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Abstract

a-Fucosyltransferases (FucTs) usually catalyze the final steps in the biosynthesis
of fucose-containing oligosaccharides. Owing to the related biological significance
(such as tumor metastasis and bacterial infection), these enzymes are considered as the
targets for therapeutic intervention. This thesis is mainly focused on the design,
synthesis and evaluation of FucT inhibitors. On the basis of the reported x-ray crystal
structures and mechanistic studies, the molecules were designed to include guanosine
diphosphate (GDP) that offers major binding_afﬁnity, a negative-containing group to
mimic the positive-charge charactel; of .the transition stgte, and a hydrophobic group to
acquire additional affinity. Several .éi;%éénjugated pyrrolidines, piperidines and
imidazoles were prepared and evaldéted ells tl;e_: inhibitors against the FucTs from
Helicobacter pylori and human. The strl.lctu.re and activity relationship was also
discussed.

Furthermore, a series of GDP- and triazole-containing compounds were also
developed as FucT inhibitors previously. Because 2’-(phenylsulfonyl-methyl)benzyl
group was found to be the best hydrophobic group attached to the triazole, the same
group was hens coupled with GDP-pyrrolidine to give YCC-7 (61). YCC-7 was found
to be a potent inhibitor against H. pylori o-1,3-FucT. The corresponding ICso and K;

values are 44.1 and 29.5 uM, respectively. Computational modeling was further



employed for the explanation at molecular basis.
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B by o fe d S0 R B A RT PR A BE § F 20 A R et i R 1T R R
SRS RE RS B Rt B Sl

P S gl PR LY - AR 0 B - B L
’f#’ H Nvﬁllﬂ%«@m”e%‘rt’ g ﬁ,&mﬁéagg%gﬁf&ﬁ A CHs - B R (]
7)o g prd penFucT ¢ eh C AR NARIR* 3 $3 % 7 ins o

).o?f'mw""i\’ﬁ Fbg o 20



COOH NH,
(N

CAT CAT

Golgi lumen I — -

Golgi membrane } ™ ‘

cytoplasm
+4+p+ b+t
&0 @cooH

cytosol l |»,||.|2

BT ~ B2 ()8 a P () wpE s Lm0

12 av iR seds A RSB IFOL R

ABEOT A ST PR A BE 0 A PR E Fh g PR A IR AR 0 2l e i
ey >  HEMELRENS AN (BI)- 2 C#HEs - £Rhes (heptad
repeats region) > ¢ HFd - BIRAR 5 - BE = (D(D/N)LR(V/DNY)) > £4F = 3|
LREFER MR- RE m, J\?\ai@‘*m“& RN ERAR R Sl T
WAETNMGEEL B Mﬂ%ﬁiﬁ;pﬁs iy wwﬁ:g;b FR A o E AR SR R

ittt (leucine zipper) RIHEIHI™ j & ,Ws@%m, R CRR R EY
o i
Ly T g kmPe Mk L‘m& (%] )|L 222’5!!24

l | 1
i PP 4 4% Feno 2 01,3 RBugy] ;ﬁ; HP TR S Lewis $ik 0 P20
F %% A 8 FucT > ds P il s Fehol,2-Fue T € 2 Le™ 2 X F & = Le' m 2L 2 4%
f1#* LacNAc (B+ A) > *° & ol,3/4-Fuc T R &4 & #4 F) &k o> futA 2 futB » 75
L3 58 2548 Fut A 2 Fut B » Fut A # 4 #-p #8572 LacNAc # %pEi » @ Fut B

P| & #-% s LacNAc # JEpEt (Fl= B) o>



Human H. pylori
oh al3-Fucl _ pa al,3FucT o B4
Lal:NﬁE .B . .EA. 'B !
LcI a3 Lacll\lAc Le 3 ® Gal
l i E 1 B GlcNAC
pa I;:f4 ‘,:, o Fucase
4
Mo u oi’m ®
uT l,3-Fu T _Cl3 wl T > o2 3
Htype 2 Le¥ Htype2 Le¥

B
@
Gal Pl — 4 GIcNAC =y Gal Bl—bdG;cNAc ) Fuc ol —*2Gal f1—> 4 GlcNAc
3
T T
Fucol Fucal
B~ ~ A A S8 ae P AR 4R A FucT & & Lewis L/ B2 /S o
B duf* i aﬁ ,;-1 Fug:T - Filewis SR B AL 0
& o P r-'—\ll ll.r"ﬁ"xl : ‘-
2. %/ﬁ*ﬁ%ﬁfﬁ o h B | »E-:’-;EH
R %&%ﬁ%ﬁ1@1?£é%iﬁ%§%1%}wip% > 7
- Ly %, . Fa -
AT Al e R pE A i pE A A SR o W PE S RN L H R B S Y

(GDP-fucose) °

# EpEA Y (fucosylation) A2 88 p F EpEA F + ¥ Lenig4r > T 8-4 %
pEiddt S pEA S+ 2% R o AR H o M LN AR ¥ IR R N

BRPEACSHIFHG L RREAREY - AV LR ko B
SUHEPEA T enEd ¢t kT L REiEA S o B

£ 5 v&p phch Lewis #o/ (sialyl Lewis groups ; Bl- ) &_- &% & 5 selectin
L AR F A LS T BRI SR LR CE R L e
ERgeinde? ¥ olavg o 4G ene g @l mie B R P L w &R E-2
P-selectin » 4+ @ f 3-v ¢ #¥ho 3R b ehSLe* 2 H s BpEA S Ny wkw

31,3233 |

FHF L] A e Lo w3 A o B & R L-selectin & 78 p 4 soP2 1 4p 2



i

B L 39 (integrin) frp A dme b chded A A 0 W 9 IR~ B LI

: . 37,38
(extravasation ; ] ~) °
HO OH
co, OHOH Fucosyltransferase co, onOH OH
é : éo
AcHN \ AN_ZFQ7 0 ogég/m
NHAc HO OH NHAC
GDP-fucose GDP 07 on
o o sialyl Lewis x

9 9 fiﬂ?

