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Regioselective Arylation of Uracil and 4-Pyridone Derivatives
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Abstract

C-Aryl-substituted uridine derivatives are an important class of pyrimidine
nucleoside analogs that has received considerable attention in recent years.

Very few examples of 6-aryluridines have been reported in the literature.

In general, the introduction of an aryl group at 6-position of uracil was
limited to the following two ways: (1) photochemical arylation from the
6-iodouridines. (2) Suzuki-Miyaura and Stille cross-coupling reaction from
6-iodouridines. Both methods were restricted by the difficulty for the

preparation of 6-iodouridines.

In the past decade, the direct C-H activation for arylation has become an
effective method for the introduction of diverse aromatic and heteroaromatic
substituents. The focus of this thesis was to develop an effective method which
could directly activate the C-H on the uracil or 4-pyridone to undergo the

coupling reaction with aryl iodides.

Herein, we reported a general and practical synthesis of
6-aryl-1,3-dimethyluracil derivatives from 1,3-dimethyluracil (1,3-DMU)
derivatives via the copper-mediated C-H bond activation as a reaction model
for uridine. The reaction scope is generally applicable to a variety of uracil
derivatives. In addition, the deuterium isotope studies were carried out in order
to gain insight into the reaction details. A preliminary reaction mechanism was

proposed based on the isotope effect data.
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Chapter I : Introduction

1-1. C-Aryl-Substituted Uridine

Uridine & 5-fn s 6-f=1 § 4 % 4 &3~ % et i b Leipeicd 3 ik
(pyrimidine nucleotides) # & & er— 5474 = o T & KB 7B IR > £ 4 5-
e 6-1=t B} ¥ 4 BB A ek & (uracil bases) % 1 H 4
(nucleosides) =it & 4 » 35 E 5 ¥ e mee 4 £ (cytosatic) % };1;}};53
(antiviral) =4 4 ;=1 (biological activities) - °5-Aryluridines ® =R i< &
* A3 § PpEfipe (deoxyribonucleic acid) ¢ oo 1R AR ¥ kIFEA Ry H Y
T FES TP AL SR RIE @Rl uridine A M E T
(protein) & 7o' & & +»¥ i d 5-halouridines o 4= (palladium) it
1]# Suzuki-Miyaura reaction #1402 £ gtjjle 1013TR5 g B ie (7 %
X 48 & F R 85 5-aryluridines o

g T o gros g 2 pedp F G-aryluridines g S U Y o 26-31
~ i 0t uridine £ 63l AR EILHE LT A 80 (L) &
6-iodouridines + 4] * % it £ iz 7 arylation ; * (2) 6-iodouridines £
arylstannanes # 6-tributylstannyluridines ¥ aryl halides & {= Stille < <
8L F s’ @ t 2010 4 -%°Van Calenbergh # % % Org. Biomol. Chem.
# 47 41* Suzuki-Miyaura 2% f8 & F @ @l # 6-aryluridines e & =
N A p @ E S Py #j 4% & & Tetrahedron ¢ F % 12
6-iodouridines i * Suzuki-Miyaura < % {8 & ¥ i@ A5 = 6-aryluridines
i it i% % 2 2012 & > P Piet Herdewijn - Tetrahedron Lett. * # % #; ! >
& % 4s B 4% 6-iodo 2’-deoxyuridine nucleoside =g i - i 7
Suzuki-Miyaura 2 = 8 & F 5 > FpE 4 (glycosidic bond) 7 & - #r

e 41* 11,3 3-tetraisopropyldisiloxane-1,3-diyl (TIPS) i3k » & ¥ i& *
1



% A & <0 copper thiophene carboxylate (CUTC) 1% 2 & Fe 80t 383 » = 74 o
B0 - kLG o G ERERC RE RO IR LAk
6-iodouridines s &% 2 % > M Z F peng F A E 0 BRM D EEG (AL D

SEIPER

Scheme 1-1. Strategies for the C-C bond formation

pre-activation
X X path |
two side
pre-activation
O @ ©-@
one side
[O]
H H path Il

A58 C-C(R-) 283 N X S @ % B s Fr BRREAHE
5]4e Suzuki-Miyaura fv Stille * 5 ¥ A * 3t C-C 435 F o eiT#
kod W EFREMDFE >V ALELAAABME AT BL A A2 C-C h
4t (Scheme 1-1, path I) ; &% ¥_& £ :%;rs#\;‘é ez @ o 1% 51 E A
@ (directing group) enigtit »igm (73] C-C 4% 4 = (Scheme 1-1, path
) 3 & 83 B i o3 38 > 2% aryl halides £ fe 2k A BiE {7
F em GL% (Scheme 1-1, path I1) o F]yt & & 34~ 4 & 1 fiefe (uracil) 1%
5 ouridine =R > #F F ou path Il & = K 1% C-H 2 B&F &=

6-aryluracil #7# £ o



1-2. Direct C-H Arylation of 1,3-dimethyluracil (1,3-DMU)

B R4 C-H 25 a2 arylation b2 3 > ¥ ¥ % AR L
A TRE e AR OV s g ke R - &
B ™ (m-electron-poor) i % o F R F E A1 £ HE

BTk m-T 3R

itig {7 C-Harylation - “*

&%t C-Harylation =% B » >t fg B * (T 5 Biv F ek

540 A & s & F (transition metal complex) ° P
FI* 4 cngh & 5 (Pd complex) {7t » # ¥ o

salts) & 7 2 & o Lt coZfH) o

> ;J?cjrﬁ EF R b o~ RTCPF > F R 0% 4] %8 v concerted
metalation deprotonation (CMD) » **** + & » 4s #& aryl halide &7 § i 4
= (oxdative addition)> g fs £ 4r = 1 ¥ - >

45+ (arene) - B pF C-H 42
$rH > @ A% C-Pd 41 L5

o B R4 (reductive elimination) & A
- > 2B (biaryl) A P o feApF o FE KT Godr P D

TR ] > Y LA 5 4 4 (aryl cuprate) it £ 4 0 B d 3R

L arylhalide 5 @ #3424 o

& 2009 # - “*Michal Hocek t Eur. J. Org. Chem. % # 7 ri4s it »
£ AU G i e F o424 1.3-DMU i {5 C-Harylation iz > 1% » ¥
% #. 7 I e aryl halides (4-iodotoluene, 2-iodotoluene, 4-iodoanisole

4-iodobenzene, 2-bromonaphthalene, 1-bromopyrene)- iz j* & j& chpF i £ o

28 B0 R REFER A RCEEMEIE A A 6-F BehA F
BBEEF 72% es 73 2 5-ii& {7 arylation R & % (Scheme 1-2) o



Scheme 1-2. Preparative C-H arylation of 1,3-DMU 48

Method A Method B
Ar-X, Pd(OAC),, o) Ar-X, Pd(OAc),, Cul o

o)
P(perFPh)z, Cs,COs P(perFPh)s, Cs,CO3
Me\N)j/Ar DMF, 160 °C, 50h M€\ | DMF, 160°C,50 h M€ N |
Py A Method C A
o” N
Me

o N Ar-X, Cul, Cs2COs o N Ar
Me DMF, 160 °C, 50 h Me
major product major or only product

& 2011 # > * Michal Hocek % J. Org. Chem. # 4 7 — % * % [ 11
Wk A K E uracil e /gk s 72 R E N = iRE 7 k% AP uracil
S R BRI AFRN S I H N EER DD N s e 2
St M o 1 4-jodotoluene i F 4 0 F R~ E A4 L S-aryluracil
PF o N =% 5 p-methoxybenzyl (PMB) v 24| * BBry 3 %% » 7 & ¥
3 62% & .@a N =i L benzyl (Bn) # 2 4]* HCO,NH, f- 1.1
¥ B0 10% PA/IC 2 > A A FF 98% HhE ey AP
G-aryluracil FF > = 444 N s 5 Bn PFFiE 73 R adiid o BT
MR P A AN 0 AR RHF Y R F e hd R R

(Scheme 1-3) -

Scheme 1-3. Deprotection of 5-substituted-uracil 49

(@] (0]
R\N deprotection Hey To
AN — g\ A
(@] N (@] N
| R =PMB or Bn |
R H
R = PMB Method A 82% : 0%
R = PMB Method B 0% : 62%
R=Bn Method A 0% : 98%
R =Bn Method C 0% : 15%

Method A : HCO,NH,, 10% Pd/C (1.1 equiv), MeOH, 72 °C, 17 h
Method B : BBr3, m-xylene, pressure tube 140 °C,5h
Method C : BBr3, m-xylene, reflux,140°C, 19 h
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%14 2011 #° Jae Nyoung Kim % Tetrahedron Lett. % % - % = e
FI* 4o it 2 7 C-Harylation » ¥ d&34 1125 S-aryluracils svF B4+
it » electrophilic metalation-deprotonation » ¢ pivalate # uracil 0 1-i>

FA55 enamine > £ HF R EREMFEE L ST T F RAEF O

e
%
o

3% 3 g & ik (7 palladation » e pEf]* pivalate £ 2 N' F 97

=3
3t

LB Lgd TIHESB AR

.

