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A B S T R A C T 

M a n y current therapeutic agents are based on a core structure consist ing o f a fused ring 

heteroaromatic po l ycyc l i c system. Me thodo logy for the synthesis o f a range o f these 

structural ly diverse heteroaromatic derivat ives is therefore h i g h l y desirable and short, h igh 

y ie ld ing , regioselect ive and flexible routes to such systems is very important . 

Our methodo logy ut i l ises ทนcleophi l ic subst i tut ion react ions between pentaf luoropyr id ine 

(PFP) and its der ivat ives, and var ious b inucleophi les, e.g. 

Н 

+ Л 
CH3CN 

N , 、 ғ H NaHCOa F ' N ' . 

The methodo logy has also been extended to 4-subst i tuted te t ra f luoropyr id ine derivat ives 

and di f ferent b inuc leophi les , resul t ing in the successful synthesis of , among others, the 

system shown be low. 

ՏՕշԲհ 

H 
-КІ՝ 

CH3CN 

Տ Օ շ Բ հ 
0 、 

、 о н 
NaHCOa 

These fused systems are also reactive to further ทนcleophi l ic subst i tut ions 

MeO-Na"* 
MeOH 

MeO N OMe 
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Chapter 1 

I N T R O D U C T I O N 

The research presented i n this thesis is concerned w i t h the development o f nove l 

methodo logy for the synthesis o f b icyc l i c [6,6] fused r i n g heteroaromatic systems w h i c h 

are o f s ign i f icant interest to the pharmaceut ical and l i fe science indus t r ies / ' 2 Our 

methodo logy ut i l ises h igh l y fluorinated aromatic start ing materials such as 

pentaf luoropyr id ine and relies upon reactions o f such compounds w i t h suitable 

b inucleophi les. Th is in t roductory chapter is designed to p rov ide a rev iew o f the current 

ex ist ing methods for the synthesis o f appropriate fused ring systems before m o v i n g on to 

rev iew the chemist ry o f h i g h l y fluorinated systems, their reactions w i t h b inucleophi les and 

h o w this chemist ry can be appl ied to the sjoithesis o f b i cyc l i c [6 ,6] heteroaromatic systems. 

1.1) S Y N T H E S I S O F B I C Y C L I C [6,6] F U S E D R I N G S Y S T E M S 

I t is estimated that approx imate ly 7 0 % o f a l l pharmaceut ical products are based upon 

heterocycl ic structures due to a favourable combinat ion o f d rug- l i ke propert ies. L ip ińsk i 

has suggested that molecules are most l i ke ly to possess drug- l i ke phys iochemica l properties 

i f they obey the empi r i ca l ' ru les o f 5'.^ These rales are 

• The molecu lar we igh t is be low 500 

• The calculated log o f the octanol /water par t i t i on coef f ic ient is less 

than 5 

• There are less than 5 hydrogen bond ing donor atoms 

• The sum o f N and о atoms is less than 10 

M a n y smal l heterocycl ic compounds fa l l w i t h i n these parameters. I t is therefore desirable 

to develop ef fect ive methodo logy for the synthesis o f such l o w molecular we ight , 

1 



Chapter 1 

funct iona l heterocycles bear ing appropriate pharmacophor ic features.^ Advances i n 

parallel,^ c o m b i n a t o r i a l , ' * ' rap id analogue,'^ p r iv i leged s t r uc toe ' ^ ' ' ^ and d ivers i ty 

oriented'^"^' synthesis techniques require methodo logy fo r the generat ion o f m a x i m u m 

structural d ivers i ty from readi ly avai lable core scaffo lds. I t is also necessary for 

methodo logy to be reg io- and stereo-selective, versat i le, short and h i gh y ie ld ing to a l l ow 

the rapid synthesis o f m a n y analogues for bioassay. 

However , the analogue synthesis o f many po ly - f i inc t iona l ised heterocycl ic systems is 

hampered b y the l o w react iv i ty and regioselect iv i ty o f such s y s t e m s f o r example, the 

synthesis o f h i gh l y subst i tuted pyr id ine derivat ives from py r id ine i tse l f i n a regioselect ive 

manner is d i f f i cu l t , and syntheses g i v i ng access to polysubst i tu ted pyr id ines for use as 

bu i l d ing b locks are h i g h l y desirable.^^"^' 

B i cyc l i c [6,6] fused ring systems o f the type shown i n F ig . 1.1a can be found as the core 

structural uni t i n a w i d e range o f b io log ica l l y act ive m o l e c u l e s . ' ' 2 ' 32 For this reason the 

synthesis o f such compounds has been the focus o f a number o f publ icat ions over recent 

decades. 

Χ = ΝΗ, NR, О, S 

Rl - Кз = Cl, Br, F, NR2, 
OR, SR, alkyl etc. 

F ig . 1.1a b icyc l i c [6,6] fused ring core scaffolds o f m a n y b io log i ca l l y act ive molecules 

Th is section provides a b r i e f rev iew to i l lustrate methods most o f ten used to synthesise 

compounds o f this type. 



Chapter 1 

M o s t convent ional syntheses o f b icyc l i c [6,6] fused ring systems are concerned w i t h either 
the react ion o f a 1,2-dielectrophi le w i t h an aromatic 1,2-dinucleophi le (F ig . 1.1b), 

XH 
L G ^ R 

,XH 

՝N XH 
or 

X = NH, NR, О etc 
LG = Leaving group 

-X、 ヌ 

or 

F ig . 1.1b R i n g f o r m i n g react ion o f 1,2-dielectrophile w i t h aromatic 1,2-dinucleophile 

the react ion o f an aromat ic 1,2-dielectrophile w i t h a 1,2-dinucleophi le (F ig . 1.1c), 

LG 

N LG 

LG 

X、 ヌ 

Х R 

Х = NH, NR, OH etc 
LG = Leaving group 

, χ R 

՝ n ' ^ X R 

F ig . l . l c R i n g f o r m i n g react ion o f aromatic 1,2-dielectrophi le w i t h 1,2-dinucleophi le 

or the react ion o f an aromat ic component w i t h a second compound , each conta in ing a 

nucleophi l ic and e lect rophi l ic group (F ig . l . l d ) . 

丄 G 

нх R 
XH 

"N XH 

or 

՝N 
X = NH, NR, О etc 

LG = Leaving group 

,x、 J4 

or 

F ig . l . l d R i n g f o r m i n g reactions o f b i func t iona l aromatic and al iphat ic components 

՜ 3 ՜ 



Chapter 1 

1.1.1) R i n g F o r m i n g React ions o f 1 ,2-Die lect rophi les w i t h A r o m a t i c 1,2-
D inuc leoph i l es 

There are many reports o f ring f o rm ing reactions i n v o l v i n g aromatic 1,2-dinucleophiles, 

w i t h a select ion shown here to i l lustrate the pr inc ip les i nvo l ved . Tab le 1.1.1a shows a 

representative set o f reactions. 

1,2֊Dinucleophile 1,2-Dielectrophile Conditions Product(ร) 

A n H O 

NH2 

NH2 

ŅH2 

、Nく 

¿ií^K^OEi CH3CN 

G 

.NH2 

^OH 

^OH 

Nへ S — Na+ 

О^СҒ (СНз)2 

O ^ O E t 

H N ^ O E t 

EtOaC 

Br' Br 

ЕЮ2С 
_ )ᄀ\ 
Br Br 

B r ^ ^COzE t 

C l - ^ o 

С Ґ 

Ethanol 

Ethanol 

K2CO3, 
DMF 

K2CO3. 
DMF 

1) Е1зМ, THF 

2) K2CO3. 

acetone 

О С Ν 

Ν Η ๐ 

СҒ(СНз)2 

N ^ C O s E t 

Ν Ν 

Et ՐՀ\ 
N N 

2-CO?Et (trace) 
^ O ^ C O z E t 3֊C02Et (10%) 

щ 
refl ι 

MF 

Ν Ν 

О. .COoEt 

T a b l e l · l · l a R i n g f o rm ing reactions o f aromatic l ,2 -d inuc leophi les w i t h 1,2-

dielectrophi les 
, 32-36 



Chapter 1 

I t can be seen from the table that a range o f d i f ferent d inucleophi les can be used both w i t h 

symmetr ica l and unsymmet r ica l dielectrophi les to p rov ide access to numerous [6,6] fused 

ring systems possessing k n o w n or potent ia l b io log ica l ac t iv i ty . React ions A , в and с can 

also be carr ied out us ing 2,3-d iaminopyr id ine as the aromatic start ing mater ia l . W h e n 

unsymmetr ica l d ie lectrophi les are used ( for example react ions c , F and G ) reactions can be 

h igh ly or comple te ly chemospeci f ic p rov ided the t w o electron r i ch centres d i f fe r 

su f f ic ien t ly i n ทนcleophi l ic i ty . 

1.1.2) R i n g F o r m i n g React ions o f A r o m a t i c 1 ,2-Die lect rophi Ies w i t h 1,2-

D inuc leoph i l es 

A g a i n there are m a n y reports o f ring f o rm ing reactions i nvo l v i ng aromatic 1,2-

dielectrophi les, and on l y a select ion are shown i n Table 1.1.2a. 

1,2-Dielectrophile 1,2-Dinucleophile CondKions Product(ร) 

N ^ N 

HO 

1)NaH, DMF 
O ^ P h 2)10%Pd/C, 

H2, MeOH 
3) DIAD, РРҺз, 

THF 

՝N О" 

О 

COzH 

Х = NMe, О 

DMF 

100°с 
Ņ N N 
I Et 

T a b l e 1.1.2a R i n g f o r m i n g reactions o f aromatic 1,2-dielectrophiles w i t h 1,2-

<1ասշ16օբհՍ6տ՝՛̂ ՛ 38 

React ion A gave the desired product i n an overa l l y i e ld o f 6 9 % w i t h the ut i l isat ion o f a 

M i t sunobu react ion for the cyc l isat ion step and piperazine substiณents were added to the 

product accord ing to F ig . 1.1.2a to g ive a range o f subst i tuted compounds. 
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1) Η2θ2/ΑοΟΗ 

― 6 0 ° С , 20 һ ^ 

2) P0Cİ3 
reflux, 16 һ 

Ҫ1 

՝N О" 
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н 

N 
R 

pyridine 

R 

0、 

200°c, 4 h ^ N ^ O " 

R = H, РҺСН2, 2-CH3OC6H4 

Method A 60% 

F ig . 1.1.2a A d d i t i o n o f piperazine substituents to 2 ,3 -d ihydro [ l ,4 ]d iox ino [2 ,3 -Ŕ]py r id ine 

R ing f o rm ing react ions o f h i gh l y fluorinated aromatic compounds w i t h b inucleophi les can 

also be discussed i n th is sect ion, however, as this topic is d i rec t ly relevant to the research 

detai led i n this thesis a thorough rev iew o f the mater ia l can be found i n Sect ion 1.5. 

1.1.3) R i n g F o r m i n g Reac t ions o f B i f u n c t i o n a l A r o m a t i c a n d A l i p h a t i c C o m p o n e n t s 

Examples o f reactions o f this type are less widespread w i t h three examples out l ined here. 

Several aza analogues o f the 2 ,3 -d ihyd ro - l ,4 -benzod iox in core substituted w i t h a 

b romomethy l group i n the 1,4-dioxane ring, required fo r a drug d iscovery program at 

Johnson & Johnson, were synthesised according to the f o l l o w i n g react ion schemes (F ig . 

1.1.3a). 3 9 

Br 
一 Bľ Br 

Cl 
ОМОМ он 

NaH, DME, reflux 

ОМОМ 1 ) 6 ք շ , Շ հ շ 0 1 շ , RT 

2) HCl (5%), RT 

, Ο Η 

Cl 
1) .он 

η μ DEAD, РРҺз, 

THF, RT > 

2) BnOH, NaH, 

DME, reflux 

OBn 

՝ ^ CHjCQ, RT 

OBn Вгч 

0 、 

NaHCOa 

EtOH, reflux ՝ N 

1)ҒеС1з, CH2CI2 

、Br RT 

2) Na K Tartrate 
EtOH, reflux 

'Br 

F ig . 1.1.3a Synthesis o f aza analogues o f 2 ,3-d ihydro-1 ,4-benzod iox in core 
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The cyc l isat ion step i n the above reactions was carr ied out i n the presence o f a weak base, 

and analogues conta in ing t w o ni t rogen atoms i n the aromatic ring were subsequently 

prepared. 

Related compounds have been synthesised b y Gu i l laumet et ö / . 4 ° (F ig . 1.1.3b). 

.он 
СІ、 

NaH, DMF 
О reflux , 

О ОН 
' 0 、 ҮН д ) 、 

THF 

Z = F , Cl, Br, I, NO2 

Y = 0СН2РҺ 
NiCHsļCHjPh 
МНСНгРҺ 

Base/Solvent 
0 ՜ 

д)、 众 
Y 

՝N О Y 

力、 / Y . 0 、 

F ig . І . І .ЗЬ Synthesis o f funct ional ised 2 ,3 -d ihyd ro [ l , 4 ]d iox ino [2 ,3 -0 ]py r i d ine 

The fo rmat ion o f isomer в is attr ibuted to a Smi les rearrangement w h i c h is faci l i tated b y 

electron w i t h d r a w i n g groups attached to the aromatic ring, and w h e n z was a n i t ro group, 

increased yie lds o f the rearranged product в were observed. The choice o f base and 

solvent also affects the rat io o f isomers A to B , less o f the rearranged product в was 

observed w h e n sod ium hydr ide and dimethoxyethane were used compared w i t h potassium 

fórř-butoxide i n butano l . 

Py r ido [4 ,3 -0 ] [ l ,4 ] th iaz inones can also be synthesised us ing b i func t iona l aromatic and 

al iphatic components (F ig . 1.1.Յշ).՛*՛ 
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о ^ о н 

Ζ ^ Ν θ 2 О Reductive i ^ Ń H 
" 2 и [ļ _ c y c l i s a t i o n ļ| 

ν ク 、Ν^ 

F ig . 1.1.3c Synthesis o f pyrido[4,3-¿)][ 1,4]thiazmes from 4-bromo-3-n i t ropyr id ine 

1.2) A P P L I C A T I O N S O F B I C Y C L I C [6,6] F U S E D R I N G S Y S T E M S 

Pharmaceuticals based u p o n b icyc l i c [6,6] fiised ring systems are w i d e l y reported i n the 

l i terature. Such compounds have been used for the treatment o f ժյ՚տբշբտւՅ՛*՛^ and as fo l ic 

acid antagonists w h i c h m a y act as potent ia l anti-cancer d rugs . 4 3 

1.2.1) Fo l i c A c i d A n t a g o n i s t s 

T w o potent ia l fo l i c ac id antagonists w h i c h are based upon a b icyc l i c [6,6] fused ring 

system are shown i n F ig . 1.2.1a. 

ŅH2 ŅH2 

Ph 

^ V - - N - 人 -N、 

RHN N N H2N N N ' 

F i g . 1.2.1a Potent ial fo l ic acid antagonists 

Fol ic acid is a B -v i t am in w h i c h the body uses to b u i l d cel ls. Howeve r , i n cancer patients i t 

can st imulate t umou r g row th . I t is thought that molecules such as those shown above 

w o u l d b ind to enzymes invo l ved i n this pathway o f tumour g row th and thus s low d o w n the 

process. 
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1.2.2) A n t i - T u m o u r Agen ts 

I t is k n o w n that po l ycyc l i c n i t rogen conta in ing heteroaromatics f o r m the basis o f numerous 

D N A intercalat ing drags,'*'* and speci f ica l ly , the molecules such as those shown be low in 

F ig . 1.2.2a have exh ib i ted in vitro evidence o f i nh ib i t i on o f cancerous cel l g rowth w h i c h is 

p romis ing for future ant i -ณmour agents. 

Bu 

O2N N N 
Bu 

F i g . 1.2.2a Future ant i - tumour agents? 

S imi la r l y , a separate class o f po lycyc l i c n i t rogen conta in ing heteroaromatics has been 

shown to cause regression i n cancerous tumours (F ig . l.l.lbý^ wh i l s t related molecules 

have also shown ac t i v i t y against certain strains o f feberculosis/^ 

H2N N N 

ҪО2Н 

О (¿N¡ )2 

N CO2H 

A M T R i = N, R2 = Н 

M T X R-ļ = N, R2 = CH3 
EDX R i = C H , R2 = C2H5 
PDX R l = C H , R2 = H2C-CH3 

F ig . 1.2.2b Analogues o f 10-deazaaminopterin exh ib i t i ng curat ive effects against human 

t u m o w xenografts 
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Po lycyc l ic n i t rogen conta in ing heteroaromatics have been reported to act against diseases 

such as epi lepsy, strokes and A lzhe imer ' ร (ՍՏ63Տ6,՛*^ and are p rov i ng attractive as potent ial 

48 ant imalar ia l agents. 

1.2.3) Select ive G l y c i n e An tagon is t s a n d A n t i m a l a r i a l Agen ts 

T w o pyr ido [2 ,3-0 ]pyraz ine molecules that act as selective antagonists for g lyc ine are 

shown i n F ig . 1.2.3a. G lyc ine is k n o w n to st imulate the N-methy l -D-aspar tate ( N M D A ) 

receptor i n the bra in and overact ivat ion o f this receptor has been impl ica ted i n such 

neurodegenerative diseases as epi lepsy, stroke and A l zhe ime r ' ร . Consequent ly, i f the 

g lyc ine site is targeted b y an antagonist, then overact ivat ion m a y be avoided. 

C I ^ N N ^ O C l ^ ř v J ^ ^ N ^ ^ O 
Н— į Н 

F ig . 1.2.3a Analogues o f pyr ido [2 ,3-ô ]pyraz ine and py r ido [2 ,3 -6 ]py raz ine-N-ox ide as 

selective g lyc ine antagonists 

The synthesis o f these analogues is shown i n F ig . \.2.3հ.՛*^ 

к,ハ ― MU CICOCOCI н АсОН/НҙОҙ or й ᄋ 
NC»2 Fe/CaCİ2 / ^ N H 2 or EtOoCCOoEt ք ^ ՛ ^ ՝ ^ CF3CO2H/H2O2 ( ґ ^ ՝ք 

՚ ^ / ՚ ՚ ՚ ^ շ or EtOgCCOzEt ^ ( f ^ J СРҙСОгН/НгО;^ į - ՝、'ᄉ 

N ^ N H z R ^ N ^ N ^ O í H N О N NH2 

F i g . 1.2.3b Synthesis o f selective g lyc ine antagonists 

F ig . 1.2.3c shows a part icular compound that m a y be an e f fec t ive ant imalar ia l agent."^ 

10 
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Et2N, 
՜ N IN IN ļ 

z 、CI 

F i g . 1.2.3c 8 -amino-3- (p-ch loropheny l ) -6 - [ [4 -d ie thy lamino) -1 -

methy lbu ty l ]amino ]pyr ido [2 ,3 -è ]py raz ine as a potent ia l ant imalar ia l agent 

1.2.4) An t i -dep ressan ts 

One class o f compounds that has undergone s igni f icant invest igat ion for anti-depressant 

act iv i ty is shown in F ig . 1.2.4a. They are k n o w n to act as antagonists for the product ion o f 

a hormone w h i c h is secreted dur ing t imes o f տէէշտտ.՛՛^ I f a mo lecu le can act as an antagonist 

for the product ion o f this hormone then i t cou ld be used as an anti-depressant. 

N 、 ,N 

e.g. Ri = CH3, Br 
R2 = OCHEt j , NHR 

F ig . 1.2.4a Core strucณre o f molecules invest igated as anti-depressants 

1.2.5) T r e a t m e n t o f I n f l a m m a t i o n a n d A u t o i m m u n e Diseases 

Au to immune diseases such as rheumat ism, asthma and psoriasis can be treated b y drugs 

based on the f o l l o w i n g core structure (F ig . 1.2.5a). 

11 
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Р 

(НзС)2М֊8. 

N 、 JSI 

F ig . 1.2.5a Pyr ido- th iaz ine analogue for the treatment o f au to- immune diseases 

1.2.6) P h a r m a c e u t i c a l s based o n a lOH-Benzo【み ]pyr idop C o r e 

Several commerc ia l pharmaceuticals w h i c h are related to a 10H-benzo[6 ]pyr ido[2 ,3-

e ] [ l , 4 ] th iaz ine exist, some o f w h i c h are shown in F i g . 1.2.6a. 

о 

一に J j 

-N-、 Ж 

՝ ร ' 
с 

.он 

,N、 J ง 

-Nへ Ж 

S ' 

D 

F ig . 1.2.6a Commerc ia l pharmaceuticals based on a 10H-benzo[Ŕ]pyr ido[2,3-

e ] [ l , 4 ] th iaz ine core 

Compound A is used as an antiณssive agent w h i c h prevents or rel ieves coughing,^ ' в is an 

antipsychotic,^^ С is an antiemetic agent w h i c h prevents or rel ieves nausea or vomi t ing^^ 

and D is an antihistamine.^^ The syntheses o f compounds в and D are shown i n F i g . 

1,2.6b. 

12 
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.NH2 

.NO2 
、SH 

- N ^ C I KOH/MeOH 、N' 

.NO2 H2N. 

՝ ร ' 

О о 

о 

ҪОСНз 

.NO2 Htᄂ 

React with 
appropnate 

dialkylaminoalkyl 
chloride 

KOH/EtOH 
Acetone 

NO2 HS 

N N 

、տ՜ 
D 

F i g . 1.2.6b React ion scheme to show the fo rmat ion o f compounds в and D 

1.3) O R G A N O F L U O R I N E C H E M I S T R Y 

Before w e move o n to discuss the ring f o rm ing reactions o f h i g h l y fluorinated aromatic 

compounds i t is necessary to introduce some general o rganof luor ine chemist ry along w i t h a 

discussion o f the synthesis and react iv i ty o f such comงounds. 

Organic molecules found i n паШге are composed m a i n l y o f carbon, hydrogen, n i t rogen and 

oxygen atoms, w i t h very few examples o f natura l ly occur r ing molecules that conta in 

fluorine. I n fact, the existence o f molecules conta in ing carbon- f luor ine bonds is a lmost 

ent i re ly due to human ef for ts , dr iven b y the fact that the replacement o f one or more C - H 

bonds b y a C-F bond can dramat ica l ly change the phys ica l , chemica l and b io log ica l 

propert ies o f a compound . For example, acetic ac id is household vinegar but the 

13 
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in t roduc t ion o f one fluorine a tom gives fluoro-acetic ac id w h i c h is h i g h l y tox ic . The 

presence o f fluorine can also impart d i f ferent b ioac t i v i t y or react iv i ty to a molecule,^"^ and it 

is the un ique characterist ics o f fluorine and its bonds to carbon that are responsible for 

these changes. The most impor tant propert ies o f fluorine atoms are l isted be low. 

1) F luor ine is the most electronegative element,^^ w h i c h means that i t can attract electrons 

present i n a chemica l bond towards itself, thereby comple te ly changing the electronic 

env i ronment and a f fec t ing the chemical react iv i ty o f an organic molecu le . For example, 

penta f luoropyr id ine is ex t remely non-basic and requires super acids for protonat ion o f the 

ring n i t rogen to оссиг^б compared to pyr id ine w h i c h is a re la t ive ly strong base. 

2) A carbon- f luor ine bond is the strongest single bond to carbon that exists, so some h igh l y 

fluorinated systems can be chemica l ly inert and therma l l y stable, for example 

tetraf luoromethane on l y decomposes at temperatures greater than 2000°c.^^ 

3) A fluorine a tom possesses three pairs o f negat ive ly charged non-bond ing electrons i n its 

outer shel l . Th is c loud o f non-bond ing electrons surrounding each fluorine atom can, in 

h igh l y fluonnated systems such as poly( te t raf luoroethy lene) ( P T F E ) , be regarded as a 

protect ive sheath sh ie ld ing the carbon backbone from chemica l attack, p rov id ing many 

h igh l y fluorinated systems w i t h h igh thermal and chemica l stabil i ty.^^ 

4 ) F luor ine and hydrogen have van der Waals rad i i o f 1.47 Å and 1.20 人 respectively,^^ and 

this means that fluorine can take the place o f hydrogen i n v i r t ua l l y every kind o f organic 

molecule, thereby al ter ing the chemical propert ies o f the mo lecu le w i t hou t great ly changing 

14 
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the geometry o f the syst em. There is also evidence to suggest that fluorine can act as a 

hyd roxy l group m i m i c . ^ ' ' " 

Today, m a n y fluorinated products have found a w ide range o f uses in society; from 

pharmaceuticals (e.g. Prozac®), agrochemicals, anaesthetics and refr igerants; to non-st ick 

coatings (e.g. Tef lon®) and mater ials for the aerospace industry.^^ 

1.4) S Y N T H E S I S O F H I G H L Y F L U O R I N A T E D A R O M A T I C A N D 

H E T E R O A R O M A T I C C O M P O U N D S 

The f o l l o w i n g sections are concerned w i t h the synthesis and subsequent chemistry o f 

h i g h l y fluorinated aromatic and heteroaromatic systems, w i t h part icular emphasis o n 

pentaf luoropyr id ine (PFP), the reactions o f w h i c h f o r m the basis o f the exper imental parts 

o f th is thesis. The first serious รณdy o f the chemist ry o f hexaf luorobenzene began i n 

1 9 5 6 " and was the start o f an explorat ion o f a new area o f chemist ry , w i t h fluorine as the 

predominant substiณent i n many types o f aromatic and heteroaromatic systems. 

The most impor tant methods for the synthesis o f h i g h l y fluorinated aromatic and 

heteroaromatic compounds are; 

• Saturat ion-rearomatisat ion b y de f luor ina t ion 

• D i rec t replacement o f hydrogen b y fluorine 

• D i rec t replacement o f ch lor ine b y fluorine 

The final me thod , di rect replacement o f ch lor ine b y fluorine, produces far superior y ields 

than the other t w o methods. 

15 
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1.4.1.) S a t u r a t í o n - r e a r o m a t i s a t i o n b y D e f l u o r i n a t i o n 

Pentaf luoropyr id ine was obtained for the f irst t ime b y the electrochemical fluorination o f 

pyr id ine f o l l owed b y def luor inat ion o f per f luoropiper id ine over i ron (F ig . 1 .Д.І.а).^'*'65 

Fe 
、 

՝N ' 

26% 

F ig . 1.4.1a React ion scheme for the synthesis o f PFP v ia saturat ion-rearomatisat ion by 

def luor inat ion 

1.4.2) D i r e c t R e p l a c e m e n t o f H y d r o g e n b y F l u o r i n e 

Di rect replacement o f a l l the hydrogen atoms i n pyr id ine b y fluorine atoms was achieved 

by the react ion o f py r id ine w i t h CSC0F4 at 350°c, again i n l o w y ie ld (15%).^^ Other 

products fo rmed were undecaf luoropiper id ine, par t ia l ly fluorinated pyr id ines and some 

acycl ic fluorocarbons. The proposed mechanism for the react ion is out l ined i n F ig . 1.4.2a. 

F 

CsCoF 

N' 

-e' 

350°c 

N' Co"i֊^Coii N H 

C o " U C o " 

-<-
-H+ 

N N' H 

F i g . 1.4.2a Proposed mechanism for the per f luor ina t ion o f pyr id ine 
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1.4.3) D i r e c t R e p l a c e m e n t o f C h l o r i n e b y F l u o r i n e 

The th i rd method to be discussed is the standard method b y w h i c h per f luor inated n i t rogen 

conta in ing heterocycles and other aromatics are synthesised today. I t was prev ious ly 

reported that ch lor ine i n polychlorobenzenes cou ld be replaced b y fluorine using potassium 

fluoride v i a a ทนcleophi l ic aromatic subst i tut ion process i n polar solvents l ike sulfolane.^^ 

However , i t was found that w i thou t solvent, at h igher temperaณres, better y ie lds o f PFP 

cou ld be produced, again using potassium fluoride as the source o f fluoride ion . Th is 

method gives the best y ie lds o f PFP w h i c h are i n the reg ion o f 68%^^ (F ig . 1.4.3a). 

PCIą^ VV '̂ KF 
N, autoclave ^í^ը. autoclave 

280-285°C 480°c 

F ig . 1.4.3a React ion scheme for the synthesis o f PFP from py r id ine v ia perch loropyr id ine 

This halogen exchange process has also shown some success for per f luor ina t ing ni t rogen 

heterocycles conta in ing funct ional groups, for example, 2-cyanotet ra f luoropyr id ine can be 

reacted w i t h potass ium fluoride to g ive 2-cyanotet ra f luoropyr id ine in a 7 5 % y i e l d . 6 9 

1.5) R E A C T I V I T Y O F H I G H L Y F L U O R I N A T E D A R O M A T I C C O M P O U N D S 

When exper iments began to assess the react iv i ty o f hexaf luorobenzene, i t was found that 

the compound was re la t ive ly unreactive towards electrophi les w h i c h , is o f course, the 

opposite trend to that observed fo r hydrocarbon benzenoid compounds. I t was soon 

discovered that per f luoroaromat ic compounds read i ly underwent ทนcleophi l ic subst i tut ion 

reactions due to the presence o f the fluorine atoms w i t h d r a w i n g eleetron density from the 
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ring and leav ing i t susceptible to attack b y ทนcleophiles. Consequent ly, the term 'm i r ro r -

image ' chemis t ry was appl ied to the reactions o f such per f luoroaromat ic species. 

1.5.1) 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 i n H i g h l y F l u o r i n a t e d A r o m a t i c 

C o m p o u n d s 

The displacement o f fluoride ion from a h igh l y fluorinated system proceeds t toough a t w o 

step mechanism i n w h i c h the f irst step is rate l i m i t i n g (F ig . 1.5.1a).™ 

N u ๙ 、 

Nuc 

-F-ki slow 

•̂ 2 fast F ^ N 
N' 

F i g . 1.5.1a Mechan ism for nuc leophi l ic aromat ic subst i tut ion o f PFP 

A ทนcleophi le attacks the aromatic ring to f o r m a negat ive ly charged Meisenheimer 

complex w h i c h then loses fluoride ion to g ive the subst i tuted product . Evidence for the 

fo rmat ion o f such a Meisenheimer complex comes from the react ion o f t r i f luoro -5 - t r iaz ine 

w i t h cesium fluoride i n tetraglyme (F ig . 1.5.1b). The Meisenheimer complex formed i n 

this case is stable at r o o m tempera toe and can be observed b y 19F N M R . ^ ' 

T F\ / 
N Z \ 、 N じտւ__ n ; ไ n CsF 

tetraglyme p. F N 、 F 。 ' F N F 

Fíg. l .s. lb React ion o f t r i f luoro -5 - t r iaz ine w i t h ces ium fluoride to f o r m a r o o m temperature 

stable Meisenheimer comp lex 

K inet ic studies o f nuc leophi l ic subst i tut ion reactions o f var ious poly f luorobenzene 

derivat ives have shown that fluorine atoms Ortho and meta to the site o f nuc leophi l ic attack 
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are act ivat ing w h e n compared to a hydrogen a tom at the same pos i t ion , whereas fluorine 

atoms para to the site o f ทนoleophil ic attack are deac t i va t ing /^ ' 73 T o expla in these results 

i t is necessary to consider the effects o f fluorine on carbanion stabi l i ty . I n s iณat ion ( I ) 

shown i n F ig . 1.5.1c, fluorine is st rongly carbanion stabi l is ing due to the w i thd rawa l o f 

electron density f r o m the carbanion centre th rough the σ bonds, Խ effects. However , i n 

si tuat ion ( I I ) there are t w o opposing effects to consider, 

' c — — C - ^ F c ' -* -F 

( I ) ( I I ) 

F ig . 1.5.1c Representat ion o f fluorine Or tho to and d i rec t ly bonded to a carbanion site 

the Խ effects ment ioned above, and Ιπ effects w h i c h arise from the repuls ion between the 

non-bonding electron pairs at fluorine and the carbanion centre. W h i c h effect dominates is 

determined b y the geometry o f the system, and i t is f ound that Ιπ effects are greater for a 

planar sp2 hybr id ised carbanion than for a tetrahedral sp3 hybr id ised carbanion (F ig . 

1.5.1d). 

Sp3 hybridised sp2 hybridised 

carbanion carbanion 

F ig . 1-5. ld Representat ion o f the interactions between sp3 and sp" hybr id ised carbanionร 

and an adjacent fluorine a tom 

Overa l l , when fluorine is adjacent to an sp3 hybr id ised carbanion i t is s tabi l is ing, but whe n 

it is adjacent to an sp2 hybr id ised carbanion i t is destabi l is ing. 
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So, in the case w h e n a fluorine a tom is para to the site o f ทนcleophi l ic aromatic 
subst i tut ion, délocal isat ion o f charge i n the M e i senheimer t ransi t ion state to this pos i t ion 
w o u l d be destabi l is ing (F ig . 1.5. le), hence para fluorine atoms are deact ivat ing. 

R ^Nuc 

Nu๙ 

F ig . 1.5. l e Destab i l i s ing inf luence o f fluorine a tom para to site o f ทนcleophi l ic attack 

It w o u l d be expected that this w o u l d also be the case for a fluorine a tom ortho to the site o f 

ทนcleophil ic attack, however , this is not the case due to the large act ivat ing effect o f ortho 

fluorines i n the i n i t i a l state o f the react ion. Ortho fluorine atoms can w i t hd raw electron 

density from the adjacent C-F bond under attack m a k i n g i t more reactive towards 

ทนcleophiles, and this ef fect outweighs any Ιπ repu ls ion observed i n the t ransi t ion state. 

Some รณdies suggest that the resonance canonical where the negat ive charge is delocal ised 

onto the para site is more impor tant than the canonical i n w h i c h charge is delocal ised to the 

ortho pos i t ion mean ing that the destabi l is ing in f luence o f para fluorine atoms is s l igh t ly 

6ոհՅՈՇ6(17՛՛՛ 75 I t is easy to see w h y meta fluorine atoms w i l l be stabi l is ing b y consider ing 

the Meisenheimer complex fo rmed in the react ion; the negat ive charge is delocal ised to 

sites adjacent to a C-F bond w h i c h is stabi l is ing due to Ι σ effects (F ig . 1.5. I f ) . 

R,. ^Nuc 

Fig- l -5 .1 f S tab i l is ing effect o f fluorine atoms meta to the site o f attack i n ทนcleophi l ic 

aromatic subst i tut ion reactions 
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Based on the above arguments, i t can be seen that the or ientat ion o f subst i tut ion in 

po ly f luorobenzene der ivat ives is governed b y the necessity to have a m a x i m u m number o f 

act ivat ing fluorine atoms {ortho and metà) and a m i n i m u m number of para fluorines. 

1.5.2) 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 i n P e n t a f l u o r o p y r i d i n e 

The presence o f the ring n i t rogen i n pentaf luoropyr id ine has the effect o f l ower ing the 

L U M O energy o f the molecu le m a k i n g i t approx imate ly 10^ t imes more reactive towards 

nuc leophi l ic aromatic subst i tut ion than hexaf luorobenzene/^ Nuc leoph i l i c aromatic 

subst i tut ion is h i g h l y select ive, w i t h the order o f act ivat ion towards attack being: 

4 > 2 > 3 

w i t h few except ions.^ ' ' 78 The selective replacement o f fluorine atoms in PFP fo l l ows from 

arguments discussed i n the previous section along w i t h the added in f luence o f the ring 

ni t rogen. The 4 - and the 2-posi t ions are most act ivated towards nuc leophi l ic attack due to 

the stabi l is ing in f luence o f the ring n i t rogen i n the t ransi t ion state (F ig . 1.5.2a). 

Nuc , 

Nuc 

入 'N 

I / ՜ ՜ ^ Nuc 

F ig . 1.5.2a M o s t stable resonance forms o f Me isenhe imer complexes fo rmed b y 

nuc leophi l ic attack at the 4 - and 2-posi t ions 
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The 4-posi t ion has t w o ortho, t w o meta and no para fluorines compared w i t h the 2-posi t ion 

w h i c h has one ortho, t w o meta and one para fluorine. Based on the arguments discussed in 

Sect ion 1.5.1 this explains w h y the 4-pos i t ion is favoured over the 2-posi t ion. 

M a n y nuc leophi l ic aromatic subst i tut ion reactions o f penta f luoropyr id ine have been 

invest igated and a comprehensive rev iew b y Brooke^^ is a good source o f reference. F ig . 

1.5.2b h igh l ights a smal l number o f molecules that can be synthesised b y react ion o f PFP 

w i t h ทนcleophiles. 

ՏՕշԲհ ŅiCHah 
М(СНз)2 

N N(CH3)2 

ҪҒ(СҒз)2 

НзСО N ОСНз 

F i g 1.5.2b Nuc leoph i l i c substi tut ions o f P F P , reagents: 1) 1 eq ЫН(СНз)2,^° 2) 2 eq 

МН(СНз)2,^° 3) А ІВгз , H B r , autoclave,^' 4 ) KF， СҒ2=СҒСҒз, sulfolane,^^ 5) 1 eq NaOMe,^° 

6) 3 eq NaOMe,^° 7) N a C N , D M F , ' ' " 8) P h S O j N a , D M F . 82 83 

I t can be seen that subst iณt ion at more than one pos i t ion on the PFP ring can be achieved 

depending on the number o f equivalents o f ทนcleophi le used i n a react ion, and i n this 
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manner h i g h l y funct ional ised PFP derivat ives can be obtained such as those out l ined i n F ig . 

СҒ(СҒз)2 ҪҒ(СҒз)2 

СҒ2=СҒ-СҒз ' ՝ ү ' Ц ^ ' ^ HB ひ̂  ՚̂ –՝–^^ 

(64%) (80%) 

pipendine 
MeCN 

ҪҒ(СҒз)2 ҪҒ(СҒз)2 

ОМе _ 

MeONa 

(80%) (83%) 

F ig . 1.5.2c React ion scheme to show the fo rmat ion o f 6 ' -B romo-5 ' - f l uo ro -3 ' -me thoxy -4 ' -

( l , 2 ,2 ,2 - te t ra f l uo ro - l - t r i f l uo romethy l -e thy l ) -3 ,4 ,5 ,6 - te t rahyd ro -2H- [ l , 2 ' ] b ipy r i d iny l f iOm 

PFP 

1.6) R E A C T I O N S O F P E R H A L O G E N A T E D P Y R I D I N E D E R I V A T I V E S W I T H 

B I N U C L E O P H I L E S 

The prev ious sect ion covered mater ia l re la t ing to the reactions o f h i gh l y fluorinated 

aromatic systems w i t h ทนcleophiles and w e n o w m o v e o n to discuss reactions o f 

per f luoroaromat ic systems w i t h b inucleophi les. There has been re lat ive ly l i t t le 

invest igat ion into the reactions o f b inucleophi les w i t h po ly f luoroaromat ic systems, and 

there are a l im i t ed number o f reactions o f PFP and hexaf luorobenzene w i t h b inucleophi les 

reported i n the l i terature. Reports o f the fo rmat ion o f fused ring systems by the react ion 

o f perch loropyr id ine and 2,3,5,6-tetrachloropyr id ine der ivat ives w i t h b inucleophi les are 

also wo r t h not ing.*^ ' 89 Th is section is concerned w i t h such reactions. 
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1.6.1) Reac t ions o f P e r c h l o r o p y r i d i n e a n d 2 , 3 , 5 , 6 - T e t r a c h l o r o p y n d i n e Der i va t i ves 

w i t h B inuc leoph i l es to F o r m [6,6] Fused R i n g Systems 

Dainter et ű / . 89 have shown that i t is possible to f o r m fused ring systems by the react ion o f 

2,3,5,6- tetrachloro- isonicot inoni t r i le w i t h benzene-1,2-dio l , 1,2-phenylenediamine and 

Ν,Ν,Ν',N - tetramethylethane-1,2-diamine ( T M E D A ) , F ig . 1.6.1a. 

C I ^ N ^ C I NaHCOa, IPA C I ^ N ^ O 

ÇN 

C k JL > l 、 

CN 

СІ 

F i g . 1.6.1a React ion o f 2,3,5,6- tet rachloro- isonicotmoni t r i le w i t h benzene-1,2-dio l , 1,2-

phenylenediamine and T M E D A 

I n al l o f the reactions shown i n F ig . 1.6.1a, no uncyc l ised intermediate was observed 

mak ing it unclear whether in i t ia l attack o f the b inuc leoph i le was at the 2- or the 3-posi t ion. 

T h e preparat ion o f fused ring heterocycl ic compounds was attempted us ing 

perch loropyr id ine and al iphat ic p r imary diamines as start ing mater ials but no desired 

cyc l ised product was obtained.^^ Reactions were also attempted in d imethy l fo rmamide , 

d imethy lan i l ine and i n the absence o f solvent w i t hou t success. F i g . 1.6.1b shows the 

products f o rmed b y the reactions o f perch loropyr id ine and 2,3,5,6- tetrachloropyr id ine w i t h 

T M E D A and Τν,Λ'^'-dimethylethylenediamine. 
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Cl 

Cl 

х 
Cl 

TMEDA 

Х 

C I ^ N ^ Ņ - ^ C I ^ N ^ N ( C H 3 ) 2 
X = CI 
X = H x = Cl, 41.3% 

x = H, 46.8% 

N ^ N 

X = Cl, 34.7% 
X = H, 37.8% 

Cl 

Cl 
X = Cl, 19.7% Only formed in reaction 
Χ = Η, 29.0% where Χ = Cl, 26.0% 

F ig . 1.6.1b React ion o f perch loropyr id ine and 2,3,5,6- tetrachloropyr id ine w i t h T M E D A 

and Ν, Մ -d imethy le thy lenediamine 

W h e n pentach loropyr id ine is reacted w i t h iV,A^ ' -d imethy le thy lenediamine, in i t ia l attack 

occurs at the 2- and 4-posi t ions f o l l owed b y attack at the 3-posi t ion to y ie ld a m ix tu re o f 

isomers. I n the case o f the react ion w i t h T M E D A , i t is on l y the less hindered 2-chlor ine 

that is replaced to g ive one isomer. For the react ion o f 2,3,5,6- tetrachloropyr id ine w i t h 

both d iamines, in i t ia l attack occurs at the 2-pos i t ion f o l l owed b y cyc l isat ion at the 3-

posi t ion. Further support fo r th is mechanism is p rov ided b y the fo rmat ion o f the a -

d imethy laminopyr id ines as by-products f r o m the react ion o f T M E D A w i t h bo th pyr id ines. 

I t is thought that these by-products are fo rmed accord ing to the f o l l o w i n g mechanism (F ig . 

1.6.1c). 

X 

C I \ J ; ^ C I 

C I - ^ N N 

СІ 

I 

X 

ぐ 
C ľ ^ N М(СНз)2 

- N 、 

Cl 

F ig . 1.6.1c Mechan ism fo r the fo rmat ion o f the a -d ime thy lam inopy r id ine by-products 
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One po in t w o r t h no t i ng when discussing the reactions o f perchloroaromat ic systems is that 

i t is d i f f i cu l t to p rove the pos i t ion o f subst i tut ion on a perchloroaromat ic ring. Th is is 

because ^^Cl and ^ ' c i have spin quanณm numbers o f 3/2 w h i c h makes them less suitable 

for N M R than nuc le i w i t h spin quantum numbers o f 1/2. ' 3 C N M R is also inadequate at 

p rov id ing suf f ic ient structural i n fo rmat ion as the ring carbon atoms i n perchloroaromat ic 

compounds are i n very s imi lar environments and so the on l y w a y to categor ical ly determine 

the reg iochemist ry o f a react ion is to obta in an X - r a y crystal structure o f the product. Th is , 

and the m i x t u r e o f products obtained,^' ' has prec luded the development o f 

perchloroaromat ic chemistry . 

1.6.2) Reac t ions o f P e n t a f l u o r o p y r i d i n e a n d P e r f l u o r o - 4 - i s o p r o p y l p y r i d i n e w i t h 

B inuc leoph i l es t o F o r m Mac rocyc les 

In 1975 Wie lga t and Domagala produced a paper i n w h i c h PFP was reacted w i t h several 

b inuc leophi les (F ig . 1.6.2a),^' a l though the a im o f thei r study was not to obta in cycl ised 

products. 

N く 
RH 

R 

N 

О 

О 

R = ОСН2СН2ОН 

SCH2CH2OH 「 「 

NHCH2CH2OH Only when R = OCH2CH2OH 
NHCH2CH2NH2 

F i g 1.6.2a Reactions o f PFP w i t h selected b inucleophi les 

S imi lar w o r k has been carr ied out to investigate the reactions o f PFP w i t h binucleophi les to 

f o rm py r id ine br idged systems w h i c h can then be reacted w i t h other b inucleophi les to f o rm 

macrocycles.^^ Th is p re l im inary w o r k has been expanded upon , and reactions o f the type 
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shown i n F ig . 1.6.2b have been carr ied out w i t h a range o f b inuc leophi les such as N.N'-

dimethy le thy lenediamine and A^-methylaminoethanol.^· ' 

ҪҒ(СҒз)2 ҪҒ(СҒз)2 ҪҒ(СҒз)2 

СҒ(СҒЗЬ ^ γ ^ ^ ' Ύ Ύ ' ' Ί Γ Ύ ' 

ИХ'^^^՝^ F Ν x - n н х ^ ^ ^ р Х N х - า ог г֊ү N χ֊η 

N ^ ' ՝ ՝ F Ғ ү М ү Х 」 , Ο ^ Υ Η — X 、 ֊֊Ν\ ᄊ 」 L Y \ メ 」 

HY ノ 

СҒ(СҒз)2 0Ғ(СҒз)2 СҒ{СҒз)2 

F i g . 1.6.2b Synthesis o f macrocycles using per f luoro -4 - i sopropy lpyr id ine and 

binucleophi les as start ing mater ials 

1.6.3) React ions o f Po ly f luo robenzenes a n d P e n t a ก น o r o p y r i d i n e w i t h B inuc leoph i les 

to F o r m [6，6^ F u s ๗ R i n g Systems 

A s there is on l y a smal l amount o f publ ished w o r k re lat ing to ring f o r m i n g reactions o f 

pentaf luoropyr id ine w i t h b inucleophi les, w e can t r y and d r a w some comparisons from 

reactions o f hexaf luorobenzene w i t h b inucleophi les. Some w o r k was carr ied out i n this 

area i n 1964 b y B u r d o n et al. ；̂' hexaf luorobenzene was treated w i t h ethylene 

g lyco l / sod ium hydrox ide , 2-aminoethanol , ethylenediamine and 2-mercaptoethanol to g ive 

the products shown i n F ig . 1.6.3a. 

1 eq 

HO ᄉ^— I X OH , , / \ _ _ X H r 

NaOH " N r ^ V " " " Base 
OH 

H2N 

X 

HS 
он 

1 eq 

S v ՝он 

F i g . І .б.За React ions o f hexaf luorobenzene w i t h ethylene g l y c o l , 2-aminoethanol , 

ethylenediamine and 2-mercapto-ethanol 
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I t can be seen that i t is possible to f o r m fused r i n g systems i n either one or t w o steps b y 
react ing hexaf luorobenzene w i t h binucleophi les. I n the case when the b inuc leophi le used 
was 2-mercapto-ethanol (1 eq), the disubst iณted product was fo rmed exc lus ive ly ind icat ing 
that the presence o f the 2-hydroxyethy l th io -group activates the pentaf luoropheny l ring to 
further ทนcleophi l ic attack. W h e n excess ethylene g l yco l was used the analogous 
disubst i tuted product was also fo rmed. 

S imi la r ly , Yakobson ęt α/· 96 have obtained fused ring systems u t i l i s ing the in i t ia l react ion 

o f potassium pentaf luorophenoxide w i t h 1 - f luoro-2-n i t robenzene (F ig . 1.6.3b). 

OK 

' ป ี 
θ 2 Ν ^ ^ 

Hp. Pd. EtOH 

O2N 

CX 

^КгСОз. DMF 

9 3 % 

F ΗΝ" 

CHO 

F i g . 1.6.3b Synthesis o f 1,2,3,4- tetraf luorophenoxazine from potassium 

pentaf luorophenoxide and 1 - f luoro-2-n i t robenzene 

W h e n cyc l isa t ion o f the o-(pentaf luorophenoxy)ani l ine was attempted i n the presence o f 

potassium carbonate, a complex m i xณre o f products was obta ined so cyc l isat ion o f the 

f o r m y l der ivat ive was attempted and gave the desired fused ring product i n h igh y ie ld 

(93%) . 
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taf luorobenzenes, and such 

cycl isat ions are thought to proceed v ia a Smi les ' rearrangement (F ig . 1.6.3օ).^՛՛ ՛ 9 8 A 

Smi les ' rearrangement can be described as an in t ramolecular displacement at an aromatic 

r i ng in i t ia ted b y a ทนcleophi l ic centre located t w o or tføee atoms distant from the funct ional 

group w h i c h is displaced.^^ 

^OH 

、NH2 

ŅH2 

CH3COCI 

Benzene 

ŅHCOCH3 

x = H, СІ K2CO3 
DMF 

íゾ 규 N人メ 

(Hา 

X ' V ^ N ^ ^ 
COCH3 COCH3 

F ig . 1.6.3c React ions o f mono-subst i tuted pentaf luorobenzene der ivat ives w i t h 2-

aminophenol 

The fo rmat ion o f the ether (step 1) is assisted b y base, and the cyc l isa t ion step to f o r m the 

phenoxazine (us ing K 2 C O 3 , D M F ) is preceded b y a Smi les ' rearrangement, causing the 

change i n the relat ive posi t ions o f the о A r and X substituents. The mechanism for this 

Smi les ' rearrangement is shown i n F i g . 1.6.3d. A suf f ic ient degree o f act ivat ion o f the 

migra t ing aromatic ring is bel ieved to be necessary fo r a Smi les ' rearrangement to occur 

and the electron w i t h d r a w i n g fluorine atoms prov ide the act ivat ion in this case.'oA 101 
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-H+ 

广, 0 、 

COCH3 

0 、 

N 

COCH3 

0 、 

F COCH3 

F i g . 1.6.3d Mechan ism for Smi les ' rearrangement 

A separate study showed that the rate o f cyc l isat ion to f o r m such phenoxazines increased 

w i t h the ทนc leophi l ic i ty o f the amino g r o u p a n d , when cyc l isat ion was more rap id , the 

rate at w h i c h the Smi les ' rearrangement took place was slower. Consequent ly, there was a 

lower p ropor t ion o f the phenoxazine isomer fo rmed as a result o f Smi les ' rearrangement. 

F ig . 1.6.3e out l ines the fo rmat ion o f the two possible isomer ic products and it was found 

that wh e n Y = A c o n l y isomer A was fo rmed but when Y = н a m ix tu re o f isomers A and в 

were fo rmed w i t h в predominat ing , and when Y = СНз a large excess o f в was obtained. 
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γ = Ac, Η. СНз 

Isom^^ В Isomer А 

F ig . 1.6.3e Mechan ism fo r the fo rmat ion o f phenoxazine compounds from intermediate 

ether 

These results can be expla ined on the basis o f the ทนc leophi l ic i ty o f the N Y groups. The 

ทนcleophi l ic i ty o f the n i t rogen atom i n the N A c group is lowered due to the presence o f the 

acyl group and therefore the cycl isat ion step is re la t ive ly s low, and rearrangement occurs to 

give exc lus ive ly isomer A . N H is more ทนcleophi l ic than N A c so the cycl isat ion step is 

more rap id , a l l o w i n g fo r less rearrangement to occur and subsequent fo rmat ion o f bo th 

isomers, wh i l s t N C H 3 is more ทนcleophi l ic s t i l l , a l l ow ing even less t ime for rearrangement 

and resul t ing i n the fo rmat ion o f a greater amount o f isomer B. 

S imi lar phenoxazines have also been synthesised f r o m penta f luoropyr id ine (F ig . 1.6.3f) 103— 

105 
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Reaction 
F 

DMF. RT 
Ac OAc 

Reaction 

Ņ , 
Ac OH OAc 

B1 B2 

F i g . 1.6.3f A t tempted cycl isat ion reactions o f penta f luoropyr id ine 

The in i t ia l ethers were fo rmed b y the react ion o f penta f luorop jo id ine w i t h the appropriate 

1,2-disubstituted aminophenol i n the presence o f sod ium hydrox ide . I n React ion A , the 

cycl isat ion process is a ided b y potassium carbonate and the three products are fo rmed i n a 

rat io o f rough ly 1:1:1. The fo rmat ion o f the d iacety l der ivat ive ( A 3 ) results f r o m the 

acetylat ion o f the intermediate 2-hydroxyd iary lamine ( B Í ) w h i c h is fo rmed v ia a Smi les ' 

rearrangement. 

React ion В does not result i n the fo rmat ion o f any phenoxazine as there is no base present 

i n the react ion m ix tu re . However , the fo rmat ion o f the h y d r o x y l substiณted d iary lamine 

B Í does prov ide evidence for the Smi les ' rearrangement w h i c h precedes cycl isat ion. The 

fo rmat ion o f B 2 also shows that rearrangement is accompanied b y m ig ra t ion o f the acetyl 

group f r o m the n i t rogen to the oxygen atom, and i t is assumed that th is migra t ion takes 

place toough a cyc l ic structure o f the type shown i n F i g . 1.6.3g. 
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F i g . 1.6.3g Cyc l i c intermediate fo rmed dur ing the m ig ra t ion o f an acetyl group from the 

d iary l amine group to the h y d r o x y l group o f a 2-hydroxy-A^-acety lđ iary lamine 

I n 2 0 0 1 , reactions o f pentaf luoropyr id ine and their subst i tuted der ivat ives w i t h oxygen 

binucleophi les were i n v e s t i g a t e d . 1 0 ， The f i rst study b y L i t v a k et al. synthesised the 

f o l l o w i n g d iox ins (F ig . 1.6.3Һ). 

, G H 

՝ 0 H 

K2CO3 HO 
•Y H20,60°c о 

X 

КгСОз 丫 ՝ o 
DMF ^ ձ λ ճ 

•Y 130-150°c 

a) X = H , Y = F . Z = F 
b) X = H, Y = Cl, Ζ = F 

c) X = H, Y = Cl. ζ = F 

d') X = CI, Y = F, ζ = F 

e) X = Cl, Y = Cl, z= F 

f) X = Cl, Y = Cl, ζ = Cl 

g) X = Br, Y = Cl, ζ = F 

F ig . 1.6.3Һ Synthesis o f d iox ins from pentaf luoropyr id ine and catechol der ivat ives 

The first step o f the above react ion also resulted i n the f o rma t i on o f appreciable amounts o f 

pyr id ine br idged der ivat ive. For this reason the react ion was carr ied out i n t w o steps to 

remove unwanted products. T o avo id unwanted side products i n the second step, the 

substituted penta f luoropyr id ine derivat ives were added s l o w l y to a large vo lume o f aprotic 

solvent conta in ing anhydrous potassium carbonate. 
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Reactions o f these t r i cyc l i c [6,6] fused ring systems were then invest igated w i t h 

ทนcleophiles (F ig . 1.6.Зі). 

о 
ひ 

e' DMF (DMSO) 

Y N 

a) X = H, Y = OH 

b) X = H , Y = n ^ N -

C)X = H, Y = NH2 

d) X = H, Y = NHPh 

e) X = H, Y = N(CHpCH2CH-»)2 

f) X = Br, Y = NH(CH2)3NH 

F íg . 1.6.3І React ion o f t r i cyc l ic [6,6] fìised ring systems w i t h ทนcleophiles 

Subst i tut ion occurs at the most act ivated pos i t ion para to the ch lor ine atom. Y ie lds o f the 

reactions are c la imed to be between 50-95%. 

Chambers et al. carr ied out s imi la r reactions using catechols and 2,4,6- t r ibromo-3,5-

d i f luoropyr id ine (F ig . 1.6.3j). 
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B r - ' ^ N Br 

. O N a ' 
THF 

Br 

F \ / L ぶ、 

― t Reflux ― 
О Na Br" N ' ՝ 0 ' 

ひ 

О 

B r ^ N ^ B r 
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4 1 % 

Br 

Вґ N Br 

Br 

В Г Br 

ᄋ — Na" 

Br 

THF ^ 

O Na 
+ Reflux _ ^ 

B r ^ N ^ O 

O 
O 

B r - ^ N ^ B r 

5 

Br 
一 O N に 

THF ^ 
ᄋ、 

\ ― ł- Reflux ― ― ノ 
О Na В Г N O 

О 

Br 

ひ 

Br 八 N へ ひ 

8 

О" 

О 

B r ^ N Br 

5 

Br 

B r ^ N о 

З 

О 

36% 

27% 

i f + [XX 
Вґ N Br Ú Br 

2 2 

F i g . 1.6.3j Synthesis o f d iox ins from catechols and 2 ,3 ,6- t r ib romo-3,5-d i f luoropyr id ine 

The b inuc leophi le used in the above reactions contains t w o ' h a r d ' oxygen atoms so it is 

assumed that react ion first occurs at the 3-posi t ion, d isp lac ing the ' ha rd ' fluoride ion . It is 

then thought that in t ramolecular displacement o f b romine occurs w h i c h competes 

favourably w i t h in termolecular displacement o f fluorine from another molecu le o f 2,4,6-

t r ib romo-3 ,5 -d i f l uo ropyr id ine , however , some fo rmat ion o f po l ymer p robab ly occurs as an 

intractable mater ia l was also fo rmed a long w i t h the desired product . 
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Ы1гато1еси1аг d isplacement o f b romine at the 2-pos i t ion is s l igh t ly favoured to the 4 -

pos i t ion and i t cou ld be argued that this reflects a less c rowded site at the 2-posi t ion as the 

d i rect ing ef fect o f the n i t rogen a tom w o u l d no rma l l y favour the 4-pos i t ion. 

1.6.4) F o r m a t i o n o f [5,6] Fused R i n g Systems f r o m Po ly f luo robenzenes a n d 

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

Examples o f these types o f reactions can be found i n a rev iew b y Brooke^^ and on ly a few 

i l lustrat ive examples are discussed i n this sect ion. I n 1979 Herkes reacted 

pentaf luorophenylamine w i t h a range o f b inucleophi les to g ive the [5 ,6] fused ring system 

shown be low ( F i g 1.6.4a).'°* 

NH, 

RCSX 

F 

R = NH2, RNH, OEt 
CF3, CF2CI 

X = F, СІ 

DMF 

120-140° С 

F i g . 1.6.4a Preparat ion o f po ly f luorobenzoth iazoles v ia cyc l isat ion o f 

po ly f luoro th ioan i l ides 

Wakse lman and B łaże jewsk i have also ut i l ised the condensat ion o f enamineร w i t h var ious 

perf luoroarenes to g ive [5 ,6 ] filsed ring systems (F ig . 1.6.4b).'°^ 

EtjN 

F ig . 1.6.4b React ion o f pentaf luoropyr id ine w i t h cyc lohex-1 -eny l -d ie thy l -amine 
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The react ion shown above occurred at r o o m tempera toe i n the absence o f solvent and the 

same react ion fa i led for the perch loropyr id ine der ivat ive. 