GDP-fucose = ~R~0-P= N">NNH
07 -0"R-0-\-0- 2
?\ZBH OH OH O

HOOH
OH OH

Bl- ~ &8 7 ez Lewis L

Endothelial
Ceills

2 Solublized
Egﬁﬂﬂi:g Sialyl Lewis X _— Adherent or Selectin ——
Glycopepiides Rolling £
Leukocyte xtravassating

Leukocyte

Protease u

\
Site of Injury / Integrin/Ligand

® Cytokines ® Interactions ‘_-__-/
.._—/

NI I B Al

b on HAFS L EEAEBA ;}% FI o d A EiEie(T SLe*eh2 £ s (2

Ho nEZFEFAHFANRA e > Bn BFETF LI tbég‘%—:ﬁ# ¢ ¢
WRI R AR % o
¥- 0 FARE 7 AREABEFG S S0 BT AR AR

F2) F AR e Flik iR~ ¥ R \iif%éG‘&;a\ﬂﬁéﬁ\ﬁgﬁﬁ<”$&

i?} , )%}'iﬁ”-ﬁﬁ%"’y —,'75 SLeXE\"’E [

5
E\"
s
=N
Ry
et
k-
8>
3\
s
$
i
W
i
&
—y';S,
p”

2

fnPz ifiselectin 1T 3 M o Flpt P m FE Lo (B 8 FAEF 0 UF B e

NS Tt TR Ch 5 3 A



¥ oeh s dy AR R4S B ];—]m PEHEESIT b is- BT ¢ B REEY
% LacNAc @ 25 Le* (B4 ) % H # chlewis ik » ¢ 32 Le~Le* 2 Le®» @ Le®
A% = oligomer # polymer F fds ® Y% 4% @ 75 5 & (LPS, lipopolysaccharide)

O-antigen » » ' 2 3 i F L me & o o Lewis FLh 8 F 4 mPe chdf B kS|

EAFECHE AT o AP IR AR AT AR A G P R REF 0 ¢ RGPS

y

Ho OH OH Fucosyltransferase Ho OH OH
(0} > o
HO& o o or \ Hoég,ogég\/o,;

OH NHAc
GDP-fucose GDP WOH
LacNAc OH Lewis x

AN Ledin & &

3. iﬁfﬁrﬁﬁ%ﬁ»mfar“%# ﬁ;
Al

B s O ﬁ‘* z ﬁF 4 Ig}_—,"‘ﬁ%ﬁ $RE A L g8 4] (inverting

glycosyltransferase) » * & *+3% 3 ;,Ezi.ifﬁjg;% 8 gﬁif%f#a s 0F g g g R
3 A% fe er i it 484

BE & 4 % A5 ¢ B 5 34 SoenB-glucosyltransferase )I‘ LB A% Aspl00 § 17— 4k
i AP H EFE A Y HGlu9S e @ Gluds = N4 % ¥ Jp e T M
St 2 b2 Glu95 eht 4t 45 35t GDP-fucose # # HepE b ch® B ¥ < T (W
LA b RBRBTRES O EE T P ORARE T - Rdgnd d oY

F)% — SRR PET M PR Y A R SRR S T R
H LacNAc &fis% @ shiz B o o 2 7 25 2 GIoNAc #7= 525 Ak 8 4 e pb ik 5 i
% R f#“ o123 Glu9s enE s AR =B (B B)e 39 LR A 2

Tenkgts > 74l 12 X 3 B R pEREAS B5 4P 00 e fRLTE 48



BlL ~ A B2 LacNAc & EpE®E# 5 ¥ 3k - B @ #i0 LacNAc »
GDP-fucose * #RiT = patp ¥t =% > H ¥ &A% GlcNAc ¥ fucose 1%

'kiﬁ(? . 39

LacNAc ¢ & # EpE AL R Y NF f TehR % > 2 GleNAc ¢

FucT

O—Guanosine

Lacﬂla% o

°Q o f ST

HO Loi}:’o\p’{_ -----
. o &

Enzyme-substrate complex transition state

B+ — ~ FucT i #s4]2 4aip

BRI Y o ST LR B FN LT R PR M M R
5 BERR S W OREEATVA 0 € B ESIT YR Lys250 2 Argl95 f # R (EH 4
BPRERAE P HRES AR R R P RRA D CEARE

9



(transition state) ® > d Ji & 0 314 (chair form) 4= 4 & half-chair #75> ¥ ¢ >
Bk g1 - BRRL K HAES OPEHAER 0 # £ EPER > F F oxocarbenium ion ¢
fio o % Fp R avRAfAe Glu249 R € AR TEARKE T F L R A o 4e
oxocarbenium ion % #r3 Z = BERE S H -

B Xeray B hSEY Vo EREESRE ST BT RS - B E H
13 BE4EFE* 4 > A BJPEFL TG S BIAETT 4 oo RS pEsy -
REL G H TR 4 LM H Pk T R BK T PR fE 2 IR - B
FebHEBRIE TR hEd o d U R EHY NS BB BT L HA R
Gt R R RS EBES LA (R-) Y