“g s pivalate A £ & 5-i+ 3 %
pivalic acid » & 5% 23 4= £ " ¥ 3 5-aryl-1,3-DMU » @ f pFs 7 5o
Heck-type en7 484117 37 6-=i& {7 arylation eh@ A 4> e ¥ 15 4%

chicd CMD ehFk 8418 7| &4 (Scheme 1-4) -

Scheme 1-4. Pd catalyzed 5-arylation and 6-arylation of 1,3-DMU >0

H\/
Me« PdAr
@
Ar Pd PlvO )\Jj‘PdAr — N (O Jj/
PlvOH

- Pd°
regioselective | P|vO O @N) O N
electrophilic Me Me Me

O palladation

Me\NJj (major process) o OH o o

Me- Ar Me~ A Me H Me-. Ar
A ”kﬁ“ — T, " 1]
S O)\N —PdBr )\ =Par )\ =pasr O)\N

Me ) H \
Me Me Me - Pd° Me
Ar-PdBr >
Competitive ] OPdBr 0 - HBr 0
Heck type Me. PdBr Me H Me\ H Me-
carbopalladation “'H NT 'PdBr N |
(minor process) )\ )\ —-Ar )\ P
N H O° N "y 0" N° Ar
Me Me Me Me

FE 0 AR R LD R £ 13-DMU R F 0 3 R
WLWE AL AP KL R RN L H - i A F CH

arylation » I ¥ JF » iRt A F Sk



1-3. Ullmann reaction

% 1901 # - Fritz Ullmann 4= Irma Goldberg #F # 3704 & =3 5%
(Scheme 1-6) » fI * 4 & 7 = 4 M5 B~ £ J& (aromatic nucleophilic
substitution reaction) £ & biaryl it &4 > A F BY o TR E Y T F 4
BEF 2 FREDIEE A TEFLFER T F AR 4or LA (ligands)
(ex : diamines, aminoalcohols, diketones, diols) =r# * g it #| & o4 g i &

o Fla R & F P

Scheme 1-6. Ullmann reaction

-

(0}
>200°C o o1

symmertrical biaryl

— — [Cu] — —
@X ' X@ heat \ | 7\ | %
R? R R R?

unsymmertrical biaryl
R!, R? =H, CN, NO,R, |, Br Cl

X =1, Br, Cl, SCN Solv. = DMF, pyridine, quinoline, nitrobenzene...

F¥ ¥ Ullmann = B/ 5 F R4S s BT ARV LS SI /7 F

sd o (2) o-bond #Lit & & (metathesis) @ Cu () B %3 & kg i ji
it o(3) H 7+ #45 (single electron transfer) (SET) #- aryl halide ,f*ﬁ
d radical anion #;= (Cu(l)/Cu(ll)) - (4) 7 -complexation 5d Cu (1) £
aryl halide :& {7 #g i #.4{-B~ % chk & (nucleophilic substitution reaction)- (5)
fI* & R+ # # (iodine atom transfer) (IAT) 2, = aryl radical
(Cu()/Cu(In)) » @ B ts — BEF R4l endaihge s o Tt > ¥ b= Bk~ B
AT G e B0k SRR 0§ e~ B AR LT RE

BFE 2R PTIABRNALT ER R B T KRR RN R
6



i w0 2 F sl <Eal (Scheme 1-7) o

Scheme 1-7. Distinguish between the four possible reaction mechanisms in the

- . 51-52
modified Ullmann reaction
= [Cu)-X
=N N
N
od
PhsP™ X
Halide ion on [Cu]-X
affects rate? NO n-Complexation
or mechanism through [Cu]-Nu
YES
Oxidative Addition (1) Added phosphine affects rate?

Single Electron Transfer (3)

NO o-Bond Metathesis

n-Complexation

YES

Oxidative Addition

A Single Electron Transfer '

a-Bond Metathesis
n-Complexation

{

Effect of

substituents on

aryl halide Electron Donating

Groups Acclerate | -
- - a-Complexation (4)
Electron Withdrawing
Groups Acclerate
Substituents have little effect

o-Bond Metathesis (2) l




Chapter Il : Synthesis of 6-Aryl-Substituted Uracil Derivatives

2-1. Results and Discussion

A

'R R #AEF & 1 1,3-DMU 1% Sazdedr 0 1% 0.4 % £ Cul
w2 8 NaOBu 54 ;04 % £ 1,10-phenantroline (1,10-Phen) %
AL A2 ¥ 80 jodobenzene L F b oo dHF BERE S 2M & DMF
T2 125 °C 4r 65 /| FFiE {7 E i 0 ¥ 12 7 ] 6-phenyl-1,3-DMU (Table
2-1,entry 1) > Flptdadh ot F B F B B B RN o SIS el g Bk
Bitig > A F TG P Agat 2 (Table 2-1, entry 2) » ]t B2 F Ji
PR 24 ] PE~125°C 2 F ARG 2Mo i g h Mk~ 2 LA
R R F RS F R w AR “%I — B hE g F P Y 10% 0
A & (Table 2-1, entries 3-12) ; s A% 5 20 | ¥ ~85°C %2 F RER %
0O5M> At ifiFiEieimr o fre ®i2 803 chAa 5 (Table 2-1, entries
13-22) o #fs > A @ * FEKRTE R -oFRE A 04 & Cul 3t
A4~ 2 8 LIOBuU 546> & 05M 1 DMF kA 120°C © 7 Ji
5 ] pF > 7128 5] 6-phenyl-1,3-DMU 2 4 52% > tlr iE 2 T > 4t 4e
»EEAEmMERS > AP ERESL P REDSN 3% @
5-phenyl-1,3-DMU (Table 2-1, entries 23-24) » ¥ ¥ # ¢ Ullmann 5 &%
A i#”fﬂ?* P EFE M2 TIEH DI F ifltﬁié?@
RisF m BT FpavElte d R%ER F B [ FPTT A T

TEFRCERM mBALFHHE -



Table 2-1. Examination of reaction condition of 1,3-DMU (¥ ;ﬁ] EELEFHRLR)

0 O

)5: CuX, arylating reagent ;o inH Me Ar
Ilgand base, | + |
Me Me

solvent, temperature

Entry° Catalyst Base Ligand Temp. Time Yield®
[0.4 eq] [eq] [eq] [’C] [h] [%0]
1 Cul NaO'Bu (2) 1,10-Phen (0.4) 125 65 27
2 Cul NaO'Bu (5) 1,10-Phen (0.4) 125 65 23
3 Cul Cs,CO;5 (2) PPh; (0.8) 125 24 S.M.
4 Cul KsPO, (2) 1,10-Phen (0.4) 125 24 S.M.
5 Cul DABCO (2) TMEDA (0.4) 125 24 S.M.
6 CuCl Cs,CO3 (2) L-proline (0.4) 125 24 S.M.
7 Cucl KsPO, (2) TMEDA (0.4) 125 24 S.M.
8 Cucl DABCO (2) 1,10-Phen (0.4) 125 24 S.M.
9 CuCN NaO'Bu (2) TMEDA (0.4) 125 24 S.M.
10° CuCN Cs,CO;5 (2) 1,10-Phen (0.4) 125 24 S.M.
11 CuCN KsPO, (2) L-proline (0.4) 125 24 S.M.
12 CuCN DABCO (2) 1,10-Phen (0.4) 125 24 ~10
13 Cul NaOH (3) 1,10-Phen (0.4) 85 20 S.M.
14 Cul Cs,CO;3 (3) 1,10-Phen (0.4) 85 20 S.M.
15 Cul Na,CO; (3) 1,10-Phen (0.4) 85 20 S.M.
16 Cul NaO'Bu (3) 1,10-Phen (0.4) 85 20 ~5
17 Cul DBU (3) 1,10-Phen (0.4) 85 20 S.M.
18 Cul NaOH (3) - 85 20 S.M.
19 Cul Cs,CO;3 (3) - 85 20 S.M.
20 Cul Na,CO; (3) - 85 20 S.M.
21 Cul NaO'Bu (3) — 85 20 S.M.
22 Cul DBU (3) - 85 20 S.M.
23 Cul LiO'Bu (2) — 120 5 52
24 Cul LiO'Bu (2) 1,10-Phen (0.8) 120 5 46
25 Cul LiO'Bu (2) - 120 0.5 56

2 Yields for the isolated product; ® The reaction was added iodobenzene (2 eq) of entries 1-12 and 23-25,
and iodobenzene (4 eq) for entry 13-22; © The reaction was dissolved in DMF (2 M) for entries 1-12,
DMF (0.5 M) for entries 12-25; 1,10-phenantroline = 1,10-Phen; Tetramethylethylenediamine =
TMEDA.



RS2 1,3-DMU i® 5 A g o F F U B R R chdr s i C-H
o B e 6-1iB 7 arylation s I E TR A S kg B E B R S Bo ks
ERARP I ERFmiEiEoF A 0.2 § F CuBr 1% 5 Fernigiv & 2
2 &1 Cs,COz iFadkennkih; 2 2 % &0 iodobenzene 5 F B4 5
v DMF 23 A 541 F kR 5 05M» i iR REFF B gt
= it (Table 2-2, entry 1) » #ra 2 FRFFEH A » Flt e F B eh
i o F Ao ceRdkeniE 2 (Table 2-2, entries 2-4) > ¥ r2d £ 7 R
%@ % LiIOBU 54kPFF T6% :ha I F)u 6 f F Reert s & dk D kR
BT R BA . REEEF A SR 0 q § 3 H 5 DMSO
oo BB RHKL S 180°C R FF REAE LB R F RAFIE T2 BT AR
PG E R F g4 B (Table 2-2, entries 5-10) 5 g 18 £ #F3d 0% 4 » 7
H?'/] e B A LA > F oA kK BaAg F (Table 2-2, entries
11-14) ; FH R F A@H ek h o FRAEE T @2 % Ph-B(OH), &7
F s > #72 %_ phenyl bromide > » * % &% 141 F g (Table 2-2,
entries 15-16) ; F B & - ¥R E T 120 °C 15 » Frdrd] 0 F Ren

iz {7 (Table 2-2,entry 18) ; & {s sc 4 2 bk ey T 8B GE B Fanif i o
Fleié* 1 04 %8 CuBr v 4 % £ LiOtBu > i¥ % i1t énif
(Table 2-2, entries 17-18) > F] & Ap 4> 45 o 4 12 G304 & e & Af L1V A&
L2 AR A RBREF BEEL R ey B2 RS A

% (Table 2-2, entries 19-23) - m pLxH ¢ & R pF 5-1=i& {7 arylation ¢z
il 1% 225 K NMR P 235 & 5-12% 6- i R g i3
arylation g f= o F]pt gt > 2 2 w2 7 & FpH) T%caﬁsn JE SRV e g
T EE o AR F Y L T Ao PPhy (TR FE AR o e
FlF Jts €327 F 1A= triphenylphosphine oxide » ] & ¥ it + 2 5 > 1