This in t roductory chapter has focussed upon the ex is t ing methods avai lable for the 

synthesis o f [6 ,6] fused ring heteroaromatic systems and h o w h igh l y halogenated start ing 

materials have been ut i l ised for this риф08е. These fiised ring systems are h igh l y sought 

after as they have many appl icat ions i n the pharmaceut ical and l i fe science industries. The 

f o l l o w i n g chapters are concerned w i t h develop ing the methodo logy avai lable for the 

synthesis o f such systems b y the react ion o f penta f luoropyr id ine and related compounds 

w i t h b inuc leophi les. 
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Chapter 2 

T E T R A H Y D R O P Y R I D O [ 3 , 4 - 6 ] P Y R A Z I N E S C A F F O L D S F R O M 
P E N T A F L U O R O P Y R I D I N E 

2.1) I N T R O D U C T I O N 

A s ment ioned prev ious ly , the synthesis o f h i gh l y subst i tuted py r id ine derivat ives from 

pyr id ine i t se l f i n a regioselect ive manner is d i f f i cu l t , and strategies g i v ing access to 

polysubst iณted pyr id ines for use as bu i l d i ng b locks are h i g h l y des i rab le . ' ^ 

I n contrast, per f luor inated heteroaromatic systems (e.g. PFP) are potent ia l ly excel lent 

s c a f f o l d s 1 1 as they are h igh l y reactive towards ทนcleophi l ic attack and the order o f 

monosubst iณt ion is w e l l established (see Section 1.5). I n this chapter, w e describe the use 

o f penta f luoropyr id ine as a scaf fo ld for the synthesis o f a var ie ty o f [6,6] ring f i ised systems 

by u t i l i s ing i ts react iv i ty towards ทนcleophi l ic subst i tut ion. 

2.2) A I M S A N D A P P R O A C H E S 

The react ion o f PFP w i t h b i func t iona l ทนcleophiles, as ou t l ined i n Chapter 1, can prov ide 

access to fused ring systems w h i c h are otherwise d i f f i cu l t to synthesise. I t has been 

demonstrated that a b inuc leoph i le w i l l first attack the 4-pos i t ion o f pentaf luoropyr id ine and 

cycl isat ion w i l l then occur at the 3-posi t ion. The research presented i n this thesis is based 

around the development o f methodo logy for the synthesis o f [6,6] fused ring 

heteroaromatic systems using a general approach w h i c h is shown i n F ig . 2.2a. 
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あ C1 Nüc • NUC3 ^ ^ - J ^ N U C , 

ի ք ^ ք F ^ N ' ^ F NUC4 N U C 3 ^ ^ N ^ N U C 4 

F ig . 2.2a General approach to the synthesis o f fused ring hetero aromatic systems from 

pentaf luoropyr id ine 

The fused ring systems that can be accessed v ia reactions o f pentaf luoropyr id ine w i t h 

b inucleophi les also possess further sites, par t icu lar ly those adjacent to ring n i t rogen (C-2 

and C-6) , w h i c h are act ivated towards ทนcleophi l ic attack, and, as there are a huge number 

o f b i func t iona l ทนcleophi les that cou ld be invo lved i n such an annelat ion procedure and an 

almost un l im i ted number o f ทนcleophiles w h i c h cou ld be used for fur ther react ion w i t h the 

fused ring core sca f fo ld , this methodo logy cou ld potent ia l l y p rov ide access to a vast 

number o f ftinctionalised ring-fused heteroaromatic systems. B y select ing the appropriate 

b inucleophi les, a range o f [6,6] fused ring systems cou ld i n p r inc ip le be synthesised, but , 

equal ly, ring fused systems conta in ing 5֊ or 7-membered rings cou ld also be accessed b y 

analogous strategies. 

Th is chapter is concerned w i t h the reactions o f penta f luoropyr id ine w i t h various 1,2-

b i f i inc t iona l n i t rogen ทนcleophiles for the synthesis o f several po ly func t iona l 

te t rahydropyr ido[3,4-è]pyraz ine scaffolds. General me thodo logy for the synthesis o f 

funct ional ised der ivat ives o f the [6,6] filsed ring system tet rahydropyr ido[3,4-Ď]pyrazine 

remains undeveloped w i t h on l y a l im i ted number hav ing been synthesised i n l o w yields b y 

mul t is tep procedures. These syntheses have re l ied upon d iaminopyr id ine^^ or ch loro-

aminopyr id ine^^ precursors, or the reduct ion o f pyr ido [3 ,4 -ô ]pyraz ine derivat ives b y meta l 

hydrides/"^ A n example o f one such synthesis is shown in F i g . 2.2b, '^ however the start ing 
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materials for syntheses o f this nature and, par t icu lar ly thei r funct ional ised derivat ives, can 

also be d i f f i cu l t to obtain. 

CI 

NO, 

N C02Et 

N ՇՕշ£է 

、N 

ห2, Pd 

F i g . 2.2b Synthesis o f pyr idopyraz ine der ivat ive 

This chapter also b r i e f l y describes reactions o f PFP w i t h 1,2-bi funct ional ทนcleophiles 

conta in ing n i t rogen/oxygen and ni t rogen/sulphur atoms. 

2.3) S Y N T H E S I S O F T R I F L U O R O P Y R I D O [ 3 , 4 - Ä ] P Y R A Z I N E S Y S T E M S 

Cycl isat ion reactions i n v o l v i n g pentaf luoropyr id ine 1 and b i func t iona l secondary diamines 

2 were in i t i a l l y studied due to the re la t ive ly h i gh ทนcleophi l ic i ty o f these species (Table 

2.3a). W h e n 1 was reacted w i t h ĶN'dimethylethylenediamine 2a i n a concentrated 

react ion m ix tu re , s igni f icant amounts o f the pyr id ine br idged product 4 shown i n F ig . 2.3a 

were fo rmed, and, consequent ly, a l l cyc l isat ion reactions were carr ied out in d i lu te 

acetonitr i le so lu t ion to m in im ise intermolecular reactions. React ions were also carr ied out 

in the presence o f sod ium hydrogen carbonate as base. 

н 
'W、 

Low dilution 
conditions 

2a 

N ' 

3a 

Fig- 2-3a Fo rmat ion o f py r id ine br idged side product in concentrated react ion mixtures 

45 



Chapter 2 

The react ion o f 1 and 2a under such condi t ions gave the desired pyr idopyraz ine 3a i n 

excellent y ie ld after pu r i f i ca t ion o f the crade product b y recrysta l l isat ion from и-һехапе. 

The react ion was mon i to red b y 1 9 F N M R ; the disappearance o f signals attr ibuted to the 

fluorine atoms at the 4- and 3-posit ions o f 1 (-134.1 and -162.0 p p m respect ively) , and the 

appearance o f signals at t r ibuted to the fluorine atoms located at the 5- 7- and 8-posit ions o f 

pyr idopyraz ine 3a ( -85.0, -99.3, -162.6 p p m respect ively) a l l owed the progress o f the 

react ion to be f o l l owed easi ly. 

I t is k n o w n that m ic rowave heat ing can dramat ica l ly reduce the react ion t imes for 

ทนcleophi l ic subst i tu t ion react ions, '^ and the above cyc l isa t ion process cou ld also be 

induced b y m ic rowave heat ing w i t h a s imi lar y ie ld o f 3a achieved f r o m 1 and 2a i n a m u c h 

shorter react ion t ime. 
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R、 

N ' 

1 

R' 

МаНСОз 

MeCN, reflux 

N ' 

՝ Ń ' 、 F 

3 

Diamine Product 

2a 

2b 

2c 

N 

3d 

Ņ 〜に 
4ᅵ ք ՝ 
N 人 

Зө 

T a b l e 2.3a Synthesis o f t r i f luoropyr ido [3 ,4 -0 ]pyraz ine systems 3 

Once i t was established that this methodo logy was successful fo r the fo rmat ion o f the 

tet rahydropyr ido [3 ,4-0 ]pyrazine system 3a, invest igat ions m o v e d onto the use o f 

alternative b i func t iona l secondary diamines (Table 2.3a). The related di-ż5opropyl- and 

d ibenzy l -d iamines 2b and 2c gave analogous cyc l ised products 3b and 3c b y s imi lar 

procedures, d ibenzy l -d iamine 2c hav ing been synthesised from ethylenediamine f o l l o w i n g 

l i terature procedures. '^ I t was envisaged that a number o f d i f ferent substituents could be 

placed upon the pheny l rings o f 2c thus adding func t iona l i t y to the core scaffolds i n the 

same step as the cyc l isat ion react ion. There is m u c h greater steric h indrance around the 
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ทนcleophi l ic n i t rogen atoms in 2b and 2c, and, consequently, cyc l isat ion to g ive 3b and 3c 

is far s lower than the corresponding synthesis o f 3a. 1 9F N M R analysis o f the react ion 

mixtures indicated the presence o f the uncycl ised intermediates 3 d and 3e even after 

pro longed heat ing. A f t e r 5 d at re f lux temperature the reactions were terminated despite 

the l o w conversions to cycl ised products, but 3 b and 3c were isolated by co lumn 

cføomatography, a l though 3 d and 3e were not isolated. The l o w reported y ie lds o f 3b and 

3c are therefore an ind icat ion o f the l o w convers ion o f the cyc l isat ion step rather than the 

fo rmat ion o f a comp lex m ix tu re o f products. The structures o f 3a and 3c were con f i rmed 

by X - r a y crysta l lography (F ig 2.3b & 2.3^^^ 

F ig . 2.3b X - R a y Mo lecu la r Structure o f 3a F i g . 2.3c X - R a y Mo lecu la r Structure o f 3c 

Reactions were then attempted using p r imary amine b inuc leophi les, and readi ly avai lable 

ethylenediamine 2 d was the obvious choice. The react ion o f 1 w i t h 2d， gave no fused r ing 

product, instead, uncyc l ised product 3 f was isolated, ar is ing f r o m subst i tut ion at the 4 -

posi t ion on ly , despite pro longed heating (F ig . 2.3d). A t tempts to cycl ise 3 f by reactions 

i nvo l v i ng the use o f stronger organic bases such as L D A and bu ty l l i t h i u m fa i led. 
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МаНСОз 

NH2 
MeCN, reflux 

F i g . 2.3d React ion o f ethylenediamine 2 d w i t h 1 

This result ref lects the lower ทนcleophi l ic i ty o f p r ima ry amine sites compared to secondary 

amines. A l s o , the re la t ive ly acidic p ro ton attached to the n i t rogen atom o f the 4-substituent 

i n 3 f may interact w i t h the base present, deact ivat ing the py r id ine ring towards fiirther 

ทนcleophi l ic attack. S imi la r results were obtained w h e n 1,2-phenylenediamine was 

invest igated and the strucณre o f the product was con f i rmed b y X - r a y crysta l lography (F ig . 

2.3e). 

F i g . 2.3e X - R a y Mo lecu la r Structure o f N-(2,3,5,6-TetTaňuoTOTpyňdin-4-yi)benzene-l,2-

diamine 

Format ion o f py r id ine 'b r idged systems' corresponding to 4 (F ig . 2.3a) as by-products were 

observed i n the reactions o f 1 w i t h ethylenediamine and 1,2-phenylenediamine even under 

h igh d i l u t i on condi t ions, their presence ident i f ied by mass spectral data. The fo rmat ion o f 
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these by-products indicates the m u c h higher react iv i ty o f the 4-pos i t ion over the 3-posi t ion 

i n PFP. 

2.4) R E A C T I O N O F P E N T A F L U O R O P Y M D I N E W I T H U N S Y M M E T R I C A L 

B I N U C L E O P H I L E S 

I n order to expand the scope o f the fused systems that cou ld be accessed by this 

methodo logy, react ions o f 1 w i t h unsymmetr ica l n i t rogen/oxygen and ni t rogen/sul fur 

b inucleophi les were carr ied out (Table 2.4a). 

XH 

F' ՝N'^ 
HX՝ МаНСОз 

՝XH 
MeCN, reflux ՝ N 

6 

Binucleophile Product 

OH 

5a 

.NH2 

Ņ 

、N 

H2N 

Ş' 

OH 

、SH 

5b 

85% 

6b 

50% 

T a b l e 2.4a Reactions o f 1 w i t h unsymmetr ica l b inuc leophi les 

I n a l l o f the cases shown i n Table 2.4a i t was not possible to obta in fused ring systems and 

products obtained are the result o f subst i tut ion at the 4-pos i t ion on ly . I n the case o f the 

b inuc leophi le 5a, the most ทนcleophi l ic n i t rogen atom attacks i n preference to oxygen to 

g ive 6a as w o u l d be expected, and the oxygen a tom is not su f f i c ien t l y ทนcleophi l ic to attack 
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the 3-posi t ion w h i c h is deactivated towards ทนcleophi l ic attack b y the electron donat ing 

ni t rogen atom at the 4-posi t ion. A t tempts to cycl ise 6a us ing sod ium hydr ide to 

deprotonate the h y d r o x y l group also fai led. 

The structure o f 6b was con f i rmed b y X - r a y crysta l lography (F ig . 2.4a) and again i t is 

assumed that the p r imary amine group is not su f f i c ien t ly ทนcleophi l ic to attack the 3-

posi t ion. 

F i g . 2.4a X - R a y Mo lecu la r Structure o f 6b 

2.5) N U C L E O P H I L I C S U B S T I T U T I O N R E A C T I O N S O F 5 , 7 , 8 - T R I F L U O R O ֊ l , 4 -

D I M E T H Y L - l , 2 , 3 , 4 - T E T R A H Y D R O P Y R I D O [ 3 , 4 - ô ] P Y R A Z I N E За 

W e have shown that the methodo logy out l ined i n F i g . 2.2a does a l l ow the synthesis o f 

fiised ring core scaf fo lds b y the react ion o f penta f luoropyr id ine w i t h b inucleophi les. So 

far, several te t rahydropyr ido[3,4-è]pyraz ine scaffolds have been synthesised in this manner 

and these systems possess several sites w h i c h are act ivated towards fur ther ทนcleophi l ic 

subst i tut ion. Th is sect ion is concerned w i t h the invest igat ion o f the react iv i ty o f these new 

core scaffolds. 
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Reactions o f 3a w i t h a series o f ทนcleophiles were carr ied out (Table 2.5a & 2.5b). 

Compound 3a was chosen as the representative core scaf fo ld as i t cou ld be most easily 

synthesised i n h igher y ie lds than either 3b or 3c. Reactions w i t h a range o f bo th al iphatic 

and aromatic oxygen centred ทนcleophiles were carr ied out under the var ious condi t ions 

out l ined i n Table 2.5a. 

N 
3a 

^, Conditions _ 
Nucleophile — Products 

Nücleophife Conditions Product(ร)* 

MeONa MeONa, MeOH 
reflux, 2 d F Ň. 

Meo' ՝ N ' 、ғ F"' ΟΜβ 

7a 76%, 10:1 7b 

EtONa EtONa, EtOH 
microwaves, 1.25 h ト 

、N N 

N、 

Eto-- ՝ N ' ՝ ғ F " " N ' ^ O E t 

8a 57%. 8:1 8b 

i-BuOK THF, reflux 

.OK 
Microwaves 
THF. 150°c. 1 h 

9. 66% 

10b 

65%. 4 .9 : 1:1.2 

10c 

*Minor products 7b and 8b were identified by 1 F nmr and gcms analysis but 
could not be isolated. Products 10a,b,c were not separated but identified by 
spectroscopic analysis of enriched samples. 

T a b l e 2.5a Nuc leoph i l i c subst iณt ion reactions o f За w i t h oxygen ทนcleophiles 
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The major product 7a o f the react ion o f 3a w i t h sod ium methox ide arises from subst i tut ion 

o f fluorine at the 7-posi t ion w i t h some m ino r isomer 7b , ar is ing from subst i tut ion o f 

fluorine at the 5-posi t ion also fo rmed. S imi la r results were obta ined w h e n m ic rowave 

heating was used to induce this react ion. Isomers 7a and 7b were fo rmed i n the ratio 10:1 

respectively as shown b y 19р N M R and G C M S analysis and, again the progress o f the 

react ion was f o l l o w e d b y N M R w h i c h indicated clean convers ion o f 3a to 7a/b. 

Compound 7a was isolated b y co lumn cføomatography and, inev i tab ly some handl ing 

losses resulted f r o m the pur i f i ca t ion stage w h i c h accounts fo r the l ow isolated y ie ld . 

S imi la r ly , sod ium ethoxide gave a mix tu re o f isomers 8a and 8b i n a rat io o f 8:1 after 

m ic rowave heat ing, a l though react ion o f 3a w i t h potass ium tert-butoxidG gave essential ly 

on l y 9， w i t h m i n o r traces o f other products observed i n the crude react ion m ix tu re b y 1 9 F 

>nVÍR, re f lect ing the increased steric requirements o f the tert-butoxy group. Products 10a,b 

and c， fo rmed b y react ion o f 3a w i t h potassium phenoxide, cou ld not be separated but 

enriched samples ( > 8 0 % pur i t y ) obtained b y c o l u m n chromatography a l lowed 

ident i f icat ion b y N M R and mass spectrometry. 

The structures o f 7a and 8a were con f i rmed b y X - r a y crysta l lography and, therefore, the 

or ientat ion o f ทนcleophi l ic subst i tut ion, was unambiguous ly determined (F ig . 2.5a & 2.5b). 

The pos i t ion o f ทนcleophi l ic attack i n a l l other products was con f i rmed b y compar ison to 

the I 9 f and 13c N M R data o f 7a whereas structures o f isomer ic products w h i c h were 

isolated i n on l y trace quant i t ies were assigned us ing 1 9 F N M R . 
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F i g . 2.5a Х - R a y Mo lecu la r Structure o f 7a F ig .2 .5b X - R a y Mo lecu la r Structure o f 8a 

T o exp la in the regioselect iv i ty o f ทนcleophi l ic subst i tut ion o f 3a i t is necessary to consider 

the act ivat ing inf luences o f the r ing n i t rogen and fluorine substituents attached to the 

pyr id ine r i ng based on w e l l established arguments discussed i n Sect ion 1.5. I t is k n o w n 

that the pyr id ine n i t rogen atom s igni f icant ly activates ortho and para sites, i.e. the 5- and 7-

posi t ions. The 7-posi t ion is attacked preferent ia l ly due to added act ivat ion by fluorine 

atoms ortho and meta to the site o f attack whereas the 5-posi t ion is act ivated by on ly one 

meta fluorine and s ign i f i cant ly deactivated by a para fluorine a tom (F ig . 2.5c). 

Activated by 
Ortho ring N 
oiiho F 
meta F 

Activated by: 
ortho ring N 
/Trørฝื F 
Deactivated by: 
para F 

F i g . 2.5c Ac t i va t i ng inf luences on 3a for ทนcleophi l ic aromat ic subst i tut ion processes 
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With bulky ทนcleophiles such as potassium tert-butoxide, reaction essentially occurs 

exclusively at the 7-position, possibly due to steric hindrance at the 5-position disfavouring 

the approach o f a bulky ทนcleophile to this position. 

" ᄂ 시, Conditions _ 
Nucleophile Products 

F N 

За 

Nucleophile Conditions Product(ร) 

EtNHLi THF, reflux 

N N N N 
H H 

11a 2 1 % , 1.6:1 11b 

EtzNLi THF, reflux ՝ N 

N N 

'i' ๅ 

F ' ՝ N 

ร ม 
12a 26%, 4 : 1 12b 

Microwaves 
THF, 150°c, 1 h 

ร N 
13a 9%, 1 :1 

Li THF, reflux 

13b Ч> 

other 

Table 2.5b Nucleophilic substitution reactions o f 3a wi th model N, ร and с ทนcleophiles 

Since we established that 3a could be further ftmctionalised by the attack o f oxygen 

ทนcleophiles, various nitrogen, sulftir and carbon ทนcleophiles were investigated in order to 

demonstrate the possibility for further molecular diversity that could be accessed from this 
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core scaffold, and the results can be found in Table 2.5b. Again it was observed that 

ทนcleophilic substitution occurs preferentially at the 7-position, wi th some competing 

substitution at the 5-position. The low isolated yields o f 11a and 12a were due to the loss 

of material during column chromatography. Reaction o f l i thium thiophenoxide proceeds 

slowly and it was necessary to add a large excess o f ทนcleophile to obtain significant 

conversion even under microwave conditions, and, furthermore, isolation o f the products 13 

was complicated by the formation o f phenyl disulfide as a by-product. 

As it is known that fluorinated pyridine derivatives can be alkylated at the 2-position using 

alkyl l i tMum reagents,'^' 18 this was the method o f choice for the formation o f 14， the 

product having been isolated by mass directed automated preparative HPLC followed by 

preparative thin layer chromatography. A high molecular weight system that could not be 

identified ful ly was also present in the crude product mixture. 

2.6) N U C L E O P H I L I C SUBST ITUT ION R E A C T I O N S O F 5,8-DIFLUORO-7-

METHOXY- l , 4 -D IMETHYL- l , 2 ,3 ,4 -TETRAHYDROPYRIDO[3 ,4 -Z» ]PYRAZINE 7a 

The results o f reactions between 3a and a range o f ทนcleophiles (Table 2.5a & 2.5b) 

demonstrate that the pyridopyrazine scaffold can indeed be further functionalised fol lowing 

the general strategy outlined in Fig. 2.2a. The question in hand was now whether further 

fiinctionalisation could be performed in a stepwise manner using the core fused ring 

structure. Consequently, further ทนcleophilic substitution reactions o f 7a, the most readily 

accessible system derived from 3a, were explored. A range o f representative ทนcleophiles 

(oxygen, nitrogen and carbon) were studied (Table 2.6a) and several polysubstituted 

pyridopyrazine derivatives were isolated, again fol lowing the strategy outlined in Fig. 2.2a. 
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The decision to exclude further reaction using a sulfur ทนcleophile was based on the 

problematic reaction o f l i thium thiophenoxide with 3a as outlined in Section 2.5. 

Reaction o f 7a wi th the ทนcleophiles sodium ethoxide and и-butyl l i thium gave single 

products 15 and 17 respectively, arising from substiณtion o f the most activated fluorine 

atom located at C-7 ortho to the pyridine ring nitrogen atom. Products could be identified 

by Ι 9 ρ N M R which showed one peak at approximately -160 ppm, attributed to the presence 

o f fluorine located at C-8 meta to nitrogen. A n nOe experiment carried out on 17 was also 

consistent wi th the regiochemistry o f substitution; the resonance attributed to the methylene 

group attached directly to the pyridine ring was irradiated leading to an enhancement o f an 

N-СНз signal, confirming the presence o f the butyl group at the 5-position o f the ring. 

Reaction o f 7a w i th l i thium diethylamide gave products 16a and 16b. The disubstituted 

product 16b was not isolated but could be identified by 1 9F N M R of the reaction mixture 

which showed two peaks between -150 and -160 ppm corresponding to different products. 

Product 16b was subsequently removed from the crude product mixture by an aqueous 

wash and mass spectral data o f the aqueous layer again confirmed the presence o f 16b. 
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v N 、 

" เ ᄂ:เ Conditions ― 
Nudeophile ― — — P r o d u c t 

Meo N 

7ส 

Nucleophiie Conditions Product(ร) 

EtONa EtOH. reflux 
N、 

M e O ^ ' ^ N ^ O E t 

15, 77% 

EtsNLi 

BuLi 

THF. reflux 

THF, reflux 

MeO N՜՜ NEt2 Et2N N NEt2 

16a. 64% 2:1 16b 

MeO N 
17， 3 1 % 

Table 2.6a Nucleophilic substitution reactions o f 7a 

It has not been possible to replace the final fluorine atom located at the 8-position by a 

nucleopMle due to the now less activated nature o f the highly substituted pyridine ring. 

However, this may actually be an advantage as the presence o f fluorine in numerous 

compounds has been known to confer favourable biological activity and metabolic stability 

which are useful in pharmaceutical and agrochemical products. ̂ ^ ^̂  

2.7) C O N C L U S I O N 

It has been demonstrated that pentafluoropyridine 1 can be used as a substrate for the 

synthesis o f polysubstituted pyridopyrazine derivatives by reaction wi th various diamines, 

and these pyridopyrazine derivatives can act as functional core scaffolds upon further 

reaction wi th ทนcleophiles to give products arising from substitution at sites Ortho to the 
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pyridine ring nitrogen. The regioselectivity o f nucleophilic substitution can be explained 

by a consideration o f the activating effects o f the ring fluorine and pyridine nitrogen atoms. 

Therefore, the approach o f using perfluorinated heterocycles for the synthesis of otherwise 

relatively inaccessible polysubstiณted [6,6] fused ring heteroaromatic systems is possible 

(Fig. 2.7a). 

3 steps _ , ՝ V " " v N \ 

16a 

Fig. 2.7a Formation o f 16a from 1 

Minor drawbacks include the sometimes diff icult separation o f the major products from 

small quantities o f minor products and the possible labil i ty o f the methoxy substituent in 

subsequent nucleophilic aromatic substitution reactions. Many polysubstiณted 

pyridopyrazine derivatives could be synthesised from the vast number o f nucleophilic 

species available fol lowing the general principles outlined in this chapter, and in 

subsequent chapters further applications o f this annelation/functionalisation strategy w i l l be 

investigated for the synthesis o f other fused ring systems. 
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Chapter З 

TETRAHYDROPYRIDO[2 ,3 -Ã ]PYRAZINE SCAFFOLDS F R O M 4-SUBSTITUTED 

T E T R A F L U O R O P Y R I D I N E D E R I V A T I V E S 

3.1) I N T R O D U C T I O N 

In the previous chapter a general approach for the synthesis o f polyfiinctional, heterocyclic 

fused ring systems was outlined and the successful synthesis o f various model 

tetrahydropyrido[3,4-6]pyrazines from pentafluoropyridine was demonstrated. In order to 

increase the molecular diversity o f the scaffolds that can be accessed by this approach, we 

sought to adapt the strategy outlined in Chapter 2 to obtain polyfunctional 

tetrahydropyrido[2,3-6]pyrazine scaffolds. This can be done, in principle, i f the most active 

4-position of PFP is first 'blocked' by reaction wi th a mononucleophile, and then reaction 

with a binucleophile may proceed at the 2- and 3-positions to give 19 as shown in Fig. 3.1a. 

19 can then, potentially, be ñirther fimctionalised to give derivatives o f the type 20. 

N'^^F F N F F ' ^ N ^ N U C 2 - ^ N U C 4 - ^ N ^ N U C 2 -

18 19 20 

21 

Fig. 3.1a Strategy for polysubstituted tetrahydropyrido[2,3-ô]pyrazine synthesis 

Polyfunctional pyrido[2,3-ô]pyrazine derivatives 21 are diff icult to synthesise by 

conventional methodology and have previously been prepared by reactions o f 2,3-diamino 

pyridines with dicarbonyl systems ̂ "̂  (Hinsberg reaction), cyclisations involving appropriate 
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chloro-aminopyridine derivatives'*'5 or reduction 6 ' ᄀ o f polycyclic heteroaromatic precursors 

as previously discussed. In general, all o f these reported synthetic procedures require mult i -

step sequences, where the synthesis o f the appropriate fiinctionalised pyridine precursors 

can be very diff icult indeed (Fig. 3.1b). 

''o 
,NH 1)NaH/DMF 

N СІ 2) CI 

{ 
, N 一 

՝ N ^ C I NMez 

80-150 ° С . 

^ ^ ^ N M e a ' H C I 

Fig. 3.1 b Synthesis o f pyrido[2,3-6]pyrazine derivative 

In this chapter the synthesis o f several tetrahydropyrido[2,3-ò]pyrazine systems by the 

reaction o f 4-substituted tetrafluoropyridine derivatives bearing a range o f electron 

donating and electron withdrawing substituents at the 4-position wi th Ν,Ν ' -

dimethylethylenediamine 2a is outlined. It was envisaged that, i f successful, this strategy 

would be complimentary to that outlined in Chapter 2 for the synthesis o f 

tetrahydropyrido[3,4-b]pyrazines. To ful ly investigate the synthetic potential o f this 

strategy it was necessary to investigate a number of tetrafluoropyridine derivatives 

containing both electron donating and electron withdrawing groups in order to establish the 

effects o f these groups upon the annelation procedure. 

3.2) T E T R A F L U O R O P Y R I D I N E D E R I V A T I V E S B E A m N G E L E C T R O N 

D O N A T I N G SUBSTITUENTS A T T H E 4-POSIT ION 

The first set o f 4-substituted tetrafluoropyridine derivatives that were investigated as 

starting materials for ring forming reactions possessed an electron donating group at the 4-
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position, and the results of the reactions o f these compounds with Ν,Ν'-

dimethylethylenediamine 2a are shown in Table 3.2a. 2a was the binucleophile o f choice 

as it was known to react wel l wi th 1 to give fused ring systems. 

Compounds 18a, 18b and 18c were synthesised by reaction o f PFP wi th the appropriate 

nucleophile and 18d can be obtained by the reaction of PFP wi th l i thium aluminium 

hydride^ or zinc in aqueous ammonia.^ A l l reactions wi th iV.A^-dimethylethylenediamine 

were carried out in dilute acetonitrile solution to minimise the formation o f side products 

such as pyridine bridged systems, and in the presence o f sodium hydrogen carbonate as 

base. A l l reactions were monitored by ' 9 F N M R and we observed that the only fused ring 

system 25 that is formed resulted from the reaction between 2,3,5,6-tetrafluoropyridine 18d 

and 2a. 

N 

18 

1)NaHC03 

CH3CN, reflux 
ビ——, Products 

ң 2) HCl work up 
2a 

Product(ร) (yield) 

NEt2 

18a 

OMe 
18b 

OEt 

18c 

NEt2 I _ 
' ^ ^ · ^ N H 2 СІ 

N ^ N 22, 15% 

23.72% 

' ^ 5 ร ^ ' >NH2 CI 

24, 23% 

H 
18d 

N ^ N 

25. 66% 

Table 3.2a Reactions o f 4-substiณted tetrafluoropyridine derivatives containing electron 

donating substituents 
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The reaction o f diethyl-(2,3,5,6-tetrafluoro-pyridin-4-yl)-amme 18a and 4-ethoxy-2,3,5,6-

tetrafluoropyridine 18c with 2a gave the corresponding products 22 and 24 as a result o f 

substitution by the binucleophile at the 2-position only. The structure o f 22 isolated as the 

hydrochloride salt after acidic work up was confirmed by X-ray crystallography (Fig. 3.2a). 

Fig. 3.2a X-Ray Molecular Structure o f 22 

The electron donating groups at the 4-position o f 18a and 18c enhance the electron density 

at the 3-position deactivating this position towards ทนcleophilic attack and thus retarding 

the cyclisation process (Fig. 3.2b). 

EDG 

Electron density pushed towards the 
3֊position causing deactivation towards 
nucleophilic aromatic substitution 

Fig. 3.2b Schematic representation o f the deactivation o f the 3-position towards 

nucleophilic aromatic substiณtion by electron donating substituents 
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The reaction o f 4-methoxy-2,3,5,6-tetrafluoropyridine 18b with Ν,Ν'-

dimethylethylenediamine 2a gives the unusual product 23 พЫсһ is thought to be formed by 
the fol lowing ทนcleophilic substiณtion procedure in which the pyridine ring acts as a good 
leaving group (Fig. 3.2c). Product 23 was ful ly characterised and the data was consistent 
with literature values."^ 

2a 

՝N 
18b 

О 

๙ 

он 

W Y 

Ν 

23 

Fig. 3.2c Formation o f 23 from 18b and 2a 

Diamine 2a init ial ly attacks the methyl group and the electron withdrawing pyridine ring 

acts as a good leaving group in this รn2 type reaction. The formation o f 23 occurs for the 

reaction o f the methoxy substituted derivative 18b but not for the ethoxy substiณted 

derivative 18c and this can be explained on the basis o f kinetic data relating to the reaction 

o f ทนcleophiles wi th alkyl halides (Fig. 3.2d)." Methyl halides undergo ทนcleophilic 

substitution reactions at a significantly faster rate than ethyl halides, and so here, 

ทนcleophilic attack occurs at the methyl site whereas for ethyl, ring substiณtion competes 

very effectively. 

Nuc- + Me—Χ E t — Χ ' P r — X 

ksN2, ГВІ = ЗО 1 0.025 

Fig. 3.2d Kinetic data for reactions o f nucleophiles wi th alkyl halides 
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The formation o f 25 is thought to proceed via reaction o f 2a at the 2-position of 18d 

followed by cyclisation at the 3-position which is supported by the formation o f 26 from 

the reaction o f 18d wi th diethylamine (Fig. 3.2e). The hydrogen atom present at the 4-

position in 18d is not sufficiently electron donating to completely inhibit the cyclisation 

process and the desired fused ring system is formed at a slow rate. 

Н Н 

나 F C H , C N "^чИч Ί + NHEt2 " " ^ " ՚ " » . Tl 1 
Ν久 F ^ а Н С О з F " ^ N ^ N £ 1 2 

18d 26 

68% 

Fig. 3.2e Formation o f 26 by reaction o f 18d w i th diethylamine 

The reactions outlined in Table 3.2a have shown that at present it is not possible to form 

tetrahydropyrido[2,3-¿>]pyrazines by the reaction o f tetrafluoropyridine derivatives bearing 

an electron donating group at the 4-position wi th binucleophiles. Consequently, studies 

moved on to investigate reactions o f pyridine systems with electron withdrawing groups at 

the 4-position. 

3.3) T E T R A F L U O R O P Y R I D I N E D E R I V A T I V E S B E A R I N G E L E C T R O N 

W I T H D R A W I N G SUBSTITUENTS A T T H E 4 -POSIT ION 

Various tetrafluoropyridine derivatives containing electron withdrawing substiณents at the 

4-position (e.g. bromo, perfluoroisopropyl, phenylsulfonyl, nitro and cyano) were reacted 

with Л'^Л'^'-dimethylethylenediamine 2a and the results are shown in Table 3.3a. Pyridine 

derivatives bearing bromo and cyano substituents at the 4-position are commercially 
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available whereas those bearing perfluoroisopropyl, phenylsulfonyl and nitro groups were 

synthesised fol lowing literature թքօօշժսքշտ.՛^՜՝ ՛* In all cases the desired 

tetrahydropyrido[2,3-¿)]pyrazines were formed in good yields. The slightly low yield of 27 

was due to handling losses at the purification stage. The electron withdrawing groups 

present at the 4-positions o f the aromatic ring provide sufficient activation for nucleophilic 

aromatic substitution and hence cyclisation to occur at the 3-position while themselves 

avoiding displacement by the binucleophile, all apart from 18І where the nitro group is 

displaced by the ทนcleophile. 

N 
18 

NaHCOa 
CH3CN, reflux 

Products 

Product(ร) (yield) 

Br 
18e 

27, 20% 

СҒ(СҒз)2 

18f 

(СҒз )2С1^ 

28, 40% 

SOjPh 

18g 

CN 

18Һ 

NO2 

181 

ՏՕշԲհ I 

' J 
29, 65% 

30, 90% 

N N 

N ^ N 

Table 3.3a Reactions o f 4-substituted tetrafluoropyridine derivatives containing electron 

withdrawing substituents 
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A rough guide to the order o f activation o f an aromatic ring towards nucleophilic aromatic 

substitution by different groups is outlined in Fig. 3.3a along wi th the relative mobilities of 

different substituents. 

Most 

activating 

N2+ 

NO2 

SO2R 

CF3 

CN 

Br, СІ, I 

Highest 
mobility 

F- Ã 
NO2 

Br, СІ, I 

SO2R 

Fig. 3.3a Activating effects and mobilities o f substituents in nucleophilic aromatic 

substitution reactions 

The structures o f 27, 28, 29 and 30 were confirmed by X-ray crystallography (Fig. 3.3b-

З.Зе). 

Fig. 3.3b X-Ray Molecular Structure o f 27 Fig. 3.3c X-Ray Molecular Structure of 28 
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Fig. 3.3d Х-Ray Molecular Structure of 29 Fig. З.Зе X-Ray Molecular Structure of 30 

The formation o f 27 is thought to occur by the initial attack o f the binucleophile at the 2-

position, analogous to the reaction o f 18e wi th diethylamine (Fig. 3.3f). 

Br Br 

NHEto 
CH3CN 

N 

18e 

NaHCOg 

F 

N NEt2 

61% 

Fig. 3.3f Formation of 32 by reaction o f 18e w i th diethylamine 

Fused ring system 28 exists as two conformers A and в shown in Fig. 3.3g which can be 

distinguished by 19F N M R . The fused ring system exists mainly in the form of conformer 

A as there is no steric repulsion between the trifluoromethyl group and the 1-methyl group 

that exists in conformer в. 
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Conformer A Conformer в 

Fig. 3.3g The two conformers o f 28 

The '^F N M R data for 28 reveals a ' ' j p F coupling o f 89 Hz between F-7 and the fluorine 

atom o f the perfluoroisopropyl group that is in close proximity for conformer в. This 

coupling is not observed for conformer A. A similar result has been reported for 33 shown 

in Fig. З.ЗҺ, this compound also exists as two conformers that can be distinguished by '̂ ғ 

N M R data, 16 

ҪҒ(СҒз)2 

OMe 

Fig. З.ЗҺ Structure o f 2,6-dibromo-3-fluoro-5-methoxy-4-(l ,2,2,2-tetrafluoro-l -

trifluoromethylethyl)pyridine 33 

Two products 31a and 3a are fonned by the reaction o f 18І w i th 2a; 31a is formed by the 

displacement o f two fluorine atoms at the 2- and 3-positions, and 3a is formed by 

displacement o f the nitro group at the 4-position and the fluorine atom at the 3-position. 3a 

is formed as a result o f the nitro group acting as a good leaving group in nucleophilic 

substitution reactions'7 as shown in Fig 3.3a. 
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3.4) C O N C L U S I O N 

We have demonstrated that tetrafluoropyridine derivatives that are substituted at the 4-

position by activating electron withdrawing groups can be used as substrates for the 

synthesis o f tetrahydropyrido [2,3 -èjpyrazine systems by reaction wi th Ν,Ν'-

dimethylethylenediamine 2a (Fig. 3.4a). Derivatives containing electron donating groups 

at the 4-position do not provide sufficient activation o f the aromatic ring for cyclisation to 

occur via ทนcleophilic aromatic substitution. 

N' 
, に 

Χ 

Ń、 

Ν へ ' 

for Χ = Η, Br, СҒ(СҒ,)2, for Х = Νθ2 only 
ՏՕշԲհ, CN, NO2 

Fig. 3.4a Synthesis o f tetrahydropyrido[2,3 -ĎJpyrazines from 4-substituted 

tetrafluoropyridine derivatives 

Now that it has been established that the blocking/ring annelation strategy outlined in Fig. 

3.1a is feasible for the synthesis o f fused ring systems from tetrafluoropyridine derivatives, 

reactions o f these systems wi th alternative binucleophiles and further fixnctionalisation 

strategies can be investigated. The results of these รณdies are presented in the fol lowing 

chapters. 
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R I N G F O R M I N G R E A C T I O N S OF 4-NITRO-2 ,3 ,5 ,6 -TETRAFLUOROPYIUDINE 

A N D 2 ,3 ,5 ,6 -TETRAFLUORO-4- (PHENYLSULFONYL)PYRIDINE 

4.1) I N T R O D U C T I O N 

Work in the previous chapter was concerned with Synthesising tetrahydropyrido[2,3-

¿Jpyrazines from 4-substituted tetrafluoropyridine derivatives and 1,2-diamines. This 

chapter expands upon the work begun in Chapter 3 and focuses upon the use o f 4-nitro-

2,3,5,6-tetrafluoropyridine 18İ as a substrate for ring forming reactions by ทนcleophilic 

aromatic substitution reactions, moving onto the use o f 2,3,5,6-tetrafluoro-4-

(phenylsulfonyl)pyridine 18g. Work reported in Chapter 3 shows that it is possible to form 

fused ring systems by the reaction of 18İ and 18g w i th A'i/^'-dimethylethylenediamine 2a, 

and therefore the next step in the development o f this ring forming methodology was to 

attempt reactions wi th alternative binucleophiles in order to potentially broaden the scope 

o f this strategy. 

It was noted in Chapter 3 that some reactions o f 4-substituted tetrafluoropyridine 

derivatives wi th 2a did not give straightforward results, e.g. the reaction of 4-methoxy-

2,3,5,6-tetrafluoropyridine 18b, therefore, before attempting reactions o f 18İ and 18g wi th 

binucleophiles, it was thought necessary to carry out a series o f model reactions o f these 

derivatives wi th mononucleophiles to establish the effects o f the 4-nitro and 4-

phenylsulfonyl substituents upon the reactivity o f the pyridine system towards ทนcleophilic 

substitution reactions. There are three possible products that could be formed by the 

reaction o f a 4-substiณted tetrafluoropyridine molecule wi th a mononucleophile as shown 

in Fig. 4.1a. 
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Х 

Լ 
N' 

Nuc 

Х 

Լ 
N Nuc 

Х 

Լ 
N' 

Nuc 
Nuc 

С 
N' 

Fig. 4.1a Possible products formed as a result o f the reaction o f 4-substituted 

tetrafluoropyridine derivatives wi th mononucleophiles 

The ทนcleophile could in principle attack at էԽշշ positions; the 2- or the 3-position by 

displacement o f a fluorine atom, or the 4-position by displacement o f the substituent X. 

The fol lowing sections report the results o f the reactions o f 18İ and 18g with both mono 

and binucleophiles. 

4.2) R E A C T I O N S O F 4 - N I T R O - 2 , 3 , 5 , 6 - T E T R A F L U O R O P Y ผ D I N E 18i W I T H 

M O N O N U C L E O P H I L E S 

4-Nitro-2,3,5,6-tetrafluoropyridine 18İ was synthesised from pentafluoropyridine 1 via 

2,3,5,6-tetrafluoropyridin-4-ylamine 34 (Fig. 4.2a).' 

F NH, 

H,o, мНз(ад)^ S r ^ F о о 

+ ҒзС-• ' '^๐'^СҒз DCM 

66% 

Fig. 4.2a Synthesis o f 18i 

NO, 

С 
人 

18ί 
50% 

Table 4.2a shows the results o f a series o f reactions o f 18İ w i th representative ทนcleophiles. 

Nitrogen, oxygen and sulfiir ทนcleophiles were investigated, containing aromatic and 
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aliphatic groups to mimic a range o f choices of binucleophiles that could in future be used 

for ring forming reactions. 

ŅO2 

+ Nucleophile Conditions, Products 

N 
181 

Nucleophile Conditions Product(ร) (yield) 

NHEt2 NaHCOyCHaCN 

PhNH2 МаНСОз/СНзСМ 

EtONa EtOH 

PhOH NaHCOyCHaCN 

ŅO2 ŅO2 NEt2 
' .NEt2 ' 

16:1:8 
F " ^ N ^ N E t 2 Et2^ F ^ ^ N ^ F 

35a 35b * 35c * 
35% 

NHPh 

N ' 
36a 
12% 

OEt 

Others 1:1 
、に 

36b* 

OEt 

N 

37a · 

OPh 

Others 1.4:1 

N OEt 

37b 

37% 

ŅO2 

N 
38a 

OPh 

N 
38b* 

N 
36b 

Others 8.8:1:1.3 
44% 

EtSH NaHCOyCHaCN 

PhSH МаНСОз/СНзСМ 

ŞEt d F ŅO2 

ᄉ ՚ 

Ν 

39a 

Ν 

36b 

7:3:1 

N ' ^ S E t 37% 

39b* 

ŞPh SPh 

N 
40a 
ալ. 

26:1 
N' ^SPh 

40b* 

Products 38a and 36b were isolated as a mixture of compounds in the ratio 6.4:1 respectively, and products 39a and 36b 
were also isolated as a mixture in the ratio 7:3. 
* Products not Isolated but presence confirmed by 19ғ NMR and mass spectral data. 
Others specifies products resulting from multiple substitutions 

Table 4.2a Reactions o f 18İ w i th ทนcleophiles 
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Reaction conditions were kept constant (sodium hydrogen carbonate/acetoni trile) except for 

the reaction o f 18İ wi th sodium ethoxide. No reaction occurred when attempts were made 

using ethanol and sodium hydrogen carbonate in acetonitrile so the more reactive sodium 

ethoxide ทนcleophile was used with ethanol as the solvent o f choice. In the majority o f 

cases shown in Table 4.2a it was possible to isolate the main component from the crude 

reaction mixture and the side products were identified by a combination o f 1 9 F N M R and 

mass spectral data. 

In all o f the reactions attempted, a significant proportion o f the product formed resulted 

from the displacement o f the nitro group at the 4-position. These results may be explained 

by the fact that the nitro group is almost as easily displaced as fluorine in ทนcleophilic 

aromatic substitution reactions^'' and is located at the most activated position in the 

pyridine ring, for reasons discussed previously (Section 1.5). 

The location o f the dialkylamino substituents at the 2- and the 5-positions of 35b were 

confirmed by a consideration o f '^F N M R shifts; two resonances appear at -71 and -152 

ppm whereas the altemate isomer with the dialkylamino substiณents located at the 2- and 

6-positions would be expected to show only one resonance in the region o f -150 ppm. It is 

assumed that the first position o f ทนcleophilic attack is at the 2-position analogous to the 

formation o f 35a, and then a second ทนcleophilic attack occurs at the 5-position para to this 

dialkylamino substituent. The 5-position is activated by both an ortho fluorine atom and an 

ortho nitro group and it is not deactivated by the presence o f a para fluorine favouring 

ทนcleophilic attack at this position. 
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Product 36b, formed in the reaction o f 18İ with aniline, phenol and ethanethiol, is slightly 

unusual and the strucณre was confirmed by 1 9 F N M R and mass spectral data. A 

mechanism for the formation o f this product is tentatively suggested, arising from attack by 

water present in the system (Fig. 4.2b). 

N. 

-NO2 

f 
ÓH 
с -H+ 

r 
Լ 

N' N 
36b 

Fig. 4.2b Mechanism for the formation o f 36b 

The presence o f the phenoxy substituent at the 3-position o f 38b was again confirmed by a 

consideration o f 1 9F N M R data and indicates that the nitro group is very effective at 

activating the position ortho to it, so much so that it competes wi th the activating effect o f 

the pyridine nitrogen atom which directs attack towards the 2- and 6-positions.^' s ' 9 

In summary, the reactions outlined in Table 4.2a show that ทนcleophilic substitution o f 18İ 

is not regioselective and can be diff icult to control wi th reactions often resulting in 

polysubstitution. The table also shows that the nitro group is easily displaced by all o f the 

ทนcleophiles investigated due to the lability o f this substituent. 
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4.3) R E A C T I O N S OF 4 -NITRO-2 ,3 ,5 ,6 -TETRAFLUOROPYRIDINE 18İ W I T H 
B I N U C L E O P H I L E S 

Once the effect o f the nitro substituent on the reactivity of 18İ was established, studies 

moved on to investigate the formation of fused ring systems by the reaction o f 18İ wi th 

binucleophiles. The reactions outlined in Section 4.2 indicate that the nitro group would 

probably not be a good 'blocking substiณent' for the formation o f fused ring systems at the 

2- and 3-positions. However, as described in the previous chapter, the reaction o f 18İ with 

N,N'-dimethylethylenediamine 2a was attempted, and an almost 1:1 mixture of products 

was formed (Fig. 4.3a). This result is consistent wi th the reaction o f 18İ wi th diethylamine 

and allows the synthesis o f preparatively useful amounts o f 31a for further รณdy. 

д^д.^ / N . ^ ^ / NaHCOa F 人 N 人 p - ^ N ^ F 

卜 ト 2a H 31a I 1.5:1 За 

IS' 70% 

Fig. 4.3a Formation of products 31a and 3a 

Displacement o f the nitro substiณent also occurred when the reaction o f 18İ wi th 2-

aminobenzenethiol 5b was attempted (Fig. 4.3b) and the Stณcture o f 6b was confirmed by 

X-ray crystallography (Fig. 4.3c). 
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に丄 F + ' ^ S H . 

18i 5b 

МаНСОз 

CH3CN 

S 

Լ 
others 

Ν 

6b 

32% 

Fig. 4.3b Reaction o f 18І wi th 5b 

Fig. 4.3c X-Ray Molecular Structure o f 6b 

The product formed in the above reaction again resulted from displacement o f the nitro 

group which compares wel l wi th the relevant model reaction o f benzenethiol with 18Ì, 

where the first position o f attack was para to the pyridine ring nitrogen. 

Both attempted reactions o f 18І wi th binucleophiles demonstrate that the nitro group is not 

the most appropriate 'blocking group' for the 4-position, although some [6,6] fused ring 

systems can be obtained, and indeed ring forming reactions by the replacement o f a nitro 

substiณent attached to an aromatic ring have been reported and are termed 'aromatic 

ทนcleophilic denitrocyclisation reactions'.'° 
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Based on these results it is therefore necessary to investigate tetrafluoropyridine systems 

with substituents at the 4-position that are less mobile than fluorine and nitro in 

ทนcleophilic aromatic substitution reactions, but w i l l still activate the aromatic ring towards 

attack by ทนcleophiles. For this reason studies moved onto the use o f the phenylsulfonyl 

group as a blocking substituent. Sulfonyl groups can also be desirable pharmacophoric 

features to include in the design o f new libraries o f drug molecules."' ՚ 2 

4.4) R E A C T I O N S O F 2,3,5,6-TETRAFLUORO-4-

( P H E N Y L S U L F O N Y L ) P Y R I D I N E 18g W I T H M O N O N U C L E O P H I L E S 

2,3,5,6-Tetrafluoro-4-(phenylsulfonyl)pyridine 18g was prepared by the reaction o f 

pentafluoropyridine 1 wi th sodium phenylsulfínate in D M F (Fig. 4.4a) and purification by 

recrystallisation from ethanol gave excellent yields o f the desired product.'^ 

ՏՕշԲհ 

PhSOzNa DMF ^ 

N F F N 
1 18g 

85% 

Fig. 4.4a Synthesis o f 18g 

Again, an initial รณdy o f the reactions o f 18g w i th mononucleophiles was carried out to 

establish the effects o f the 4-phenylsulfonyl substiณent upon the reactivity o f the pyridine 

system. The results o f a series o f reactions o f 18g wi th representative ทนcleophiles are 

shown in Table 4.4a and are the same as those used for model reactions o f 4-nitro-2,3,5,6-

tetrafluoropyridine 18İ so a direct comparison can be made. 

80 



Chapter 4 
Տ Օ շ Ր հ 

Nucleophile Conditions ^ Products 

18g 

Nucleophile Conditions Product(ร) (yield) 

NHEt2 МаНСОз/СНзСМ 

PhNH2 NaHCOa/CHaCN 

EtONa EtOH 

ՏՕշԲհ ՏՕշԲհ 

z 人 + 1 1 -
N NEt2 Et2N N ՝ F 

41a 41 b ՝ 
15% 

Տ Օ շ Ր հ 

34:4:1 
Et2N' "NEt2 

41c* 

Ph ΗΝ 

ՏՕշՐհ Տ Օ շ Բ հ 
Ph ΗΝ 

Ν 

42a -

ՏՕշԲհ 

Ν NHPh 

42b* 

Տ Օ շ Բ հ 
, F 

Ν NHPh PhHN Ν NHPh 

42c* 42d* 

Տ Օ շ Ր հ ҘОгРҺ 

+ ji 1 6:1 

՝ N ^ O E t В О 入 N ^ O E t 

43a 43b* 

76% 

9.5:2:3.5:1 

PhOH МаНСОз/СНзСЫ 

EISH МаНСОз/СНзСМ 

PhSH NaHCOa/CHaCN 

ՏՕշԲհ OPh 

T . 
N ^ O P h ^ F - ^ N ^ F 

3:2 

44a 
52% 

S B 

44b* 

SPh 

N 
45a* 

SPh 

SPh 
SEt 

B S " N ' 
45b* 

S B 

、14՜ 
45c* 

SEt 

SEt 

N 
45d 
34% 

Տ Օ շ Բ հ 46:1:1:18:3.1:12.5 

SEt Ets 
+ 

Ets" ՝իյ ՜ 
45e* 

+ Others 

N ' 、SB 

45f * 

SPh 

+ Others 

N 
46 

29% 

' Products not isolated but presence confirmed by 19ғ NMR and mass spectral data. 
- Products not isolated but presence confirmed by 19ғ, İH, " с NMR and mass spectral data 

Table 4.4ā Reactions o f 18g wi th nucleophiles 
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It can be seen that reactions of 18g wi th 'harder' ทนcleophiles (sodium ethoxide and 

diethylamine) gave products wi th the phenylsulfonyl substituent intact and reaction occurs 

at the 'harder' C-F bonds rather than the 'softer' C-ร bond. Product 42a is formed as a 

result o f the phenylsulfonyl substituent significantly activating the positions ortho to 

itself.'"* When discussing the 'hardness' and 'softness' o f ทนcleophiles, factors other than 

simply the ทนcleophile under discussion come into play, such as the solvent that the 

reaction is carried out in. A l l o f the reactions o f 18g wi th mononucleophiles are carried out 

in acetonitrile except for the reaction wi th sodium ethoxide which was carried out in 

ethanol due to difficulties wi th the reaction o f ethanol in acetonitrile mentioned previously. 

Ethanol is a polar protic solvent whereas acetonitrile is a polar aprotic solvent so it may not 

be possible to directly compare the reaction o f sodium ethoxide wi th the reactions o f the 

other ทนcleophiles in this case. 

Reaction o f pyridine 18g wi th 'softer' ทนcleophiles (ethanethiol and benzenethiol) gave 

products that were mainly a result o f reaction at the 'softest' site i.e. the C-ร bond with 

displacement o f the phenylsulfonyl group and, indeed, it is known that the phenylsulfonyl 

substituent can be a good leaving group in ทนcleophilic aromatic substitution processes.'^ 

The reaction wi th ethanethiol gave a complex mixture o f products and it is thought that the 

product 45d may possibly be formed by reduction o f 18g wi th ethanethiol as the source o f 

electrons. It is known that elemental sulfur can reduce aryl sulfones to sulfides'^ and that 

ethanethiol and similar reagents can participate in single electron transfer reactions,'^ 

consequently, it is not unreasonable to suggest a similar reduction process is occurring in 

this case. 
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Nucleophiles such as phenol and aniline which cannot be classed as 'very hard' or 'very 

soft' in this case give 42a-42d, 44a and 44b. 42a-42d are formed by aniline attacking the 

'harder' C-F bonds o f 18g, 44a is formed by phenol attacking the 'harder' C-F bond o f 18g 

and 44b is formed by phenol attacking the 'softer' C-ร bond. 

From these results, it is very diff icult to predict how different nucleophiles w i l l react under 

different conditions and the results shown in Table 4.4a should only be used as a rough 

guide. The most useful information that can be extracted from these reactions is that 'very 

hard' nucleophiles (e.g. ethoxide) should attack the 'harder' C-F sites and 'very soft' 

nucleophiles (e.g. phenylsulfanyl) should attack the 'softer' C-ร site whereas mixtures are 

obtained when intermediate nucleophiles are used (Fig. 4.4b). The explanation o f the 

'hardness' and 'softness' o f nucleophiles determining the position o f attack in 

polyfluorinated pyridines bearing other substituents has been suggested previously by 

Chambers et al}^ 

'Softest' site attacked 

'Hardest' site attacked 
by e.g. EtONa 

Fig. 4.4b Representation o f ' ha rd ' and 'soft ' sites o f 18g 

The model reactions outlined in this section suggest that it may be possible to use oxygen 

and nitrogen binucleophiles for the formation o f ftised ring systems but that the use o f 

sulfur binucleophiles may be problematic. These reactions can also provide preparatively 
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useful amounts o f certain compounds, namely 41a, 43a and 44a, but can be unpredictable 

due to competition effects. 

4.5) R E A C T I O N S O F 2,3,5,6-TETRAFLUORO-4-

( P H E N Y L S U L F O N Y L ) P Y R I D I N E 18g W I T H B I N U C L E O P H I L E S 

The results o f the reactions o f 18g wi th the mononucleophiles shown in Table 4.4a 

demonstrate that the phenylsulfonyl group is a better 'blocking substituent' than the nitro 

group upon reaction wi th oxygen and nitrogen ทนcleophiles, and therefore ring forming 

reactions o f 18g were attempted using oxygen and nitrogen binucleophiles (Table 4.5a). 

ՏՕշԲհ 
R МаНСОз, 

χ СНзСМ. reflux 

Ν 

_Шд_ 
Binucleophile Product(ร) 

ՏՕշԲհ 

2a 

H2N 
NH2 

2d 

5a 

Ν Ν 

(See Chapter 3) 

Ν ՝ N 

リ 
50 

.OH 

՝NH2 

ՏՕշԲհ 

Others 

l ab le 4.5a Reactions o f I82 wi th binucleophiles 
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Again, reactions were conducted under high dilution conditions to minimise the formation 

of pyridine bridged products and the first binucleophile investigated was 2a, reaction wi th 

18g gave 29 (see Chapter 3). 

As it is known that the phenylsulfonyl group activates adjacent C-F bonds towards attack 

by ทนcleophiles,''' reaction o f 18g with 2d was attempted to investigate whether it is 

possible to carry out annelation reactions wi th primary amine binucleophiles, and 47 was 

isolated in a 7 1 % yield after recrystallisation from dichloromethane. 

Following model studies where oxygen and nitrogen ทนcleophiles reacted to give 

predominantly one product, reactions of oxygen/nitrogen binucleophiles were investigated 

to expand the range o f core scaffolds that can be synthesised. The reaction o f 5a wi th 18g 

gave two products; the desired fused ring system 48 and the uncyclised intermediate 49, 

which could be separated by column cføomatography followed by recrystallisation from 

dichloromethane. Conversion o f the remaining uncyclised intermediate 49 could possibly 

be achieved wi th longer reflux times. The structure o f 48 was confirmed by X-ray 

crystallography (Fig 4.5a) and it is assumed that the most ทนcleophilic secondary amine 

attacks the 2-position, in agreement with model studies using diethylamine, followed by 

attack o f the oxygen at the 3-position. 
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Fig. 4.5a Х-Ray Molecular Structure o f 48 

Reaction o f the related binucleophile 50 wi th 18g gives product 51. The structure o f 51 

was confirmed by X-ray crystallography (Fig. 4.5b) which shows the relative positions o f 

the nitrogen and oxygen atoms in the central ring. 

Fig. 4.5b X-Ray Molecular Structure o f 51 

It is envisaged that there are two ways in which 51 could be formed; the nitrogen atom in 

50 is more ทนcleophilic than the oxygen atom so the nitrogen atom could first attack the 3-

position, in agreement wi th model studies using aniline, and then attack o f the oxygen atom 

could occur at the 2-position to give 51， or, the nitrogen atom could first attack the 2-
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pos i t ion, w h i c h is act ivated b y the pyr id ine ring n i t rogen, f o l l o w e d b y a Smi les ' 

rearrangement and cyc l isat ion at the 3-posi t ion to g ive 51 (F ig . 4.5c). '^ ՚ 2 ° However , ' 9 F 

N M R data o f the react ion mix tu re does not support this Smi les ' rearrangement process. 

