purification by reduced 

pressure distillation yielded л^, -diethyls, 5,6-trifluoro-N'^-isopropylpyridme-2,4-

diamine (18) (0.505 g， 22%) as a colourless o i l ; bp 119 °С, 7.0 mbar; (Foxmd: c， 55.0; 

H， 6.9; N， 16.0. C12H18F3N3 requires c , 55.2; H， 6.9; N， 16.1%); ÔH 1.12 (6H, է, 3 JHH 

7 .2 , МСНзСЯз), 1.20 (6Н， d, ' J H H 7 .2 , ШСН(СЯз )2 ) , 3 . 3 0 ( 4 Н , qt, ^JHH 7 .2 , 'JHF 1.5, 

НСЯ^СНз), 4.09 (2H, br m, ЯМСН(СНз)2); ôc 13.7 (ร, МСН(СЯ5)2), 23.3 (s, 

КСНгСЯз), 42.6 (s, ИМСЯ(СНз)2), 46.4 (է, 4 JcF 2 . 9 , НСЯ2СНз), 130.5 (ddd, 'JcF 258.5, 

' JcF 18.5, 3 JcF 6.7, C5), 136.1 (dt, 2 JcF 18.5.7, 3 JcF 6.7, C4), 136.3 (dd， 'JcF 258.2, ' JcF 

6.7, C3)， 141.4 (ddd, ^JcF 18.5, ^JcF 6.7, " j c F 2.9, C2)， 147.1 (ddd, 'JcF 258.2, ^ C F 18.5, 

"̂ JcF 2.9, C6); δρ -96.77 ( I F , է, ^'^JpF 24.7, 6-Ғ), -157.04 ( I F , d, ^JpF 24.7, 3-Ғ) ,-168.20 

( IF , d, ^JFF 24.7, 5-Ғ); m/z ( Е Ґ ) 261 (м+, 33)， 247 (28), 246 (100), 232 (14), 218 (15), 

204 (16), 202 (21), 176 (15), 58 (13), 41 (11), 29(17). 
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N^N'·-Diethyl-3,5,6-tr i f luoro-N^N^-dipropylpyridłne-2,4-diam ίne (19) 

N(CįH5)2 щс^һ 
F 

М(СзН7)2 

(C3H7)2ŅH(6.0ecMv.) ^ 
THF 

(11) (19) 

A solution o f dipropylamine (6.606 g, 65.3 mmol) in THF (15 mL) , was added 

dropwise to N,N-diethyl-2,3,5,6-tetrafluoropyridin-4-amine (11) (2.112 g， 12.5 mmol) 

at room temperature over 30 minutes and the resulting mixture was heated at reflux 

ІетрегаШге for 12 days. Amberlite resin (IR 120, Na+ form, 16-50 mesh, 8% cross-

linked, 0.50 g) was added wi th stirring at room temperature for 30 min, the solution was 

then filtered and the solvent removed on a rotary evaporator. Purification by reduced 

pressure distillation yielded hr,u'-diethyls,5,6-trifluoro-N^N^-dipropylpyridine-2,4-

diamine (19) (0.880 g, 24%) as a colourless l iquid; bp 77 °С, 0.5 mbar; (Found c , 59.1; 

H, 8.0; N , 13.8. C15H24F3N3 requires c , 59.4; H, 8.0; N, 13.9%); вн 0.89 (3H, է, ^JHH 

7.2， ЫСНгСНгСЯз), 1.12 (ЗН, է, 3 JHH 7.2, ШЯ2СН3), 1.57 (2Н， sextet, 3 JHH 7.2, 

МСН2СЯ2СНз), 3.26 (2Н, է, ^JHH 7.2, НСЯ2СН2СНЗ), 3.29 (2Н, q, ^JHH 7.0, 

МСЯ2СНз); ô c 11.5 (s, КСНгСНгСЯ ї ) , 13.6 (s, NCHշCЯ յ ) , 21.7 (s, МСН2СЯ2СНз), 

46.4 (է, 4 J c F 4.2, КСЯ^СНз), 52.3 (d, 4 J c F 4.2, МСЯ^СНзСНз), 131.7 (dd, iJcF 240.3, 

^JcF 23.8, C5), 137.7 (dt, 2JcF 23.8, ̂ JcF 6.9, C4), 139.2 (dd, 'JcF 240.3, ^CF 6.9, C3), 

142.3 (ddd, Ъсғ 23.8, ^JcF 6.9, Ъсғ 4.2, C2)， 145.9 (dd, 'JcF 240.3, ĴcF 23.8, C6); δρ -

94.59 ( I F , է,3だJ№ 26.3, 6-Ғ), -145.89 ( I F , d, ĴpF 26.3, 3-Ғ), -165.06 ( I F , d, Ъғғ 26.3, 5-

Ғ) ; m/z ( Е Ґ ) 303 (м+, 20), 275 (15)， 274 (100), 246 (12), 232 (62), 216 (6), 204 (9), 

188 (13), 41 (7). 

Ņ(ら Ւէ)շ 40ԲՍ2 
(СзНуЬМНи (1.2 equiv . )^ ร ^ F 

™ғ II 

F ^ N r ^ N ( C 3 H 7 ) 2 

(11) (19) 

Tert-b\xXy\ l i tMum (0.433 g, 6.8 mmol) was added to a solution of dipropylamine (0.684 

g， 6.8 mmol) in THF (10 mL) at -78°c and stirred for I h before being allowed to warm 
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to room temperature. This solution was then added dropwise to N,N-diethyl-2,3,5,6-

tetrafluoropyridin-4-amine (11) (1.508 g， 6.8 mmol) at room temperature over 30 

minutes and the resulting mixture was heated at reflux temperature for 18h. Amberlite 

resin (IR 120, Na"^ form, 16-50 mesh, 8% cross-linked, 0.50 g) was added wi th stirring 

at room temperature for 30 min, the solution was then filtered and the solvent removed 

on a rotary evaporator. Purification by reduced pressée distillation yielded Ν',Ν*-

diethyl-3,5,6-trifluoro-№,№-dipropylpyridme-2,4-diamine (19) (1.547 g, 75%) as a 

colourless l iquid; spectroscopic data was consistent wi th previous results. 

Reaction of 23ł5,6-tetrafluoro-4-methoxypyridine w i th diethylamine 

HN(Q,Hsb(2.2equiv.), 

ҪСНз 

๙^OChk 

(20) (21) (22) 

A solution o f diethylamine (4.031 g， 55.1 mmol) in THF (25 mL) was added to 2,3,5,6-

tetrafluoro-4-methoxypyridine (2) (4.872 g, 27.0 mmol) at room temperature over 30 

minutes; the resulting mixture was heated at reflux temperamre for 20Һ before water (50 

mL) was added. The шіхШге was filtered yielding 2,3,5,6-tetrafluoro-pyridin-4-olate-

diethyl-ammonium (20) which was recrystalUsed from DMSO (6.031 g, 93%) as a white 

crystalline solid; mp220-222 °С (Found: c , 45.0; H， 5 .1 ;N, 11.6. C9H12F4N2O requires 

c, 45.0; H, 5.0; N， 11.7%); 5н (DMSO) 1.71 (6H, t, ^JHH 7.2 ， ЫСНгСЯз), 2.93 (2H， q, 

3 J H H 7.2, НСЯ2СНз), 8 . 9 0 (br s, NH2); 5c ( D M S O ) 11 .0 ( ร , МСНгСЯ і ) , 4 1 . 5 (s, 

МСЯ^СНз), 136.0 (dm, 'JcF 231.3, C3)， 144.8 (dm, 'jcF 231.3, C2)， 158.9 (m, C4); δρ 

(DMSO) -103.87 (2F, m, 2-F),-173.55 (2F, m, 3-F); m/z ( Е Ґ ) 167 (100), 138 (21)， 119 

(59), 100 (21)， 93 (35), 74 (61), 73 (40), 72 (30), 58 (88)， 44 (44)， 42 (23). 

The filtrate was extracted into dichloromethane ( 4 x 1 0 mL) , dried (MgSO 4 ) and 

evaporated to yield a colourless oi l (0.93 g) shown to contain 2 components by Ή and 

19F N M R (ratio o f peaks 5:2). Further purification was not possible. 

The major component was identified as iV, N-diethyl-3,5,6-trifluoro-4-

methoxypyridm-2-amine (21). ÔH 1.16 (6H， t， ^JHH 7.0, ІЖНгСНз), 3.41 (4H, qd, ^JHH 
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7.0, ^JHF 1.6, 2-КСЯ2СНз), 4.12 (ЗН, է, ^JHH 7.0, ОСЯз); δρ -91.57 ( IF , է, '̂̂ JpF 26.0, 6-

Ғ) , -156.02 ( IF , d ^JFF 26.0, 3-F), -172.82 ( I F , d, ^ F F 26.0, 5-F); m/z (ЕҐ) 234 (M+, 

34), 220 (11), 219 (93), 205 (20), 191 (100), 176(10), 162(10), 29(13). 

The minor component was identified as Ν, N-diethyl-2, з, 5-trifluoro-6-

methoxypyridm-4-amine (22). Խ 1.22 (6Н， է, 3 J m 7.2， А-НСЩСНзХ 2.79 (4Н, q， 3 JHH 

7.2, 4-МСЯ2СНз), 4.21 ( З Н , t， 3 J m 7.2, ОСЯ ї ) ; δρ -94.37 ( I F , է, ^'^JFF 24.2, 2 - Ғ ) , -

161.71 ( I F , d ^JFF 24.2, 5-F), -168.08 ( IF , d, ĴpF 24.2, 3-F); m/z ( Е Ґ ) 234 (M+， 34), 

220 (11),219 (93), 205 (20), 191 (100), 176 (10), 162 (10), 29 (13). 

N-ButyI-4-ethoxy-3,5,6-tr i f luoropyridin-2-amine (23) 

9ԳՒも (วՕշՒէ 
C4İ-ysJH,(Z2equiv.) ^ 

•ฑ-Ғ 

ГУНСлНэ 

(5) 

A solution o f butylamine (1.661 g， 22.7 mol) in THF (15 mL) was added dropwise to 4-

ethoxy-2,3,5,6-tetrafluoropyridine (5) (1.980 g， 10.2 mmol) at room temperature over 

30 minutes and the resulting mixture was heated at reflux temperature for 72Һ. 

Amberlite resin (IR 120, Na+ form, 16-50 mesh, 8% cross-linked, 0.50 g) was added 

with stirring at room temperature for 30 min, the solution was then filtered and the 

solvent removed on a rotary evaporator. Purification by reduced pressure distillation 

yielded N-butyl-4-ethoxy-3,5,6-trifluoro-pyridm-2-amine (23) (1.231 g， 49%) as a 

colourless o i l ; bp 100 °С， 2.6 mbar; (Found: c， 53.0; H, 6.2; N, 11.5. C11H15F3N2O 

requires c , 53.2; H , 6 .1 ; N , 11.3%); ÔH 0.94 (ЗН, է, 3 J H H 7.2， \т{СЩуСНз), 1.38 (2Н, 

sextet, 3 J H H 7 . 2 , Ш(СН2)2СЯ2СНз), 1.41 (ЗН, է, 3 JHH 7 . 2 , СН2СЯ3), 1.57 ( 2 Н , pent, 

3 J H H 7 . 2 , МНСН2СЯ2СН2СНз), 3 . 3 5 ( 2 Н , qd, 3 JHH 7 . 2 , 5 JHF 1.4, ННСЯХСН2)2СНз), 

4 . 4 0 ( I H , br ร, Л^ЯС4Н9) , 4 . 4 1 (2Н, qt， Ънн 7.2, 5 JHF 1.4, О С Я 2 С Н 3 ) ; ô c 13.9 (ร, 

МН(СН2)зСЯі), 15.6 (ร, ОСН2СН3), 20.2 (ร, ЫН(СН2)2СЯ2СНз), 31.9 (ร, 

NHCHշCЯշCHշCHз), 41.0 (ร, МНСЯ2(СН2)2СНз), 69.9 (է, 4 J c F 3.1 ОСЯ2СН3), 129.1 

(dd, 'JcF 240.6, Ъсғ 21.3, C5)， 135.3 (dd, 'JcF 240.6, ^JcF 9.4, C3), 142.1 (ddd, 2JCT 

21.3, ^ JcF 9.4, ^ J c F 3.1, C2), 143.7 (m, C4), 147.0 (ddd, ' J c F 240.6, ^ J c F 21.3, 4 J c F 3.1, 

C6); δρ -94.21 ( IF , է, 3〜ғғ 24.8, 6-Ғ), -163.95 ( I F , d, ĴpF 24.8, 3-F), -174.53 ( I F , d， 
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'JFF 2 4 . 8 , 5 - Ғ ) ; m/z (ш+) 2 4 8 (M+， 6 0 ) , 2 0 6 (19), 2 0 5 ( 8 8 ) , 1 7 9 (19)， 1 7 7 ( 1 0 0 ) , 1 6 4 

( 2 4 ) , 4 1 ( 2 0 ) , 2 9 ( 3 1 ) . 

4-Ethoxy-N,N-diethyl-3,ร,6-tr i f luoropyridin-2-amme (24) 

OC* н 

(C?H5)2NH(Z2ecMv.) 

THF 

(5) (24) 

A solution o f diethylamine (1.694 g, 23.2 mol) in THF (15 mL) was added dropwise to 

4-ethoxy-2,3,5,6-tetrafluoropyridine (5) (2.006 g, 10.3 mmol) at room їетрегаШге over 

30 minutes and the resulting mixture was heated at reflux temperatoe for 72Һ. 

Amberlite resin (IR 120, Na+ form, 16-50 mesh, 8% cross-linked, 0.50 g) was added 

with stirring at room temperature for 30 min, the solution was then filtered and the 

solvent removed on a rotary evaporator. Purification by reduced pressure distillation 

yielded 4-ethoxy-N, N-diethyl-3,5,6-trifluoropyridin-2-amine (24) (1.612 g, 63%) as a 

colourless o i l ; bp 62 °С, 3.3 mbar; (Found: c , 52.9; H, 6.1; N, 11.4. С і іН ізРзМгО 

requires c , 53.2; H, 6.1; N， 11.3%); ÔH 1.15 (6H, է, 3 J H H 7.1, ЫСНгСЯ?), 1.42 (ЗН, է, 

' JHH 7.1, О С Н 2 С Я 3 ) , 3.40 (4Н， qd, ' J H H 7.1, 'JHF 1.5, ЫСЯ^СНз), 4.38 (2Н， qt, ' J H H 7.1, 

5 JHF 1.5， О С Я 2 С Н 3 ) ; ôc 13.8 (ร, КСНгСЯз), 15.6 (ร, ОСНгСЯ?), 4 4 . 1 (s, КСЯгСНз), 

70.0 (է, ^ J c F 3.5, О С Я 2 С Н 3 ) , 129.5 (dd, ' J c F 241.9, ^ JcF 18.6, C5)， 137.2 (dd, 'jcF 241.9, 

^JcF 7.0, C3), 141.6 (ddd, 2 J c F 18.6, ^JcF 7.0, % F 3.5, C2), 145.3 (ddd, ' J c F 241.9, 2JcF 

18.6, 'JcF 3.5, C6), 145.3 (dt, ĴcF 18.6, ^JcF 7.0, C4); δρ -91.74 ( I F , է, ' ' ' jpF 26.6, 6-Ғ), -

155.32 ( IF , d, ^JFF 26.6, 3-F) ,-172.15 (1F， d, ĴpF 26.6, 5-F); m/z (EI+) 248 ( M ' , 89), 

233 (90), 219 (35), 205 (63), 203 (28), 191 (54), 188 (32), 177 (100), 175 (34), 149 

(33)， 148 (52), 135 (44)， 72 (30), 29 (40), 27 (47). 
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2-Ethoxy-3,ร,6-tr i f luoro-N-£sopropylpyridin-4-amme (25) 

CzHşONa (1.2 ecMv.) 
ЬгНбОН 

(15) 

Under an atmosphere o f dry nitrogen sodium metal (0.303 g, 13.2 mmol) was added to 

ethanol (10 mL) and stirred until hydrogen evolution was complete. The ethoxide 

solution was added to a stirred solution o f 2,3,5,6-tetrafluoro-N-/5opropylpyridin-4-

amine (15) (1.967 g, 9.5 mmol) in ethanol (5 mL) over 30 min at room temperatoe; the 

resulting mixture was heated at reflux temperature for 20Һ before Amberlite resin (IR 

120, Na+ form, 16-50 mesh, 8% cross-linked, 0.50 g) was added. The mixture was 

filtered and evaporated affording a l iquid. Reduced pressure distillation yielded 2֊ 

ethoxy-3,5,6-trifluoro-N-isopropylpyndm-4-amine (25) (1.785 g， 81%) as a colourless 

l iquid; bp 71 °С, 3.1 mbar; (Found: c , 51.4; H, 5.7; N， 12.0. C10H13F3N2O requires c , 

5 1 . 3 ; H , 5 . 6 ; N , 1 2 . 0 % ) ; ÔH 1.23 ( 6 H , d, 3 JHH 6 . 6 , Ш С Н ( С Я 5 ) 2 ) , 1.36 ( З Н , է, 3 JHH 7 6 . 6 , 

О С Н 2 С Я 5 ) , 4.06 (2Н， m, ШСН{СҮ\ъ)2), 4.29 (2Н， q, ^JHH 6.6, О С Я 2 С Н 3 ) ; ô c 14.6 (s, 

ОСЯгСНз), 24.1 (ร, ШСН(СЯ5)2) , 46.3 (է, 4JcF 2.9, НМСЯ(СНз)2), 62.8 (ร, 

ОСЯ^СНз), 128.9 (dd, ' J c F 238.3, ^JcF 18.2, C5), 132.5 (dd, 'JcF 238.3, 3JcF 7.5, C3)， 

135.4 (dt, ^JcF 18.2, 3JcF 7.5, CA), 145.4 (ddd, ĴcF 18.2, ^JcF 7.5, Ъсғ 2.9, C2), 144.9 

(ddd, ' J c F 238.3, 2JcF 18.2, % F 2.9, C6); δρ -97.37 ( IF , է, 3 ^ ғ ғ 23.0, 6-Ғ); -165.25 ( IF , 

^JFF 2 3 . 0 , 3 - F ) , - 1 7 0 . 9 9 ( I F , d, ĴpF 2 3 . 0 , 5 - F ) ; m/z ( Е Ґ ) 2 3 4 ( M ^ , 4 9 ) , 2 1 9 ( 1 0 0 ) , 1 9 1 

(80), 43 (22). 