TR ,fl‘ﬂg;l 7h m,Téwﬁf: T2 LK -

10



Table 2-2. Optimization of the reaction condition of 1,3-DMU

(0] O
Me\NJ\/l[H CuX, arylating reagent Me\N)j:H
ligand, base,
O)\'}l H solvent, temperature O)\'\Il Al
Me Me
Catalyst Base Ligand Arylating Solvent  Yield®
Entry reagent
[eal [ea] [ea] [0.5M] [%]
[2 eq]

1 CuBr (0.2) Cs,CO; (2) — Ph-1 DMF 0

2 CuBr (0.2) LiOH (2) — Ph-1 DMF 0
3 CuBr (0.2) LiO'Bu (2) — Ph-1 DMF 76
4 CuBr (0.2) NaO'Bu (2) — Ph-1 DMF 21
5 CuBr (0.2) LiO'Bu (2) — Ph-1 THF ~5
6 CuBr (0.2) LiO'Bu (2) — Ph-1 DME ~20
7 CuBr (0.2) LiO'Bu (2) — Ph-1 dioxane 41
8 CuBr (0.2) LiO'Bu (2) — Ph-1 toluene ~30
9 CuBr (0.2) LiO'Bu (2) — Ph-1 tAmyl-OH  ~10

10° CuBr (0.2) LiO'Bu (2) — Ph-1 DMSO 0
11 CuBr (0.2) LiO'Bu (2) PPhs (0.2) Ph-1 DMF 67
12 CuBr (0.2) LiO'Bu (2) 1,10-Phen (0.1) Ph-1 DMF 62
13 CuBr (0.2) LiO'Bu (2) L-proline (0.1) Ph-1 DMF 57
14 CuBr (0.2) LiO'Bu (2) TMEDA (0.1) Ph-1 DMF 60

15 CuBr (0.2) LiO'Bu (2) — Ph-B(OH), DMF 0
16 CuBr (0.2) LiO'Bu (2) — Ph-Br DMF 2.6
17 CuBr (0.1) LiO'Bu (2) — Ph-1 DMF 63
18 CuBr (0.4) LiO'Bu (4) — Ph-1 DMF 87
19 CuCl (0.4) LiO'Bu (4) — Ph-1 DMF 79
20 Cul (0.4) LiO'Bu (4) — Ph-1 DMF 79
21 CUuCN (0.4) LiO'Bu (4) — Ph-1 DMF 70
22 Cu(OAc), (0.4) LiO'Bu (4) — Ph-1 DMF 78
23 CuSO, (0.4) LiO'Bu (4) — Ph-1 DMF 34

24 CuBr (0.4) — — Ph-I DMF 0

25 — LiO'Bu (4) — Ph-I DMF 0

2 The yields were determined by 'H NMR analysis of the crude products using caffeine as an internal

standard; ® The reaction was stirred at 180 °C.
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PR ORCERG FAM la Fidtded o BEG A RBEEAD
jodobenzene &7 F & B xR AoV L & X FpH ep 6-aryluracil A 4 o
Fr PRI S (28%-85%) 0 AR 4 VSRR F B E T
T AR F RRE R 2 PR P FE R RET G AD
1-iodo-4-nitrobenzene & fupE > ¥ it B 6% hA F o wBF g £
WA F RFERRAT B A5 G Fet 2 (Table 2-3, entries 1-10) 5 &
o Bdedt ¥ 5-mE 3 2 R BR A 13DMU 7R 50 B¢ § 3
5-methyl- (1b) - 5-fluoro- (1c) - 5-chloro- (1d) ~ 5-bromo- (1e) 4= 5-nitro- (1f)
1,3-DMU B& + 2 a7 F B~ A L i gp e enif 2 5 R ks
PEORFILE B DR F AR iR R E LN T R
iodobenzene * &~ g3aw L E Y Z b ghg & (Table 2-3, entries 11-21) ;
em g > roentry 22 A6 FAsded L o le & 2a BGFF B o 4 iE
3|7 3aa % 3ea (Table 2-3, entries 22-24) -

Flpt R ing % 0 NP B R 2 peecITF T o QL E RHIEY
4 “hataryne” # “benzynoid” = *fﬁﬁ Sl Mg E RS R S
B Fpm BF A+ (Scheme2-1) %% b £ fy4riz 4 A 5-fluoro-
4v 5-chloro-1,3-DMU 2 4 > e F4d4n4 5 If 5o F BED T - BAF

jeenE % o & EF]E Y arylation «hZ $ (Table 2-3, entry 25) -
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Scheme 2-1. Postulated benzynoid formation mechanism of 5-bromo-1,3-DMU

|\© 2a (2 eq)

O

Me\N | Br CuBr (04eq)

O '.\' H L|OtBu (4 eq), DMF (0.5 M) o
Me

reflux, 1 hr

AJI ﬁjl ~- ﬁ

Bfs 2R % 5-bromo-1,3-DMU % 2 A245dr > frds & enigiv =
1% Suzuki-Miyaura =k AL @ &% 5-phenyl-1,3-DMU > % {8 A k2 0% it
T #22 jodobenzene F @ = # & = 1 5,6-diphenyl-1,3-DMU (3ga) -

TREFFRY L F R A F2HBEROPEL § 58

FRETFOBRARE TR IR ORET ¢ ER A 6-1=:8 {7 arylation

H

-

A TR o Flptdadh > B sR (Steric effect) 2 7+ s (elctronic effect)

1y

e BBF i

Fp oo AR kR H 61 AR AT EI A 5-imiE
= arylation & 4= » ]yt #- 6-chloro-1,3-DMU 4= 6-methyl-1,3-DMU 12
10 Fe i i 2 4-jodotoluene F i 0 A PIEH  FIE X EZ G EF T
i ¢ 47 homo coupling 7 pég5 ; Bagr it U AR TR EHY
REF®RE F o 552 tolyliodide 217 Sp\2 4c & F o e Bkis % 4
Wil m 5-=i {7 arylation > » &2 ¥t 6-chloro-1,3-DMU ¢ 6-i= % %

6-methyl-1,3-DMU &1 6-1=7 H:Ei75 i@ 2748 & & & (Scheme 2-2) -
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Table 2-3. C-H arylation of 1,3-DMU derivatives with diverse aryl halides

U R 2ai (2 eq) o}

Me~y R® CuBr (0.4 eq) Me~y
07 N H LiOtBu (4 eq), DMF (0.5 M) O)\I}l N
Me reflux, 1 hr Me
la-f 3a-f

Entry  Reactant R® Ar-1 R Product [yield]? notebook
1 la H 2a H 3aa [82%] QR 159-A
2 la H 2b 4-Me 3ab [58%)] QR 163-A
3 la H 2c 4-MeO 3ac [54%)] QR 160-B
4 la H 2d 4-Cl 3ad [55%] QR 159-B
5 la H 2e 4-Br 3ae [28%)] QR 164-B
6 la H 2f 4-NO, 3af [6.3%] QR 164-C
7 la H 2f 4-NO, 3af [20%]° RL 007-A
8 la H 29 2-Me 3ag [85%] RL 019-B
9 la H 2h 3-MeO 3ah [72%)] QR 163-B
10 la H 2i 2-MeO 3ai [66%] RL 019-C
11 1b Me 2a H 3ba [21%)] QR 173-C
12 1b Me 2b 4-Me 3bb [46%)] QR 186-A
13 1b Me 2c 4-MeO 3bc [31%] QR 186-B
14 1b Me 2d 4-Cl 3bd [29%] QR194-A
15 1c F 2a H 3ca [47%)] QR193-A
16 1c F 2b 4-Me 3ch [41%] QR198-A
17 1c F 2d 4-Cl 3cd [42%] QR198-B
18 1d Cl 2a H 3da [68%)] QR 173-A
19 1d of 2b 4-Me 3db [44%)] QR 187-A
20 1d of 2c 4-MeO 3dc [45%] QR 187-B
21 1d Cl 2d 4-Cl 3dd [35%] QR194-B
22 le Br 2a H 3ea [39%) + 3aa [23%] QR199-C
23 1e Br 2b 4-Me 3eb [32%) + 3ab [9%] QR199-A
24 1e Br 2d 4-Cl 3ed [24%)] + 3ad [12%)] QR199-B
25 1f NO, 2a H N.D.°
26 19 Ph 2a H 3ga [47%] RLO11-A

%jsolated yields; ® 4-nitrophenyliodide (5 eq), 5 hr; ¢ no desired product.
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Scheme 2-2. Reactivity of the 6-substituted 1,3-DMU toward the arylation condition

Me
(@]
4-MePh-l (2b, 2 eq)
Me\NJ]\ S Me |
)\ LiOtBu (3e§) 6
o~ N DMF (0.5 M) R
M reflux, 1 hr e
6a R6=Cl 7a-b
6b R6=Me not observed
(0] (@]
Me. Me. Me
) Yy
O)\N O)\N o
| | H
Me M Me 2
3ab € 8
not observerd from not observerd from
the reaction of 6a the reaction of 6b

-\\

6o 20 3E N IR AapEoapau e N fe N sl &
7 fe B~ 4k > e uracil (9a) ~ 1-methyluracil (9b) &7 g > @ 9a %
A A o Fpt B EH uracil ' G As4nde 0 fI* K,COz {7 deprotonation o
e NAer B £ Mel 25 F 8 0 ¥ U iFF] 3% A F 0 frFla
i#d NMR kit > Flet o Xeray Atk shizd o 7% 9a
2 0b AR ETRER G LA FEF R FIGEY DAL T

Wt F EiEET N g B~ A e & (Scheme 2-3, entries 1-2) o

Scheme 2-3. X-ray identification of 1-methyluracil (9b)
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Kﬁi]g ’ 7% ; i‘g-J, I'+ I*J: fl?_; ’1‘;!—_ Urdlne ___P ’ _* J«LL ”ﬁ’, ;ikf% * 7 P\—:’ ‘;ﬁ;/&;%% ’
FREBVEEEAT o FptEER * 1 3-di-(p-methoxybenzyl)uracil
(9c) v 1,3-di-(benzyloxymethyl)uracil (9d) » Xk BLZ F ' T4t o B % X

% 9c i 43 & 6-1ik {7 arylation £F i FPUAELS A - uridine 0 NP

f1% PMB

F

o AR RAT et (Table 2-4, entries 3-4) -

Table 2-4. C-H arylation of uracil derivatives with 4-iodotoluene

o L g = L
) i oy
Rl reflux, 1 hr R? Me

9a-d 10a-d
entry reactant R'  R®  product (yield)* notebook
1 9a H H N.R.6 QR 177-B
2 9b Me H N.R.6 RL 011-C
3 o9c PMB PMB  10c(43%) RL 001-A
4 9d BOM BOM N.D.” RL-001-B

% jsolated yields.; ® no desired product.; © no reaction.