ՏՕշԲհ 

18g 

Н0、 

\ 

50 

F i g . 4.5c Possible mechanism for the fo rmat ion o f 51 

The w o r k presented i n th is chapter has demonstrated that i t is possible to f o r m [6,6] fused 

ring systems at the 2- and 3-posit ions o f py r id ine rings b y the react ion o f 2,3,5,6-

te t ra f luoro-4- (pheny lsu l fony l )pyr id ine 18g w i t h N , N and N , 0 b inuc leophi les, adding to the 

d ivers i ty o f core scaf fo lds that may be accessed b y this strategy. The next step i n the 

development o f th is methodo logy was to invest igate the fur ther funct ional isat ion o f such 

core scaffolds as descr ibed i n the next section. 

4.6) F U N C T I O N A L I S A T I O N O F C O R E S C A F F O L D S D E R I V E D F R O M 2,3,5,6-

T E T R A F L U O R O - 4 - ( P H E N Y L S U L F O N Y L ) P Y R I D I N E 

To establish whether the remain ing fluorine atoms i n fused ring systems such as those 

synthesised from 18g are s t i l l activated towards ทนcleophi l ic attack, reactions o f 29 w i t h 

.ni t rogen_and_oxygenj iųclepphi les were invest igated (F ig . 4.6a). 
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ՏՕշԲհ I 

CH3CN 

SOjPhi 

N N 

ՏՕշԲհ I 

_ , THF 
РҺОҠ* —— • 

PhO. 
SOoPh I 

F i g . 4.6a React ions o f 29 w i t h n i t rogen and oxygen ทนcleophiles 

b i i t i a l l y , react ion o f 29 w i t h d ie thy lamine was attempted but no react ion was observed so 

the react iv i ty o f the ทนcleophi le was increased b y us ing l i t h i u m diethy lamide. The 

format ion o f 52 is s l igh t ly unexpected as l i t h i u m d ie thy lamide is a ' ha rd ' ทนcleophi le 

w h i c h seems to have attacked at the 'sof ter ' pos i t ion , however , the pheny lsu l fony l 

substituent is s t i l l located at the most act ivated pos i t ion o f the pyr id ine r ing and the 

presence o f the extra deact ivat ing n i t rogen substituents o n the ring cou ld force attack to 

occur at this most act ivated pos i t ion. 

React ion o f 29 w i t h potass ium phenoxide gave products 53 and 54. The pos i t ion o f attack 

was again determined b y a considerat ion o f 1 9 F N M R shi f ts. Products 53 and 54 cou ld not 

be separated, and the l o w y ie ld results from attempts to separate the isomers b y co lumn 

chromatography. Fused ring system 53 was fo rmed as a result o f attack at C-7 ortho to the 

pheny lsu l fony l group and 54 was fo rmed b y attack at C-6 ortho to the pyr id ine ring 

n i t rogen, no replacement o f the pheny lsu l fony l group was observed i n this case. 
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A s the reactions o f 29 w i t h ทนcleophiles that are out l ined above g ive mixณres o f products 

w h i c h can sometimes be d i f f i cu l t to separate, an alternat ive strategy for funct ional isat ion 

was attempted (F ig . 4.6b). 

Տ Օ շ Բ հ Տ Օ շ Բ հ Տ Օ շ Բ հ 

NUC1 • 

N 
18g 

Nuc Nuc ^ N u c . 

N ^ N u c i ^ N u c - ^ N ^ N u c i 

F i g . 4 .6b Strategy for ñ inct ional isat ion o f fused ring systems 

I f 18g is first reacted w i t h a ทนcleophile at the 2-pos i t ion, subsequent attack o f the product 

w i t h a b inuc leophi le m a y lead to a fused ring product and the f i rst react ion o f this type that 

was invest igated produced a 8ифгізіп§ result (F ig . 4.6c). 

ՏՕշԲհ 

+ N 
՝ N ' ՝NEt2 ՜՜ н 
41a 2а 

ՏՕշԲհ 

CHgCN 
МаНСОз 

NEt2 

F i g . 4.6c Format ion o f 55 

When 41a was reacted w i t h A ' ; / / ' -d imethy le thy lenediamine 2a i n acetonitr i le in the 

presence o f sod ium hydrogen carbonate as base, 55, w h i c h contains no fluorine atoms, was 

the on l y product , w i t h structural con f i rmat ion b y X - r a y crysta l lography (F ig . 4.6d). 
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F i g . 4 .6d Х - R a y Mo lecu la r Structure o f 55 

The fo rmat ion o f 55 cou ld occur v ia a single electron transfer process such as that shown in 

F ig . 4.6e. 

Ar-
e 

Ar 

-Q 

Ar—H 
Solvent-H 

Ar 

F i g . 4.6e Possible mechanism for the fo rmat ion o f 55 

The fused ring system cou ld accept an electron from the electron r i ch b inuc leoph i le to f o r m 

a radical anion w h i c h then loses a fluoride ion . I t m a y then be possible for the resul t ing 

radical to abstract a p ro ton from the solvent to g ive 55. 

Simi la r reactions were attempted as discussed be low, and th is replacement o f fluorine b y 

hydrogen is on l y observed for this part icular subst iณent /b inucleophi le combinat ion i.e. 

on ly wh e n N,N ' -d ie thy l -3 ,5 ,6 - t r i f l uo ro-4- (pheny lsu l fony l )py r id ine-2-amine 41a is reacted 

— — ֊- 9 0 ՛ ֊ — ֊ 



Chapter 4 

w i t h Ķ N ' -d imethy l e thy l enediamine 2a. Th is may be due to the unique electronic 

propert ies, the electron a f f in i t y , o f this ring system w h i c h a l lows the acceptance o f an 

electron necessary fo r the process out l ined i n F i g . 4.6e to beg in . L i t t l e is understood about 

the process beh ind the fo rmat ion o f 55 and further study in to this area is required before a 

concrete mechanism can be proposed. 

The react ion o f 44a w i t h 2a was also attempted i n order to invest igate this funct ional isat ion 

strategy further (F ig . 4 .6 f ) . 

ՏՕշԲհ 
CHgCN 

NaHCOg 

SOoPh 

OPh 

F i g . 4 .6 f Fo rmat ion o f 56 

I t can be seen that the desired fused r i ng system 56 was successft i l ly obtained i n a 6 5 % 

y ie ld and no replacement o f fluorine b y hydrogen was observed, however , when react ion o f 

41a w i t h the unsymmet r i ca l b inuc leophi le 5a was at tempted, no fused r i ng system was 

obtained, and instead the uncycl ised product 57 was isolated i n a 5 8 % y ie ld after 6 d at 

re f lux (F ig . 4.6g) . 

ՏՕշԲհ SOoPh 

H 
OH 

CH3CN 

N NEt2 
41a 

МаНСОз HO 

5a 
N NEt2 

F ig . 4.6g Fo rmat ion o f 57 
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It w o u l d appear that the d ie thy lamine group in 41a is su f f i c ien t l y electron donat ing to 

deactivate the aromatic ring towards ทนcleophi l ic attack and stop cyc l isat ion occurr ing 

complete ly w h e n a less reactive b inuc leophi le is used. The pos i t ion o f attack b y 5a was 

determined b y 1 9 р N M R data ( two resonances at -73.3 and -134.3 p p m were observed) and 

it can be seen that the n i t rogen atom o f 5a is attached to the py r id ine ring as coup l ing 

between the ring fluorine atom and the methy l group at the n i t rogen centre can be observed. 

A t tack o f 5a ortho to the pheny lsu l fony l group occurs analogous to the fonna t ion o f 

disubst i tuted 41b , and th is pos i t ion o f attack is not deact ivated b y the presence o f a para 

fluorine atom. 

A f te r exp lo r ing reactions o f the fluorinated ring o f 29, a complementary process w o u l d be 

the mod i f i ca t i on o f the non-aromat ic ring i n some way . Th is strategy is demonstrated b y 

the react ion o f 47 w i t h acetic anhydr ide i n acetic ac id (F ig . 4.6Һ) 

SOoPh 

N N 
丄 J 58 

、N Ķ 66% 

/ ՝ 、 0 

F i g . 4.6Һ React ion o f 47 w i t h acetic anhydr ide 

The n i t rogen a tom w h i c h is located at the 4-pos i t ion o f the pyraz ine ring i n 47 is acetylated 

exclusively. Th i s cou ld be due to steric factors, i.e. the pheny lsu l fony l group is h inder ing 

the approach o f electrophi les to the n i t rogen a tom at the 1-posit ion, or i t cou ld be that the 

pheny lsu l fony l group is w i t h d r a w i n g electron densi ty from this n i t rogen render ing this site 

less ทนcleophi l ic . I t cou ld be envisaged that the n i t rogen atom at the 4-pos i t ion o f the 
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pyrazine ring cou ld react w i t h many d i f ferent electrophi les w h i c h cou ld add further 

d ivers i ty elements to core scaffolds synthesised us ing this methodo logy . 

4.7) C O N C L U S I O N 

Nuc leoph i l i c subst i tu t ion reactions o f 4-n i t ro-2,3,5,6- tet raf luoropyr id ine 18İ have been 

carr ied out and it was found that al l ทนcleophiles invest igated result i n some displacement 

o f the ni t ro group from the 4-pos i t ion, however, i t is possible to f o r m a fused ring system 

b y the react ion o f this te t ra f luoropyr id ine der ivat ive w i t h N,N-d imethy le thy lened iamine 2a. 

Reactions o f 2 ,3,5,6- te t ra f luoro-4-(phenylsu l fony l )pyr id ine 18g w i t h ทนcleophiles gave a 

range o f products depending on the 'hardness' or 'sof tness' o f the ทนcleophi le, w i t h ' so f t ' 

ทนcleophiles (e.g. su l fur ทนcleophiles) resul t ing i n the displacement o f the pheny lsu l fony l 

substituent. I t is possible to synthesise a var ie ty o f [6,6] fused ring systems b y the react ion 

o f 2 ,3,5,6- te t ra f luoro-4-(phenylsu l fony l )pyr id ine w i t h n i t rogen and oxygen binucleophi les, 

and, i n p r inc ip le , m a n y more than the few shown i n this chapter are possible. I t is also 

possible to add d ivers i ty elements to these core scaffolds b y react ion w i t h ทนcleophiles or 

electrophi les, however , occasional ly the separation o f isomers can be t r i cky . It is also 

possible to remove a l l o f the fluorine atoms from one par t icu lar fused ring system in what is 

considered to be a rad ica l mechanism, a l though more invest igat ion into this react ion is 

required before i t can be explo i ted synthet ical ly. 
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Chapter 

R I N G F O R M I N G R E A C T I O N S O F 2 , 3 , 5 , 6 - T E T R A F L U O R O - 4 -
P Y R I D I N E C A R B O N I T R I L E 

5.1) I N T R O D U C T I O N 

The w o r k contained i n this chapter fur ther expands upon the w o r k presented in Chapters 3 

and 4 w h i c h is based upon ring f o rm ing reactions o f b inuc leophi les w i t h te t ra f luoropyr id ine 

derivat ives. Th is chapter focuses upon the use o f 2,3,5,6- tet raf luoropyr id ine-4-carboni t r i le 

18Һ i n a m e l a t i o n reactions o f this sort. I t is k n o w n that the cyano group s t rongly activates 

an aromatic ring towards ทนcleophi l ic aromatic subst i tut ion and i n addi t ion is a poor 

leaving group i n such react ions, so cou ld sui tably ' b l o c k ' the 4-pos i t ion o f po ly f luor ina ted 

pyr id ine der ivat ives towards attack b y b inucleophi les i n contrast to n i t ro and 

pheny lsu l fony l systems discussed prev ious ly . ' These propert ies o f the cyano substituent 

are potent ia l l y ideal fo r p romot ing the desired ring f o r m i n g reactions out l ined i n previous 

chapters (F ig . 5.1a). 

ÇN ÇN 

/ \ 「 Y V き ^ 

+ Nuc Nuc Հ^–֊^ Inu じ INU じ / 

N ^ F F - ^ N ^ N u c ^ 
18h 

F i g . 5.1a Synthesis o f fused r i ng systems f r o m 18Һ 

The cyano group is also a versati le substituent that can be t ransformed in to many di f ferent 

funct ional groups, fo r example, carboxy l ic acids, ketones and amines. The in i t i a l focus o f 

this chapter concerns the use o f 18Һ as a start ing mater ia l for the fami l ia r ring f o rm ing 
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reactions that are discussed in previous chapters and shown i n F ig . 5.1a, and then the focus 

shifts to the u t i l i sa t ion o f this substrate in a further type o f a n n e k t i o n procedure. 

5.2) R E A C T I O N S O F 2 , 3 , 5 , 6 - T E T R A F L U O R O - 4 ֊ P Y R I D I N E C A R B O N I T R I L E 18Һ 

W I T H M O N O F U N C T I O N A L N U C L E O P H I L E S 

2,3,5,6-Tetraf luoro-4-pyr id inecarboni t r i le 18Һ can be prepared i n one o f t w o ways ; either 

by the l o w y ie ld ing react ion o f pen ta f l uo rop )^d ine w i t h sod ium cyanide w h i c h is d i f f i cu l t 

to cont ro l , or b y the react ion o f 2,3,5,6- tet rachloro-4-pyr id inecarboni t r i le and potassium 

fluoride (F ig . 5.2a).^ 

ÇN 

V МоГМ - , 긔 시 NaCN 

1 18Һ 
33% 

CN ÇN CN 

Autoclave พ ' ^ ' Autoclave. 
PCİ5 C I ^ N ^ C I KF 、N- ՝ F 

71% 18Һ 
71% 

F i g . 5.2a Synthesis o f 18Һ 

W e decided to establ ish the effects o f the cyano substiณent upon the react iv i ty o f the 

pyr id ine ring o f 18Һ b y react ion w i t h var ious ทนcleophiles, analogous to w o r k prev ious ly 

described i n v o l v i n g reactions o f 4-n i t ro-2,3,5,6- tet raf luoropyr id ine and 2,3,5,6-tetraf luoro-

4- (phenyIsu l fony l )pyr id ine . The results o f these reactions are shown i n Tab le 5.2a. 
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Nucteophile Conditions Prodบet(ร) (yield) 

NHEt2 МаНСОз/СНзСМ 
ÇN 

EtjN 

CN 

1:68 

N NEt2 

59a 

17% 

CN 

59b 

50% 

РҺМНг МаНСОз/СНзСМ 
N NHPh 

60 

93% 

EtONa CH3CN 

ÇN ÇN 

OEt 

N 

в1а 

N OEt 

e ib 

3:1, 87% 

PhOH ЫаНСОз/СНзСМ 

Ets H 

2 eq 

PhSH 

2eq 

CN CN CN 

PhO-

N ^ O P h 

PhO. 

:2.7:1.6 

62a ' 

CN 

Ets、 X . F 

NaHCOa/CHaCN 

62b 

20% 

CN 

B S 、 /SEt 

N ^ S E . 

вза 

ÇN 

N S Et 

63b 

N OPh 

в 2 с ' 

ÇN 

.SEt 

+ Others 9:3:1 

、に 、 ғ 10% 

в з с . 

PhS 
МаНСОз/СНзСМ 

63% 

Products e ia and 61b were isolated as a mixture of compounds in the ratio 94:1 respectively, and products вЗа and взь 

were also isolated as a mixture เก the ratio 32:1. 
* Products not isolated but presence confirmed by Î F NMR and mass spectra! data. 
Others specifies unidentifiable products 

T a b l e ร.2a Reactions o f 18Һ w i t h nucleophi les 

I n a l l o f the reactions shown i n Table 5.2a, the cyano substituent remains attached to the 

aromatic ring ind ica t ing that i t is a very good ' b l ock i ng g roup ' for the 4-posi t ion o f the 

pyr id ine ring for reasons discussed prev iously . I t can also be seen that the st rongly electron 
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w i t hd raw ing cyano group s ign i f icant ly activates the aromatic ring, especial ly at the 

adjacent 3- and 5-posit ions, to g ive products resul t ing from mu l t i p le substiณtions,^ and i n 

some cases this ef fect competes s ign i f icant ly w i t h act ivat ion o f the 2- and 6-posit ions by 

the pyr id ine ring n i t rogen. O f course this is advantageous in ring f o rm ing reactions where 

less reactive b inucleophi les are used and act ivat ion o f the 3-posi t ion is required for 

cyc l isat ion to occur. The pos i t ion o f attack o f the ทนcleophiles was determined b y a 

considerat ion o f ' 9 F N M R data and, in part icular, the structure o f 60 was con f i rmed b y X -

ray crysta l lography (F ig . 5.2b). 

F i g 5.2b X - R a y Mo lecu la r Structure o f 60 

T w o equivalents o f ethanethiol and benzenethio l were requi red in order to obtain 

s igni f icant convers ion o f start ing mater ia l and i n bo th these cases i t can be seen that the 

products obta ined, 63a-63c and 64, are the result o f mu l t i p l e subst iณtions b y the 

ทนcleophile. The reactions o f 18Һ out l ined i n Table 5.2 have shown that secondary amine 

ทนcleophiles attack the aromatic ring select ively and therefore analogous binucleophi les 

such as N,N-d imethy le thy lened iamine should react favourab ly to f o r m the desired fused 

r ing systems. I t can also be seen that sul fur and oxygen ทนcleophiles do not attack the 

aromatic ring i n a selective manner and therefore, based on these findings, symmetr ica l 
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oxygen and su l for b inucleophi les may be requi red for successful annelat ion reactions. In 

l ight o f these results, invest igat ions moved onto the reactions o f 18Һ w i t h b inucleophi les, 

and the results are out l ined in the f o l l o w i n g section. 

5.3) R E A C T I O N S O F 2 , 3 , 5 , 6 " T E T R A F L U O R O - 4 - P Y R I D I N E C A R B O N I T R I L E 18Һ 

W I T H B I F U N C T I O N A L N U C L E O P H I L E S 

Reactions o f 18Һ w i t h var ious b inucleophi les were carr ied out and the results are presented 

i n Tab le 5.3a. A l l reactions were conducted under h i g h d i l u t i on condi t ions to avo id the 

fo rmat ion o f py r id ine br idged products and i n the presence o f sod ium hydrogen carbonate 

as base. React ions were mon i to red b y 1 9 F N M R and the disappearance o f signals attr ibuted 

to the fluorine atoms at the 2- and 3-posit ions o f 18Һ (-85.4 and -133.1 p p m respect ively) 

and the appearance o f signals attr ibuted to the fluorine atoms at the 6- and 7-posit ions o f 

the fused ring systems (approx imate ly -100 and -150 p p m respect ively) were observed. 

ÇN 

+ X 

R NaHCOa 
χ CH3CN, reflux 

18h 

BinucleoDhile Product(ร) 

2a 

2d 
NH2 

OH 
รa 

N N 

Chapter 3 

Others 

T a b l e 5.3a Reactions o f 18Һ w i t h b inuc leophi les 
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In i t i a l l y 18Һ was reacted w i t h A'^A'^'-dimethylethylenediamine 2a as described i n Chapter 3. 

The react ion o f 18Һ was then attempted w i t h the p r imary amine b inuc leoph i le 2 d as i t was 

hoped the cyano group w o u l d strongly activate adjacent 3- and 5-posi t ions, encouraging 

cycl isat ion o f this less reactive b inuc leophi le to occur. Indeed, the desired fused ring 

product 65 was fo rmed i n good y ie ld . I n contrast, react ion w i t h the unsymmetr ica l 

b inuc leophi le 5a gave the desired fused ring system 66 a long w i t h smal l amounts o f other 

products w h i c h were thought to be a result o f mu l t i p le subst i tut ions b y 5a. The structure o f 

66 was con f i rmed b y X - r a y crysta l lography (F ig . 5.3a), and i t is assumed that the more 

nuc leophi l ic n i t rogen o f 5a attacks first at the 2-pos i t ion i n agreement w i t h the react ion o f 

d ie thy lamine and 18Һ i n w h i c h in i t ia l attack occurs exc lus ive ly at th is pos i t ion . 

F i g . 5.3a X - R a y Mo lecu la r Structure o f 66 

I n Chapter 4 i t was established that i t is possible to fur ther funct ional ise bo th rings o f [6,6] 

fused ring structures obta ined b y the methodo logy out l ined i n th is thesis, an alternative 

fiinctionalisation strategy w o u l d be to vary the substituent para to the pyr id ine ring 

ni t rogen after fus ion o f the second ring. React ion o f pheny l l i t h i u m led to t ransformat ion o f 

the cyano group o f 30 into a ketone rather than subst i tut ion at the py r id ine ring (F ig . 5.3b). 

10Õ 



Chapter 

CN 
P h \ / ,NH 

N、 

30 ！ 

PhLi 
THF 

N N 

P h . / О 

•՜ ՝"N Ņ' 
67 I 

7 1 % 

F ig . 5.3b Synthesis o f 67 

React ion o f 18Һ w i t h the carbon/oxygen b inuc leophi le ethy l acetoacetate shown i n F ig . 

5.3c led to a surpr is ing result. 

CN 

N' 
18Һ 

へ な 
THF 

NaH 

ÇN ՇՕշ£է ÇN СОгЕІ 
՚ ՚ JÒ 

F ig . 5.3c Synthesis o f 68 and 69 

Ethy l acetoacetate i n i t i a l l y attacked ortho to the cyano group, and cyc l isat ion occurred at 

the 2-posi t ion ortho to the pyr id ine r i ng n i t rogen to f o r m a 5-membered r i ng w h i c h is 

k inet ica l ly favoured over attack at the cyano group to g ive a 6-membered ring. The 

structure o f 68 was con f i rmed b y X - r a y crysta l lography (F ig . 5.3d). Compound 69 was 

also isolated i n an 1 8 % y ie ld and gives 68 i n the presence o f sod ium hydr ide. I f the in i t ia l 

react ion was re f luxed fo r longer i t w o u l d be possible to convert a l l o f the isolated 

intermediate 69 th rough to 68 i n one step. Faci le routes to funct ional ised f i i ro [2 ,3-

ò]pyr id ines l i ke 68 are h i g h l y sought after as such compounds are useful i n the search for 

pharmaco log ica l ly act ive substances and are also parent systems for natura l ly occurr ing 

products such as furoquino l ines and р їегосафапร. ' ' 
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F ig . 5.3d Х - R a y Mo lecu la r Structure o f 68 

Fused ring system 68 was then reacted w i t h oxygen, su l fur and n i t rogen nucleophi les in 

order to establish i f this type o f [5,6] fused r i ng system is act ivated towards attack b y 

nucleophi les i n an analogous manner to [6,6] fused ring systems. The results are shown i n 

Table 5.3b. 

ՇՕշ£է 

Nucleophile- Conditions 

Nucleophile Conditions Product(ร) 

NEtzLi THF 

EtONa 
excess 

PhSLi 
2 eq 

EtOH 

Eto-

THF 

Ҫ N ÇOöEt 

ÇN ÇOjEt 

T a b l e 5.3b Reactions o f 68 w i t h nucleophi les 

102 



Chapter 5 

Aga in i t can be seen that when 68 is reacted w i t h the ทนcleophiles shown i n Table 5.3b, the 
cyano group is not af fected and the filsed r i ng system is act ivated towards this process. 
React ion w i t h sod ium ethoxide and l i t h i um th iophenox ide required an excess o f 
ทนcleophile i n order to obta in s igni f icant convers ion and the products obtained are a result 
o f mu l t i p le subst i tut ions, and even the replacement o f a l l the fluorine atoms i n the system. 
React ion w i t h l i t h i u m d ie thy lamide gives 70, the pos i t ion o f attack determined b y a 
considerat ion o f ' 9 ρ N M R data, i n w h i c h one resonance was observed at -131.4 p p m . 

As the react ion o f 18Һ w i t h ethyl acetoacetate successf i i l ly gave the [5 ,6] filsed ring system 

68, the analogous react ion was carr ied out w i t h 3 -0X0-3-phenyl -propionic acid ethyl ester 

(F ig . 5.3e). 

ÇN 

W ' "ї/ Vr THF 

ÇN ՇՕշ£է ÇN 

'y ғ ՝ 、 - 0 

1 'y -Ph + L! .XJL Վ ՝՝N - 0 F メ N 

74 7.1:1.6 75 С 

59% 

N, 、 ғ RV^ v 、0Et NaH 

18Һ 

F ig . 5.3e Format ion o f 74 

The react ion m i x t u r e was heated at re f lux for 6 d and no uncyc l ised intermediate remained. 

T w o isomeric [5 ,6] fused ring systems 74 and 75 were fo rmed as a result o f the in i t ia l 

attack o f the b inuc leoph i le at bo th the 2- and 3-posi t ions, and 74 was isolated i n a 5 9 % 

y ie ld . The structure o f 74 was assigned b y a compar ison w i t h 1 9 F and ' 3 C N M R data for 68. 

I t is unclear as to w h y t w o isomeric ftised ring systems are fo rmed when З-охо-3-phenyl -

propionic acid e thy l ester is used as the b inuc leophi le and on l y one fused ring system is 
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formed when ethy l acetoacetate is used, and more invest igat ions need to be completed in 

order to establish the under ly ing reasons beh ind the fo rmat ion o f these products. 

5.4) F U S E D R I N G S Y S T E M F O R M A T I O N B Y I N T R A M O L E C U L A R 

C Y C L I S A T I O N R E A C T I O N S I N V O L V I N G T H E C Y A N O G R O U P 

In order to invest igate i f i t is possible to ut i l ise the cyano group o f 18Һ i n ring f o rm ing 

reactions the l i teratore procedure shown i n F ig . 5.4a was appl ied to po ly f luor ina ted 

pyr id ine der ivat ive 18Һ. 

CN 

HS、 
DMF 

"OEt NaOMe 
ՇՕշ£Հ 

աշ 

.Cl 
+ HS ソ Ц DMSO 1 

ОМе NEta .ОМе 
-СОгМе 

NH2 

О 

F ig . 5.4a React ion o f 3-chloroisonicot inoni t r i le^ and 2- f luoro-benzoni t r i le^ w i t h mercapto-

acetic acid ethy l ester and mercapto-acetic ac id me thy l ester 

I n the first procedure shown i n F ig . 5.4a, 3-ch loro ison icot inon i t r i le is reacted w i t h 

mercapto-acetic acid ethy l ester to g ive a [5,6] fused ring system. F ig . 5.4b shows the 

appl icat ion o f th is procedure to the react ion o f 18Һ. The second procedure shown i n F ig . 

5.4a is tolerant o f many d i f ferent funct iona l groups around the aromatic ring so i t is 
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envisaged that funct ional ised 2,3,5,6-tetraf luoro-4֊pyridinecarbonitr i le derivat ives cou ld be 

used as start ing mater ials for this sort o f process. 

ÇN 

F О 
+ HS֊、 A 

F N 

18h 

CN р 

ร . Д 

NaOMe^ 

тн_ғ に 、гг 
68% 76a 

conversion 

О へ г ^ ч 

CN О 

N 

7ва 

CN 

つ : I 

CN 0 

ふ ՚ 

N 人 ՝ N ' 
76b О О 76с 

Ό 

4:1:2.5 

7вь ι 2eq 

THF 

H2N、 ^СОгЕІ 

ร 

Ν 

88% 

F i g . 5.4b Synthesis o f 77 

I t can be seen that react ion o f 18Һ w i t h mercapto-acetic ac id e thy l ester in the presence o f 

sod ium methox ide as base gave the three uncycl ised products 76a-c. A l t h o u g h i t was 

possible to separate 76a and 76b from 76c i t was not possible to isolate 76a alone. 

React ion o f the m ix tu re o f 76a and 76b w i t h L D A in T H F gave 77 , the strucณre con f i rmed 

by X - r a y crysta l lography (F ig . 5.4c). 

F i g . 5.4c X - R a y Mo lecu la r Structure o f 77 
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D i substituted product 76c can also be reacted w i t h L D A to g ive the cycl ised system 78 

(F ig . 5.4d). Th is react ion is useful as i t gives access to a fused ring system conta in ing 

added fimctionality that can be explo i ted i n fur ther reactions. 

u ^, COaEt 
CN О H z N ^ ᄂ 

^ ՝ - ^ O E t THF F ^ / ^ / ร 

^ * V ՝ ^ S LDA ' * ° Y ^ ՝ - ร ' ^ N 
О 76с 。 78 

23% 

F i g . 5.4d Synthesis o f 78 

5.5) C O N C L U S I O N 

In this chapter i t has been shown that [6,6] fused r i n g systems can be synthesised f r o m 

2,3,5,6- tetraf luoro-4-pyr id inecarboni t r i le 18Һ b y react ion w i t h 1,2-binucleophiles 

conta in ing n i t rogen and oxygen atoms. [5,6] fused ring systems can also be synthesised b y 

react ion o f 18Һ w i t h e thy l acetoacetate and other d icarbony l compounds w h i c h can be 

reacted further w i t h ทนcleophiles to give h i g h l y funct ional ised fused ring derivat ives. The 

cyano substituent o f 18Һ can also be used i n ring f o r m i n g reactions i tse l f i n an 

intramolecular cyc l isa t ion react ion to give [5,6] fused ring systems that cou ld in pr inc ip le 

be reacted fiirther. Th is and previous chapters have demonstrated that a vast number o f 

fused ring systems can be synthesised from penta f luorooyr id ine and 4-substi tuted 

te t ra f luoropyr id ine der ivat ives b y react ion w i t h b inucleophi les. The next chapter moves on 

to apply this type o f methodo logy to other py r id ine and diazine der ivat ives. 
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Chapter 6 

R I N G F O R M I N G R E A C T I O N S O F 2 , 4 , 6 - T R I B R O M O - 3 , 5 - D I F L U O R O P Y ผ D I N E 
A N D H I G H L Y F L U O R I N A T E D D I A Z I N E S 

6.1) I N T R O D U C T I O N 

The final discussion chapter o f this thesis focuses upon the use o f the ring f o rm ing fluorine 

displacement methodo logy that has been developed i n prev ious chapters for h i gh l y 

fluorinated pyr id ine der ivat ives and applies i t to structural ly related start ing materials. For 

example, our strategy has been extended to investigate the use o f perhalogenated diazines, 

e.g. te t ra f luoropyr im id ine , w h i c h is approx imate ly 10^ t imes more reactive than 

pentaf luoropyr id ine i n ทนcleophi l ic aromatic subst i tut ion react ions as a result o f the extra 

n i t rogen atom w h i c h lowers the energy o f the L U M O level . 1 A s w e l l as investigat ions into 

the use o f per f luoro-d iaz ines i n ring f o rm ing reactions, this chapter also examines reactions 

o f po ly f i i nc t iona l py r id ine 2 ,4 ,6- t r ib romo-3,5-d i f luoropyr id ine. Th is heteroaromatic is 

interest ing as i t cou ld potent ia l ly prov ide access to fused ring systems conta in ing a m ixณre 

o f fluorine and b romine substituents w h i c h cou ld act as very ef fect ive scaffolds. Before 

discussing the ring f o rm ing reactions o f te t ra f luoropyr imid ine and tetraf luoropyrazine, i t is 

necessary to b r i e f l y rev iew the ex is t ing, a l though re la t ive ly l im i t ed , l i terature concerned 

w i t h the synthesis and reactions o f such systems, and this is the topic o f the f o l l o w i n g 

section. 
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6.2) S Y N T H E S I S A N D R E A C T I O N S O F P E R H A L O G E N A T E D D I A Z I N E S 

Perf luor inated diazines can be synthesised i n much the same w a y as pentaf luoropyr id ine, 

i.e. by halogen exchange reactions us ing either potassium fluoride or s i lver fluoride (F ig . 

6.2a).^-^ 

СІ 

СІ 

СІ 

СІ 

СІ 

СІ 

J4 \ ^Cl 
KF 

N 人 α 

Ν入 /Cl 

N 

KF > 

N ぐ 

Nジ 

N、 

Cl 

Cl 

Cl 

KF 

Cl 

F ig . 6.2a Synthesis o f per f luor inated diazines 

A l l o f the per f luor inated diazines shown i n F ig . 6.2a read i l y undergo ทนcleophi l ic 

subst i tut ion and the f o l l o w i n g sections are concerned w i t h such reactions. 

6.2.1) Reac t ions o f T e t r a f l u o r o p y r i m i d i n e a n d 5 - C h I o r o - 2 , 4 , 6 - t r i f l u o r o p y r i m i d i n e 

w i t h Nuc leoph i les 

Tet ra f luoropyr im id ine read i ly undergoes ทนcleophi l ic displacement o f fluorine f r o m the 4 -

pos i t ion under m i l d condi t ions. M o r e fo rc ing condi t ions can cause displacement o f 

fluorine from pos i t ion 6 and subsequently pos i t ion 2, a l though the fluorine at the 5-posi t ion 

resists displacement and replacement o f a l l fluorine atoms has o n l y been reported when d i -

и-buty l -amine was used ás֊the ทนcleophile (F ig . 6.2. la) .^ 
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N "BupNH 

220 С 

NBu, 

N 

, N F BujN' 、|vr 、NBU2 

F i g . 6.2.1a React ion o f te t ra f luoropyr imid ine w i t h d i -« -bu ty l -amine 

The or ientat ion o f ทนcleophi l ic attack i n te t ra f luoropyr imid ine can be expla ined using 

s imi lar arguments to those appl ied to penta f luoropyr id ine w h i c h are discussed in the 

in t roduct ion. A short series o f reactions o f te t ra f luoropyr im id ine w i t h nucleopMles have 

been carr ied օսէ^ ՜ ՛ ^ and the results o f some o f these reactions are shown i n F ig . 6.2. l b . ' ' ' 

ŅH2 
Ρ 

N F 

ŅHPh 
ρ 

に N F 

NHPh 

• Ν 

PhHN' 、 N 

ŅH2 

N 

N ベ 

ОМе 

Ņ ^ 

ОМе 

Ν 
5) 

M e O ^ N ОМе Meo Ń 
ОМе 

Ν 

5) 4) 

ΜΘ2Ν Ν 

MeHN Ν 

1) НгОЯНҒ, RT; 2) CHsNz/ether, 20°C; 3) МеОН/МәгСОз, RT; 4) MeOH/MeONa, 0°c 

5) MeOH/MeONa, reflux; 6) NH3 (aq), RT; 7) NH3 (aq), 60°C; 8) РҺМНг/МзгСОзЯНҒ, -15°c 
9) РҺМНг/ТНҒ, reflux; 10) МеЫИг (aq), 0-20°C; 11) МеМНг (aq)/DMF; 12) MezNH (aq), 0-20°C 

13) МөгМН (aq)/DMF, 60°c 

F i g . 6.2.1b Reactions o f te t ra f luoropyr imid ine w i t h ทนcleophiles 

5-Ch loro-2 ,4 ,6- t r i f luoropyr imid ine , w h i c h is the by-product o f the fo rmat ion ひf 

te t ra f luoropyr imid ine , is also susceptible to attack b y ทนcleophiles and a selected number o f 

examples o f th is type o f react ion are shown i n F ig . 6.2. Ic . '^ ' ՚ 6 
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Cl 
ŅH2 

Cl 

N 
91 

J ' < NH3 (aq) 
N NH2 

Cl 

N3 

ОМе 

МеОН, CI / к Ņ N320๐3 ̂  "γ Ņ Cl 

F ' ՝ N ' 
94 

Ν 

F Ν ОМе 

6 

NaNs 
CH3CN 

N3 

C l \ 싱 . Cl \ ՝N 

F N3" F 
88 12 

Fíg . 6.2.1 с React ions o f 5 -ch loro-2 ,4 ,6- t r i f luoropyr imid ine w i t h ทนcleophiles 

6.2.2 React ions o f T e t r a f l u o r o p y r a z i n e w i t h Nuc leoph i ies 

I t is k n o w n that ทนcleophi l ic aromatic subst iณt ion o f monocyc l i c n i t rogen conta in ing 

perf luoroheteroaromat ic systems occurs almost exc lus ive ly at posi t ions para to the ni t rogen 

atom. ' ' ' Tet ra f luoropyraz ine is therefore o f special interest as i t possesses no fluorine atoms 

i n this para pos i t ion , and a l l o f the fluorine atoms are equivalent i n thei r or ientat ion w i t h 

respect to the ring n i t rogen atoms. Th is means that the pos i t i on o f attack o f a second 

ทนcleophile is cont ro l led b y the first, i n compet i t ion w i t h the ef fect o f the remain ing 

fluorine atoms. A g a i n , on l y a l im i ted number o f reactions o f tet raf luoropyrazine w i t h 

nucleophi ies have been carr ied out and a select ion o f these are shown i n F ig . 6.2.2a.'^ 
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N- ^ N H N H 2 

N、 ,Bน" N、 .OB๙ 

Bu" N Bu" 

N、 ,Bน" N、 JวEt 

Bu" N 

N、 ,Bน" 

N. Me 

N OMe 

У 

OMe 

Nク 

v ) 

F ^ N OMe F ^ N OMe Me M e O ^ N Me 

F l ՝ r OEt F N Me MeO N F MeO N F 

1)NaOEťEtOH; 2) KOBu'/Bu'OH/EtzO; 3) NH3 (aq); 4) N2H4, НгО/ЕЮН; 5) Bu"Li/Et20 

6) MeLi/EtjO; 7) KOH/Bu'OH; 8) NaOMe/MeOH; 9) СНгМг/ВгО; 10) MeOH/H2S04 

F i g . 6.2.2a Reactions o f tet raf luoropyrazine w i t h ทนcleophiles 

The above scheme shows that the or ientat ion o f d isubst i tu t ion i n tetraf luoropyrazine 

depends on the in i t i a l substi tuent; a l koxy groups direct Ortho w h i l e other groups shown 

direct para. Some examples o f meta d i rect ion are k n o w n and are shown i n F ig . 6.2.2b. 
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'N々 H2N N NH2 

MegNH/MeOH 

F N' 

ΝΜθ2 мегМН/МеОН 

՝Ν F 

, Ν ^ Ν Μ Θ 2 

Μβ2՝Ν Ν 

80% 

Ν ΝΜΘ2 

12% 

ΜβζΝ Ν ММЄ2 
+ I 

F Ν F 

8% 

F ig . 6.2.2b React ion o f tetraf luoropyrazine w i t h ammon ia and D ime thy lam ine 

I t is not unexpected that a l ky l groups direct a second ทนcleophi l ic subst i tut ion to the para 

pos i t ion as i t is k n o w n that para fluorine atoms are deact ivat ing towards ทนcleophi l ic 

aromatic subst i tut ion (see Sect ion 1.5.1). M e t h o x y and amino groups are st rongly 

deact ivat ing and i t was thought that these groups w o u l d cont ro l the or ientat ion o f further 

subst i tut ion and direct attack towards the meta posi t ions. However , fur ther ทนcleophi l ic 

attack on 2 ,3 ,5- t r i f luoro-6-methoxy-pyrazme led to ortho attack (F ig . 6.2.2a), and further 

attack on d imethy l - (3 ,5 ,6- t r i f luoro-pyraz in-2-y l ) -amine led p r inc ipa l l y to para attack (F ig . 

6.2.2b). 

These results indicate that the pattern o f further subst iณt ion i n the fluorinated pyrazine 

derivat ives discussed above cannot be explained by the or ien t ing in f luence o f either the 

fluorine atoms or the other substituents (methoxy and d ime thy lam ino ) . One alternative 

explanat ion fo r these results is out l ined be low. I n the t rans i t ion state o f a ทนcleophi l ic 

aromatic subst i tut ion react ion, a n i t rogen atom ortho to the pos i t ion o f attack w i l l have a 

h igh electron densi ty (F ig . 6.2.2c). 
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-N、 メ 

―、 ՝-^Nuc A 

メ 

Nuc— Nuc 

Nuc, Х 

Т 
՝Ν Ғ 

С 

F i g . 6.2.2с T rans i t ion states for ทนcleophi l ic subst i tut ion reactions o f tetraf luoropyrazine 

For reasons prev ious ly discussed (see Section 1.5.1) a fluorine a tom attached to a carbon 

adjacent to a negat ive ly charged centre is s t rongly stabi l is ing, and i n situations A and в in 

F ig . 6.2.2c th is is indeed the case. Si tuat ion с has a substituent (methoxy or 

d imethy lamino) i n the adjacent pos i t ion and therefore should be m u c h less stable. The 

preference for A over В is less clear but m a y be due to the presence o f charge on the para 

posi t ions therefore the resonance f o r m o f A on the right hand side o f F ig . 6.2.2c may be 

more stable than the corresponding resonance f o r m o f в depending on the substituent X . 

The react ion o f tet raf luoropyrazine w i t h the b inuc leoph i le ethylene g lyco l has been 

reported to g ive a po l ymer (F ig . 6.2.2d). '^ 

'Nぐ 

、N< 

,N 0(CH2)20H 

F ^ N o . 

F N O' 

F֊^^N 0(Շհշ)շՕհ 

F N ' ^ 0 ( C H 2 ) 2 0 H 

,N 0{CH2)20֊ 

՝N^ 0 ( C H 2 ) 2 0 ^ N F 

― 0 ( հ շ Շ ) շ Օ F 

F i g . 6.2.2d React ion o f tet raf luoropyrazine w i t h ethylene g l yco l 
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This concludes the b r i e f rev iew o f the l i terature concern ing the synthesis and reactions o f 

perhalogenated diazines and the f o l l o w i n g sections are concerned w i t h a discussion o f the 

w o r k w h i c h has been completed on such systems as part o f this thesis. 

6.3) R E A C T I O N S O F T E T R A F L U O R O P Y R A Z I N E 

6.3.1) React ions o f T e t r a f l u o r o p y r a z i n e w i t h mononuc leoph i l es 

Tetraf luoropyraz ine 79 was synthesised in the manner discussed above and reactions were 

in i t i a l l y carr ied out w i t h the mononucleophi les l i t h i u m d ie thy lamide and l i t h i um 

th iophenoxide in order to assess the react iv i ty o f the ring system (F ig . 6.3.1a). 

PhS^ ^ N . 

N 
81 

43% 

SPh 

,N F 

SPh 

79a 

PhSLi 

THF 

. N く 

、Nく 

79 

NEt2Li 

THF 
N 

80 

43% 

NEt2 

F ig . 6 .3 . l a React ions o f 79 w i t h l i t h i um d ie thy lamide and l i t h i u m th iophenoxide 

A s w i t h a l l prev ious reactions o f this type, convers ion o f start ing mater ia l was mon i to red 

b y ' 9 F N M R w i t h a single resonance for 79 appearing at -95.7 p p m . React ion w i t h l i t h i um 

d ie thy lamide occurred at r o o m temperature and react ion w i t h l i t h i u m th iophenoxide gave 

polysubst i tu ted products even when a def ic iency (0.9 eq) was used. I t is reasonably 

assumed that the pheny lsu l fany l substiณent o f 79a directs the second subst iณt ion to the 

para pos i t ion , thus max im is i ng the number o f act ivat ing ortho and meta fluorine atoms and 

avo id ing a deact ivat ing para fluorine. 
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6.3.2) Reac t ions o f T e t r a f l u o r o p y r a z i n e w i t h S y m m e t r i c a l B inuc leoph i l es 

As i t was shown i n the previous section that i t is possible to add a d ie thy lamine substituent 

to 79 at r o o m temperature, the related react ion o f pyraz ine 79 w i t h b inucleophi le Ν , Ν ' -

d imethy le thy lenediamine 2a was attempted (F ig . 6.3.2a). 

+ J՝j、 н C H 3 C N 

F ^ N ^ F ՜ Н NaHCOa p - ^ N ^ N - ^ 

73% 

F i g . 6.3.2a React ion o f 79 w i t h 2a 

The react ion occurred readi ly at r o o m temperature under h i gh d i l u t i on condi t ions and 82 

was isolated i n good y i e l d after pur i f i ca t ion b y recrysta l l isat ion from dichloromethane. The 

structure was con f i rmed b y X - r a y crysta l lography (F ig . 6.3.2b). A g a i n the progress o f the 

react ion was mon i to red b y Ι9ρ N M R w i t h a new peak, at -118.6 p p m , attr ibuted to the two 

ident ical fluorine atoms o f 82. 

F i g . 6.3.2b X - R a y Mo lecu la r Structure o f 82 
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React ion w i t h the less ทนcleophi l ic p r imary amine b inuc leoph i le 2 d required ref lux 

condi t ions i n order to achieve cycl isat ion (F ig . 6.3.2c) and i t was possible to isolate the 

desired fused ring product 83 i n average y ie ld . Fused r i n g system 83 is an ext remely 

insoluble sol id i n both aqueous and organic solvents and the lower y ie ld obtained is a result 

o f d i f f i cu l t ies i n pu r i f i ca t ion o f the crade product. 

F - ^ N ^ F NH 2 МаНСОз F ^ ^ N ^ N ^ 

79 2d 83 Н 

54% 

F i g . 6.3.2c React ion o f pyraz ine 79 w i t h 2 d 

6.3.3) Reac t i on o f T e t r a f l u o r o p y r a z i n e w i t h U n s y m m e t r i c a l B inuc leoph i l es 

The previous sect ion showed that i t is possible to f o r m symmet r ica l [6,6] fused ring 

systems b y the react ion o f tetraf luoropyrazine w i t h certain b inuc leophi les. However , the 

react ion o f pyraz ine 79 w i t h the unsymmetr ica l b inuc leoph i le 2-methy laminoethanol 5a 

proved not to be so s t ra ight forward. I n i t i a l l y the react ion was carr ied out under h igh 

d i l u t i on condi t ions us ing 2 equivalents o f 5a and the results are shown i n F i g . 6.3.3a. 

Nᄂ .N 

N N 

1 

F i g . 6.3.3a React ion o f 79 w i t h 2 equivalents o f 5a 

Three products are fo rmed , the monosubst iณted compounds 84 and 85 a long w i t h the 

disubst i tuted product 86 isolated i n 2 4 % y ie ld . Products 84 and 85 cou ld on l y be ident i f ied 
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by a combina t ion o f 1 9 F N M R and mass spectral data. I t was not possible to obtain a 

crystal structure o f pyraz ine 86 so that the relat ive posi t ions o f the t w o amino substituents 

could be unambiguous ly determined. I t is reasonable to assume that the n i t rogen atoms are 

bonded to the heteroaromatic ring as they are more ทนcleophi l ic than the alternative oxygen 

atoms, and, based on the react ion o f tetraf luoropyrazine w i t h d imethy lamine fo rm ing 

predominant ly the para isomer, the para or ientat ion o f the t w o substituents i n pyrazine 86 

is assumed. The react ion was repeated using on ly one equivalent o f b inuc leophi le 5a i n 

order to m in im ise the fo rmat ion o f disubst i tuted product 86 and ef fect the isolat ion o f 

product 85 (F ig . 6.3.3b). 

'Y^ + íし^ CH3CN , ч у '֊γΥ°̂  
֊ N ^ F 、0n NaHCOa F ^ N ^ Ņ ^ + p - ^ N ^ r 

5 1 

F ig . 6.3.3b React ion o f 79 w i t h 1 equivalent o f 5a 

This strategy was successful i n suppressing the fo rmat ion o f pyraz ine 86, however , despite 

attempts at pu r i f i ca t ion b y co lumn chromatography, i t was s t i l l not possible to separate 

products 84 and 85. The m ix tu re o f 84 and 85 was then reacted w i t h sod ium hydr ide i n an 

attempt to convert 84 in to 85， but no further cyc l isat ion o f 84 was observed. 

React ion w i t h 1 equivalent o f 5b was attempted to invest igate the poss ib i l i t y o f f o rm ing an 

unsymmetr ica l fused ring system using a n i t rogen/su l fur b inuc leoph i le , however , the 

disubst i tuted system 87 was isolated (F ig . 6.3.3c) and the structure con f i rmed b y X - r a y 

crysta l lography (F ig . 6.3.3d). The structural con f i rmat ion o f 87 supports the previous 
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assumption that the phenylsulfanyl groups of the related disubstituted product 81 are also 

para to one another (Fig. 6.3.1a). 

ŅH2 

N 
79 5b 

SH F ^ N ^ ร 

NH2 ՜ МаНСОз"*" ^ ^ ร ' ^ N ^ F 
NH2 87 

4 1 % 

Fig. 6.3.3c Reaction o f 79 wi th 5b 

Fig. 6.3.3d X-Ray Molecular Strucณre o f 87 

The possibility o f forming unsymmetrical [5,6] filsed ring systems using 

tetrafluoropyrazine 79 as a starting material in reaction wi th ethyl acetoacetate was then 

investigated (Fig. 6.3.3e). 

79 

О о 

/ᄂЧ)В 
THF 

NaH N 

88 

45% 

ÇOoEt 

Fig. 6.3.3e Reaction o f 79 wi th ethyl acetoacetate 
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The reaction occurred at room temperatoe to give two products; the uncyclised 

intermediate 89, identified by 19р N M R and mass spectral data, and the desired fused ring 

system 88 which could be isolated. 

6.4) R E A C T I O N S O F 5 -CHLORO-2 ,4 ,6 -TR IFLUOROPYRIMID INE W I T H 

B I N U C L E O P H I L E S 

5-Chloro-2,4,6-trifluoropyrimidine 90 is readily available, and a brief investigation into the 

use o f this compound as a starting material for the synthesis o f fused ring systems is 

discussed, bi i t ial ly pyrimidine 90 was reacted with 2a wi th the hope o f obtaining the 

desired product 91 (Fig. 6.4a). 

Ո1 丄 u CH3CN J. I 

Д ՚ " " ^ N ^ ^ ノく ， X A 
I F " МяНПОо f N N F " NaHCO, 

90 2a 91 

Fig. 6.4a Proposed synthesis o f 91 

However, the formation o f ftised ring system 91 was not observed and instead an 

intractable т іхШге o f dimers and polymers was formed, from which no pure compound 

could be isolated. The reaction o f 90 w i th 5b was also attempted, and in this case the 

uncyclised product 92 was isolated (Fig. 6.4b). 

N ' 、 ғ Ւ է Տ ՜ ^ ^ ^ ^аНСОз ^Y^^s八Nづ 
90 5b NH2 92 

19% 

Fig. 6.4b Réaction o f 90 wi th 5b 
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Attempts to cyclise 92 by reaction with L D A were unsuccessful because the 5-chloro 
substiณent is very resistant to displacement by ทนcleophiles. It is known that the 5-position 
o f tetrafluoropyrimidine is relatively unreactive and as a chloro substituent is less activating 
towards ทนcleophilic attack than a fluorine atom, the 5-position o f 5-chloro-2,4,6-
trifluoropyrimidine w i l l be even more unreactive. 

6.5) R E A C T I O N S O F 2 ,4 ,6 -TRIBROMO-3 ,5 -D IFLUOROPYRIDINE W I T H 

B I N U C L E O P H I L E S 

Some รณdies on the reactions o f 2,4,6-tribromo-3,5-difluoropyridine 93 have been carried 

out^՝ and it is thought that 'hard' ทนcleophiles w i l l attack the 'harder' C-F bonds and 'soft' 

ทนcleophiles w i l l attack the 'softer' с-Br bonds. The substituted pyridine 93 was 

synthesised by the reaction o f pentafluoropyridine 1 wi th aluminium bromide and hydrogen 

bromide in an autoclave fol lowing ІіїегаШге procedures (Fig. 6.5a).2i 

А ІВГз^ 'үУ' 

Н Br B r ^ N ^ B r 

1 93 

53% 

Fig. 6.5a Synthesis o f 93 

Purification by recrystallisation from dichloromethane gave 93 as a crystalline solid. 

Reaction o f 93 wi th N, N '-dimethylethylenediamine 2a gave two products, as shown in Fig. 

6.5b and it was possible to isolate both systems. 
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Br 

Հ 
Вт" ՝tŕ ՝Вг 

93 

CHgCN 

Ņ 

Ν МаНСОз 
Br 

2а 

N ' 

94 

63% 

Br 

Fig. 6.5b Reaction of 93 w i th 2a 

The structure o f 94 and 95 were confirmed by X-ray crystallography (Fig. 6.5c and 6.5d). 

Fig. 6.5c X-Ray Molecular Structure o f 94 Fig. 6.5d X-Ray Molecular Structure of 95 

An amine ทนcleophile could be classed as relatively 'hard' so in theory would be expected 

to attack the C-F bond at the 3-position and cyclise to the 2- and 4-positions to give isomers 

94 and 95. However, attack at the с-Br bond at either the 2- or 4-position wi th cyclisation 

to the 3-position would also give the same two products. In this case it is assumed that the 

first position of attack is at the C-Br bonds at the 2- and the 4-positions, wi th cyclisation at 

the 3-position based on the results o f the fol lowing reaction (Fig. 6.5e). 
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Br ՝ N ' プ Н 

_ յ Լ ՜՜ он NaHCOo Χ Д , Л Д , / \ メวн 

B r ^ N Br з B r ^ N ^ B r B r ^ N ^ Ņ ^ ^ 
93 5a 96 97 I 

3 2 
13% 

Fig. 6.5e Reaction o f 93 wi th 5a 

Pyridine system 93 was reacted with the unsymmetrical binucleophile 5a wi th the aim o f 

synthesising a fused ring system. However, the two products isolated were the uncyclised 

isomers 96 and 97, and 19ғ N M R shows that attack occurred at the 2- and the 4-positions. 

It would seem that in this reaction the bromine atoms do not provide enough activation o f 

the aromatic ring to encourage the less ทนcleophilic oxygen atom to cyclise at the 3-

position. 

As a mixture o f two products are obtained when 93 is reacted wi th binucleophiles this may 

l imit the use o f this starting material for the formation o f core scaffolds for library 

synthesis. However, it is possible to form both pyrido[3,4-0] and pyrido[2,3-6]pyrazines 

from one starting material which is potentially useful i f the two regioisomers are desired. It 

could also be envisaged that the remaining bromine atoms in the ñised ring systems could 

be fiirther reacted in, for example, palladium catalysed cross coupling reactions or replaced 

by hydrogen atoms to add diversity to the core scaffolds. 

6.6) C O N C L U S I O N 

This chapter has demonstrated that it is possible to extend the ring forming fluorine 

displacement methodology developed in previous chapters to perfluorinated diazines and 
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other halogenated compounds. The use o f 2,4,6-tribromo-3,5-difluoropyridine 93 may be 

limited by the formation o f mixtures o f products although it is possible to synthesise the 

desired [6,6] fused ring systems. Preliminary work on the use o f perfluorinated diazines 

demonstrated that it is possible to form [6,6] fused ring systems and this work w i l l form the 

basis o f a further PhD thesis. 
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C O N C L U S I O N 

The aim o f this piece o f research work was to develop effective methodology for the 

synthesis o f ftised ring heterocyclic compounds util ising reactions o f pentafluoropyridine 

and various tetrafluoropyridine derivatives wi th suitable bifunctional ทนcleophiles. As 

discussed in the introduction, it can be diff icult to obtain fused bicyclic ring compounds 

using existing methods, and therefore new, efficient and high yielding routes were 

established. Modif ication o f these fused ring systems in a selective manner gave 

polyftinctional core scaffolds. The general approach successfully utilised for the synthesis 

and diversification of fused ring systems using fluoride displacement methodology is 

outlined in Fig. 7a. 

ŅuCļ 
NUC1 NÜC2 

NUC2 
NUC3 

F 
Nuc-I 

NUC1 

МиС2һ1иСз 

NUC4 

ŅuCļ 
' • ^ N U C 3 -

Nuci ) 
, NUC2 

Nuca'' ՝ N ' ՝NUC4 

Ņuci 
,NUC3-

Ғ ' ՝ N ' ՝ ғ F ' 、Ń' 、 ғ I- ՝N'^ N U C 2 - ^ N U C 4 ^ N ' ' NUC2-

Fig. 7a General approach to the synthesis o f filsed ring systems by the reaction of 

pentafluoropyridine and tetrafluoropyridine derivatives wi th binucleophiles 

The work described in the previous chapters demonstrated that it is now possible to 

synthesise [6,6] fused ring systems by the reaction o f pentafluoropyridine and 

tetrafluoropyridine derivatives such as 2,3,5,6-tetrafluoro-4-pyridinecarbonitrile, 2,3,5,6-

tetrafluoro-4-(phenylsulfonyl)pyridine and 4-nitro-2,3,5,6-tetrafluoropyridine with suitable 

binucleophiles e.g. A^TV'-diïMtlîyl^lîylMediâmine arid 2-mëthylaminöethanol among 
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others. We have also demonstrated that such fused ring systems are activated towards 

further ทนcleophilic attack at the remaining fluorinated ring positions, allowing the addition 

o f a number o f substituents to the pyridine ring system. There is a vast range o f 

compounds that can be synthesised by the fluoride displacement methodology developed 

within this thesis and several o f the systems successfully synthesised are shown in Fig. 7b. 

N 
4 fluorine 

3 fluorine 

2 fluorine 

& 0 fluฝ^ 

Fig. 7b Polyfiinctional fused ring heteroaromatic systems synthesised from PFP 
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Fig. 7b shows that it is possible to start from a perfluorinated compound containing five 

fluorine atoms such as pentafluoropyridine and successively replace the fluorine atoms by 

ทนcleophiles to obtain compounds possessing a variety о f pendant functionality. 

The research work contained in this thesis also explored the application o f fluoride 

displacement methodology to the synthesis o f fused ring systems derived from 

perfluorinated diazines, for example, tetrafluoropyrazine and 5-chloro-2,4,6-

trifluoropyrimidine, wi th some success. This work forms the basis o f a separate PhD thesis 

in which these reactions w i l l be fillly explored. Related work in progress also includes a 

study o f the synthesis o f [5,6] fused ring systems from pentafluoropyridine and 

tetrafluoropyridine derivatives. 

In conclusion, we have shown that previously unexplored fluoride displacement 

methodology can be used for the synthesis o f a number o f polyftinctional fused ring 

heteroaromatic systems that are extremely diff icult or impossible to synthesise. The 

methodology developed over the course o f this work may find wide use in the drug 

discovery arena and work in this area is currently progressing at О ІахоЗш і їЖИпе. 
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E X P E R I M E N T A L T O C H A P T E R 2 

Al l starting materials were obtained commercially (Aldrich, Lancaster or Fluorochem). A l l 

solvents were dried using literature procedures. Column chromatography was carried out 

on silica gel (Merck no. 109385, particle size 0.040-0.063mm) or using the Biotage 

Horizon Flash CԽomatography System and TLC analysis was performed on silica gel TLC 

plates (Merck). Mass Directed Automated Preparative HPLC was carried out using 

Supelco LCABZ++ column and MicroMass MassLynx v4.0 software. N M R spectra were 

recorded in deuteriochloroform, unless otherwise stated, on a Varian V X R 500ร N M R 

spectrometer operating at 500 MHz ( Ή NMR) , 376 MHz ( ' 9 F N M R ) and 125 MHz ( 1 3 C 

NMR) with tetramethylsilane and trichlorofluoromethane as internal standards. Mass 

spectra were recorded on a Fisons VG-Trio 1000 Spectrometer coupled wi th a Hewlett 

Packard 5890 series I I gas C h r o m a t o g r a p h using a 25m H P l (methyl -silicone) column. 