H-bonds between GDP/GDP-fucose and FucT residues

FueT H-bond distance of
residues GDP GDP-fucose
A

Val-222-0 Base N1 (2.6) Base N1 (2.7)
Lys-223-0 Base N2 (3.0) Base N2 (3.2)
Ser-188-Oy Base N7 (2.8) Base N7 (2.8)
Val-186-O Ribose 02' (2.8) Ribose 02’ (2.8)
Lys-225-N¢& Ribose 03" (3.1) Ribose 02' (2.7)
Lys-225-N¢ Ribose O3’ (2.9)
Glu-249-0e2 Ribose 03' (2.8) Ribose O3’ (2.9)
Ser-188-N a-Phosphate O2A (2.7) a-Phosphate O1A (2.9)
Asn-189-N a-Phosphate O2A (2.8) a-Phosphate O1A (3.0)
Arg-195-NH1 B-Phosphate O3B (2.7) a-Phosphate O2A (3.2)
Asn-189-N&2 B-Phosphate O1B (2.7)
Lys-250-NZ B-Phosphate O2B (2.6) B-Phosphate O2B (3.1)
Arg-195-NH2 B-Phosphate O3B (2.7) pB-Phosphate O3B (2.6)
Asn-240-Na2 B-Phosphate O1B (2.6) Fucose O2 (2.4}
Tyr-246-OH Fucose 02 (2.8)
Gly-94-0 Fucose O3 (2.5)
Tyr-246-OH Fucose O3 (2.5)
Clu 249-0€l Fucose O4 (2.7)

# - ~ £ 7 GDP-fucose fr FucT iE M R4 ¢ #7804 ehg geivn 4 ¥

4. H FPES EE iR e ey AR
PERF A prendr IR F o4 2 = BaEA] 0 pEX MAF 024 (acceptor substrate
analogues) ~ B - %8 #f o2 # (donor substrate analogues) % i /& & R #f 01 i~

(transition-state analogues) °

10



4.1 g B i d (acceptor substrate analogues)

PEXRE I B R X MR E R R RS 0 U PR
#IRAopEZM Y oPalcicetal. & 1991 # % 1996 & & %4 £ 1 * & B LacNAc
R A R AR Rk 2 BETA R G Fral s 3 K- GIeNAc hz BLE B (4
BlLtovdehit g Do g R3blgrRBEa4 &4 Juplipiotd 8 =

gl o gt B R A H B ek BF TR ko NS WHEA PR L

e

A (g mM Es) ARl R PRRD LE L4 B G pES R TS A o

OH
oH on OH
HO o A\ _0(CH,),COOCH O
o HO (CH2)s 3 HO d o4 O(CH,)gCOOCH,
HO NHAc NHAc
OH HO oy
LacNAc 1

E]J‘ - ‘FUCT—\W;‘,\ _gf?f’_g\? ll/)}'ﬂ “l‘jﬁﬁ’_

BES Mgl ¥ ¢ 2 mﬁfpi.%ﬁ? '/; ﬁimﬁﬁfu..‘sﬁﬁé’ g2 B A

' |
5 % £ o Wong et al. 22000 o \g'f HEHEES L b opES B
GDP-fucose #-H ¥ ez fL i &5 5 4 RiF (apgj—h =P L sd 234 fIr &R

Foh g T3 F 0 @ 18252 oxocarbenium ion (i Ak B AR T EEH
&t (glycosidic bond) 7 §-kjEm & % Frfltr » HFrd ¥ e Bl 2uM & = o e

¥ ¢b>Chapleur et al. £ 2001 4 %= BifL § H0A B4 S Fifipsh 2 £ Aehm s
(beBl- 2 @ it &4 5) SR sk £ 7 T R AF S 51 F T

BEBREZECREY DEHREF TR o TP K R MH Frd ok o 46

11



F
H CWOGDP H5C (0] = \mOGDP
HOOH HOOH HOOH
2 3 4
(o]
NH
7
w3 4L,
2
H3C (o) OH H o
HOOH

OH OH

Bl = ~ FucT 2 &~ a4 2 B4

4.3 i@ Ak i 3 P (transition-state analogues)

WRMKEBHE PP EL 0 BBRGEY EEEALE G S B
oxocarbenium ion # & T {2 & half-chair *}#‘j{]

UELK?W%JWQMWM%*#ﬂ%ime@rﬁﬁ@ﬁ%%’iﬁﬁﬁ1

H 44 @R ¥ iminosugar é% A ’F’r’* ILJ%

T E o #73) 0 iminosugar A
Mepha+ kb ey RS BHE DR rﬂl‘- L‘#w ’T?ﬁ-; iminocyclitol » o >t pEag
(K fE fE 22 pE AR A e TRLTY 3 AT ok AR i ¢ 'E'T'FT’%A\ +HAI R P AR 0 B 2
E A A e endr R PE 0 4 + Tk ¢ iminosugar 5 LM R
i3 4 o Y
Wong et al. # 1992 & % 3 £ f|* 1Lk ex g (pyrrolidine) 3 ¥ = PFE 3§ iF
BARGE Y G BaFEL D A BT MF 2 half-chair 23] 0 T i B RPELY A H
[l B S TRV AR SRt D: § e NP E AR s R - S W I S S TR
S BY L ek 62 prdl ¥ dcs 34 mMP A L a5 T andrd ¥ s 45
UM > ViRl B S H LR R LR G A F T
¥ ¢F > Wong et al. {]% wtvg'z (piperidine) & # «~ - #3 #3 & half-chair
Al BRI E R A P s AL 2 8 J’Jfﬁ & 1996 £ 2 2002 & ¥ & w|F A L4
F 82 9o el ¥ #ci 71.5mM & 13uM - I HRATT - BERL S HhE R 1L
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Wongetal. P 4 7 ¢ d Al chiff it doit 24 10 2 115 72 0+ & fE58 12
FAED R m T Al F R S UM g ¢ BN A T £ enfi )
SERR G Y hE RPEAP E A0 @ pF ek o