MERS 0 R AR U - F P Y M Mt R W DR R B
4-pyridone 472 4 o F Ao Ripm e F RS S LR N P BT EE
A5 = 1-(p-methoxybenzyl)-4-pyridone (6) > e % 7 F& @ & N * ehifRE =}
(N-alkylation # O-alkylation) - 1% X-ray #%_ 11 %4 (Scheme 2-4) -

Scheme 2-4. X-ray identification of 1-(p-Methoxybenzyl)-4-pyridone (11)

=3 \\\r\:’ co

c12
/ / c3 \-X“C1O
\/ \/
] C2 i\ )C13
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Table 2-5. C-H arylation of 4-pyridone derivative with diverse aryl halides

I~ |
\GR (2eq) o]
f?] CuBr (0.4 eq)

LiOtBu (4 eq)

N DMF (0.5 M)
PMB
11 reflux, 1 hr 12a,b.d
Product
Entry Reactant Ar-1 R . . .a hotebook
[yield]
1 11 2a H 12a[28%] QR195-A
2 11 2b  4-Me 12b[33%] QR189-B
3 11 2d 4-Cl 12d [31%] QR200-A

%isolated yields.

FERRGEHEDS > PR I R > 2 # R 4 pyridone e 2-i
{7 arylation = # ¥ 3] (12a~12b~12d) > & {52 12d * &4 5 b »
& d 2D NMR (COSY, HMBC, HMQC) %2 NOE er#zsr:nr BizE -

Figure 2-1. 1-(4-Methoxybenzyl)-3-p-chlorophenyl-4(1H)-pyridinine (7d)

0
b H Hc H.1 2.H
| |
aH N H 3'N 4
Cl
MeO MeQ

Figure 2-2. H-H COSY of 7d

c oM
P 1 | OMe

a Cc
[ | b c | b
I, o, A
] !
FRaE .
| ol | - .
| = i - I ¥
° 0 [} i 0
| 00
® 3 1 Y
I 1 4 0 0 0
— o ® |
I
= @f 9 °
°

17



Figure 2-4. H-C HMBC of 7d

Y
P 0 /
Figure 2-5. H-C HMQC of 7d Figure 2-6. H-C NOE of 7d
‘ O - -
| | Cszl | T N
- 9 _ .
_—‘j‘ | 0 9 ' : ++
+
= - &
| & -
3 0

BA & HHCOSY ¢ » v up % sla phenyl B~ K 4 4 3¢ 5

e peak = 6 7.34 ppm fc 6 7.13 ppm ¥ - % peak 7 & 6.77 ppm
(Figure 2-2) - %] 7d @ ¥ § v~ ¢7 CH, ¥ ¥ 4] * DEPT etz 2%
peak % 8564 ppm- & Figure2-4 ¢ » & H-CHMBC @g%3] CH, ¥ &
# peak = & 6.77 ppm 3 3 coupling # 4% #% # peak %
4-methoxyphenyl » ¢ pFe ¥ BLZ 3|2 3% ¢ 5 - & peak 5 & 7.40 ppm 7
%Jcoupling #-4+ peak T4 a- F|p ¥ 4a# peak i & 7.34 ppm fe 87.13
ppm &_ 4-chlorophenyl } & - & =4 -

FERI B A e H afpi=g & > @ 4-pyridone } eh R dvenz B
Hoizg 39 it B xfarx | % 6740ppm 375 a~> 66.40ppm 375 b~
56.28ppm 375 co & Figure2-2 ¢ » ;ﬁd H-H COSY %3] b & a
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3 coupling ¥ b ¥ ¢ » 5 coupling Fletdesm b & 1 HLiz¥ F o

"£i6 > & H-C HMBC ¥ @m% 1 b 2z a 2 peak 7 coupling
> %W 5 61415 ppm {r 8 120.6 ppm> @ 4-chlorophenyl # H ¢ "f R I N 2
31 C-H 5 coupling *t > @ grpig#? — = peak 7 coupling % o 151.1
ppm e Flpt ¥ udem Ao b f ez ¥ &2 4-chlorophenyl P~ it i § ¥ 24K
o Fp A b B 4t o

B {é > f Figure2-6 ¢ » @7 @ v NOE #»cf » ¥ rrin H #7/%
g o pdhs CHy® a3 NOE»tj» it 4 a =3 35LE ;@i o
# feBFI a # b NOE »afso s é b itbd o tss v HERID ¢
2 BLimE b oo

"R P iR APl R Y % 2-pyridone » A w[41* Bn %2 PMB
F5 N P eniFsE AT AR T F B eirg 2 73] arylation &
o Rwfndedetr o

Befs o NPFEX JEF BE o FI R Ay R TRAT Y e
BA0#A P 1,3-DMU (1a) & NaOD 74 *® » & 05M F ik & <0 DO
¢ A 85°C T E R 24 o) pF o ¥ 1218 3] 5,6-di-deuterated 1,3-DMU
(la-5,6-dy) A& 4 57% - %t > # 13-DMU (la) f= 5,6-di-deuterated
1,3-DMU (1a-5,6-d,) % +* 5iR fr > 4 » jodobenzene Atk ik it T i {7
Flls» B85 87% ehad & o 3 NEJI* 5 2 pent o @A s @
e KR o ;%%EJ C-H & C-D Féticcn? pd Afant 5] (73] KIE
(kinetic isotope effect) vt & - @ KIE et @ 5 3a / 3a-5-d = 3.35
(Scheme 2-4eq. 1) -

“§is o H Jbhse ~ 5,6-di-deuterated 1,3-DMU (1a-5,6-d,) i 2 4p fe iF 2
FREt » Ak 5 87% > 2t 5-1F y ehz RAPR B IRF]T 48% > &
%3 52% i AR E O FH RV i S d M+ (deprotonation) {5 o

£dBAY FRREFSF o T ERE B g AL P
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(Scheme 2-5,eq.2) o d }#EM & § Lot b T 7 B F rE- ch% ¥ J&
P R R IR G L U # ik mE s KIE Gt 6] iy
<3 3350

o pF o PR - k5 F A T F kR (Scheme 2-5, eq. 3) © 7]
o EHE TR chkiRE 13-DMU (la) it T s o 258

% F P 4o~ - iF D,O # & acetic acid-d, pFF 17~18% ¢ 5-1= 4

=1

A G L d B BP o RAY A GRS §REF REDFT o ikl

ﬁ?%$%’&??ii¥mﬁ$ﬂﬂ»Dp’wggﬁ& A %

~\

FET R RO LAF 0 At ok B AT o RETEEF R

Scheme 2-5. Preliminary deuterium isotope studies

|
\O 2a (2 eq) 0

Me« D/H

Me~n DM CuBr (0.4 eq) N
_—

O)\N p/H LiOtBu (4 eq), DMF (0.5 M) O)\N o
| \ L

Me reflux, 1 hr Me
la & 1la-5,6-d, 3aa & 3aa-5-d
3aa/3aa-5-d = 0.77/0.23
KIE = 3.35
|
\© 2a(2eq) (0]
Me-~ | D CuBr (0.4 eq) Me- | D/H
_—_—
O)\N D LiOtBu (4 eq), DMF (0.5M) o7 >N
I I (2)
Me reflux, 1 hr Me
la-5,6-d, 3aa & 3aa-5-d
3aa /3aa-5-d =0.52/0.48
KIE > 3.35
|
0 \© 2a (2 eq) o
Me\N)k/l[H CuBr (04 eq) Me\N | D/H
O)\N 4 LiOtBuU (4 eq), DMF (0.5 M) 04]\,\, -
| |
Me 1d D,0 or 1d CD;COOD Me
la 3aa/ 3aa-5-d
refiux, 1 hr 0.83 : 0.17 D,O 74%

0.82 : 0.18 CD3COOD 81%
0.59 : 0.41 DMF-d; 82%
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d eq.2 ¢ arEEA R FF R et Bl 48% BA N R
3 KRS o F P # DMF-d, 175 F R ehia A 0 Gl i it g
1,3-DMU (la) & 77 Jis » 5% ° B 3 41% ¢ 5-1= 4 4k i 24k 0 Fp

FEY AWM AT AGRAY RS R

'
|

FEEEET OKIE "o E+x3 3350 5 1° B &R - wxdih 6-
= C-H gt aur il » ¥ a 3 -2 3 (rate determining step) (RDS) -
B R DR o pAsHmFE BASd Ullmann hF 4] ¥ ¢ &

4 uracil 6-carbanion (13) ¢ R8sy -

Figure 2-7. Proposed C-H bond activation mechanism

(0]
Me~ H
2
O o
Me
2a 3aa
C-H bond
cleavage
Cu®Br vVag
0 . .
mechanism A mechanism B
Me\N H

_ X
I @
Me- H C-Hbond  Me« H 16
N

| cleavage N |

)\ o -— = mechanism A
\ (@] l\ll H == mechanism B
Me Me = common steps
13 la

SR A ) el R ol 0 A PRI R R A i
F ki d CuBr fr iodobenzene (2a) f* F it 4c = ) =
PhCu(lll) =45 & % (12) » F P* % f:‘:igﬁ'b‘_{%%r} 5% ok SR ﬂf & 1,3-DMU

(la) + 6-i=#ha » @ A;= uracil 6-carbanion (13) =@ 48 o N &2 it
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2