Elemental analyses were obtained on a Exeter Analytical CE-440 elemental analyser. 

Melt ing points and boil ing points were recorded at atmospheric pressure unless otherwise 

stated and are uncorrected. The progress o f reactions were monitored by either 19F N M R or 

gas-chromatography on an Shimadzu GC8A system using an รE30 column. Distillation 

was performed using a Fischer Spaltrohr MS220 microdistil lation apparatus. A l l 

crystallographic data were collected at т = 120(1)K on a Bruker SMART-CCD 6000 

diffractometer (λΜοΚα, ω-scan, 0.3°/frame). The structures were solved by direct method 

and refined by full-matrix least squares on for all data using SHELXTL software. A l l 

non-hydrogen atoms were refined wi th anisotropic displacement parameters, H-atoms were 

located on the difference map and refined isotropically. 
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Preparation of 5,7,8-Tri f luoro- l ,4-dimethyH,2,3,4-tetrahydropyrido[3,4-Ä]pyrazine 

За 

4֊ Н CHoCN 

N МаНСОз 

2а 

ĶN -Dimethylethylenediamine 2a ( i .76 g, 2 0 mmol) and sodium hydrogencarbonate r3.3ö 

g, 40 mmol) were added to acetonitrile (400 ml) under argon. Pentafluoropyridine 1 (1.69 

g, 10 mmol) was added dropwise and the resulting solution was refluxed for 5 d after which 

time 19F N M R indicated 100% conversion o f starting material. The reaction mixture was 

cooled to room temperature and poured onto 1.0 M hydrochloric acid (150 ml), extracted 

with dichloromethane (2 X 100 ml) , dried over magnesium sulfate and the solvent was 

evaporated to dryness to yield the crade product as a brown solid (2.12 g) consisting o f one 

major component. Purification by recrystallisation from л-һехапе gave 5 ,7,8- t r i f luoro- l ,4-

dimethyl-l,2,3,4-tetrahydropyrido[3,4-bJpyrazine 3a (2.1 g, 97%) as needle-like white 

crystals; mp 54.3-54.9°C; (Found: c, 49.7; H， 4.7; N， 19.3. C9H10N3F3 requires: c, 49.8; H, 

4.6; N, 19.4%); δρ -85.00 (1 F, m, Ғ-5), -99.30 ( I F , m, Ғ-7), -162.64 ( I F , tq, ^JpF 22.2, 5 JHF 

4 . 5 , F - 8 ) ; ÔH 3 . 2 8 ( 3 H , d, ' JHF 4 . 8 , I-NCH3), 3 . 2 3 ( 2 H , է, 3 J H H 4 . 8 , CH2), 3 . 0 4 ( 2 H , t， ^JHH 

5.2, CH2), 2.73 (3H, ร, 4-NCH3); ôc 148.4 (dd, ՝JcF 233.3, ' J cF 16.3, C-5), 145.1 (dt, ' j c F 

230.4, 2 JcF 17.6, C-7), 140.0 (m, C-8a), 131.8 (ddd, ' j c F 244.6, 2 JcF 30.5, 4 JcF 4.8, C-8), 

116.6 (dd， 2 JcF 29.1, ^JcF 4.3, C-4a), 48.5 (ร, СНг), 46.0 (s, CH2), 43.6 (d, ' j c F 5.3, 4-

NCH3), 41.6 (d, ^JcF 12.9, I-NCH3); m/z ( Е Ґ ) 218 ( [M+H]^ , 6), 217 ([Μ]·", 100), 202 ( [M-

СНз]^, 42), 187 ([М-2СЯзү, 36), 146 ([M-C4H9N]^ 28). 
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Preparation of 

6]pyrazine 3b 

Chapter 8 

5,7,8-Tr i f luoro- l ,4-di isopropyl- l ,2,354-tetrahydropyrido[3,4-

CH3CN 

МаНСОз 

2b 

7՝/,//'-Diisopropylethylenediamine 2b (2.88 g, 20 mmol) and sodium hydrogencarbonate 

(3.36 g, 40 mmol) were added to acetonitrile (400 ml) under argon. Pentafluoropyridine 1 

(1.69 g, 10 mmol) was added dropwise and the resulting solution was reflux ed for 5 d after 

which time 19F N M R indicated 100% conversion o f starting material. The reaction mixture 

was cooled to room temperature, the solvent evaporated and the residue redissolved in 

dichloromethane. The mixture was poured onto 1 M hydrochloric acid (30 ml) , extracted 

with dichloromethane (3 X 50 ml) , dried over magnesium sulfate and the solvent evaporated 

to dryness to yield the crade product as a brown solid (3.47 g) consisting of one major 

component. Purification by column chromatography on silica gel (4:1 и-hexane/ethyl 

acetate) gave 5,7 ,8- t r i f luoro- l , 4-diisopropyl-l,2,3,4-tetrahydropyrido[3,4-b]pyrazine 3b 

(0.71 g, 26%) as an orange solid; mp 50.7-53.5°C; ([М+Н]"" 274.1525, C13H18N3F3 requires 

[M+H]* 274.1526); δρ -82.67 ( IF , t， ^JpF 20.3, F-5), -100.13 ( IF , t， ^JFF 15.8, F-7), -161.45 

( IF , t, ^JFF 22.3, F֊8); ÔH 4.50 ( I H , septet o f doublets, 3 J H H 6.5, 5 JHF 3.0, 1-МСЯ(СНз)2), 

3.56 ( I H , septet, 3 J H H 7.0, 4-КСЯ(СНз)2), 3.16 (2H, է, 3 J H H 5.5, NCH2), 3.04 (2H, t， 3 JHH 

5.0， NCH2), 1 .21 (6H, dd, ' J H H 7 .0, 'JHH 1.5, КСН(СЯз)2), 1 . 1 1 (6H， dd, ' JHH 6.5, ' JHF 0 .5 , 

МСН(СЯз)2); ôc 148.4 (dd, 'JcF 232.3, ^JcF 15.6, c֊5), 144.8 (dt, 'JcF 229.9, ^JcF 19.1, C-

7 ) , 139 .3 (quintet, 2JCT 4 . 3 , C-8a) , 1 3 2 . 1 (ddd, 'JcF 2 4 3 . 8 , 2 J c F 2 9 . 6 , ^JcF 4 . 8 , C - 8 ) , 1 1 6 . 0 

(dd, 2 JcF 27.8, 3 J c F 4.4, C-4a), 53.2 (d， ' 'JcF 6.1, 4-НСН(СНз)2), 51.2 (d, 4 JcF 15.8, 1-
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НСН(СНз)2), 40.9 (s, NCH2), 39.1 (s, NCH2), 20.8 (s, МСН(СНз)2), 20.3 (s, КСН(СНз)2); 

m/z (El ) " 273 ([M]-*-, 84), 258 ( [М-СНз ]^ 100), 230 ([М-СН(СНз)2]", 27), 216 ( [М-

СН2СН(СНз)2]^ 92), 202 ([М-(СН2)2СН(СНз)2]^ 16). 

Preparation of iV,iV'-DibenzyIethane-l,2-diainine 2c 

puA^ f _ MeOH н 

2d Benzene Н МаВНд 2с 

55% 

Activated molecular sieves were added to a solution o f ethylenediamine 2d (0.89 g, 14.8 

mmol) and benzaldehyde (3.45 g, 32.5 mmol) in anhydrous benzene (7.5 ml) under argon. 

The solution was stirred gently for 7 һ after which time the reaction mixture was filtered, 

the sieves washed with benzene and the solvent evaporated to yield the crude imine as an 

orange oi ly solid. To a stirred solution o f the crude imine (2.32 g, 9.8 mmol) in dry 

methanol (25 ml ) under argon, sodium borohydride (0.74 g， 19.6 mmol) was added in 

portions at 0°c. The solution was further stirred at 0°c for 3.5 h after which time the 

solvent was removed and the remaining residue was dissolved in diethyl ether (30 ml) , 

washed wi th water (40 ml) and brine (40 ml) , dried over magnesium sulfate and the solvent 

evaporated to dryness to yield N,N'-dibenzylethane-l,2-diamine 2c (1.95 g， 55%) as a 

brown oi l . The diamine was used in subsequent reactions without further purification; ÔH 

7.34 (ЮН, m, A r н), 3.80 (4Н, ร, СНг), 2.79 (4Н, ร, СНг)- Ъс 140.8 (ร, Аг CN), 128.6 (s, 

Ar С), 128.3 (ร, A r С), 127.1 (ร, A r С), 54.2 (ร, СНз), 49.1 (s, СНг). ' 
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Preparation of 1,4-Dibenzyl-5 ,7 ,8-tr i f luoro-l,2,3,4-tetrahydropyrido[3,4-6]pyrazine 3c 

/ V へ Й Ph ฝ 1 ՝ ^ - ^ ไ 
Ph й ^ NaHC03 F ^ N ^ F F 

8 ^ 기 ̂  

Ph 

3 3 % 

A'^T/'-Dibenzylethane-1,2-diamine 2c (2.4 g, 10 mmol) and sodium hydrogencarbonate 

(1.68 g, 20 mmol) were added to acetonitrile (175 ml) under argon. Pentafluoropyridine 1 

(0.85 g, 5 mmol) was added and the resulting solution was refluxed for 5 d after which time 

Ι 9 ρ N M R indicated 100% conversion o f starting material. The reaction mixture was cooled 

to room temperature, the solvent evaporated and the residue redissolved in 

dichloromethane. The mixture was poured onto 1.0 M hydrochloric acid (50 ml) , extracted 

with dichloromethane ( 3 x 5 0 ml) , dried over magnesium sulfate and the solvent evaporated 

to dryness to yield the crude product as a yellow oi l (2.68 g) consisting o f one major 

component. Purification by column cfeomatography on silica gel (2:1 и-hexane/ethyl 

acetate) gave 1,4-dibenzyl-5,7,8-trifluoro-l,2,3,4-tetrahydropyrido[3,4-bJpyrazine 3c (0.61 

g, 33%) as beige crystals; mp 97.5-98.5°C; ( [M+H] * 370.1526, СгіНівКзРз requires 

[M+H]^ 370.1529); δρ -83.54 ( IF , dd, %v 22.6, ^JpF 13.5, F-5), -98.78 ( I F , dd, ^JpF 22.6, 

^JFF 13.5, F-8), -161.23 ( I F , t, ^JpF 22.6, F-7); ÔH 7.00 - 7.80 ( Ю Н , m. Аг н ) , 4.67 (2Н， ร, 

СНгРҺ), 3.95 (2Н， ร, СНгРҺ), 3.08 (2Н, է, 3 J H H 5.1, НСЯгСНг), 2.80 (2Н， t， 3 JHH 5.1, 

ЖЯ2СН2У, ôc 148.9 (dd, 'JCF 233.7, ^JcF 16， C-5), 145.1 (dt, ' JcF 230.3, ^JcF 19.1, C-7), 

139.4 (m, c֊4b), 138.0 (ร, A r c), 137.5 (ร, A r C), 132.1 (ddd, ' j c F 244.8, ^JcF 30.1, "JcF 4.6, 

C-8), 129.1 (ร, Ar CH), 129.0 (ร, Аг CH), 128.9 (ร, Ar CH), 128.0 (ร, Ar CH), 127.9 (ร, Ar 

CH), 127.3, 116.6 (dd, ^JcF 28.2, ^JcF 4.2, С-Յծ), (ร, A r CH), 59.5 (d, 5 JcF 3.8, CH2), 57.3 
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(d, 4 J c F 12.6, CH2), 43.9 (ร, СНг), 43.4 (s, CH2); m/z ( Е Ґ ) 369 ( [ М ] ^ 54), 278 ( [ M 

СЯгСеЯзҐ, 49), 91 ([CRjCeïlst, 100). 

Preparation of N-(2,3,5,6-tetrafluoropyridin-4-yl)-ethane-l,2-diamine 3f 

CH3CN 

МаНСОз 

2d 

Ethylenediamine 2d (1.20 g, 20 mmol) and sodium hydrogencarbonate (4.24 g, 40 mmol) 

were added to acetonitrile (400 ml) under argon. Pentafluoropyridine 1 (1.69 g, 10 mmol) 

was added dropwise and the resulting solution was refluxed for 3 d after which time ' 9 F 

N M R indicated 100% conversion o f starting material. The reaction mixture was cooled to 

room temperature and poured onto water (50 ml), extracted wi th dichloromethane (3 X 50 

ml) , dried over magnesium sulfate and the solvent was evaporated to dryness to yield the 

crude product as a white solid (3.13 g) consisting o f one major component. Purification by 

recrystallisation from methanol gave N-(2,3,5.6-tetrafluoropyridin-4-yl)ethane-l,2-diamine 

3f (1.56 g, 75%) as a white solid; mp 114.0-116.5°C; (Found: c, 40.3; H, 3.4; N, 20.1. 

C7H7N3F4 requires: c, 40.2; H， 3.4; N, 20.1%); Ôpíde-Acetone) -98.42 (2F， t, ^JFF 18.8, F-

2,6), -166.28 (2F, t, ^JFF 18.8, F-3,5); Òl·líde-Acetone) 3.75 (2H, է, 3 J H H 8.4, мнся^), 3.46 

(2Н, է, ^JHH 6.4, СЯгМНг); ôc(d6-Acetone) 144.1 (dm, ' j c F 230.0, C-2,6), 138.4 (m, C-4), 

131.1 (ddm, iJcF 245.4, ^JcF 35.9, C-3,5), 50.8 (ร, CH2NH2), 44.8 (է, 4 JcF 3.8, N H Œ 2 ) ; m/z 

( Е Ґ ) 210 ( [M+H]^ , 95), 193 ( [М-МНг ]^ 100). 
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P r e p a r a t i o n o f A ' - ( 2 , 3 í 5 , 6 - T e t r a f l u o r o p y r i d i n - 4 - y I ) b e n z e n e - l , 2 - d i a m i n e 

Cc 
NH2 с и ^ 

N H , NaHCCb ғ _ ^ = 

Sil з 

6 8 % 

1,2-Phenyleneđiamine (2.16 g, 20 m m o l ) and sod ium hydrogencarbonate (3.36 g, 40 m m o l ) 

were added to acetoni t r i le (400 m l ) under argon. Pentaf luoropyr id ine 1 (1.69 g, 10 m m o l ) 

was added dropwise and the resul t ing solut ion was re f lux ed for 7 d after w h i c h t ime ' 9 F 

N M R indicated 100% convers ion o f start ing mater ia l . The react ion m ix tu re was cooled to 

room temperature, the solvent evaporated and the residue was redissolved i n 

d ich loromethane (75 m l ) . The mix tu re was poured onto 1.0 M hydroch lo r ic acid (50 m l ) , 

extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent 

evaporated to dryness to y ie ld the crade product as a b r o w n sol id (2.36 g) consist ing o f one 

major component . Pur i f i ca t ion b y recrystal l isat ion from и-һехапе gave N-(2,3,5,6-

tetrafluoropyridm-4-yl)benzene-l,2-diamine (1.75 g， 68%) as beige crystals; m p 147.5-

148.0°C; (Found: c, 51.2; H , 2.7; N , 16 .1 . C11H7N3F4 requires: c, 51.4; H， 2.7; N , 16.3%); 

ÖFÍdö-Ace tone) -96.22 (2F， m , F-2,6), -160.59 (2F, m , F-3,5); ÔH(d6-Ace tone) 7.80 (3H， b r 

s, N H & աշ ) , 6.5-7.3 ( 4 H , m , A r н); ôc (d6-Ace tone) 144.4 ( d m , ' j c F 237.5, C-2,6), 142.1 

(s, C-1), 136.1 ( m , C-4) , 132.3 ( dm, i jcF 250.8, C-3,5) , 128.3 (s, C-2) , 125.6 (t , ^JcF 1.9, C-

6) , 124.9 (s, c - i ) , 119.2 (ร, C-5) , 116.6 (s, C-4); m/z ( Е Ґ ) 257 ( [M] " " , 70) , 237 ( [ M - H F ] ^ 

100). 

135 



Chapter 8 

P r e p a r a t i o n o f 2 - [ M e t h y l - ^ 6a 

「 ՝ - N — 

+ \ й 〜 О Н " Ξ τ F 入 N ^ F 

8 5 % 

Л/^-Methylaminoethanol 5a (1.5 g， 20 m m o l ) and sod ium hydrogencarbonate (3.36 g, 40 

m m o l ) were added to acetonitr i le (400 m l ) under argon. Pentaf luoropyr id ine 1 (1.69 g, 10 

m m o l ) was added dropwise and the resul t ing so lu t ion was re f luxed for 19 h after w h i c h 

t ime 19F N M R indicated 1 0 0 % conversion o f start ing mater ia l . The react ion т і х Ш г е was 

cooled to r o o m temperature and poured onto 1.0 M hydroch lo r ic acid (150 m l ) , extracted 

w i t h d ich loromethane (2 X 100 m l ) , dr ied over magnes ium sulfate and the solvent was 

evaporated to dryness to y i e l d the crude product as a y e l l o w / b r o w n o i l (2.12 g) consist ing 

o f one ma jo r component . Pur i f i ca t ion b y c o l u m n chromatography on s i l ica gel (1:1 ท-

hexane/ethyl acetate) gave 2-[methyl-(2,3,5,6-tetrafluoropyridin-4-yl)amino]ethanol 6a 

(1.9 g, 85%) as a ye l l ow o i l ; (Found: c， 42.6; H， 3.6; N , 12.5. C8H8N2F4O requires: c, 

42.9; H , 3.6; N , 12 .5%) ; δ ρ -94.46 (2 F, m, Ғ -2 ,6 ) , -155.24 ( 2 Ғ , m , Ғ -3 ,5 ) ; 0н 3.84 ( 2 Н , է, 

' J H H 5.7, СН2), 3.53 ( 2 Н , է, ' J H H 5 .4 , СН2), 3 . 1 8 (ЗН， է, ' J H F 3.3, СНз ) ; 5c 1 4 4 . 9 ( d tm, ' j cF 

237 .5 , 2 JcF 18 .1 , C-2,6) , 140.6 ( m , C-4) , 134.4 ( ddm, ' j c F 2 4 9 . 9 , 2 J c F 23.9, C-3,5) , 60.3 (t, 

4 J c F 1 .5 , СНз ) , 56.5 (է, ' j c F 4.8, CH2), 40.9 (է, ' J c F 5.8, CH2); m/z ( Е Ґ ) 224 ( [ M ] ^ 18), 193 

( [ М - С Н г О Н ] ^ 100). 

136 



Chapter 8 

P r e p a r a t i o n o f 2 - ( 2 ,3 ,556 -Te t ra f l uo ro -py r i dm-4 -y I su l f any i ) - pheny Iam ine 6b 

S " 

SH CH3CN 

r r \ F • 、NH2 p. 、N 

1 5b 6b 

50% 

2-Aminobenzeneth io l 5b (2.5 g, 20 m m o l ) and sod ium hydrogencarbonate (3.36 g, 

4 0 m m o l ) were added to acetonitr i le (400 m l ) under argon. Penta f luoropyr id ine 1 (1.69 g, 

10 m m o l ) was added dropwise and the resul t ing so lu t ion was re f luxed fo r 3 d after w h i c h 

t ime 19F N M R indicated 100% convers ion o f start ing mater ia l . The react ion m ix tu re was 

cooled to r o o m tempera toe , the solvent evaporated and the residue redissolved i n 

d ichloromethane. The mix tu re was poured onto water (50 m l ) , extracted w i t h 

d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated to 

dryness to y ie ld the crude product as a b r o w n o i l / so l id (2.0 g) consist ing o f one major 

component. Pur i f i ca t ion b y co lumn chromatography on s i l ica gel (1:1 พ-hexane/ethyl 

acetate) gave 2-(2,3,5,6-tetrafluoro-pyridin-4-ylsulfanyl)-phenylamine 6b (1.38 g， 50%) as 

an o f f -wh i t e so l id ; m p 67.8-70.4°C; (Found: c, 48.2; H , 2.2; N， 10.2. C11H6N2F4ร requires: 

c, 4 8 . 2 ; H , 2 . 2 ; N , 1 0 . 2 % ) ; δ ρ - 9 1 . 1 4 (2F， dt， ^JpF 3 8 . 4 , '*JFF 1 3 . 5 , F - 2 , 6 ) , - 1 3 8 . 5 6 ( 2 F , dt, 

3 J F F 38.4, 4 J F F 13.5, F-3,5) ; ÔH 7.53 ( I H , d m , 3 J H H 7.6, A r H ) , 7.24 ( Ш , m , A r H ) , 6.74 (2Н， 

t m , ^JHH 7.6, А г Н ) , 4.38 (2Н， br s, NH2); Ъс 149.3 (s, A r GNH2), 143.73 ( dm, 'JcF 195.5, 

C-2,6) , 141.22 ( d m , ' j c F 234.0, C-3,5) , 137.5 (s, A r CS) , 132.5 (s, A r C H ) , 130.7 ( t m , 2 J c F 

16.4, C-4) , 119.2 (ร, A r C H ) , 115.9 (ร, A r C H ) , 110.2 (s, A r C H ) ; m/z (EI)+ 274 ( [ M ] ^ , 60) , 

254 ([M֊HF]^, 34) . 
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P r e p a r a t i o n o f 7 - M e t h o x y - 5 , 8 - d i f l u o r o - l , 4 - d i m e t h y I - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 3 , 4 -

¿ ]py raz ine 7a U s i n g C o n v e n t i o n a l H e a t i n g M e t h o d s 

Ņ' 

MeO" Na+ MeOH 

N' 
3a 

N' 

พ , ,N ՝ 

N OMe 
7b 
1 

Sod ium meta l (0.7 g, 30.23 m m o l ) was added to anhydrous methanol (30 m l ) under argon 

fo l l owed b y the add i t ion o f 5 ,7 ,8 - t r i f l uoro- l ,4 -d imethy l - l ,2 ,3 ,4 - te t rahydropyr ido [3 ,4 -

ծ ]pyraz ine 3a (0.82 g， 3.78 m m o l ) . The resul t ing so lu t ion was re f lux ed for 2 d after w h i c h 

t ime 19F N M R indicated 100% conversion o f start ing mater ia l . The react ion mix tu re was 

cooled to r o o m temperature, poured onto water (30 m l ) , extracted w i t h d ichloromethane (3 

X 20 m l ) and dr ied over magnesium sulfate. The solvent was evaporated to dryness to y ie ld 

the crude product as a y e l l o w o i l (0.7 g) consist ing o f t w o ma jo r components i n the rat io 

10:1 w h i c h were ident i f ied as 5 , 8 - d i f l u o r o - 7-methoxy-l, 4-dimethyl-1,2,3,4-

tetrahydropyridof3,4-b]pyrazine 7a; and 7 , 8 - d i f l u o r o - 5 - m e t h o x y - l ,4-dimethyl-l, 2,3,4-

tetrahydropyridof3,4-bJpyrazme 7b. Pur i f i ca t ion b y c o l u m n chromatography on si l ica gel 

(1:2 и-hexane/ethyl acetate) gave 5 ,8-d ißuoro- 7-methoxy-l, 4֊dimethyl-l,2,3,4-

tetrahydropyrido[3,4-b]pyrazine 7a (0.66 g, 76%) as wh i t e crystals; m p 46.0-46.5°C; 

(Found: c, 52.4; H， 5.7; N , 18.3; C10H13N3F2O requires: c， 52.4; H , 5.7; N, 18.3%); δ ρ -

86.81 ( I F , d , ^JFF 22.6, F-5), -161.91 ( I F , m， F-8) ; ÔH 3.88 (3H， s， 0 C H 3 ) , 3.20 ( 3 H , d , ^JHF 

3.6, I -NCH3), 3 . 1 8 ( 2 H , t， 3 J H H 5 . 1 , CH2), 3 . 0 2 ( 2 H , t， 3 J H H 5 . 1 , CH2), 2.68 (3H， s, 4 -

NCH3) ; ôc 149.7 (dd , ' JCF 228.7, ^JcF 1.1, C-5) , 146.3 (dd, ^JcF 17.8, 3 JcF 13.4, C-7) , 139.0 

(dd, 'JcF 8.0, 'JcF 4.9, C-8û) , 133.6 (dd, 'JcF 236, 'JcF 5.0, C-8) , 113.2 (d , ^JcF 30.5, C-4«) , 

54.0 (s, 0 C H 3 ) , 48.7 (s, CH2), 45.6 (s, CH2), 43.6 (d , 4JcF 4.2, 4-NCH3), 41.5 (d , 4 J c F 13.3, 
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I -NCH3) ; m/z ( Е Ґ ) 229 ( [ М ] ^ , 100), 214 ( [ М - С Н з ] * 66 ) , 199 ( [М-СгНб ] ^ , 14); and а trace 

amount o f 7,8-difluoro֊5-methoxy-l, 4-dimethyl-l, շ, з, 4-tetrahydropyrido[3,4-bJpyrazine 

7b as a colourless o i l ; δ ρ - 1 0 0 . 3 1 ( I F , d , ^JpF 2 4 . 8 , F - 7 ) , - 1 6 6 . 6 3 ( I F , dd , ^JpF 2 4 . 8 , 5 J H F 4 . 5 , 

F-8); ÔH 3.94 (3H， ร, О С Н з ) , 3.16 ( З Н , d , ^JHF 3.9, I-NCH3), 3.15 ( 2 H , t， 3 J H H 6.3, NCH2), 

3 . 0 2 ( 2 H , t, 3 J H H 5 . 1 , NCH2), 2 . 6 4 ( З Н , ร, 4 - Н С Н з ) ; m/z ( Е Ґ ) 2 2 9 ([м]+, 1 0 0 , 2 1 4 ( [ М -

С Н з ] ^ 81) , 199 ( [ М - С г Н б ] ^ 16). 

P r e p a r a t i o n o f 7 - M e t h o x y - 5 , 8 - d i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [3,4-

6] py r a ž i n e 7a U s i n g M i c r o w a v e H e a t i n g 

Լ 
r / 

За 

Meo- Na+ МеОН 

Meo 

4-а 

N 5՝ 
7a 

4 5 % 

N、 

N ΟΜβ 

7b 

1 

Sod ium methox ide (0.32 g, 6.0 m m o l ) and 5 ,7 ,8- t r i f luoro- l ,4-d imethy l - l ,2 ,3 ,4֊ 

tet rahydropyr ido[3,4-ô]pyraz ine За (0.65 g, 3.0 m m o l ) were added to a m ic rowave v ia l 

w h i c h was then sealed and purged w i t h argon. Me thano l (15 m l ) was added and the v ia l 

was i r radiated w i t h mic rowaves at 150°c fo r 1.25 h after w h i c h t ime І9р N M R indicated 

100% convers ion o f start ing mater ia l . The above procedure was repeated and the two 

react ion m ixณres cooled to r o o m temperature and combined. The solvent was evaporated 

and the residue redissolved i n d ichloromethane, poured onto 1.0 M hydroch lor ic acid (50 

m l ) , extracted w i t h d ichloromethane (100 m l ) and dr ied over magnes ium sulfate. The 

solvent was evaporated to dryness to y ie ld the crude product as a ye l l ow o i l (0.57 g) 

consist ing o f t w o ma jo r components i n the rat io 9:1 w h i c h were ident i f ied as 7-methoxy-

ύ, 8-difluoro-1,4-dime f hyl -1,2,3,4-tetrahydropyrìdo[з, 4-b]pyr azim 7a ; and 7,8-difluoro-5-

139 



Chapter 8 

methoxy-1,4-dimethyl-l, 2,3,4-tetrahydropyrido[3,4-bJpyrazine 7 b ; spectral data as above. 

Pur i f ica t ion b y mass directed automated preparat ive H P L C ( 3 0 % - 8 5 % acetonitr i le i n 

fo rmic acid) gave 7-methoxy-5,8-difluoro-l, 4-dimethyl-l, 2,3,4-tetrahydropyrido[3,4֊ 

bjpyrazine 7a (0 .31 g , 4 5 % ) as a wh i te so l id ; spectral data as above. 

P r e p a r a t i o n o f 7 - E t h o x y - 5 , 8 - d i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 3 , 4 -

¿ Ipy raz íne 8a U s i n g C o n v e n t i o n a l H e a t i n g M e t h o d s 

N、 8-al 

ЕЮ— Na+ · EtOH 

N 
3a 

81 ՝T4.a 

Eto 7 N 5 F 
8a 

5 7 % 

N՝ 

N OEt 
8 b 
3 

Sod ium meta l (0 .11 g, 4.6 m m o l ) was added to anhydrous ethanol (30 m l ) under argon 

fo l l owed b y the add i t ion o f 5 ,7 ,8- t r i f luoro- l ,4 -d imethy l֊l ,2 ,3 ,4- te t rahydropyr ido [3 ,4-

ô]pyrazine За (1.0 g, 4 .6 m m o l ) . The resul t ing so lu t ion was re f luxed for 2 d after w h i c h 

t ime 19F N M R indicated 1 0 0 % conversion o f start ing mater ia l . The react ion mix tu re was 

cooled to r o o m temperature, poured onto water (30 m l ) , extracted w i t h d ichloromethane (3 

X 3 0 m l ) and dr ied over magnes ium sulfate. The solvent was evaporated to dryness to y ie ld 

the crade product as a y e l l o w sol id ( 1 . 3 7 g) consist ing o f t w o ma jo r components i n the rat io 

6 : 3 w h i c h were ident i f ied as 7-ethoxy-5,8-difluoro-l,4-dimethyl-l, 2,3,4-

tetrahydropyrido[3,4-b]pyrazine 8a; and 5-ethoxy- 7,8-difluoro-l, 4-dimethyl-l, 2,3,4-

tetrahydropyridof3,4-bJpyrazine 8b ; δ ρ -100.18 ( I F , d m , ^JpF 29.0 , F-7), -166.83 ( I F , d m , 

' JFF 2 4 . 6 , F - 8 ) ; 5 H 3 . 7 1 (2H， q , ' J H H 7 . 0 , ОСЯ2СН3), 3 . 2 0 (3H， d , ' J H F 4 . 2 , I -NCH3) , 3 . 1 7 

( 2 H , t， ^ J H H 5.2, NCH2), 3.04 ( 2 H , t, ^ JHH 5.2, NCH2), 2.67 ( 3 H , ร, 4 - Н С Н з ) , 1.23 ( З Н , է, 

Կա 7.G, ОЄН2СЯ5); m/z ( Е Ґ ) 243 ( [ М ] ^ , 100), 213 ( [М- (СНз)2 ]^ , 80). Pur i f i ca t ion b y 
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recrystal l isat ion from и-hexane gave 7-ethoxy-5,8-dißuoro-1,4-dimethyl-1,2,3,4-

tetrahydropyridof3,4-bJpyrazine 8a (0.64 g, 57%) as o f f -wh i t e crystals; m p 71.3֊72.2°C; 

(Found: c , 54.2; H , 6.2; N , 17 .1 ; C11H15N3F2O requires: c , 54.3; H , 6.2; N， 17.3%); δρ -

86.67 ( I F , d , ' J F F 22.6 , F-5) , -161.44 ( I F , d m , ^JpF 24.5, F-8) ; ÔH 4.31 ( 2 H , q, 3 J H H 7.2, 

ОСЯ2СН3), 3 . 2 1 (3H， d， ^JHF 4 .5 , I-NCH3), 3 . 1 8 (2H， t， ^JHH 5 . 1 , NCH2), 3 . 0 4 (2H， t, ^JHH 

5.4, NCH2), 2 . 7 0 (3H， s, 4-NCH3), 1 . 3 8 (3H， t, 3 J H H 7.2, О С Н г С Я ^ ) ; ô c 1 4 9 . 7 (d , ' jcF 

228.4, C-5) , 146.1 ( m , C-7) , 139.04 ( m , C-8a) , 133.6 (dd , ' j cF 2 4 1 , "JcF 5, C-8) , 112.8 (d , 

2JcF 3 0 . 1 , c-4a), 62.6 (ร, OCH2CH3), 48.8 (ร, C H 2 ) , 45.6 (ร, C H 2 ) , 43.6 (d , 4 J c F 4.6,. 4 -

NCH3) , 41.5 (d , 4JcF 13.3, I -NCH3) , 14.9 (s, OCH2CH3) ; m/z ( Е Ґ ) 243 ( [ M ] ^ 100), 213 

( [М- (СНз )2 ] " , 88). 

Procedu re f o r t he P r e p a r a t i o n o f 7 - E t h o x y - 5 , 8 - d i f l u o r o - l , 4 - d i m e t h y I - l , 2 , 3 , 4 -

t e t r a h y d r o p y r i d o [ 3 , 4 - 6 ] p y r a z i n e 8a Us ing M i c r o w a v e H e a t i n g 

V 、 + Eto-Na- ЕЮН , + ' ^ v V ^ -

NT 、F E t o - ^ N ^ F F ^ N ^ O E t 
3a 8a 8b 

8 1 

Sod ium ethoxide 9 6 % i n minera l o i l (0.07 g, 1.0 m m o l ) and 5 ,7 ,8 - t r i f l uo ro - l ,4 -d imethy I -

l ,2,3,4-tetrahydropyr ido[3,4-¿)]pyrazine За (0.11 g, 0.5 m m o l ) were added to a m ic rowave 

v ia l w h i c h was then sealed and purged w i t h argon. Ethano l (15 m l ) was added and the v ia l 

was irradiated w i t h mic rowaves at 150°c for 1.25 h after w h i c h t ime ' 9 F N M R indicated 

7 5 % convers ion o f start ing mater ia l . A so lu t ion o f sod ium ethoxide (0.07 g, 1.0 m m o l ) i n 

ethanol (2 m l ) was added to the react ion m ix tu re and the v ia l was irradiated w i t h 

microwaves at 1 5 0 ° c for a further 0.3 h. The react ion gave 7-ethoxy֊5,8-difluoro-l. 4-
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dimethyl-1,2,3,4-tetrahydropyridof3,4-bJpyrazine 8a and 5-ethoxy- 7,8-dißuoro-Լ 4-

dimethyl-1,2,3,4-tetrahydropyrido[3,4-bJpyrazine 8b i n the rat io 8:1 respect ively, spectral 

data as above, w o r k up and pur i f i ca t ion were not attempted. 

P r e p a r a t i o n o f 7 - 7 e r i - b u t o x y - 5 , 8 - d i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 3 , 4 -

ô ] p y r a z i n e 9 

N. 
'BuOK ΙΗΕ^ 

УУ 
.N4 

ц-b 、 

N' 
За 

^今 N수 

66% 

Potassium terř-butoxide (0.22 g, շ m m o l ) and 5,7,8- t r i f luoro-1,4-d imethy l -1 ,2,3,4-

te t rahydropyr ido[3 ,4 -ö ]pyraz ine 3a (0.22 g， 1 m m o l ) were added to d ry tetrahydro furan (15 

m l ) under argon and re f lux ed for 4 d after w h i c h t ime 2 extra equivalents o f potassium tert-

butox ide (0.22 g， 2 m m o l ) were added. Re f l ux i ng was cont inued for 18 h after w h i c h t ime 

H P L C indicated 9 7 % convers ion o f start ing mater ia l . The react ion m ix tu re was cooled to 

room temperature, the solvent evaporated and the residue redissolved i n dichloromethane. 

The m ix tu re was poured onto 0.5 M hydroch lor ic ac id (30 m l ) , extracted w i t h 

d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated to 

dryness to y ie ld the crude product as a ye l l ow o i l (0.19 g) consist ing o f one ma jo r 

component. Pur i f i ca t ion b y co lumn chromatography on s i l ica gel (e thy l acetate i n ท-

hexane, 0%-100%) gave 7-tert-butoxy-5,8-difluoro-l, 4-dimethyl-l,2,3,4-

tetrahydropyrido[3,4-bJpyrazine 9 (0.18 g， 66%) as a colourless o i l ; (Found: c, 57.6; H , 

7 . 1 ; N , 1 5 . 5 . C13H19N3OF2 requires: c, 5 7 . 6 ; H , 7 . 0 ; N , 1 5 . 5 % ) ; δρ - 8 4 . 2 2 ( I F , d, ^JFF 26.3, 

F-5), -155.20 ( I F , m， F-8) ; ÔH 3.14 (5H， over lapp ing d & t， I - N C H 3 & СНгХ 2.99 (2Н， է, 

^JHH 4.4, CH2), 2.68 ( З Н , s, 4-NCH3), 1.48 (9Н， ร, (СНз)з) ; ôc 148.7 (dd , ' J c F 2 2 9 . 1 , 4JcF 
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1.5, C-5) , 145.1 (dd , ' j cF 18.9, ' J c F 13.4, C-7) , 138.7 (dd , 2JcF 8.3, 3JcF 6.6, C-8a), 136.4 

(dd, ' j cF 243.3, ' J c F 5.3, C-8) , 114.0 (d , 2 J C T 31.5, C-4a) , 81.2 (ร, ОС(СНз)з ) , 48.4 (ร, 

NCH2)， 45.7 ( ร , NCH2), 43.4 (d , 4 J c F 5 . 1 , 4-NCH3), 41.5 (d , 4JcF 13.4, I-NCH3), 28.9 ( ร , 

С(СНз)з) ; m/z (EI)+ 272 ( [ M + H ] ^ 38) , 257 ( [ М Н - С Н з ] ^ , 65) . 

P r e p a r a t i o n o f 5 , 8 - D i f l u o r o - l , 4 - d i m e t h y l - 7 - p h e n o x y - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 3 , 4 -

6 ] p y r a z i n e 10a 

+ PhO" K" THF 

N' 

За 

ғ、 в—火 Ňí 
8 4-а 

PhO 7 N 5 F 

Юа 
4.9 

ノ\ 

N ^ O P h P h O - ^ N ^ O P h 
10b 10c 

1 1.2 

6 5 % 

Phenol (0.19 g， 2 m m o l ) and potassium metal (0.17 g, з m m o l ) were added to d ry 

tetrahydro furan (15 m l ) and the react ion т і х Ш г е was st irred un t i l a l l the potassium had 

reacted. The resu l t ing so lu t ion was transferred to a sealed m ic rowave v i a l under argon 

conta in ing 5 ,7 ,8 - t r i f luoro- l ,4 -d imethy l - l ,2 ,3 ,4 - te t rahydropyr ido [3 ,4 -ò ]pyraz ine За (0.11 g, 

0.5 m m o l ) and the v i a l was irradiated w i t h mic rowaves at 150°c fo r 1 h, after w h i c h t ime 

H P L C indicated 8 9 % convers ion o f start ing mater ia l . The solvent was evaporated and the 

residue redissolved i n d ichloromethane, poured onto 1.0 M hydroch lor ic acid (30 m l ) , 

extracted w i t h d ich loromethane (100 m l ) and dr ied over magnes imn sulfate. The solvent 

was evaporated to dryness to y ie ld the crude product as a ye l l ow o i l (0.23 g) consist ing o f 

three ma jo r components i n the rat io 4.9:1:1.2 w h i c h were ident i f ied as 5,8-difluoro-1,4-

dimethyl-7-phenoxy-l,2,3,4-tetrahydropyrido[3,4-bJpyrazine 10a; δρ -82.52 ( I F , d , 'JpF 

22.6, F֊5), -156.02 ( I F , m， F-8) ; ÔH 7.33 ( 2 H , t， 3 J H H 8.4, А г H ) , 7.12 ( I H , d , ^ JHH 7.2, A r 

H ) , 7 . 0 7 ( 2 Н , d, ฯHH 8 . 8 , A r H ) , 3 . 2 5 ( З Н , d , 5 J H F 4 . 8 , I -NCH3), 3 . 2 1 ( 2 Н , է, 3 J H H 4.4, СҢ2), 
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3.04 (2Н， է, ^ JHH 5.2, CHz) , 2.73 ( З Н , ร, 4 -NCH3) ; ô c 155.0 (ร, А г С ) , 149.3 (d , ' jcF 230.2, 

C-5) , 143.0 ( m , C-7) , 139.3 ( m , C-8a) , 135.5 (dd, i jcF 244.5, ^JcF 4.8, C-8) , 129.4 (ร, A r 

C H ) , 123.8 (s, А г C H ) , 119.2 (s, А г C H ) , 115.6 (d , ^ J c F 30.4, C-4a), 48.3 (ร, С Н г ) , 45.8 (ร, 

CHz) , 43.3 (d , ^JcF 5.5, 4 -NCH3) , 41.4 (d , 4 J c F 13.2, I - N C H 3 ) ; m/z (EI)+ 292 ( [ M + H ] ^ 100), 

277 ( [ М Н - С Н з ] ^ , 52 ) ; 7 , 8 - d i f l u o r o - l , 4 - d i m e t h y l - 5 - p h e n o x y - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 3 , 4 -

bjpyrazine 10b; δρ -96.71 (d , ^JpF 22.6, F-7), -163.39 ( m , F-8) ; m/z {Έΐγ 292 ( [ M + H ] ^ 

100), 277 ( [МН-СНз ] " " , 48 ) ; and 8-fluoro-l. 4-dimethyl-5.7-diphenoxy-l,2.3.4-

tetrahydropyridoĮ3,4-bJpyrazine 10c. Pur i f ica t ion b y c o l u m n chromatography on si l ica gel 

(ethyl acetate i n и-һехапе, 0%-70%) gave a m ix tu re o f 3,8-difluoro-l, 4-dimethyl- 7-

phenoxy-1,2,3,4-tetrahydropyrido[3,4-bJpyrazme 10a and 7 , 8 - d i f l u o r o - l , 4-dimethyl-5-

phenoxy-1,2,3,4-tetrahydropyrido[3,4-bJpyrazine 10b i n the rat io 7.9:1 respect ively (0.095 

g, 6 5 % ) as a wh i te so l id , w i t h 8-fluoro-l, 4-dimethyl-5,7-diphenoxy-l, 2,3,4-

tetrahydropyrido[3,4-b]pyrazine 10c also isolated i n a trace amount ; δρ -156.49 ( I F , m , F-

8) ; ÔH 7.21 ( 4 H , m , A r C H ) , 7.00 (6Н， m , A r C H ) , 3.25 ( З Н , d , 5 J H F 4.4, I - N C H 3 ) , 3.24 

( 2 H , է, ' J H H 5.2, CH2), 3.08 ( 2 H , է, ^JHH 4.8, CH2), 2.79 ( З Н , s, 4-NCH3); 6c 155.4 ( ร , A r С ) , 

154.8 (s, A r С ) , 148.4 (s, C-5) , 143.6 (d , ^JcF 13.9, C-7) , 139.0 ( d , 2JcF 5.3, C-8a) , 135.0 (d , 

' j c F 246.6, C-8) , 129.0 (s, А г C H ) , 129.0 (s, A r C H ) , 123.4 (s, A r C H ) , 123.1 (s, А г C H ) , 

119.9 (ร, А г C H ) , 118.9 (s, A r C H ) , 118.6 (ร, C-4û) , 48.5 (s, NCH2), 45.3 (ร, N C H z ) , 43.0 

(s, 4 -NCH3) , 41.6 (d , "JcF 13.3, I - N C H 3 ) ; m/z (EI)+ 366 ( [ M + H ] ^ 100), 351 ( [ М Н - С Н з ] ^ 

46) . 
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P r e p a r a t i o n o f A ' - E t h y l - 5 , 8 - d i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 3 , 4 -

b] p y r a z i n - 7 - a m i n e 11a 

EtNHLi 
N' 
За 

EtHN 7 ՝N 5 
11a 
1.6 
2 1 % 

՝N NHEt 
11b 

1 

А 2.0 M so lut ion OI buty l l i t h i um i n tetrahydrof i i ran (1 m l , 2 m m o l ) was added to a solut ion 

o f ethy lamine (0.09 g, 2 m m o l ) i n tet rahydrof i i ran (30 m l ) at - 7 8 ° c . The resul t ing solut ion 

was st irred at - 7 8 ° c for 1 h before w a r m i n g to r o o m temperature and addi t ion o f 5,7,8-

t r i f l uoro- 1,4-d imethyl -1,2,3,4- tet rahydropyr ido[3,4-0]pyrazine 3a (0.22 g， 1 m m o l ) . The 

react ion m ix tu re was re f luxed fo r 5 d , and over the course o f the react ion, 14 extra 

equivalents (28 m m o l ) o f the l i t h i u m ethylamide salt were added f o l l o w i n g the procedure 

out l ined above. H P L C indicated 100% convers ion o f start ing mater ia l . The reaction 

mix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ichloromethane. The m ix tu re was poured onto water (50 m l ) , extracted 

w i t h d ich loromethane (100 m l ) , dr ied over magnes ium sulfate and the solvent evaporatęd to 

dryness to y ie ld the crude product as a b r o w n o i l (0.27 g) consist ing o f t w o major 

components i n the rat io 1.6:1 w h i c h were ident i f ied as N-ethyl-5,8-difluoro-l,4-dimethyl-

1,2,3,4-tetrahydropyrido[3,4-bJpyrazin- 7-amine 11a; and N-ethyl- 7,8-difluoro-l, 4-

dimethyl-1,2,3,4-tetrahydropyrido[3,4-b]pyrazin-5-amine l i b ; δρ - 9 8 . 1 6 ( I F , d , ^JFF 2 6 . 3 , 

F - 7 ) , - 1 7 2 . 0 7 ( I F , q , ^JpF 2 2 . 6 , F - 8 ) ; ÔH 4 . 6 9 ( I H , br ร , N H ) , 3 . 3 6 ( 2 Н , q, ^JHH 7 . 2 , 

Ш С Я ^ С Н з ) , 3.23 ( 2 Н , է, 3 J H H 4.8, М С Я ^ С Н г ) , 3.19 ( З Н , d , ' J H F 4.0, I -NCH3) , 2.97 ( 2 Н , է, 

^JHH 5.2, МСН2СЯ2), 2.50 ( З Н , s, 4-NCH3), 1.21 ( З Н , է, 3 J H H 7.2, К Н С Н г С Я ^ ) ; Ъс 148.9 

(dd, ' j cF 2 2 1 . 1 , ^JcF 14.7, C-7) , 146.8 (d , ^JcF 17.2, C-5) , 138.0 ( m , C-8ű) , 127.7 (dd, ' J c F 

238 .1 , ^ J c F 32.6, C-8) , 112.9 (dd, ^JcF 3.7, 4JcF 1.1, C-4ö) , 48.1 (ร, NCH2CH2), 44.3 (ร, 
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NCH2CH2), 40.8 (d , 4JcF 13.2, I-NCH3), 40.7 (s, 4-NCH3), 36.2 (s, NHCH2CH3), 15.4 (s, 

N H C H 2 Œ 3 ) . Pur i f i ca t ion b y co lumn chromatography on s i l ica gel (e thy l acetate in ո֊ 

hexane 0%– 100%) gave N-ethyl-5.8-difluoro-l, 4-dimethyl-l. 2.3,4-tetrahydropyrido[3,4-

b]pyrazin-7-amine 11a (0.05 g, 21%) as an o f f wh i t e so l id ; m p 79.0-80.0°C; (Found: c, 

54.5; H , 6.7; N , 22.8. Ci,H,6F2N4 requires: c, 54.6; H , 6.6; N， 23 .1%) ; δρ -86.00 ( I F , d , 

5 JFF 22.6, F-5) , -162.08 ( I F , q , ^JFF 22.6, F-8) ; ÔH 4.13 ( I H , br s， N H ) , 3.38 (2H， q， 3 J H H 6.8, 

Ш С Я ^ С Н з ) , 3 . 1 7 ( 5 H , over lapping d & t， I - N C H 3 & МСЯгСНг^^ 3 . 0 3 ( 2 Н , է, 3 J H H 4 . 8 , 

М С Н г С Я ^ ) , 2 . 6 6 ( З Н , ร, 4 - М С Н з ) , 1 . 2 1 (зн, է, 3 J H H 7 . 2 , ШСЯгСНз); Ъс 1 5 1 . 6 (d , ' j cF 

224.2, C-5) , 141.8 ( m , C-7) , 137.3 ( m , C-8a) , 133.0 (dd , 'JcF 2 3 4 . 1 , ^JcF 4.0, C-8) , 109.0 (d , 

^ J c F 3 2 . 1 , C-Aa), 48.8 (s, NCH2CH2), 45.0 (ร, NCH2CH2), 43.4 ( d , % ғ 3.8, 4-NCH3), 41.2 

(d , 4JcF 13.2, I-NCH3), 36.0 (ร, NHCH2CH3), 15.4 (NHCH2CH3); m/z (EI)+ 242 ( [M]" " , 

100), 227 ( [ М - С Н з ] ^ 90) , 213 {[М-СЯгСпъҮ, 14). 

P r e p a r a t i o n o f i V , A ' - D i e t h y l - 5 , 8 - d i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r Î d o [ 3 , 4 -

6] p y r a z i n - 7 - a m i n e 12a 

、 1 へ " ՝ м А з 、"へ 

• ^ ^ ՝ - THF 
+ Et2NLİ 

Ν 

За 

8ļ| ๆ4֊a + ļ ļ ՝ 
Et2N ' 7 ՝N 5 F F ^ ' ^ n " ' NEt2 

12a 12b 

2 6 % 1 

B u t y l l i t h i u m 1.7 M i n pentane (0.59 m l , 1 m m o l ) and d ie thy lamine (0.073 g， 1 m m o l ) were 

added to d r y tet rahydrofuran (5 m l ) at - 7 8 ° ^ and the so lu t ion was st irred for 1 h before 

wa rm ing to r o o m temperature. The solut ion was added to 5 ,7 ,8 - t r i f l uo ro - l ,4 -d imethy l -

l ,2 ,3,4- te t rahydropyr ido[3,4-6]pyraz ine 3a (0.22 g, 1 m m o l ) i n tet rahydrofuran (25 m l ) and 

ref luxed for 6 d and over the course o f the react ion 6 extra equivalents o f the l i t h i um 
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diethy lamide salt were added to the react ion m ix tu re f o l l o w i n g the procedure out l ined 

above. 1 9 F N M R indicated 100 % convers ion o f start ing mater ia l so the react ion was 

cooled to r o o m temperature, poured onto water (30 m l ) , extracted w i t h d ichloromethane (3 

X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the 

crude product as a b r o w n o i l (0.57 g) consist ing o f t w o ma jo r components i n the rat io 4:1 

w h i c h were ident i f ied as N.N-diethyl-5.8-difluoro-1,4-dimethyl-l, 2,3,4-

tetrahydropyridof3,4-bJpyrazin-7-amine 12a; and N,N-diethyl- 7,8-difluoro-1,4-dimethyl-

1,2,3,4-tetrahydropyrido[3,4-b]pyrazin-5-amine 12b; δ ρ -98.02 ( I F , d， ̂ JpF 28.4, F-7), -

1 6 6 . 2 1 ( I F , d , ^JFF 2 9 . 3 , F - 8 ) ; m/z ( Е Ґ ) 2 7 0 ( [ M ] ^ , 1 0 0 ) , 2 5 5 ( [ М - С Н з ] ^ , 6 9 ) , 2 4 1 ( [ M -

СНзСНг ] ^ , 89) , 225 ( [М- (СНз )з ] ^ , 88) , 211 ( [М-(СНз)зСН2]^, 96) . Pur i f i ca t ion b y co lumn 

chromatography on si l ica gel (2:1 n-hexane/ethyl acetate) gave N,N-diethyl-5,8-difluoro-

1,4֊dimethyl-l,2,3,4-tetrahydropyrido[3,4-bJpyrazin-7-amine 12a (0.38 g, 26 % ) as a 

colourless o i l ; ( [ M + H ] ^ 270.1668, C 1 3 H 2 0 N 4 F 2 requires [ M + H ] ^ 270.1656) ; δρ -83.92 ( I F , 

d , ^JFF 24.0, F-5), -150.42 ( I F , d , ^JpF 25.3, F-8) ; 5н 3.29 ( 4 H , q , 3 J H H 6.8, К(СЯ2СНз)2), 

3.12 (2Н， է, 3 J H H 4 .4 , NCH2), 3.10 ( З Н , d , ^JHF 4 .4 , I -NCH3), 2.98 ( 2 Н , է, ^ JHH 4.8, NCH2), 

2.66 ( З Н , ร , 4 -МСНз) , 1.10 (6Н， է, ^ JHH 6.8, Н ( С Н 2 С Я 5 ) 2 ) ; öc 150.4 (d , ' j c F 225.3, C-5) , 

141.9 ( m , C-7) , 139.3 ( m , C-8a) , 136.6 (dd, ' jcF 2 4 0 . l / J c F 4.6, C-8) , 111.7 (d , ^ J c F 32.4, 

c-4a), 48.7 (s, NCH2), 46.0 (ร , N C H j ) , 44.6 (d , ^ J c F 5 . 0 , М(СН2СНз)2), 43.6 (d , * J c F 4.6, 4 -

NCH3), 42.1 (d , 4 J C T 13.3, I-NCH3), 13.8 (ร, М(СН2СНз)2); m/z ( Е Ґ ) 270 ( [ М ] ^ , 96) , 255 

( [ М - С Н з ] ^ 100), 241 ( [ М - С Н з С Н г ] ^ 70) , 226 ([М-(СНз)2СН2]^, 79) , 211 ( [ М -

(СНз)зСН2]^ 35) . 
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P r e p a r a t i o n o f 5 , 8 - D i f l u o r o - l , 4 - d i m e t h y l - 7 - ( p h e n y l s u l f a n y l ) - l , 2 , 3 9 4 -

tetrahydropyr ido[3，^^^ p y r ^ ^ 13a 

- л շ 
、гг .3 

V 、 ： THF " ^ v S l . - ғ . ж . г ; 1 ^ 

Ί + PhSLİ ——―֊๚ "и -а + Τι ぐ 

r Ν F PhS 7 N 5 F P h S ^ N ^ S P h 
3a 13a 13b 

1 1 

9% 

L i t h i u m th iophenox ide 1.0 M i n tetrahydroft i ran (16 m l , 16 m m o l ) was added to a sealed 

mic rowave v i a l under argon conta in ing 5,7,8- t r i f luoro-1,4-d imethy l -1,2,3,4-

te t rahydropyr ido[3,4-Ď]pyrazine За (0.22 g, 1 m m o l ) and te t rahydroāi ran (1 m l ) . The v ia l 

was i rradiated w i t h mic rowaves at 1 5 0 ^ ^ for 1 h after w h i c h t ime H P L C indicated 98 % 

conversion o f start ing mater ia l . The above procedure was repeated three more t imes and 

the react ion mix tu res were cooled to r o o m temperature and combined. The solvent was 

evaporated and the residue redissolved i n d ichloromethane, poured onto 1.0 M hydrochlor ic 

acid (50 m l ) , extracted w i t h dichloromethane (3 X 50 m l ) , and dr ied over magnesium 

sulfate. The solvent was evaporated and the excess l i t h i u m th iophenoxide removed b y 

passing th rough an sex co l umn to y ie ld the crude product as a ye l l ow o i l (0.66 g) 

consist ing o f t w o ma jo r components i n the rat io 1:1 พ Ы с һ were ident i f ied as 5,8-difluoro-

1,4-dimethyl- 7-(phenylsulfanyl)-l ,2,3,4-tetrahydropyrido[3,4-bJpyrazine 13a; and 5-

fluoro-1,4-dimethyl-5,7-bis(phenylsulfanyl)-l,2,3,4-tetrahydropyrido[3,4-bJpyrazine 13b; 

δρ -135.91 ( I F , q , ^JHF 3.8, F-8); ÔH 7.0-7.3 ( Ю Н , m , A r н), 3.26 (2Н， է, ^ J H H 4.8, С Н г ) , 

3.21 ( З Н , d , ^JHF 1.6, I-NCH3), 3.05 ( 2 Н , է, ^JHH 5.2, CH2), 2.76 ( З Н , s， 4-NCH3); m/z (EI)+ 

398 ( [ M + H ] * , 100). Pur i f i ca t ion b y co lumn chromatography on s i l ica gel (e thy l acetate i n 

и-һехапе 0%-40%) f o l l o w e d b y mass directed automated preparat ive H P L C ( 5 0 % - 9 9 % 

acetonitr i le i n fo rm ic acid) gave 5,8-difluoro-Լ 4-dimethyl- 7-(phenylsulfanyl)-l, 2,3,4-

tetrahydropyrido[3,4-b]pyrazine 13a (0.33 g, 9%) as an amber o i l ; (Found: c, 58.7; H , 4.9; 
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N , 13.5; C 1 5 H 1 5 F 2 N 3 ร requires с, 58.6; н, 4 .9; N , 13 .7%) ; δ ρ -78.41 ( I F , d , 5 J F F 23.2, F-5), 

- 1 3 1 . 4 3 ( I F , dq , ' J F F 2 3 . 2 , ' J H F 4 . 1 , F - 8 ) ; ÔH 7 . 4 2 ( 2 H , d , ^ J H H 7 . 2 , A r H ) , 7 . 2 9 (2Н， է, ^JHH 

6.8, А г H ) , 7.23 ( Ш , d , 3 J H H 6.8, A r Н ) , 3.16 ( 5 Н , over lapp ing d & է, l -NCHa & СНгХ 3.03 

(2Н， t， 3 J H H 4.0, СН2), 2.79 ( З Н , ร, 4 -МСНз) ; ôc 151.0 (d , ' j c F 232.0, C-5) , 146.0 (dd , ' J c F 

246.2, 4 J c F 3.3， C-8) , 137.2 (dd, 2JcF 9.8, ^ J c F 8.2, C-7) , 132.9 ( ร , А г С ) , 131.7 (s, A r C H ) , 

130.5 (dd, ^JcF 23.7, ^JcF 18.2, C-8a) , 128.9 (ร, A r C H ) , 127.4 (ร, A r C H ) , 119.6 (dd, ̂ JcF 

30.7, ^JcF 2.6, c-4a), 48.2, ( ร , NCH2), 46.6 ( ร , NCH2), 43.2 ( d , ' ' j c F 7.2, 4-NCH3), 41.9 ( d , 

4JcF 12.9, I-NCH3); m/z (EI)+ 308 ( [ М + Н ] ^ 85) , 277 ( [ М Н - ( С Н з ) 2 ] ^ 100), 233 ( [ М Н -

(СНз)2МСН2СН2]^ 88). 