2-Ethoxy-N,N-diethyl-3,5,6-tr i f luoropyridin-4-ani ine (26) 

_C2İ-L;ONa(1.2ec|uiv.) 
CzHsOH 

(11) (26) 
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Under an atmosphere o f dry argon, sodium metal (0.343 g， 14.9 mmol) was added to 

ethanol (20 mL) and stirred until hydrogen evolution had subsided. The sodium 

ethoxide solution was added dropwise to N,N-diethyl-2,3,5,6-tetrafluoropyridin-4-

amine (11) (2.979 g， 13.4 mmol) over 30 minutes at room temperature. The resulting 

mixture was heated at reflux temperatoe for 16Һ. Amberlite resin (IR 120, Na+ form, 

16-50 mesh, 8% cross-linked, 0.50 g) was added with stirring at room temperature for 

30 min, the solution was then filtered and the solvent removed on a rotary evaporator. 

Purification by reduced pressure distillation yielded 2-ethoxy-N,N-diethyl-3,5,6-

trifluoropyridine֊4-amine (26) (2.249 g, 68%) as a colourless o i l ; bp 72 °С 1.1 mbar; 

(Found c, 53.0; H , 6.1; N， 11.2. C11H15F3N2O requires c, 53.2; H , 6.1; N， 11.3%); SH 

1.17 (6H， t, ' J H H 7.0, КСНгСЯз), 1.39 (3H， t, ' J H H 7.0, О С Н 2 С Я 5 ) , 3.36 (4H, qt, ' J H H 

7.0, 5JHF 1 . 1 , К С Я 2 С Н З ) , 4.32 (2H， q， 3Jmi 7.1, О С Я 2 С Н 3 ) ; δο 13.8 (ร, КСНзСЯз), 14.7 

(s, О С Н 2 С Я 5 ) , 46.4 (է, ฯCF 3.9, ЫСЯ^СНз), 62.9 (ร, О С Я 2 С Н 3 ) , 132.9 (dd, ' J c F 242.7, 

2JcF 23.7, C5)， 136.7 (dd, 'JcF 242.7, ^ J c F 5.0, C3)， 137.9 (dd, ^ C F 23.7, 3JcF 5.0, C4), 

145.6 (ddd, ' J c F 242.7, 2 J c F 23.7, '*JcF 3.9, C6), 146.0 (ddd, ^JcF 23.7, ^JcF 5.0, ^JcF 3.9, 

C2); δρ -97.30 ( IF , է, ^'^JFF 23.3, 6-Ғ), -155.52 ( I F d, ĴpF 23.3, 3-F), -162.32 ( IF , d, ^JFF 

23.3, 5-F); mJz (Ш+) 248 (M+， 80), 234 (32), 233 (97), 205 (82), 191 (62)， 177 (100), 

148 (32), 135 (19), 29 (41). 

23,5,6-Tetrafluoro-4-(perf luoropropan-2-yl)pyridine (27) 

- ҪҒ(СҒз)2 

HFPíl.Oequiv.) ^ 
TOftEiO.OZėįiv.) * 

autod ave 

(1) (27) 

A stainless steel autoclave was charged wi th pentafluoropyridine (1) (20.130 g， 0.1 

mmol) and tetrakis(dimethylamino)ethylene (0.392 g， 2.0 mmol). The mixture was 

degassed, by freeze-thawing under vacuum, before hexafluoropropene (16.60 g, 0.1 

mol) was transferred into the autoclave. The autoclave was sealed and heated to 60 °С 

for 24Һ in a thermostatically controlled rocking furnace. Fractional distillation yielded 

2,3,5,6-tetrafluoro-4-(perfluoropropan-2-yl)pyridme (27) (9.195 g， 28%) as a colourless 

l iquid; bp 128 °С; (Found: c, 30.0; N， 4.4. CsFiiN requires c, 30.1; N， 4.4%); ôc 91.8 
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(doublet o f septets o f triplets, 'JcF 251.9, 2JcF 28.5, % ψ 2.5， СҒ(СҒз)2), 119.4 (dd, 2jcF 

28.5, ' jcF 11.1, C4)， 119.8 (qd， 'JcF 251.9, 'JcF 28.5, CF(CF5)2), 144.8 (br dm, 'JcF 

251.9, C2/3); δρ -75.25 (6F, br s, СҒз), -86.64 (2Ғ， ร, 2-Ғ), -135.13 (2Ғ, ร, 3-Ғ), -180.46 

( IF , m, CF) ； m/z (EI+) 319 (M+， 85), 300 (20), 250 (61)， 231 (21), 201 (24), 200 (100), 

181 (34), 162 (25), 131 (22)， 117 (42), 100 (34), 93 (23), 69 (91). Spectroscopic data 

were consistent wi th literature values.^^"™ 

2-Etho3cy-3,5,6-trif luoro-4-(perfluoropropan-2-yI)pyridine (29) 

ҪҒ(СҒз)2 

C2HiONa(1.2equiv.) ^ 
C2H5OH 

(27) (29) (29) 

rotomerl ГОІ0ГТВГ2 

Under an atmosphere o f dry nitrogen sodium metal (0.176 g, 7.7 mmol) was added to 

ethanol (15 mL) and stirred until hydrogen evolution was complete. The ethoxide 

solution was added to a stirred solution o f 2,3,5,6-tetrafluoro-4-(perfluoropropan-2-

yl)pyridine (27) (2.054 g， 6.4 mmol) over 30 min at room temperature; the resulting 

mixture was heated at reflux temperature for 30Һ before Amberlite resin (IR 120, Na+ 

form, 16-50 mesh, 8% cross-linked, 0.50 g) was added. The mixture was filtered and 

evaporated affording a l iquid. Reduced pressure distillation yielded 2-ethoxy-3,5,6-

trißuoro-4-(perfluoropropan-2-yl)pyridine (29) (1.199 g, 55%) as a colourless l iquid; 

bp 76 °С 8.1 mbar; (Found: c, 34.6; H, 1.5; N, 4.3. C10H5F10NO requires c, 34.8; H， 

1.5； N, 4.1%); ÔH 1.45 (ЗН, է, ' J H H 7.1, 0СН2СЯ,), 4.43 (2Н, q, Ънн 7.1, О С Я 2 С Н 3 ) ; ôc 

14.3 (ร, ОСНгСЯз), 64.6 (s, ОСЯ^СНз), 92.0 (d sept, 'jcF 270.5, ^JcF 25.7, CF), 116.6 

(m, C4)， 120.0 (qd, 'JcF 270.5, 2JcF 25.7, CF3), 143.6-146.1 (broad overlapping 

multiplet, C2/3/5/6); δρ (major rotomer) -75.00 (6F, m, CF3), -90.97 ( I F , br ร, F6), -

134.65 ( I F , br s， F3), -150.52 ( IF , br ร, Ғ5), -180.36 ( IF , m, CF); δρ (minor rotomer) -

75.00 (6Ғ, m, СҒз), -92.15 ( IF , br ร, Ғ6)， - 137.28 ( IF , br s， F3)， -147.27 ( IF , br ร, F5)， -

180.36 ( IF , m, CF); ratio major:minor 6:5; m/z (Ш+) 345 (M+, 55), 330 (36), 317 (94)， 

298 (36), 289 (49), 220 (100), 198 (35)， 170 (44), 69 (88)， 45 (35), 29 (66). 
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N-Butyl-3,4,6-tr i f luoro-4-(perf luoropropan-2-yl)pyridi i i -2-amine (ЗО) 

ҪҒ(СҒз)2 

Ғ \ ^ ' ะ ^ F H2NC4H9 (2.2 equiv.) 
"ПНҒ ,, 

՝Ń^NHC4H9 F - ^ N ^ N H C 4 İ - b 

(27) (ЗО) (ЗО) 

rotoTBTl rotomer2 

A solution of butylamine (1.033 g, 14.1 mol) in THF (15 mL) , was added dropwise to 

2,3,5,6-tetrafluoro-4-(perfluoropropan-2-yl)pyridine (27) (2.030 g， 6.4 mmol) at room 

temperature over 30 minutes and the resulting mixture was heated at reflux ЇетрегаШге 

for 30Һ. Amberlite resin (IR 120, Na+ form, 16-50 mesh, 8% cross-linked, 0.50 g) was 

added with stirring at room temperature for 30 min, the solution was then filtered and 

the solvent removed on a rotary evaporator. Purification by reduced pressure 

distillation yielded N-butyl-3,4,6-trifluoro-4-(perfluoropropan-2-yl)pyridine-2-amine 

(30) (1.782 g, 75%) as a colourless o i l ; bp 70 °С, 7.9 mbar; (Found: c , 38.6; H, 2.7; N, 

7.8. C,2HioFioN2 requires c , 38.7; H, 2.7; N, 7.5%); ÔH 0.96 (ЗН, է, 3 JHH 7.1， 

Ш(СН2)зСЯ і ) , 1.42 (2Н， sext, 3 J H H 7.1, Ш(СН2)2СЯ2СНз), 1.60 (2Н, pent, 3 JHH 7.1, 

ННСНзСЯгСНгСНз), 3.41 (2Н, qd, ^JHH 7 . 1 , ^JHF 1.2, ННСЯХСН2)2СНз), 4 . 7 8 ( İ H , br 

s, N H C 4 ท 9 ) ； ôc 13.8 (ร, КН(СН2)зСЯз), 20.2 (s, МН(СН2)2СЯ2СНз), 31.6 (ร, 

ШСН2СЯ2СН2СНз), 41.2 (ร, КНСЯ2(СН2)2СНз), 91.9 (dm, 'JcF 288.3, CF), 114.1 (m, 

C4), 120.7 (qd, 'JcF 288.3, ^JcF 26.9, C F 3 ) , 142.0-148.7 (br m, C2/3/5/6); δρ (major 

rotomer) -75.62 (6Ғ， m, СҒз), -92.40 ( IF , br s, Ғ6), - 141.92 ( I F , br ร, ҒЗ), -156.26 ( IF , 

br s, Ғ5), -180.32 ( IF , m, CF); δρ (minor rotomer) -75.62 (6Ғ, m, СҒз), -91.28 ( IF , br s, 

Ғ6), - 139.22 ( I F , br s， ҒЗ), -159.55 ( IF , br ร, Ғ5), -180.32 ( IF , m, CF); ratio 

major:minor 1:1; m/z (ЕҐ) 273 (M^ , 30), 372 (54), 352 (29), 353 (46), 343 (35), 329 

(100), 316 (57), 311 (42), 274 (37), 260 (93), 241 (41)， 220 (32), 210 (54), 197 (33)， 

160 (26), 69 (52), 55 (31), 41 (43), 39 (31), 29 (36), 27 (42). 
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N,N֊DiethyI-3,5,6-trif luoro-4-(perfluoropropan-2-yl)pyridi i i-2-amine(31) 

ҪҒ(СҒз)2 

HN( ( ļHJ^ .2equ i v . ) ^ 

N(CįH5)2 

(31) (31) 

^τ*omєг^ rotamer2 

A solution o f diethylamine (0.988 g， 13.5 mol) in THF (15 mL) , was added dropwise to 

2,3,5,6-tetrafluoro-4-(perfluoropropan-2-yl)pyridine (27) (2.137 g， 6.7 mmol) at room 

temperature over 30 minutes and the resulting mixture was heated at reflux temperature 

for 30Һ. Amberlite resin ( I R 120, Na+ form, 16-50 mesh, 8% cross-linked, 0.50 g) was 

added wi th stirring at room temperature for 30 min, the solution was then filtered and 

the solvent removed on a rotary evaporator. Purification by reduced pressure 

distillation yielded N,N-diethyl-3,5,6-trißuoro-4-(perfluoropropan-2-yl)pyndin֊2-amine 

(31) (1.725 g， 69%) as a colourless o i l ; bp 80 °С, 8.3 mbar; (Found: c , 38.9; H, 2.6; N， 

7.7. Ci2H,oF,oN2 requires c , 38.7; H, 2.7; N, 7.5%); ÔH 1.20 (6H， t, 3 JHH 7.1, 

МСНзСЯ ї), 3.46 (4H, qd, ^JHH 7.1, ^JHF 1.0, МСЯ^СНз); ô c 13.6 (s, ШП2СН3), 44.8 (d, 

^JcF 6.1 ЫСЯ^СНз), 119.6 (qd, 'JcF 288.8, ^ с ғ 27.4, СҒз); δρ (major rotomer) -74.83 

( 6 F , m， СҒз), - 8 8 . 8 1 ( I F , br s, F 6 ) , - 1 3 1 . 2 8 ( I F , br ร, F 3 ) , - 1 5 6 . 4 1 ( I F , d， ^JFF 8 7 . 3 , F 5 ) , 

-178.68 ( IF , d， ''JFF 87.3, CF); δρ (minor rotomer) -74.83 (6F, m, CF3), -90.11 ( IF , br ร, 

F6), - 133.62 ( I F , d, ^JFF 99.9, F3), -152.83 ( I F , br s， F5)， -179.52 ( IF , d， ^JcF 99.9， CF); 

ratio major:mmor 3:2; m/z ( E f ) 372 (M+， 55), 358 (37), 357 (100), 343 (33), 329 (98), 

274 (38), 260 (49)， 69 (48)， 29 (65). 

One-pot synthesis of 2-ethoxy-N,N-diethyl-3,5,6-tr i f luoropyridin-4-amine (26) 

AHN(C2Hธ)zdeqiiiv.) 
NaHœâ (2 equiv.) THF ' 

( 1 ) (26) 
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A solution o f diethylamine (1.294 g, 17.7 mmol) and sodium hydrogen carbonate (1.528 

g， 18.2 mmol) in THF (20 mL) was added dropwise to pentafluoropyridine (3.041 g, 

18.0 mmol) at room temperature over 30 minutes and heated to reflux temperature for 

15Һ until complete conversion was observed by ^^F NMR. Under an atmosphere o f dry 

argon, sodium metal (0.409 g， 17.8 mmol) was added to a solution o f ethanol (0.818 g， 

17.7 mmol) in THF (10 mL) and stirred until hydrogen evolution had subsided. The 

sodium ethoxide solution was added dropwise to the reaction mixture over 30 minutes 

and the mixture heated at reflux temperature for a ftirther 32Һ, before being allowed to 

cool to room temperature. Water (50 mL) was added and the т іхШге was extracted into 

dicMoromethane (4 X 20 mL) . The combined organic extracts were dried (MgS04) and 

the solvent removed on a rotary evaporator, affording a crude product (3.93 g). 

Purification reduced pressure distillation yielded 2-ethoxy-N,N-diethyl-3,5,6-

trìfluoropyridin-4-amine (2.212 g, 56 % ) . Spectroscopic data were consistent wi th 

previously recorded results. 

8.3 Experimental to Chapter 5 

At tempted Synthesis of 23i5?6-tetrafluoro-4-(23?4,6-tetra-0-benzyl-a-D-

glucopyranosyloxy)pyridine (33) 

2,3-»4,6-Tetra-0-benzyl"D-glucopyranose (32) (6.445 g， 11.9 mmol) was dissolved in dry 

dichloromethane (10 mL) and stirred wi th sodium hydride (0.290 g， 12.1 mmol) until 

hydrogen evolution had subsided. The resulting solution was added dropwise, while 

stirring at room temperature, to pentafluoropyridine (1) and then stirred for a ñxrther 

36Һ. Analysis by І9р N M R showed the reaction consisted o f only pentafluoropyridine 

(1), Spectroscopic data were consistent wi th previously recorded results and literature 

2,3,4,6-Tetra-O-benzyl-D-glucopyranose (32) (6.445 g, 11.9 mmol) was dissolved in dry 

dichloromethane (10 mL) and stirred wi th sodium hydride (0.290 g， 12.1 mmol) until 

hydrogen evolution had subsided. The resulting solution was added dropwise, while 

stirring at room temperature, to pentafluoropyridine (1) and then heated at 40°c for a 

further 36Һ. Analysis by ' 9 F N M R showed the reaction consisted o f only 
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pentafluoropyridìne (1). spectroscopic data were consistent wi th previously recorded 

results and ІіЇегаШге values.^56， 156 

Procedure fo r the Synthesis of Donors (33) to (42) 

General Method. 2,3,4,6-Tetra-0-benzyl-D-glucopyranose (32) was dissolved in dry 

THF (10 mL) and stirred wi th sodium metal or sodium hydride unti l hydrogen evolution 

had subsided. The resulting solution was added dropwise, while stirring at room 

temperature, to the fluoropyridine scaffold and then heated at reflux temperature. After, 

the reaction was allowed to cool to room temperature. Amberlite (Na form, 0.50 g) was 

added with stirring at room temperature for 30 minutes and the solvent removed on a 

rotary evaporator. Purification by HPFC using silica gel (1:10 ethyl acetateihexane) 

yielded the expected glycosyl donors as an ๙β mixture in the ratio o f 36:64 (except for 

donors (33β) and (37α/β) which could be separated from the mixture of anomerร as pure 

isomers). 