PR R CEHEMEOS L R A 6-1 Fd 2 523 6-=} pKa

% I > F] KIE & % - deprotonation # 6-i=: C-H» Tt ¥ iy 4 i F 42
W 3¢ o 4€14 » uracul 6-carbanion (13) E 34 &4 12 1 endjE - FEBE
# F & (transmetallation) %252 diaryl Cu(lll) 45 & 4 (14) > 15 B R

wd A, 4BL A S 3aa 2 AR A Cu(l) A o 8R la B 6-t ih
pKa ~ % 30~34>°%% 2w s Fi £3F & A4 6-carbanion

(13) (Figure 2-5) -
Scheme 2-6. Kinetic isotope effect study

CuBr (0.4 eq) e

Me~, | H  LiotBu (4 eg), DMF (0.5 M) Me\N)K/l[D/H @
PN PN

o~ N~ H 1d D20 or 1 dCDsCOOD 0~ N~ "D/H
| |

Me reflux, 1 hr Me
la la & la-5,6-d,
1. 5-H/D[0.86:0.14] 6-H /D [0.88: 0.12] D,O 67%

2. 5-H/D[0.80: 0.20] 6-H /D [0.85: 0.15] CD;COOD 96%
3. 5-H/D[0.30:0.70] 6-H /D [0.22:0.78] DMF-d;  65%

0
Me~, | H LiOtBu (4 eq), DMF (0.5 M) Me\N)K/l[D/H .
o)\,}] H 1d D20 or 1 d CDsCOOD O)\’\.‘ D/H
Me reflux, 1 hr Me
1la la & 1a-5,6-d,
4. 5H/D[0.76:0.24] 6-H/D [0.78 :0.22] D,0 35%

5. 5-H /D [0.88:0.12] 6-H/D [0.90: 0.10] CD3COOD 57%
6. 5-H/D[0.12:0.88] 6-H/D [0.18:0.82] DMF-d;,  41%

=17 f#8_F 3 uracil 6-carbanion ¥ B A Fehd S AP A 27
IR LI RY ARG kKR A% 5 DO -~ acetic acid-d, %
DMF-d; kg7t o — 2§ 3% la A&t T > 27 4~ jodobenzene
(Scheme 2-6,eq.4); ¥ — 2/ 12 la ¥ 5 42454 > £ 7 4c » iodobenzene
% CuBr (Scheme 2-6, eq. 5) ° R % % % 87 £ % AV8- fA 7 Hkikh 5

e B-inf A G T AP ESOLE oA &S BH|F Y o 1% DMF-d,
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Krging Okih o B 5% & 5-1-% 6-i= #8577 70~88% e ftehA
P F AR R P REOERED F &P 6-carbanion ¢ A
PAREF ORI EHRAM 5 FF DMF &F ¥ ga‘%ni’—%’“—? Tk o

B A PR R s e Bola f 5,6-1 ) enfEak g PhCu(lll) 4
L4 (12) esF & B¢ g F R = 0 252 cis-5,6-dihydro-6-phenyluracil
copper(l11) (16) e 4+ — # Z# > AP 2 v chER P 7 i F15 la - 5,6-f 0
Fatfe PhCu(lll) 4 & # & engt (12) > 1% & L gt iRt chfe st o Fpt o
BT M (electrophilic) = PhCu(lll) 4 £ 4+ (12) ¥ g3+ BB
(nucleophilic) ¢4 la ¢ ¢ 5-i= > 5§ fe > A HEH 1 6-=1F » @A)
6-Ph-uracil Cu 4 & = (17) ° FI*H 3 5 T iEF P05 3 - W18 o
41 # 5@%%% 6-iwena R+ o B F RBEFTF » A FE (B-elimination)

2448 L A4 3aa 2 £ 2 Cu(l) A

Figure 2-8. Proposed C-H bond activation mechanism

®0O
¢ /\ t
CuBr [0A] |\"J'OB” | OBu
Ph+_| —  ph—Cu—Br > )\@/ “ No
2a 12 | Ar—Cu—Br
(@]
)i LISt
%I\ ellmlnatlon O)\ll\l Ar
3aa
WEfs o A ST E LA RRDEL L 0 HRIF BT g

CuBr {v iodobenzene (2a) 1 * % it 4c = 3= PhCu(lll) s & # (12) >
@ {5 1% base se# 12 ¢ el g3 > Mg{s o uracil v 5-isc ¥ F R
el 35 5 e P2 Cucomplex s# uracil 0 6-7 0 B iS5 d i F R

2R Rwmd F R A5 E AL 3aa AR
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Scheme 2-7. Studies for the heteroaromatic ring.

Me O
Q O O S
18 19 20 21

AR B g1 1,3-DMU 41 * g enigit » £ 5 % 2EH P h 6-
7 C-H 1 arylation o gt » 24 78 ¥ & *  N-methylimidazole (18) ~

2

furan (19) ~ thiophene (20) » #1828 i 2 = > iy @ ;% ¥ F|:2 {7 arylation

g

A ovEip 19 M EHY 3 ENAS DL T E A G FRE R
Moo AR - B 21 F H A iR BiEE T 5 327 arylation > e i

R Grd AR @IIAPIH A o

Scheme 2-8. Studies for the 6-substituted uridines

o O 0O o
PMB-« PMB- PMB-«

B j\| j\| j\|
N N N N
4

O (0] O O

TBSO_l 0 TBSO_l 0 PMBO_l o PMBO o)

o0 0. 0 O><) PMBO OPMB
22 23 2 25
o O O
PMB < PMB\N PMB<
A A A
(0] N O N O N
BnO o) TBDPSO o PMBO 0
BnO OBn BnO OBn PMBO
26 27 28
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Bofs o NI F FRR I g i i 2T uridine oo m L 0 o 22 1F G

¥
ET\@\'
fre
5
e
N
3
bt
B
e
N1
&
33
F_k
=
w
3
s

A2ded > ARBEIEE TR
FREATESF B FIRZEFIGFEH DAY g R Y § B KR
e urdine A7 4 o R fEAT i REAEZ R L E RaiE R > TR A
% 24 B{TE o fre g2 ERTEH AL o F 0 LATER AR Ol
A AP i A% 5 isopropyl hiREA 0 A5 A BT o ERE
Jiesg > & ¥
B >i@@*% 25 B F R LRkRESS Z2EDFFHASF > Fb > AP

w4
4

)

g FI S Cu AL omE R AR AR A

o T AR Y 73 20 RS Flpt e iR kR #H
26 2 27 iAo R RAEZF S RS EHT Ad T 20-1 8
4 pro Tt * 2’-deoxyuridine 7 $= 28 0 FriR H_m

83
FI3p 8 A2 $ - (Scheme 2-6) -
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2-2. Conclusion

A A ang G iE R > T o dt 13-DMU B BT
arylation » ¥ 5 ¢ F i Fehg & oo ¥ ¥ AL Fu g * 5-methyl-,

5-fluoro-, 5-chloro-, 5-bromo- 4= 5-nitro-1,3-dimethyluracil 2~ 7 f 3§

A PR EEF R 23 R 4 pyridone oo ¥ B0 4 F e
F i d %o $ 1,3-DMU ik bt 5 miciro s ot - F ko

7"\13’i Sﬁimﬁ)@ll—rlf"l—lﬁﬁgﬁm" ‘\';Ig m$}g’ 7‘!‘?7\%/9‘4c
FEA Fr nfabef@pxar hoadds jyaomris
FH oA o - AT E* 8 S R iL uracil 2 4-pyridone
(e Ap .
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Topic Il

Design and Synthesis of 6-(1,2,4-Oxadiazol-3-yl)uridine

Derivatives

%2 & & 6-(1,2,4-Oxadiazol-3-yl)uridine 4#7 4 #
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Abstrat

The focus of this topic is the synthesis of derivatives of
6-(1,2,4-oxadiazol-3-yl)uracil and uridine as potential inhibitors for orotidine
5’-monophosphate decarboxylase (ODCase). 6-Cyano-1,3-dimethyluracil as
the starting material was added hydroxylamine to give the corresponding oxime.
It was subjected to the cyclization reaction with various benzoyl chlorides to
give a series of 6-(5-phenyl-1,2,4-oxadiazol-3-yl)uracils. Under the same
condition, suger-protected 6-cyanouridine was added hydroxylamine to give
the corresponding oxime. Then reacted with various benzoyl chlorides to form

the 6-(5-phenyl-1,2,4-oxadiazol-3-yl)uridine derivatives.

VI



&

AR 2 & &2 6-(1,2,4-oxadiazol-3-yl)uridine % uracil 574 o Hp
¥ i' 5 £ 3 B4 v orotidine 5’-monophosphate decarboxylase (ODCase)
% & 4 A o F B % 6-cyano-1,3-dimethyluracil ¥ i A= 4n e o
hydroxylamine » J&2; = oxime > £ & ¥ H ¥+t E 5 2 F F i A0
benzyl chloride &= £ & » ¥ & = — % 7| 6-(5-phenyl-1,2,4-oxadiazol-
3-yDuracil - 5§{& » " 4p F eF B % B * & 6-cyanouridine } o ek L gm
hydroxylamine ¥ J&3= oxime- i 4pf if 2 & = - % 7] 6-(5-phenyl-1,2,4-

oxadiazol-3-yl)uridine 74 F o



Chapter I : Introduction

1-1. Orotidine 5’-monophosphate decarboxylase (ODCase)

Orotidine 5’-monophosphate decarboxylase (ODCase) # % — # 2-% £
L oepfgis & 4 o LY e H AL (pyrimidine nucleotides) 72 = ek {8 B
44 3¢ (de novo pyrimidine nucleotide biosynthesis) - #-= f7 orotidine
5’-monophosphate (OMP) 5 ¢ ODCase i it a %2 CO, )= uridine

5’-monophosphate (UMP) 15 & (Scheme 1-1) - *

Scheme 1-1. Catalytic decarboxylation of OMP *

Carbanoyl - (0]
phosphate Pi 0P H20 H
N
Aspartate ;—L» Hi,/"\'\ ——4 4]\
0~ 'N° ‘coo 0~ 'N° coo
H H
N-carbamoylaspartate L-Dihydroorotate
+ A @)
NAD NHADH+H" |, PRPP  PP;
0~ 'N” ‘coo
H
0 Orotate o
. 0" °N"coo H' co, . O)\N
0sP-0 \ / OsP~0
O O
ODCase
HO  OH HO OH
Orotidine 5'-monophosphate (OMP) Uridine 5'-monophosphate (UMP)