P r e p a r a t i o n o f 7 - B u t y l - 5 , 8 ֊ d i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 3 , 4 -

¿] py r a ž i n e 14 

Ν 

み 
BuLi 

՝ Ν ' ' ՜ 
За 

Others 

5,7,8-Tr i f luoro- l ,4-d imethy l - l ,2 ,3 ,4- te t rahydropyr ido[3,4-Z>]pyrazme За (0.22 g, 1 m m o l ) 

was added to te t rahydrofuran (15 m l ) and cooled to -78°c. A 2.0 M solut ion o f bu ty l 

l i t h i um i n te t rahydrofuran (1 m l , 2 m m o l ) was added and the react ion m ix tu re was warmed 

to room temperature before re f lux ing for 4 d. Over the course o f the react ion 4.3 extra 

equivalents o f the 2.0 M bu ty l l i t h i um solut ion (2.1 m l , 5.3 m m o l ) were added, '̂ ғ N M R 

indicated 100% convers ion o f start ing mater ia l so the react ion m ix tu re was c o o l e d to room 

temperature, the solvent evaporated and the residue redissolved i n dichloromethane. The 

mix ture was poured onto water (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied 

over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the erude product as 
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a b r o w n o i l (0.38 g) consist ing o f one major component . Pur i f i ca t ion b y mass directed 

automated preparat ive H P L C ( 5 0 % - 9 9 % acetoni t r i le i n fo rm ic acid) f o l l owed b y 

preparat ive t h i n layer chromatography (2:1 и-hexane/ethyl acetate) gave 7-buty 1-5,8-

difluoro-1,4-dimethyl-1,2,3,4-tetrahydropyrido[3,4-bJpyrazine 14 (0.1 g, 40%) as a 

colourless o i l ; δρ -81.18 ( I F , d , ^JpF 26.3, F-5), -142.91 ( I F , q， ^JpF 22.6, F-8) ; ÔH 3.16 ( 5 H , 

over lapping d & t, I-NCH3 & N C H 2 ) ^ 3.03 (2H， t, 3 J H H 4 .4, NCH2), 2.77 (3H, d, ^JHF 1.2, 4 -

NCH3), 2.61 ( 2 H , m, ШН2СИ2СЯ2СЩ, 1.64 ( 2 H , m， М С Н г С Я г С Н г С Н з ) , 1.37 ( 2 H , m , 

МСН2СН2СЯ2СНз), 0 . 9 3 ( З Н , է, 3 J H H 7.6, М С Н г С Н з С Н з С Я з ) ; ôc 151.6 (d , 'JcF 226.8, C-

5) , 145.4 (dd, ' J c F 2 4 2 . 1 , ' J c F 3,7, C-8) , 138.2 (m， C-7) , 137.4 ( m , C-8a), 128.1 (d , 2 J c F 

31.5, c-4a), 48.2 (ร, NCH2CH2N), 46.1 (ร, NCH2CH2N), 43.3 (d , 4JcF 6 . 1 , 4-NCH3), 41.7 

(d , 4JcF 13.0, I-NCH3), 30.7 (ร, CH2CH2CH2CH3), 30.4 (s, CH2CH2CH2CH3), 29.7 (ร, 

CH2CH2CH2CH3), 13.9 (ร, CH2CH2CH2CH3); m/z (EI)+ 256 ( [м+н]+, 81), 236 ( [ М Н - Н Ғ ] ^ 

5) , 213 ( [ M H - C H շ C H շ C H з ] ^ 7). 

P r e p a r a t i o n o f 5 - E t h o x y - 8 - ก น o r o - 7 - m e t h o x y - l , 4 - d i m e t h y l - l , 2 , 3 , 4 -

t e t r a h y d r o p y r i d o [3,4-6] p y r a z i n e 15 

V ՝ \ + ЕЮ-Na* _ E t O H > ՚ ՚ ^ Տ ; ^ " 
Meo N ^ F Meo 7 N 5 OEt 

7a 15 
7 7 % 

Sod ium metal (18.5 m g , 0.8 m m o l ) was added to anhydrous ethanol (ЗО m l ) under argon 

fo l l owed b y the addi t ion o f 5 ,8-d i f luoro-7-methoxy-1,4-d imethy l -1 ,2 ,3 ,4-

tetrahydropyrido[3 ,4-¿)]pyrazine 7a (0.2 g, 0.8 m m o l ) . The resu l t ing solut ion was ref luxed 

for 2 d after w h i c h t ime ı^ғ N M R indicated 100% convers ion o f start ing mater ia l . The 
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reaction m ix tu re was cooled to r o o m temperature, poured onto water (30 m l ) , extracted 

w i t h d ich loromethane (3 X 20 m l ) and dr ied over magnes ium sulfate. The solvent was 

evaporated to dryness to y ie ld the crude product as a b r o w n o i l (0.17 g) consist ing o f one 

major component . Pur i f i ca t ion b y co lumn chromatography on si l ica gel (1:3 ท-

hexane/ethyl acetate) gave 5-ethoxy-8-fluoro-7-methoxy-1,4-dimethyl-1,2,3,4-

tetrahydropyridoį3,4-b]pyr azim 15 (0.17 g, 77 % ) as a colourless o i l ; (Found: c， 56.8; H , 

7.2; N , 16.2; Ci2H,8N3F02 requires: c, 56.5; H , 7 . 1 ; N , 16 .5%) ; δρ ֊166.18 ( I F , s, F-8) ; 5н 

4.38 ( 2 H , q , ^JHH 7.2, ОСЯ2СН3), 3.90 ( 3 H , ร, 0СЯ5), 3.14 ( З Н , d , ^JHF 3.6, I-NCH3), 3.12 

( 2 H , t, 3 J H H 5 . 2 , NCH2), 3 . 02 ( 2 H , t, 3 J H H 5 . 2 , NCH2), 2 . 6 5 (3H, ร , 4-NCH3), 1 . 4 0 ( З Н , է, 

3 J H H 6.8, ОСН2СЯ5); Ъс 150.0 (d , " J C F 1.5, C-5) , 146.2 (d , 'JcF 12.6, C-7) , 138.3 (d , 2JcF 

4.9, c-8a), 132.3 ( d , ' j cF 238.6, C-8), 113.6 (ร, C-Aa), 61.7 (s, 0CH2), 53.4 (s, 0CH3), 48.9 

(ร, N C H z ) , 45.1 (ร, N C H z ) , 42.6 (ร, 4-NCH3), 41.7 (d , 4JcF 13.4, I-NCH3), 15.2 (ร, 

OCH2CH3); m/z ( Е Ґ ) 255 ( [ M ] + , 100), 240 ( [ М - С Н з ] ^ , 15)， 226 ([M-CH2CH3]* 92) , 210 

( [ М - О С Н г С Н з ] ^ 43) . 

P r e p a r a t i o n o f A ' , 7V ' -D i e thy I - 8 - f l uo ro -7 -me thoxy - l , 2 , 3 ,4 - t e t r ahyd ropy r i do [3 ,4 -

6] p y r a z i ท - ร - a m i n e 16a 

\ ハ ？ ร ' \ リ っ 

Į Т + NEtaLi ֊֊^켄느֊빠 Y յ֊^ JI 
Meo N F MeO" 7^N ь NEt2 EtaN | Հ ՜ NEt2 

16a 16b 

64% 

B u t y l l i t h i u m 2.0 M i n tetrahydro furan ( շ m l , 4 m m o l ) and d ie thy lamine (0.29 g, 4 m m o l ) 

were added to tetrahydro furan (20 m l ) at -78°c and the so lu t ion was st irred for 1 h before 

wa rm ing to r o o m temperature. 5 ,8-P i f luoro-7- ine thoxy-1 ,4-d imethy l -1 ,2 ,3 ,4-
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tet rahydropyr ido[3 ,4 -Ď]pyrazine 7a (0.23 g, 1 m m o l ) was added and the react ion mix tu re 

re f luxed for 5 d. Over the course o f the react ion, 6 extra equivalents o f the l i t h i um 

d ie thy lamide salt (24 m m o l ) were added to the react ion m ix tu re f o l l o w i n g the procedure 

out l ined above. І9р N M R indicated 100% convers ion so the react ion was cooled to room 

temperature, the solvent was evaporated and the residue redissolved i n dichloromethane. 

The m ix tu re was poured onto 1.0 M hydroch lor ic ac id (30 m l ) , extracted w i t h 

d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated to 

dryness to y ie ld the crude product as a b r o w n o i l (0.27 g) consist ing o f two major 

components i n the rat io 2:1 w h i c h were ident i f ied as N,N-diethyl-8-fluoro-7-methoxy֊ 

1,2,3,4-tetrahydropyrido[3,4-bJpyrazin-5-amme 16a; and N,N.N,N-tetraethyl-8-fluoro-l,4-

dimethyl-1,2,3,4-tetrahydropyrido[3,4-b]pyrazine-5,7-diamine 16b; δρ - 1 6 4 . 8 7 ( I F , d , 5JHF 

3.8, F-8); m/z (EI)+ 324 ( [M+H] " " , 100). Pur i f i ca t ion b y mass directed automated 

preparative H P L C ( 1 5 % - 5 5 % acetonitr i le i n fo rm ic acid) gave N,N-diethyl-8-fluoro-7-

methoxy-1,2,3,4-tetrahydropyrido[3,4-b]pyrazin-5-amine 16a (0.18 g, 6 4 % ) as an orange 

o i l ; ( [Μ+Η] " " 283.1927, C14H23N4FO requires [ M + H ] " " 283.1934) ; δρ -158.19 ( I F , d， ^JHF 

3.8, F - 8 ) ; ÔH 3 . 9 2 (3H， s， 0CH3), 3 . 6 1 ( 4 H , ^ J H H 7.2， К (СЯ,СНз ) 2 ) , 3.39 ( 2 H , է, ^JHH 5.2, 

К С Я і С Н г ) , 3 . 3 0 ( З Н , d , ^JHF 4 . 8 , I-NCH3), 3 . 0 5 ( 2 H ， t, 3 J H H 5 . 2 , М С Н г С Я г ) , 2 . 6 8 ( 3 H , ร , 

4-NCH3), 1.17 ( 6 Н , է, 3 J H H 6.8, М(СН2СЯі)2); ôc 150.5 (d , ' j c F 12.8, C-7) , 137.9 (d , 'JcF 

2.6, C-5) , 136.2 (ร, c-8a), 134.1 (d , 'JcF 249.8, C-8) , 124.0 (ร, C-Aa), 53.7 (s, 0CH3), 51.7 

(s, N(CH2CH3)2), 48.0 (ร, NCH2)， 44.4 (s, NCH2), 43.7 (ร, N(CH2CH3) 2), 40.8 (s, 4-NCH3), 

40.6 (d , "̂ JcF 12.5, I-NCH3); m/z (EI)+ 283 ( [ M + H ] ^ , 100), 268 ( [ М Н - С Н з ] ^ 10), 254 

( [ М Н - С Н г С Н з ] ^ 80) , 239 ( [ М Н - С Н г С Н з С Н з ] ^ , 9 ) . 
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P r e p a r a t i o n o f 5 - B u t y i - 8 - f l u o r o - 7 - m e t h o x y - l , 4 ֊ d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o ( 3 , 4 -

0 ] p y r a z i n e 17 

MeO' 7 N 5 
BuLi 

M e O " ՝ N 
7a 

A 2.0 M so lu t ion o f bu t y l l i t h i u m i n tetrahydrofuran (1.4 m l , 2.71 m m o l ) was added to a 

solut ion o f 5 ， 8 - d i ^ 

7a (0.31 g, 1.35 m m o l ) m tetrahydrof i i ran (20 m l ) . The resul t ing solut ion was re f luxed for 

6 d , and over the course o f the react ion 8 extra equivalents o f the 2.0 M bu ty l l i t h i um 

solut ion (5.6 m l , 10.84 m m o l ) were added. 19F N M R indicated 100% conversion o f 

start ing mater ia l so the react ion m i xณre was cooled to r o o m temperature, and the solvent 

was evaporated to dryness. The residue was redissolved i n d ich loromethane, poured onto 

water (50 m l ) , extracted w i t h dichloromethane (3 X 50 m l ) and dr ied over magnesium 

sulfate. The solvent was evaporated to dryness to y ie ld the crade product as a b r o w n o i l 

(0.39 g) consist ing o f one ma jo r component. Pur i f i ca t ion b y c o l u m n chromatography on 

si l ica gel (e thy l acetate in и-һехапе, 0%-50%) gave 5-butyl-8֊fluoro-7-methoxy-l,4-

dimethyl-1,2,3,4-tetrahydropyrido[3,4-bJpymzine 17 (0.11 g, 31%) as a colourless o i l ; 

( F o ^ c， 62.8; H , 8.3; N， 15.4 % ; C14H22N3FO requires: c, 62.9 ; H , 8.2; N , 15.7%); δρ -

1 6 0 . 5 4 ( I F , d , ^JHF 4 . 1 , F - 8 ) ; бн 3 . 8 5 ( 3 H , ร , ОСНз ) , 3 . 1 3 ( 2 Н ， է, ^ J H H 4 . 8 , NCH2), 3 . 0 9 ( З Н , 

d, 5 J H F 4 . 4 , I-NCH3), 2 . 9 2 ( 2 H , է, 3 J H H 5 . 2 , NCH2), 2 . 5 7 ( 2 H , է, 3 J H H 8 . 0 , СЯ2СН2СН2СН3), 

2.48 ( З Н , s, 4-NCH3), 1.63 ( 2 Н , quintet, 3 J H H 7.6, ЖЯ2СН2СЯ2СЩ, 1.30 (2Н， sextet, 

3 J H H 7 . 6 , М С Н з С Н г С Я ^ С Н з ) , 0 . 8 6 ( З Н , է, 3 J H H 7 . 6 , М С Н г С Н г С Н г С Я л ) ; ôc 1 4 8 . 4 (d , 2JcF 

10.6, C-7) , 145.8 ( d / j c F 4.6, C-5) , 135.4 (d , 2JcF 2.0, C-8a) , 133.0 (d , ' j cF 247.3, C-8) , 

126.1 (d , 3JcF 1.0, c֊4a), 52.0 (ร, ОСНз) , 47.6 (s, NCH2), 43.4 (s, NCH2), 42.4 (ร, 4 -МСНз) , 
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40.0 (d , 4JcF 13.0, I-NCH3), 30.4 (s, Œ2CH2CH2CH3), 29.6 (s, CH2CH2CH2CH3), 21.8 (s, 

CH2CH2CH2CH3), 13.1 (ร, CH2CH2CH2CH3); m/z (EI)+ 268 ([м+н]+, 80)， 253 ([МН-

С Н з ] ^ 17), 225 ([МН-СНз(СН2)2]^ 5)， 211 ( [МН-СНз (СН2 )з ]^ 7) . 

' D. Bhun i ya and V . к . S ingh, Synth. Commun., 1994, 24, 375. 
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E X P E R I M E N T A L T O C H A P T E R 3 

P r e p a r a t i o n o f 2- [ [ 4 - ( D i e t h y I a m i n o ) - 3 , 5 , 6 - t r i f l u o r o p y r i d i n - 2 - y I ] ( m e t h y l ) a m i n o ] -N-

m e t h y l e t h a n a m i n i u m c h l o r i d e 22 

ŅEt2 リ Et2 

^ MeCN 

[ļ NaHCOg 

2a 

N N 

N,N'-dimethyleythylenediamine 2a (1.44 g， 20 m m o l ) and sod ium hydrogencarbonate (3.36 

g, 40 m m o l ) were added to acetonitr i le (400 m l ) under argon. Diethy l - (2 ,3,5,6- te t ra f luoro-

py r id in -4 -y l ) -amme 18a (2.22 g， 10 m m o l ) was added and the resul t ing solut ion re f luxed 

for 4 d after w h i c h t ime 19F N M R indicated 72 % convers ion o f start ing mater ia l . The 

react ion m ix tu re was coo led to room temperature, the solvent evaporated and the residue 

redissolved i n d ich loromethane. The m ix tu re was poured onto 1.0 M hydroch lor ic acid 

(150 m l ) , extracted w i t h d ichloromethane (2 X 100 m l ) , dr ied over magnes ium sulfate and 

the solvent evaporated to dryness to y ie ld the crude product as a b r o w n o i l (1.1 g) 

consist ing o f one ma jo r component. Pur i f i ca t ion b y recrysta l l isat ion from ethyl acetate 

gave 2-[[4-(diethylamino)-3,5,6-trißuoropyridin-2-yl] (methyl)amino]-N-

methylethanaminium chloride 22 (0.5 g, 15%) as beige crystals; m p 122.8-123.1°C; 

(Found: c, 47.6 ; H , 6.8; N , 17.0. C13H22N4F3CI requires: c, 47.8 ; H , 6.7; N， 17.2%); 

ÔFÍDMSO-dó) ֊95.08 ( I F , t , ^JpF 25.2, F-6), ֊145.03 ( I F , d , ^JpF 23.4, F֊3), -162.34 ( I F , d， 

' JFF 2 5 . 2 , F - 5 ) ; Ô H ( D M S 0 - d 6 ) 9 . 7 8 ( 2 H , br s, NH2), 3 . 6 9 ( 2 Н , է, ^ JHH 6 . 7 , М С Я ^ С Н г М Н г ) , 

3.35 ( 4 Н , q , 3 J H H 7.0, ҖСНгСЩг), 3.24 (2Н， է, 3 J H H 6.7, N C H a Œ . N H z ) , 3.08 ( З Н , d , ' J H H 

A 3 , МСЯз ) , 2.80 ( З Н , s, С Я ^ К Н г С Н г ) , 1 . 1 7 (6Н, է, 3 J H H 7.0, М(СН2СЯ,)2); ôcCDMSO-dô) 
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145.9 (dd, ' J C F 2 2 5 . 2 , ^JcF 15.0, C-6) , 143.0 ( m „ C - 4 ) , 139.0 (dd, 'JcF 245.6 , 3 JcF 10.8, C-3) , 

138.3 ( m , C-2) , 132.0 (dd , 'JcF 244.5, 2JcF 31.2, C-5) ; m/z ( Е Ґ ) 270 ( [ M - H F ] ^ 34) , 246 

( [ М - С Н г И Н С Н з ] " " , 100), 179 ([М-(СНз)2СН2Ы]'', 82). 

P r e p a r a t i o n o f 2 , 3 , 5 , 6 - T e t r a f l u o r o p y r i d i n - 4 - o l 23 

ОМе 

С 

N' 

18b 2a 

CH3CN 

NaHCOg 

о н 

с 

N' 

72% 

мл/^'-Dimethylethylenediamine 2а (1.94 g, 22 m m o l ) and sod ium hydrogencarbonate (3.70 

g, 44 m m o l ) were added to acetonitr i le (400 m l ) under argon. 2,3,5,6-Tetraf luoro-4-

methoxypyr id ine 18b (1.81 g, 10 m m o l ) was added and the resul t ing so lu t ion re f luxed for 4 

d after w h i c h t ime 19р N M R indicated 100% convers ion o f start ing mater ia l . The react ion 

mix tu re was cooled to r o o m t e m p e r a l e , poured onto 1.0 M hydroch lor ic acid (200 m l ) , 

extracted w i t h d ich loromethane (2 X 100 m l ) , dr ied over magnes ium sulfate and the solvent 

evaporated to dryness to y ie ld the crude product as a b r o w n o i l (2.75 g) consist ing o f one 

major component . Pur i f i ca t ion b y vacuum sub l imat ion gave 2,3,5,6-tetrafluoropyridin-4-ol 

23 (1.2 g, 72%) as wh i te crystals; m p 90.5-91.6°C; (Found: c, 35.6; H , 0.6; N , 8.6. 

C5bîNOF4 requires: c, 35.9; H , 0.6; N , 8 .4%); δρ ֊90.94 (2F, ร, Ғ -2 ,6 ) , -163.66 ( 2Ғ , m, Ғ -

3,5); ÔH 6.82 ( Ш , b r s， O H ) ; m/z ( Е Ґ ) 168 ( [Μ+Η] " " , б ) , 167 ( [ М ] ^ 100), 119 (40) , 74 (41) , 

31 (15) . 
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P r e p a r a t i o n o f 2 - [ ( 4 -e thoxy -3 ,5 ,6 - t r i f l uo ropy r i d i n -2 -y l ) (me thy l )a in ino ] -7V-

m e t h y l e t h a n a m i n i u m c h l o r i d e 24 

" レ i ť 
2a 

CH-,CN 

NaHCOs 
N N 

iV.iV ' -D imethy ley thy lened iamine 2a (1.76 g , 20 m m o l ) and sod ium hydrogencarbonate 

(3.36 g, 40 m m o l ) were added to acetonitr i le (400 m l ) under argon. 4-Ethoxy-2,3,5,6-

te t ra f luoropyr id ine 18c (1.95 g, 10 m m o l ) was added and the resul t ing solut ion ref luxed for 

3 d after w h i c h t ime 19р N M R indicated 100% convers ion o f star t ing mater ia l . The react ion 

т і х Ш г е was cooled to r o o m temperature, poured onto 1.0 M hydroch lo r ic acid (100 m l ) , 

extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent 

evaporated to dryness to y i e l d the crude product as a b rown /wh i t e so l id (1.34 g) consist ing 

o f one ma jo r component . Pur i f i ca t ion b y recrystal l isat ion from dichloromethane gave 2-

[(4-ethoxy-3,5,6-trifluoropyridm-2-yl)(methyl)amino]-N-methylethanaminium chloride 24 ( 

0.70 g, 23 % ) as an o f f wh i t e so l id ; m p 139.0-141.2°C; (Found: c， 43 .8 ; H , 5.7; N , 13.8. 

С Н п М з С І Р з О requires: c , 4 4 . 1 ; H , 5.7; N , 1 4 . 0 % ) ; δρ - 9 1 . 6 0 ( I F , t， 3 J F F 25.5, F - 6 ) , -

152.70 ( I F , d , ^JFF 29.4, F-5) , -168.80 ( I F , d , ^JFF 24.6, F-3) ; 6н 9.67 (2H， br s, N H z ) , 4.42 

( 2 H , q , ' J H H 6.8, С Я , С Н з ) , 3.80 ( 2 H , է, ' J H H 6.8, NCH2), 3.22 ( 2 H , է, ' J H H 6.0, NCH2), 3:15 

( З Н , d , ' J H H 4 . 0 , NCH3), 2 . 7 7 ( З Н , է, ' J H H 5 . 6 , К Н г С Я з ) 1 . 4 2 ( З Н , t， ' J H H 7 . 2 , СН2СЯ,); 6с 

146.0 ( m , С-2) , 145.5 (dd , ^JcF 232.6, ^JcF 10.6, C-6) , 141.7 (m， C-4) , 138.0 (dd, 'JcF 249.0, 

3JcF 5 . 7 , C-3) , 131.0 (dd , 'JcF 249.7, ^JcF 31.6, C-5) , 70.4 ( t , 4JcF 3.4, NCH2), 48.3 (ร, 

NCH2Œ2NH2), 47.0 (s, 0CH2), 39.2 (d , "JcF 9.6, NCH3), 33.3 (ร, NH2CH3), 15.8 (s, 

CH2Œ3); m/z ( Е ґ ) 244 ( [ M - H F C l ] ^ շ ) , 219 ( [ М - С Н 2 К Н 2 С Н з С 1 ] \ 43) , 191 ( [ М -

" C H z C H z Ć H z N H z C H j C l ] * , 88) . 
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P r e p a r a t i o n o f 6 , 7 - D i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 2 , 3 - 6 ] p y r a z i n e 25 

՝ N ^ F " й NaHCOa ғ - б N 4 ^ Ņ 4 ^ 
18d 2d 25 I 

66% 

A' ;N ' -D imethy le thy lened iamine 2 d (1.17 g, 13.2 m m o l ) and sod ium hydrogencarbonate 

(2.23 g, 26.5 m m o l ) were added to acetoni tr i le (175 m l ) under argon. 2,3,5,6-

Tet ra f luoropyr id ine 18d (1.0 g, 6.62 m m o l ) was then added and the resul t ing solut ion 

re f luxed for 13 d after w h i c h t ime 19F N M R indicated 100% convers ion o f start ing mater ia l . 

The react ion т і х Ш г е was cooled to room temperature, the solvent evaporated and the 

residue redissolved i n d ichloromethane. The m ix tu re was poured onto 1.0 M hydrochlor ic 

acid (50 m l ) , extracted w i t h dichloromethane (3 X 50 m l ) , d r ied over magnes ium sulfate and 

the solvent evaporated to dryness to y ie ld the crude product as a purp le /b lack sol id (1.23 g) 

consist ing o f one ma jo r component. Pur i f i ca t ion b y c o l u m n chromatography on si l ica gel 

(2:1 и-hexane/ethyl acetate) gave 6,7-difluoro-1,4-dimethyl-l,2,3,4-tetrahydropyrido[2,3-

bjpyrazine 25 (0.87 g, 66%) as a red so l id ; m p 30.2-32.6°C; ( [ M + H ] ^ 200.0994, С д Н ц К з Ғ г 

requires [ M + H ] ^ 200.0994) ; δρ -108.05 ( I F , ร , F-6) , -160.50 ( I F , s, F-7) ; ÔH 6.42 ( I H , m , 

Н-8) , 3.41 (2Н， br ร, С Н г ) , 3.17 ( 2 Н , br s, СНа), 2.96 ( З Н , br s, С Н з ) , 2.73 ( З Н , br s, СНз) ; 

ôc 142.0 (dd , 'JcF 220.4 , ^JcF 15.2, C-6) , 141.0 (d , 3JcF 13.7, C-Aà), 135.9 (dd , 'JcF 238.6, 

2JcF 28.6, C-7) , 130.2 (ร, c-8fl), 107.8 (d , 2JcF 21.8, C-8) , 48.3 (ร, С Н г ) , 48.2 (ร, СНг ) , 39.2 

(s, СНз ) , 36.7 (ร, СНз ) ; m/z ( Е Ґ ) 199 ( [ М ] ^ , 100), 184 ( [ М - С Н з ] ^ , 56) , 169 ( [ М - ( С Н з ) 2 ] ^ 

16)· 
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P r e p a r a t i o n o f iV ,A ' ^ ' -D ie thy I -3 ,5 ,6 -T r i f l uo ropy r id in -2 -amine 26 

M H 
' พ ւ ^ ՛ ^ _ CHoCN ^ v ' ^ v ^ 

I + NHEt2 ՚ > I ՚ 
N ^ F ^аНСОз F - ^ N ^ N E t 2 

18d 26 

68% 

Die thy lamine (0.48 g, 6.62 m m o l ) and sod ium hydrogencarbonate (0.56 g, 6.62 m m o l ) 

were added to acetoni t r i le (20 m l ) under argon. 2 ,3,5,6-Tet raf luoropyr id ine 18d (1 g, 6.62 

m m o l ) was added and the resul t ing solut ion re f luxed for 7 d after w h i c h t ime 19F N M R 

indicated 8 8 % convers ion o f start ing mater ia l . The react ion m ix tu re was cooled to room 

temperature, the solvent evaporated and the residue redissolved i n d ichloromethane. The 

mix tu re was poured onto water (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied 

over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the crude product as 

a b r o w n o i l (1.0 g) consist ing o f one ma jo r component . Pur i f i ca t ion b y co lumn 

chromatography on s i l ica gel (10:1 и-hexane/ethyl acetate) gave N,N-diethyl-3,5,6-

trifluoropyridm-2-amine 26 (0.92 g， 68%) as a colourless o i l ; ( [ M + H ] ^ 205.0947, 

C9H11N2F3 requires [ M + H ] ^ 205.0947) ; δρ -93.44 ( I F , t, ^JpF 31.6, F-6) , -135.20 ( I F , dd , 

3 J F F 31.6, '*JFF 11.3, F-5), -156.20 ( I F , dd , " jpF 24.8, ^JFF 6.8, F-3) ; ÔH 7.17 ( I H , dt, 3 J H F 

11.2, 3 J H F 8.0, 4 - H ) , 3.44 ( 4 H , qd， ^ J H H 7.2, CH2), 1.17 ( 6 H , t, 3 J H H 7.2, CH3); ôc 1 4 4 . 5 (dd, 

'JCF 2 2 9 . 1 , ^JcF 14 .1 , C-6) , 143.1 (ddd , ' jcF 251.2, ^JcF 5.3, 4JcF 1.9, C-3) , 141.9 (m， C-2) , 

1 3 4 . 3 (ddd, 'JcF 2 4 8 . 2 , 2 J C T 3 2 . 4 , ^JcF 5 . 4 , C - 5 ) , 1 1 6 . 4 (ddd, ^JcF 2 5 . 2 , ^JcF 1 9 . 8 , ^JcF 3 . 8 , C -

4) , 44.3 (d , ^JcF 5.8, CH2), 13.8 (ร, СНз) ; m/z ( ш + ) 204 ( [ М ] ^ , 79)， 189 ( [ M - C H з ] ^ 100), 

175 ( [ М - С Н г С Н з ] ^ , 64) , 161 ([М-(СН2)2СНз]^, 100). 
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P r e p a r a t i o n o f 8 - B r o m o - 6 , 7 - d i f l u o r o - l , 4 - d i m e t h y I - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 2 , 3 -

6] p y r a z i n e 27 

Br Br 

V + し / ' Ύ ^ Ύ 

՜ ՜ н NaHCOs ^ ^ Հ ^ ո Հ 
18e 2a 27 ' 

20% 

л ^ , ' - D i m e t h y l e t h y l e n e d i a m i n e 2a (0.73 g, 8.73 m m o l ) and sod ium hydrogencarbonate 

(1.47 g, 17.47 m m o l ) were added to acetonitr i le (400 m l ) under argon. 4-Bromo-2,3,5 ,6-

te t ra f luoropyr id ine 18e (1.0 g, 4 . 3 7 m m o l ) was added and the resul t ing so lu t ion re f luxed for 

5 d after w h i c h t ime '^F N M R indicated 100% convers ion o f start ing mater ia l . The react ion 

mix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ich loromethane. The m ix tu re was poured onto 1.0 M hydroch lor ic acid (50 

m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crade product as a b r o w n sol id (0 .48 g) 

consist ing o f one ma jo r component. Pur i f i ca t ion b y c o l u m n chromatography on si l ica gel 

(1:1 ท-hexane/ethyl acetate) gave 8-bromo-6,7-difluoro-1,4-dìmethyl-l, շ, з, 4-

tetrahydropyrido[2.3-bJpyrazine 27 (0.24 g， 20%) as y e l l o w crystals; m p 76.2-77.0°C; 

(Found: С, 3 9 . 1 ; H , 3.7; N， 15.0; СдНюКзВгҒ г requires: с , 39.0; н , 3.6; N , 15 .2%); δρ -

9 4 . 6 7 ( I F , d , ^JFF 2 6 . 7 , F - 6 ) , - 1 5 2 . 3 9 ( I F , d , ' J F F 2 6 . 7 , F - 7 ) ; ÔH 3 . 3 7 ( 2 H ， t, 3 J H H 5 . 0 , CH2), 

3.12 ( 3 H , ร, СНз ) , 3.06 ( 2 Н , է, 3 J H H 5.0, CH2), 2.73 ( З Н , ร, С Н з ) ; δα 145.9 (dd, 'JcF 228.7, 

^JcF 15.6, C-6) , 145.3 (dd , ^JcF 15.6, ^JcF 1.2, C-4û) , 133.8 (dd , ' j cF 241.6, ^JcF 31.6, C-7) , 

126.4 (dd , ^JcF 5.8, 'JcF 2.2, C-8ű) , 117.8 (dd , 2JcF 16.3, ^JcF 5.0, C-8) , 48.1 (ร, СНз ) , 43.3 

(s, CH2), 42.90 (ร, СНз ) , 36.6 (s, CH2); m/z ( Е Ґ ) 277 ( [M]" " , 96) , 262 ( [ М - С Н з ] ^ 72)， 183 

( [ М - С Н з В г ] * , 26 ) , 168 ( [ M - C շ H 6 B r ] ^ 22) . 
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P r e p a r a t i o n o f 6 , 7 - D i f l u o r o - l , 4 - d i m e t h y l - 8 - [ l , 2 , 2 , 2 - t e t r a f l u o r o - l -

( t r i f l u o r o m e t h y l ) e t h y l ] - l , 2 , 3 » 4 - t e t r a h y d r o p y r i d o [ 2 , 3 - Ä ] p y r a z i n e 28 

ҪҒ(СҒз)2 

W^F н MeCN 

6 N 4.a Ņ N N - N - ՝ F И NaHCOa 

18f 2a 

Conformer A 28 Conformer в 

40% 

A'^TV'-Dimethyleythylenediamine 2a (1.23 g, 14 m m o l ) and sod ium hydrogencarbonate 

(1.24 g, 14.8 m m o l ) were added to acetonitr i le (30 m l ) under argon. 2,3,5,6-Tetraf luoro-4-

[ 1,2,2,2-tetrafluoro-1 - ( t r i f l uoromethy l )e thy l ]py r id ine 18 f (2.02 g, 6.33 m m o l ) was added 

dropwise and the resu l t ing solut ion re f luxed for 21 h after w h i c h t ime 19F N M R indicated 

100% convers ion o f start ing mater ia l . The react ion m ix tu re was cooled to r o o m 

temperature, poured onto 1.0 M hydroch lor ic acid (50 m l ) , extracted w i t h d ichloromethane 

(2 X 50 m l ) , dr ied over magnesium sulfate and the solvent evaporated to dryness to y ie ld 

the crade product as a y e l ю w ^ r o w n sol id (1.2 g) consist ing o f one ma jo r component. 

Pur i f i ca t ion b y recrysta l l isat ion from и-һехапе gave 6,7-difluoro-l, 4-dimethyl-8-[1,2,2,2-

tetrafluoro-l-(trifluoromethyl)ethyl]-l,2,3,4-tetrahydropyrido[2,3-bJpyrazine 28 (0.98 g, 

40%) as l igh t sensit ive y e l l o w needle- l ike crystals w h i c h tu rn b lack upon exposure; mp 

57.9-5^ (Found: c, 39.3; H , 2.7; N， 11.5. C12H10N3F9 requires: c, 39.2; H， 2.7; N , 

11.2%; δρ ֊70.77 (2 .4F, ร, СҒз o f В ) , -74.88 (6Ғ， b r m , СҒз o f A ) , -92.47 (О.зғ, d , ^JpF 

33.0, F-6 o f В ) , -94.44 ( I F , d , ^JpF 27.6, F-6 o f A ) , 155.65 ( I F , sextet, ^JpF 27.6, F-7 o f A ) , -

156 .80 (О.ЗҒ, d , ^JFF 4 4 . 5 , F-7 o f в), - 1 6 8 . 4 3 (О.зғ, d , 4 J F F 8 8 . 8 , (СҒз)2СҒ o f В ) , -179.66 

( I F , ร, (СҒз)2СҒ o f A ) ; ÔH 3.47 (2Н， b r ร, С Н г ) , 3.13 ( З Н , s, СНз ) , 2.97 ( 2 Н , br m, C H 2 ) , 

2.63 ( З Н , ร, С Н з ) ; ôc 147.6 (dd, ' j cF 183.1 , 'JcF 13.8, C-6) , 147.2 (d , 3JcF 11 .1 , C-Aa), 

132.4 ( d m , ' j cF 200.7, C-7) , 128.5 (ร, C-%a), 120.8 (qd , ' j cF 230.0, ^JcF 22.5, GF3), 119.9 
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( m , C-8) , 92.0-96.0 ( m , СҒ(СҒз)2), 47.1 (s, С Н г ) , 45.7 ( d , 5JcF 5.7, I-NCH3), 43.2 (s, CH2), 

37.4 (s, 4-NCH3); m/z ( Е Ґ ) 368 ( [ М + Н ] * , 34)， 367 ( [ М ] ^ 100), 352 ( [ М - С Н з ] ^ 90) , 325 

( [ M - C 2 H 4 N ] ^ 49 ) , 263 ( [ M - C 4 H 9 N շ F ] ^ 89), 69 ( [ С Ғ з ] ^ 32) , 42 ( [ C 2 H 4 N ] ^ 53) . 

P r e p a r a t i o n o f P h e n y l 6 , 7 - D i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [2,3-

b \ p y raz íne-8 -su l f ína te 29 

ՏՕշԲհ I 

N ' CHoCN _ „ , 

2a í?x^ 
65% 

MA^ ' -D imethy le thy lened iamine 2a (0.58 g, 6.70 m m o l ) and sod ium hydrogencarbonate 

(1.15 g, 13.75 m m o l ) were added to acetonitr i le (200 m l ) under argon. 4-Benzenesul fony l -

2,3,5,6- tetraf luoropyr id ine 18g (1.0 g， 3.44 m m o l ) was added and the resul t ing solut ion was 

re f luxed for 16 h after w h i c h t ime 19F N M R indicated 1 0 0 % convers ion o f start ing mater ia l . 

The react ion m ix tu re was cooled to r o o m temperature, poured onto 1 .0 M hydroch lor ic acid 

(50 m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) and dr ied over magnesium sulfate. 

The solvent was evaporated to dryness to y ie ld the crude product as an orange sol id (1.7 g) 

consist ing o f one ma jo r component. Pxir i f icat ion b y recrysta l l isat ion from и-һехапе gave 

phenyl 6,7-difluoro-l, 4-dimethyl-l, 2,3,4-tetrahydropyrido[2,3-b]pyrazine-8-sulfinate 29 

(0.75 g， 6 5 % ) as ye l low-orange l igh t sensit ive crystals; m p ~160°c (decomposes); ( [ M + H ] * 

3 4 0 . 0 9 2 8 , CsHisNgFzSOa requires [ M + H ] " " 3 4 0 . 0 9 2 6 ) ; δρ - 9 5 . 5 7 ( I F , d , ^JFF 2 7 , F - 6 ) , -

1 5 7 . 0 4 ( I F , d， ' J F F 2 7 , F - 7 ) ; δ» 7 . 9 5 ( 2 H , d , ' J H H 7 . 5 , Агопһо н), 7 . 6 0 ( Ш , m , Аграга н), 7 . 4 9 

( 2 Н , է, ^ J H H 8.0, Ain^eta Н ) , 3.35 (2Н， է, ' J H H 5.2, СН2), 3.06 ( З Н , ร, Н С Н з ) , 2.92 ( З Н , s, 

NCH3), 2 . 7 7 ( 2 Н , t， ^JHH 5 . 2 , СН2); 5с 1 4 6 . 3 (dd , 'JcF 2 3 1 . 0 , 'JcF 1 6 . 7 , C - 6 ) , 1 4 6 . 2 (d , ^JcF 

13.7, c-4ö), 142.2 (ร, A r C ) , 133.8 (ร, Atortho C H ) , 132.1 (dd , 'JcF 2 5 3 . 1 , ^JcF 31.7, C-7) , 

162 



Chapter 9 

131.1 (d , ^JcF 10.5, c-8a), 128.7 (ร, Aľnieta C H ) , 127.9 (s, Аграга C H ) , 126.9 ( m , C-8) , 47.1 

(ร, NCHa) , 47.0 (s, NCH3), 43.4 (ร, NCHa) , 37.0 (ร, Н С Н з ) ; m/z ( Е Ґ ) 339 ( [ М ] ^ 100), 198 

( [ M - S 0 2 P h ] ^ 16). 

P r e p a r a t i o n o f 6 , 7 - D i f l u o r o - l , 4 - d i m e t h y I - l , 2 , 3 , 4 - t e t r a h y d r o p y r Î d o [ 2 , 3 - 6 ] p y r a z i n e - 8 -

c a r b o n i t r í l e ЗО 

CN ÇN ι 

Η CH CN 

+ ^ ^ ^ ^ / NaHCOa F ^ ^ N ^ N ^ 

2a H 30 I 

90% 

Ή,N'-Dimethylethylenediamine 2a (0.67 g， 7.57 m m o l ) and sod ium hydrogencarbonate 

(1.27 g, 15.14 m m o l ) were added to acetonitr i le (175 m l ) under argon. 2,3,5,6-Tetraf luoro-

4-pyr id inecarboni t r i le 18Һ (0.66 g， 3.79 m m o l ) was added and the resul t ing solut ion was 

ref luxed for 4 d after w h i c h t ime 19F N M R indicated 100% convers ion o f start ing mater ia l . 

The react ion m ix tu re was cooled to r o o m tempera toe , the solvent evaporated and the 

residue redissolved i n d ichloromethane (50 m l ) . The m ix tu re was poured onto 1.0 M 

hydrochlor ic acid (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over 

magnesium sulfate and the solvent evaporated to dryness to y ie ld the crade product as a 

ye l low/b lack so l id (1.64 g) consist ing o f one ma jo r component . The so l id was f i l tered 

through a s i l ica p l ug and pur i f i ca t ion b y recrystal l isat ion from e thy l acetate/и-һехапе gave 

6,7-difluoro-l,4-dimethyl-l,2,3,4-tetrahydropyrido[2.3-b]pyrazine-8-carbonitrile 30 (0.76 

g, 90%) as br ight ye l l ow crystals; mp 128.0֊128.8°C; (Found: c, 53.6; H , 4.5; N , 25.2; 

CioH,oN4F2 requires: c, 53.6; H , 4.5; N , 25 .0%) ; δρ -104.75 ( d , I F , ^JpF 22.6 , F-6), -156.79 

(d , I F , ^JFF 22.9, F-7) ; Ô H 3.40 (2H， m， CH2), 3.39 (2H， m , CH2), 3.30 ( З Н , s, СНз) , 3.05 

(ЗН , s, С Н з ) ; ôc 142.6 (dd , ^JcF 15.5, 'JcF 3.0, C-Aa), 141.3 (dd , i j cF 223.6, ' j cF 13.9, C-6) , 
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134.7 (dd, 'JcF 250.4, 'JcF 31.5, C-7) , 133.5 (dd, 3JcF 4.4, ' j c F 2.4, C-8«) , 113.4 (d， ^JcF 4.8, 

C N ) , 94.3 ( d m ,  2JcF 14.9, C-8) , 49.7 (ร, С Н г ) , 46.2 (s, CH2), 42.8 (s, СНз ) , 37.4 (s, СНз ) ; 

m/z (ЕҐ) 224 ( [ M f , 100), 209 ( [ М - С Н з ] ^ 52) , 194 ( [М- (СНз )2 ]^ 8) . 

P r e p a r a t i o n o f 6 , 7 - D i f l u o r o - l , 4 - d i m e t h y l - 8 - n i t r o - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 2 , 3 -

6 ]py raz i ne 31a 

NOo ՝ ՚՝ 
N ๐ 2 I Ņ 

3 I- 6 ^ N'4.3 N4 

CHoCN 

NaHCO 
ธ:5 За 

+ Others 

Л/, İ V ' -D imethy le thy lened iamine 2a (0.58 g, 6.63 m m o l ) and sod ium hydrogencarbonate 

(1.11 g, 13.27 m m o l ) were added to acetonitr i le (150 m l ) under argon. 4-Ni t ro-2,3,5,6-

te t ra f luoropyr id ine 18İ (0.65 g, 3.32 ทนnol) was added and the resul t ing so lu t ion re f luxed 

for 5 d after w h i c h t ime 19F N M R indicated 100% convers ion o f start ing mater ia l . The 

react ion m ix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ich loromethane. The mix tu re was poured onto 1.0 M hydroch lor ic acid (50 

m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crude product as a red o i l y so l id (1.04 g) 

consist ing o f t w o ma jo r components i n the rat io 6:5 w h i c h were ident i f ied as 6,7-difluoro-

1,4-dimethyl-8-nitro-l, 2,3,4-tetrahydropyrido[2,3-b]pyrazine 31a ; and 5,7,8-trifluoro-l,4-

dimethyl-l,2,3,4-tetrahydropyrido[3,4-bJpyrazine 3a, data as before. Pur i f ica t ion b y 

co lumn c toomatography o n s i l ica gel (1:1 / j -hexane/ethyl acetate) gave 6,7-difluoro-1,4-

dimethyl-8-nitro-l, 2,3,4-tetrahydropyrido[2,3-bJpyrazine 31a (0.57 g, 70%) as red/black 

crystals; m p 79.4-80.9°C; (Found: c , 44.3; H, 4 . 1 ; N , 22.9; С9Н,оК4р202 requires: c , 44.3; 

H， 4 . 1 ; N， 2 3 . 0 % ) ; δρ -99.61 ( I F , d , ^JpF 24.6, F-6) , -170.43 ( I F , d , ^JpF 23.7, F-7); ÔH 3.42 
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( 2 Н , է, 3 J H H 4 . 2 , С Н г ) , 3 . 2 6 ( 2 Н ， է, 3 J H H 5 . 0 , С Н г ) , 3 . 0 8 ( З Н , ร , С Н з ) , 2 . 7 8 ( З Н , ร , СНз) ; ôc 

144.0 (dd , 3JcF 14.5, 4JcF 2 . 1 , C-4a), 142.7 (dd, 'JcF 226 .4 , 2 JcF 13.3, C-6) , 136.5 ( d m , 2 JcF 

12.5, C-8) , 127.8 (dd , 'JcF 252.7, ^JcF 33.9, C-7) , 122.1 (dd, ^JcF 5.3, '̂ JcF 3 . 1 , C-8a) , 49.3 

(ร, С Н г ) , 45.5 (s, CHz) , 42.0 (s, СНз) , 37.2 (s, СНз ) ; m/z ( Е Ґ ) 244 ( [ M ] + , 100), 214 ( [ М -

(СНз)2]^ 8 ) , 198 ([M-NO2]", 34) . 

P r e p a r a t i o n o f 4 -B romo-A ' į 7V ' - d i e thy l - 3 ,5 ,6 - t r i f l uo ropy r i d i n -2 -a i i i i ne 32 

Br Br 
W구 CH,CN F、 

Ί + NHEt2 " カ レ ' 、 > Tl 그 

N 久 F ^ ^ " ^ ° 3 F " ^ N ^ N E t 2 

18e 32 

6 1 % 

Die thy lamine (0.21 g, 2.84 m m o l ) and sod ium hydrogencarbonate (0.24 g， 2.84 m m o l ) 

were added to acetoni t r i le (20 m l ) under argon. 4-Bromo-2,3 ,5 ,6- te t ra f luoropyr id ine 18e 

(0.65 g, 2.84 m m o l ) was added and the resul t ing so lu t ion re f luxed for 1 d after w h i c h t ime 

19F N M R indicated 7 6 % convers ion o f start ing mater ia l . The react ion m ix tu re was cooled 

to room temperature, the solvent evaporated and the residue redissolved in 

d ichloromethane. The m ix tu re was poured onto water (50 m l ) , extracted w i t h 

d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated to 

dryness to y ie ld the crade product as a b r o w n o i l (0.78 g) consist ing o f one major 

component. Pur i f i ca t ion b y co lumn chromatography on s i l ica gel (6:1 и-hexane/ethyl 

acetate) gave 4-bromo-N,N-diethyl-3.5,6-trifluoropyridin-2-amine 32 (0.49 g, 61%) as a 

colourless o i l ; ( [ M + H ] ^ 283.0050, СдНюМгҒзВг requires [ M + H ] " " 283.0052) ; δρ -90.45 ( I F , 

t, ^JFF 2 7 . 1 , F - 6 ) , - 1 3 0 . 8 0 ( I F , dd , ^JpF 2 9 . 3 , Ъғғ 9 . 0 , F - 5 ) , 1 5 1 . 4 7 ( I F , dd , ^JFF 2 4 . 8 , ^JFF 

6.8, F-3); ÔH 3.45 (4H, qd , ' J H H 7.2, ' J H F 2.0, CH2), 1.19 (6H, t, ^ J H H 7.2, CH3); ôc 144.5 
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(ddd, 'JcF 231.0, 2JcF 14.8, 4JcF 2.3, C-6) , 141.6 (m， C-2) , 141.2 (ddd , 'JcF 251.6, ' j cF 6 . 1 , 

4JcF 3.5, C-3) , 133.3 (ddd , 'JcF 248.2, 'JcF 33.9, ^JcF 1.6, C-5) , 111.7 (ddd, 'JcF 24 .8 , 2 JcF 

19.4, ' J cF 5.4, C-4) , 44.4 (d , Ъсғ 6 . 1 , CH2), 13.8 (ร, С Н з ) ; m/z ( Е Ґ ) 282 ( [ М ] ^ 40 ) . 267 

( [Μ-αΚ ί ] " " , 100). 
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E X P E R I M E N T A L T O C H A P T E R 4 

P r e p a r a t i o n o f 4 - A m i n o - 2 , 3 , 5 , 6 - t e t r a f l u o r o p y r i d i n e 34 

' ' ^ ^ i i ^ ' ' NH3 ( aq) 

Pentaf luoropyr id ine 1 (16.9 g, 0.1 m o l ) was added to 3 5 % aqueous ammon ia (100 m l ) and 

stirred at r o o m temperature for 16 h. The precip i tated product was filtered, dissolved i n 

d ichloromethane, dr ied over magnes ium sulfate and the solvent evaporated to dryness to 

y ie ld the crude product as a wh i te so l id . Pur i f i ca t ion b y recrystal l isat ion from 

dichloromethane gave 4-amino-2,3,5,6-tetrafluoropyridine 34 (11.0 g, 6 6 % ) as wh i te 

crystals; m p 83.0-84.1°C; (Found: c, 35.9; H , 1.2; N , 16.9; C5H2N2F4 requires: c, 3 6 . 1 ; H , 

1.2; N , 16 .9%) ; δρ -93.76 (2F， ร, F-2,6), -164.63 (2F， m , F-3,5); Ô H 4.74 (2H， b r ร, N H a ) ; ôc 

143.7 (dt , 'JcF 236.4 , ^ C F 14 .1 , C-2,6) , 137.2 (m， C-4) , 131.2 (dd , 'JcF 246.3, ^JcF 35.8, C-

3,5); m/z (EI+) 166 ( [M]" " , 100). Data consistent w i t h l i terature values. ' 

P r e p a r a t i o n o f 4 - N i t r o - 2 , 3 , 5 , 6 - t e t r a f l u o r o p y r i d i n e 18İ 

ŅH2 

+ 「 XX 
հ շ Օ շ 

Ғ з С " 、сг 、СҒз DCM 

5 0 % Hydrogen perox ide (1.2 m l ) was added v e r y s l o w l y to a so lu t ion o f t r i f luoroacet ic 

anhydr ide (8.96 g， 42.67 m m o l ) i n d ichloromethane (15 m l ) and st i r red at r o o m temperature 

for 15 m i n . A so lu t ion o f 4-amino-2,3,5,6- tet raf luoropyr id ine 34 (1.14 g , 6.87 m m o l ) in 

d ichloromethane (5 m l ) was added dropwise and the react ion m ix tu re st irred for a further 
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ЗО m i n . A fiirther add i t ion o f 5 0 % hydrogen perox ide (0.6 m l ) and tr i f luoroacet ic 

anhydride (1.78 g, 8.50 m m o l ) was made and again after 3 h. The resul t ing solut ion was 

ref luxed fo r 1 d after w h i c h t ime 19F N M R indicated 100% convers ion o f start ing mater ia l . 

The react ion m ix tu re was cooled to r o o m temperature, poured onto water (30 m l ) and 

separated. The organic layer was washed w i t h water (3 X 50 m l ) , dr ied over magnesium 

sulfate and the solvent evaporated to dryness to y ie ld the crude product as an o range/ye l loพ 

o i l (3.2 g). Pur i f i ca t ion b y d is t i l la t ion over P2O5 (b. p. 152-154°C) gave 4-nitro-2,3,5,6-

tetrafluoropyridine 18І (0.67 g, 50%) as a pale ye l l ow l i q u i d ; bp 152-154°C; δρ -83.09 (2F， 

t, ^ J F F 15.8, F-2,6), -146.46 (2F, quintet, 3 J F F 15.8, F-3,5) ; m/z ( Е Ґ ) 196 ( [ M ] ^ 82) , 150 

( [М-МОг]"^, 38) . Data consistent w i t h l i terature values.^ 

P r e p a r a t i o n o f N , N - D i e t h y l - 3 , 5 , 6 - t r i f l u o r o - 4 - n i t r o p y r i d i n - 2 - a m i n e 35a 

+ NEt^H ^ ^ ^ ^ " ^ 11 I + 人 

NaHCOg F ' ^ N ' ^ N E t s E t 2 N ^ N 

35a 35b 

35% 

Die thy lamine (0.19 g， 2.55 m m o l ) and sod ium hydrogencarbonate (0.21 g, 2.55 m m o l ) 

were added to acetoni t r i le (175 m l ) under argon. 4-Ni t ro-2,3 ,5 ,6- te t ra f luoropyr id ine 18Í 

(0.5 g, 2.55 m m o l ) was added and the resul t ing so lu t ion st i r red at r o o m temperature for 16 

h after w h i c h t ime 19F N M R indicated 100% convers ion o f start ing mater ia l . The react ion 

mix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ich loromethane. The m ix tu re was poured onto 1.0 M hydrochlor ic acid (30 

m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crude product as a b r o w n o i l (0.55 g) consist ing 

o f three ma jo r components i n the rat io 16:1:8 w h i c h were ident i f ied as N,N-diethyl-3,5, 6-
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trifluoro-4-nitropyridin-2-amine 35a; N, Ν,Ν',Ν '-tetraethyl-3,6-difluoro-4-nitropyridine-

2,5-diamine 35b ; δρ - 7 1 . 0 6 ( I F , d, ^JpF 2 9 . 3 , F - 6 ) , - 1 5 1 . 9 1 ( I F , d , 5 J F F 2 9 . 3 , F - 3 ) ; m/z ( E I ) + 

302 ( [ M ] ^ , 80)， 287 ( [ М - С Н з ] * , 82) ; and diethyl-(2,3.5,6-tetrafluoro-pyridin-4-yl)-amine 

35c; δρ -94.90 (2F, m , Ғ -2 ,6 ) , -156.64 (2Ғ , m , Ғ -3 ,5 ) ; m/z {шү 222 ( [ M ] + , 26) , 207 ( [ М -

СНз]+, 86) , 179 ([М-(СН2)2СНз]^, 99) ; data consistent w i t h l i terature v a l u e s / Pur i f ica t ion 

b y co lumn chromatography on si l ica gel (5:1 ท-hexane/ethyl acetate) gave N,N-diethyl-

3,5,6-trifluoro-4-nitropyridin-2-amine 35a (0.22 g, 35%) as an orange o i l ; ( [M ]+ 249.0718, 

C9H10N3F3O2 requires [ M ] ^ 249.0720) ; δρ -85.35 ( I F , m , F-6), -147.54 ( I F , dd , ^JpF 31.6, 

" J F F 1 3 . 5 , F - 5 ) , - 1 6 6 . 5 0 ( I F , dd , ' jpF 2 4 . 8 , ̂ JpF 1 1 . 3 , F - 3 ) ; δπ 3 . 5 0 ( 4 H , qd , 3 J H H 7 . 0 , ' J H F 

2 . 0 , CH2), 1 . 2 1 (6H, t, 3 J H H 7.0, СНз ) ; 6c 1 4 3 . 2 (ddd , 'JcF 2 3 3 . 6 , ^JcF 12 .9 , ' JcF 1.9, C-6), 

140.6 ( m , C-2) , 137.2 ( m , C-4) , 133.3 ( dm, 'JcF 2 6 5 . 1 , C-3) , 124.7 (ddd, iJcF 260.4, 2JcF 

36.3, ^JcF 2.9, c֊5), 43.4 (d， ^JcF 6.3, CH2), 12.5 (ร, С Н з ) ; m/z ( E l f 249 ( [ М ] ^ 66) , 234 

( [М-СНз]" " , 100), 220 ( [ М - С Н г С Н з ] ^ 8) , 203 ( [ М - С Н з М О г ] ^ 77) , 160 ( [ М -

К О г С Н з С Н г К ] ^ 75) . 

P r e p a r a t i o n o f 2 , 3 , 5 , 6 - T e t r a f l u o r o - N - p h e n y l p y r i d i n - 4 - a m i n e 36a 

+ Others 

ŅO2 ŅHPh 

т ' + PhNH^ ' Y V ' + 
n ' ^ F NaHCOa p - ^ N ^ F 

181 1 

36a 

12% 

A n i l i n e (0.20 g, 2.14 m m o l ) and sodium hydrogencarbonate (0.36 g, 4.28 m m o l ) were 

added to acetoni tr i le (100 m l ) under argon. 4-Ni t ro-2 ,3 ,5 ,6- te t ra f luoropyr id ine 18İ (0.42 g, 

2.14 m m o l ) was then added and the resul t ing so lu t ion st irred at r o o m temperature for 1 d 

169 



Chapter 10 

before re f l ux i ng at 90°c for 2 d. '^ғ N M R indicated 100% convers ion o f start ing mater ia l 

so the react ion m i x t u r e was cooled to r o o m temperature, the solvent evaporated and the 

residue redissolved i n d ichloromethane. The m i x ณ r e was poured onto 1.0 M hydrochlor ic 

acid (30 m l ) , e x t r a c t e d w i t h d i c h l o r o m e t h a n e (3 X 50 m l ) , dr ied over m a g n e s i u m s u l f a t e and 

the solvent evaporated to dryness to y ie ld the crade product as a b r o w n o i l (1.0 g) 

consist ing o f t w o ma jo r components i n the rat io 1:1 w h i c h were ident i f ied as 2,3,5,6-

tetrafluoro-N-phenylpyridin-4-amine 36a and 4,4 '-oxybiร(tetrafluoropyridine) 36b ; δρ -

86.53 ( 4Ғ , m , Ғ -2 ,6 ) , -156.22 (4Ғ , m , ғ֊3,5); ôc 142.8 ( d t m , 'JcF 245.2, 2 JcF 14.5, C-2,6), 

133.9 (ddm, 'JcF 263.5, 2JcF 28.2, C-3,5), 129.1 (d , 2 J c F 7.2, C-4) ; m/z {Εΐγ 316 ( [M]ᅵ 

100), 150 ( [M -C5F4NO]^ , 76) . Pur i f i ca t ion b y c o l u m n chromatography on si l ica gel (2:1 ท-

hexane/ethyl acetate) gave շ,з, 5,6-tetrafluoro-N-phenylpyridin-4-amine 36а (0.06 g, 12%) 

as a red so l id ; m p 86.6-89.5°C; ([M+NH4]* 260.0807, С,,НбН2р4 requires [ M + N H 4 ] ^ 

260.0805) ; δρ -92.87 (2Ғ， է, ^JpF 15.8, Ғ -2 ,6 ) , -156.03 (2Ғ， է, ^ J F F 15.8, Ғ -3 ,5 ) ; Ô H 7.29 ( 2 Н , 

է, ^ J H H 7 . 6 , A r H ) , 7 .14 ( İ H , է, ^ J H H 7 . 6 , А г H ) , 7 . 0 3 ( 2 Н , d , 3 J H H 6 . 8 , A r H ) , 6 . 2 8 ( İ H , br ร , 

N H ) ; 5c 144.5 ( d m , ' j cF 234.0 , C-2,6) , 138.4 (s, A r C ) , 134.4 ( m , C-4) , 132.7 (s, "jcF 251.6, 

C-3,5), 129.4 (ร, A r C H ) , 125.8 (ร, А г C H ) , 122.2 (s, А г C H ) ; m/z {Шү 242 ( [ М ] ^ 100), 

222 ( [ М - Н Ғ ] ^ , 86) , 150 ( [ M - N H C ö H s ] ^ , 6) . Data consistent w i t h l i terature values.'* 

P r e p a r a t i o n o f 2 , 4 - D i e t h o x y - 3 , 5 , 6 - t r i f l u o r o p y r i d m e 37b 

ŅO2 OEt OEt 

+ EtO-Na+ ^^Q*^, 1 X 1 X + OtheB 
N ' 、 ғ Г \に F F N OEt 

18ί 1.4 1 
37a 37b 

37% 
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Sod ium meta l (0.05 g， 2.14 m m o l ) was added to anhydrous ethanol (30 m l ) under argon 

fo l l owed b y the add i t ion o f 4-n i t ro-2,3,5,6- tet raf luoropyr id ine 18İ (0.42 g， 2.14 m m o l ) . 