2,3,5,6-Tetrafluoro-4-(2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyloxy)pyridine (33a) 

Ň人 F ғ Л ^ 

(1) (32) {33๗β) 

2,3,4,6-Tetra-O-benzyl-glucopyranose (32) (5.985 g, 11.1 mmol), butyl l i thium (5.30 

mL, 1.50 m o l d m ' , 13.3 mmol) and pentafluoropyridìne (1.883 g, 11.1 mmol) were 

heated at reflux temperature for 24Һ, affording 2,3,5,6-tetrafluoro-4-(2,3,4,6֊tetra֊0-

benzyl-D֊glucopyranosyloxy)pyridine (1.587 g, 2 1 % , 23:2 a:β) as a white syrup; shown 

to consist o f two isomers in the ration o f 7:4. Purification by HPFC allowed the 

separation o f the β anomer from the anomeric mixture. 
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23ï5,6-Tetraf luoro-4-(23,4,6-tetra-0-benzyl-a-D-glucopyranosyloxy)pyridine (33α) 

(Found С, 67.8; Η , 5.1; Ν, 2.0. C39H35F4NO6 requires с, 67.9; н, 5.1; Ν , 2.0%); ÔH 

3 . 6 2 ( İ H , dd, 3 JHH 3 . 0 , CH2 C6), 3.79 (1H， dd, 3 J m H 2 3.0, 'JH2H3 1 0 . 8 , C H C2)， 3 .80 ( I H , 

dd, 3 J m 3.0, 3 J H H 1 0 . 8 , CH2 C6), 3.82 ( I H , t, ^JHH 1 0 . 8 , C H C4), 4.09 ( I H , dt, 3 J H H 3.0, 

3 JHH 10.8, C H C5), 4.21 ( I H , dt, ^JHH 10.8, CH C3)， 4.46 ( I H , d， 2 J H H 11.2, 0СЯ2РҺ 

C3), 4.56 ( I H , d, 2 J H H 11.2, 0СЯ2РҺ C4), 4.60 ( I H , d, 2 JHH 11.2, 0СЯ2РҺ C3)， 4.75 

( I H , d, 2 JHH 11.2, ОСЯ2РҺ C4)， 4.87 ( I H , d, Ънн 11.2, 0СЯ2РҺ C2), 4.91 ( I H , d， 2 JHH 

11.2, 0СЯ2РҺ C6), 4.95 ( I H , d, 2 JHH 11.2, 0СЯ2РҺ C 2 ) , 5.04 ( I H , d, 2 JHH 11.2, 

0СЯ2РҺ C6)， 5.87 ( I H , d, 3 J m m 3.0, CH C l ) , 7.18-7.43 (20H, m, 8 ՇՈշԲհ); ô c 67.8 (s, 

CH2 C6), 73.1 (ร, CH C4)， 73.6 (ร, 0СЯ2РҺ C4), 74.2 (ร, ОСЯ2РҺ C6), 75.5 (s, 

0СЯ2РҺ СЗ), 76.1 (s, 0СЯ2РҺ C2)， 76.8 (ร, CH C5), 79.5 (s, CH C2), 81.3 (ร, CH СЗ), 

100.7 (ร, CH C l ) , 127.8-128.8 (m, СНзР/г), 137.4 (ร, 0СН2С С4)， 137.6 (s, 0CH2C 

СЗ), 137.9 (ร, ОСНзС С6)， 138.5 (s, 0СН2С С2); δρ -90.09 (2Ғ, m, 2-Ғ), -156.19 (2Ғ, 

m, 3-F); m/z (ES+) 712 (M^+Na^, 100). 

2,3,5,6-Tetrafluoro-4-(2,3»4,6-tetra-0-benzyl-P-D-glucopyranosyloxy)pyridine (33ß) 

2,3,5,6-Tetrafluoro-4-(2, з, 4,6-tetra-0-benzyl-ß-D-glucopyranosyloxy)pyridme (з з β) 

(3.763 g, 49%) as a white solid; mp 79.5-80 °С; (Found с, 67.8; н， 5.2; N， 2.0. 

C39H35F4NO6 requires С , 67.9; н, 5.1; Ν, 2.0%); [ос]д +8 (с=1 CHCI3) ; ÔH 3.50 (Ш, m, 

C H C 4 ) , 3 .63 ( 2 H , m， CH2 C 6 ) , 3 . 6 8 (3H， m， C H C 2 , C 3 , C 5 ) , 4 . 3 8 ( 2 H , d, 2 JHH 10 .8 , 
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0СЯ2РҺ СЗ), 4.48 ( İ H , d, 2 JHH 10.8, 0СЯ2РҺ C4), 4.49 ( İ H , d, 2 JHH 10.8, 0СЯ2РҺ 

C4)， 4 . 7 1 ( İ H , d, 2 J H H 1 0 . 8 , ОСЯ2РҺ C 6 ) , 4 . 7 7 ( İ H , d, 2 JHH 1 0 . 8 , 0СН2ҒҺ C 6 ) , 4 . 8 5 

( İ H , d, Ънн 10.8, 0СЯ2РҺ C 2 ) , 4 . 8 7 ( İ H , d, ^JHH 10.8， ОСЯ2РҺ C2)， 5 . 3 6 ( İ H , d, Ън1Н2 

7.2, CH C l ) , 7.05-7.30 (20Н, m, 8 ՇՍշԲհ); ô c 68.0 (ร, СНг С6), 73.5 (ร, 0СЯ2РҺ С6), 

75.2 (s, 0СЯ2РҺ С4), 75.3 (s, 0СЯ2РҺ СЗ), 75.8 (s, CH C4), 75.9 (ร, ОСЯ^РҺ C2), 

77.1 (s, CH СЗ), 81.8 (ร, CH C2), 84.3 (s, C H C5)， 102.8 (ร, C H C l ) , 127.8-128.2 (m, 

СЯ2РҺ), 137.7 (ร, ОСНгС С4), 137.8 (ร, 0СН2С СЗ), 137.9 (ร, ОСНгС С6), 138.3 (ร, 

0СН2С С2); δρ -90.44 (2Ғ， m, 2-Ғ), -158.17 (2Ғ, m, 3-Ғ); m/z (ES가 712 (Μ^Να"" , 

100). 

4-Ethoxy-2,3,5-tetrafluoro-6-(2,3,4,6-tetra-0-benzyl-D-gIucopyranosyIoxy)pyridine 

(34αβ) 

F - V ^ F 

(5) (32) (34ฟІЗ) 

2,3,4,6-Tetra-0-benzyl-glucopyraBose (32) (3.026 g, 5.6 mmol), sodium hydride (0.266 

g, 6.66 mmol) and 4-ethoxy-2,3,5,6-tetrafluoropyridine (5) (1.028 g, 5.26 mmol) were 

heated at reflux temperature for 24Һ, affording 4-ethoxy-2,3,5-tetrafluoro-6-(2,3,4,6-

tetra-0֊benzyl-D-glucopyranosyloxy)pyridine (2.653 g, 70%) as a white syrup; shown to 

consist o f two isomers in the ratio o f 1:3. (Found: c, 68.8; H, 5.7; N, 2.0. C41H40F3NO7 

requires c, 68.8; H, 5.6; N， 2.0%). 
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4-Ethoxy-23,5-tetrafluoro-6-(2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyloxy) 

pyr id ine (34α). 

δ Η (CDaCN) 1.38 ( З Н , է, 3 J H H 7 .0 , О С Н 2 С Я 5 ) , 3 . 5 7 ( İ H , dd, 2 JHH 1 1 . 0 , 3 J H H 2 . 0 , CH2 

C6), 3 . 63 (1H， dd, ' J H H 11 .0 , 3 J H H 2 . 0 , CH2 C6), 3.75 ( I H , dd, 'JHIH2 3.6, 'JH2H3 9.7, C H 

C 2 ) , 3 . 8 0 ( I H , t， ^JHH 9 .7 , C H C4)， 3 . 8 8 ( I H , dd, ^ J H 5 H 6 2 . 0 , ^JH4H5 9 .7 , C H C5)， 4 . 0 0 

( I H , t, 3 J H H 9 .7 , C H C3)， 4 . 4 7 ( 2 H , m, OCH2CH3), 4 . 3 3 - 4 . 5 2 ( 4 H , m, 0СЯ2РҺ C 3 / 4 ) , 

4.65-4.92 (4H, ท1， 0СЯ2РҺ C2/6), 6.39 ( I H , d, Ьшт 3.6, CH C l ) , 7.20-7.37 (20Н, m, 

0СЯ2РҺУ, ô c ( C D 3 C N ) 15.8 (ร, ОСНгСЯ і ) , 69.5 (ร, СНз С6), 71.5 (է, 4JcF 5.3, 

ОСЯ2СН3), 73.5 (s, CH C4), 73.7 (ร, ОСЯ^РҺ C4), 73.8 (ร, 0СЯ2РҺ C6), 75.4 (s, 

0СЯ2РҺ C3)， 76.1 (s, 0СЯ2РҺ C2), 78.2 (ร, CH C5), 80.4 (s, CH C2), 82.2 (ร, CH СЗ), 

94.2 (ร, CH C l ) , 128.5-129.3 (m, ՕՇՍշԲհ), 134.1 (ddd, ' J c F 243.8, 2JcF 30.8, ^JcF 16.0, 

C3'), 137.8 (ddd, 'JcF 243.8, 2 J c F 30.8, 4 J c F 5.3, C5'), 139.2-139.9 (m, 0 C H 2 ๑ , 144.5 

(tm, ^JcF 16.0, C6')， 145.6 (dd, 'JcF 243.8, ^JcF 30.8, C2'), 147.11 (tm, ^JcF 16.0, C4'); δ ρ 

(CDsCN) -93.64 ( I F , t, JFF 23.6, 2-F), -157.94 (1F， d, JpF 23.6, 3-F), -164.52 (1F， d, JFF 

23.6, 5-F); m/z (ES+) 738 (МЧЫа^ДОО), 739 (10). 

4-Ethoxy-2,355-tetrafluoro-6-(2,3»4,6-tetra-0-benzyl-ß-D-glucopyranosyloxy) 

pyr id ine (34ß). 

๐ C 2 h į 

δ Η (CDaCN) 1.40 (ЗН, է, ' J H H 7.0, ОСН2СЯ,), 3.66 (2Н, dd, ' J H H 10.0, ^ H 5 H 6 2.8, CH2 

C6), 3.66-3.71 (3H, m, CH C2/3/4), 3.75 ( I H , dt, ^ J H 5 H 6 2.8, ^ J H 4 H 5 9.8, CH C5)， 4.47 
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(2Н， m, О С Я 2 С Н 3 ) , 4.33-4.52 (4Н, m, 0СЯ2РҺ СЗ/4), 4.65-4.92 (4Н, m, 0СЯ2РҺ 

С2/6), 5.39 ( İ H , d, ^JHIH2 3.6, CH C l ) , 7.20-7.37 (20Н, m, ՕՇՈշԲհ); òc ( C D 3 C N ) 15.8 

(ร, ОСНгСЯз), 69.6 (s, CH2 C6), 71.5 (է, 4 J c / r 5.3， О С Я 2 С Н 3 ) , 73.7 (ร, ОСЯ^РҺ СЗ), 

75.4 (s, 0СЯ2РҺ С6), 75.6 (s, 0СЯ2РҺ С4), 75.7 (s, CH СЗ), 76.0 (s, ОСЯ2РҺ C2), 

78.4 (ร, CH C4), 82.2 (CH C2), 85.0 (ร, CH C5), 98.0 (ร, CH C l ) , 128.5-129.3 (m, 

0СН2РҺ), 134.2 (ddd, ' J c F 243.8, ^ C F 30.8, ^ C F 16.0, C3'), 137.8 (ddd, ' J c F 243.8, ^JcF 

30.8, 4 J c F 5.3, C5'), 139.2-139.9 (m, OCH2Q, 144.5 (tm, 3 J c F 16.0, C6'), 145.6 (dd, ' J c F 

243.8, ^ J c F 30.8, CT), 147.11 (tm, ^JcF 16.0, C4'); δρ ( C D 3 C N ) -93.62 ( I F , է, JpF 23.6, 2-

ғ)， -158.24 ( I F , d, JFF 23.6, 3-F), -164.21 ( I F , d, JFF 23.6, 5-F); m/z (ES+) 738 

(M^Na^JOO), 739(10). 

23i5-Tri f luoro-N-M'opropyl-6-(2,3,4,6-tetra-0-benzyl-D-glucopranosyIoxy)pyridi i i -

4-amme (35α/β) 

^ С Н ( С Ң з ) 2 OBn OBn 

晴 お " ん 

(15) (32) (35α/β) ՝՝СН(а-У; 

2,3,4,6-Tetra-O-benzyl-glucopyranose (32) (3.013 g, 5.6 mmol), sodium hydride (0.160 

g， 6.66 mmol) and 2,3,5,6-tetrafluoro-N-řไรopropylpyridin-4֊amine (15) (1.154 g, 5.55 

mmol) were heated at reflux temperatoe for 24Һ, affordmg 2, J, 5֊trifluoro-N-isopropyl-

6-(2,3,4,6-tetra-0-benzyl-D-glucopranosyloxy)pyridm-4-amme (35a/ß) (2.064 g, 51%) 

as a white syrup; shown consist o f two isomers in the ratio o f 1:3. (Found: c , 69.3; H, 

6.1; N， 3.7. C42H43F3N2O6 requires c， 69.2; H， 6.0; N, 3.8%). 
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2,3,5-Tri f luoro-N-opropyI-6-(2,3,4,6-tetra-0-benzyI-a-D-glucopranosyloxy) 

pyridí i i -4-amine (35α). 

^ ՝ С Ң С Ң з ) 2 

5н (CD3CN) 1.24 (6Н, d, ' J H H 6.4, ШЯ(СНз)2), 3.59 ( Ш , dd, ' J H H 9.3, ' J H 5 H 6 4.2, СН2 

С6), 3.64 ( Ш , dd, ' J H H 9.3, 3 J H 5 H 6 1.2, CH2 C6), 3.72 ( I H , dd, ' J H 2 H 3 9.5, ^JHIH2 3.6, CH 

C2), 3.78 ( Ш , է, ^JHH 9.5, CH C4), 3.89 ( Ш , ddd, ' J H 4 H 5 9.5, ' J H 5 H 6 4.2, ' J H 5 H 6 2.0, CH 

C5), 4.00 ( I H , է, 3 JHH 9.5, CH СЗ), 4.06-4.10 (2Н, m, ШСҖСПз)2), 4.41 (4Н， m, 

0СЯ2РҺ, СЗ/4), 4.71-4.95 (4Н, m, 0СЯ2РҺ С2/6), 6.37 ( İ H , d, ^JHIH2 3.6, CH C l ) , 

7.20-7.38 (20Н, m, ՕՇՈշԲհ); Sc (CD3CN) 23.9 (s, ШСЩСНз)2), 47.3 (m, 

МНСЯ(СНз)2), 64.7 (s, CH2 C6), 73.3 (ร, CH C4), 73.6 (ร, ОСЯ^РҺ С4), 73.7 (ร, 

ОСЯ^РҺ С6)， 75.6 (ร, 0СЯ2РҺ СЗ), 75.7 (ร, 0СЯ2РҺ С2), 78.3 (ร, CH С5)， 80.4 (ร, CH 

С2), 82.4 ( ร , CH СЗ), 93.7 (s, CH C l ) , 128.5-129.3 (m, OCH2P/2), 130.6 (ddm, 'JcF 

238.7, ^ J c F 23.5, C3'), 133.7 (dd, ' J c F 238.7, 4 J c F 4.8, C5'), 137.4 (td, ^ C F 12.1, 4 J c F 4.8, 

C6'), 139.2-139.9 (m, 0 C H 2 ๑ , 143.9 (tm， ^JcF 12.1, C4'), 1 4 5 . 9 (dd, 'JcF 238.7, 2JCT 

23.5, CT); 5F (CD3CN) -95.97 ( IF , t， JpF 23.1, 2-F), -160.63 ( I F , dd, JpF 23.1, ̂ JFF 6.8, 

3-F),-166.71 ( I F , dd, JHH 23 .1 / JFF 6.8, 5-F); m/z (ES^) 751 (МЧЫа^ЮО), 752(15). 

2,3,5-Trif luoro-N-i$opropyl-6-(2,3,4,6-tetra-0-beiizyl-ß-D-glucopranosyloxy) 

pyridín-4-amine (35ß). 

^ ՝ С Н ( С Ң з ) 2 

ŐH (CD3CN) 1.25 (6Н, d, 3 JHH 6.4, ЫСНССЯд)^), 3.67 (4Н, m, CH C2/3/4/5), 3.64 (2Н, 

dd, 3 J H H 1.2, JHH 9.2, CH2 C6)， 4.06-4.10 (2H, m, ШСҖСПз)2), 4.41-4.66 (4H, m, 
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0СЯ2РҺ СЗ/4), 4.71-4.95 (4Н, m, 0СЯ2РҺ С2/6), 5.80 ( Ш , d, S j l · l i m 8.0, СИ C l ) , 

7.20-7.38 (20Н, m, ОСНгРҺ); òc (CD3CN) 23.9 (ร, ШСЩСНз)2), 47.3 (m, 

МНСЯ(СНз)2), 69.6 (s, CH2 C6), 73.7 (ร, ОСЯ^РҺ СЗ), 75.3 (ร, ОСЯ^РҺ С6), 75,5 (ร, 

ОСЯ^РҺ С4)， 75.9 (ร, CH СЗ), 76.1 (ร, ОСЯ^РҺ С2), 78.5 (ร, CH С4)， 82.3 (ร, CH С2), 

85.0 ( ร , CH C5), 97.7 ( ร , CH C l ) , 128.5-129.3 (m, 0СЯ2РҺ), 130.6 (ddm, ' J c F 238.7, 

2JcF 23.5, СЗ'), 133.7 (dd, ' J c F 238.7, ^ J c F 4.8, СУ) , 137.4 (td, 3 J c F 12.1, 4 J c F 4.8, C6'), 

139.2 -139.9 (ท1， OCH2๑, 143.9 (tm, ^ J c F 12.1, C4'), 145.9 (dd, ' J c F 238.7, ^ J c F 23.5, 

C2'); δ ρ (CDaCN) -96.08 ( IF , t , JpF 22.6, 2-F), -161.20 (1F， dd, JpF 22.6, %ţ 6.8, 3-F), -

166.48 ( I F , dd, JHH 22.6, ^JFF 6.8, 5-F); m/z (ES+) 751 (M4Na^,100) , 752 (15). 

N,N-Diethyl-2,3,5-tr i f luoro-6-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridin-

4-amine (36α/β). 