)

ODCase fit »ck ¥ B4FerfiEd 2 — > U 7 a3t § eehdrfhim > &
z w7 (bacteria) ~ v M) (archaea) ~ % 2 # (parasites) ™ % 3 & rf FL 3§
B Am o - Hwm i A fs 7 & s (cofactor) ~ £ B4+ (metal ion) £ & i
¢ ¥ 48 (covalent-intermediate) =73 % & i {7 @it & i > = ODCase

Fr o M AR 3 A MRS £ B R F
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M E A N SRS SR P g IS k2 & UMP > iz 4p
g EAPa g o GAS RS T B A S JS (salvage
pathway) % 2 & UMP - @& UMP £ * % & = # i et H fh w0 554
(precursor) » |4 : uridine 5’-O-triphosphate (UTP) ~ cytidine 5’-O-triphosphate
(CTP) ~ thymidine 5°’-O-triphosphate (TMP) 4= 2’-deoxy cytidine 5’-tri
phosphate (dCTP) > £ i& @A & = DNA & RNA- 7]t & F %3+ ODCase 7
fix % dr4) A > i 1egg ODCase chigit £ i @ @ % UMP ehkik > { i&
— Hengrd] 1 ME 4 4 4 DNA/RNA hE 202 358 s #2 @it T

BE LR GHURE AF LA R AT L o7

Scheme 1-2. Nucleotide substrates and inhibitors for ODCase 32

(@] j?\ (@]
HN HN N HN
Py PN P
. 07 'N” OH . O~ 'N° COOH,_ S” 'N° 'COOH
04P—0 04P—0 0;P—0
(0] (@] O
HO OH HO OH HO OH
BMP 5-aza-OMP 2-thio-OMP

. o~ N . 0~ 'N . N=
ng_o O3P_O NH OSP_O
o o] 2 o
HO OH HO OH HO OH
6-aza-UMP 6-thiocarboxamidouridine  pyrazofurin 5'-monophosphate

5'-monophosphate

0] (0] (0]
R
g T, X
. 0~ "N” “cooH o NTR 07 N7 R
0;P-0 HO 0P—0
0] 0] 0]
HO OH HO OH HO OH
R=H R = NHCH3 R=|
R=F R = N(CH2) R=N
R=Cl vz R= Cﬁ|
R=Br R =CHs
R =NH,
R = 503
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ITE K 0 F 5 AL 2 eh ODCase #+4# » 2 % West Nile Virus
(WNV) & 4 23 drd]sck > ¥ b #4025 2 (malaria) :—sﬁ:;fﬁi; $
g 4 0w by S REY LTRA R % % IR ODCase shdr| &

el g eE > O L A e d et S R eh T 0 & -

7 e ODCase e # (Scheme 1-2) -

Scheme 1-3. Decarboxylation of 1-methylorotic acid 13

(0]
_L, Nk
heat él\
CH 3 CH3
1-methylorotic acid 1-methyluracil

& 1995 # > " Wolfenden % Science % % 7 - £ $EEE Bt a
K ot ez )}%J% » 3¢ 2 ODCase i s # i ™ 'F—"F‘f”f'l’* 7 fe R B
(140 °C — 200 °C) » iBl:& 1-methylorotate %2 CO, g &

% #c (Scheme 1-3) » £ f* o3y £ L ¢k 3a;2 (extrapolation of the Arrhenius
plot) ¥ 4& 5 41 4 25 °C pFe Ko, (NONenzymatic rate constant) 5 2.8 x
105" £ d Ko/ Koon ¥ 850 pH =6 25°C P& » fit & it chic 4 3
4078 107 B o bejs s wazd ODCase Bt it 4 [ (Kear/ Ki) / Koon ]

2.0 x 10°M™ (Table 1-1) -

Table 1-1. Enzyme listed in order of decreasing catalytic proficiency 13

» Rate Caftaly‘[ic

. . - Koot K, T proficiency
Enzyme Nonenzymatic ¢ ., Koot 877) (?:'3‘1) (wa'jM—w enhancement (kcar/K )/kmn]

(KoatKnon)
OMP decarboxylase 78,000,000 vears 28x107® 39 5.6 x 107 1.4 x 107 2.0 x 102
Staphylococcal nuclease 180,000 vyears 1.7 x 10128 95 1.0 x 107 56 x 104 5.9 x 1919
Adenosine deaminase 120 years 1.8x 10710 370 1.4 x 107 2.1 % 10" 7.8 X108
AMP nucleosidase 69,000 vyears 1.0 10" 60 5.0 x 108 6.0 x 102 5.0 X 108
Cytidine deaminase 69 years 32 %1071 299 2.9 x 108 1.2 X 102 9.1 x 101
Phosphotriesterase 2.9 years 7.5x10°° 2100 4.0 X 107 2.8 x 10" 5.3 x 108
Carboxypeptidase A 7.3 years 3.0x107° 578 6.6 x 108 1.9 x 10" 2.2 X 108
Ketosteroid isomerase 7 weeks 1.7 x 1077 66000 3.0 x 108 3.9 x 10" 1.8 x 108
Triosephosphate 1.9 days 43 x107° 4300 24 x 108 1.0 x 10° 5.6 x 101%
isomerase

Chorismate mutase 7.4 hours 2.6 x 10°% 50 1.1 X 108 1.9 x 100 4.2 x 1010
Carbonic anhydrase 5 s 1.3 x 1077 1x 108 1.2 x 108 7.7 X 108 9.2 x 108
Cyclophilin, human 23 s 28 %1072 13000 1.5 % 107 4.6 x 10° 5.3 x 108
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1-2.  Machanism against ODCase

T 0w E Ak & (decarboxylation) #f6 € f¥g A AT e A
+ f #+ (carbanion) » f# it ¢ g AR R E'J%%gd WpsRer > 4
fir 2 U RET T Rm o 2P W 51 & A% IR ODCase
FE L R G W o T AT & OMP 1 C-6 F A= 1 B
B oo FMPBEX IR TR AT A q\;pfup (carbene) = & & 4+
3 (zwitterion) kA& T B chf 3 ] o & 1976 £ > 1 Beak fr
Siegel % J. Am. Chem. Soc. # i3k ODCase F J& % 4] > I *
1,3-dimethylorotate i 2 OMP eficd| k& 73t > % I L % OMP =
0-2 L F = it (protonation) L :EFMmz A F o md CO, @ A= 1

Mags o L kfEe C-6 Frf T ek 4] (Scheme 1-4) -

Scheme 1-4. Beak and Siegel support for the ionization mechanism 1415

Base-CataIyzed

o)
3C\ HaCx | HaCxy,
_ _L,
COOH )\ )\
CH3 CH3 CH3
K i BH+
HsC i %2 e HaC 1
AN Hs N 3C~
A\ —L> A\ — A
CH3 CHs CH,

Zwitterionic

Py

e 4 2000 # pF > "°Rishavy 4c Cleland % Biochemistry # % 7 -
N B PN @@ iR ERd B PGS B
N' 4254 (bond order) =% > ¥t fafs 7 Beak fo Siegel #7#& 41 ik
(Table 1-2) -
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Table 1-2. **C and **N decarboxylation isotope effect *°

picolinic acid® N-methyl picolinate® OMP*

|=A— ];’l‘. Wi'i‘v \.;A. I‘(iK]
measured effect 1.0156 & 0.0005 0.9955 £ 0.0004 1.0212 £ 0.0002 1.0053 + 0.0002 1.0036 £ 0.0003
corrected to 25 °C 1.0243 £ 0.0008 0.9930 £ 0.0006 1.0281 & 0.0003 1.0070 + 0.0003 1.0036 £ 0.0003

“ Ethylene glycol, 190 °C."> Ethylene glycol with quinoline, 120 °C.* ODCase, pH 6.5, 25 °C.

¥ - > > & 1982 # > Silverman 4 Groziak % # % J. Am. Chem.
Soc.® EL.& 7|3 BHA (model) ik 2% v By (nucleophile) 4c
=3 uracil 59 C-5 F > afgmd CO, mBRF A Mo Utk Renkih it
JF,Z#’EL;‘E'J ODCase it {7 felit & JgpF» Bt =8 5 A A & OMP ¢ C-5 &

FAea 3 K > # 3] UMP (Scheme 1-5) -

Scheme 1-5. Mechanism proposed by Silverman and Groziak *’

£ (0] Enz I1:_nz
HsCry, nz—Nu HaC HaCxy, Nu
)\ )\ CH,00 O)\l}l
Rib—P Rlb P Rib—P
(@] IIEnz (@]
A °
0" N Rib—P =
Rib—P Rib—P HO  OH

e & 1990 & > ®\Wolfenden % Biochemstry % # 7 & 5-f=

7
=

Tk izgdd FOFRY  FRIAREF I EHP T A 5-
i AR ch® 5 1992 # > Y Jones % Biochemstry £ B i @
* 5-aza-OMP ¥ ODCase it pF > %2R 5 it ek & » e pt5g g~ 5-
2 N BRI EZEFSAF B Fpr P Silverman 3% 20k B4 7

DR W TeE A BT Rl iRl 0 B e i i

i B HBEieR ook M (Table1-3) -
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Table 1-3. Substrate activity of selected orotidylate analogs 18

keaa app Kpor Kear/Km Aenm)®
compound ) KM M1six109) (Mlcem™)

OMP 19 1.5 12.7 1650285)
5-fluoro-OMP 570 56 10.2 750(290)
4-th10-OMP 9 20 0.45 3350(365)
5-aza-OMP 5 30 0.17 6550(233)
S-chloro-OMP ND¢ 0.12

5-bromo-OMP ND 0.98

2-thio-OMP ND 29

2 The molar extinction coefficients at the denoted wavelengths were
used for assays with the respective compounds as substrates. ® Not
detected.