The resul t ing so lu t ion was re f luxed fo r 2 d after w h i c h t ime 19F N M R indicated 1 0 0 % 

conversion o f start ing mater ia l . The react ion m ix tu re was cooled to r o o m temperature, 

poured onto water (30 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) and dr ied over 

magnesium sulfate. The solvent was evaporated to dryness to y i e l d the crade product as an 

orange o i l (0.34 g) consist ing o f t w o ma jo r components i n the rat io 1.4:1 w h i c h were 

ident i f ied as 4-ethoxy-2,3.5,6-tetrafluoropyridine 37a ; δρ -91.47 (2F, m , F-2,6), -159.87 

(2F, m , F-3,5); m/z (EI)+ 195 ( [ M ] ^ 66) , 167 ( [ M - C H з C H ] ^ 100), 29 ( [ M - C 5 F 4 0 ] ^ 66) ; 

and 2,4-diethoxy-3,5,6-trifluoropyridine 37b . Pur i f i ca t ion b y c o l u m n chromatography on 

si l ica gel (7:1 и-hexane/ethyl acetate) gave 2,4-diethoxy-3,5,6-trißuoropyridine 37b (0.20 

g, 37%) as a ye l l ow o i l ; ( [ M + H ] * 222.0738, C9H10NO2F3 requires [ M + H ] + 222.0736) ; δρ -

9 4 . 6 2 ( I F , է, 3 J F F 2 4 . 8 , Ғ - 6 ) , - 1 6 0 . 5 5 ( I F , d , Ъғғ 2 4 . 8 , Ғ - 5 ) , - 1 6 7 . 8 6 ( I F , d , %v 22.6， Ғ - 3 ) ; 

Ô H 4.34 ( 2 Н , q , ' J H H 7.0, CH2), 4 .20 (2H， q , ^ H H 7.0, CH2), 1.30 ( 3 H , t, ^ J H H 7.0, CH3), 1.25 

( 3 H , t, ^ J H H 7 . 0 , С Н з ) ; ôc 1 4 6 . 1 ( m , C - 2 ) , 1 4 5 . 5 ( m , C - 4 ) , 1 4 4 . 7 (ddd, 'jcF 2 3 1 . 8 , ĴcF 1 3 . 9 , 

'*JcF 3.4, C-6 ) , 136.3 (dd , 'jcF 252.8, ^JcF 6.6, C-3) , 132.1 (dd , 'JcF 249.9, ^JcF 30.5， C-5) , 

70.1 ( m , CH2), 63.2 (ร, С Н г ) , 15.4 (ร, СНз) , 14.4 (s, С Н з ) ; m/z (EI)+ 221 ( [ М ] \ 84) , 206 

( [ М - С Н з ] ^ , 59)， 193 ( [ М - С Н з С Н ] ^ 74)， 178 ( [М-(СНз)2СН]^ 44 ) , 165 ( [ М -

(СНз)2(СН)2]", 100) . 
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P r e p a r a t i o n o f 2 , 3 , 5 , 6 - T e t r a f l u o r o - 4 - p h e n o x y p y r i d i n e 38a 

ŅO2 OPh ŅO2 Ö 

, N' ՝ ғ NaHCOa F ' ^ N F p - ^ N ^ F p - ^ N ^ F 
18İ 8.8 1 1.3 

38a 38b 36b 

Phenol (0.20 g, 2.14 m m o l ) and sod ium hydrogencarbonate (0.18 g, 2.14 m m o l ) were 

added to acetonitr i le (75 m l ) under argon. 4-Ni t ro-2 ,3 ,5 ,6- te t ra f luoropyr id ine 18Í (0.42 g , 

2.14 m m o l ) was added and the resul t ing solut ion st i r red at r o o m temperature fo r 1 d before 

ref lux i ng for 2 d . 19F N M R indicated 6 1 % convers ion o f star t ing mater ia l so the react ion 

mixtiore was cooled to r o o m tempera toe , the solvent evaporated and the residue 

redissolved i n d ich loromethane. The m ix tu re was poured onto 1.0 M hydroch lor ic acid (30 

m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , d r ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crude product as a b r o w n o i l (0.80 g) consist ing 

o f three ma jo r components i n the rat io 8.8:1:1.3 w h i c h were ident i f ied as 2,J,5,6֊ 

tetrafluoro-4-phenoxypyridine 38a ; δρ -89.16 (2F, m , F-2,6), -154.79 (2F, m, F-3,5); Ô H 

7 . 3 2 ( 2 Н , է, 3 J H H 7 . 8 , А г H ) , 7.15 ( İ H , m , A r н ) , 6 . 9 9 (2Н， d , ^ J H H 8 . 1 , А г Н ) ; õc 154.8 (s, 

А г С) , 143.4 ( m , С-4) , 143.2 (dt , ' j c F 2 4 1 . 7 , 2 J c F 13.2, C-2,6) , 135.2 ( ddm, 'JcF 260.8, ^JcF 

22.8, C-3,5) , 129.0 (ร, A r C H ) , 124.1 (ร, А г C H ) , 115.6 (s, A r C H ) ; m/z ( Е Ґ ) 243 ( [ M ] * , 

98) , 77 ( [M-C5F4NO] ' ' , 100). Data consistent w i t h l i terature values;^ 2,3,6-trifluoro-4-

nitro-s-phenoxypyridine 38b ; δρ ֊75.17 ( I F , dd , ^ J F F 3 0 . 1 , ''jpF 12.8, F-2) , -84.39 ( I F , dd , 

^JFF 2 1 . 1 , ^JFF 1 2 . 8 , F - 6 ) , 1 4 9 . 0 0 ( I F , dd , ^ J F F 3 0 . 1 , ^JpF 2 0 . 9 , F - 3 ) ; m/z ( Е Ґ ) 2 7 0 ( [ M ] ^ 79)， 

93 ( [ М - С з К г Ғ з О г ] ^ 98) , 77 ( [ М - С з М г Ғ з О з ] ^ 100); and 4,4 '-oxybiร(tetrafluoropyridine) 

36b; δρ -86.49 (4F, m , F-2,6), -156.19 (4F, m， F֊3,5); m/z ( Е Ґ ) 316 ( [ M ] ^ 90) , 150 ( [ M -

05?4ฬ0]^, 36) , 93 ( [M-C5F4N]" ' , 34). Part ial pu r i f i ca t ion b y c o l u m n chromatography on 
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si l ica gel (12:1 и-hexane/ethyl acetate) gave a m ix tu re o f 2,3,5,6-tetrafluoro-4-

phenoxypyridine 38a and 4,4 '-oxybiร(tetrafluoropyridine) 36b i n the ratio 6.4:1 

respect ively (0.28 g, 52%) as an orange o i l . 

P r e p a r a t i o n o f 4 - (E thy Isu l fany I ) -2 ,355?6- te t ra f luo ropy r id ine 39a 

NO2 

+ EtSH 
N 
18İ 

CH3CN 

NaHCO, 

SEt 

N' 

39a 

+ 
SEt 

Ethanethio l (0.13 g, 2.14 m m o l ) and sod ium hydrogencarbonate (0.36 g, 4.28 m m o l ) were 

added to acetoni t r i le (75 m l ) under argon. 4-Ni t ro-2 ,3 ,5 ,6- te t ra f luoropyr id ine 18İ (0.42 g, 

2.14 m m o l ) was added and the resul t ing so lu t ion was st irred at r o o m temperature for 2 d 

after w h i c h t ime '^F N M R indicated 100% convers ion o f start ing mater ia l . The react ion 

mix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ichloromethane. The т і х Ш г е was poured onto 1.0 M hydroch lor ic acid (30 

m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , d r ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crude product as an orange o i l (0.59 g) consist ing 

o f three ma jo r components i n the rat io 7:3:1 w h i c h were ident i f ied as 4-(ethylsulfanyl)-

2.3.5,6-tetrafluoropyridine 39a; δρ -92.14 (2F, m , Ғ -2 ,6 ) , -139.35 (2Ғ , m, Ғ -3 ,5 ) ; Ô H 3.22 

( 2 Н , q, ^ J H H 6.5, CH2), 1 . 3 6 (ЗН， է, 3 J H H 7.0, СНз) ; ôc 1 4 3 . 7 ( d m , 'JcF 2 4 4 . 1 , C - 2 , 6 ) , 1 4 1 . 1 

(ddm, 'JcF 2 5 4 . 1 , 2 JcF 23.4, C-3,5), 131.7 (tt , ^JcF 17.3, ^JcF 3.0, C-4) , 27.8 (t, 4 JcF 5.3, 

CH2), 15.3 (ร, С Н з ) ; m/z (EI)+ 211 ( [ М ] ^ 98) , 196 ( [ М - С Н з ] * , 40 ) , 183 ( [ М - С Н з С Н ] ^ 

100); 4,4 '-oxybiร (tetrafluoropyridine) 36b ; and 2-(ethylsulfanyl)-3,5,6-trifïuoro-4-

nitropyridine 39b ; m/z (EI)+ 238 ( [ M ] ^ 28) , 210 ( [ М - С Н з С Н ] ^ , 24) . Part ia l pur i f i ca t ion by 
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co lumn chromatography on si l ica gel (6:1 и-hexane/ethyl acetate) gave a mix tu re o f 4-

(ethylsulfanyl)-2,3,5,6-tetrafluoropyridine 39a and 4,4 '-oxybiร(tetrafluoropyridine) 36b 

(0.18 g, 3 5 % ) as a y e l l o w o i l , p lus a trace amount o f pure 4,4 '-oxybiร(tetrafluoropyridine) 

36b as a y e l l o w o i l ; δρ -86.49 (4F, ร, Ғ -2 ,6) , -156.20 (4Ғ , s, Ғ -3 ,5 ) ; Ъс 144.0 (ddm, 'JcF 

248 .1 , ^JcF 14.4, C-2,6) , 135.2 (ddm, ' jcF 264 .6 , 2 JcF 38, C-3,5) ; m/z (EI)+ 316 ( [ M ] ^ 58) , 

1 5 0 ( [ M - C 5 F 4 N O ] ^ 24) . 

P r e p a r a t i o n o f 2 , 3 , 5 ,6 -Te t r a f l uo ro -4 - (pheny l su I f any l ) py r i d i ne 40a 

NO2 SPh SPh 

F Fv^ .F F ֊ ^ / L .F 
^ , CH3CN Y ^ + Y ^ 
/ 1 + PhSH 3 »• і ՜չ + о 

Ņへ F NaHCOa F 人 N八 F F ^ N ^ S P h 

18" 25 1 

40a 40b 

11% 

Benzenethio l (0.24 g, 2.14 m m o l ) and sod ium hydrogencarbonate (0.36 g, 4.28 m m o l ) were 

added to acetoni t r i le (100 m l ) under argon. 4-Ni t ro-2,3 ,5 ,6- te t ra f luoropyr id ine 18І (0.42 g, 

2.14 m m o l ) was added and the resul t ing so lu t ion was st i r red at r o o m temperature for 1 d 

after w h i c h t ime ' 9 F N M R indicated 100% convers ion o f start ing mater ia l . The reaction 

mix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ichloromethane. The m ix tu re was poured onto 1.0 M hydroch lor ic acid (30 

m l ) , extracted w i t h d icMoromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crade product as an orange o i l (0.59 g) consist ing 

o f two ma jo r components i n the rat io 25:1 w h i c h were ident i f ied as 2 ,3 ,5 ,6 - t e t ra f l uo ro -4 -

(phenylsulfanyl)pyridine 40a; and 2,3,5,-trifluoro-4,6-bis(phenylsulfanyl)pyridine 40b ; δρ -

6 5 . 5 5 ( I F , dd , ^JFF 2 6 . 5 , ^JpF 1 0 . 9 , F - 2 ) , - 8 6 . 7 7 ( I F , t, ^JpF 1 0 . 9 , F - 5 ) , - 1 3 7 . 3 5 ( I F , d , ^JpF 

26.5, F-3); m/z (EI)+ 349 ( [ M ] ^ 100), 240 ( [ M - S C e H s ] ^ 56) , 220 ( [ M - S C e H s H F ] ^ 42) , 77 

( [ М - С ц Н з Н Ғ з З г ] ^ , 76) . Pur i f ica t ion b y co lumn chromatography on si l ica gel («-hexane) 
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gave 2,3,5,6-tetrafluoro-4-(phenylsulfanyl)pyridine 40a (0.06 g , 11 % ) as a colourless o i l ; 

( [ M + H ] ^ 260.0153, C11H5NF4ร requires [ M + H ] + 260.0152) ; δρ -91.01 (2Ғ， m , F-2,6), -

136.92 ( 2 Ғ , m , F-3,5) ; Ô H 7.25-7.45 ( 5 H , m , A r H ) ; ôc 142.5 ( d m , 'JcF 244.0, C-2,6) , 140.0 

(dm, 'JcF 2 5 7 . 3 , C - 3 , 5 ) , 1 3 1 . 9 ( ร , A r C H ) , 1 3 0 . 0 (էէ, ^JcF 1 6 . 4 , 3 J C T 3 . 0 , C - 4 ) , 1 2 8 . 6 ( ร , A r 

C H ) , 128.5 (ร, A r C H ) , 128.1 (ร, A r C ) ; m/z (EI)+ 259 ( [ M ] ^ , 100), 239 ( [ M - H F ] * , 96) , 77 

( [ M - C 5 N F 4 ร ] ' ՜ , 94) . Data consistent w i t h l i terature values.^ 

P r e p a r a t i o n o f 2- [ ( 2 , 3 , 5 , 6 - T e t r a f l u o r o p y r i d i n - 4 - y l ) a m i n o ] benzene th io l 6b 

H2N ゾ 

^ ^ ^ S H CH^CN 

M « u o / - > ~ ^ I , + others 
, 、― 、 ·어 、 NAHCOO _ > Հ . 

Г Ν F ^ NH2 " F N F 

18İ 5b 6b 

32% 

2-Amino th iopheno I 5b (0.83 g, 6.63 m m o l ) and sod ium hydrogencarbonate (1.11 g, 13.27 

m m o l ) were added to acetonitr i le (150 m l ) under argon. 4-Ni t ro-2,3 ,5 ,6- te t ra f luoropyr id ine 

18İ (0.65 g， 3.32 m m o l ) was added and the resul t ing so lu t ion re f luxed for 5 d , after w h i c h 

t ime 19F N M R indicated 100% conversion o f start ing mater ia l . The react ion mix tu re was 

cooled to r o o m temperature, the solvent evaporated and the residue redissolved in 

d ichloromethane. The react ion mix tu re was poured onto 1.0 M hydroch lor ic ac id (50 m l ) , 

extracted w i t h d ich loromethane (3 X 50 m l ) , d r ied over magnes ium sulfate and the solvent 

evaporated to dryness to y ie ld the crade product as a b r o w n o i l (1.15 g) w h i c h consisted o f 

one ma jo r component . Pur i f i ca t ion b y c o l u m n chromatography o n s i l ica ge l (5:1 ท-

hexane/ethyl acetate) f o l l owed b y recrystal l isat ion from n-hexane gave 2-[(2.3,5,6-

tetrafluoropyridin-4-yl)amino]benzenethiol 6b (0.29 g， 3 2 % ) as a y e l l o w so l id ; m p 6 8 . 2 -

69.5°C; (Found: c , 48 .2 ; H , 2.2; N , 10.3; C11H6N2F4ร requires: c , 48 .2 ; H , 2.2; N , 10.2%); 
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δρ -91.25 ( 2 Ғ , m , Ғ -2 ,6 ) , -138.68 (2Ғ， m , Ғ -3 ,5 ) ; 5н 7.53 ( Ш , d , 3 J H H 7.5, A r Н ) , 7.25 ( ш , 

td , ' J H H 7.0, ' J H H 1.5, A r н ) , 6.76 ( ш , dd , 3 J H H 8.0, ' J H H 1.0， A r Н ) , 6.75 ( Ш , td , ' J H H 7.5, 

^ J H H 1.0, A r H ) , 4.36 (2Н， br s， NH2); ôc 149.4 (ร, A r C S ) , 143.6 (d tm , 'JcF 248 .1 , ^JcF 14.5, 

C-2,6), 141.4 ( d d m , ' j cF 258.7, ^ J C F 2 1 . 0 , C-3,5) , 137.5 (ร, A r C H ) , 132.6 (ร, A r C H ) , 130.7 

( m , C-4) , 119.3 (ร, А г C H ) , 115.9 (s, А г C H ) , 110.3 ( А г CNH2); miz (EI+) 274 ( [ M ] * , 100), 

254 ( [ М - Н Ғ ] " , 86) , 165 ( [ M - C ó H s S H ] ^ 10), 150 ( [ M - N H P h S H ] 1 2 ) . 

P r e p a r a t i o n o f 2 , 3 , 5 , 6 - T e t r a f l u o r o - 4 - ( p h e n y l s u I f o n y l ) p y r i d i n e 18g 

PhSOpNa 

0 = ร = 0 

DMF 

Pentaf luoropyr id ine 1 (5.34 g, 31.6 m m o l ) was added to a so lu t ion o f pheny lsu l f in ic acid 

sodium salt (4.99 g， 30.4 m m o l ) i n d imethy l fo rmamide (25 m l ) under argon. The react ion 

mix tu re was re f lux ed for 1 d , after w h i c h t ime 1 9 F N M R indicated 100% convers ion o f 

start ing mater ia l . The react ion mix tu re was cooled to r o o m tempera toe , poured onto water 

(250 m l ) and the precip i tated so l id was f i l tered o f f and recrystal l ised from ethanol to g ive 

2, i , 5 , 6 - t e t r a f l u o r o - 4 - ( p h e ท y l s u l f o n y l ) p y r i d i n e 18g (7.8 g， 85%) as beige crystals; m p 

1 4 8 . 0 - 1 4 9 . 0 ° C ; ^ (Found: c , 4 5 . 6 ; H , 1 . 8 ; N , 4 . 9 ; C H H 5 N F 4 0 2 ร requires: c , 4 5 . 4 ; H , 1 .7 ; N， 

4.8%) ; δρ -86.19 (2F， m , F-2,6), -137.48 (2F， m， F-3,5); ÔH 8.12 ( 2 H , d , ^ J H H 7.2, Aiortho H ) , 

7 . 7 8 ( I H , t t , • ' J H H 7 . 2 , ' ^JHH 1.2， AXp^ra H ) , 7 . 6 5 ( 2 H , m , Ат„е,ท Н ) ; ôc 1 4 4 . 3 (dm, 'JcF 1 9 8 . 4 , 

C-2,6), 139.4 (s, A r С ) , 138.9 ( dm, 'jcF 188.5, C-3,5) , 136.0 (s, Aioriho C H ) , 133.3 (է, ^JcF 

10.7, C-4) , 130.2 (s, Ax„,e,a C H ) , 128.7 (s, Аграга C H ) ; m/z ( Е Ґ ) 291 ( [ M ] ^ 80)， 141 ( [ M -

C5F4N]^ 88) , 77 ( [ M - C 5 F 4 N S 0 2 ] ^ 100). 
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P r e p a r a t i o n o f yV ,A '^ ' -D ie thy I -3 ,5 ,6 - t r i f l uo ro -4 - (pheny lsu I fony l )py r id ine -2 -amine 41a 

SOOPH SO,PH ՏՕՇԲՀ ՏՕՇԲՀ 

Y + , , , Η ^ ^ 3 C N พ 卜 + E t 2 ^ ^ + 「 v ^ 

N a H C O , F ^ ^ N ^ N E t , F - ^ N ^ N E t j E t ^ N ' ^ N ' ^ N E t j 
Ν F i N č i n v ^ U j 

18g 34 4 1 
41a 41b 41c 
15% 

Die thy lamine (0.29 g, 4.0 m m o l ) and sod ium hydrogencarbonate (0.34 g, 4.0 m m o l ) were 

added to acetoni t r i le (150 m l ) under argon. 2 ,3 ,5 ,6-Tet ra f luoro-4- (pheny lsu l fony l )pyr id ine 

18g (1.16 g , 4.0 m m o l ) was then added and the resul t ing so lu t ion was re f luxed for 3 d after 

w h i c h t ime N M R indicated 100% convers ion o f start ing mater ia l . The react ion mix tu re 

was cooled to r o o m temperature, st i rred w i t h benzenesulfonic acid scavenger resin (200 

mg) for 6 h, dr ied over magnesium sulfate, f i l tered and the solvent evaporated to dryness to 

y ie ld the crude product as a ye l l ow o i l (0.58 g) consist ing o f three ma jo r components i n the 

rat io 34:4:1 w h i c h were ident i f ied as N,N'-diethyl-3,5,6֊trifluoro-4-

(phenylsulfonyl)pyridine-2-amine 41a; 3,6-difluoro-N,N, N ', N '-tetraethy 1-4-

(phenylsulfonyl)-pyridine-2.5-diamine 41b ; δρ -73.33 ( I F , d , ^JpF 33.8, F-6), -134.99 ( I F , d , 

' J F F 3 1 . 3 , F - 3 ) ; Ô H 7 . 9 5 ( 2 H , d , % н 7 . 5 , Խօոհօ Н ) , 7 . 5 9 ( ш , t m , ' J H H 7 . 5 , АГрага Н ) , 7 . 5 0 

(2Н， է, ' J H H 8.0, Axmeta н ) , 3.46 ( 4 Н , q, ' J H H 6.5, C H 2 ) , 2.81 ( 4 Н . m , С Н г ) , 1.19 ( 6 Н , է, ' J H H 

7.0, СНз) , 0.59 ( 6 Н , է, 3 J H H 7.5, С Н з ) ; Ъс 156.3 (d , ' j c F 241.3, С-6) , 145.3 (dd, 2jcF 16.8, 

^JcF 12.4, C-2) , 141.8 (dd , 'JcF 264.8, ^JcF 5.3, C-3) , 139.0 (t , ^JcF 7.3, C-4) , 116.4 (d， ^JcF 

33.3, C-5) , 47.8 (d , 4 J c F 3.4, CH2), 44.7 (d , 4JcF 6.3, CH2), 13.9 (ร, СНз ) , 12.0 (s, СНз) ; m/z 

( Е Ґ ) 397 ( [Μ ] · " , 70) , 382 ( [ М - С Н з ] \ 100), 368 ( [ М - С Н з С Н г ] ^ , 33) , 77 ( [ М -

СдНгоМзҒгБОг]^, зо); and 3,5-difluoro-N,N,N՝.N'-tetraethyl-4-(phenylsulfonyl)-pyridine-

2,6-diamine 41с; δρ -152.61 ( 2Ғ , ร, F-3,5); m/z ( Е Ґ ) 397 ( [ M ] ᅵ 28) , 382 ( [ М - С Н з ] ^ 40 ) , 

368 ( [М-СНзСНг ] "^ , 64) , 77 ( [М-СдНгоКзҒ гЗОг ]^ , 54). Pur i f i ca t ion b y co lumn 
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chromatography on s i l ica gel (5:1 «-hexane/ethyl acetate) gave N,N'-diethyls,5,6-trifluoro-

4-(phenylsulfonyl)pyridine-2֊amine 41a (0.2 g, 15%) as a ye l l ow o i l ; ( [ M + H ] * 345.0879, 

C15H15N2SO2F3 requires [ M + H ] ^ 345.0885); δρ -88.55 ( I F , dd , ^JpF 31.6, ^JpF 2 7 . 1 , F-6), -

134.06 ( I F , dd , ^ J F F 33.8, % ғ 1 1 . 3 , F-5), -156.72 ( I F , dd , '*JFF 2 7 . 1 , 5 J F F 11.3, F-3); ÔH 8.06 

( 2 H , d, ' J H H 7 . 2 , AXortho H)， 7 . 6 9 ( I H , t m , ' J H H 7 . 0 , Aīpara H ) , 7 . 5 7 (2Н， t m , ' J H H 7 . 0 , A r „ , , „ 

H ) , 3 .41 (4H, q, 3 J H H 7.0, CH2), 1 . 1 4 (6H， t, 3 J H H 7.0, CH3); ôc 1 4 5 . 4 (ddd, 'JcF 2 3 4 . 1 , 'JcF 

16.3, 4JcF 2.4, C-6) , 142.8 ( m , C-2) , 140.78 (ร, А г С ) , 139.3 ( d m , ՝JcF 265.3, C-3) , 134.9 (ร, 

kïortho C H ) , 129.5 (dd , ' j c F 259.38, 2jcF 33.9, C-5) , 130.0 ( m , C-4) , 129.7 (s, КГрага C H ) , 

1 2 8 . 4 ( ร , Ах^еш C H ) , 4 4 . 8 (d , ' J H F 5 . 8 , CH2), 1 3 . 7 (s, С Н з ) ; m/z ( Е Ґ ) 3 4 4 ( [ M ] ᅵ 5 3 ) , 3 2 9 

( [ М - С Н з ] * , 100), ЗОЇ ( [ М - С Н з С Н г М ] ^ , 76). 

P r e p a r a t i o n o f 2 ,5 ,6 -T r i f l uo ro -A^ -pheny l - 4 - ( pheny l su l f ony l ) py r i dme-3 -am ine 42а 

ՏՕշԲհ ՏՕշԲհ 
PhHN^ P h H N ^ J ^ 

ŞOpPh 

+ РҺМНг 
N' 
18g 

CH3CN 

МаНСОз 

N F F ' N NHPh 

9.5 2 

42a 42b 

ՏՕշԲհ ŞOzPh 

N' ՝NHPh PhHN' " N ^ N H P h 
35 1 
42c 42d 

A n i l i n e (1.6 g, 17.2 m m o l ) and sod ium hydrogencarbonate (2.89 g, 34.4 m m o l ) were added 

to acetoni tr i le (100 m l ) under argon. 2 ,3 ,5 ,6-Tet ra f luoro-4- (pheny lsu l fony l )pyr id ine 18g 

(1.0 g, 3.44 m m o l ) was then added and the resul t ing so lu t ion was re f lux ed for 13 d. Over 

the course o f the react ion 7 extra equivalents o f ani l ine (2.24 g, 24.08 m m o l ) were added. 

A f t e r this t ime 19F N M R indicated 100% convers ion o f start ing mater ia l . The react ion 

mix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ichloromethane. The mix tu re was poured onto 1.0 M hydroch lor ic acid (20 
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m l ) , extracted w i t h dichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crade product as a b r o w n o i l (3.0 g) consist ing o f 

four major components in the rat io 9.5:2:3.5:1 w h i c h were ident i f ied as 2 , 5 , 6 - t r i f l u o r o - N -

phenyl-4-(phenylsulfonyl)pyridine-3-amine 42a; δρ - 6 6 . 5 6 ( I F , dd , ^ J F F 3 1 . 6 , ^JpF 1 3 . 2 , F - 5 ) , 

-96.74 ( I F , dd , ฯ F F 23.7, ^JpF 13.2, F-2), -139.00 ( I F , dd , ^JpF 31.6, "̂ JpF 23.7, F-6) ; ÔH 8.09 

( Ш , br s, N H ) , 7.97 ( 2 H , dt, ^ J H H 8.4, ' J H H 1.2, ՏՕշԽօոհօ H ) , 7.69 (1H， t t , ^ J H H 7.6, " J H H 

1.2, S02Ar^,„,„ H ) , 7.54 ( 2 H , tm， ' J H H 8.0, ร,ОгАхтеш H ) , 7.30 ( 2 H , t m , ' J H H 7.6, NHAr„,,; ,0 

H ) , 7 . 1 1 (1H， t m , 3 J H H 7 . 2 , ШІАХрага H ) , 6 . 8 6 (2H， d m , 3 J H H 7 . 6 , Ν Η Α Γ ; „ , , „ H ) ; ôc 1 4 6 . 8 

(ddd, ' jcF 252.7, 3 JcF 9.7, 4JcF 2.2, C-2) , 142.0 (dd , iJcF 223.4, 2 JcF 12.2, C-6) , 141.1 (d , 

" j c F 2.3, N H A r C), 139.8 (ร, З О г А г с ) , 139.8 (ddd, i j cF 264.2, ^JcF 28.2, % ғ 6.8, C-5), 

130.6 (dd , ^JcF 11.9, 3JcF 3.3, C-4) , 135.5 (s, ร,ՕշԽօոհօ C H ) , 129.9 (s, ร,ОгкГрага C H ) , 

129.5 (s, աւԽօոհօ C H ) , 128.1 (ร, SOzAr^,,« C H ) , 124.8 ( dm, ' j c F 26.7, C-3) , 124.0 (ร, 

ШіАхрага C H ) , 119.4 (ร, Ν Η Α Γ , „ « „ C H ) ; m/z { ա ք 364 ( [ M ] ^ 96) , 77 ( [ М - С п Н з М з Ғ з З О г ] ^ 

100); 3,6-difluoro-N,N-diphenyl-4-(phenylsulfonyl)pyridine-2,5֊diamine 4 2 b ; δρ -70.29 

( I F , d , ^ J F F 3 1 . 6 , F - 6 ) , - 1 3 8 . 2 0 ( I F , d , ^JpF 3 1 . 6 , F֊3) ; m/z (EI)+ 4 3 7 ( [ M ] ^ 1 0 0 ) , 7 7 ( [ M -

С п Н і г Н з Р г З О г ] ^ , 66 ) ; J , 5 , 6 - t r i f l u o r o - N - p h e n y l - 4 - ( p h e n y l s u l f o n y l ) p y r i d i n e - 2 - a m i n e 42c; δρ 

-88.62 ( I F , d m , ^ J F F 31.6, F-6), -138.47 ( I F , d m , ^JpF 31.6, F-5), -153.34 ( I F , d m , '*JFF 2 7 . 1 , 

Ғ-3 ) ; m/z (EI)+ 364 ( [ M ] ^ , 84) , 77 ( [M -C11H5N2F3รՕշ]^ , 100); and 3,5-difluoro-N.N-

diphenyl-4-(phenylsulfonyl)pyridine-2,6-diamine 4 2 d ; δρ -74.15 (2F , ร, F-3,5); m/z (E I ) * 

437 ( [ M ] ^ 100), 417 ( [Μ-ΗΡ]" " , 12)， 77 ( [ М - С п Н і г М з Р г З О г ] ^ 76) . Pur i f i ca t ion b y co lumn 

chromatography on si l ica gel (2:1 «-hexane/ethyl acetate) was unsuccessful for the 

separation o f the components. 
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P r e p a r a t i o n o f 2 - E t h o x y - 3 , 5 , 6 - t r i f l u o r o - 4 - ( p h e n y l s u l f o n y l ) p y r i d i n e 43a 

ՏՕշԲհ ՏՕշԲհ ՏՕշԲհ 

N " " F F ' ^ N OEt Eto N"' OEt 
1 8 g 6 1 

43a 43b 

76% 

Sodium metal (0.04 g, 1.72 m m o l ) was added to anhydrous ethanol (ЗО m l ) under argon 

fo l l owed b y the add i t ion o f 2 ,3,5,6- te t ra f luoro-4-(phenylsu l fony l )pyr id ine 18g (0.5 g, 1.72 

m m o l ) . The resul t ing so lu t ion was re f luxed for 6 h after w h i c h t ime 1*F N M R indicated 

7 9 % convers ion o f start ing mater ia l . The react ion m ix tu re was cooled to r o o m 

temperature, poured onto water (30 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) and 

dr ied over magnes ium sulfate. The solvent was evaporated to dryness to y ie ld the crude 

product as a ye l l ow so l id (0.48 g) consist ing o f t w o ma jo r components i n the rat io 6:1 

w h i c h were iden t i f ied as 2-ethoxy-3,5,6-trifluoro-4-(phenylsulfonyl)pyridine 43a; and 2,6-

ethoxy-2,5-difluoro-4-(phenylsulfonyl)pyridine 4 3 b ; δρ -137.43 (2F, m, Ғ -3 ,5 ) ; m/z (EI)+ 

343 ( [ М ] ^ 14), 315 ( [ М - С Н з С Н ] ^ 42 ) , 287 ( [ М - ( С Н з С Н ) 2 ] \ 100), 77 ( [ М -

C9HioNF2S04]^ 81) . Pur i f i ca t ion b y recrystal l isat ion from и-hexane/ethyl acetate gave 2-

ethoxy-3,5,6-irifluoro-4-(phenylsulfonyl)pyridine 43a ( 0 . 4 1 g， 7 6 % ) as wh i t e crystals; mp 

94.2-95.4°C; (Found: c, 49.4 ; H , 3 . 1 ; N , 4 . 5 ; C13H10NSO3F3 requires: c， 49.2; H， 3.2; N , 

4 . 4 % ) ; δρ - 9 0 . 3 1 ( I F , dd , ^JpF 3 1 . 6 , ^JpF 2 2 . 6 , F - 6 ) , - 1 3 6 . 6 7 ( I F , dd， ^JFF 3 3 . 8 , ^JFF 9 . 0 2 , F -

5) , -150.03 ( I F , dd , "^JFF 22.6, ' J F F 9.0, F-3); ÔH 8.10 ( 2 H , d , 3 J H H 7.5, Aiortho C H ) , 7.72 ( Ш , 

t m , ^ J H H 7.5, Arpara C H ) , 7.60 ( 2 Н , t m , ' J H H 7.8, Ахтеш C H ) , 4 . 3 9 ( 2 Н , q , ' J H H 7.2, CH2), 

1 . 4 0 ( з н , է, 3 J H H 6 . 9 , СНз) ; бс 1 4 7 . 1 ( m , С - 2 ) , 1 4 4 . 8 (ddd, iJcF 2 4 1 . 3 , 2 J c F 1 7 . 1 , " jcF 4 . 3 , C -

6) , 140.2 (ร, A r С ) , 140.0 (ddd, 'JcF 269.4, 3JcF 6.8, % F 2.4, C-3 ) , 135.3 (s, Aiortho C H ) , 

134.1 (ddd, ' j c F 262.8, ^JcF 31.0 , 3 JcF 2.0, C-5) , 130.6 ( m , C-4) , 129.9 (ร, kXpara C H ) , 128.6 
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(s, Аїтеш C H ) , 64.7 (ร, CH2), 14.4 (ร, СНз ) ; m/z (EI)+ 317 ( [ M ] + , 64 ) , 289 ( [ М - С г Щ ] ^ 76) , 

141 ( [М -С7Н5ЫҒ зО ] ^ 82) , 77 ( [M-CvHsNFaOaS]^ 100). 

P r e p a r a t i o n o f 2 , 3 , 5 - T r i f l u o r o - 6 - p h e n o x y - 4 - ( p h e n y l s u l f o n y I ) - p y r i d m e 44a 

ՏՕշԲհ ЗОгРҺ OPh 

' y V ' + PhOH ^ ՚ - ՚ Յ ^ ^ ' y V ' + ' y V ' 
F ^ N F NaHCOg F ^ N OPh F N F 

lag 3 2 
44a 44b 
52% 

Phenol (0.32 g, 3.44 m m o l ) and sod ium hydrogencarbonate (0.29 g , 3.44 m m o l ) were 

added to acetoni tr i le (175 m l ) under argon. 2 ,3 ,5 ,6-Tet ra f luoro-4- (pheny lsu l fony l )pyr id ine 

18g (1.0 g， 3.44 m m o l ) was added and the resul t ing so lu t ion was re f luxed for 3 d after 

w h i c h t ime 1 ャ N M R indicated 5 0 % conversion o f start ing mater ia l . The react ion mix tu re 

was cooled to r o o m temperature, the solvent evaporated and the residue redissolved in 

dichloromethane. The m ix tu re was poured onto 1.0 M hydroch lo r ic ac id , extracted w i t h 

d ich loromethane (3 X 50 m l ) , d r ied over magnes ium sulfate and the solvent evaporated to 

dryness to y ie ld the crude product as a b r o w n o i l (1.08 g) consist ing o f two major 

components i n the rat io 3:2 w h i c h were ident i f ied as 2 , 3 , 5 - t r i f l u o r o - 6 - p h e n o x y - 4 -

(phenylsulfonyl)-pyridine 44a ; and 2,3,5,6-tetrafluoro-4-phenoxypyridine 44b ; δρ -89.23 

(2F, m , Ғ -2 ,6 ) , -154.81 (2Ғ， m , Ғ -3 ,5 ) ; m/z ( Е Ґ ) 243 ( [ М ] ^ 70) , 223 ( [ М - Н Ғ ] ^ 54), 77 

([M-C5F4NO]՝*', 100). Data consistent w i t h l i terature values.^ Pur i f i ca t ion b y co lumn 

cføomatography o n s i l ica gel (3:1 и-hexane/ethyl acetate) gave 2,3,5-trifluoro-6-phenoxy-4-

(phenylsulfonyl)-pyridine 44a (0.65 g, 52%) as a wh i te so l id w h i c h was fiirther pu r i f i ed b y 

recrystal l isat ion from dichloromethane/и-һехапе; m p 124 .4 -125 .6°C; (Found: c, 55.6; H , 

2.7; N , 3.8; C17H10NF3SO3 requires: c, 55.9; H , 2.7; Ñ , 3 .8%) ; δρ -87.77 ( I F , m , F-2), -

135.34 ( I F , dd , 3 J F F 31.6, ' ' jpF 9.0, F-3), -144.77 ( I F , dd , " J F F 22.6, 5 J F F 9.0, F-5); Ö H 8.15 
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( 2 Н , d , ' J H H 8 . 0 , S 0 2 A r „ , , „ H)， 7 . 7 6 (1H， t， ' J H H 7 . 5 , 8 0 2 А Г ; , „ . „ Н ) , 7 . 6 5 (2Н， է, 3 J H H 7 . 5 , 

ՏՕշԽօոհօ Н) , 7.41 (2Н, է, 3 J H H 7.5, OMn,eta н ) , 7.26 ( İ H , է, 3 J H H 7.5, OAlpara Н) , 7.10 (2Н, 

d , ^ J H H 9.0, ՕԽօոհօ Н ) ; õc 152.4 (ร о А г С ) , 144.8 ( d m , iJcF 2 4 4 . 1 , C-2) , 140.5 ( dm, ' j c F 

274.3, C-3) , 140.0 (ร, ՏՕշԽ ๑， 136.0 (dm, 'JcF 274.5, C-5) , 135.6 (ร, SOiAľpara C H ) , 

131.7 ( m , С-6) , 129.0 ( m , C-4) , 130.1 (s, ОАі„еш C H ) , 130.0 (s, SOjAi^eia C H ) , 128.7 (ร, 

S02ATor,Ho C H ) , 126.3 (OAipara C H ) , 121.2 (OAior,ho C H ) ; m/z ( Е Ґ ) 365 ( [ М ] ^ 38) , 345 

( [ М - Н Ғ ] ^ 11), 224 ( [ M - S O z P h ] ^ 9)， 77 ( [M-CsFaNSOaPh]^ 100). 

P r e p a r a t i o n o f 4 - (Pheny I su I f any l ) - 2 , 3 j 5 , 6 - t e t r a f l uo ropy r i d i ne 4 5 d 

S B ŞPh SPh 
' SEt F ^ ^ ^ S E t 

ՏՕշԲհ F又N人F 十 E t s - ^ N ^ F . F - ^ N ^ S E t 

CH,CN 46 .1^ 45c 

+ EtSH ֊ - 3 - ^ 45a 45b 45C 
N ' ՝ F Ν ^ " ^ θ 3 7h SEt SO,Ph 

F v X ^ F F ^ ^ A ^ S E t E t S ^ Ł ^ F 

F 人 Ν人 F E t s - ^ N ^ F F ^ N ^ S E t 

18 З 12_·5 

45d 45e 45f 

34% + others 

Ethaneth io l (0.21 g, 3.44 m m o l ) and sod ium hydrogencarbonate (0.58 g, 6.88 m m o l ) were 

added to acetoni t r i le (75 m l ) under argon. 2 ,3 ,5 ,6-Tet ra f luoro-4- (pheny lsu l fony l )pyr id ine 

18g (1.0 g, 3.44 m m o l ) was then added and the resul t ing so lu t ion was stirred at r o o m 

temperature for 1 d before re f l ux ing for 22 h. 0.5 extra equivalents o f ethanethiol (0.01 g, 

1.72 m m o l ) were then added. Re f l ux i ng was cont inued fo r a fur ther 18 h after w h i c h t ime 

19F N M R indicated 100% convers ion o f start ing mater ia l . The react ion m ix tu re was cooled 

to room temperature, the solvent evaporated and the residue redissolved i n 

d ichloromethane. The m ix tu re was poured onto 1.0 M hydroch lo r i c ac id (30 m l ) , extracted 

w i t h d ich loromethane ( 3 x 5 0 m l ) , dr ied over magnes ium sulfate and the solvent evaporated 

to dryness to y ie ld the crude product as a b r o w n o i l (1.2 g ) consist ing o f six ma jo r 
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components i n the rat io 46:1:1:18:3:12.5 w h i c h were ident i f ied as 4-(ethylsulfanyl)-2,3,5.6-

tetrafluoropyridine 45a; δρ -92.12 (2F， q, ^JpF 15.8, F-2,6), -139.34 (2F， q, ^ J F F 15.7, F-3,5); 

m/z (EI)+ 211 ( [ M ] \ 96) , 183 ( [ М - С Н г С Н г ] ^ 100), 163 ( [ М - С Н з С Н г Ғ ] ^ 38) ; 2,5-

bis(ethylsulfanyl)-3,6-difluoro-4-(phenylsuļfanyl)pyridine 4 5 b ; δρ -66.49 ( I F , d, ^JpF 27.1， 

Ғ-6 ) , -123.57 ( I F , d , ' J F F 24.8, Ғ - 3 ) ; m/z (EI)+ 343 ( [ M ] \ 80) , 310 ( [ M - S H J ^ 100); 2.3-

bis(ethylsulfanyl)-5,6-difluoro-4-(phenylsulfanyl)pyridine 45c; δρ -66.21 ( I F , d , 3JFF 2 7 . 1 , 

F-6), -117.85 ( I F , d , ^ J F F 2 7 . 1 , F-5) ; m/z (EI)+ 343 ( [ M ] ^ 72)， 310 ( [ M - S H J ^ 100); 2,3,5,6-

tetrafluoro-4-(phenylsulfanyl)pyridine 4 5 d ; 2,4,5-íris(ethylsulfanyl)-3,6-difluoropyridine 

45e; δρ -67.45 ( I F , d , ' j p F 2 7 . 1 , F-6), -124.03 ( I F , d , ^JpF 2 7 . 1 , F-3) ; m/z (EI)+ 295 ( [ M ] ᅵ 

88), 262 ( [ M - S H ] ^ 100), 234 ( [ М - З С Н г С Н з ] ^ , 66) ; and 2,5-bis(ethylsulfanyl)-3.6-difluoro-

4-(phenylsulfonyl)pyridine 45f ; δρ -77.41 ( I F , d， ^JpF 29.33, F-6) , -114.33 (1F， d, ^ J F F 31.6, 

F-3); m/z (EI)+ 375 ( [ M ] ^ 14), 282 ( [М-СбНзО]^ , 96) , 77 ( [М-СдНгоНҒ гЗзОг]^ , 100). 

Pur i f i ca t ion b y co lumn cføomatography on s i l ica gel (6:1 w-hexane/ethyl acetate) fo l l owed 

by preperat ive T L C (и-һехапе) was unsuccessful for the separation o f the components, and 

a m ix tu re o f 2,3,5,6-tetrafluoro-4-(phenylsulfanyl)pyridine 4 5 d and an un ident i f ied 

component i n the rat io 50:1 respect ively was isolated (0.3 g, 34%) as a colourless o i l ; δρ -

90.97 ( 2Ғ , quintet , 3 J F F 13.5, F-2,6), -136.94 (2F, sextet, 3 J F F 13.5, F-3,5) ; Ô H 7.33-7.53 ( 5 H , 

m, A r H ) ; ôc 143.8 ( dm, i j cF 244.7, C-2,6), 141.2 ( d m , 'JcF 262.9, C-3,5) , 133.2 (s, A r ๑ , 

131.2 ( m , C-4) , 129.9 (s, AXortho C H ) , 129.7 (s, Axp.ra C H ) , 129.4 (s, Ax„e,a C H ) ; m/z ( m ) + 

259 ( [ M ] ^ , 100), 239 ( [ M - H F ] ^ , 92) , 109 ( [M-C5F4N]^ , 52)， 77 ( [M -C5F4NS]* , 91). Data 

consistent w i t h l i terature values.^ 
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P r e p a r a t i o n o f 2 , 3 , 5 , 6 - T e t r a f l u o r o - 4 - ( p h e n y l s u l f a n y l ) p y r i d i n e 46 

Տ Օ շ Բ հ ŞPh 

丫 ^ - S H ^ ฯ . o . e . 

18g 46 
2 9 % 

Benzeneth io l (0.38 g, 3.44 m m o l ) and sod ium hydrogencarbonate (0.34 g, 4.0 m m o l ) were 

added to acetoni t r i le (150 m l ) under argon. 2 ,3 ,5 ,6-Tet ra f luoro-4- (pheny lsu l fony l )pyr id ine 

18g (1 g， 3.44 m m o l ) was then added and the resul t ing so lu t ion was re f lux ed for 4 d after 

w h i c h t ime Ι9ρ N M R indicated 100% convers ion o f start ing mater ia l . The react ion mix tu re 

was cooled to r o o m temperature, the solvent evaporated and the residue redissolved i n 

dichloromethane. The m i x ณ r e was poured onto 1.0 M hydrocMor ic ac id (20 m l ) , extracted 

w i t h d ich loromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated 

to dryness to y ie ld the crude product as a ye l l ow / b rown so l id (1.0 g) consist ing o f one 

major component . Pur i f i ca t ion b y co lumn c føomatography on s i l ica gel (4:1 ท-

hexane/ethyl acetate) gave 2,3,5,6-tetrafluoro-4-(phenylsulfanyl)pyridine 46 (0.26 g， 29%) 

as a colourless o i l ; ( [ M - H ] ^ 257.9997, C11H5NF4ร requires [ M - H ] ^ 257.9995) ; δρ -91.05 

(2F, m， F-2,6), -136.92 (2F， m, F-3,5); Ô H 7.15-7.45 (5H， m , A r H ) ; ôc 143.7 (d tm, 'JcF 

245.0 , 2 JcF 13 .3 ,C-2 ,6 ) , 141.2 (ddm, ' j cF 223.2, ^JcF 24 .1 ,C -3 ,5 ) , 133.2 (ร, А г С ) , 131.2 (էէ, 

' JcF 16.9, 3JcF 2.8, C-4) , 129.9 (s, AXortho C H ) , 129.7 (s, AXpara C H ) , 129.4 (s, A r „ „ „ C H ) ; 

m/z {Шү 259 { { M t , 83), 77 ( [M -C5NF4ร ]^ , 100). Data consistent w i t h l i terature values.^ 
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P r e p a r a t i o n o f 6 , 7 - D i f l u o r o - 8 - ( p h e i i y l s u l f o n y l ) - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 2 , 3 -
6] p y r a z i n e 47 

Տ Օ շ Բ հ ՏՕշԲհ 

へ HH. CH.CN 7ГҐ 
й 1 

NH2 СНҙСМ^ 7Г1- ļ 2 

NaHCOg e ^ N İ ^ N Î ^ ^ 
2d 47 Н 

7 1 % 

Ethy lenediamine 2 d (1.2 g, 20 m m o l ) and sod ium hydrogencarbonate (3.36 g, 40 m m o l ) 

were added to acetoni tr i le (400 m l ) under argon. 2,3,5,6-Tetraf luoro-4-

(pheny lsu l fony l )pyr id ine 18g (2.91 g, 10 m m o l ) was added and the resul t ing solut ion was 

re f lux ed fo r 3 d after w h i c h t ime '^F N M R indicated 100% convers ion o f start ing mater ia l . 

The react ion m ix tu re was cooled to r o o m temperature, the solvent evaporated and the 

residue redissolved i n dichloromethane. The so lu t ion was poured onto 1.0 M hydrochlor ic 

acid (50 m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and 

the solvent evaporated to dryness to g ive a b rown /ye l l ow sol id . The so l id was redissolved 

i n d ich loromethane and f i l tered through a si l ica p l u g to remove the b r o w n colourat ion. The 

solvent was evaporated to dryness to y ie ld the crude product as an orange/ye l low sol id (2.5 

g). Pur i f i ca t ion b y recrystal l isat ion from dich loromethane gave 6,7-diflouro-8-

(phenylsulfonyl)-l,2,3.4-tetrahydropyrido[2,3-bJpyrazme 47 (2.2 g, 71%) as needle- l ike 

ye l l ow crystals; m p 174.9-175.4°C; ( [ M + H ] ^ 312.0613, С п Н ц М з Ғ г З О г requires 

312.0613); δρ -108.67 ( I F , d , ^JpF 24.5, F-6), -157.57 ( I F , d , ^JpF 24.8, F-7) ; Ô H 8.00 ( 2 H , 

d m , 3 J H H 5.7, Aiortho H)， 7.66 ( I H , t m , 3 J H H 7.2, Aipara H)， 7.56 ( 2 H , t m , 3 J H H 7.8, Ar„e,a H)， 

3.49 (4H， s, CH2); Sc 141.6 ( ร , А г С ) , 141.1 (dd, 'JcF 224.9, ^JcF 16.8, C-6), 140.7 (dd , 2 JcF 

1 4 . 8 , 3 J c F 3.8, C-8) , 134.5 (ร, Aiortho C H ) , 132.4 (dd , 'JcF 248.2, ^JcF 29.7, C-7) , 129.5 (ร, 

Armera CH), 127.8 ( d , 3 JcF 2.6, C-4a), 127.5 (ร, Aipara CH), 116.8 ( d , 3 JcF 13.3, C-8ű), 39.3 
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(s, CH2), 39.2 (s, CH2); m/z ( Е ґ ) 311 ( [ M ] + , 100), 296 ( [ M - N H ] ^ 7 ) , 168 ( [ М - Н г З О г Р Һ ] ^ 

44) . 

P r e p a r a t i o n o f 6 ,7-О іПиого-3,4-(1 іЬус1го-4-те іЬу1-8-(рЬепу І8и1Гопу І ) -2Я-руг іг іо[3,2-

6 ] [ l , 4 ] o x a z m e 4 8 

ŞOsPh 

18g 5a 

Տ Օ շ Բ հ Տ Օ շ Բ հ 

շ / L . F メวн 

NaHCO^ 7 I + ļ ՝ 
ОН CH3CN F - ^ - N t ľ N ' ^ ^ F - ^ N ^ N 

6 ՚ : 1 
48 49 
8 6 % 

2-Methy la ın inoethano l 5a (0.50 g, 6.67 m m o l ) and sod ium hydrogencarbonate (1.12 g, 13.3 

m m o l ) were added to acetoni tr i le (200 m l ) under argon. 2,3,5,6-Tetraf luoro-4-

(pheny lsu l fony l )pyr id ine 18g (0.97 g， 3.33 m m o l ) was then added and the resul t ing solut ion 

was re f luxed for 4 d after w h i c h t ime ' ^ғ N M R indicated 1 0 0 % convers ion o f start ing 

mater ia l . The react ion m ix tu re was cooled to r o o m temperature, the solvent evaporated and 

the residue redissolved i n dichloromethane. The m ix tu re was poured onto 1.0 M 

h y d r o c h l o r i c acid (50 m l ) , e x t r a c t e d w i t h d i c h l o r o m e t h a n e (3 X 50 m l ) , dr ied o v e r 

magnesium sulfate and the solvent was evaporated to dryness to y ie ld the crude product as 

a b r o w n o i l (1.1 g) consist ing o f t w o majo r components i n the rat io 6:1 w h i c h were 

ident i f ied as 6,7-difluoro-i, 4-dihydro-4-methyl-8-(phenylsulfonyl)-2H-pyrido[3,2-

b] [l,4]oxazine 48 ; and 2-(N-(3,5,6-trifluoro-4-(phenylsulfonyl)pyridine-2-yl)-N-

methylamino)ethanol 49; δρ -88.36 ( I F , m， F-6), -131.58 ( I F , d , ^ J F F 33.8, F-5), -154.46 

( I F , dd , " J F F 2 7 . 1 , ^ J F F 11.3, F-3); m/z (EI+) 346 ( [ M ] * , 2)， 326 ( [M-HF] " " , 25)， 315 ( [ M -

CHaOH]^ , 100). Pur i f i ca t ion b y c o l u m n chromatography on s i l ica gel (1:3 w-hexane/ethyl 

acetate) f o l l o w e d b y several recrystal l isat ions from dich loromethane gave 6,7-difluoro-3,4-
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dihydro-4-methyl-8-(phenylsulfonyl)-2H-pyrido[3,2-b][l,4]oxazìne 48 (0.94 g, 86%) as 

ye l l ow crystals, m p 177.2-178.5°C; (Found: с , 51.4; н , 3.7; N , 8.9; С н Н і г К г Р г О з З 

requires: С, 51.5; н , 3.7; N, 8.6%); δρ -96.96 ( IF , d, ' J F F 27.1, Ғ-6), -159.44 ( IF , d, ' J F F 

24.5, Ғ - 7 ) ; Ô H 8.06 ( 2 Н , d m , 3 J H H 7.2, Axortho H ) , 7.65 ( I H , t t , ' J H H 7.5, " J H H 1.2, Агр„,„ H ) , 

7.54 ( 2 H , t m , ' J H H 6.9, Ax„,e,a H ) , 4.18 ( 2 H , t , ' J H H 4.5, CH2), 3.44 (2H， t, ' J H H 4.8, CH2), 

3.03 ( 3 H , s, N C H 3 ) ; ôc 144.7 ( d d , ' j c F 230.2, ^JcF 16.8, C-6) , 141.7 ( d d , ̂ JcF 14.9, "JcF 2.7, 

C-Aa), 141.4 (ร, A r ๑ , 134.4 (s, ATortho CH), 134.3 ( m , C-8), 131.5 (dd , 'JcF 255.1, ' JcF 

32.6, C-7) , 129.2 (ร , A r „ , , „ C H ) , 128.3 (s, hipara C H ) , 126.4 (d , ^JcF 10.3, C-8ű) , 64.4 (s, 

NCH2), 47.0 (s, 0CH2), 36.4 (s, СНз) ; m/z (EI+) 326 ( [ M ] ^ 100), 311 ( [ M - C H з ] ^ 8)， 185 

( [ M - S 0 2 P h ] ^ 18). 

P r e p a r a t i o n o f 2 , 3 -D i f l uo ro -4 - (pheny l su I f ony I ) - 5H -py r i do [2 ,3 -Ä ] [ l , 4 ] b e n z o x a z i n e 51 

ҘОгРҺ ՏՕշԲհ ト 

V " C H 3 C N , ^ у Ц ^ ^ г ฯ + о . е . 

շ Ν 4-àO 「 に、F ^ N H 2 

1 8 g 50 

2-Aminopheno l 50 (0.75 g, 6.87 m m o l ) and sod ium hydrogencarbonate (1.15 g, 13.7 

m m o l ) were added to acetonitr i le (200 m l ) under argon. 2,3,5,6-Tetraf luoro-4-

(pheny lsu l fony l )pyr id ine 18g (1.0 g, 3.44 m m o l ) was then added and the react ion mix tu re 

was re f luxed for 4 d after w h i c h t ime 19F N M R indicated 1 0 0 % convers ion o f start ing 

mater ia l . The react ion m ix tu re was cooled to r o o m temperature, the solvent evaporated and 

the residue redissolved i n dichloromethane. The m ix tu re was poured onto 1.0 M 

hydroch lor ic ac id (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over 

magnesium sulfate and the solvent evaporated to dryness to y i e l d the crude product as a 

red/brown o i l (1.23 g) consist ing o f one major component . Pur i f i ca t ion b y co lumn 
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chromatography o n s i l ica gel (2:1 и-hexane/ethyl acetate) gave 2,3-difluoro-4-

(phenylsulfonyl)-5H-pyrido[2,3-b][l,4]benzoxazine 51 (0.62 g, 50%) as orange crystals; 

mp 〜 2 2 2 ° c (decomposes); (Found: c , 56.7; H， 2.8; N , 7.7; C17H10N2SO3F2 requires: c , 

56.7; H , 2.8; N， 7 .8%) ; δρ -103.27 (d , ^JFF 22.2, F-2)， -146.62 ( d , 3JFF 22.9, F-3); Ô H 8.30 

( I H , b r ร, ΝΉ)， 8.03 ( 2 Н , d m , 'JHH 8.8, ร,ՕշԽօոհօ Н ) , 7.74 ( İ H , էէ, 'JHH 7.6, ' JHH 1.2, 

S02Ar^„™ H)， 7 . 6 2 ( 2 H , t m , 'JHH 8 .0 , SOıkr^eta H)， 6 . 8 9 ( İ H , t d , ' JHH 7 .6 , 'JHH 1.6, A r H ) , 

6.80 ( İ H , t d , ' JHH 7.6, 4 JHH 1.6, A r H ) , 6.75 ( İ H , dd , ' JHH 8.0, ' JHH 1.6, A r H)， 6.59 ( İ H , dd , 

' J H H 7.6, ' J H H 1.6, A r H ) ; ôc 144.2 (d , 3JcF 3.9, C-4a) , 142.1 (dd , İ J C F 234.8, 2JcF 17.5, C-2) , 

142.3 (ร, A r C ) , 140.3 (ร, A r C ) , 137.3 (dd, 'JcF 258.0, ^JcF 28.5, C-3) , 135.3 (s, ร>ՕշԽ С ) , 

128.8 (ร, SOjAi^eia C H ) , 127.9 ( d , 5JcF 2.2, ՏՕշԽօոհօ C H ) , 127.2 (ร, SOzAr^«™ C H ) , 126.8 

(d , 2JCT 4.6, C - 4 ) , 125.7 (ร, A r C H ) , 123.9 (ร, A r C H ) , 119.8 (d , ^JcF 14.5, C - 8 a ) , 116.6 (ร, 

A r C H ) , 114.9 (ร, A r C H ) ; m/z ( Е Ґ ) 360 ( [ M ] ^ , 100), 219 ( [ M - S O j P h ] ^ , 80). 