S Y $ o PR R UE A AR SR i e I S A

AR R RS TR IR E R R L A WA A A2 R EN A o

OGDP
6
OGDP N  OGDP
H,C |
3 OH HiC7>N7 on
OH
H HoOH
10 % < g1

@*w*dﬁﬁﬁsmgw#a ‘o] 3
(=)

RIS SR = S &%EREW% )% B Wong et al. #2003 # #7% %
ﬁ“@%(@Li)”ﬁgﬁﬁm~%&sﬁ7$ L9 8 (click chemistry)” i
G UEFET - e kAR B LR R E L FL T P i g 120 Hiedl
¥ R 62nM > MRER A2 G 2 RPN IR DT G T D BARE H A

15 5 & 4R GOk ek T RRR -

1] 1}
JJ\/\/\ AN O’P\\O’P\\O
HN N\/h/\ o (o)
N=N . O
l O OH OH
12

Bl ~ uBFLEF L L2 FucT Frd|#
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AFHREBFCR LS kSR

FEUR AR IR o YA

SRR H A A B R BRRL S H & 1,2,3-2 kTR (1,2,3-triazole ring) B AR4E

LR Bt 0 A
& 4 cofp SHE I A 0

LR

E—- Bt (13)-73 B (14) 2 2 Bt (15) 0 o &= B

-

m

B PR A pE ] sk T om

13

14

OEESNEN FE T S A0 PR R kS

%, Relative activity

100
80 -
60 -
40 -

20 -

hFucT9

13

14 15 GDP H20

BB GE E XD R4 2 dodl Al A

44 R PHP b2 2 F Hrd ok chfl R

Schmidt et al. %

#2001 &2 £ L 3 pEig 4 i+ (0-1,3-galactosyltransferase) 2

A £ % FFrd) A (bisubstrate analogue) » > #i3) chdg & £ e H T ARpES 4E 2

XA iveEEn it £ 4 o

L5k £ pF 2 % F 5 0-Gal-UDP» 5§

catalysis) @ 253 %] A 4 (B L -

< GLEE PR iR 7 184 (retaining

CA) B RAEEY 0 &4 16 arlak o i

L‘;}‘f'17li (?]'L B) ) 7\ ‘, LL Lr’ﬁ; 3?1]1&)‘]??_’_ : /-‘:{ jL ?P %; ) _ﬁ:ﬁ;&ﬁ/gﬁﬁ? (urldlne

diphosphate ; UDP) * ELif4F &P » & hdex F =

14

WS B R TR R L




PEERE A AR LY B ALY > BES M UDP-Gal # RMF 0 33 Ahd d o A rfEE
ERRE S B PR G A A TR APES DR ST R Pl 2 18
Bk Ak ¢ choxocarbenium ion § & 5] A AR XA BEAK G 0 PES AL KR

&%ﬁﬁﬁ§(%4:0p“

OH
HO OH o HO o OH HO OH
° Hoég,o 0 0
HO e o NH on HO OR HO OH OH
HO| O O Y NHACc HO
0-g-0-g-0 > (o} o o}
ﬁ ﬁ 0 N ° (0] HO OR
O O a-1,3-galactosyltransferase Ho o NHAG
OH OH

O’P\O’P\o o

B
OH OH ﬁkNH

HO
Sow 2 R Ao

HO
RO OH [ HO ]
o (e}
| I} N/g_o OH OH
//P\\O—P\\O O [ \ OMe
" oH OH A
—
=~ HO Moy
OH | OH M
I 5
16 . 17
I
UDP-Gal Gal a(1,3)Gal-OR
Gal o(1,3)-Galactosyltransferase

Oy !
HO%@FH S f‘\NH
| SN By

HO | @6 'o@ NS0
H —--O—— P// O— P//O
| ® I i o
[¢] o

A

Y

fre it & A F g o B v Y XABEEA IE L 4T £ X

Thrdld o C: L7 pEf# e 2 F i

15



5. #EprRMprIrp A2 KR
P iTh el RS RAET ‘]‘B’K@,%:‘ﬁ}%ﬁ f# 8 A5 B ¥4 (inverting
glycosyltransferase) » ° i i % i LG AR R B A T Tl KRR
FIRIPE > 37 a0 R TR A RO BV iEA Y AT A 4 BBk i (transition

state) » *° o H FepEHk A FE R BT (B - ) VT A N T Z B R

A BEFERSERL T IEFERE T

d PR PR Y YT e AR § TR AR
Feniipd Lae 7 oxocarbenium ion v » # ¥ # FpEptiz & = half-chair {3
S0 & B A B BIT T LF Tt 5k (pyrrolidine) o £ S d
F RPN fseaedl Bd ik (BT pH 7.508 ¥ ARG+ 14 (protonation) > & F & %
e TR SO AN ﬁ—,#,ﬁ;\ﬁah ‘? i HEdsE # S < half-chair 1.3

| I'E :
.,mméﬁe 4%ﬁ$%b

d s U L% 4R 2 4 ,;se.ﬁl?ﬁﬁ; E?BB .e;-f_%ﬁ; fR s e (R ) §XF
ErFEREERE S i) R g B Y FA & Tk (positive-charge region)
FETEY S h R FEEMREY B A Y f TR AMKRE (negative-charge
region) ® o FEIPS TR BV 278 8B AL 90 oxocarbenium ion fF@ g T R34 s ¥
TOULRPEE A hEhd S0 o R B HEES W TP T AR
PR DR H SR T b sl skexdk (pyrrolidine) P H EpE
Mot ekegdk et Wikt pH 7.5 AR B Y AT OMEE G I AL L RREY 7