& 1997 # » % Lee fr Houk % % % Science 12 2 #& 2001 & » %

Kollman % % % J.Am.Chem.Soc. ® 354 7 > f|* £ 3 4 Bty s
R E TS S IR E R AT S SR B E Y R T

® A AS o m f 2000 # > P Ealick BB G fEE X-ray hH 5S4
M % B3R 0 Az ik (ground state) BF o0 E 1t % ¢ aspartate 22 e
THRFFFLFA MU ERNERE D FFET R 5 AFRALP
(transition state) #-§ % fF#4 3] C-6 + 7 1141 * lysine #13% ineh i+ @
&% 700 Balick 35 v ehig g > L FS i (protonation) 4 %2
GBS UMPosr s b % S e 3 5 i) A B & O-2 -
O-4~C5-C-6 g+ it kFEZE T/ is &) UMP

(Schemel-6) -
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Scheme 1-6. Reaction mechanisms proposed in recent studies 20

O-2 protonation

0 0 0
H\N H H\N H 2 H\N H H\N
| — | — ] —— |
X\ @) N PN . >
G)\l}l - Ho)\\@ & HO™ N o)\r}l
E/_H') Rib—P O Rib—P O Rib—P Rib—P
O-4 protonation
TN+ + _H
O HIB Q H 0
Hey, H He L H CO2 H M H-
I o— YT o~ L J— 1]
0" N - 0" N J @) '\,1 0" N
Rib—P O Rib—P O Rib—P Rib—P
C-5 protonation
.
HZB o] 0] 0
H\N H H C02 H\N H\N
| — — > H——— |
~ -
O)\ll\l o_ )\ ‘\ o_ oél\l}l . O)\l}l
Rib—P O Rlb PO Rib—P Rib—P

C-6 protonation

o H

0
H\NJ\JHH,,\',\iLyS\ COr  h. |
A .
3 g BRSA X

I
Rlb PO Rib—P O Rib—P

& 2005 # > % Kotra % J. Am. Chem. Soc.® } & 4|* ODCase £
6-cyanouridine 5’-monophosphate (6-CN-UMP) 2 = & %8 i X-ray 8 & 0k
A 15 0 R 6-CN-UMP + iz ODCase ihx f» 3 i5d fEk it @

A5 = barbituriate ribonucleotide 5’-monophosphate (BMP) #X 1 £ #r#|f% %

g o mod X-ray ¥ AviE (T gL pF o 7; r BE = As s Asp 70~
Asp 75~Lys 42 2 3 Lys72- % ® &2 % flehg < A5 & 4 (hydrogen bond)

it 4 (Figure 1-1) -
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Figure 1-1 (A) 1.45 A resolution electron density map of BMP in the active site of
ODCase in crystals in contact with solutions of 6-CN-UMP (B) Hydrogen bonding
network between the ligand BMP and the active site of ODCase. 23

A & 2006 £ - “Kotra % J. Med. Chem. * #Fi& B % % % » chif 3t
£ - %35 UMP #4744 > ¢ 7 6-aza UMP ~ 6-cyano UMP ~ 6-amino
UMP » & 4] * isothermal titration calorimetry 7 % % % X p| % enzyme
inhibition Kinetics 4-%f ODCase #r+|:5 {+sx% gt #i (Table 1-4) - § i&—
A7) UMP enfim2 4= &7 R R PF > € &4 7 0 ODCase thk ik » 3

7 e K| (inhibition constant) & o

Table 1-4. Inhibition constants for various inhibitor of ODCase

ODCase

compound source Ki (M) ref
6-aza-UMP (3) at 55 °C Mt 124 % 107°
6-aza-UMP (3) at 25 °C Sc? 64 x 10°° 40, 41
6-aza-UMP (3) at 25 °C P 1.0 x107¢ 14
BMP (4) at 25 °C (radiolabeled) Sc 88 x 10712 8§
6-cyano-UMP (5) at 55 °C Mt (29 £2) x 107¢
6-amino-UMP (6) at 55 °C Mt (840 &£ 25) x 1077

@ Methanobacterium thermoautothropicum. ® Saccharomyces cerevisiae.
¢ Plasmodium falciparum.

2007 # > ° Kotra # J. Med. Chem. # # | % % % ODCases i
d X-ray P {80 & RETIEBIF BB A1 £ it T 25 R e
AL - BF WAl A P AP 4§ ODCase i {7 decarboxylation
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M AEN BT F & BaEnd & o RgH o iFH i@ A 497 ODCase higit i

» 3 I3 aspartate residues (Asp 70 = Asp 75B) % lysine residues (Lys
42 4c Lys 72) {;ﬁ“ﬁ sm 34 ehd 424 % (hydrogen-bonding network)

kg 7 @i (Figure 1-2) « F ¥ > ﬁﬁ"" A477 5 48 ODCase & % F 5 &
s v =% o residues v iplddaengs B o) 3

%—t o= end, 18 - E}é? % &y

05 A « Flpt (v & 0 et df 7 SRlp i 1 B § & I A R & e A

)R & 4 o

Figure 1-2. Stereo representation (crossed-eye) of the hydrogen-bonding network in
the active site of Mt ODCase. °

: (1) ODCase % igit eniEAz e - B i i

*l« F’;‘]z‘b —sE’IB' \:v\zH'U'F”L

B PR BrRApL D residue T2 ¥R FIE T MLP 4 2 o (2) ODCase 7B

iR o XA g g F AL K 4o (3) ODCase wAE s ¥ B

ToAA T - BY i % g 4t % (hydrogen-bond network) o
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Chapter 11 : Synthesis of 6-(5-Substituted-1,2,4-oxadiazol-3-yl)uracil
and 6-(5-Substituted-1,2,4-oxadiazol-3-yl)uridine

2-1. Introduction

SHE R YRS X6 B 2 kT i A uridine i o
fig- kP S L A & L ODCase #rd# & £ B fodihy s
lri o

i OMP ¢ ODCase it 7 it ¥ » 6-f2cn2 ¢ 2 COO ™ 7758

ho X EEER S R 0 Lysine foF RF T 4 4EReq B w o BMP

»

¢ Zren ODCase #r4)# > Afit 2 chigiviEf2® »6-ehf R+ BpE 50

% b e Lysine A= & 45 @ Aspatate £ FFiTenABL € 14 g A5

:\4‘

Ao Tt oo A F Y A uriding R G- b 51~ R e iR A A 0 A ST

e

Bt ¥ b eh Lysine 24 &40 FFH A £ 5 ODCase ri 3 s o
RIS FHERE LS AR 01 (7> 48 F £ 6-oxadiazle #2 4

TR
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2-2. Results and Discussion

2-2-1. Synthesis of 6-(5-Substituted-1,2,4-oxadiazol-3-yl)uracils

2 uracil 1% 5 F A hed ORCT] 0 R e T FlptLd
gAY R FEE 65 cyano B uracul 0 £ E 5
7 6-7 oxime Sgen uracil - gie 0 f1* 3 3 BB F i 0 benzoyl
chloride 27 £ ~x & » & {6 ¥ {8 |- % 7] 6-oxadiazle = uracil ##4

# (Scheme 2-1) -

Scheme 2-1. Retro-synthesis of 6-(1,2,4-oxadiazol-3-yl)uracil

Hij/BrQZ \N/%\ —=
)\H O)\lil CN

B A& 0 A 5-bromouracil (1) iF & Az 4e 4 > L 4~ KyCOq

a—

(potassium carbonate) ¥ % & J& ¢ ek 0 4 ~ CHjsl (iodomethane) » ¥ & %

%

P SN2 F T A @ @3 5-bromo-1,3-dimethyluracil (2) 5 £ 4 2
1.2 4 & o NaCN (sodium cyanide) & {7 4v = W 3 ek i » @ {57 3|

6-cyano-1,3-dimethyluracil (3) > @ & &2 %2 1973 # ¥ > Senda A~ k¥

=

# 4oefale s ? L6 * 50% ¢ hydroxylamine -ki % ho fi ;n 8 5| 6-
=573 oxime FihA e (4) (Scheme 2-2)

AExitEp 4 18 Apigr CH,Cl, (dichloromethane) i+ % 3 & »
02 Et3N (triethylamine) 5 d& > ® fok B is#rA 4 e HCl > @ {8 4~ w|iE
*AFERHECL G LT F A h benzoyl chloride £ F &%k F o T ¥ W

# 7] & % 6-oxazole @& $ (5a-5b) (Scheme 2-3) -
40



Scheme 2-2. Synthesis of uracil-6-carboxamidoxime
N.

0o 0O @)
Y T YT Y e Y
O H O)\l\ll O ll\l CN O)\lTI - OH

NH,
1 2 3 4

Reagents and conditions : (a) (1) K,COj3 (2 eq), DMF, rt, 24 h; (2) CH3l (2.5 eq), DMF, rt, 48 h, 98%;
(b) NaCN (1.2 eq), DMF, 0°C, 1.5 h, 93%; (c) 50% hydroxylamine (2 eq), EtOH, reflux, 2 h, 94%

Scheme 2-3. Synthesis of 6-(5-Substituted-1,2,4-oxadiazol-3-yl)uracils
0

0
~ ~
N N
| a |
O)\N Mooy Oél\ll\l | N@R
| NH, N~g
4
R=OCH; (5a)
R=Cl  (5b)
Entr Reagents Base  Temp. Time Yield®
g feql] [L5eq] [Cl [ [%]
4-anisoyl chloride
Et;N reflux 23 51
(1.5)

4-chlorobenzoyl
) Et;N reflux 5 28
chloride (1.2)

% Yields for the isolated product.

yoob oo Ay F2Rd L 44 4 2 acetic anhydride 2 Et;N 17 5 dk i

s

L 2 2. S
PEET O, R A

7 & toluene &{7 £ TR F Ji » 2% ¥ 7 5] 5¢ (Scheme 2-4) -
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Scheme 2-4. Synthesis of 6-(5-(methyl)-1,2,4-oxadiazol-3-yl)uracil