P r e p a r a t i o n o f İV, 7 V ' - D i e t h y l - 6 , 7 - d i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 2 , 3 -

b\pyrazm-8-amine 52 

NEt2 I 

_ СНзСМ 7lı ^ ฯ 2 
+ NEt2Lİ ՚ > ไI Х } \ 

1 3 % 

A 2.5 M so lu t ion o f b u t y l l i t h i u m in tetrahydrofuran (0.47 m l , 1.18 m m o l ) was added to a 

solut ion o f d ie thy lamine (0.086 g， 1.18 m m o l ) i n te t rahydrofuran (25 m l ) at - 7 8 ° c . The 

resul t ing so lu t ion was st irred at - 7 8 ° c for 1 h before w a r m i n g to r o o m temperature and 

addi t ion o f pheny l 6 ,7 -d i f luoro- l ,4 -d imethy l - l ,2 ,3 ,4 - te t rahydropyr ido [2 ,3 -ô ]pyraz ine-8-

sulfmate 29 (0.20 g， 0.59 m m o l ) . The react ion m ix tu re was re f luxed for 2 d after w h i c h 

t ime 19F N M R indicated 100% conversion o f start ing mater ia l . The react ion mix tu re was 

188 

N N 



Chapter 10 

cooled to r o o m temperature, the solvent was evaporated and the residue redissolved i n 

dichloromethane. The mix tu re was poured onto water (50 m l ) , extracted w i t h 

dichloromethane (100 m l ) , dr ied over magnesium sulfate and the solvent evaporated to 

dryness to y ie ld the crude product as a b rown /ye l l ow o i l (0.87 g) consist ing o f one ma jo r 

component. Pur i f i ca t ion b y co lumn ctoomatography on si l ica gel (2:1 n-hexane/ethyl 

acetate) gave N, N'-diethyl-6,7-difluoro-1,4-dimethyl-1,2,3,4-tetrahydropyrido[2,3-

b]pyrazin-8-amine 52 (0.02 g, 13%) as a ye l l ow o i l ; ( [ M + H ] ^ 271.1728, C13H20N4F2 

requires [ M + H ] ^ 271.1729) ; δρ -99.24 ( I F , d， ^JpF 27.4, F-6) , -168.29 ( I F , d , ̂ JpF 27.3, F-7) ; 

Ô H 3.26 (4H, qd , ' JHH 7.0, 'JHF 1.5, М(СЯ,СНз)2), 3.17 ( 2 H , է, ' JHH 4.5, CH2), 2.97 (3H, ร , 

МСНз) , 2.96 ( 2 Н , է, 3 JHH 4.5, CH2), 2.56 (ЗН， ร , М С Н з ) , 0.98 ( 6 Н , է, 3 JHH 7.5, 

ҖСпгСНз)!); Ъс 145.7 (dd, 'JcF 224.6, 2JcF 15.3, C-6) , 143.7 (d , ^JcF 16.8, C-Aa), 139.6 

(m， C-8) , 132.6 (dd , ' j cF 240.0, ^JcF 2 9 . 1 , C-7) , 120.4 (d , 3JcF 4.8, C-8a) , 47.5 (ร, N C H z ) , 

43.6 (d , 4 J c F 4.8, N(CH2CH3)2), 42.1 (ร, N C H z ) , 40.5 (ร, N C H a ) , 35.9 (ร, NCHa) , 12.3 (ร, 

К(СН2СНз)2); m/z (EI)+ 270 ( [ М ] ^ , 100), 255 ( [М-СНз] " " , 16), 241 ( [ М - С Н г С Н з ] ^ , 26) , 226 

([М-(СНз)2СН2]^ 52) , 211 ([М-(СНз)зСН2]^ 70) . 

P r e p a r a t i o n o f 7 - F I u o r o - l , 4 - d i m e t h y l - 6 - p h e n o x y - 8 - ( p h e n y l s u I f o n y I ) - l , 2 , 3 , 4 -

t e t r a h y d r o p y r i d o [2,3-6] p y r a z i n e 54 

ՏՕշԲհ I 

+ THF . 
РҺОҠ* >» 

PhO 6 N V ^ Ņ 

Phenol (0.11 g, 1.2 m m o l ) and potassium metal (0.02 g, 0.51 m m o l ) were added to d ry 

tetrahydro furan (20 m l ) under argon and the react ion m ix tu re was st irred un t i l a l l the 

potassium had reacted before the addi t ion o f pheny l 6 ,7-d i f luoro-1,4-d imethy l -1 ,2 ,3 ,4-
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te t rahydropyr ido[2,3-ծ ]pyraz ine-8-su l f inate 29 (0.2 g， 0.59 m m o l ) . The result ing solut ion 

was re f luxed for 4 d after w h i c h t ime '^F indicated 9 8 % convers ion o f start ing mater ia l . 

The react ion m ix tu re was cooled to r o o m temperature, poured onto water (30 m l ) , extracted 

w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated 

to dryness to y i e l d the crude product as a y e l l o w o i l (0.38 g) consist ing o f t w o major 

components in the rat io 1:3 w h i c h were ident i f ied as б-ßuoro-J,4-dimethyl-7-phenoxy-8-

(phenylsulfonyl)-l,2,3,4-tetrahydropyrido[2,S-bJpyrazine 53; δρ -86.79 ( I F , ร, F-6) ; m/z 

(Ε1Ϋ 413 ( [M] - " , 100), 398 ( [ M - C H з ] ^ շ ) , 257 ( [ M - C v H s S O a ] ^ 59) , 77 ( [ М -

C15H15N3รОзҒ]^ 62) ; and 7-fluoro-l, 4-dimethyl-6-phenoxy-8-(phenylsulfonyl)-l,2,3,4-

tetrahydropyrido[2,3-b]pyrazine 54; δρ - 1 5 1 . 8 5 ( I F , ร, F - 7 ) ; ÔH 7 . 9 0 ( 2 H , d , 3 JHH 7 .5 , 

ՃՕշԽօոհօ H ) , 7 .51 ( Ш , է, ^JHH 7 .5 , SOaAr^,«™ H ) , 7 .41 (2Н， է, ' JHH 8 .0 , 802Аг;„в,« Н ) , 7 .23 

( 2 Н , է, 3 JHH 7.5, O A r Н ) , 7.03 ( İ H , է, ^JHH 7.5, O A r Н ) , 6.96 (2Н， d , 3 JHH 8.0, о A r Н ) , 3.22 

( 2 Н , է, ^JHH 5.0, CH2), 2.85 ( З Н , s, СНз) , 2.77 ( З Н , s, СНз), 2.72 (2Н， է, 'JHH 5.0, СН2); ôc 

153.5 (s, O A r C ) , 145.1 (d , '•jcF 2.0, C-4a), 143.3 (d , ^JcF 14.4, C-6) , 141.5 (s, SOaAr C) , 

134.4 (d , ՝JcF 256.7, C-7) , 132.3 (ร, ՏՕշԽօոԽ CH), 128.6 (d , ^JcF 9 . 1 , C-S), 128.1 (s, O A r 

C H ) , 127.4 (s, S02Ar„,e,„ C H ) , 126.6 (s, 802АГ;,„,„ C H ) , 123.7 (d , ^JcF 2.4, C-8a), 122.8 (ร, 

O A r C H ) , 118.8 (ร, O A r C H ) , 46.4 (s, CH2), 45.9 (s, С Н з ) , 42.1 (ร, С Н г ) , 35.5 (ร, СНз ) ; m/z 

(EI)+ 413 ( [ M ] ^ 90)， 398 ( [ М - С Н з ] ^ 4)， 272 ( [ M - S O շ P Һ ] ^ 25)， 77 ( [ M - C s H i s N s S O î F ] ^ 

100). Pur i f i ca t ion by СОІШПП cfeomatography on s i l ica gel (1:1 и-hexane/ethyl acetate) 

gave a m ix tu re o f б-ßuoro-J, 4-dimethyl- 7-phenoxy-8֊(phenylsulfonyl)-l,2,3,4-

tetrahydropyridof2,3-bJpyrazine 53 and 7-fluoro-l,4-dimethyl-6-phenoxy-8-

(phenylsulfonyl)-l ,2,3,4-tetmhydropyridof2,3-bJpymzine 54 i n the ratio 0.2:99.8 

respect ively (40 m g , 16%) as a ye l l ow o i l . 
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P r e p a r a t i o n o f iV ,7V ' -D ie thy l - l , 4 -d ime thy l -8 - (pheny l su I f o i i y I ) - l , 2 ,3 ,4 -
t e t r a h y d r o p y r i d o 【2,3̂ ^ p y r a ^ ^ ^ 55 

I Տ Օ շ Բ հ 
― İ N 8-а І5 7 H 

W ^ / CHąCN , r TT 
^ й NaHCOg Հ̂ ^̂ ը̂̂ ^ 

2а I 55 

7 3 % 

л^ , ' -D ime thy le thy lened iam ine 2а (0.077 g, 0.88 m m o l ) and sod ium hydrogencarbonate 

(0.13 g， 1.6 m m o l ) were added to acetonitr i le (25 m l ) under argon. Ν ,Ν ' -D ie thy l -3 ,5 ,6 -

t r i f luoro-4- (pheny lsu l fony l )pyr id ine-2-amine 41a (0.14 g， 0.45 m m o l ) was then added and 

the resul t ing so lu t ion was re f luxed for 2 d after w h i c h t ime 19F N M R indicated 100% 

conversion o f start ing mater ia l . The reaction m ix tu re was coo led to r o o m temperature, the 

solvent evaporated and the residue redissolved i n d ich loromethane. The m ix tu re was 

poured onto 1.0 M hydroch lo r ic ac id (30 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , 

dr ied over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the crade 

product as a b r o w n o i l (0.56 g) consist ing o f one ma jo r component . Pur i f i ca t ion b y co lumn 

chromatography o n s i l ica gel (6:1 «-hexane/ethyl acetate) gave N,N֊diethyl-l,4-diimethyl-

8-(phenylsulfonyl)-l,2,3,4-tetrahydropyrido[2,3-b]pyrazin-6-amine 55 (0.12 g, 78%) as 

ye l l ow crystals; m p 139.3-141.1°C; ( [ M + H ] ^ 375.1850, C19H26N4SO2 requires [ M + H ] ^ 

3 7 5 . 1 8 4 9 ) ; Ô H 7 . 9 5 (2H， d , 3JHH 7 . 0 , รОгАхог,һо), 7 . 5 0 ( Ш , է, ' J H H 7 . 5 , รОгАграга), 7 . 4 0 ( 2 Н , 

է, ^JHH 7.5, SOzAr^em), 6.40 ( I H , s, Н-7) , 3.48 ( 4 Н , q, ^JHH 7.0, М(СЯ,СНз)2), 3.31 ( 2 Н , է, 

'JHH 5 .4 , СН2), 3 . 0 7 (ЗН， s, NCH3), 2 . 7 2 (ЗН， s, NCH3), 2 . 3 9 ( 2 Н , է, 3 JHH 5 .4 , CH2), 1.18 

(6Н， է, 3 JHH 7.0, ЩСЯїСНз)!); ôc 152.3 (s, c-6), 150.8 (ร, C-4ű) , 142.6 (ร, A r С ) , 140.6 (s, 

C-8) , 131.5 (ร, kTortho C H ) , 127.1 (ร, Aī,„eta C H ) , 126.8 (ร, Axpara C H ) , 114.3 (s, с - 8 й ) , 89.3 

(ร, C-7) , 45.9 (s, CH2), 43.6 (s, NCH3), 41.8 (s, К(СН2СНз)2), 41.7 (s, C H 2 ) , 35.1 (s, 
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NCH3), 12.1 (s, М(СН2СНз)2); m/z (E I ) * 374 ( [ М ] ^ 100), 359 ( [ М - С Н з ] ^ 92) , 330 ( [ М -

(СНз)2СН2]^ 14), 233 ([M-S02Ph]", 28). 

P r e p a r a t i o n o f 7 -F Iuo ro - l , 2 , 3 ,4 - t e t r ahyd ro - l , 4 -d ime thy l - 6 -phenoxy֊8-

( p h e n y l s u l f o n y l ) p y r i d o [2,3-Ä] p y r a z i n e 56 

ՏՕշՐհ I ՏՕշԲհ 

՝ N ^ O P h Н 
44a 2a I 56 

I ՏՕշԲհ 
СНзСМ 2 > ^ į ^ F 

NaHCO, յ Լ A J4 
з 4Ņ 4 ^ N ^ 0 P h 

6 5 % 

A' . /^ ' -D imethy le thy lenediamine 2a (0.019 g, 0.22 m m o l ) and sod ium hydrogencarbonate 

(0.037 g， 0.44 m m o l ) were added to acetonitr i le (25 m l ) under argon. 2 ,3 ,5-Tr i f luoro-6-

phenoxy-4- (pheny lsu l fony l ) -pyr id ine 44a (0.04 g, 0.11 m m o l ) was added and the resul t ing 

so lu t ion was re f luxed fo r 1 d after w h i c h t ime N M R indicated 100% convers ion o f 

start ing mater ia l . The react ion m ix tu re was cooled to r o o m temperature, the solvent 

evaporated and the residue redissolved i n d ich loromethane. T h e m i x t u r e was then poured 

onto 1.0 M hydroch lor ic acid (30 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied 

over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the crade product as 

a ye l l ow o i l (0.04 g) consist ing o f one ma jo r component . Pur i f i ca t ion b y preparat ive T L C 

o n s i l ica gel (2:1 w-hexane/ethyl acetate) gave 7-fluoro-l,2,3,4-tetrahydro-1,4-dimethyl-6-

phenoxy-8-(phenylsulfonyl)pyrido[2,3-b]pyrazine 56 (0.03 g, 6 5 % ) as a ye l l ow so l id ; m p 

137.3-139.4°C; ( [ M ] * 413.1197, C21H20N3O3FS requires [ M ] + 413.1209) ; δρ -151.88 (ร, Ғ -

7)； ÔH 7.96 (2Н， d, 3 JHH 7.5, 802Аг„,,л<, H ) , 7.58 ( Ш , է, 3 JHH 7.0, ร.ОгАХрага H ) , 7.48 (2Н， է, 

'JHH 8.0, S02Ar,„emH), 7.29 (2Н, է, ' JHH 8.0, O A r H) , 7.10 ( İ H , է, ' JHH 7.5, O A r H) , 7.02 

( 2 Н , d， ^JHH 8 .0 , O A r H ) 3 . 2 9 (2H， t, ^JHH 5 .0 , NCH2), 2 . 9 2 ( 3 H , ร, М С Н з ) , 2 . 8 4 ( З Н , s, 

NCH3), 2.79 ( 2 Н , t， 3 JHH 5.0, NCH2); Sc 153.7 (ร, O A r ๑ , 145.1 (d , ' J c F 2.0, C-4a), 143.3 
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(d , ^JcF 14.3, C-6) , 141.5 (ร, ՏՕշԽ С ) , 134.4 (d , 'JcF 254.6, C-7) , 132.3 (ร, ՏՕշԽօոհօ C H ) , 

128.7 (d , ' J cF 9 . 1 , C-8) , 128.1 (s， о A r C H ) , 127.4 (ร, S02Ai„,eta C H ) , 126.7 (ร, SOiMpara 

C H ) , 123.8 (d , ^JcF 2.0, C-8a) , 122.9 (ร, o A r C H ) , 118.8 (s, o A r C H ) , 46.4 (ร, С Н г ) , 45.9 

(s, СНз) , 42.2 (s, C H 2 ) , 35.5 (s, СНз) ; m/z ( E l f 413 ( [ M ] ^ 100), 398 ( [ М - С Н з ] \ 6 ) , 272 

( [M-SOzPh]^ , 28)， 77 ( [ M - C ı s H ı s N î S O a F ] ^ 100). 

P r e p a r a t i o n o f 2 - (A ' - ( 6 - (D ie thy l am ino ) -2 ,5 -d i f l uo ro -4 - (pheny l su l f ony I ) py r i d i ne -3 - y l ) -

7V-methy Iamino)e thano l 57 

Ҙ О г Р Һ I ŞOzPh 

CHoCN 
№ Н С О з н о 

2-Methy laminoethano l 5а (0.12 g, 1.58 m m o l ) and sod ium hydrogencarbonate (0.27 g, 3.16 

m m o l ) were added to acetonitr i le (50 m l ) under argon. A/ ,A^' -Diethyl-3,5,6-t r i f luoro-4-

(pheny lsu l fony l )pyr id ine-2-amine 41a (0.25 g , 0.79 m m o l ) was added and the resul t ing 

solut ion was re f luxed for 6 d after w h i c h t ime ' 9 F N M R indicated 9 1 % convers ion o f 

start ing mater ia l . The react ion mix tu re was cooled to r o o m temperature, the solvent 

evaporated and the residue redissolved i n d ichloromethane. The m ix tu re was poured onto 

1.0 M hydroch lor ic ac id (30 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over 

magnesium sulfate and the solvent evaporated to dryness to y ie ld the crude product as a 

b r o w n o i l (0.23 g) consist ing o f one ma jo r component . Pur i f i ca t ion b y co lumn 

chromatography on s i l ica gel (2:1 n-hexane/ethyl acetate) gave 2-(N֊(6-(diethylamino)-2.5-

difluoro-4-(phenylsulfonyl)pyridine-3-yl)-N-methylamino)ethanol 57 (0.17 g， 58%) as a 

ye l l ow o i l ; ( [ M ] ^ 399.1439, C18H23N3รO3F2 requires 399.1428) ; δρ -73.25 ( I F , d， ^JpF 31.6, 

F-2), -134.30 ( I F , d , ' J F F 33.8, F-5); Ô H 8.01 (2H， d m , ' J H H 8.0, AXortho H ) , 7.64 ( I H , t m , 
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3JHH 7.6, AXpara H)， 7.56 ( 2 H , t m , 3 JHH 7.2, Ах^еш н ) , 3.73 ( Ш , m , М С Я „ Н ь ) , 3.55 ( İ H , dt, 

'JHH 12.0, ' JHH 4.0, НСНаЯб), 3.44 (4Н， q, ^ J „ H 6.8， ҖСН2СЯг)2), 3.10 ( З Н , m, 

НСНаНьСЯ^), 2.17 (ЗН, ร, NCHj ) , 1.17 (6Н, է, 3 JHH 6.8, М(СН2СЯз)2); δα 156.4 (d, ' jcF 

242.4, C-2) , 145.4 ( m , C-6) , 142.1 (s, A r c), 139.1 (d , iJcF 263.8, C-5) , 137.7 ( m , C-4) , 

134.1 (s, Axortho C H ) , 129.3 (ร, A r „ , , „ C H ) , 128.2 (s, AXp,ra C H ) , 118.1 (d , 'JcF 32.8, C-3) , 

59.6 (ร, МСНаНьСЯ2), 59.4 (d , ''JcF 3.4, NCHaHbCHa), 44.8 (d , % F 6.5, М(СН2СНз)2), 41.1 

(d , '̂ JcF 2.2, N C H 3 ) , 13.8 (ร, М ( С Н 2 Ш з ) 2 ) ; m/z (EI)+ 399 ( [ M ] ^ 42)， 368 ( [ М - С Н г О Н ] ^ 

100), 77 ( [ М - С і 2 Н , 8 М з 8 0 з Р 2 ] ^ 42) . 

P r e p a r a t i o n o f 4 - A c e t y l - 6 , 7 - d i f l u o r o - 8 - ( p h e n y I s u I f o n y l ) - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 2 , 3 -

6 ] p y r a z i n e 58 

B-a.N 

6 N 4-а N N N 

Acet ic anhydr ide (0.06 g, 0.60 m m o l ) was added to a so lu t ion o f 6 ,7-d i f luoro-8-

(phenylsul fonyl ) -1,2,3,4- tet rahydropyr ido[2,3-Ŕ ]pyraz ine 47 (0.09 g, 0.30 m m o l ) i n acetic 

anhydride and the react ion mix tu re was st irred at r o o m temperature fo r 5 h before re f lux ing 

for 1 d after w h i c h t ime ' 9 F N M R indicated 8 0 % convers ion o f start ing mater ia l . The 

react ion m ix tu re was cooled to r o o m temperature, poured onto water (30 m l ) , extracted 

w i t h d ich loromethane (100 m l ) , dr ied over magnesixjm sulfate and the solvent evaporated to 

dryness to y i e l d the crade product as a b r o w n o i l (0.12 g) consist ing o f one major 

component. Pur i f i ca t ion by mass directed automated preparat ive H P L C ( 3 0 % - 8 5 % 

acetonitr i le i n f o rm ic acid) gave 4-acetyl-6,7-difluoro-8-(phenylsulfonyl)-l, 2,3,4-

tetrahydropyrido[2.3-b]pyrazine 58 (0.07 g, 68%) as a y e l l o w o i l ; ( [ M + H ] ^ 354.0718, 
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C15H13N3F2SO3 requires [ M + H ] * 354.0718); δρ -104.66 ( I F , d , ^JFF 26.3, F-6) , -140.85 ( I F , 

dd , 'JFF 26.3, F-7) ; Ô H 8.04 ( 2 H , d m , 'JHH 8.4, кГог,һо Н ) , 7.72 ( İ H , էէ, ' JHH 7.2, "JHH 1.2, 

AXpara Н ) , 7 . 6 0 (2Н， t m , ^JHH 8.4, Axmeta н ) , 7.42 ( İ H , b r ร , N H ) , 3.95 ( 2 Н , է, ^JHH 4.8, 2-

CH2), 3.52 ( 2 Н , m , З-СН2), 2.42 ( З Н , s, COCH3); ôc 169.7 (s, c = 0 ) , 140.7 (s, A r С) , 139.0 

(dd , 'JcF 230.7, 'JcF 17.5, C-6) , 138.9 (dd, 'JcF 263.0, ' j cF 30.4, C-7) , 134.8 (ร, Axp„ra C H ) , 

131.2 (dd , 3JcF 4 .2 , 4 JcF 1.2, C-4a), 130.7 (dd, ^JcF 12.0, 4JcF 5.0, C-8a) , 129.5 (ร, Axmeta 

C H ) , 127.5 (ร, Aiortho C H ) , 119.3 (d , ^JcF 12.0, C-8) , 41.0 (s, C-2) , 36.7 (ร, C-3) , 24.5 (s, 

СНз) ; m/z ( Е ґ ) 352 ( [ М ] ^ 100), 309 ( [ М - С О С Н з ] ^ 92) . 

1 G. Α . Sei ivanova, T . V . Chu ikova , Α . Α . Shtark, and V . D . Shteingarts, Zh. Org. 

Шт., 1989, 24, 2513. 

R. D. Chambers, J. Hutch inson, and พ . к . R. Musgrave ,  J. Chem. Soc, 1965, 802， 

5040. 

R. E. Banks, พ . Jond i , and A . E. T ipp ing ,  J. Fluorine Chem., 1989, 44， 4 4 1 . 

R. E. Banks and G. R. sparkes, J. Chem. Soc, Perkin Trans. 1, 1972, 2964. 

พ . D m o w s k i and Α . Haas, J. Chem. Soc, Perkin Trans. 1, 1987, 2119. 

R. E. Banks, R. Ν . Haszeld ine, D. R. Karsa, F. E. R icke t t , and I. M . Y o u n g , J. 

Chem. Soc. (С), 1969 ,12 , 1660. 
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E X P E R I M E N T A L T O C H A P T E R 5 

P r e p a r a t i o n o f 2 - ( D i e t h y I a i n i n o ) - 3 , 5 , 6 - t r i f l u o r o i s o n i c o t i n o n i t r i l e 59b 

ÇN ÇN ÇN 

N' ՝ F + tsH № Н С О з ' F ^ N ^ N E t 2 + F ^ N ^ ^ N E t ^ 

18Һ 1 68 
59a 59b 

50% 

D ie thy lamine (0.41 g, 5.68 m m o l ) and sod ium hydrogencarbonate (0.48 g, 5.68 m m o l ) 

were added to acetoni t r i le (175 m l ) under argon. 2 ,3,5,6-Tetraf luoro-4-pyr id inecarboni t r i le 

18Һ (1.0 g, 5.68 m m o l ) was added and the resul t ing so lu t ion was st irred at r oom 

temperature for 4 d after w h i c h t ime 19F N M R indicated 100% convers ion o f start ing 

mater ia l . The solvent was evaporated and the residue redissolved i n d ichloromethane. The 

mix tu re was poured onto 1.0 M hydrochlor ic acid (30 m l ) , extracted w i t h d ichloromethane 

(3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated to dryness to y ie ld 

the crude product as a y e l l o w o i l (0.87 g) consist ing o f t w o ma jo r components in the ratio 

1:68 w h i c h were iden t i f ied as 2,5-(bisdiethylamino)-3,6-difluoroisonicotinonitrile 59a; and 

2-(diethylamino)-3,5,6-trifluoroisonicotinonitrile 59b . Pur i f i ca t ion b y co lumn 

chromatography o n s i l ica gel (1:1 ท -hexane/d ichloromethane) gave  2-(diethylamino)-3,5,6-

trifluoroisonicotinonitrile 59b (0.65 g， 50 % ) as a y e l l o w o i l ; ( [ M + H ] ^ 230 .0901 , 

C10H10N3F3 requires [ M + H ] ^ 230.0900) ; δρ -88.14 ( I F , m , F-6), -130.48 ( I F , dd, ^JpF 33.8, 

^JFF 11.3, F-5), -153.41 ( I F , dd , "̂ JpF 24.8, ^JFF 9.0, F-3) ; ÔH 3.49 ( 4 H , qd, ^JHH 7.0, ^JHF 2.0, 

CH2), 1.21 (6H, t, ^JHH 7 . 0 , СНз ) ; ôc 1 4 3 . 2 (dd, iJcF 2 1 6 . 5 , 2JcF 1 2 . 4 , C-6), 142 .7 ( m , C-3), 

140.5 (m， C-2) , 131.6 (dd , iJcF 260.0, ^JcF 33.9, C-5) , 107.0 (ร, C N ) , 102.5 ( m , C-4) , 43.4 

(d , ^JcF 5.8, CH2), 12.5 ( ร , С Н з ) ; m/z ( Е Ґ ) 229 ( [ М ] ^ 19), 214 ( [ М - С Н з ] ^ 82), 186 ( [ М -

М С Н г С Н з ] ^ , 100); and 2.5-(bisdiethylamino)-3,6-difluoroisonicotinonitrile 59а (0.27 g, 17 
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% ) also as a ye l l ow o i l ; ( [M+H]"^ 283.1730, С,4Н2оК4р2 requires [ M + H ] ^ 283.1729); δρ -

7 4 . 6 8 ( I F , d , 'JFF 3 1 . 6 , F - 6 ) , - 1 3 2 . 5 8 ( I F , d , 3 1 . 6 , F - 3 ) ; 5н 3 . 4 9 ( 4 H , qd , ^JHH 7 .0 , 'JHF 

1.5, CHz) , 3.06 (4H, q d , 'JHH 7.0, 'JHF 1.0, CH2), 1.21 (6H, t, 3 JHH 7.0, СНз) , 1.02 (6H, է, 

^JHH 7 .0 , СНз ) ; ôc 1 5 3 . 6 (d , i jcF 2 4 0 . 0 , C - 6 ) , 1 4 3 . 0 ( d , 'JcF 2 3 2 . 3 , C - 3 ) , 141 .9 (m， C - 2 ) , 

118.1 (d , ^JcF 34.4, C-5) , 114.2 ( m , C-4) , 110.7 (m， CN)， 47.4 ( d , %F 2.4, CH2), 43.1 (d , 

4 JcF 5.8, CH2), 12.7 (ร, СНз ) , 12.6 (ร, СНз) ; m/z ( Е Ґ ) 282 ( [ M ] ^ 71) , 267 ( [ М - С Н з ] ^ , 100), 

253 ( [ М - С Н г С Н з ] ^ 10), 239 ( [ М - С Н з С Н з С Н з ] ^ , 53) . 

P r e p a r a t i o n o f 2 - A i i í l i n o - 3 , ร , 6 - t r i f l u o r o i s o i i i c o t i n o i i i t r i l e 60 

へ z ЫаНСОз Ä 人 _ 
N' ՝ ғ F ' ՝N ՝NHPh 

18Һ 60 
93% 

A n i l i n e (0.26 g , 2.84 m m o l ) and sodi iun hydrogencarbonate (0.48 g, 5.68 m m o l ) were 

added to acetoni tr i le (100 m l ) under argon. 2,3,5,6-Tetraf luoro-4-pyr id inecarboni t r i le 18Һ 

(0.5 g, 2.84 m m o l ) was added and the resul t ing so lu t ion was st i r red at r o o m temperature for 

1 d before re f l ux ing fo r 13 d. Over the course o f the react ion 12 extra equivalents o f 

ani l ine (3.17 g, 34 m m o l ) were added. 19F N M R indicated 100% convers ion o f start ing 

mater ia l so the react ion m ix tu re was cooled to r o o m temperature, the solvent evaporated 

and the residue redissolved i n dichloromethane. The m ix tu re was poured onto 1.0 M 

hydroch lor ic ac id (30 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over 

magnesium sulfate and the solvent evaporated to dryness to y ie ld the crude product as a 

b r o w n o i l (1.32 g) consist ing o f one ma jo r component . Pur i f i ca t ion b y co lumn 

chromatography on s i l ica gel (3:1 ř i -hexane/ethyl acetate) f o l l o w e d b y recrystal l isat ion 

from ethy l acetate gave 2-anilino-3,5,6-trifluoroisonicotinonitrile 60 (0.66 g， 93%) as 
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orange crystals; m p 204.5-205.5°C; (Found: c, 57.7; H , 2.4; N , 17.0; C12H6N3F3 requires: 

c， 57.8; H， 2.4; N , 16 .9%) ; ôpCdô-Acetone) -87.96 ( I F , dd , ^JpF 32.0, ^JpF 22.0, F-5), -

1 3 4 . 6 1 ( I F , dd, ^JFF 3 1 . 0 , ^JpF 9 . 0 , F - 6 ) , - 1 4 8 . 7 5 ( I F , dd, ^JpF 2 2 . 0 , ^JpF 9.2， F - 3 ) ; òl·lidb-

Acetone) 7.55 (2H, d , ' J H H 7.6, АГопһо Н) , 7.39 (2Н, t， ' J H H 7.6, Агп,е,а н), 7.16 ( Ш , է, ' J H H 

7.0, Arpara Н ) , 6.69 ( İ H , b r s, N H ) ; 5c (d6 -Acetone) 144.5 (ddm, 'JcF 2 2 9 . 9 , 2 J c F 13.2, C-5) , 

143.9 ( dm , 'JcF 270.5, C-3) , 139.6 (m， C-4) , 139.0 (ร, A r С ) , 134.4 (dd , ' j cF 258.5, ^JcF 

34.3, C-6), 129.1 (ร, Arn,eta CH), 123.8 (ร, Аграга CH), 120.2 (ร, Atortho CH), 107.8 (d, ' j c F 

4.2, C N ) , 102.4 (m, C-2) ; m/z ( Е Ґ ) 248 ( [ M - H ] ^ , 100), 77 ( [М֊СбШзҒз ] ^ , 94) . 

P r e p a r a t i o n o f 2 , 3 , 6 - T r i f l u o r o - 5 - e t h o x y i s o n i c o t i n o n i t r i l e 61a 

+ E t o - , a ^ Fぶ。Et F그 
N " 、 ғ F ' " " N " ՝ ғ F ' ^ N ' 、OEt 

18Һ 3 : 1 

61a 61b 

D r y ethanol (0.13 g, 2.84 m m o l ) and sod ium (0.07 g， 2.84 m m o l ) were added to 

tetrahydrof t i ran (3 m l ) under argon and st irred for 2 h. The tetrahydro furan was evaporated 

and the residue redissolved i n acetonitr i le (20 m l ) . Th is so lu t ion was added dropwise to 

2,3,5,6- tet raf luoro-4-pyr id inecarboni t r i le 18Һ (0.5 g, 2.84 m m o l ) i n acetoni tr i le (20 m l ) and 

the resul t ing react ion m ix tu re was st irred at r o o m temperature fo r 1 d before re f lux ing for 6 

d. Over the course o f the react ion three fiirther equivalents o f sod ium ethoxide (0.57 g, 

8.52 m m o l ) were added. 19F N M R indicated 100% convers ion o f start ing mater ia l so the 

react ion m ix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ichloromethane. The mix tu re was poured onto 1.0 M hydroch lor ic acid (30 

m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent was evaporated to dryness to y ie ld the crude product as a b r o w n o i l (0.9 g) 
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consist ing o f t w o ma jo r components i n the rat io 3:1 w h i c h were ident i f ied as 2,3,6-

trifluoro-5-ethoxyisonicotinonitrile 61a; ôpCdô-Acetone) - 8 7 . 4 4 ( I F , đd, 3J f f 2 9 . 3 , " jpF 1 3 . 5 , 

F - 2 ) , - 9 9 . 4 6 ( I F , t, " J f f 1 5 . 8 , F - 6 ) , - 1 3 9 . 3 2 ( I F , dd , ^JpF 2 9 . 3 , 5 J f f 20.3, F - 3 ) ; Ôc(d6-

Acetone) 144.2 (ddd, iJcF 238.9, 2JcF 11.0, 3 JcF 2.9, C-2) , 142.8 (ddd , 'JcF 262.8, ^JcF 3 0 . 1 , 

"•jcF 6.6, C-6) , 141.2 (dd , ^JcF 34.4, ^JcF 6.3, C-5) , 139.7 ( d m , i j cF 234.6, C-3) , 108.8 (t, 2 J c F 

3.8, C-4) , 104.6 ( m , C N ) , 54.31 (ร, СНг ) , 30.0 (s, С Н з ) ; míz ( Е Ґ ) 202 ( [ М ] ^ 21) , 187 ( [ М -

С Н з ] ^ 4)， 174 ( [ М - С Н з С Н ] ^ , 100); and 2,з, 5-trifluoro-6-ethoxyisonicotinonitrile 61b ; 

ÔF(d6-Acetone) -90.96 ( I F , է, ^JpF 22.6, F-2), -134.94 ( I F , dd , ^JpF 29.3, %v 6.8, F-3), -

1 4 6 . 8 7 ( I F , d d , ^J f f 2 2 . 6 , ^JpF 9 . 0 , F - 5 ) ; m/z ( E I + ) 2 0 2 ( [ M ] ^ , 5)， 1 8 7 ( [ М - С Н з ] ^ 2)， 1 7 4 

( [ М - С Н з С Н ] * , 100). Part ia l pur i f i ca t ion b y co lumn chromatography on si l ica gel (2:1 ท-

hexane/ethyl acetate) f o l l owed b y recrystal l isat ion from ch lo ro fo rm gave a mix tu re o f 

2,3,6-trifluoro-5-ethoxyisonicotinonitrile 61a and 2,3,5-trifluoro-6-ethoxyisonicotinonitrile 

61b i n the rat io 94:1 respect ively (0.5, 87%) . 

P r e p a r a t i o n o f 2 , 3 , 6 - T r i f l u o r o - 5 - p h e n o x y i s o n i c o t i n o n i t r i l e 62b 

D^u CH3CN F Р Һ О ^ Г ^ Ғ P h O ^ Ļ p 

՝' +РҺОН ^ і» I ՝ + I JI ^ 
N ^ F NaHC03 F ^ N ^ o P h F ス N人 F P - ^ N ^ O P h 

18h 1 2.7 1.6 

62a 62b в2с 

20% 

Phenol (0.27 g, 2.84 m m o l ) and sod ium hydrogencarbonate (0.24 g, 2.84 m m o l ) were 

added to acetoni t r i le (50 m l ) under argon. 2 ,3,5,6-Tetraf luoro-4-pyr id inecarboni t r i le 18b 

(0.5 g, 2.84 m m o l ) was added and the solut ion st irred at r o o m temperamre for 20 h before 

re f lux ing for 4 d . 19F N M R indicated 100% conversion o f start ing mater ia l . The react ion 

mix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved in d ichloromethane. The mix tu re was poured onto 1.0 M hydroch lor ic acid (30 
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m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent was evaporated to dryness to y ie ld the crude product as a b r o w n sol id (1.03 g) 

consist ing o f three ma jo r components i n the rat io 1:2.7:1.6 w h i c h were ident i f ied as 2,3,5-

trifluoro-6-phenoxyisonicotinonitrile 62a; δρ - 8 7 . 3 1 ( I F , dd , 3 J f f 3 1 . 0 , 5 J f f 2 1 . 1 , F - 2 ) , -

1 3 1 . 3 3 ( I F , d d , ^J f f 3 1 . 0 , ^J f f 7 . 3 , F - 3 ) , - 1 4 0 . 6 7 ( I F , dd , 4 J f f 2 0 . 1 , ^JpF 7 . 3 , F - 5 ) ; m/z ( Е Ґ ) 

250 ( [ M ] ^ , 94 ) , 77 ( [М-СбМгОҒз ]^ , 100); 2,3,6-trifluoro-5-phenoxyisonicotinonitrile 62b ; 

and 2,5-difluoro-3,6-phenoxyisonicotinonitrile 62c; δρ -85.43 ( I F , m， F-2) , 133.11 ( I F , m, 

F-5) ; m/z ( Е Ґ ) 324 ( [ M ] ^ 77) , 77 ( [М -С і гНзМгОгРг ] ^ , 100). Pur i f i ca t ion b y 

recrystal l isat ion from n-hexane gave 2,3,6-trifluoro-5-phenoxyisonicotinonitrile 62b (0.14 

g, 20%) as a wh i te so l id ; m p 90.1-91.5°C; (Found: c , 57.4; H , 2.0; N , 11.2; CuHsNzOFs 

requires: c , 57.6; H , 2.0; N , 11.2%); δρ -77.92 ( I F , dd , ̂ JpF 32.0, "̂ JpF 12.8, F-2) , -87.21 ( I F , 

dd , ^J f f 2 0 . 1 , 5 J f f 1 2 . 8 , F - 6 ) , - 1 3 4 . 5 3 ( I F , dd , ^J f f 3 1 . 0 , ^JpF 2 0 . 1 , F - 3 ) ; Ôh 7 . 3 2 ( 2 H , t m , 

'Jhh 7.6, OArortho H)， 7.15 ( I H , t m , 'Jhh 7.2, ОАГрага H ) , 6.92 ( ш , d m , ^Jhh 8.4， OAtn^eta 

H ) ; ôc 156.5 (ร, О А г С ) , 147.8 (ddd, 'JcF 250.8, 3 JcF 11.0, ^JcF 3.4, C-6) , 144.2 (dd, iJcF 

246.5, 2 JcF 12.4, C -3 ) , 142.9 (ddd , ' j c F 271.8, ^JcF 30.0, 3 JcF 6.6, C-2) , 137.3 ( m , C-5) , 

130.4 (s, OATortho C H ) , 125.4 (s, ОАграга C H ) , 116.7 (s, OAinieta C H ) , 111.3 ( m , C-4) , 107.7 

(t， ̂ JcF 3.8, C N ) ; m/z ( Е Ґ ) 250 ( [ M ] + , 74) , 77 ( [ M - C 6 N շ O F з ] ^ 100). 

P r e p a r a t i o n o f 2 ,5 -B i s (e thy l su l f any l ) -3 ,6 -d i f l uo ro i so i i í co t i non í t r i l e 63a 

ÇN ÇN CN ÇN 

E t S ֊ ^ _ A ^ F E ts . ,SEt F \ / L ^SEt 

V + EtsH 최 ^ ^ X l + _ Τ Ύ . _ + Ύ Ύ _ 
. N ' ՝ ғ ^аНСОз F - ^ N ^ S E t p - ^ N ^ S E t p - ^ N ^ F 

18Һ 9. : ? : 1 
63a 63b 63c 

+ Others 

Ethanethio l (0.18 g, 2.84 m m o l ) and sod ium hydrogencarbonate (0.48 g， 5.68 m m o l ) were 

added to acetoni t r i le (100 m l ) under argon. 2 ,3,5,6-Tetraf luoro-4-pyr id inecarboni t r i le 18Һ 
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(0.5 g, 2.84 m m o l ) was then added and the resul t ing so lu t ion was stirred at room 

temperature f o r 1 d before re f l ux ing for 8 d. Over the course o f the react ion an extra 

equivalent o f ethanethiol (0.18 g， 2.84 m m o l ) was added. 19F N M R indicated 100% 

convers ion o f star t ing mater ia l so the react ion m ix tu re was coo led to r o o m temperature, the 

solvent evaporated and the residue redissolved i n d ich loromethane. The mix tu re was 

poured onto 1.0 M hydroch lor ic acid (30 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , 

dr ied over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the crude 

product as a y e l l o w o i l (0.86 g) consist ing o f three ma jo r components i n the rat io 9:3:1 

w h i c h were iden t i f ied as 2,5-bis(ethylsulfanyl)-3,6-difluoroisonicotinonitrile 63a; δρ -64.89 

( I F , d , ' J f f 29.3, F-6) , -119.01 ( I F , d , ' J f f 2 7 . 1 , F-3) ; б н 3.19 (2H， q , 'Jhh 7.5, CH2), 3.01 

( 2 H , q， 'Jhh 7.5, CH2), 1.39 (3H, t， 'Jhh 7.5, CH3), 1.29 (3H, t , ' J h h 7.5. CH3); ô c 158.5 (dd , 

'JcF 237.5, "JcF 2.4, C-6) , 153.7 (dd , 'JcF 265.6, 4 JcF 5.3, C-3) , 148.7 (dd, 2 JcF 2 0 . 1 , 3JcF 

15.3， C - 2 ) , 1 1 6 . 3 (dd , 2JcF 1 3 . 3 , 3 J c F 5 . 1 , C - 4 ) , 1 1 4 . 2 (dd , ^ J c f 4 1 . 5 , 3 Jc f 3 . 4 , C - 5 ) , 1 1 0 . 4 (d , 

3 JcF 4 . 3 , CN)， 29.9 (d , 4 JcF 3 . 8 , SCH2), 24.5 (d , 4 JcF 1.5, SCH2), 15.2 ( ร , СНз) , 14.4 (s, 

СНз ) ; m/z ( Е Ґ ) 260 ( [ М ] ^ , 90) , 199 ( [ M - S C H j C H s ] ^ , 100) ; 2,3,5-tris(ethylsulfanyl)-6-

fluoroisonicotinonitrile 63b ; δρ -60.47 ( I F , ร, F-6) ; m/z ( Е Ґ ) 302 ( [ М ] ^ 76) , 273 ( [ M - E t ] ^ 

1 0 0 ) ; and 3-(ethyłsulfanyl)-2,5,б-trifluoroisonicotinonitrile 63c; δρ - 6 3 . 4 2 ( I F , dd , 3J f f 

3 0 . 1 , ^J f f 1 1 . 8 , F - 6 ) , - 8 4 . 0 5 ( I F , dd , Ъғғ 2 0 . 1 , ' j p F 1 0 . 0 . F - 2 ) , - 1 3 6 . 1 1 ( I F , dd , ^JpF 2 9 . 3 , 

^J f f 2 1 . 1 , F-5) ; m/z ( Е Ґ ) 218 ( [ M ] ^ 57) , 190 {{М-СпгСЯгү, 100). Part ial pur i f i ca t ion b y 

co lumn chromatography on s i l ica gel (6:1 и-hexane/ethyl acetate) gave a m ix tu re o f 2,5-

bis(ethylsulfanyl)-3,6-difluoroisonicotinonitrile 63 a and 2,3,5-tris(ethylsulfanyl)-6-

fluoroisonicotinonitrile 63b i n the rat io 32:1 respect ively (0.08 g, 10%) as a ye l l ow o i l . 
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P r e p a r a t i o n o f 2 ,5 -D i f l uo ro -3 ,6 -b i s (pheny l su l f any l ) i son i co t i non i t r i I e 64 

CN ÇN 

^ 、 v PhSH 

18Һ 64 
63% 

Benzenethio l (0.31 g, 2.84 m m o l ) and sod ium hydrogencarbonate (0.48 g, 5.68 m m o l ) were 

added to acetoni tr i le (100 m l ) under argon. 2,3,5,6-Tetraf luoro-4-pyr id inecarboni t r i le 18Һ 

(0.5 g, 2.84 m m o l ) was added and the result ing so lu t ion was st i rred at r o o m temperature for 

12 d. Over the course o f the react ion an extra equivalent o f benzenethio l (0.31 g , 2.84 

m m o l ) w a s a d d e d . 19р N M R i n d i c a t e d 100% c o n v e r s i o n o f s t a r t i n g m a t e r i a l so t h e s o l v e n t 

was evaporated and the residue redissolved i n d ich loromethane. The m ix tu re was poured 

o n t o 1.0 M hydroch lo r ic a c i d (30 m l ) , e x t r a c t e d w i t h d ich loromethane (3 X 50 m l ) , d r i e d 

over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the crude product as 

a b r o w n o i l (1.07 g) consist ing o f one ma jo r component . Pur i f i ca t ion b y co lumn 

chromatography on s i l ica gel (4:1 и-hexane/ethyl acetate) gave 2,5-difluoro-3,6-

bis(phenylsulfanyl)isonicotinonitrile 64 (0.63 g, 63%) as a ye l l ow so l id ; m p 84.2-85.0°C; 

(Found: c, 60.6 ; H , 2 .9; N , 7.8; C18H10N2S2F2 requires: c, 60.8; H， 2.8; N， 7.9%); δρ -62.61 

( I F , d , ^J f f 2 7 . 1 , F-2), -117.95 ( I F , d , ^J f f 29.3, F-5) ; Ъц 7.55 (2H， ท1， A r Η ) , 7.45 ( 5 Н , m , 

A r H ) , 7.32 (ЗН， m , А г H ) ; ôc 158.0 (dd, ^JcF 240.4, ^JcF 1.9, C-2) , 153.2 (dd , 'JcF 267.5, 

^JcF 4.8, C-5) , 148.9 ( m , C-4) , 135.9 (s, А г C H ) , 132.2 (s, А г C H ) , 130.5 (s, A r C H ) , 129.9 

(s, А г C H ) , 129.1 (s, A r C H ) , 125.7 (d , ^JcF 2.0, А г С ) , 116.7 (dd , ^JcF 14.4, ̂ JcF 3.8, C-6) , 

116.2 (dd , ^ J c F 40.5 , ^JcF 3.4, C-3 ) ; m/z ( Е Ґ ) 356 ( [ M ] " , 97 ) , 109 ([M-C12H5N2F2ร]^, 76) , 

77 ( [ М - С г Н з Н г Ғ г З г ] ^ 100). 
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P r e p a r a t i o n o f 6 , 7 - D i f l u o r o - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [2 ,3-* ] p y r a z i n e - 8 - c a r b o n i t r i l e 65 

し ҫн^ ' > Ä % 
N , 、ғ ᄀ2 ՝ ^ N H 2 NaHCOa F ^ n I ^ N " ^ 

18Һ 2d 65 H 
8 8 % 

Ethylenediamine 2 d (1.2 g, 20 m m o l ) and sod ium hydrogencarbonate (3.36 g, 40 m m o l ) 

were added to acetoni t r i le (400 m l ) under argon. 2,3,5,6-Tetraf luoro-4-pyr id inecarboni t r i le 

18Һ (1.76 g， 10 m m o l ) was added and the resul t ing so lu t ion was re f luxed for 5 d after 

wh i ch t ime 19F N M R indicated 100% conversion o f start ing mater ia l . The react ion mix tu re 

was cooled to r o o m tempera toe , the solvent evaporated and the residue redissolved in 

d ichloromethane (50 m l ) . The m ix tu re was poured onto 1.0 M hydroch lo r ic acid (50 m l ) , 

extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent 

evaporated to dryness to y ie ld the crade product as a ye l l ow so l id (1.35 g) consist ing o f one 

major component. Pur i f i ca t ion b y mass directed automated preparat ive H P L C ( 3 0 % - 8 5 % 

acetonitr i le i n f o rm ic ac id) gave 6,7-difluoro-1,2,3,4-tełrahydropyrido[շ, 3-b]pyrazine֊8-

carbonitrile 65 (1.19 g, 61%) as an orange so l id ; m p 280.3-281.7°C; (Found: c， 48.7; H， 

3 . 1 ; N , 28.5; C8H6N4F2 requires: c, 49.0; H , 3 . 1 ; N， 28 .6%) ; δ ρ - 1 0 4 . 7 8 ( I F , d， ^JpF 22.6, F-

6) , -156.14 ( I F , d , ^J f f 22.6 , F-7); Ôh 7.30 ( I H , b r s, N H ) , 7.00 ( I H , b r ร, N H ) , 3.28 ( 2 Н , m, 

СН2), 3.28 ( 2 Н , m , СН2); ô c 140.7 (dd , ^JcF 17.0, ' j c F 2.6, c֊4a), 138.7 ( dd , 'JcF 2 1 7 . 5 , 2 J c F 

13.5, C-6) , 132.5 (dd, ^JcF 3.5, 4 J c F 1.3, C-8f l ) , 132.0 (dd , ' JcF 246.2 , ^JcF 31.7, C-7) , 112.0 

(dd, 3 JcF 4 . 6 , 4 J c F 1.3, C N ) , 88.2 (dd , ^JcF 16 .6 , 3 JcF 3.3, C-8) , 38.7 (s, CH2), 38.3 (ร, CHz) ; 

m/z (EI)+ 197 ( [ M + H ] ^ , 100), 177 ( [ M H - H F ] ^ , 3) . 
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P r e p a r a t i o n o f 6 , 7 - D i f l u o r o - 4 - m e t h y I - 3 , 4 - d i h y d r o - 2 ^ - p y r i d o [ 3 , 2 - ô ] Įl，^̂ ^ 

c a r b o n i t r i l e 66 

CN CN 

+ Н CH3CN Tļļ J ' J + others 

՝ N ' ՝ ғ z ^ ^ о н NaHCOa F 6 Ν'4-aŅ 
18h 5a 66 I 

57% 

2-Methy laminoethano l 5a (0.85 g, 11.36 m m o l ) and sod ium hydrogencarbonate (1.91 g, 

22.72 m m o l ) were added to acetonitr i le (175 m l ) under argon. 2,3,5,6-Tetraf luoro-4-

pyr id inecarboni t r i le 18Һ (1.0 g, 5.68 m m o l ) was added and the resul t ing solut ion was 

re f luxed for 6 d after w h i c h t ime 19F N M R indicated 100% convers ion o f start ing mater ia l . 

The react ion m ix tu re was cooled to room temperature, the solvent evaporated and the 

residue redissolved i n d ichloromethane. The react ion m ix tu re was poured onto 1.0 M 

hydrochlor ic ac id (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over 

magnesium sulfate and "the solvent evaporated to dryness to y i e l d the crade product as a 

ye l l ow o i l (1.33 g) consist ing o f one majo r component . Pur i f i ca t ion b y co lumn 

chromatography on s i l ica gel (2:1 и-hexane/ethyl acetate) gave 6,7-difluoro-4-methyl-3.4-

dihydro-2H-pyrido[3,2-bJf1,4]oxazine-8-carbonitrile 66 (0.68 g , 57%) as ye l l ow crystals; 

mp 79.1-80.7°C; (Found: c, 51.2; H , 3.4; N , 19.8; C9H7N3F2O requires: c, 51.2; H , 3.3; N， 

1 9 . 9 % ) ; δρ - 9 7 . 6 0 ( I F , d , ^J f f 2 2 . 9 , F - 6 ) , - 1 5 5 . 3 5 ( I F , d.^JpF 2 2 . 9 , F - 7 ) ; Ôh 4 . 3 9 ( 2 H , է, ^Jhh 

4 . 6 , CH2), 3 . 4 9 ( 2 H , t， ^Jhh 4 . 8 , CH2), 3 . 0 8 ( 3 H , ร, СНз ) ; ô c 1 4 3 . 5 (dd , 'JcF 2 1 5 . 3 , ^JcF 1 3 . 4 , 

C-6) , 141.4 (dd , ^JcF 15.3, ̂ JcF 2.3, C-4a) , 139.2 (dd, ^JcF 5.4, ^JcF 1.5, C-8a) , 134.0 (dd, 

i jcF 255.8, ^JcF 32.4, C-7) , 109.9 (d , ^JcF 4.2, C N ) , 99.5 (dd, ̂ JcF 15.2, ^JcF 4.2, C-8) , 65.3 

(ร, СНг ) , 47.1 (s, CH2), 36.2 (ร, СНз ) ; m/z ( Е Ґ ) 211 ( [ М ] ^ 100), 196 ( [ М - С Н з ] ^ 91) , 182 

( [ М - С Н з Н ] ^ 60) , 156 ( [ М - С Н з М С М ] ^ 37)， 128 ( [ М - С Н з М С Н г С Н г С Н ] ^ 50). 
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P r e p a r a t i o n o f ( 6 p y r a ผ ํ ^ 

y l ) ( p h e n y l ) m e t h a n o n e 67 

CN ļ 
Nᄉ - phLi 

6 N 2-ĆN F N N 
ЗО I 

Phenyl l i t h i um 1.8 M i n tetrahydro furan (0.49 m l , 0.88 m m o l ) was added to a solut ion o f 

6,7-d i f luoro- l ,4-d imethy l - l ,2 ,3,4- te t rahydropyr ido[2,3-Ŕ]pyraz ine֊8-carboni t r i le 30 (0.20 

g, 0.88 m m o l ) i n tetrahydro furan (50 m l ) so the react ion m ix tu re was stirred at r o o m 

temperature for 8 h before re f lux ing for 4 d after w h i c h t ime ' 9 F N M R indicated 100% 

conversion o f start ing mater ia l . The react ion m ix tu re was cooled to r o o m temperature, the 

solvent evaporated and the residue redissolved i n d ich loromethane. The m ix tu re was 

poured onto water (30 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over 

magnesium sulfate and the solvent evaporated to dryness to y ie ld the crude product as a 

ye l l ow so l id (0.58 g) consist ing o f one ma jo r component . Pur i f i ca t ion b y mass directed 

automated preparat ive H P L C ( 3 0 % - 8 5 % acetonitr i le i n fo rm ic acid) gave (6,7-difluoro-l,4-

dimethyl-l,2,3,4-tetrahydropyrido[2,3-b]pyrazin-8-yl)(phenyl)methanone 67 (0.19 g, 71%) 

as a ye l l ow so l id ; m p 134.8-138.0°C; ( [ M + H ] ^ 304.1255, C16H15N3F2O requires [M+H]"^ 

3 0 4 . 1 2 6 1 ) ; δρ - 9 9 . 5 6 ( I F , d , ^J f f 2 6 . 3 , F - 6 ) , - 1 6 2 . 4 3 ( I F , d , ^J f f 2 6 . 3 , F - 7 ) ; δπ 7 . 8 9 ( 2 H , 

d m , ^Jhh 7.2, A t H ) , 7.62 (1H， tm， 3 Jhh 8.0， A r н ) , 7.48 ( 2 Н , t m , ^Jhh 7.2, A r H ) , 3.37 (2H， 

t， 'Jhh 4.8, CH2), 3.11 (3H, s, СНз) , 3.06 ( 2 H , է, ' Jhh 4.8, CH2), 2.59 (3H, ร, СНз) ; ôc 192.2 

( m , c=0)， 144.1 ( d m , ^JcF 11.7, C-4ű) , 144.0 (dd, 'JcF 227.7, ^JcF 15.0, C-6) , 136.4 (ร, A r 

C ) , 134.2 (ร, A r C H ) , 132.3 (dd, ՝JcF 242 .1 , ^JcF 31.0, C-7) , 129.6 (ร, A r C H ) , 128.8 (ร, A r 

C H ) , 128.1 ( m , c - 8 a ) , 126.1 ( m , C-8) , 53.9 (s, CH2), 44.6 (ร, С Н з ) , 44.4 (ร, СНг ) , 36.9 (ร, 

СНз) ; m/z (EI)+ 304 ( [ M + H ] ^ , 100), 289 ( [ М Н - С Н з ] ^ , 20) . 
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P r e p a r a t i o n o f E thy l֊5-cyano -6 ,7 -d i f l uo ro -3 -me thy l - 2H-py rano [2 ,3 -ô ]py r i d i ne -4 -
ca rboxy la te 68 

ÇN CN COzEt CN ՇՕշոՀ 

^ i l THF 
՝ ғ o ^ ^ - - ^ NaH 

1 홍h 2.7 1.7 

68 69 

31% 

E thy l acetoacetate (0.74 g, 5.68 m m o l ) and sod ium hydr ide 6 0 % dispersion i n minera l o i l 

(0.27 g, 6.82 m m o l ) were added to d r y te t rahydroñi ran (50 m l ) under argon and st irred at 

r o o m temperature for 1 h. 2 ,3,5,6-Tetraf luoro-4-pyr id inecarboni t r i le 18Һ (1.0 g, 5.68 

m m o l ) was added and the react ion mix tu re st irred at r o o m temperature for 4.5 h before 

re f lux ing for 16 h. '9ρ N M R indicated 6 4 % convers ion o f start ing mater ia l . The react ion 

т і х Ш г е was cooled to r o o m temperaføre, the solvent evaporated and the residue 

redissolved i n d ichloromethane. The mix tu re was poured onto water (50 m l ) , extracted 

w i t h d ich loromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated 

to dryness to y i e l d the crude product as a b r o w n so l id (0.94 g) consist ing o f t w o major 

components i n the rat io 2.7:1.7 w h i c h were iden t i f ied as ethyl-5-суапо-б, 7-difluoro-3-

methyl-2H-pyrano[2,3-b]pyridine-4-carboxylate 68 ; and ethyl 2-(4-cyano-2,5,6-

trifluoropyridin-3-yl)-3-oxobuianoate 69. Pur i f i ca t ion b y c o l u m n chromatography on si l ica 

gel (3:1 w-hexane/ethyl acetate) gave ethyl-5-суапо-б, 7-difluoro-3-methyl-2H-pyrano[2,3-

bJpyridme-4-carboxylate 68 (0.47 g, 31%) as a wh i t e so l id ; m p 91.8-93.3°C; (Found: c, 

5 4 . 1 ; H , 3.0; N , 10.6; C12H8N2F2O3 requires: c , 5 4 . 1 ; H , 3.0; N , 10 .5%); δρ -89.51 ( I F , d, 

^JFF 2 0 . 9 , F - 7 ) , - 1 3 8 . 3 6 ( I F , d , ^JpF 2 1 . 1 , F - 6 ) ; бн 4 . 5 2 ( 2 H , q , ^JHH 7 . 0 , CH2), 2 . 8 6 ( 3 H , s, 

З -СН3) , 1 . 4 6 (ЗН， է, ^JHH 7 . 5 , СЯ2СН3); Ôc 1 6 7 . 2 (d , 5JcF 4 . 4 , C - 3 ) , 1 6 1 . 8 (s, c = 0 ) , 1 5 1 . 6 

(dd, ^JcF 15.0, "^JcF 3.4, C - l a ) , 148.0 (dd, 'JcF 247.5, ^JcF 17.3, C-7 ) , 146.0 (dd, 'JcF 266.4, 
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2 JcF 28.9, C-6) , 116.1 (dd , ^JcF 3.9, "JcF 1.4, C-4a), 110.2 (d , ^JcF 4.8, C N ) , 109.9 ( ร , C-4) , 

106.0 (dd, 2 J c F 14.9, 3 J c F 3.8, C-5) , 61.6 (ร, С Н г С Н з ) , 15.0 (s, CH2Œ3), 14.6 (s, З-СН3); 

m/z ( Е Ґ ) 266 ( [ М ] ^ , 36) , 193 ( [ М - С О г С Н г С Н з ] ^ , ЗО), 138 ( [ M - C 6 H 8 0 з ] ^ 26) ; and ethyl 2-

(4-суапо-2,5,6-trifluoropyridin-3-yl)-3-oxobutanoate 69 (0.30 g, 18%) as a ye l l ow o i l ; δρ -

68.44 ( I F , d d , "̂ JFF 20.9, ^JFF 10.9, F-2), -68.42 ( I F , dd , ^JpF 28.4, ''JFF 11 .1 , F-6), -137.81 

( I F , over lapp ing dd , ^JpF 28.4, F-5); m/z ( Е Ґ ) 286 ( [ M ] ^ , 36) , 198 ( [ M - C a H g O î ] ^ 100). 