R o R Rt

a

T GDP-fucose 3 &t -k %48 > R[] * vt ek e iTpn -k A B e

ppau|

i?l}j\aétﬁﬁ‘;ﬁ_ e:;.é‘,g‘;:l o
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Positive- chatge region

Hydrophobic region  Negative- charge region
@**‘HﬁmT&@%ﬁ”

C. prifst i34

R EARY o B RPEE - BIR S R OPEH A g LA 0 T Akt

FrRIBIPE > MR AR ETEPE R AR d e BB S ATE PR A R P

PR B gy -3 A Tl il i L 23 &«VJ " ’#’é« j; LA oo

{

6. % P&

UL o oo

TR B4 # 3T 15—54;—@'7’ Hoa P oo ke
(pyrroliding) ~ v ¢ 4% (plperldlne) . vq» e {1m1dazole) HEFERERERAS G AR

+ AL A2 R F LG R R RS e g2 &
F* 2 S bt enTp 2 F gk B3 e & 5V 8 (combinatorial chemistry)» & i% ¥
Frd) 3 & ?ﬁk}irgmﬁn KEE > TIFEFAF F BB F M % (structure and

activity relationship) °

1 N

: o o < )N\H :
5 2l o oo S,
i | hydrophobic moe O koj :

: group 5

B+ 4 ~ FucT e #% 224
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W4 % MoBE G H P s fmA vt ke (pyrrolidine) TR CHEE # R pE
BB LY hd BAFEL D B3 2 R M2 half-chair 4] 0 X 8- E4aiTaER
DATE R AR e £ N VB o Atk erdr K gt ik b0 f Leh s

\..

4 (amide bond) # Bt F B4t ¥ chfip = 3 FAIT ERIRGE TR > ST At g
AT P RRZE G AT REF 0 2 A g RTIHE 0 VoA g B AR
FE Ak P ER Y - AR F gt SN TS -
dRSHFARHN PR YERTBL O LT o AR L 12 A 4B
HIrdDek DR HERE 0 50 630 APESE- RSEE 7
Frdk RARAHEY A PR R HEMY Bk RBARE L T AP AR
P sk A B T A R A o E L e s B L
%@:4m&?ﬁpsxﬁﬁtviﬁﬁﬂ BADE kRt g S B S H

o H K gl “%V#';Iiiﬂw’%’ﬁ‘r’ﬁ*l % % m?/"v@i BT L R e L N

ﬁ«&@ﬁ@%’wmﬁ¢*m?ﬂ& Q|

.I'
L
Y

| i
Fﬂ’ﬁ@&wmvﬁwﬁﬁﬁﬁwgﬁémﬂw(mmmm)&*ww

T

(imidazole) H o vte& 4z % 44 %.ﬂ}#l TR L =g FepEn T o
half-chair 3] $¥r 72 % £33 & R AR G ARSI VR Rl

H22F T o A BT R R -
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(A) OH OH

sturcture and activity relationship(SAR)
- the effect of linker

(Nj\,oeop
/H Change of core

H,N

N
QN\_>\/OGDP

Change of core /H

H,N
(E)

mimic to the half-chair

conformation

(D) o
chair form mimicry

sturctire and activity relationship(SAR)

B -+ ~ FucT #r 4| #K 12 &
19




3
Iy
il
i
s
%
-l
Pt
-%g

1. PHAF g & 2045
bR EFLRG SE SR (FZLo) 0 - LERIY C B

(ol ¥ - REpgifhsTiva A - e it £ 4 o

HO HO HO HO
R'€ + HOp-0p-0 Base >~ R_O-p-0-p-0 Base
1 I 0 ! o o
OH OH = OH OH
OH V2 0 HO
Y-p-O Base . ; H H
ROPX f 0 N T~ 7 R_0-p-0-p-0 Base
0 - 1] 1] (o)
— (o)
OH/ OH |
X=0H,Y=LG - OH OH
X=LG,Y=0OH

Blo - g A B S Rl
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PAHRAP i & S deoiidE- 91 0 g AP ik ART I B F

-

FHfES P B A B EHER T I E B R s F

R CHUERELY > AEFTERCE dRIE-  ARPERTF T2

Beiio o hd BEF (epiddbi o LOTEART > BT v

£ opda =
BERCe o
N NH
( \ O O «fl\
N~ - O~p~O=p=0 N N/)\NHZ
1 o)
o0 o
hydrophobic J) OH OH
group H
A
o]
N
A aels (T
1, _O~p-0%5-0 N
: N <'P$ }ﬁ 3 N" 'NH;
| J) OH OH'
2N B
_t wa)fl [ >,//O\P—O : (NB _OH
e | ﬁ - "
(@) /6* | r!« | D-. F
N /'z,/ \” | he, | . ¥
:> J) 'y l I !I F
b [ > OH [ )
H.N c pathway il NT _OH
F