Ņ(C2hfe)2 

(11) (32) (36а/р) 

1:3 

2,3,4,6-Tetra-O-benzyl-glucopyranose (32) (3.000 g, 5.6 mmol), sodium hydride (0.160 

g, 6.66 mmol) and N,N-diethyl-2,3,5,6-tetrafluoropyridin-4-amine (11) (1.233 g, 5.6 

mmol) were heated at reflux temperature for 24Һ, affording N,N-diethyl-2,3,5-trifluoro-

6-(2,3,4,6-tetra֊0-benzyl-D-glucopyranosyloxy)pyridine-4-amine (36α/β) (1.559 g, 

40%) as a white syrup; shown to consist o f two isomers in the ratio o f 1:3. (Found: c , 

69.5; H, 6.1; N, 3.6. C43H45F3N2O6 requires c , 69.6; H， 6.1; N, 3.8%). 
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N,N-Diethyl-2,3,5-trif luoro-6-(2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyloxy) 

pyr idin-4-amine (36α). 

5н (CD3CN) 1.16 (6Н， է, 3 J H H 6.8, ЫСП2СН3), 3.38 (4Н, q, ^JHH 6.8, НСЯ^СНз), 3.59 

( Ш , dd, ն ա 1 1 . 0 , ^JH5H6 2 . 0 , CH2 C6)， 3 . 6 2 - 3 . 6 9 (2Н， m, C H C4 , CH2 C6) , 3.74 ( I H , 

dd, ' JHIH2 3.6, 'JH2H3 9.6, CH C2)， 3.90 ( I H , ddd, 'JH5H6 2.0, 'JH5H6 2.4, 'JH4H5 9.6, CH 

C 5 ) , 4 . 0 0 (1H， t, 3 JHH 9 .6 , CH C 3 ) , 4 . 4 5 - 4 . 6 5 ( 4 H , m, 0СЯ2РҺ C 3 / 4 ) , 4 . 7 5 - 4 . 9 7 ( 4 H , m， 

0СЯ2РҺ C2/6), 6.40 ( I H , d, 3JHIH2 3.6, CH C l ) , 7.23-7.37 (20H, m, ՕՇՍշԲհ); Ьс 

( C D 3 C N ) 14.1 ( s , ШЯ2СН3), 47.1 (է, 4 J c F 4.8, ЫСЯ2СНз), 69.6 ( ร , C H i C6), 73.3 ( ร , 

CH C4), 73.6 ( s , 0СЯ2РҺ C4), 73.6 ( s , 0СЯ2РҺ C6)， 75.7 ( s , 0СЯ2РҺ C3), 76.1 ( s , 

0СЯ2РҺ C2)， 78.3 (ร, C H C5)， 80.4 ( s , CH C2)， 82.4 ( s , CH C3), 93.8 (ร, C H C l ) , 

128.5-129.3 (m, 0СН2РҺ), 134.4 (dd, ' j p F 242, Ъғғ 23.9, C3'), 137.5 (dm, ' j c F 242.0, 

C5'), 139.43 (m, C6) 139.30-139.80 (m, 0CH2๑, 144.7 (tm, ^ C F 15.1, C4'), 146.53 

(dd, ' J c F 242.0, 2 J c F 23.9, CT); δρ (CDsCN) -96.21 ( I F , է, JFF 22.6, 2-Ғ), -153.01 ( I F , d, 

JFF 22.6, 3-Ғ), -159.46 ( IF , d, JHH 22.6, 5-Ғ); m / z (ES+) 765 (Μ^Να^,ΙΟΟ), 766 (10). 

N,N-Diethyl-2355-trif luoro-6-(2,3,4,6-tetra-0-benzyl-ß-D-glucopyranosyloxy) 

pyridin-4-ai i i ine (36ß). 

δ Η (CDsCN) 1 . 1 8 (6H, t， 3 JHH 6.8, ШП2СН3), 3.40 (4H, q， 3 JHH 6.8, ЖН2СЯ3), 3.60-

3.70 (6H, m, CH C2/3/4/5, CH2 C6)， 4.45-4.65 (4H, m, 0СЯ2РҺ C3/4), 4.75-4.97 (4H, 

m， 0СЯ2РҺ C2/6), 5.83 ( I H , d， ^H1H2 7.6, CH С І ) , 7.23-7.37 (20H, m, ՕՇՈշԲհ); Sc 
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(CDsCN) 14.1 (ร, NCHշCЯ յ ) , 47.1 (է, 4JcF 4.8, NCH2CH3), 69.6 (ร, СНг С6), 73.7 (s, 

0СЯ2РҺ СЗ), 75.3 (ร, ОСЯ^РҺ С6), 75.5 (ร, о с я ^ һ С4), 76.0 (ร, CH СЗ), 76.1 (ร, 

ОСЯгРҺ С2), 78.5 (CH С4), 82.4 (ร, CH С2), 85.0 (ร, CH С5), 97.8 (ร, CH C l ) , 128.5-

129.3 (m, 0СН2РҺ), 134.4 (dd, ' j p F 242, ^JpF 23.9, СЗ'), 137.5 (dm, ' j c F 242.0, C5'), 

139.4 (m, C6') 139.3-139.8 (m， 0CH2C), 144.7 (tm, ^JcF 15.1, C4'), 146.5 (dd， ' J c F 

242.0, ' j c F 23.9, C2'); δρ (CD3CN) -96.29 ( IF , t, JpF 22.1, 2-F), -153.36 ( I F , d， JpF 22.1, 

3-F), -159.27 ( IF , d， JHH 22.6, 5-F); m/z (ES+) 765 ( M ^ N a ^ l O O ) , 766 (10). 

2,3,5-Trif luoro-6-(2^,4,6-tetra-0-benzyl-D-glucopyranosyloxy)-4-

(perf luoropropan-2-yl)pyr idine (37α/β). 

C B n ๐ B n 

В ґ Ю ВГтО I 

(27) (32) (37α/β) ᅲ ( * ^3 )2 

2,3,4,6-Tetra-O-benzyl-glucopyranose (32) (3.009 g, 5.6 mmol), sodium hydride (0.266 

g, 6.6 mmol) and 2,3,5,6-tetrafluoro֊4-(perfluoropropan-2-yl)pyridine (27) (1.755 g, 5.5 

mmol) were heated at reflux temperature for 24Һ, affording 2,3,5-tr։fluoro-6- (2,3,4,6-

tetra֊0-benzyl-a-D-glucopyranosyloxy)-4-(perfluoropropan-2-yl)pyridine (37a) (1.608 

g， 35%) and 2,3,5-trifluoro֊6-(2,3,4,6-tetra-0-benzyl-ß-D-glucopyranosyloxy)-4-

(perfluoropropan-2-yl)pyridme (37β) (1.790 g, 39%) as white syrups after colunm 

cføomatography. 

2,3ł5-Trifluoro-6-(23»4,6-tetra-0-benzyl-a-D-glucopyranosyloxy)-4-

(perf luoropropan-2-yl)pyr idine (37α). 
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(Found С, 60.3; Н, 4.4; N , 1.6. C42H35F10NO6 requires с , 60.1; н , 4.2; N, 1.7%); [ocg 

+31 (c= l CHCI3); ÔH 3.63 (2Н， dd, 3 JHH 9.8, \ н 2.0, CH2 C6)， 3.81 ( I H , dd, 3 J H H 9.8, 

Կտա 3.6, CH C2), 3.82 ( I H , t， 3 JHH 9.8, C H C4), 3.99 ( I H , dm, 3 JHH 9.8, CH C5), 4.15 

( I H , t, 3 J H H 9 . 8 , C H C3 ) ,4 .46 -4 .72 ( 4 H , m, 0СЯ2РҺ C 3 / 4 ) , 4 . 8 1 - 5 . 0 4 ( 4 H , m， ОСЯ2РҺ 

C2/6), 6.46 ( I H , d, ^H1H2 3.6, CH C l ) , 7.15-7.42 (20H, m, ՇՈշԲհ); Sc 68.0 (ร, ՇՍշ 

C6), 73.1 (s, CH C4), 73.6 (ร, ОСЯ^РҺ С4), 73.8 (ร, о с я ^ һ С6), 75.5 (ร, ОСЯ2РҺ 

С3)， 76.0 (ร, ОСЯ^РҺ С2), 77.0 (ร, CH С5), 79.5 (ร, CH С2), 81.7 (s, CH СЗ), 94.7 (s, 

CH C l ) , 127.6-128.8 (m, ОСЯ2РҺ), 137.7 (ร, ОСНзС C4), 137.8 (s, 0CH2C СЗ), 138.0 

(ร, OCUjC C6), 138.7 (s, 0CH2C Cl); δρ (major rotomer) -75.34 (6Ғ， m, СҒз), -89.29 

( IF , br s， 2-Ғ), - 133.23 ( I F , br ร, 3-Ғ), -146.14 ( I F , br s, 5-Ғ), -181.47 ( I F , m, CF); δρ 

(minor rotomer) -75.34 (6Ғ, m, СҒз), -90.41 ( I F , br s, 2-Ғ), - 135.55 ( IF , br s, 3-Ғ), -

143.31 ( I F , br s, 5-Ғ), -181.47 ( I F , m, CF); ratio major.minor 3:2; m/z ( E S ^ 862 

(M++Na^ 100), 863 (48), 864 (12). 

2,3,5-Trif luoro-6-(2,3,4,6-tetra-0-beii2yl-ß-D-glucopyranosyloxy)-4-

(perf luoropropan-2-yl)pyr idìne (37ß). 

(Found С, 60.3; H, 4.4; Ν, 1.6. C42H35F10NO6 requires с , 60.1; н , 4.2; Ν, 1.7%); [ос]̂ " 

+6 (с=1 СНСЬ); ÖH 3.70 ( İ H , m, CH C4), 3.77 (2H, m, CH2 C6), 3.81 (3H, m, CH 

C 2 / 3 / 5 ) , 4 . 4 8 ( I H , d, Ънн 1 2 . 2 , 0СЯ2РҺ СЗ), 4.55 ( Ш , d, 2 J H H 1 0 . 8 , 0СЯ2РҺ С4), 4 .62 

( İ H , d， %н 1 2 . 2 , 0СЯ2РҺ С З ) , 4 . 8 5 ( Ш , ร, О С Я ^ Р Һ С6), 4 . 8 5 (1Н， d, ^JHH 1 0 . 8 , 

0СЯ2РҺ С4)， 4.85 ( Ш , ร, ОСЯ^РҺ С6), 4.88 ( Ш , d, %н 10.8, 0СЯ2РҺ С2)， 4.97 ( Ш , 

d, 2 JHH 10.8, 0СЯ2РҺ С2), 5.77 ( Ш , d, Ън1Н2 7.2, CH C l ) , 7.15-7.35 (20Н, m, 

ՕՇՈշԲհ); δα 68.2 (s, CH2 C6), 73.6 (ร, ОСЯ^РҺ с 4)， 75.2 (ร, О О Д Р Һ СЗ), 75.3 (ร, 

0СЯ2РҺ С6)， 75.6 (s, CH C4), 75.9 (ร, 0СЯ2РҺ C2), 77.3 (ร, CH СЗ), 81.2 (s, CH C2), 

84.7 (ร, CH C5), 97.8 (ร, CH С І ) , 127.9-128.1 (m, ՕՇՍշԲհ), 128.5-128.6 (m, 

ՕՇԱշԲհ), 137.9 (ร, ОСНгС С4)， 138.0 (ร, ОСНгС СЗ), 138.1 (ร, ОСНгС С6), 138.4 (ร, 

ОСНзС С2); δρ (major rotomer) -76.15 (6Ғ, m, СҒз), -90.35 ( IF , br ร, 2-Ғ), - 134.88 
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( I F , br s, 3-F), -147.08 ( I F , br s, 5-F), -181.47 ( I F , m, CF); δρ (minor rotomer) -76.15 

(6F, m, СҒз), -91.67 ( IF , br s, 2-F), - 137.21 ( I F , br ร, 3-F), -144.18 ( IF , br ร, 5-F), -

181.47 ( I F , m, CF); ratio major.minor 6:5; m/z (ES+) 862 (M^+Na^, 100), 863 (48), 

864 (12). 

2,3,5-Trif luoro-6-(2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyloxy)pyridine-4-

carbonitr i le (38๙β, 39α/β). 

(め) (32) (38α/ρ) (39c๙Ρ) F 

2,3,4,6-Tetra-O-benzyl-glucopyranose (32) (3.051 g， 5.6 mmol), sodium hydride (0.266 

g, 6.6 mmol) and 2,3,5,6-tetrafluoro-pyridine-4-carbonitrile (41) (0.925 g, 5.3 mmol) 

were heated at reflux temperatoe for 24Һ, affording a mixture of 2,3,5-trifluoro-6-

(2,3,4,6-tetra֊0-benzyl-D-glucopyranosyloxy)pyridine-4-carbonitrile (38a/ß) ( 1 . 2 2 9 g, 

3 4 % ) and 2,3,6-trifluoro֊5-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine-4-

carbonitrile (39๗β) (1.180 g, 32%). 

2,3,ร-trifluoro-6-(2,3,4,6-tetra-0-benzyl-a-D-glucopyranosyloxy)pyrídine-4֊ 

carbonítrí le (38o). 

(Found С, 69.2; H, 5.4; Ν , 3.9. C40H35F3N2O6 requires с , 69.0; н , 5.1; Ν, 4.0%); бн 

3.64 (ш， dd, ^ н н 9.8, Ън5Нб 2.0, СН2 С6), 3.71 (ш， dd, ^ н н 9.8, Ън5Нб 2.6, СН2 С6), 

3 .80 (1Н， dd, Ън1Н2 3.6, Ън2нз и , C H Cl), 3.82 ( İ H , է, 3 JHH 1 1 , C H C 4 ) , 4 . 0 0 ( I H , ddd， 

'JH4H5 И , 'JH5H6 2.6, 'JH5H6 2.0, CH C5), 4.15 ( I H , է, 3 JH2H3 И , C H СЗ), 4.47-4.68 (4Н, 

m, 0СЯ2РҺ СЗ /4 ) , 4.80-5.04 (4Н, m, ОСЯ2РҺ С 2 / 6 ) , 6.46 ( Ш , d, ^JHIH2 3.6, C H СІ)， 
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7.17-7.41 (20Н, m, ОСН2РҺ); ôc 68.0 (s CH2 C6), 73.2 (ร, CH C4), 73.6 (s, 0СЯ2РҺ 

C4)， 73.8 (s, ОСЯ2РҺ C6), 75.5 (s, ОСЯ2РҺ C3), 76.00 (ร, ОСЯ^РҺ C2), 76.9 (ร, CH 

C5)， 79.4 (ร, C H C2), 81.6 (ร, CH СЗ), 95.2 (ร, CH C l ) , 127.2-128.7 (m, ՕՇՈշԲհ), 

137.5-139.0 (m, OCH2๑; δρ -87.74 ( IF , m, 2-F), -130.74 ( IF , dd, ĴpF 26.1, JpF 7.6, 3-

F ) , - 1 4 1 . 0 4 ( IF , % F 2 6 . 1 , JFF 7 .6 , 5-F) ; m/z (ES+) 7 3 1 ( М Ч і . 5 Na+， 1 0 0 ) . 

2,3,5-Trif luoro-6-(2,3,4,6-tetra-0-beiizyl-ß-D-gIucopyranosyloxy)pyridine-4-

carboni tn le (38ß). 

C N 

(Found c , 69.2; H, 5.4; N， 3.9. C40H35F3N2O6 requires c , 69.0; H, 5 .1 ; N， 4.0%); δπ 

3.75 ( 2 H , dd, ^JHH 1 0 . 6 , JHH 1.9, CH2 C 6 ) , 3 .78-3 .84 ( 2 H , m, C H С З / 4 ) , 3 .81 ( Ш , dt, 

^JHH 10.6, JHH 3.0, CH C5), 3.82 (1H， dd, 'JHIH2 7.6, ^JH2H3 10.6, CH C2)， 4.47-4.68 

(4H, m， 0СЯ2РҺ СЗ, C4), 4.80-5.04 (4H， m, ОСЯ2РҺ C2/6), 5.80 ( I H , d, % 1 H 2 7.6, 

CH С І ) , 7.17-7.41 (20H, m， 0СН2РҺ); 6c 68.2 (ร, СНг C6), 73.6 (ร, 0СЯ2РҺ СЗ), 75.1 

(s, ОСЯ2РҺ C6), 75.2 (ร, ОСЯ^РҺ C4), 75.6 (s, CH СЗ), 75.8 (s, 0СЯ2РҺ C2)， 77.1 (s, 

C H C4), 81.2 (s, C H C2), 84.6 (ร, C H C5), 97.9 (ร, CH C l ) , 127.2-128.7 (m, ՕՇՍշԲհ), 

137.5- 139.0 (m, 0CH2๑; δρ -87.74 ( IF , m, 2-F), -131.04 ( I F , dd, " j p F 26.0, JFF 7.5, 3-

F), -140.87 ( IF , ''JFF 26.0, JpF 7.5, 5-F); m/z (ES+) 731 ( M ^ l . S N a * , 100). 

2.3.6- Trif luoro-5-(2,3»4,6-tetra-0-benzyl-a-D-glucopyranosyloxy)pyridme-4-

carboni tn le (39a). 
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(Found С, 69.1; Н, 5 . 2 ; N , 4 .1 . C40H35F3N2O6 requires с , 69.0; н , 5 . 1 ; N, 4.0%); ÔH 

3.66 ( İ H , dd, Ънн 10.6, ^JHH 2.5, CH2 C6 ) , 3.70 ( I H , dd, ^JHH 10.6, ^JHH 2.5, CH2 C6)， 

3.78 (1H， dd, ^H2H3 9.5, ฯmm 3.6, CH C2), 3.79 ( Ш , t, %H 9.5, CH C4), 4.19 ( I H , dt, 

^JHH 9.8, ^H5H6 2.6, CH C5)， 4.25 ( I H , t, 3 JHH 9.5, CH C3)， 4 . 4 0 - 4 . 6 8 (4H, m, 0СЯ2РҺ 

C3/4), 4.78-5.08 (4H， m， 0СЯ2РҺ C2/6), 5.72 ( I H , d, 3 J H I H 2 3.6, C H C l ) , 7.15-7.40 

(20H, m, OCHjPh); 6c 67.8 (ร, СНз C6)， 73.6 (s, CH C4), 74.6 (s, 0СЯ2РҺ C4), 75.3 (ร, 

0СЯ2РҺ C6)， 75.7 (ร, 0СЯ2РҺ СЗ), 76.1 (ОСЯ2РҺ С2), 76.8 (s, CH С5), 79.9 (ร, CH 

C2), 81.4 (ร, CH СЗ), 102.0 (ร, CH C l ) , 127.7-128.7 (m, 0СН2РҺ), 137.2-138.5 (m, 

0CH2๑; δρ - 7 9 . 4 2 ( I F , dd, JFF 3 0 . 5 , %F 1 3 . 2 , 6 - F ) , - 8 9 . 2 5 ( I F , m, 2 - F ) , - 1 3 5 . 2 3 ( I F , 

dd, JFF 3 0 . 5 , ^JFF 2 0 . 7 , 3 - F ) ; m/z ( E S + ) 7 3 1 (M^+1.5Na^ 1 0 0 ) . 