P r e p a r a t i o n o f 4 - C y a n o - 6 - d i e t h y I a m i n o - 5 - f l u o r o - 2 - m e t h y I - f u r o [ 2 , 3 - 6 ] p y r i d i n e - 3 -

ca rboxy l i c ac id e thy l ester 70 

CN COgEt CN ÇO2EÎ 

'W' ՝\ THF '^՝Νΐ'^พ, 
NEtaLİ 

68 70 
4 1 % 

B u t y l l i t h i u m 1.6 M i n pentane (0.83 m l , 1.32 m m o l ) and d ie thy lamine (0.096 g , 1.32 

m m o l ) were added to d ry tetrahydro furan (5 m l ) at -78°c and the so lu t ion was st irred for 1 

h before w a r m i n g to r o o m temperature. The so lu t ion was added to e thy l -5-cyano-6,7-

d i f luoro-3-methy l -2H-pyrano[2 ,3-ò ]pyr id ine-4-carboxy la te 68 (0.35 g， 1.32 m m o l ) i n 

tet rahydrofuran (45 m l ) and stirred at r o o m tempera toe for 2 d . 19F N M R indicated 8 2 % 

conversion o f start ing mater ia l so the react ion was cooled to r o o m temperature, the solvent 

evaporated and the residue redissolved i n d ichloromethane. The m ix tu re was poured onto 

water (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , d r ied over magnes ium sulfate 

and the solvent evaporated to dryness to y ie ld the crude product as a red o i l (0.57 g) 

consist ing o f one ma jo r product. Pur i f i ca t ion b y c o l u m n chromatography on si l ica gel (4:1 

и-hexane/ethyl acetate) gave 4-cyano-6-diethylamino-5-fluoro-2-methyl-furo[2,3-

b]pyridine-3-carboxylic acid ethyl ester 70 (0.20 g， 4 8 % ) as a ye l l ow o i l ; [ M + H ] + 

3 2 0 . 1 4 0 6 , C16H18N3O3F requires [ M + H ] ^ 3 2 0 . 1 4 0 5 ) ; δρ - 1 3 1 . 4 3 ( I F , ร , F - 5 ) ; ÔH 4 . 4 0 (2H， 
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q , 'JHH 7.0, О С Я , С Н з ) , 3.50 ( 4 Н , qd， 'JHH 7.0, 'JHF 2.0, К(СЯ2СНз)2), 2.67 ( З Н , ร, 2 -СНз) , 

1.37 ( З Н , է, 'JHH 7.5, ОСН2СЯ3), 1.18 (6Н， է, ^JHH 7.0, К(СН2ЄЯ5)2) ; ôc 163.0 (s, c = 0 ) , 

161.8 (d , ^JcF 1.9, C-2 ) , 155.0 (d , ^JcF 2.4, C-7a) , 148.9 ( d , 'JcF 262.0, C-5) , 144.9 (d , 2jcF 

9.6, C-6) , 112.1 (d , 4JcF 1.9, C-3) , 109.3 (d , 3JcF 1.4, C-3a) , 105.3 (s, C N ) , 105.5 (d , ^JcF 

19.2, C-4) , 61.0 (s, OCH2CH3), 44.9 (d , 4JcF 6.3, М(Ш2СНз)2), 14.7 (ร, О С Н г С Н з ) , 14.5 

(s, 2-CH3), 13.9 (d , ^JcF 0.9, М(СН2СНз)2); m/z ( Е Ґ ) 319 ( [ M ] ^ 78) , 304 ( [ М - С Н з ] ^ 100), 

290 ( [ М - С Н г С Н з ] ^ ЗО). 

P r e p a r a t i o n o f 4 - C y a n o - 6 - e t h o x y - 5 - f l u o r o - 2 - m e t h y l - f u r o [ 2 , 3 - 0 ] p y r i d i n e - 3 - c a r b o x y l i c 

ac id e thy l ester 71 

CN COjEt CN COjEt CN ՇՕշ£է 

' พ 4 v EtOH " " ^ Г ^ Ц Ч ч ^ * ° > г Ч й ч M + PłnMo • II ι NS + Il I \ \ 

E t O ^ N ^ Ö 

Sod ium meta l (0.01 g, 0.45 m m o l ) was added to anhydrous ethanol (30 m l ) under argon 

fo l l owed b y the add i t ion o f e thy l -5 -cyano-6 ,7-d i f luoro-3-methy l -2H-pyrano[2 ,3-

ô ] D y r i d i n e - 4 - c a r b o x y l a t e 70 (0.12 g, 0.45 m m o l ) . The resul t ing so lu t ion was stirred at 

room temperature for 3 d after w h i c h t ime '9ρ N M R indicated 100% convers ion o f start ing 

mater ia l . The react ion m ix tu re was cooled to r o o m temperature, the solvent evaporated and 

the residue redissolved i n dichloromethane. The m ix tu re was poured onto water (30 m l ) , 

extracted w i t h d ich loromethane (3 X 30 m l ) , dr ied over magnes ium sulfate and evaporated 

to dryness to y ie ld the crude product as a ye l l ow o i l (0.18 g) consist ing o f t w o major 

components i n the rat io 1:3.2 w h i c h were ident i f ied as 4-cyano֊6-ethoxy-5-fluoro-2-methyl-

furo[2,3-b]pyridine-3-carboxylic acid ethyl ester 7 1 ; δρ -136.13 ( I F , ร, F-5) ; m/z ( Е Ґ ) 292 

( [M ]+ , 55) , 263 ( [ М - С Н г С Н з ] ^ 36) , 218 ([М-СН2(СНз)2]^, 100) ; and 4֊cyano-5.6-

diethoxy-2-methyl-furof2,3-b]pyridine-3-carboxylic acid ethyl ester 72; 6H 4.47 ( 4 H , q， 

3JHH 7 . 2 , ОСЯ2СН3), 4 . 2 6 ( 2 H , q , 3 JHH 6 . 8 , СО2СЯ2СН3), 2 . 7 6 ( З Н , s, 2 - С Н з ) , 1 . 4 6 ( 9 Н , շ 
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over lapping է, О С Н г С Я і & С О 2 ^ m/z ( Е Ґ ) 318 ( [ М ] \ 94) . Pur i f i ca t ion by 

preparat ive T L C (3:1 и-hexane/ethyl acetate) was unsuccessful and gave a mix tu re o f 4-

cyano-6-ethoxy-5-fluoro-2-methyl-furo[2,3-b]pyridine-3-carboxylic acid ethyl ester 71 and 

4-cyano-5,6-diethoxy-2-methyl-furo[2,3-bJpyridine-3-carboxylic acid ethyl ester 72 (0.1 g, 

71%) i n the rat io 1:2 respect ively as a colourless o i l . 

P r e p a r a t i o n o f 4 -Cyano -2 -me thy l - 5 ,6 -b i s -pheny I su I f any I - f u ro [2 ,3 -ô ]py r i d i ne -3 -

ca rboxy l i c ac id e t h y l ester 73 

PhSLi 

Ethy l -5 -cyano-6 ,7-d i f luoro-3-methy l -2H-pyrano[2 ,3-0 ]pyr id ine-4-carboxy la te 70 (0.1 g， 

0.38 m m o l ) and l i t h i um th iophenoxide 1.0 M i n tet rahydrof i i ran (0.75 m l , 0.75 m m o l ) were 

added to tetrahydro furan (ЗО m l ) under argon and the resul t ing so lu t ion was ref luxed at 

8 0 ° ^ for 18 h after w h i c h t ime 1 9 F N M R indicated 1 0 0 % convers ion o f start ing mater ia l . 

The react ion m ix tu re was cooled to room temperature, the solvent evaporated and the 

residue redissolved i n d ichloromethane. The m ix tu re was poured onto water (30 m l ) , 

extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent 

evaporated to dryness to y i e l d the crade product as a b r o w n so l id (0.22 g) consist ing o f one 

major component . Pur i f i ca t ion b y preparat ive T L C (3:1 ท-hexane/ethyl acetate) gave 4-

cyano-2-methyl-5,6-bis-phenylsulfanyl-furo[2,3-bJpyridine-3-carboxylic acid ethyl ester 73 

(0.09 g, 53%) as a ye l l ow so l id ; m p 139.3-143.2°C; ( [ M ] + 446.0754, C24H18N2O3S2 

requires [ M ] + 446.0753) ; ÔH 7.15-7.50 ( Ю Н , m， А г C H ) , 4.39 ( 2 Н , q, ^JHH 7.2, CH2), 2.65 

( 3 H , ร, 2 -СНз) , 1.34 (ЗН， է, ^JHH 7.2, СЯ2СН3); ôc 164.8 (s, C-2) , 162.3 (s, C-7a), 160.3 (ร, 
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c = 0 ) , 135.9 (ร, A r C H ) , 134.2 (ร, C-5) , 129.8 (s, C-6) , 129.8 ( A r C H ) , 129.6 (ร, A r C H ) , 

127.7 (ร, A r C ) , 121.4 (ร, C-3) , 115.8 (ร, C-4) , 114.3 (ร, C-3a) , 109.5 (ร, C N ) , 61.4 (ร, СНг ) , 

14.7 (s, СНз) , 14.6 (ร, С Н з ) ; m/z ( Е Ґ ) 446 ( [М]" " , 100), 417 ( [ М - С Н г С Н з ] ^ , 20) . 

P r e p a r a t i o n o f 4 - C ^ ac id 

e thy l ester 74 

՝rť V THF F о о 

COzEt ÇN 

5ļļ Ί > ֊ P h 
6 Ν 7^՜0 ^ 

- 0 
5ļļ Ί > ֊ P h 

6 Ν 7^՜0 ^ 
+ Լ Д ォ Ph 5ļļ Ί > ֊ P h 

6 Ν 7^՜0 ^ に Ν 

ォ Ph 

7.1 1.6 
СОгЕІ 

74 75 
59% 

N- ՝ ·Γ , , , OEt NaH 

18h 

З-Охо-3-pheny l -prop ion ic acid ethy l ester (1.09 g, 5.68 m m o l ) and sod ium hydr ide 6 0 % 

dispersion i n m inera l o i l (0.27 g, 6.82 m m o l ) were added to d r y tet rahydrof i i ran (50 m l ) 

under argon and st irred at r o o m temperature for 1 h. 2,3,5,6-Tetraf luoro-4-

pyr id inecarboni t r i le 18Һ (1.0 g, 5.68 m m o l ) was added and the react ion m ix tu re re f luxed 

for 6 d. 19F N M R indicated 6 1 % conversion o f start ing mater ia l . The react ion m ix tu re was 

cooled to r o o m temperature, the solvent evaporated and the residue redissolved in 

dichloromethane. The mix tu re was poured onto water (50 m l ) , extracted w i t h 

d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated to 

dryness to y ie ld the crude product as a b r o w n o i l (1.37 g) consist ing o f t w o ma jo r 

components i n the rat io 7.1:1.6 w h i c h were ident i f ied as 4-cyano-5,6-difluoro-2-phenyl-

furof2,3-b]pyridines-carboxylic acid ethyl ester 74; and 7-cyano-5,6-difluoro-2-phenyl-

furo[3,2-b]pyridine-3-carboxylic acid ethyl ester 75; δρ - 8 4 . 2 6 ( I F , d , 3JFF 2 3 . 7 , F - 5 ) , -

136.68 ( I F , d , ^JFF 23.7, F-6) ; m/z ( Е Ґ ) 328 ( [ M ] ^ 50) , 283 ( [ М - О С Н г С Н з ] ^ , 82) , 256 

([MH-CO2CH2CH3]^, 100). Pur i f i ca t ion b y c o l u m n chromatography on si l ica gel (7:1 ท-

hexane/e ţhyl acetate) gave 4-cyano-5,6-difluoro-2-phenyl-furo[2,3-b]pyridine-3-carboxylic 
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acid ethyl ester 74 (1.1 g, 59%) as a wh i te so l id ; m p 118.4-120.3°C; (Found: c , 62.2; H， 

3 . 1 ; N , 8.5; С п Н ш М г Ғ з О з requires: c , 62.2; H , 3.0; N , 8 .5%) ; δρ -88.11 ( I F , d， ̂ JpF 2 1 . 1 , 

F-6), -137.90 ( I F , d , 3JFF 2 1 . 1 , F-5) ; ÔH 8.05 (2H， m , A r H ) , 7.59-7.52 ( З Н , m . А г н ) , 4.54 

( 2 Н , q , ' JHH 7.2, СН2)， 1.43 ( З Н , է, ' JHH 7.2, СНз ) ; Ъс 162.7 (d , ' j c F 4.6, C-2) , 161.6 (ร, 
c = 0 ) , 151.7 (dd, ^JcF 15.2, % ғ 3.5, С-าà), 148.6 (dd , iJcF 247 .0 , 2 JcF 16.8, C-6) , 146.2 (d , 
'JcF 264.9, C-5) , 132.2 (ร, А г C H ) , 129.8 (ร, А т C H ) , 128.9 (ร, А г C H ) , 127.4 (ร, A r С ) , 

117.4 (d , ^JcF 5.3, С-За), 110.1 (d , 3 JcF 4.6, C N ) , 109.3 ( ร , C-3) , 106.2 (dd, ^JcF 14.8, ^JcF 
3.8, C-4) , 62.1 (ร, C H 2 ) , 14.4 (ร, СНз ) ; m/z ( Е Ґ ) 328 ([M]+， 84) , 283 ( [ M - O C H շ C H з ] ^ 

100). 

P r e p a r a t i o n o f Ethyi[ŕ4-cyano-2,3,6-trifluoroDvriain-3-yI)sulianvl]acetate 76a and 

e thy I [ ( 4 - cyano -3 ,5 ,6 - t r i f l uo ropy r i d i n -2 - y l ) su I f any l ] ace ta te 76b 

N F ' ' ' ' F N F F N ร 
18Һ 4 · 1 Ö 

76a 76b 
CN 

s、 へ ) へ 

^ ร ' 、N 

О 2.5 

76c 

Sod ium methox ide (0.61 g, 11.36 m m o l ) and mercapto-acet ic ac id e thy l ester (0.68 g, 5.68 

m m o l ) were added to dry tet rahydrofuran (50 m l ) and the resul t ing so lu t ion was stirred at 

r o o m tempera toe for 1 h. 2 ,3,5,6-Tetraf luoropyr id ine-4-carboni t r i le (1.0 g, 5.68 m m o l ) in 

te t rahydrofuran (50 m l ) was added and the resul t ing so lu t ion was st irred at r oom 

temperature for 1 d before re f l ux ing for 4 h . ' 9ρ N M R indicated 8 4 % convers ion o f start ing 

mater ia l so the react ion m ix tu re was cooled to r o o m temperature, the solvent evaporated 

and the residue redissolved i n d ichloromethane. The m ix tu re was poured onto water (40 

211 



Chapter 11 

m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crude product as a ye l l ow o i l (0.83 g) consist ing 

o f three ma jo r components i n the rat io 4:1:2.5 w h i c h were ident i f ied as ethyl[(4-cyano-

2.5.6-trifluoropyridin-3-yl)sulfanyl]acetate 76a; δρ - 6 3 . 0 3 ( I F , d d , ^JpF 2 9 . 3 , "JFF 11.3 , F - 6 ) , 

-81.75 ( I F , dd , %v 22.6, %F 11.3, F-2), -135.46 ( I F , dd , 3JFF 2 7 . 1 , 5JFF 20.3, F-5); m/z 

( Е Ґ ) 276 ( [ M ] ^ 66) , 203 ( [ М - С О г С Н г С Н з ] ^ 100); ethyl[(4-cyano-3,5,6-trißuoropyridin-

2-yl)sulfanyl]acetate 76b ; δρ -85.95 ( I F , dd , ^JpF 31.6, ^JpF 22.6, F-6) , -116.45 ( I F , dd , ^JpF 

3 1 . 6 , ฯFF 4 . 5 , F - 5 ) , - 1 3 7 . 6 1 ( I F , dd , ^̂ JpF 2 2 . 6 , ^JFF 4 . 5 , F - 3 ) ;  m/z ( Е Ґ ) 2 7 6 ( [ M ] ^ , 4)， 2 0 3 

( [ М - С О г С Н г С Н з ] ^ , 16); and (4-cyano-6-ethoxycarbonylmethylsulfanyl-2,5-difluoro-

pyridin-3-ylsulfanyl)-acetic acid ethyl ester 76c; δρ -64.35 ( I F , d , 5JFF 29.3 , F-2), -118.85 

( I F , d , 5JFF 2 9 . 1 , F - 5 ) . Pur i f i ca t ion b y co lumn chromatography on s i l ica gel ( 1 : 1 ท-

hexane/ethyl acetate f o l l owed b y 4:1 / i -hexane/ethyl acetate) gave a m ix tu re o f ethyl[(4-

cyano-2,5,6-trifluoropyridin-3-yl)sulfanyl] acetate 76a and ethyl[(4-cyano-3,5,6-

trifluoropyridin-2-yl)sulfanyl]acetate 76b i n the rat io 5:1 respect ively (0.55 g, 35%) as a 

ye l l ow o i l . 

P r e p a r a t i o n o f E t h y l 3 - A m i n o - 4 , 5 , 7 - t r i f l u o r o t h i e u e o [2,3-c] p y r i d i n e - 2 - c a r b o x y l a t e 77 

พ ^ S 그 О へ " " ν Α τ 

5 1 О 

76а 76b 

А mix tu re o f Ethy l [ (4-cyano-2,5 ,6- t r i f luoropyr id in-3-y l )su l fany l ]aceta te 76a and e thy l [ (4 -

cyano-3,5,6- t r i f luoropyr id in-2-y l )su l fany l ]acetate 76b (0.08 g, 0.29 m m o l ) was added to a 

solut ion o f 1.8 M l i t h i um d i isopropy lamide (0.32, 0.58 m m o l ) i n d ry tet rahydrofuran (200 

m l ) at - 7 8 ° c and st i r red at this temperature for 2 h. The react ion m ix tu re was warmed to 

212 



ψ-

Chapter 11 

r o o m temperature and st irred for 2 d , after w h i c h t ime ' 9ρ N M R indicated 100% conversion 

o f start ing mater ia l . The react ion m ix tu re was concentrated, poured onto water (30 m l ) , 

e x t r a c t e d w i t h d ich loromethane (3 X 50 m l ) and d r i e d o v e r m a g n e s i u m s u l f a t e . The s o l v e n t 

was evaporated to dryness to y ie ld the crude product as a b r o w n / y e l l o พ sol id (0.12 g) 

consist ing o f one ma jo r component. Pur i f i ca t ion b y preparat ive T L C on si l ica gel (4:1 ท-

hexane/ethyl acetate) gave ethyl 3-amino-4,5,7-trifluorothieneo[2,3-c]pyridine֊2֊ 

carboxylate 77 (0.07 g, 88%) as a ye l l ow so l id ; mp 104.1-105.6°C; δρ -71.69 ( I F , dd , ^JpF 

29.3, ^JFF 11.3, F-5) , -100.52 ( I F , dd , " jpF 20.3, ^JpF 13.5, F-7), -158.14 ( I F , dd , ^JFF 31.6, 

^JFF 20.3, F-4) ; ÔH 6.13 ( 2 H , br ร, М Н г ) , 4.32 ( 2 Н , q , 3 J H H 7.0, С Н г ) , 1.33 ( З Н , է, ' J H H 7.0, 

СНз) ; ôc 163.2 (s, c = 0 ) , 147.9 (ddd, ' j c F 245.2, ' J cF 13.4, ^JcF 2.4, C-5) , 144.6 ( m , C-3) , 

143.4 ( ddm, 'JcF 239.9, ^JcF 13.4, C-7) , 137.5 (ddd, ' JcF 257.2, ' JcF 27.3, "JcF 7.2, C-4) , 

131.7 (ddd, ̂ JcF 1 2 . 1 , 3 J c F 7.2, ^JcF 2.4, С֊Ъа), 117.9 (dd , 2 JcF 39.3, 3 JcF 4.3, C-าa), 103.6 

(s, C-2) , 60.4 (s, C H 2 ) , 13.3 (ร, СНз ) ; m/z ( Е Ґ ) 276 ( [ M ] + , 50)， 230 ( [ М - С Н з С Н г О Н ] ^ 

100). 

P r e p a r a t i o n o f 3 - A m i n o - 5 - e t h o x y c a r b o n y l m e t h y l s u I f a n y l - 4 , 7 - d i f l u o r o - t h i e n o [ 2 , 3 -

c] p y r i d i n e - 2 - c a r b o x y l i c a d d e t h y l e ther 78 

COaEt 

CN О 

ร - Л 
OEt THF 

S 5 N 
Е Ю ү ^ З 人 N人 F LDA ЕЮ 

О 76с 

23% 

Die thy l 2 ,2 ' - [ (4-cyano-3,6-d i f luoropyr id ine-2 ,5-d iy l )d isu l faned iy l ]d iaceta te 76с (0.22 g, 

0.59 m m o l ) and а 1.8 M solut ion o f l i t h i um d i isopropy lamide i n и-һехапе (1.3 m l , 2.34 

m m o l ) were added to d ry tetrahydrofuran under argon at -78°c. The react ion mix tu re was 

simeá fo r 1 h before w a r m i n g to r o o m temperature and s t i r r ing for 17 h, after w h i c h t ime 

213 



Chapter 11 

' 9 F N M R indicated 100% conversion o f start ing mater ia l . The react ion mix tu re was 

c o n c e n t r a t e d , p o u r e d o n t o w a t e r (30 m l ) , e x t r a c t e d w i t h d i c h l o r o m e t h a n e (3 X 50 m l ) a n d 

dr ied over magnes ium sulfate. The solvent was evaporated to dryness to y ie ld the crade 

product as a y e l l o w o i l (0.28 g) consist ing o f one ma jo r component . Pur i f ica t ion b y 

co lumn chromatography on si l ica gel (4:1 ท-hexane/ethyl acetate) fo l l owed b y 

recrystal l isat ion f r o m ethy l acetate gave 3-amino-5-ethoxycarbonylmethylsulfanyl-4,7-

difluoro-thienof2,3-c]pyridine-2-carboxylic acid ethyl ether 78 (50 m g , 2 3 % ) as a ye l l ow 

so l id ; mp 110.2-111.5°C; ( [ M + H ] ^ 377.0435, C,4Hi4N204F2S2 requires [ M + H ] ^ 377.0436); 

δρ - 7 1 . 3 5 ( I F , d , 5JFF 3 1 . 6 , F - 7 ) , - 1 3 7 . 2 6 ( I F , d , 5JFF 3 1 . 6 , F - 4 ) ; ÔH 6 . 2 0 ( 2 H , br s, NH2), 

4.37 (2Н， q , 3 JHH 7.2, СЯ2СН3), 4.22 ( 2 Н , q， 3 JHH 7.2, СЯ^СНз ) , 3.95 (2Н， s, SCH2), 1.39 

(ЗН， է, 3 JHH 6.8, СН2СЯ3), 1.28 (ЗН， է, ^JHH 7 . 2 , С Н г С Я і ) ; 5c 169.2 (s, C - 0 ) , 164.7 (ร, 

c = 0 ) , 152.5 (d , i j c F 238.0, C-7) , 150.2 (dd, iJcF 251.9, 4 J c F 5.6, C-4) , 145.6 (s, C-2) , 134.2 

(dd, ' JcF 22.5, ' J cF 13.4, C-5) , 131.1 (ร, C-3) , 130.5 (dd , 2 JcF 1 4 . 3 , 3 J c F 7 . 1 , C-าa), 118.9 (d , 

2 JcF 41.4, С-З0), 62.1 (ร, СНгСНз) , 61.5 (s, CH2CH3), 32.7 (ร, S C H 2 ) , 14.6 (ร, С Н г С Н з ) , 

14.3 (s, CH2CH3); m/z ( Е Ґ ) 376 ( [ М ] ^ 58) , 331 ( [ М - С Н з С Н г О ] ^ 16), 303 ( [ М -

С О г С Н г С Н з ] ^ 100), 257 ( [ М - З С Н г С О г С Н г С Н з ] ^ , 42 ) . 
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E X P E R I M E N T A L T O C H A P T E R 6 

P r e p a r a t i o n o f iV ,A ' ^ ' -D ie thy l -3 ,5 ,6 - t r i f l uo ropy raz in -2 -amine 80 

í 丫 + NEtsLi THF ^ -^ґ 

F N F F N NEt2 
79 80 

4 3 % 

A 1.6 M so lu t ion o f bu ty l l i t h i u m in tetrahydrofuran (3.75 m l , 6.0 m m o l ) was added to a 

solut ion o f d ie thy lamine (0.44 g, 6.0 m m o l ) i n te t rahydrofuran (5 m l ) at - 7 8 ° c . The 

result ing so lu t ion was wa rmed to r o o m temperature, 2,3,5,6-tetraf luoropyrazine 79 (1.0 g, 

6.58 m m o l ) was added and the react ion m i x ณ r e st i r red fo r 19 h after w h i c h t ime ' 9 F N M R 

indicated 100% convers ion o f start ing mater ia l . The solvent was evaporated and the 

residue redissolved i n d ichloromethane. The m ix tu re was poured onto water (50 m l ) , 

extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent 

evaporated to dryness to y ie ld the crude product as a b r o w n o i l (0.62 g) consist ing o f one 

major component . Pur i f i ca t ion b y co lunm chromatography o n s i l ica gel (6:1 n-

hexane/ethyl acetate) gave N,N'-diethyl-3,5,6-trifluoropyrazin-2֊amine 80 (0.58 g, 43%) as 

a colourless o i l ; ( [M] " " 205.0818, C8H10N3F3 requires [ M ] + 205.0821) ; δρ -87.73 ( I F , dd , 

^JFF 49.3， ^JFF 10.9, F - 6 ) , - 99 .65 ( I F , dd , ^JFF 49.3, ^JpF 1 7 . 3 , F - 5 ) , - 1 1 5 . 4 0 ( I F , m , F - 3 ) ; 5н 

3 . 4 4 ( 4 H , qd , ^JHH 7 . 0 , ' JHF 1.5, CH2), 1 . 1 4 ( 6 H , ' JHH 7 . 5 , CH3); ô c 141 .5 (ddd , 'JcF 2 4 0 . 0 , 

^JcF 28.5, ' J c F 3.8, C-6) , 139.5 (dd , ' JcF 23.4, ' JcF 9.5, C-2)， 138.6 (dt , 'JcF 252.6, ' JcF 3.3, 

C-3)， 132.2 (ddd, 'JcF 2 4 3 . Լ ' j cF 36.3, ' j cF 6 . 1 , C-5)， 44.7 (d , 4JcF 5.6, CH2), 13.7 (ร, СНз ) ; 

m/z ( Е Ґ ) 205 ( [ М ] ^ , 41 ) , 190 ( [ М - С Н з ] * , 100), 162 ( [ М - М С Н з С Н з ] ' ' , 92) . 
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P r e p a r a t i o n o f 2 ,5 -D ì f l uo ro -3 ,6 -b i s (pheny I su l f any l ) py raz ine 81 

V ' 。ᄂ ： THF ^ ' V V ' 
+ PhSLi ֊~は » í| 

N'̂  F F N SPh 

79 81 

4 3 % 

1.0 M L i t h i u m th iophenox ide (6.0 m l , 6.0 m m o l ) was added to 2,3,5,6-tetraf luoropyrazine 

79 (1.0 g, 6.58 m m o l ) at 0°c, before re f l ux ing for 18 h. 1 9 F N M R indicated 100% 

convers ion o f start ing mater ia l so the react ion m ix tu re was cooled to r o o m temperature, the 

solvent evaporated and the residue redissolved i n d ich loromethane. The m ix tu re was 

poured onto water (50 m l ) , and the resul t ing precipi tate was col lected to g ive 2,5-difluoro-

3,6-bis(phenylsulfanyl)pyrazine 81 (0.9 g, 4 3 % ) as a ye l l ow so l id ; m p >220°C ; ( [ M ] ^ 

332.0247, C 1 6 H 1 0 N 2 F 2 S 2 requires [ M ] + 332.0248) ; δρ (dö -DMSO) -80.76 ( 2 Ғ , s, Ғ -2 ,5 ) ; ÔH 

(dö -DMSO) 7.20-7.60 ( Ю Н , m , A r C H ) ; Sc (dö -DMSO) 153.4 (dd , i jcF 251.2, 4JcF 9 . 1 , C-

2,5)， 135.9 (t， ^JcF 25.6 , C-3,6) , 134.6 (ร, A r C H ) , 130.4 (ร, A r C H ) , 130.3 (ร, A r C H ) , 127.9 

(ร, A r ๑ ; m/z ( Е Ґ ) 332 ( [ M ] ^ 8), 77 ( [ M - C o H s N j F a S z J ^ 100). 

P r e p a r a t i o n o f 6 , 7 - D i f l u o r o - l , 4 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - p y r a z i n o [ 2 , 3 - Ä ] p y r a z i n e 

82 

N、ノ F + H CH3CN F ^ N Ñ 

N ' F + " ^ ^ v í ՜ NaHC03 F ^ N ^ Ņ ^ 
79 2a 82 I 

73% 

A';N ' -D imethy le thy lened iamine 2a (1.45 g, 16.45 m m o l ) and sod ium hydrogencarbonate 

(2.76 g, 32.9 m m o l ) were added to a so lu t ion o f 2,3,5,6- tetraf luoropyrazine 79 (1.25 g, 8.22 

m m o l ) i n acetoni t r i le (300 m l ) . The react ion m ix tu re was st i rred at r o o m temperature for 3 

d after w h i c h t ime 19р N M R indicated 100% convers ion o f start ing mater ia l . The solvent 
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was evaporated and the residue redissolved i n d ich loromethane. The m ix tu re was poured 

onto water (50 m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnesium 

sulfate and the solvent evaporated to dryness to y ie ld the crude product as an orange sol id 

(3.32 g) consist ing o f one major component. Pur i f i ca t ion b y recrystal l isat ion from 

dichloromethane gave 6,7-difluoro-1,4-dimethyl-l, 2,3,4-ietrahydro-pyrazinof 2,3-

bjpyrazine 82 (1.19 g, 73%) as a ye l l ow so l id ; m p 118.2-119.5°C; (Found: c, 47.9; H , 5.0; 

N， 27.7; CgHioN4F2 requires: c, 48.0 ; H , 5.0; N , 28 .0%) ; δρ -118.60 (2F , s, Ғ -6 ,7 ) ; ÔH 3.43 

(4Н， s， C H 2 ) , 3.01 ( 6 Н , s， С Н з ) ; ôc 138.5 (է, ^JcF 5.3, C-4a,8a) , 136.7 (d , ' JcF 229 .1 , C-6) , 

136.3 (d , 'JcF 2 2 9 . 1 , C-7) , 46.9 (ร, С Н г ) , 36.7 (ร, СНз ) ; m/z ( Е Ґ ) 200 ( [ M ] * , 100), 185 ( [ М -

СНз]+， 90) , 171 ( [ М - С Н г С Н з ] ^ 64) . 

P r e p a r a t i o n o f 6 , 7 - D i f l u o r o - l , 2 , 3 , 4 - t e t r a h y d r o - p y r a z i n o [ 2 , 3 - * ] p y r a z m e 83 

N ^ F Ғ \ Л 

N ' F 、 N H 2 МаНСОз F - ^ N ^ N ' 

79 2d 83 H 

54% 

Ethylenediamine 2 d (1.13 g, 18.8 m m o l ) and sod ium hydrogencarbonate (3.16 g, 37.6 

m m o l ) were added to a so lu t ion o f 2,3,5,6-tetraf luoropyrazine 79 (1.43 g, 9.41 m m o l ) i n 

acetonitr i le (300 m l ) . The react ion mix tu re was st irred at r o o m temperature for 3.5 h before 

re f lux ing for 2 d. 19F N M R indicated 100% convers ion o f start ing mater ia l . The react ion 

mix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ich loromethane. The mix tu re was poured onto water (50 m l ) , and the 

resul t ing precipi tate was col lected to g ive 6,7-difluoro-l, 2,3,4-tetrahydro֊pyrazino[2,3-

bjpyrazine 83 (0.86 g， 54%) as a ye l l ow so l id ; m p > 2 5 0 ° C ; ( [ M + H ] ^ 173.0637, СбНбН4р2 

requires [ M + H ] ^ 173.0633); ôpíDMSO-de) -118.2 (2F， s， F-6,-7) ; òl · l íDMSO-de) 7.12 ( 2 H , 
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ร, NH)， 3.28 ( 4 Н , s， CH2); ô c ( D M S 0 - d 6 ) 138.4 (է, ^JcF 6 . 1 , c֊4a,-8a), 135.9 (d , 'JcF 225.6, 

C-6) , 135.6 (d , 'JcF 225.2, C-7) , 39.3 (ร, СНз) ; m/z ( Е Ґ ) 172 ( [ М ] ^ 24) . 

P r e p a r a t i o n o f 2 - ( { 3 , 6 - D i f l u o r o - 5 - [ ( 2 - h y d r o x y - e t h y l ) - m e t h y l - a m i n o ļ - p y r a z i n - 2 - y l } -

m e t h y l - a i n i n o ) - e t h a n o l 86 

՝ N ^ F z N ՝ ՝ ՝ ^ ° H NaHCOa * I֊ N Ņ Ւ " N ^ н о 

N՝ M 

N N 

2-Methy laminoethano l 5a (1.07 g, 14.2 m m o l ) and sod ium hydrogencarbonate (2.39 g, 28.4 

m m o l ) were added to a so lu t ion o f 2,3,5,6-tetraf luoropyrazine 79 (1.08 g , 7.11 m m o l ) i n 

acetonitr i le (300 m l ) . The react ion m ix tu re was re f luxed for 2 d after w h i c h t ime ' 9 F N M R 

indicated 100% convers ion o f start ing mater ia l . The react ion m i x t u r e was cooled to r o o m 

temperature, the solvent evaporated and the residue redissolved i n d ichloromethane. The 

mix tu re was poured onto water (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , dr ied 

over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the crude product as 

a b r o w n o i l / so l id (1.33 g) consist ing o f three ma jo r components i n the rat io 1:2.1:1.6 w h i c h 

were ident i f ied as 2 - / ՜ m e t h y l - ( 3 , 5 , 6 - t r i f l u o r o - p y r a z i n - 2 - y l ) - a m i n o ] - e t h a n o l 84; δρ -85.00 

( I F , dd , ^JFF 4 9 . 6 , ^JFF 1 1 . 3 , F - 6 ) , - 9 9 . 5 8 ( I F , ^JpF 4 9 . 6 , '*JFF 1 5 . 8 , F - 5 ) , - 1 1 3 . 8 4 ( I F , t, ^JFF 

11.3, F-3); m/z 207 ( [ M ] ^ 56) , 176 ( [ M - C H a O H ] ^ , 100); 6.7-difluoro-4-methyl-3,5-

dihydro-2H-pymzino[2,3-b][l,4]oxazine 85; δρ -107.16 ( I F , d , ^JpF 18.0, F-6), -115.07 ( I F , 

d， ^JFF 18.0, F-7) ; m/z (EI+) 187 ( [ M ] ^ 90 ) ; and 2֊({3.6-difluoro-5-[(2-hydroxy-ethyl)-

methyl-amino]-pyrazin-2-yl}-methyl-amino)-ethanol 86. Pur i f i ca t ion b y co lumn 

chromatography on s i l ica gel (1:3 ท-hexane/ethy] acetate) f o l l o w e d b y preparat ive T L C 

(1:3 и-hexane/ethyl acetate) gave 2-({3,6-difluoro-5-[(2-hyđroxy-ethyl)-methyl-amino]-
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pyrazin-2-yl}-methyl-amino)-ethanol 86 (0.45 g, 24%) as a ye l l ow o i l ; ( [ м ] + 262.1237, 

C 1 0 H 1 6 N 4 F 2 O 2 requires [ M ] + 262.1236) ; δρ -88.17 (2Ғ， ร, Ғ -3 ,6 ) ; ÔH 3.72 ( 4 Н , է, ^JHH 5.5, 

CH2), 3 . 4 2 ( 4 Н , է, ^JHH 5.0, CH2), 2 . 9 6 ( 6 Н , s， СНз) , 2 . 5 0 ( 2 Н , br s, O H ) ; ôc 1 4 2 . 2 (dd, 'JcF 

252.6, 4JcF 13.8, C-3,6) , 132.4 (t, 2JcF 18 .1 , C-3,5), 59.3 (ร, С Н г ) , 53.4 (s, CH2), 37.3 (s, 

СНз) ; m/z (ЕҐ) 262 ([М]\ 76)， 231 ([М-СН2ОН]*, 100). 

P r e p a r a t i o n o f 2 - [ M e t h y l - ( 3 , 5 , 6 - t r i f l u o r o - p y r a z i i i - 2 - y l ) - a m i n o ] - e t h a n o l 84 

N \ н F \ > J 、 ノF / О Н Ғ \ ノN、8-かᄋ、 

՝՝ " NaHCO 

CH3CN _ 丫 、 

МаНСОз F N' 
N 一 

79 5a 

2-Methy laminoethano l 5a (0.49 g, 6.58 m m o l ) and sod ium hydrogencarbonate (1.11 g, 

13.16 m m o l ) were added to a so lu t ion o f 2,3,5,6-tetraf luoropyrazine 79 (1.0 g, 6.58 m m o l ) 

in acetonitr i le (300 m l ) . The react ion m ix tu re was re f luxed for 3 d after w h i c h t ime 19F 

N M R indicated 100% convers ion o f start ing mater ia l . The react ion m ix tu re was cooled to 

room temperature, the solvent evaporated and the residue redissolved i n dichloromethane. 

The m ix tu re was poured onto water (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , 

dr ied over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the crade 

product as a ye l l ow o i l (1.33 g) consist ing o f t w o ma jo r components i n the rat io 5:1 w h i c h 

were ident i f ied as 2-[methyl-(3,5,6-trifluoro-pyrazin-2-yl)-amino]-ethanol 84; δρ -90.01 

( I F , dd , ^JFF 49.6, ^JFF 11.3, F-6), -99.57 ( I F , dd , ^JFF 47.4, '*JFF 18.0, F-5)， -113.79 ( I F , dd , 

'JFF 1 5 . 8 , 'JFF 1 1 . 3 , F - 3 ) ; ÔH 3 . 8 7 (2H， t, 3 JHH 5 .5 , CH2), 3 . 6 9 ( 2 H , t, 3 J H H 5 .0 , CH2), 3 . 2 2 

( 3 H , d , ' JHF 3.0, СНз) , 1.92 ( I H , b r s, о н ) ; 5c 141.3 (ddd, 'JcF 243.2 , ^JcF 28.7, '*JcF 3.8, C -

6)， 140.5 (ddd, ^JcF 2 4 . 1 , ^JcF 8.6, ^JcF 2.8, C-2) , 139.1 (dt , ' j cF 255.3, ^JcF 3.4, C-3) , 132.9 

(ddd, ' j cF 246.6, ^JcF 36.0, ^JcF 6.2, C-5) , 60.8 (s, CH2), 54.1 (d , 4JcF 5.3, CH2), 38.8 (d , 

219 



Chapter 12 

4JcF 6.7, С Н з ) ; m/z ( Е Ґ ) 207 ( [ М ] ^ 60) , 176 ( [ М - С Н г О Н ] * , 100); and 6,7-difluoro-4-

methyl-3,5-dihydro-2H-pyrazino[2,3-b][l, 4]oxazine 85 ; data as before. Pur i f icat ion b y 

co lumn chromatography on si l ica gel (1:1 и-hexane/ethyl acetate) was unsuccessful and 

gave a m ix tu re o f 2-[methyl-(3,5,6-trifluoro-pyrazin-2-yl)-amino]-ethanol 84 and 6,7-

difluoro-4-methyl-3,5-dihydro-2H-pyrazino[2,3-b][l, 4]oxazine 85 (1 .09 g, 80%) i n the 

rat io 5 ： 1 respect ively as a ye l l ow o i l 

P r e p a r a t i o n o f 2 ,2 ' - [ ( 3 ,6 -D i f l uo ropy raz Íne -2 ,5 -d í y l ) d i su I f aned í y l ] d i an í I i ne 87 

N ^ ^ ^ - - - ^ ^ CH3CN /入 

N ^ F 十 ^ ^ N H 2 МаНСОз ร ^ 

79 ธ ь NH2 87 

2-Amino-benzeneth io l 5 b (0.59 g， 4.74 m m o l ) and sod ium hydrogencarbonate (0.80 g， 9.47 

m m o l ) were added to a solut ion o f 2,3,5,6-tetraf luoropyrazine 79 (0.72 g, 4.74 m m o l ) i n 

acetonitr i le (300 m l ) . The react ion mix tu re was re f luxed fo r 19 h after w h i c h t ime '9ρ 

N M R indicated 100% convers ion o f start ing mater ia l . The react ion m ix tu re was cooled to 

room temperature, the solvent evaporated and the residue redissolved i n d ichloromethane. 

The mix tu re was poured onto water (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , 

dr ied over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the crude 

product as a y e l l o w / b r o w n sol id (0.76 g) consist ing o f one ma jo r component. Pur i f i ca t ion 

b y recrysta l l isat ion from acetone gave 2,2 '-[(3,6-difluoropyrazine-2,5-

diyl)disulfanediyl]dianiline 87 ( 0.7 g, 4 1 % ) as a ye l l ow so l id ; m p >220°C ; (Found: c, 

52.9; H , 3.3; N , 15.5; Ci6H,2N4F2S2 requires: c， 53.0; H， 3.3; N , 15 .5%) ; ópíDMSO-dö) -

82.10 ( 2Ғ , ร, Ғ -3 ,6 ) ; Ô H ( D M S 0 - d 6 ) 7.24 (2Н， dd , 3 J H H 7.5, ' 'JHH 1.5, A r C H ) , 7.18 ( 2 H , tđ, 

' JHH 6 . 9 , ' J H H 1.5, A r C H ) , 6 . 7 6 ( 2 Н , dd , ' J H H 8 . 1 , ' J H H 1.2, A r C H ) , 6 . 5 5 ( 2 H , t d . ^JHH 7 . 2 , 
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' JHH 1.2, A r C H ) , 5 . 4 5 ( 4 Н , b r ร, NHa) ; ô c ( D M S 0 - d 6 ) 1 5 3 . 6 ( dd , ' JcF 2 5 2 . 0 , 4JcF 9 . 3 , C-

3,6), 151.9 (ร, A r CS) , 137.9 (ร, A r C H ) , 135.1 ( m , C-2,5) , 132.5 (s, A r C H ) , 117.0 (s, A r 

C H ) , 115.8 (ร, A r C H ) , 106.8 (ร, А г С Ш г ) ; m/z ( Е Ґ ) 363 ( [ М + Н ] ^ , 100). 

P r e p a r a t i o n o f E t h y l 2 , 3 - D i f l u o r o - 6 - m e t h y l f u r o [ 2 , 3 - Ä ] p y r a z í n e - 7 - c a r b o x y l a t e 88 

,N、 Л О О ғ ^ / N ^ 7 : 3 ^ 7 ՜ F \ / N v . / ^ 0 
. U Х THF ^ Ą Y \ _ _ + Il 1 f . 

и ヒէ NaH F ' a ^ N ^ Ó F " ^ N F N' 
79 1 

88 

23% 

Ethylacetoacetate (0.90 g , 6.91 m m o l ) and sod ium hydr ide 6 0 % i n minera l o i l (0.33 g, 8.29 

m m o l ) were added to tetrahydro furan (100 m l ) and st i r red for 15 m i n before the addi t ion o f 

2,3,5,6-tetraf luoropyrazine 79 (1.05 g, 6.91 m m o l ) . The react ion m ix tu re was stirred at 

r oom temperature for 17.5 h, after w h i c h t ime ' 9 ρ N M R indicated 100% convers ion o f 

start ing mater ia l . The solvent was evaporated and the residue redissolved i n 

d ichloromethane. The m ix tu re was poured onto water (50 m l ) , extracted w i t h 

dichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the solvent evaporated to 

dryness to y ie ld the crude product as an orange o i l (1.34 g) consist ing o f two ma jo r 

components i n the rat io 1:2 w h i c h were ident i f ied as ethyl 2,3-difluoro-6-methylfuro[2,3-

bjpyrazine-7-carboxylate 88; and 3-oxo-2-(3,5,6-trifluoro-pyrazin-2-yl)-butyric acid ethyl 

ester 89 ; δρ -79.96 ( I F , d d , ^JpF 43.8, ^JFF 9.0, F-6), -91.39 ( I F , dd , ^JFF 2 0 . 1 , ^JpF 8 . 1 , F-3), 

-94.86 ( I F , d d , ^JFF 42 .9 , 4 JFF 19.9, F-5); m/z ( Е Ґ ) 262 ( [M] " " , 41 ) , 174 ( [ M -

(СНз)2СН2С02]^, 100). Pur i f i ca t ion b y co lumn c føomatography on s i l ica gel (5:1 ท-

hexane/ethyl acetate) gave ethyl 2,3-difluoro-6-methylfuro[2,3-bJpyrazine- 7-carboxylate 88 

(0.45 g, 27%) as a w h i t e so l id ; mp 98.9-102.4°C; (Found: c, 49.7 ; H , 3.4; N , 11.4; 
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C10H8N2F2O3 requires: С, 49 .6 ; н , 3.3; N , 11 .6%) ; δρ -93.26 ( I F , d , 3JFF 22.0 , Ғ - 2 ) , -95.61 

( I F , d , ^JFF 2 2 . 0 , F-3); ÔH 4.43 ( 2 Н , q , 3 JHH 7.2, CH2), 2.86 (3H, s， 6-CH3), 1.42 (3H， t, 3 JHH 

7.2， СН2СЯ5); ôc 168.5 (d, ' J c F 5.4, C-6), 161.9 (s, c = 0 ) , 147.3 (dd， 3 JcF 8.0, %ψ 1.9, C-

4a), 146.5 (dd , ' JcF 245.9, ^JcF 28.2, C-2) , 143.5 (dd , ' JcF 257.0, 2JcF 34.0, C-3) , 131.6 (dd, 

3 JcF 11.8, 4JcF 5.3, c-la), 109.7 (ร, C-7) , 61.5 (s, C H 2 ) , 15.4 (ร, СНз) , 14.5 (ร, СНгСНз ) ; 

m/z ( Е Ґ ) 242 ( [ М ] ^ , 44) . 

P r e p a r a t i o n o f 2 - ( 5 - C h l o r o - 2 , 6 - d i f l u o r o - p y r i i n i d i i i - 4 - y l s u l f a n y l ) - p h e n y l a m i n e 92 

^ ^ C l + H ๙ ^ NaHCOa N 丫 、C| 

90 5b 92 

19% 

2-Amino-benzeneth io l 5b (0.31 g , 2.5 m m o l ) and sod ium hydrogencarbonate (0.42 g , 5.0 

m m o l ) were added to a so lu t ion o f 5 -ch loro-2 ,4 ,6- t r i f luoropyr imid ine 90 (0.42 g, 2.5 m m o l ) 

in acetonitr i le (150 m l ) . The react ion mix tu re was re f luxed for 1 d after w h i c h t ime 19F 

N M R indicated 100% convers ion o f start ing mater ia l . The react ion m ix tu re was cooled to 

r o o m temperature, the solvent evaporated and the residue redissolved i n d ichloromethane. 

The m ix tu re was poured onto water (50 m l ) , extracted w i t h d ich loromethane (3 X 50 m l ) , 

dr ied over magnes ium sulfate and the solvent evaporated to dryness to y ie ld the crude 

product as a y e l l o w / b r o w n so l id (0.76 g) consist ing o f one ma jo r component . Pur i f i ca t ion 

b y co lumn chromatography o n si l ica gel (2:1 и-hexane/ethyl acetate) gave 2-(5-chloro-2,6-

difluoro-pyrimidin-4-ylsulfanyl)-phenylamine 92 (0.13 g， 19%) as a wh i te so l id ; 

8 F ( C D 3 C N ) - 4 6 . 6 7 ( I F , ร, F - 2 ) , - 6 5 . 3 4 ( I F , ร, F - 6 ) ; Ô H Í C D J C N ) 7 . 3 1 (2H， m , A r H ) , 6 . 8 8 

( Ш , d m , 3 J H H 8.0, A r н ) , 6.74 ( ш , t m , ^JHH 7.5, A r н ) , 4.67 ( 2 Н , br s, NH2); 5с (СОзСН) 
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175.1 (dd , 2JcF 14.4, 4 J c F 2.8, C-5) , 165.4 ( dd , 'JcF 250.9, 3 JcF 16.6, C-2 ) , 158.2 (dd , 'JcF 

219.4, % F 19.0, C-6) , 150.9 (ร, A r С ) , 137.4 (ร, А г C H ) , 132.8 (s, A r C H ) , 115.7 (ร, A r 

C H ) , 109.1 (dd, ^JcF 28.4, ^JcF 8.2, C-4) , 107.2 (ร, A r C ) ; m/z ( Е Ґ ) 273.5 ( [ M ] ^ 67) . 

P r e p a r a t i o n o f 2 , 4 , 6 - T r i b r o m o - 3 , 5 - d i f l u o r o p y r i d i n e 93 

A hastal юу autoclave (equipped w i t h a te f lon gasket and an inconel burs t ing disc) was 

charged w i t h a l u m i n i u m bromide (50.0 g， 0.187 m o l ) , penta f luoropyr id ine 1 (20.0 g, 0.118 

mo l ) and hydrogen b romide (25.0 g， 0.31 m o l ) . The autoclave was heated to 150°c for 3 d 

after w h i c h t ime the react ion т і х Ш г е was cooled and excess gaseous hydrogen bromide 

was neutral ised b y release through a solut ion o f aqueous sod ium hydrogen carbonate. The 

autoclave was opened and ice water was added to the so l id contents. The aqueous layer 

was then extracted w i t h a large vo lume o f d ich loromethane, d r ied over magnes ium sulfate, 

evaporated to dryness and pur i f i ca t ion b y recrystal l isat ion from dichloromethane gave 

2,4,6-tribromo-3,5-difluoropyridine 93 (21.8 g, 53%) as wh i te crystals; m p 107.8-109.4°C; 

(Found: c , 17.0; N， 4 .3 ; C j N B r j F z requires: c , 17.2; N , 4 . 0 % ) ; δρ - 1 0 3 . 6 4 (2F, ร, Ғ -3 ,5 ) ; ôc 

153.9 (dd , 'JcF 262.2 , ^JcF 0.8, C-3,5) , 122.8 (dt, ^JcF 20.6, "^JcF 6 . 1 , C-2,6) , 110.4 (t, 2JcF 

24.0, C-4) ; m/z ( Е Ґ ) 349 ( [ M ] ^ 100), 270 ( [ M - B r ] * , 82) , 191 ( [ М - В г г ] ^ 88) , 112 ( [ M -

Вгз ] " , 84). 
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P r e p a r a t i o n o f 5 , 7 - d i b r o m o - 8 - f l u o r o - l , 4 - d i m e t h y I - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 3 , 4 -

6 ] p y r a z i n e 94 a n d 6 , 8 - d i b r o m o - 7 - f l u o r o - l , 4 - d i m e t h y I - l , 2 , 3 , 4 - t e t r a h y d r o p y r i d o [ 2 , 3 -

6] p y r a z i n e 95 

入 < ř 4 N NaHCOo ― ՝x ЛУ_ _ Д Ja 
B r ^ N ' ՝Br Н 3 B r ^ N ^ B r B r ^ N N4 

93 2a 2 : 1 I 
94 95 
63% 3 1 % 

N,N'-dimethylethylenediamine 2a (1.76 g, 20 m m o l ) and sod ium hydrogencarbonate (3.36 

g, 40 m m o l ) were added to acetonitr i le (400 m l ) under argon. 2 ,4,6-Tr ibromo-3,5-

d i f l uo ropyr id ine 93 (3.49 g, 10 m m o l ) was added and the resu l t ing solut ion was ref luxed 

for 4 d after w h i c h t ime 19F N M R indicated 100% convers ion o f start ing mater ia l . The 

react ion m ix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ichloromethane. The mix tu re was poured onto 1.0 M hydroch lor ic acid (50 

m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crude product as a b r o w n / y e l l o w sol id (3.18 g) 

consist ing o f t w o ma jo r components i n the rat io 2:1 w h i c h were iden t i f ied as 5.7-dibromo-

8-fluoro-l, 4-dimethyl-l, 2,3,4-tetrahydropyrido[3,4-bJpyrazme 94 ; and 6,8-dibromo-7-

fluoro-l, 4-dimethyl-l,2,3,4-tetrahydropyrido[2,3-bJpyrazine 95. Pur i f i ca t ion b y co lumn 

c toomatography on si l ica gel (3:2 «-hexane/ethyl acetate) gave 5 , 7 - d i b r o m o - 8 - f l u o r o - l , 4 -

dimethyl-1,2,3,4-tetrahydropyrido[3,4-bJpyrazine 94 (2.12 g, 63%) as needle- l ike wh i te 

crystals; m p 98.4-100.1°C; (Found: c, 32.0; H , 3.0; N , 12.4. СдНюМзВггҒ requires: c, 

3 2 . 0 ; H， 3 . 0 ; N， 1 2 . 5 % ) ; δρ - 1 2 8 . 2 9 ( I F , d , ^JHF 4 . 5 , F - 8 ) ; ÔH 3 . 3 0 (2H， t, ^JHH 4 . 8 , CH2), 

3 . 2 8 (3H， d, ' JHF 5 . 4 , СНз ) , 3.04 ( 2 H , է, ' JHH 5 . 1 , C H 2 ) , 2 . 7 5 (зн, ร, СНз ) ; ôc 144 .4 (d, ՝JcF 
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200.7, C-8) , 138.4 (d , ' JcF 5.4, C-8a), 132.3 (d , ' j c F 1.5, C-4a) , 131.7 (d , 4 JcF 1.2, C-5) , 

122.9 (d , ^JcF 21.0, C-7) , 47.8 (ร, С Н г ) , 45.5 (s, С Н г ) , 43.1 (s, 4-NCH3), 41.5 (d , ' JcF 10.7, 

I-NCH3); m/z ( Е Ґ ) 339 ( [ M ] ^ 100), 324 ( [ М - С Н з ] ^ , 25 ) , 309 ([]Տ4֊(աՅ)շ]՛՜, 12); and 6,8-

di bromo- 7-fluor 0-1,4-dimethyl-l, 2,3,4-tetrahydropyrido[2,3-b]pyr azim 95 (1.06 g, 31%) 

as needle- l ike ye l l ow crystals; m p 94.8-95.9°C; (Found: c , 32.0; H , 3.0; N , 12.5. 

СҫНшМзВггҒ requires: c , 32.0; H , 3.0; N , 12.5%); δρ -123.02 ( I F , ร, F-7); ÔH 3.36 ( 2 H , t， 

3 JHH 4 . 5 , CH2), 3 .15 (3H, ร, СНз) , 3.07 ( 2 Н , է, 3 JHH 4.8, CH2), 2 . 7 8 ( З Н , ร, СНз) ; ôc 1 4 8 . 2 

(ร, c -4ű ) , 146.4 (s, c -8a ) , 144.5 (s, C-6) , 129.3 (s, C-8) , 117.0 (dd , 'JcF 434, ^JcF 26.3, C-

7) , 48.3 (ร, СНз) , 43.4 (ร, C H 2 ) , 43.2 (s, СНз) , 37.0 (ร, C H 2 ) ; m/z ( Е Ґ ) 339 ( [ M ] + , 100), 324 

( [ М - С Н з ] " , 85) , 309 ( [М- (СНз)2 ]^ 13). 

P r e p a r a t i o n o f 2-[(^^ 96 

- N - ^ ° ^ Br 

CH^CN F、 

В Г N Br 

OH NaHCOo ― X 人_ X 人 ^ ^ о н 
з Br 八 Ν Br B r - ^ N N ' ^ ^ 

3 2 I 

96 97 

13% 

2-Methy laminoethano l 5a (1.5 g, 20 m m o l ) and sod ium hydrogencarbonate (3.36 g， 40 

m m o l ) were added to acetoni tr i le (400 m l ) under argon. 2 ,4 ,6-Tr ibromo-3,5-

d i f luoropyr id ine 93 (3.49 g, 10 m m o l ) was added and the resul t ing so lu t ion was re f luxed 

for 3 d after w h i c h t ime 1 9F N M R indicated 100% convers ion o f start ing mater ia l . The 

reaction m ix tu re was cooled to r o o m temperature, the solvent evaporated and the residue 

redissolved i n d ich loromethane. The mix tu re was poured onto 1.0 M hydroch lor ic acid (50 

m l ) , extracted w i t h d ichloromethane (3 X 50 m l ) , dr ied over magnes ium sulfate and the 

solvent evaporated to dryness to y ie ld the crude product as a ye l l ow o i l (3.14 g) consist ing 
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o f two ma jo r components in the rat io 3:2 w h i c h were ident i f ied as 2-[(2,6-dibromo-2,5-

dißuoropyridin-4-yl)(methyl)amino]ethanol 9 6 ; and 2-[(4,6-dibromo-3,5-difluoro-pyridin-

2-yl)-methyl֊amino]-ethanol 9 7 ; δρ-123.8 ( I F , d , ^JFF 3.6, F-5), -120.7 ( I F , t, ^̂ JFF 3.8, F-3) ; 

m/z ( Е Ґ ) 346 ( [ M ] ^ , 24) , 315 ( [ M - C H շ O H ] ^ 100), 234 ( [ М - С Н г О Н В г ] ^ 19), 155 ( [ M -

СН2ОНВГ2]*, 78) . Pur i f i ca t ion b y c o l u m n chromatography o n s i l ica gel ( 1 : 2 n-

hexane/ethyl acetate) gave 2-[(2.6-dibromo-3,5-difluoropyridin-4-

yl)(methyl)amino]ethanol 9 6 (0.44 g, 13%) as wh i t e crystals; m p 73.1-75.3°C; (Found: c, 

27.7; H， 2.3; N , 8 . 1 . СвНвНгВггҒгО requires: c, 27.9; H， 2.3; N , 8 .1%) ; δρ -120.75 (2F, ร, 

Ғ-3 ,5 ) ; ÔH 3.86 ( 2 Н , է, ' J H H 5.4, NCH2), 3.50 ( 2 Н , է, ' J H H 5.4, CH2O), 3 . 1 4 ( З Н , է, 'JHF 3.3, 

СНз) , 1.62 ( İ H , b r s, O H ) ; ô c 148.4 (dd, ' j c F 2 5 6 . 1 , 3 J c F 3.8, C-3,5) , 137.5 (t, 2 J c F 11.5, C-

4 ) , 123.6 (dd , 2 JcF 24.4, ' J cF 9.6, C-2,6), 60.5 (d , 5 J c F 1.5, CH2OH), 56.8 (t, "JcF 4 .4, 

NCH2), 41.1 ( t , " jcF 5.3, NCH3); m/z ( Е Ґ ) 344 ( [ M ] ^ 15)， 313 ( [ М - С Н г О Н ] ^ 100). 
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