AR~ PHRAP AZ G E A

2 MRE- &S ERERS P

12 N-Boc-D-prolinol 18 % A=45-47 » & {7 4oin /2.2 0 o g h SR F Y e

A SN2 F R R i ARG L F A #3E 5 T (Bn; benzyl group) 3 e

AP A B £ 190 & 5 04% - b ¢ A 10% B AT iRk 0 F %30

gt AX G 15% 16 x 110 % TFA - %

FORRAS TR R R AR B G T F b e

‘:v
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PORRE AcET AT 2 @ F % - Boc B ARA > {17 CAN &
FETF R BAFARE 5 0 FRRLG A RAS
hEJT- Y BEF TAREOBMARL £ 5 0 £ F 4 @ IR

PRAFDF o FA PR RDS o BRI AR o

[ > o) /Oggn 2 steps { )., oGDP
N N~

21 e YCC-1

Reagents: (a) (i-Pr);NP(OBn),, tetrazole, CHaCly; m-CPBA.CH,Cly, 94%; (b) 10 % HCI, CH3;OH, 15-30%;
(C) 24, K2C02, THF. —

Ny

o ! a»;szz— ;3.; # 29/(YCC-1)

| i}

|
3 N 1

3. & EMES I 29(YCC-1). % 32 (YCC-3)
dop T o ihg & {vk o b ekex (pyrrolidine) b oehE R G aTA p4d 0 1R
£V o deie AP E B RGBS BALa%aE g > 12 2-aminoethanol A4
F o L 2 benzyl carbamate (R (5 0 L 14 T ¥ B ET A S 1L A5 A 4F chd
3R R ke A SN2 F 0 F ed 22 ARG E 0 KR T I 12 RS
A F R ke TA R 4EA Y o AP RRIIES ¢ A BRI FE
ARE-RPTIA O RE-BEONIMKRARASR 0 F BT~ ik R ML 4R

#' 2 F & (climination) > @ & ;287 S\2 F J& o
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{ \ >:,,,/OH

NHCbz

Reagent: (a) CbzCl, NaHCO3, H,0, rt, 13 hr, 90%; (b) TsCl, DMAP, Et3N, CH,Cl,, 89%; (¢) EtzN, THF.
CbzClI = benzyl chloroformate; TsCl = 4-Toluenesulfonyl chloride; DMAP = N,N-dimethylaminopyridine

ALZ S Avde AR ke T pia £

pUA PR 4A R Muer S UnARe P oehz Bt o Toapd At i apd ok i
8 o 42454 3-amino-1-propanol 22 ;33T K ¥ o 4o M ERAL G 4 F DA TS 0 A x
benzyl chloroformate > Jy| 7] #4- 16 /| PFis > B HE X BT | A 5 23 L &1+ &

¥ 233> THF » » 12 PPhs % NBS CELNEE 7(?!; IR AL 240

%

\
=N L
L Xy

a | o= | | b
HO "N, — & HO™ ™ SNHCbz N T T

| fi :
22 ; 2$ = || e 24
gy N 1

Reagents and conditions: (a) CbzCl,.NaHCO3, H;0,rt, 116 h:95%:; (b) NBS, PPhs, THF, rt, 2 h, 94%.
CbzClI = benzyl chloroformate; NBS = N-bromesuccinimide; PPh; = triphenyl phosphine

AR~ = AR ep 4B & A

4rpt s = end A Rk > A D-(-)-prolinol 25 3 A4 o deiiART P 04 pR
Fedm S dgMHIE 2T U S\2 F & 0 #-E ghgh i T 0t vk ex (pyrrolidine) &b 0 B A
P 260 A% 9% L 1 * i £ 26 B TREFAT K 0 EH I trichloroacetonitrile
A d-rz L E I {8 > F 12 tetrabutylammonium phosphate st # » ¥R T K B2 X {8
EIppaic A 65 27> AF T1% - F# 11 & v (hydrogenation) = ;% #-iv &

27 ¢ vk enigE Awd > @ % & § 5 proton donor v # Pd/C 5 i A eniE 2T
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o
Z & OH Z 3 0-5-0"
<>/,/0H @ . N ) N

N J) J) o 2 NH 4"
25 26 27

CbzHN CbzHN
2 NH4* N

- - - %
[ o [\ o 0 <l
N~ nrO=p=O N e O~P=0~p-0 N N/)\NHz

(c) 0 X O o °
—_— 2< | B > ------- -
N OH OH

28 29 (YCC-1)
Reagents and conditions: (a) 24, K,COgz, THF, 60 °C, 14h, 97%); (b) Cl3CCN, Buy,NH,PO,, CH,Cly, 11, 2d, 73%;
(c) Hp, Pd/IC, H,O/MeOH, 2h; pyridine.