2,3,6-Tr i f luoro-5-(2,3,4,6-tetra-0-bei izyl -p-D-glucopyranosyloxy)pyr id ine-4-

carbonitr i le (39β). 

(Found С, 6 9 . 1 ; Н , 5.2; Ν , 4.1. C40H35F3N2O6 requires с , 6 9 . 0 ; н , 5 .1; Ν , 4.0%); ÖH 

3.57 (2Н, m, СН2 С6 ) , 3.78 ( ш , dd, ^JHIH2 7.4, ^JH2H3 11.0, CH C2), 3.74-3.82 (ЗН， m, 

CH СЗ/4/5), 4.40-4.68 (4Н, m, 0СЯ2РҺ СЗ/4), 4.78-5.08 (4Н， m, 0СЯ2РҺ С2/6), 5,28 

( Ш , d, ^JHIH2 7.4, CH C l ) , 7.15-7.40 (20Н, m, 0СН2РҺ); 8c 68.5 (ร, ՇՈշ C6)， 73.6 (ร, 

ОСЯ^РҺ СЗ), 73.7 (ร, 0СЯ2РҺ С4), 75.2 (ร, 0СЯ2РҺ С6), 75.4 (ร, CH СЗ), 75.8 (s, 

0СЯ2РҺ С2), 77.1 (s, CH C4), 81.9 (ร, CH C2), 84.2 (ร, CH C5), 103.4 (ร, CH С І ) , 

127.7-128.7 (m, 0СН2РҺ), 137.2-138.5 (m, 0CH2C); δ ρ -80.92 ( I F , dd, JFF 30.4, " j p F 

13.4, 6-), -89.25 ( IF , m, 2-F), -135.55 ( I F , dd, JFF 30.4, ^JpF 20.7, 3-F) ； m/z (ES+) 731 

(M^+1.5Na^ 100). 
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Procedure for the Synthesis of Tri-subst i tuted Donors 

At tempted Synthesis of 4-ethoxy-3,5-difluoro-2-(2,3,4,6-tetra-0-beiizyl-D-

glucopyranosyIoxy)-6-propoxypyridine 

(32) 

2,3,4,6-Tetra-0-ben2yl-glucopyranose (32) (1.002 g, 1.85 mmol) was dissolved in dry 

THF (5 mL) and stirred with sodium hydride (0.091 g, 2.28 mmoł) until hydrogen 

evolution had subsided. The resulting solution was added dropwise, while stirring at 

room temperature, to 2,4-diethoxy-3,5,6-trifluoropyridine (6) (0.417 g, 1.37 mmol), 

then heated at reflux temperature. After 82Һ the reaction was shown to consist o f only 

2 ,4-d ie thoxy-3 ,5 ,6- t r i f luoropyr idme (6) by 19F NMR. A further equivalent o f 2,3,4,6-

tetra-O-benzyl-glucopyranose (32) (1.001 g, 1.85 mmol) was dissolved in dry THF (5 

mL) and stirred wi th sodiiun hydride (0.089 g, 2.23 mmol) until hydrogen evolution 

subsided. The resulting solution was added to the reaction т іхШге over 30 minutes. 

The reaction mixture was heated at reflux temperature for a further 72Һ, analysis by 19F 

N M R showed the reaction consisted of only 2,4-diethoxy-3,5,6-trißuoropyridine (6). 

Spectroscopic data were consistent wi th previously recorded results. 

Attempted Synthesis of N-butyl-4-ethoxy-3,5-difluoro-6-(2,3»4,6-tetra-0-benzyl-D-

glucopyranosyloxy)pyrìdìi i-2-amine 

NHC4İ-b 
N ^ N H C H g 

(23) (32) 
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2,3,4,6-Tetra-O-benzyl-glucopyranose (32) (0.987 g, 1.83 mmol) was dissolved in dry 

THF (5 mL) and stirred wi th sodium hydride (0.091 g, 2.28 mmol) until hydrogen 

evolution had subsided. The resulting solution was added dropwise, while stirring at 

room temperature, to N-butyl-4-ethoxy-3,5,6-trifluoropyridin-2-amine (23) (0.435 g, 

1.75 mmol), then heated at reflux ЇетрегаШге. After 82Һ the reaction was shown to 

consist o f only N-butyl-4-ethoxy-3,5,6֊trißuoropyridm-2-amine (23) by ' 9 F NMR. A 

further equivalent of 2,3,4,6-tetra-O-benzyl-glucopyranose (32) (0.993 g, 1.84 mmol) 

was dissolved in dry THF (5 mL) and stirred wi th sodium hydride (0.089 g, 2.23 mmol) 

until hydrogen evolution subsided. The resulting solution was added to the reaction 

mixture over 30 minutes. The reaction mixture was heated at reflux temperature for a 

further 72Һ, analysis by І9р N M R showed the reaction consisted of only 4-ethoxy-2,3,5-

trifluoro-6-propoxypyridine (23). Spectroscopic data were consistent wi th previously 

recorded results. 

N^-ButyI-3,5-difluoro-N''-isopropyl-6-(2,3j4,6-tetra-0-benzyl-D-gIucopyranosyloxy) 

pyridine-2,4-diamine 

С Ң О У г ĢBn OBn 

Fみ + ^ ^ ^ ^ ^ ь ш я ^ ^ " ^ ^ о у - ^ 

F Nr՝NHC4bÎ р Л ^ 

" o、 ™՝ ΗΝ 

NHOil-į 

(16) (32) ' ^ ՝ ' ՝ С Н ( С Ң з ) 2 

2,3,4,6-Tetra-O-beiizyl-glucopyranose (32) (1.078 g, 1.99 mmol) was dissolved in dry 

THF (5 mL) and stirred with sodium hydride (0.093 g， 2.33 mmol) until hydrogen 

evolution had subsided. The resulting solution was added dropwise, while stirring at 

room temperature, to N^-butyl-3,5,6-trifluoro-N'*-wopropylpyridine-2,4-diamine (16) 

(0.143 g， 0.55 mmol), then heated at reflux temperature for 6.5 days. Analysis by 19F 

N M R showed the reaction consisted o f only N'^-butyl-3,5,6-trifluoro-hr-

isopropylpyridine-2,4-diamme (16). Spectroscopic data were consistent wi th previously 

recorded results. 
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N-Butyl-3,4-difluoro֊6-(23,4,6-tetra-0֊benzyI-D-glucopyranosyloxy)-4-

(perf luoropropan-2-yl)pyr idin-2-amine (43α/β). 

Ғ^1УГ"МНС.1֊Ь 

(ЗО) (32) (43cx/ß) 

2,3,4,6-Tetra-O-benzyl-glucopyranose (32) (1.059 g, 1.96 mmol) was dissolved in dry 

THF (5.0 mL) and stirred wi th sodium hydride (0.094 g， 2.35 mmol) until hydrogen 

evolution had subsided. The resulting solution was added dropwise, while stirring at 

room t e m p e r a l e , to N-butyl-3,4,6-trifluoro-4-(perfluoropropan-2-yl)pyridin-2-amine 

(30) (0.688 g, 1.73 mmol), then heated at reflux temperatoe for 72Һ. The reaction was 

allowed to cool to room temperature before Amberlite (IR 120, Na+ form, 16-50 mesh, 

8% cross-linked, 0.50 g) was added with stirring at room temperature for 30 minutes 

and the solvent removed on a rotary evaporator. Purification by HPFC using silica gel 

(1:10 ethyl acetate:hexane) yielded N-butyl-3,4-difluoro-6-(2,3,4,6-tetra-O-benzyl-D-

glucopyranosyloxy)-4-(perfluoropropan-2-yl)pyridin-2-amine (43a/ß) ( 0 . 6 6 7 g， 4 3 % , 

26:74 α:β) as a mixture o f anomers as a pale yellow syrup. 

N-Butyl-3,4-dif luoro-6-(23ł4,6-tetra-0-benzyl-a-D-glucopyranosyIoxy)-4-

(perf luoropropan-2-yI)pyrídin-2-amíne (43α). 

NHC4H9 Ok .N^NHC4İ -b 

(Found С, 62.2; н , 5.3; Ν, 2.9. C46H45F9N2O6 requires с , 61.9; н , 5.1; N， 3.1%); 5н 

0 . 8 7 ( З Н , է, ' J H H 7 . 1 , НМ(СН2)зСЯ5), 1 .24 -1 .35 ( 2 Н , m， Н М ( С Н 2 ) 2 С Я 2 С Н з ) , 1 .44 -1 .53 

(2Н， m, НМСНгСЯ^СНгСНз), 3 . 1 7 (2Н， q, 3 J H H 7 . 1 , Ш С Я Х С Н 2 ) 2 С Н з ) , 3.58 ( 2 Н , dd. 
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' JHH 2.2, ' JHH 9.2， CH2 C6), 3.63-3.70 (3H, m， CH C2/3/5), 4.10 ( I H , է, 3 JHH 9.2 CH 

C4), 4.32-4.56 (4Н， m, 0СЯ2РҺ СЗ/4), 4.66-4.95 (4Н, m, 0СН2РҺ С2/6), 6.45 ( İ H , d, 

3JHIH2 3.2, CH C l ) , 7.05-7.30 (20Н, m, ՇՈշԲհ); òc 14.0 (s, NH(CHշ)зCЯз), 20.3 (ร, 

Ш ( С Н 2 ) 2 С Я 2 С Н з ) , 31.7 (ร, ННСНгСЯ^СНзСНз), 41.1 (ร, НМСЯ2(СН2)2СНз) , 68.0 

(s, CH2 C6), 72.2 (s, CH C4), 73.2 (s, 0СЯ2РҺ), 73.6 (s， 0СЯ2РҺ), 75.4 (ร, ОСЯгРҺ), 

76.0 (ร, 0СЯ2РҺ), 77.4 (s, CH C5), 79.3 (ร, CH C2), 82.0 (ร, CH СЗ), 93.2 (ร, CH C l ) , 

127.8-128.7 (m, ՕՇԱշԲհ), 137.9-138.8 (s, 0CH2C); δρ (rotomer A ) -75.86 (6F, m, 

СҒз), - 144.87 ( IF , br s, 5-Ғ), -152.56 ( I F , br s, 3-Ғ), -18.19 ( I F , m, CF); δρ (rotomer 

В) ֊75.86 (6Ғ， m, СҒз), - 147.53 ( I F , br s， 5-F), -155.74 ( IF , br ร, 3-F), -180.19 ( IF , ท1， 

CF); ratio A :B 1:1; m/z (ES^) 9 1 5 ( М Ч Ы а ^ 100). 

N-Butyl-3,4-dif luoro-6-(2,3,4,6-tetra-0-benzyl-ß-D-glucopyranosyloxy)-4-

(perf luoropropan-2-yl)pyrîdin-2-amine (43β). 

ΟΒη 

^^ ^ ¿ ^ ᄂ NHC4İ-b 

(Found с , 62.2; Η , 5.3; Ν, 2.9. C46H45F9N2O6 requires с , 61.9; н , 5.1; Ν , 3.1 δπ 0.84 

(ЗН， է, ^JHH 7.0, НЫ(СН2)зСЯз), 1.24-1.35 (2Н, m, Ш ( С Н 2 ) 2 С Я 2 С Н з ) , 1.44-1.53 (2Н, 

m, ШСНзСЯ^СНгСНз) , 3 . 2 6 (2Н， q, 3 JHH 7 . 0 , ШСЯ2(СН2)2СНз), 3 . 5 3 (2Н， dd, 3 JHH 

2.4, ^JHH 11.0, СН2 С6), 3.63-3.70 (ЗН, m, CH С2/3/5), 4.11 ( Ш , է, ^ н н 11.0, CH С4), 

4.32-4.56 (4Н, m, 0СЯ2РҺ СЗ/4), 4.66-4.95 (4Н, m, 0СЯ2РҺ С2/6), 5.70 ( İ H , d, 3 JHIH2 

7.0, CH C l ) , 7.05-7.30 (20Н, m, CH2PA); δο 14.0 (s, КН(СН2)зСЯ і ) , 20.3 (ร, 

Ш ( С Н 2 ) 2 С Я 2 С Н з ) , 31.6 (s, ШСНгСЯгСНгСНз) , 41.1 (s, Ш С Я 2 ( С Н 2 ) 2 С Н з ) , 68.5 

(ร, СНг С6), 73.6 (s, 0СЯ2РҺ), 75.3 (ร, ОСЯ^РҺ), 75.4 (ร, ОСЯ^РҺ), 75.7 (ร, CH C4), 

75.9 (s, 0СЯ2РҺ), 77.6 (ร, CH СЗ), 81.3 (s, CH C2), 84.9 (s, C H C5), 97.3 (ร, CH С І ) , 

127.8-128.7 (m， ОСНзРА), 137.9-138.8 (ร, ОСНзҪ); δρ (rotomer A ) -75.86 (6Ғ， m, 

СҒз), - 145.53 ( I F , br s, 5-Ғ), -153.91 ( IF , br ร, 3-Ғ), -180.19 ( IF , m， CF); δρ (rotomer 

В) -75.86 (6Ғ, m, СҒз), - 148.67 ( I F , br s， 5-F), -157.05 ( IF , br ร, 3-F), -180.19 ( IF , m， 

CF); ratio A :B l : l ; m / z (ES+) 862 (M"^+Na*, 100), 915 (100). 
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8.4 Experimental to Chapter 6 

Glycosylation Reactions w i t h Simple Alcohols 

General procedure. Under an argon atmosphere the glycosyl donor and alcohol were 

dissolved in dry acetonitrile. Boron trifluoride diethyl etherate was added and the 

reaction stirred at room tempe ra le . The pyridin-ol derivative was identified by 19ғ 

N M R spectroscopy o f the reaction mixture (consistent wi th authentic samples); but not 

isolated. The reaction mixture was then concentrated in vacuo, pmf icat ion by high 

pressure flash cføomatography (1:10 ethyl acetaterhexane) gave the corresponding 

saccharide. 

Glycosyl Acceptor: Hexanol 

23,5,6-Tetrafluoro-4-(2,3,4,6-tetra-0-beiizyl-D-glucopyranosyloxy)pyridine (33β). 

Hexanol (1 equiv.) 

BF3.(C2H6)20(1.5ecMv.f 

(33β) (44α/ρ) (46) 

2,3,5,6-Tetrafluoro-4-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine (0.342 g， 

0.50 mmol, 100% β), hexan-1-ої (51 mg, 0.50 mmol) and boron trifluoride diethyl 

etherate (0.106 g, 0.75 mmol) were dissolved in acetonitrile (12.5 mL) and stirred at 

room temperature for 24Һ, affording hexyl 2,3,4,6-tetra-O-benzyl-D-glycopyranoside 

(0.243 g, 78%, 19:1 α:β). (Found: c , 76.7; H， 7.5. C40H48O6 requires c， 76.9; H, 

7.7%). 

Hexyl 2,3,4,6-tetra-O-benzyl-a-D-glycopyranoside (44a). 
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з 

[xfß +33° (с 0.5, с н с і з ) ; δ Η 0.87 (ЗН, m, 0{Си2)5СНз), 1.28 ( 6 Н , m, СН2), 1.61 (2Н, 

m, ОСН2СЯ2(СН2)зСНз), 3.44 (2Н, է, 3 JHH 7.2, ОСЯХСН2)4СНз) , 3.55 ( Ш , dd, Ън1Н2 

3.4, 'JH2H3 9.8, C H C2), 3.61 ( İ H , dd, ' J H H 2.4, ' J H H 9.8, CH2 C 6 ) , 3.70 ( I H , dm, ' J H H 

9.8, CH СЗ), 3.74 ( Ш , dd, 3 JHH 9.8, ^JHH 2.4, CH2 C6) , 3.98 ( I H , t, 3 J H H 9.8, CH C4)， 

3 . 9 0 ( I H , dd, 3 J H H 9 .8 , ^ H H 2 . 4 , C H C 5 ) , 4 . 4 4 - 5 . 0 2 (8H， m, ОСЯ2РҺ), 4 . 6 5 ( I H , d, 

'JHIH2 3.2, CH C l ) , 7.11-7.38 (20H, m, ՕՇՍշԲհ); 6c 14.2 (ร, 0(СН2)5СЯз), 22.7 (s, 

CH2 hexyl), 25.9 (ร, CH2 hexyl), 29.5 (s, ОСН2СЯ2(СН2)зСНз), 31.8 (s, СН2 hexyl), 

67.8 (s, ОСН2ССЯ2;4СНз), 68.3 (ร, СНз С6 ) , 70.2 (ร, CH С4 ) , 70.3 (s, 0 С Я 2 Р Һ ) , 73.6 

(ร, ОСЯ^РҺ), 75.1 (s, 0СЯ2РҺ), 75.8 (ร, ОСЯ^РҺ), 77.9 (s, CH C5)， 80.2 (ร, CH C2), 

82.2 (ร, CH C3), 97.9 (ร, CH С І ) , 127.4-128.7 (m， 0СН2РҺ), 138.1-139.1(m, 0CH2๑; 

m/z (ES+) 647 (M"^+Na^,100). Spectroscopic data were consistent wi th literature 

Hexyl 2,3,4,6-tetra-O-benzyl-ß-D-glycopyranoside (44ß). 

ocfå +5° (с 0.5, СНС ІЗ) ; δ Η 0.87 (ЗН, m, 0(СН2)5СЯз), 1.28 ( 6 Н , m, СН2), 1.49 (2Н, 

m, ОСН2СЯХСН2)зСНз), 3.42 ( Ш , dd, 3 JH2H3 10.3, ̂ JHIH2 7.3, CH C2), 3.51-4.00 (2H, 

m, C H C3/5) , 3.55 ( Ш , է, 3 J H H 10.3 CH C4) , 3.64 ( İ H , dd, ， 3 J H H 10.3, Ънн I.8CH2 C6) , 

3.71 (2Н, է, ' J H H 7.3, ОСЯ2(СН2)4СНз), 3.75 ( Ш , dd, 3 J H H 1.8, ' J H H 10.3, CH2 C6) , 

4.44-5.02 (8H， m, 0СЯ2РҺ), 4.38 ( I H , d, % , H 2 7.3, CH C l ) , 7.11-7.38 (20H, m， 

0СП2РҺУ, Sc 14.2 (ร, 0(СН2)5СЯ5), 22.7 (ร, CH 2 hexyl), 25.9 (ร, CH2 hexyl), 29.9 (ร, 

ОСН2СЯ2(СН2)зСНз), 31.7 (ร, СН2 hexyl), 68.6 (s, CH2 C6) , 69.1 (ร, 

ОСН2(СН2)4СЩ, 73.2 (ร, CH C4), 73.2 (ร, ООДРҺ) , 73.6 (s, ОСЯ2РҺ), 74.9 (ร, 

ОСЯ^РҺ), 75.3 (ร, ОСЯ.РҺ), 78.0 (ร, CH C5), 82.4 (s, CH C2), 84.8 (ร, CH СЗ), 103.8 

(s, CH C l ) , 127.4-128.7 (m, 0 C H 2 P A ) , 138.1-139.1(m, OCH2C) ; m/z (ES+) 647 

(M"^+Na'^,100). Spectroscopic data were consistent wi th literature values.'^^' 14° 
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4-Ethoxy-2,3,5-tetrafluoro-6-(23,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine 

(34α/β). 