A NN
| ’\ll Nl\ \>_CH3

NH> (o)
4 5c
Reagents and conditions : (a) acetic anhydride (1.2 eq), Et;N (1.5 eq), toluene, 0 °C then reflux, 22 h,
2%

e E ;é%gri it £% 4 ¥ acetic formic anhydride %2 Et;N i7 5 4 9

e
_
=

T

I

ToR* A THFE 27 E%F B irFIR e WD A4 5d

% 2% % 10% @ A+ 5c (Scheme 2-5) -

Scheme 2-5. Synthesis of 6-(1,2,4-oxadiazol-3-yl)uracil

o
~ ~

\N | . N |
O)\N Now O)\N N " Oél\N N
Nk, | N\O>_CH3 | N\O>_H
4 5c 5d
Reagents and conditions : (a) acetic formic anhydride (1.3 eq), EtsN (1.5 eq), THF, 0 °C then reflux, 24

h, 64%
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2-2-2. Synthesis of 6-(5-Substituted-1,2,4-oxadiazol-3-yl)uridine

hip & A4 ¢ FE3 it £ 4 S-bromouridine 1 G Asde g 0 T A
uridine =z JL F B {7 i3k 0 £ f1* NaCN & i74vasd & g it & 4~
6-cyanouridine » 5 {$ 4r » 50% < hydroxylamine -k 7% * &> ¥ 3] & 6-
=5 3 oxime Rt uridine FFA 0 £ % 2 F i Ao bezoyl

chloride i & % F J&» ¥ 3| & 6-= % 3 oxadiazole 3¢ uridine /7

2P ks d RE FRHEMAF

Scheme 2-6. Retro-synthesis of 6-(1,2,3-oxadiazol-3-yl)uridine

'ﬂ\j}/ Br 'ﬁ\/ﬁ]\

0 N 0~ "N~ TCN
HOT o — TBSOT g —
HO OH 050
HN HN
A A n A/
o N OH 07N |“\§_R
TBSO] o NH, {3 HO o N~g
(o Ng¥el HO OH
PN

Flet it &4 6 1F LA d 0 BB 5 DMF ¢ g F kit > a5 it
EF T BFH 23 Hazz i isopropylidene %E A5 i £ 8
#02 TBDMS # 5sfchzp AR 5354 i £4 95 £ % NaCN i 7 4
2 d F A, Y &5 100 M8 4 » 50% £ hydroxylamine k3% o ®

I E 5 oxime A 11 (Scheme 2-7) -

43



Scheme 2-7. Synthesis of uridine-6-carboxamidoxime

(0] O

0~ N 0~ N
Ho—| o a Ho—| 0 A HO o .
OH OH OH OH (0] (@]
<
6 7 8
0 o)
vy gL L)
0~ °N 07 "N~ "CN o~ N /N\OH
TBSO— ¢ d 8BS0 o . TBSOT o NH,
0._0 0.__0O 0.__0O
> Pl o<
9 10 11

Reagents and conditions : (a) Br, (2 eq), DMF, 0 °C to rt; (b) H,SO,, anhydrous acetone, 0 °C, 4 h, 83%;
(c) imidazole (2.2 eq), TBDMSCI (1.5 eq), DMAP (0.1 eq), CH,Cl,, rt, 4 h, 99%; (d) NaCN (1.5 eq),
DMF, rt, 45 h, 57%; (e) 50% hydroxylamine (2 eq), EtOH, reflux, 2 h, 96%

Scheme 2-8. Synthesis of 6-(5-Substituted-1,2,4-oxadiazol-3-yl)uridines

o} 0
by iy
07 N >V oH 07N |N@R
TBSO—l o NH, L TBso—l o N~
R =0CH; (12pa)
OO >0 R=NO,  (12pb)
11
Entry Reagents Additive = Base  Temp. Time Yield®
[eal [03eq] [15eq] [C] [hr]  [%]
4-anisoyl chloride
DMAP Et;N reflux 8 36
(1.5)
4-nitrobenzoyl
DMAP Et;N reflux 19 82

chloride (1.2)

?Yields for the isolated product.
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oo £t &4 11 {8 0 J1* 2 R F A £ 0 benzoyl chloride i 7

FR > mapawEgE* 7 A3kl y a3+ A4 benzoyl chloride

(s

=

w

TP v RN LERSAS (12pa-12pb) (Scheme 2-8) -

—\

Tt &4 12pa 2 12pb o 1% TFA 273 g > % #F1 80%
7 TRA R3 R FL F BERPER > 27 NED 22 FEDEF o @
gAY > NP RE- A AP S H T AR R fRR 97

FoFN B PATRY A R LRSI B HET
£ A2 (12a-12b) (Scheme 2-9) -

Scheme 2-9. Deprotection condition

o) o}
iy by
I3 R a 3 R
TBSO| o N~g — = HO :o: N0
R=0CH; (12pa) R=0CH;3; (12a)
O)§0 R=NO, (12pb) HO ~ OH R=NO, (12b)

Entry R Reagent Temp. Time  Yield®
1 -OCHz 50% TFA 0°Ctort 55h 56%
2 -NO, 80% TFA 0°Ctort 45min  88%
% Yields from the recrystallation.

Scheme 2-10. 6-(5-(methyl)-1,2,4-oxadiazol-3-yl)uridine

HN |
O)\N MNon 0" N
a | D—cHj,
TBSO™) o NH —  TBSO o N~g

(ONge)

PN

11 12pc

Reagents and conditions : (a) acetic anhydride (1.2 eq), Et;N (1.5 eq), DMAP (0.3 eq), CHCl,, 0°C
then reflux, 8 h, 16%
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§ebs Ekd v &4 11 ¥ acetic anhydride & J& ~ 4 » DMAP i¥ 4
it A 2 EtN (T2 ek ™ » @ % 3# 5 CHClL, 27 &%k F & 82
RA T ER AP (12p0) 0 L ird § 2 F R idsded o Fpt g KR
» vd it &% 11 4~ acetic formic anhydride it & &+ ; DMAP it A
A E EN (o5 ki T o hia Al : THF @m0 F oo 0t s

@3 A% (12pd) (Scheme 2-10 & Scheme 2-11) -

Scheme 2-11. Synthesis of 6-(1,2,4-oxadiazol-3-yl)uridine

HN |
o)\N N "OH 0o~ N
a | D—H
TBso—| o NH; - TBSO o N~q

0. _©0

e

11 12pd

Reagents and conditions : (a) acetic formic anhydride (1.3 eq), Et;N (2.9 eq), THF, 0°C then reflux, 8 h,
36%

B.fs > £ #-5 73 6-ozadiazole %4f<h uridine 474 + (12pc-12pd)

80% = TFA ka3 %k > FF &% AP (12c-12d) (Scheme 2-12) -

Scheme 2-12. Deprotection condition

o)
2y ‘g
N N
0" "N
a ISR
TBSO — - HOT g N~o
R=H  (12pd) R=H  (12d)

Entry R Reagent  Temp.  Time  Yield®
1 -CHz 80% TFA (0°Ctort 2h 83%
2 -H 80% TFA 0°Ctort 45 min 46%
2 Yields for the isolated product.
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2-3. Conclusion

A4 * uracil 5 model kEHZEF ROV T R B
uridine + & = 41— k7| 6-oxadiazole hiTA 4 0 @ AP LA AR
£ F Wi 6-7 oxime A4 (F LAk iE 0 2 R F v A0 benzoyl
chloride :£{7 £k F o m - k 7|¢h 1,2,4-0xadiazole eh& 3 > % 3 it 15
WA FEROEE P LR R A TR PR EREEALY
AjH g dto» B o+ 5 ODCase $rf| e+ o d 23045 LY g

FF - A JFY B A Bl SR kR R R AR -
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Chapter IV : Instrumentation, Experiment Section and Spectral Data

4-1. General Experiment Processing

FREFBWP > A F%PE Y HPLC % 2 8 3 K AJT o #503
A e DMF~THF ~ CH,Cl, ¥2 3555 1% # % v % Sugz & & it (active alumina

column) -

4-2. Instrumentation

(1) xR ELFHF KR (NMR): & * Bruker Avance-400 %]k 2% ik ~ Bruker
Avance-500 7]k & & Varian Gemini-200 ] i¥ % | Z_ik < &k &4 CDCl,
& DMSO-ds % 73 & > i # =4 (chemical shift) r ppm % & i~ : 'H
NMR ez - & >4 2 CHCl; & DMSO i p 85, g 5 H i i+ 2
7.26 ppm (CHCI3) & 2.50 ppm (DMSO); 4 %35;3¢ (splitting pattern) z_s
4o 1 s H £ (singlet); d g€ (doublet); t = £ (triplet); q =
¥ % (quartet); m % £ (multiplet) - & & ¥ # (coupling constant) 14 J
270 B Hzo ksddhz s A2 (AHAN > 8 & ¥ ik
& #47) - *CNMR %3 it # =4 1 CDCly e7¥ B s s p 1828 > 2 58 1
B85 77.23 ppm; 12 DMSO-dg e* FFARFIPN 28 > T 5 H &>
# % 39.51 ppm °

(2) ¥ ¥ &k (mass spectrometry): ™ f2+47 F ¥ % @ * Finnigan TSQ 700
GC/LC/MSRBI& - &+ h s w2z (ESI) 2 2 3+ 1%z (EBl)> L2/ =
cAE R B £ REY RE8T 24 %4 p)  Finnigan Mat 95S > &+ R A
THZE (EBSD AR o EFERIY KT PR o B fE
FEHGEAFERE DB FFEREY w2 R e
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(3) =2 » #7 (Elemental Analysis): i * Heraeus variolll-NCH }|& » %%

RSB AFFEREY S R

(4) % 2Rl % tk: &% MEL-TEMPII 4] (% 5 Rl 2 R % -

(5) # A& ¢ k& ~ 45 (Thin Layer Chromatography » & #TLC): & * Merck
silica gel Foss > B A: 0.2 mmeo &3 BB > &z (UV) f&d %
(vanillin, ninhydrin, 2 10% H,SO, in EtOH) * 4R -

(6) 4Ld K& K47 ¢ * Silica gel 60 1% 5 v 4r » 14 4e B peig & 47 (flash

column chromatography) « @ B& Still s (£ 5% > 2 W3R 2 4 5 875 7%

B e A GlpR R

51