AT s MBLEC &2 P HEA $ 29(YCC-1)

A 28 &N L BT $R0 PRy S BT e G 0 RIS

4 yhi2 B P BA P o _ _
." Y

o 42 = ¢ 12 4 Thorson et | al-"-é(’;‘ 1998, & 4 & - f| * CDI
(1,1’-carbonyldiimidazole) K& IL EE}H& ot R }f?;—, PR Bl PETE oA o A A

| 1
g2 }’?r #- GMP % trlethylamme T CDI R GE TS5 ) pFEfs o 0 TLC B

-

Yot

ﬁﬁ;ﬁ@%ﬁ%@,ﬁ»ﬁﬁﬂﬁ%%ﬁ@imnﬁ%’%&ﬂéﬁi £
Picie > Ao r V- B &4 0 BV ETHEEL  FRE LG R RERS

BLSORM d TLCH I 7T gRFF5RAS » DA 245 o

~ml

¥ ¢k > Sinay et al.”’ & 2003 & f $:9]* imidazole 475 it ¥ gL 0 1P ARE
FREHRY Al PP 22 o intdzs ¥ - GMP ki ™ BB 4c ~ trifluoroacetic
anhydride (TFAA) > F i+~ &~ 4818 > 83— § % J 3% » % & o trifluoroacetic
anhydride % trifluoroacetic acid 4 5z ¢ » f/ki# T 4r » N-methylimidazole > F & &
et agmis o d TLC # 17 FalAcded f 408 > Rt g P R AT 4o » 4K
FEo¥-giRtEFELs T HE o o RBRTIFTELE d TLC P REBFRFIHAY

A 4 o
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o it o o «NfL)N\H
R\/O\p’fO_ conditions - R\/O‘P/’O‘P”O N N/ NH,
1] 1l
o O O °
OH OH
ie reaction
conditions time result

i) CDI, Et;N, DMF
ii) monophosphate, DMF

i) TFAA, Et;N, MeCN
2 | ii) N-methylimidazole, Et;N, DMF 14h messy
iii) monophosphate, 4A M.S.

23 h messy

i) TFAA, Et;N, MeCN
3 | ii) N-methylimidazole, Et;N, DMF 14 h messy
iii) monophosphate

4 | GMP-morpholidate, tetrazole, pyridine 2~4d 27 ~42%

AR S B S ERRL RS 2

k5 » Wongetal. ™ 4 1997 = Ik NDP -morpholidate % tetrazole i %

— ",

T VEREAFY &P e ﬂ # L’;. wk,_é..: 'Eid'; H L‘ % GMP-morpholidate > 2" i
% L E & guanosine 5’-monophosphft£;;dlum slat- & A= 4547 o et LB 2 A

¢ﬁéwmﬁ+m*’7F@3#%W$£;fﬁﬁﬂgﬁ%ﬁa§$4%§
SRR RS )

HAMIERT A kR E S R INBRR T I B AR R

1«

RABHTR 1S 0 B KRB A G B R R  BA BAR A Y K Y 0 Rk
WAL 12 ] PEiS 12 8 500 mg A% de 4 /600 mL -k R 1 E A4 = & A GuniE M
Pg berde e e e T Ok 0 BRI R EC 1S T ELE B AN e e o AP i - W
FEM AT AR (RREL S AmE A ) #E L e B4 A P
Bl e s AR R ALA > B R PIET B o Bl r Rk ds b b e
ZTOURET AR AR ET o AT P A S R Az 4 o @ B s L ARA 6
BT - ¥ & & GMP-morpholidate e 5 o

Yo AR P e dnde A Aok Y s 4~ t-butanol 2 morpholine 0 % 80 R 42

Pz A4 0 B dicyclohexyl dicarboiimide €7 t-butanol /% i iE jF 4e » o
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ik 80 B is? i » 2 TLC $RF Ri&F > AP FRF RFFR 2 24 | PFF
Sh KRR AR B4 AriBIRS 0 Y silica gel Bt pE o APHFRTRILE G 4K
% Bk j% > GMP-morpholidate & et g 4? 4p§ 7 % K2 > Flt o F iy

LS FAEIE

0 0
o </le\/u\NH o ¢ f‘\NH
1] N /)\ 1} ~
HO-P~0—1 o N NH, @) O//\N,?\O o N~ “NH,
HO ———> O___J OoH
OH OH OH OH
30 31

Reagents and conditions: (a) morpholine, DCC, H,O/t-BuOH = 1/1, 80 °C, 24 h, 84%.

42— ~ GMP-morpholidate -7 & =

AN E R B mwmmmmmmaama%#%wé Lok kIR
P F A BT R E RS i“z']? KA jTLn;FSL SRR R B S S T R
iﬁﬁ’iﬁa-lﬁﬁﬂﬂﬁg .@@% N Y
GMP-morpholidate -k fi# ¢ &> @ $e rs| F 7@; 9:55 '.o Y GMP -morpholidate =& = {4 >
BRERe 1Y & d treleg s A 2 5’ 4 ¥ GMP- morphohdate ¥ tetrazole B 5 T
10 B pFis > 4o releg ¥ BT F B23 3R Sddnd i 22> 7 FHRIFA
oo AF G 2T ~d2% o

41* NDP-morpholidate % tetrazole ¥ /4 = 5 & = 1 & 5 Bpfafranit &3 > v
Habgb B F RPERARE A 0 A5G 72 28 & SR PBRERETF Rk F 404
AR WA NPT (S 0 4 §FAFGTAF (BRIIEERRFT) A AR

Foobo A A iesE R S Bt S 4L BT FEE e 7 L Y silica gel
Wit d gt Er R o FINER VR AR KR MR auR 3R L
B o flr kApiE B pE S R RA D DR B A Y £ KRR % o
rmv ® f eenZ FRfL I & P &2 GMP-mprpholidate -k A GMP 4p § £
70 H ¥ osilica gel Wit (REEEF DS R B hA 4 0 F|pt 1 * Alkaline phosphatase
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kfE GMP R shehpifedl » @ 22 82 & PRt £ B o~ g2 § 3 (guanosine)
PEOAPFR AR ITREDE LTS BH B T Aok B tetrazole
% | pyridine 2 “f U HREEF A B

Kf#is £ F1* B »xac i 4p & 47 & (high performance liquid chromatography;