Ņ ^ F НехапаІО eqúv.) 

BF3.(C2H5)20(1.5ecMv.f 

f 

(34α/ρ) (44α/β) 

4-Ethoxy-2,3,5-tetrafluoro-6-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine (34) 

(0.374 g, 0.52 mmol, 36:64 α:β), hexan-1-ої (51 mg, 0.50 mmol) and boron trifluoride 

diethyl etherate (0.106 g， 0.75 mmol) were dissolved เท acetonitrile (12.5 mL) and 

stirred at room temperature for 24h， affording hexyl 2,3,4,6-tetra-O-benzyl-D-

glycopyr ano side (44a/ß) (0.225 g, 69%, 62:38 α:β), spectroscopic data is consistent 

wi th the values given above. 

2,355-Trifluoro-N-źsopropyl-6-(2,3,4,6-tetra-0-benzyl-D֊glucopranosyloxy)pyridin-

4-amine (35α/β). 

^ о ^ ^ C H ( o ^ ) 2 

Hacanol (1 e q y v j _ ^ ^ g ! ^ ^ į i j ^ a . ^ ^ ^ + Ғ \ Д ^ Ғ 
BF3.(C2H5)20(1.5«ļuiv.f ^ ^ ^ h O ^ ^ ^ 가 + Ύ ^ 

՝СН(СҢ,)2 
(35α/ρ) (44α/ρ) (48) 

2,3,5-trifluoro-N-opropyl-6-(2,3,4,6-tetra-0-benzyl-D-glucopranosyloxy)pyridin-4-

amine (35๙β) (0.378 g, 0.52 mmol, 36:64 α:β), hexan-1-ої (51 mg, 0.50 mmol) and 

boron trifluoride diethyl etherate (0.106 g， 0.75 mmol) were dissolved in acetonitrile 

(12.5 mL) and stirred at room temperature for 24Һ, affording hexyl 2,3,4,6֊tetra-0-

benzyl-D-glycopyranoside (44a/ß) (0.305 g, 94%, 64:36 α:β), spectroscopic data is 

consistent wi th previous results. 
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N,N-Diethyl-2,3,5-tr i f luoro-6-(2,3,4,6-tetra-0-benzyí-D-glucopyranosyloxy)pyridin-

4-amme (36๙β). 

cen 

^ • g ¿ ^ ^ ๐ γ Ν F Hexanol (1 equiv.) 

^ ՚ – ^ ^ ՝ ՛ – V F' ฯ ^ 、๐H 

(36a/p) (44α/β) (49) 

N,N-Diethyl-2,3,5-trifluoro-6-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridin-4-

amine (36๙β) (0.390 g， 0.53 mmol , 36:64 α:β), hexan-l-ol (51 mg, 0.50 mmol) and 

boron trifluoride diethyl etherate (0.106 g， 0.75 mmol) were dissolved in acetonitrile 

(12.5 mL) and stirred at room temperature for 24Һ, affording N,N-diethyl-2,3,5-

trifluoro-6-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridin-4֊amine (36aJß) (0.342 

g, 87% 36:64 a:ß), spectroscopic data is consistent w i th previous results. 

2,3,5-Trif luoro-6-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)-4-

(perf luoropropai i -2-yl)pyr idme (37α/β). 

N へ GH 

Hexanol (1 equiv.) 

BF3.(C2Hķ)20(1.5eqūiVr 

СҒ(СҒз)2 

(37α/β) (44α/ρ) (50) 

2,3,5-Trifluoro-6-(2,3,4,6-tetra-0-benzyl-D-gIucopyranosyloxy)-4-(perfluoropropan-2-

yl)pyridine (37α/ρ) (0.420 g, 0.50 mmol, 36:64 α:β), hexan-l-ol (51 mg, 0.50 mmol) 

and boron trifluoride diethyl etherate (0.106 g， 0.75 mmol) were dissolved in 

acetonitrile (12.5 mL) and stirred at room temperature for 24Һ, affording hexyl 2,3,4,6-

tetra-O-benzyl-D-glycopyranoside (44ժբ) (0.295 g, 94%, 63:37 α:β), spectroscopic data 

is consistent wi th previous results. 
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2,3,5-Trifluoro-6-(2,354,6-tetra-0-beiLLyl-ß-D-gIucopyranosyloxy)pyridine-4-

carbonitr i le (38αβ). 

Ң ^ ғ ― Hesxanol (1 eqúv.) 

BF3.(C2H%)2Ó(1.5ecMv.f 

(38α/β) (44α/β) 

2,3,5-Trifluoro-6-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine-4-carbonitrile 

(38α/β) (0.350 g, 0.50 mmol, 36:64 α:β), hexan-1-ої (51 mg, 0.50 mmol) and boron 

trifluoride diethyl etherate (0.106 g, 0.75 mmol) were dissolved in acetonitrile (12.5 

mL) and stirred at room t e m p e r a l e for 24Һ, affording hexyl 2,3,4,6-tetra-O-benzyl-D-

glycopyranoside (44๗β) (0.200 g， 64%, 64:36 α:β), spectroscopic data is consistent 

with previous results. 

2,3,5-Trif luoro-5-(2,3,4,6-tetra-0-benzyi-ß-D-glucopyranosyloxy)pyridme-4-

carbonitr i le (39๙β). 

Hexanol (1 equiv.) 

BF3.(C2H5)20(1.5equiv.r 

(39α/β) (44α/β) (52) 

2,3,5-Trifluoro-5-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine-4-carbonitrile 

(39๙p) (0.139 g, 0.20 mmol, 36:64 α:β), hexan-1-ої (29 mg, 0.20 mmol) aíid boron 

trifluoride diethyl etherate (43 mg, 0.30 mmol) were dissolved in acetonitrile (12.5 mL) 

and stirred at room temperature for 24Һ, affording hexyl 2,3,4,6-tetra-O-benzyl-D-

glycopyranoside (44σ/β) (75 g， 60%, 70:30 α:β), spectroscopic data is consistent wi th 

previous results. 
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Glycosyl Acceptor: Cyclohexanol 

2,3,5»6-Tetrafluoro-4-(2,3,4,6-tetra-0-beiizyl-ß-D-glucopyranosyloxy)pyridme 

(33ß). 

F Cydohexaxฟ (1 equiv.) 
BF3.(C2h%)20(1.5equiv.f 

(33α/ρ) (45α/β) (46) 

2,3,5,6-Tetrafluoro-4-(2,3,4,6-tetra-0-benzyl-ß-D-glucopyranosyloxy)pyridine (33ß) 

(1.519 g, 2.20 mmol, 100% β), cyclohexanol (0.204 g， 2.04 mmol) and boron trifluoride 

diethyl etherate (0.370 g, 2.60 mmol) were dissolved in acetonitrile (15.0 mL) and 

stirred at room temperature for lh， affording cyclohexyl 2,3,4,6֊tetra֊0-benzyl֊D-

glycopyranoside (45๗β) (0.746 g, 59%, 98:2 α:β) as a mixture o f anomerร. (Found: c , 

77.4; H, 7.4. С4оЫ4бОб requires c , 77.1; H， 7.4%). 

Cyclohexyl 2,3,4,6-tetra-O-beiizyl-a-D-glycopyranoside (45a). 

ÔH 1.18-2.10 (ЮН, CH2 cyclohexyl), 3.48 ( I H , m, OCH cyclohexyl), 3.58 ( Ш , dd, 

'JH2H3 9.9, 'JHIH2 3.5, CH C2), 3.63 ( I H , dm, ^JHH 9.9, CH СЗ), 3.67 ( ш , dd, ' J H H 9.9, 

' JHH 2.6, CH2 C6)， 3.91 ( Ш , dd, 3 J H H 9.9, 3JHH 2.6, C H C5), 3.76 ( I H , dd, 3JHH 9.9, ^JHH 

2.6, CH2 C6), 4.03 ( I H , t， 3 JHH 9.9, C H C4)， 4 .46-5.04 (8H, m, ОСЯ2РҺ), 4.98 (1H， d, 

Ън1Н2 3.5, CH C l ) , 7.14-7.40 (20Н, m, 0CH2PÄ); Sc 24.3, 24.6, 25.7, 31.6, 33.5, 68.7, 

70.2, 73.1， 73.6, 75.3, 75.4, 75.8， 78.0, 80.8, 82.2, 94.8, 127.7-128.6, 138.1-139.1; m/z 

( E S ^ 645 (Nť՝+Na'^,100). Spectroscopie data were consistent wi th ІіІегаШге values. ՚՜̂ ՜̂ 
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Cyclohexyl 2,3,4,6-tetra-O-benzyl-ß-D-giycopyranoside (45ß). 

δ Η 01.18-2.10 (ЮН, СН2 cyclohexyl), 3.47 ( İ H , dd, 3 J H H 7.7, ^JHH 9.8, CH C2)， 3.48 

( İ H , ddd, Ънн 9.8, Ънн 2.5, ' JHH 2.0, CH C5), 3.56 ( İ H , t, ^JHH 9.8, CH C3), 3.66 ( İ H , 

t, 3 JHH 9.8， CH C4), 3.67 ( İ H , dd, 3 JHH 9.8, 3 JHH 2.6, CH2 C6)， 3.72 ( İ H , m, OCH 

cyclohexyl), 3.77 ( Ш , dd, 3 J H H 2.6, ^JHH 9.8, CH2 C6)， 4.46-5.04 (8H, m， 0СЯ2РҺ), 

4.52 ( I H , d, ^JHIH2 7.7， C H C l ) , 7.14-7.40 (20H, m， 0СЯ2РҺ); Sc 24.1,24.3, 25.8, 32.3, 

34.0, 69.3, 74.9, 75.0 (2C), 75.2, 75.8， 78.1, 82.4, 85.0,102.1, 127.7-128.6, 138.1-139.1; 

m/z (ES՝^) 645 (M'^+Na^JOO). Spectroscopic data were consistent with literature 

values.'^^-'^^ 

4-Ethoxy-2,3,5-tetrafluoro-6-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine. 

OBn OBn 

֊ ๐ ֊ ^ N F Cydohexanol (1 equiv.) ֊^^^ ւ^^^Յ^Օ՝^ ՛ –^ + 

F - V ^ F リ 

(34α/β) (45α/β) 

4-Ethoxy-2,3,5-tetrafluoro-6-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine 

(34๙β) (1.576 g, 2Л0 mmol, 36:64 α:β), cyclohexanol (0.210 g, 2.10 mmol) and 

iron(III)chloride (0.452 g, 2.79 mmol) were dissolved in acetonitrile (15.0 mL) and 

stirred at room temperature for 94Һ, affording cyclohexyl 2,3,4,6-tetra-O-benzyl-D-

glycopyranoside (45๗β) (0.873 g, 67%, 63:37 α:β). (Found: с , 77.2; н , 7.3. С4оН4бОб 

requires С, 77.1; н , 7.4%), spectroscopic data is consistent wi th previous results. 
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23,5-Trif luoro-N-/sopropyl-6-(2,3,4,6-tetra-0-beiìzyl-D-glucopranosyloxy)pyridin-

4-amme (35α/β). 

^СН(СҢз)2 

― ռ 八 R 

(ՕշՒ%)շ๐ d . s e q ú v . r 
_Cydcìhesxanol (1 eqùv.ì 

*^՝՝СН(СНз)2 

(35α/ρ) (45α/β) 

2,3,5֊Trifluoro-N-/sopropyl-6-(2,3,4,6-tetra-0-benzyl-D-glucopranosyloxy)pyridin-4-

amine (35๙β) (0.743 g, 1.02 mmol, 36:64 α:β), cyclohexanol (0.100 g, 1.00 mmol) and 

boron trifluoride diethyl etherate (0.213 g, 1.50 mmol) were dissolved in acetonitrile 

(7.5 mL) and stirred at room temperature for 24Һ, affording сусю/геху/ 2,3,4,6-(etra-0-

benzyl-D-glycopyranoside (45๗β) (0.542 g， 87%, 64:36 α:β); spectroscopic data is 

consistent wi th previous results. 

23,5-Trif luoro-6-(23,4,6-tetra-0-benzyl-D-glucopyranosyloxy)-4-

(perf luoropropai i -2-y l )pyndine (37α/β). 

一 — . — ҪҒ(СҒз)2 

Ν ν F СуЬсзһехагю! (1 eqUv.) 

BF3.(C2Hį)2๐ (Ì .SecMv.r 

СҒ(СҒз)2 

(37α/ρ) (45α/β) 

2,3,5-Trifluoro-6-(2,3,4,6-tetra-0-benzyl-D-glucopyranosyloxy)-4-(perfluoropropan-2-

yl)pyridine (37๙β) (0.940 g, 1.12 mmol, 36:64 α:β), cyclohexanol (0.100 g, 1.00 mmol) 

and boron trifluoride diethyl etherate (0.213 g, 1.50 mmol) were dissolved in 

acetonitrile (12.5 mL) and stirred at room temperature for 24Һ, affording cycXohexyl 

2,3,4,6-tetra-O-benzyl-D-glycopyranoside (45๗β) (0.517 g， 83%, 63:37 α:β); 

spectroscopic data is consistent wi th previous results. 
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23,5,6-Tetraf luoropyridi i i -4-ol (46). 

F NaOH(2.2 e ą j i v . ) ^ F 
2-methyipropat>2-cr 

O H 

(1) (46) 

A solution o f sodium hydroxide (0.707 g, 17.69 mmol) in 2-methylpropan-2-ol (10 mL) 

was added dropwise to pentafluoropyridine (1) (1.513 g, 8.95 mmol) at room 

temperature, the resulting mixture was heated at reflux temperature for 48Һ. Amberlite 

resin (IR 120, Na+ form, 16-50 mesh, 8% cross-linked, 0.25 g) was added wi th stirring 

at room temperature for 30 min, the solution was then filtered and the solvent removed 

on a rotary evaporator. Purification by vacuum sublimation at room temperature and 

1.0 mbar pressure, yielded 2, J, 5 ,6- te t ra f luoropyr id in-4-o l (46) (1.046 g, 70%) as a 

while crystallme solid; mp 96-97°C. (Found: c , 36.2; H, 0.7; N， 8.6. C5HF4NO 

requires c , 36.0; H， 0.6; N， 8.4%); ôc 132.9 (dd, 'jcF 253.6, C3), 142.59 (m, C2), 

145.39 (m， C4); δρ (pH 7) -90.74 (2Ғ， m, 2-Ғ),-163.73 (2Ғ， m, 3-Ғ); ÔF (pH 1) -103.26 

(2Ғ, m, 2-Ғ), -158.20 (2Ғ, m, 3-Ғ); m/z ( Е Ґ ) 168 ( М Ч н , 42)， 167 (м+, 100), 148 (ЗО), 

138 (50), 120 (22), 119 (88)， 100 (57), 93 (70), 88 (24), 75 (48), 74 (82), 71 (52), 62 

(46), 31 (52). 

4-Ethoxy-3,5,6-tr i f luoropyridin-2-ol (47). 

Ғ \ , Д : 5 ^ Ғ NaOH(2.2ecMv.)^ F v J s ^ F 

F 入 ๙ F 人 ի ք 4 ว H 

(5) (47) 

A solution o f sodium hydroxide (0.620 g, 15.51 mmol) in 2-methylpropan-2-ol (10 mL) 

was added dropwise to 4-ethoxy-2,3,5,6-tetrafluoropyridine (5) (1.513 g, 7.75 mmol) at 

room temperature, the resulting mixture was heated at reflux temperature for 48Һ. 

Amberlite resin (IR 120, Na"" form, 16-50 mesh, 8% cross-linked, 0.25 g) was added 
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with stirring at room temperature for 30 min, the solution was then filtered and the 

solvent removed on a rotary evaporator. Purification by sublimation at room 

temperature and 2.0 mbar, yielded 4-ethoxy֊3,5,6-trifluoropyridin-2-ol (47) (1.021 g, 

68%) as a while crystalline solid; mp 106-107°c. (Found: c , 43.5; H， 3.1 ; N， 7.3. 

C7H6F3NO2 requires c , 43.5; H, 3.1; N, 7.3%); δ» 1.48 (3H， t， ^JHH 7.1, ОСН2СЯ5) , 

4.57 (2H, qt, 3 J H H 7.1, 5 JHF 1.4, О С Я 2 С Н 3 ) , 10.52 ( I H , br s, OH); ôc 15.6 (ร, 

ОСНгСЯ і ) , 70.5 (է, ' jcF 4.7, ОСЯ2СН3), 131.9 (dd, 'JcF 246.8, 'JcF 19.0, C5), 135.3 

(dd, 'JcF 246.8, ''jcF 4.7, C3), 145.32 (ddd, 'JcF 246.8, 2JcF 19.0, ^JcF 4.7, C6), 146.95 

(dt, 2JcF 19.0, ^̂ JcF 4.7, C2), 147.26 (m， C4); δρ -98.21 ( IF , է, 3〜ғғ 21.3, 6-Ғ), -160.81 

( IF , d, ^JFF 21.3, 3-Ғ), -168.28 ( IF , d, Ъғғ 21.3, 5-Ғ); δρ (CD3CN) -94.55 ( IF , է, 3〜ρρ 

24.1, 6-Ғ),-159.86 ( I F , d, % ғ 24.1, 3-Ғ), -167.40 ( I F , d, ĴpF 24.1, 5-F); m/z ( Е Ґ ) 193 

(M+， 52), 165 (100), 137 (67), 117 (40), 106 (36)， 82 (14), 29 (58). 

3,5,6-Trifluoro-4-(¿$opropylamino)pyridiช-2-ої (48). 

^CH(Cł֊b)2 ^СН(СҢз)2 

F v ^ J ^ ^ F NaOH (2.2 eqUv.) F s . J ţ 4 ^ F 

F ^ Ń ^ F F 义 һ / ฯ ว Н 

(15) (48) 

A solution of sodium hydroxide (0.634 g， 15.85 mmol) in 2-methylpropan-2-ol (10 mL) 

was added dropwise to 2,3,5,6-tetrafluoro-N-«opropylpyridin-4-amine (15) (1.489 g， 

7.15 mmol) at room temperature, the resulting mixtwe was heated at reflux temperature 

for 55Һ. Amberlite resin (IR 120， Na+ form, 16-50 mesh, 8% cross-linked, 0.25 g) was 

added wi th stirring at room temperature for 30 min, the solution was then filtered and 

the solvent removed on a rotary evaporator. Purification by sublimation at room 

temperature and 2.2 mbar, yielded 2,5,6-trifluoro-4-(isoDropylamino)pyridin-2ol (48) 

(1.179 g, 80%) as a white crystalline solid; mp 170°c. (Found: c , 46.4; H, 4.6; N, 13.3. 

C 8 H 9 F 3 N 2 O requires c , 46.6; H， 4.4; N, 13.6%); ÔH 1.28 (6H, d, 3 JHH 6.3, 

Ш С Н ( С Я з ) 2 ) , 4 . 1 5 ( İ H , sex է, 3 J H H 6 . 3 , 5 JHF 1.8, Ш С Я ( С Н з ) 2 ) , 4 . 2 5 ( Ш , ร, 

/йУСН(СНз)2), 11.11 ( İ H , br ร, OH); ôc 24.2 (ร, НМСН(СЯ5)2), 46.5 (է, 4JcF 4.4, 

Ш С Я ( С Н з ) 2 ) , 128.4 (dd, 'JcF 240.4, 2JcF 18.9, C5), 131.36 (dm, 'jcF 240.4, C3), 

136.89 (dt, 'JcF 18.9, 3JcF 8.4, C2), 145.38 (ddd, 'JcF 240.4, 2 J c F 18.9, 'JcF 4.4, C6), 
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146.35 (tm, ^JcF 18.9, C4); δ ρ -101.55 ( I F , է, ^^^JpF 21.0, 6-Ғ), -165.91 ( I F , d, ^JpF 21.0, 

3- Ғ) , -172.37 ( IF , d, Ъғғ 21.0, 5-Ғ); δρ ( C D 3 C N ) -97.90 ( IF , է, JFF 23.3, 6-Ғ), -163.46 

( IF , d, JFF 23.3, 3-F), -170.00 ( IF , d, JFF 23.3, 5-F); m/z (Ш+) 206 (M+, 44), 192 (12), 

191 (100), 144 (20)， 116(21), 93 (13), 43 (26), 41 (25). 

4- (DiethyIamino)-3,5,6-tr i f luoropyridin-2-ol (49). 

Ņ(C2Hy: Ņ(C2ht)2 
(2.2equiv.) 
propan-ž-cf 

(11) 

՝он 

m 

A solution o f sodium hydroxide (0.605 g, 15.13 mmol) in 2-methylpropan-2-ol (10 mL) 

was added dropwise to N,N-diethyl-2,3,5,6-tetrafluoropyridin-4-amine (11) (1.508 g, 

6 . 7 9 mmol) at room temperature, the resulting mixture was heated at reflux temperature 

for 48Һ. Amberlite resin (IR 120， Na+ form, 16-50 mesh, 8% cross-linked, 0.25 g) was 

added wi th stirring at room temperature for 30 min, the solution was then filtered and 

the solvent removed on a rotary evaporator. Purification by sublimation at 40 °С and 

3.5 mbar yielded 4-(diethylamino)-3,5,6-triflouropyridin-2-ol (49) (1.241 g, 83%) as a 

while crystalline solid; mp 104°c. (Found: c , 49.1; H， 5.0; N， 12.7. СҫНцҒзМгО 

requires c , 49.1; H, 5.0; N, 12.7%); ÔH 1.21 (6H, է, Ънн 7.0, МСНгСЯз), 3.42 (4Н, q, 

3 J H H 7.0, МСЯ^СНз), 10.95 ( Ш , br ร, OH) ; ôc 14.0 (ร, МСНгСЯз), 46.7 (է, 4 J c F 3.8, 

НСЯ^СНз), 131.86 (dd, 'JcF 241.6, 2JcF 19.1, C5)， 134.94 (dm, iJcF 241.6, C3), 139.4 

(dm, 3JcF 8.0, Cl), 146.2 (ddd, 'JcF 241.6, 2JcF 19.1, "̂ JcF 3.8, C6), 147.1 (tm, 2JcF 19.1, 

C4); δρ -101.50 ( IF , է, 3〜ғғ 20.4, 6-Ғ), -156.88 ( I F , d, ^JpF 20.4, 3-F), -164.23 ( IF , d, 

^JFF 20.4, 5-F); δ ρ (CDsCN) -97.37 ( I F , t, ^ '^JpF 23.1, 6-F), -154.49 ( I F , d， ^JpF 23.1, 3-

F)， -162.00 ( IF , d, ^JFF 23.1, 5-F); m/z (Ш+) 220 ( M + , 26), 205 (91), 1 7 7 (100), 29 (42). 
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3,5,6-Tri f luoro-4-(perf luoropropan-2-yl)pyr idm-2-ol (50). 

ҪҒ(СҒз); 「3ノ շ 

F NaOH (2.2 equiv.) 
2֊ทาethyl p r o p a > 2 - ^ 

Nへ GH 

(27) (50) 

A solution o f sodium hydroxide (1.028 g， 3.2 mmol) in 2-methylpropan-2-ol (10 mL) 

was added dropwise to 2,3,5,6-tetrafluoro-4-(perfluoropropan-2-yl)pyridine (27) (0.133 

g， 3.3 mmol) at room temperature, the resulting mixture was heated at reflux 

temperature for 50Һ. Amberi ite resin (IR 120, Na+ form, 16-50 mesh, 8% cross-linked, 

0.25 g) was added with stirring at room temperature for 30 min, the solution was then 

filtered and the solvent removed on a rotary evaporator. Purification by sublimation at 

room temperature and 3.5 mbar yielded 3,5,6-trifluoro-4-(perfluoropropan-2-yl)pyridm-

2-ОІ (SO) (0.729 g, 72%) as a while crystalline solid; mp 88-89 °С. Spectroscopic data 

correspond to literature values.^^' 68 

Glycosylation Screens: Lewis acid Evaluation 

(33ß) 

cvdc 

Lewi 

chexand ļ1equivj_ 
s abd (1.5 equiv.) 
СНз0Ч50г 

(45๙P) (46) 

(34a/p) R=๐C2H5 
(35α/β) R=HNCH(CH3)2 

(36๙๑ R=N(C2H5)2 
(37๙P) R=CF(CF3)2 

^ d o h e x a n d (1eqiiv.)_ 
L ö m ร add (1.5 equiv.) 

ObCN,s t i r 

(46๙P) 

O H 

(47) R=CC2Hร 
(48) Р=НМСН(СНз)2 

(49) Ғ^СУН5)2 
(50) Ғ^«Ғ(СҒз)2 

General procedure. A selection o f Lewis acids were evaluated as potential activators 

by reacting standard solutions o f the glycosyl donors (ззр) to (37๙β) (typically 0.08 
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mmol) with cyclohexanol (1.0 equiv.) in acetonitrile. The glycosyl donor and 

cyclohexanol solutions were placed in 20 mL test tubes under an atmosphere o f dry 

argon. The indicated Lewis acid was added (1.5 equiv.) with acetonitrile to give a total 

volume of 6 mL. The resulting mixture was stirred at room temperature wi th a N M R 

sample being removed after 2, 4, 6, 12, 24 and 48Һ to determine the ratio of glycosyl 

donor to hydroxyl-pyridine derivative. Collected data can be found in appendix A. 

Attempted Synthesis of 6-0-(2',3' ,4' ,6'- tetra-0-benzyl-D-glucopyranosyl)-( l-6)-

l ,2:3,4-di-opropyl idene-a-D-galactopyranose (55α/β). 

. о Ҫ > | OBา OBn 

Cu(SOįCF3)a (1.5 equiv.) 
, stir, rt 

(33β) (55๗ţi) 

Under an argon atmosphere 2,3,5,6-tetrafluoro-4-(2,3,4,6-tetra-0-benzyl-ß-D-

glucopyranosyloxy)pyridine (33ß) (0.713 g, 1.03 mmol, 8:92 α:β) and l,2:3,4-di-0-

/5opropylidene-a-D-galactopyranose (54) (0.260 g, 1.0 mmol) were dissolved in dry 

acetonitrile (5 mL). A solution o f copper(II)trifluoromethanesulfonate (0.579 g, 1.6 

mmol) in acetonitrile (5 mL) was added and the reaction stirred at room temperature for 

30Һ, affording 2,3,5,6-tetrafluoro-4-(2,3,4,6-tetra-0-benzyl-ß-D֊ 

glucopyranosyloxy)pyridine (33ß) (0.328 g, 46% recovery), spectroscopic data is 

consistent wi th previous results. 

OBn 

Cu(SOjCF3)2(1.5equiv.)| 
, stir,4<Æ 

(54) (ЗЗР) (55α/ρ) 

Under an argon atmosphere 2,3,5,6-tetrafluoro-4-(2,3,4,6-tetra-0-benzyl-D-

glucopyranosyloxy)pyridine (33) (0.713 g, 1.03 mmol , 8:92 α:β) and l,2:3,4-di-0-

/¿•opropylidene-a-D-galactopyranose (54) (0.260 g, 1.0 mmol) were dissolved in dry 

acetonitrile (5 mL). A solution of copper(II)trifluoromethanesulfonate (0.579 g， 1.6 
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mmol) in acetonitrile (5 mL) was added and the reaction stirred at 40°c for 48Һ, the 

reaction mixture was then concentrated in vacuo. Purification by column 

chromatography proved impossible due to the complex nature of the product mixture. 

6-0-(2' ,3 ' ,4 ' ,6 '- tetra-0-benzyl-D-gIucopyranosyl)-( l -6)- l^:3,4-di- isopropyl idene-a-

D-galactopyranose (55α/β). 

OBn 

(54) (33β) (56) (55α/ρ) 

7 2 % 

Under an argon atmosphere 2,3,5,6-tetrafluoro-4-(2,3,4,6-tetra-0-benzyl-D-

glucopyranosyloxy)pyridme (33๙β) (0.713 g, 1.03 mmol, 8:92 α:β)， l,2:3,4-di-0-

wopropylidene-a-D-galactopyranose (54) (0.260 g, 1.00 mmol) and 2,4,6-tń-tert-

butylpyrimidine (56) (0.447 g, 1.8 mmol) were dissolved տ dry acetonitrile (5.0 mL) . 

A solution o f copper(II)trifluoromethanesulfonate (0.579 g， 1.6 mmol) in acetonitrile 

(5.0 mL) was added and the reaction stirred at 50 °С for 72Һ, the reaction mixture was 

then concentrated in vacuo. Purification by column chromatography (1:10 ethyl 

acetate:hexane) yielded 6-0֊(2'3'4',6-tetra-0֊benzyl-D-glucopyranosyl)-(l-6)-l,2:3,4-

di-isopropylidene-a֊D-galactopyranose (55๗β) (0.567 g, 72 o/o, 73:27 α:β). (Found: с, 

70.3; Η , 7.0. С4бН540,і requires с, 70.6; н , 7 . 0 . ) ; δρ, 5.57 ( İ H , d, ^JHIH2 5.2 CH C l α), 

5.52 ( Ш , d, 'JHIH2 4.9 CH C l β), 5.00 ( İ H , d, ' JHIH2 3.2 C H C l ' α), 4.45 ( Ш , d， Ън1Н2 

7.6 CH C l ' ß); δα 104.4 (ร, CH C l ' β), 97.2 (s, CH C l ' α), 96.5 (ร, CH C l β), 96.4 (ร, 

CH C l a); m/z (ES+) 805 (Μ^Να^, ΙΟΟ). Spectroscopie data were consistent wi th 

literature values/' 
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Appendix Α. Glycosyl Donor Kinetics Data. 

23í5,6-Tetrafluoro-4-(23,4,6-tetra-0-benzyl-D-glucopyranosyloxy)pyridine (33β). 

Cydc lohexancîl (1 eqúv.) 
saacf(T5equīvy 

(33α/β) (45α/β) (46) 

Lewis Acid 
2 

Percentage conversion after: (h) 

4 6 12 24 48 

Cu(รОзСҒз)2 18 28 43 60 75 100 

CUSO3CF3 0 0 0 0 0 0 

NaSOsCFa 0 0 0 0 0 0 

AICI3 10 19 24 38 55 76 

Ni(acac)2 0 0 0 0 0 0 

CuBr 0 0 0 0 0 0 

ВРз.ЕігО ЗО 47 57 73 84 92 

ҒеС1з 40 55 61 62 64 64 

Pd(acetate)2 0 0 0 0 0 0 

AgNOa 0 0 0 0 0 0 

ZnCİ2 0 0 0 0 0 0 

11 23 28 42 55 71 

[(33β)] (χ 10-^)/ Time (һ) 

moldm"^ 0 2 4 6 12 24 48 

Cu(รОзСҒз)2 14.5 11.9 10.1 8.6 6.1 3.9 0.0 

А1СІЗ 14.5 13.5 11.7 11.0 9.0 6.5 3.5 

BF3.Et20 14.5 10.2 7.7 6.3 3.9 2.3 1.1 

ҒеС1з 14.5 8.7 6.6 5.2 5.2 5.2 5.2 

T i ^ c u 14.5 12.9 11.3 1.04 8.4 6.5 4.2 

1 一 



4֊Ethoxy-2,3,5-tetrafluoro-6-(2,3,4,6-tetra-0-benzyl-D-gIucopyranosy łoxy)pyridine 

(34๙β). 

(34α/β) 

N ţ ş / F Cydoheonol (1 equiv.) 
LBMS acid ( I t) equiv.) ՚ r 

(45α/β) 

N ^ ๐ н 

(47) 

Lewis Acid 
Percentage conversion after: (h) 

2 4 6 12 24 48 

Cu(รОзСҒз)2 0 0 8 14 18 24 

CUSO3CF3 0 0 0 0 0 0 

NaSOaCFa 0 0 0 0 0 0 

AICI3 34 54 63 82 86 91 

Ni(acac)2 0 0 0 0 0 0 

CuBr 0 0 0 0 0 0 

ВРз.ЕізО 57 71 77 85 88 91 

ҒеС1з 55 76 82 84 84 84 

Pd(acetate)2 0 0 0 0 0 0 

AgN03 0 0 0 0 0 0 

ZnCİ2 0 0 0 0 0 0 
Ti'^^CLt 0 0 0 6 14 17 

[ (34β ) ] (χ10-^) / Time (h) 

moldm"^ 0 2 4 6 12 24 48 

Cu(รОзСҒз)2 14.0 14.0 14.0 12.9 12.2 11.3 10.6 

A1Cİ3 14.0 9.2 6.5 5.2 2.5 2.0 1.3 

ВРз.ЕізО 14.0 6.3 4.1 3.0 2.1 1.7 1.3 

Feda 14.0 6.3 4.2 3.2 2.2 2.2 2.2 

14.0 14.0 14.0 14.0 13.1 12.2 11.5 

- 2 



2,3,5-Trifluoro-N-i$opropyl-6-(2,3,4,6-

4-amine (35๙β). 

tetra-0-benzyl-D-glucopranosyloxy)pyrídin-

(35α/β) 

F Cydohexancil (1 eoĮLŠv.) 
~ L e w s aađ (l.Sequiv.) 

CH(a-b)2 
(45α/β) 

СН(СНз)2 

N ^ ๐ Η 

(48) 

Lewis Acid 
2 

Percentage conversion after: (һ) 

4 6 12 24 48 

Cu(รОзСҒз)2 0 0 0 0 0 0 

C U S O 3 C F 3 0 0 0 0 0 0 

МавОзСҒз 0 0 0 0 0 0 

A1Cİ3 35 51 61 81 95 100 

Ni(acac)2 0 0 0 0 0 0 

CuBr 0 0 0 0 0 0 

ВРз.ЕЇгО 20 35 55 74 92 100 

ҒеСЬ 18 29 39 42 42 45 

Pd(acetate)2 0 0 0 0 0 0 

AgNOa 0 0 0 0 0 0 

ZnCİ2 0 0 0 0 0 0 

0 0 ᄀ 12 20 31 

[ (35β ) ] (χ10-^) / Time (һ) 

moldm"^ 0 2 4 6 12 24 48 

Cu(รОзСҒз)2 13.7 13.7 13.7 13.7 13.7 13.7 13.7 

A1Cİ3 13.7 8.9 6.7 5.4 2.6 0.7 0.0 

ВРз.ЕЇгО 13.7 10.9 8.9 6.2 3.6 1.1 0.0 

ҒеС1з 13.7 11.3 9.7 8.4 8.0 8.0 7.6 

Tİ'VCİ4 13.7 13.7 13.7 12.8 12.1 11.0 9.5 

з -



2,3,5-Trif luoro-6-(23,4,6-tetra-0-benzyI-D-glucopyranosyloxy)-4-

(perf luoropropan-2-yl)pyr idine (37α/β). 

๐ธท 

F 차 
(37α/β) 

Cydohexa-id (1 ecIúv.) 
"Tews aađ (1.5 equiv.) 1 

СҒ(СҒз)2 

(45α/ρ) 

N ' ^ G H 

Lewis Ac id 
Percentage conversion after: (h) 

2 4 6 12 24 48 

Cu(รОзСҒз)2 0 0 0 0 0 0 

CUSO3CF3 0 0 0 0 0 0 

НаЗОзСҒз 0 0 0 0 0 0 

A1Cİ3 37 42 47 51 62 78 
Ni(acac)2 0 0 0 0 0 0 

CuBr 0 0 0 0 0 0 
BĪļ.EtiO 67 74 77 84 100 100 

ҒеСЬ 0 0 0 0 0 0 

Pd(acetate)2 0 0 0 0 0 0 

AgNOa 0 0 0 0 0 0 

ZnCİ2 0 0 0 0 0 0 

0 0 0 0 0 0 

[(37β)] (χ 10 ฯ I Time (һ) 

moldm"^ 0 2 4 6 12 24 48 

Cu(รОзСҒз)2 6.4 6.4 6.4 6.4 6.4 6.4 6.4 

A1Cİ3 6.4 4.9 3.7 3.4 3.1 2.4 1.4 

ВРз .Е їзО 6.4 2.6 1.7 1.5 0.9 0.0 0.0 

ҒеСЬ 6.4 6.4 6.4 6.4 6.4 6.4 6.4 

Ті'՝'СІ4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 



Appendix Β· Glycosylatíon Opt imisat ion Data. 

^OĢH OBท 

Си(5С^СҒзЬ, . 
CH3CN,sitr,40C 

(33ß) (55α/ρ) 

Table B . l . Donor Concentrat ion Optimisat ion 

[ ( 3 3 ) ] ( x l 0 ^ / Percentage conversion after (h) 

moldm"^ 0 2 4 6 24 48 

1.6 0 11 20 34 91 100 

2.1 0 37 48 59 94 97 

3.2 0 40 50 60 87 93 

6.4 0 39 47 55 85 93 

Table B,2. Lewis acid Opt imisat ion 

[Cu(รОзСҒз)2] Percentage conversion after (h) 

10"^)/moldm"^ 2 h 4 h 6 h 12 24 48 

1.6 0 0 0 0 0 23 

3.2 0 0 0 4 15 39 

6.4 0 0 0 11 28 77 

9.6 0 0 9 20 42 86 

12.8 0 フ 17 28 54 90 

16.0 8 16 24 37 69 100 

5 一 



Appendix С. Ctystal lographic Data. 

3,5,6-Tri f luoro-4-(พ ่opropyIamino)pyridin-2-ol (48). 



Table С І Л . Crystal data and structure refinement for (48). 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

Z 

Density (calculated) 

Adsorption coefficient 

F(OOO) 

Crystal size 

Theta range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Completeness to theta = 30.00° 

Adsorption correction 

Refinement method 

Data I restraints I parameter 

Goodness-of-fit on р2 

Final R indices [I>2sigma(I)] 

R indicies (all data) 

Extinction coefficient 

Largest diff. peak and hole 

C8H9F3N2O 

206.17 

120(2) К 

0.71073 Å 

Monoclinic 

P2i/C 

a = 4.5839(2) Å α = 90° 

b = 16.3699(6) Å β = 93.46(1)° 

с = 11.3986(4) Å γ = 90° 

853.71(6) 

4 

1.604 Mg/m^ 

0.152 mm-' 

424 

0.52 x 0.42 x 0.3 匪 3 

2.49 to 30.00° 

-6<=h<=6, -22<=k<=23, -10<=1<=16 

7639 

2447 [R(int) = 0.0388] 

98.4 % 

None 

Full-matrix least squares on F" 

2 4 4 7 / 0 / 164 

1.139 

Rl = 0.0359, wR2 = 0.1105 

Rl =0 .0381, wR2 = 0.1128 

0.025(5) 

0.468 and-0.316 e.Å'^ 
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Table СЛ.2. Atomic coordinates (x 10՛՛) and equivalent isotropic displacement 

parameters ( Å 2 X 10 3 ) . บ(eq) is defined as one third o f the trace o f the orthogonalised 

u'j tensor. 

Atom X У z บ(eq) 

F(2) 10483(1) 7094(1) -199(1) 21(1) 

F(4) 5116(1) 7326(1) 3236(1) 21(1) 

F(5) 2699(1) 5854(1) 2648(1) 24(1) 

0 (1 ) 7736(2) 5707(1) -688(1) 21(1) 

N ( l ) 5179(2) 5767(1) 1001(1) 18(1) 

N(2) 9165(2) 8011(1) 1895(1) 19(1) 

C ( l ) 7103(2) 6094(1) 297(1) 16(1) 

C(2) 8502(2) 6834(1) 533(1) 16(1) 

C(3) 7931(2) 7290(1) 1554(1) 16(1) 

C(4) 5858(2) 6927(1) 2259(1) 16(1) 

C(5) 4636(2) 6190(1) 1954(1) 17(1) 

C(6) 10922(2) 8550(1) 1188(1) 19(1) 

C(7) 9087(2) 8912(1) 155(1) 26(1) 

C(8) 12198(2) 9213(1) 2002(1) 24(1) 

Table СЛ.З. Anisotropic displacement parameters (Ä 2 X lO 3). The anisotropic 

displacement factor exponent takes the Ïorm:-2i^\h^ a * ^ บ " + ... + 2 h k a * b * บ 

Atom u i ' が 2 і Я が 3 บ ' ^ 

F(2) 24(1) 22(1) 18(1) -1(1) 9(1) -5(1) 

F(4) 26(1) 22(1) 14(1) -2(1) 6(1) 1(1) 

F(5) 28(1) 23(1) 22(1) 2(1) 11(1) ֊5(1) 

0(1) 27(1) 20(1) 17(1) -4(1) 6(1) -5(1) 

N ( l ) 20(1) 17(1) 16(1) 1(1) 2(1) -1(1) 

N(2) 25(1) 18(1) 14(1) -2(1) 3(1) -4(1) 

C ( l ) 19(1) 17(1) 14(1) 1(1) 2(1) 0(1) 

C(2) 18(1) 17(1) 14(1) 2(1) 3(1) -1(1) 

C(3) 17(1) 16(1) 13(1) 2(1) 0(1) 1(1) 
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C(4) 19(1) 18(1) 12(1) 0(1) 2(1) 2(1) 

C(5) 18(1) 19(1) 15(1) 3(1) 3(1) 0(1) 

C(6) 19(1) 17(1) 20(1) -2(1) 5(1) -3(1) 

C(7) 36(1) 22(1) 19(1) 3(1) 2(1) -3(1) 

c(8) 23(1) 22(1) 28(1) -7(1) 3(1) -4(1) 

Table c.1.4. Selected bond lengths [Å ] and an gles [ ๆ 

F(2)-C(2) 1.3548(9) N ( l ) - C ( l ) 1.339(1) C(3)-C(4) 1.413(1) 

F(4)-C(4) 1.3521(9) N(2)-C(3) 1.355(1) C(6)-C(5) 1.366(1) 

F(5)-C(5) 1.342(1) N(2)-C(6) 1.468(1) C(6)-C(8) 1.523(1) 

0(1)-C(1) 1.337(1) C( l ) -C(2) 1.393(1) C(6)-C(7) 1.525(1) 

N( l ) -C(5) 1.325(1) C(2)-C(3) 1.401(1) 

C(5) -N( l ) -C( l ) 

C(3)֊N(2)-C(6) 

0(1)-C(1)-N(1) 

0(1)-C(1)-C(2) 

N( l ) -C( l ) -C(2) 

F(2)-C(2)-C(l) 

F(2)-C(2)-C(3) 

C(l)-C(2)-C(3) 

N(2)-C(3)-C(2) 

N(2)-C(3)-C(4) 

116.49(7) 

126.76(8) 

119.86(7) 

117.90(8) 

122.24(8) 

117.26(7) 

120.87(7) 

121.86(8) 

127.07(8) 

119.13(8) 

C(2)-C(3)-C(4) 

F(4)-C(4)-C(5) 

F(4)-C(4)-C(3) 

C(5)-C(4)-C(3) 

N(l)-C(5)-F(5) 

N(l)-C(5)-C(4) 

F(5)-C(5)-C(4) 

N(2)-C(6)-C(8) 

N(2)-C(6)-C(7) 

C(8)-C(6)-C(7) 

113.80(7) 

121.11(8) 

118.43(7) 

120.46(8) 

115.68(7) 

125.12(8) 

119.20(8) 

107.28(7) 

111.24(7) 

111.53(8) 

Table c.1,5. Selected torsion angles [ ๆ 

C(6)-N(2)-C(3)-C(2) 

C(6)-N(2)-C(3)-C(4) 

C(3)-N(2)-C(6)-C(8) 

C(3)-N(2)-C(6)-C(7) 

12.90(14) 

-168.04(8) 

-171.56(8) 

66.22(11) 
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Table СЛ.6. Hydrogen bonds [Å and ๆ 

D-H. . . .A d(D-H) Cl
. 

> <(DHA) 

0 (1 ) -H(10) . . .N( l )# l 0.88(2) 1.90(2) 2.7711(10) 169.8(17) 

N(2)-H(2N) ....F(4) 0.43(17) 2.314(15) 2.7171(9) 109.8(13) 

Table c.1.7. Hydrogen coordinates (x and isotropic displacement parameters (Å 2 

X 10^). 

Atom X У z บ(eq) 

H(10) 6660(40) 5262(12) -729(17) 54(5) 

H(2N) 8610(30) 81900(10) 2539(15) 35(4) 

H(6) 12520(30) 8241(8) 887(12) 22(3) 

H(71) 8040(30) 8483(10) -282(15) 40(4) 

H(72) 7620(30) 9298(8) 453(12) 21(3) 

H(73) 10380(30) 9205(9) -326(15) 35(4) 

H(81) 13430(30) 9580(9) 1576(13) 28(3) 

H(82) 10640(30) 9554(9) 2315(14) 30(3) 

H(83) 13290(40) 8988(10) 2682(16) 44(4) 
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4-(Diethylamino)-3,ร,6-tr i f luoropyridm-2-ol (49). 
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Table c .2.1. Crystal data and structure refinement for (48). 

Empirical formula 

Formula weight 

Temperature 

Wavelength 

Crystal system 

Space group 

Unit cell dimensions 

Volume 

Z 

Density (calculated) 

Adsorption coefficient 

F(OOO) 

Crystal size 

Theta range for data collection 

Index ranges 

Reflections collected 

Independent reflections 

Completeness to theta = 30.00° 

Αάβοφ ί ίοη correction 

Refinement method 

Data I restraints I parameter 

Goodness-of-fit on ρ2 

Final R indices [I>2sigma(I)] 

R indicies (all data) 

Largest diff. peak and hole 

0 = 90° 

β = 93.46(1)° 

γ = 90° 

С9НпҒзМ20 

220.20 

120(2) К 

0.71073 Å 

Monoclinic 

P2i/ท 

a = 5.1450(2) Å 

b = 19.1493(6) Å 

с = 9.9069(3) Å 

969.88(6) Ä 3 

4 

1.508 Mg/m^ 

0.139 mm"' 

456 

0.48 x 0.25 x 0.22 醒 3 

2.33 to 29.0(Г 

-7<=h<=6, -25<=k<=26, -13<=1<=13 

9334 

2563 [R(int) = 0.0421] 

99.7 % 

None 

Full-matrix least squares on p ՝ 

2563 / 0 / 180 

1.071 

R| = 0.0351, wR2 = 0.1225 

Ri = 0.0385, wR2 = 0.1274 

0.358 and -0.286 е .Л ; 3 
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Table C.2-2. Atomic coordinates (x 10"̂ ) and equivalent isotropic displacement 

parameters (Å^ X 10^). บ(eq) is defined as one third o f the trace of the orthogonalised 

บ'-* tensor. 

Atom X У z บ(eq) 

0(1) -1713(2) 862(1) 4568(1) 29(1) 

F(2) -1795(1) 1824(1) 2649(1) 30(1) 

F(4) 5275(1) 635(1) 912(1) 32(1) 

F(5) 4883(1) -320(1) 2842(1) 34(1) 

N ( l ) 1632(2) 256(1) 3703(1) 25(1) 

N(2) 1839(2) 1817(1) 718(1) 30(1) 

C ( l ) 2(2) 804(1) 3661(1) 24(1) 

C(2) 36(2) 1314(1) 2670(1) 24(1) 

C(3) 1761(2) 1302(1) 1675(1) 23(1) 

C(4) 3418(2) 711(1) 1757(1) 25(1) 

C(5) 3244(2) 227(1) 2763(1) 26(1) 

C(6) 1440(2) 2552(1) 1055(1) 26(1) 

C(7) -1067(2) 2865(1) 363(1) 37(1) 

C(8) 2440(1) 1661(1) -666(1) 31(1) 

C(9) 623(2) 1122(1) -1376(1) 35(1) 

Table c.2.3. Anisotropic displacement parameters (Å^ X 10^). The anisotropic 

displacement factor exponent takes the Γοπη:-2π^Ρι^α*^υ" + ... + 2hka*b*บ*^] 

Atom U'' и 力 บ'^ 
0(1) 37(1) 24(1) 30(1) 3(1) 13(1) 4(1) 

Ғ(2) 35(1) 21(1) 37(1) 3(1) 13(1) 7(1) 

Ғ(4) 29(1) 33(1) 36(1) ֊1(1) 13(1) 4(1) 

Ғ(5) 33(1) 28(1) 41(1) 4(1) 9(1) 10(1) 

N(1) 27(1) 21(1) 27(1) -1(1) 4(1) 1(1) 

N(2) 44(1) 20(1) 27(1) 0(1) 10(1) -1(1) 

С(1) 27(1) 20(1) 26(1) -2(1) 4(1) -1(1) 

С(2) 27(1) 18(1) 27(1) -3(1) 5(1) 1(1) 
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C(3) 26(1) 19(1) 25(1) -2(1) 3(1) -2(1) 

c(4) 25(1) 24(1) 28(1) -3(1) 6(1) -1(1) 

c(5) 25(1) 21(1) 31(1) -2(1) 3(1) 2(1) 

c(6) 25(1) 20(1) 32(1) 1(1) 2(1) -2(1) 

C(7) 30(1) 41(1) 41(1) 9(1) 3(1) 8(1) 

C(8) 36(1) 30(1) 28(1) 2(1) 12(1) -1(1) 

C(9) 35(1) 41(1) 28(1) -5(1) 5(1) 1(1) 

Table c.2.4. Selected bond lengths [Å ] and angles [ ๆ 

0(1)-C(1) 1.332(1) N ( l ) - C ( l ) 1.341(1) C(2)-C(3) 1.398(1) 

F(2)-C(2) 1.355(1) N(2)-C(3) 1.371(1) C(3)-C(4) 1.414(1) 

F(4)-C(4) 1.347(1) N(2)-C(6) 1.467(1) C(4)-C(5) 1.371(1) 

F(5)-C(5) 1.341(1) N(2)-C(8) 1.469(1) C(6)-C(7) 1.515(1) 

N( l ) -C(5) 1.316(1) C( l ) -C(2) 1.387(1) C(8)-C(9) 1.511(1) 

C(5) -N( l ) -C( l ) 116.89(7) N(2)-C(3)-C(4) 123.41(8) 

C(3)-N(2)-C(6) 121.09(7) C(2)-C(3)-C(4) 113.51(7) 

C(3)-N(2)-C(8) 121.64(7) F(4)-C(4)-C(5) 119.15(8) 

C(6)-N(2)-C(8) 117.21(7) F(4)-C(4)-C(3) 121.09(8) 

0(1)-C(1)-N(1) 120.22(8) C(5)-C(4)-C(3) 119.64(8) 

0(1)-C(1)-C(2) 118.74(8) N(l)-C(5)-F(5) 115.64(8) 

N( l ) -C( l ) -C(2) 121.03(8) N(l)-C(5)-C(4) 125.75(8) 

F(2)-C(2)-C(l) 117.01(8) F(5)-C(5)-C(4) 118.58(8) 

F(2)-C(2)-C(3) 119.75(7) N(2)-C(6)-C(7) 114.29(8) 

C(l)-C(2)-C(3) 123.16(8) N(2)-C(8)-C(9) 112.88(8) 

N(2)-C(3)-C(2) 123.08(8) 

Table c.2.6. Hydrogen bonds [Å and ๆ 

D-H... .A d(D-H) d(H. —A) 

< ๐ •ปี <(DHA) 

0(1)-H(10). . . .N(1)#1 0.834(18) 1.908(18) 2.7382(10) 173.5(17) 
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Table c.2.7. Hydrogen coordinates (x 10՛*) and isotropic displacement parameters (Å 2 

X 10^). 

Atom X У z บ(eq) 

H(10) -1660(30) 502(10) 5044(17) 58(4) 

H(61) 1550(30) 2601(7) 1979(15) 36(3) 

H(62) 2860(30) 2817(7) 777(14) 33(3) 

H(71) -1070(30) 2857(7) -598(16) 40(3) 

H(72) -2560(30) 2646(8) 638(16) 46(4) 

H(73) -1260(30) 3349(10) 633(17) 64(5) 

H(81) 2180(30) 2081(7) -1172(14) 37(3) 

H(82) 4260(30) 1508(8) -745(14) 46(4) 

H(91) -1210(30) 1268(8) -1385(14) 49(4) 

H(92) 1010(30) 1051(8) -2314(15) 45(3) 

H(93) 790(30) 659(7) -924(14) 37(3) 
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