HPLC) e/ &t > MIS3F L4+ § - mono Q % AL & " Kiz R & P SR o Y

* HPLC $Hit ¥ MEIFHIL &5 L fRfaprfa o fI* mpta M RiaRs

MR BB RET I SRR g BRI 2 HS T F o R
FAFEZRS L FTFE® L F CHORB R R AR LT -

ER GRS R SR R FOREr o I RAIRA R R £ 4

27 WL S H ety W I £ P 32 WA BARREE AR P T B 4 27

Breteg £ 43 > £ ¥2 GMP-morpholidate 31 2 tetrazole f % JF T S X {8 0 73

A4 320 A5 39% -

i, | (o)
| === || 2NH
- : | .ri - </ | NH
/O - - 5 o) O \ /)\
ZN S,,,,/o\ﬁ,o | ,, /O\,Ff’O\,F,”O 5 NZ NH,
o] i X A O O
2 P AR %
gt ) OH OH
H,N
28 29 (YCC-1)
0
2 NHg*
[ o [ o o ¢ )N\H
- =
u,, O~p-0 w,, O~p-0~p-0 N7 NTNH,
N " N I I fe}
o] X (b) O O
ol ) ——
b N ChaHN OH OH
z
ChzAN 27 32 (YCC-3)

Reagents and conditions: (a) pyridine; GMP-morpholidate 31, tetrazole, pyridine, rt, 3d, 31% in two steps.
(b) pyridine; GMP-morpholidate, tetrazole, pyridine, rt, 3d, 39%

AR s ERE S f o B HRA 4 29(YCC-1) 2 32(YCC-3)
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4. FEpER S EEFr4$ 37 (YCC-2) 2 38(YCC-4)
Bk iRpL s = & = » 34912 L-(+)-prolinol 33 & A24p47 o doii AR 4 H1om 0 ALY
ek e (pyrrolidine) I b e i SN2 F 0 B R akal > WRIAS 340 A
93% o £ & {7 HERL f© F & > 12 trichloroacetonitrile #- ¥ A E 4 0 e »
terabutylammonium phosphate # - 4 jZj i3 R WIL2 X &> FIpE T A5 £
$ 355 A& T2% 0 #it L4 353 (R is > FEL L 360 F ML F 36 B eter
(pyridine) % ;*iF = =X {& » % {5 4r » GMP-morpholidate 31 % tetrazole » 1/ & -k v ez

(pyridine) 7 3# > A¥ BT F B3 X1 WRPHEAS 37 AF 5 39% -

O\/OH @) Q/OH (b) Q/O\ﬁgo h

—_— —_—
N J) J) O 2NH,"

CbzHN

33 CbzHN 3 ] 35
~ v O
2NH
- :‘_" - _ </ | NH
(o = e s A
0-p-0O | F O-p-0-p-0 N N NH,
N Il : | i IN = [ 1 (o)
(c) 0 N g1 5= |} : 6 ©O
— 2<| > SN i {
N OH OH
HoN H _ FoNGs,
36 ’ 37 (YCC-2)
o}
2 NH,*
- . </N K
/O - /O /O /)\
0-p-0 O\p—o\p—o N™ “N” NH,
N I I I o)
o) N O O
2 ( )—» —
N OH OH
CbzHN H CbzHN
35 38 (YCC-4)

Reagents and conditions: (a) 24, K,CO3, THF, 60 °C, 14h, 93%; (b) CIsCCN, BuyNH,PO,4, CH,Cly, rt, 2d, 72%;
(c) H,, Pd/C, H,O/MeOH, 2h; pyridine; (d) GMP-morpholidate 31, tetrazole, pyridine, rt, 3d, 39% in two steps;
(e) pyridine; GMP-morpholidate, tetrazole, pyridine, rt, 2d, 36%

imARd s MBS C £ pEA % 37(YCC-2) 2 38(YCC-4)

2. —

Fedk it &4 35 ¢ 4e rwbeg s £ {8 0 £ 22 GMP-morpholidate 31 %
tetrazole >t ¥ L TS X > T {#FFH 38> & F 39% -
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ApE A AT 2GR STE b ek § - BEEE B fq"ﬁwfb - BVATE

B L3 F B E -

R
AP & = > % > & 812 D-(-)-prolinol 25 2 L-(+)-prolinol 33 % 424547 » H#-t
réeg e L 12 benzyl cloroformate 3£ {8 » 14 trichloroacetonitrile #-22 FK 75 14 5 4c

» terabutylammonium phosphate 422 % {¢ > TPt A £ 40 2 44- &

3RS TR &4 4l fr45e £ A #1544 41 4r 45 82 e e (pyridine)

i

A= = {8 0 A {8 4r » GMP-morpholidate 31 % tetrazole » 14 & -K v ex_ (pyridine)

o

7

i

Ao A¥ETFREIAEEFDNPRAY 4240460

[ @ [ (b) [ 3 o=
N "/,/OH —_— N "/,/OH N 'II/O‘P’O

H | 1]

N
Cbz : Cbz O 2NH,
25 39 46" ] 40
} 0
2NHS
A s A RSN
_ @, NPmO-p=0 LQ _O~p-0<p-0 NN NH,
I i 21
H O |\ |1 -..._.-H. |O| |O| O
2 (1 o X
N 'S || ' OH OH
41 i 11 | I 42

T W) \

Reagents and conditions: (a) CbzCl, NaHCOg3, H,Ojrt, 15 hr; _76‘%; (b)'CI3CCN, BuyNH,PO,4, CH,Cl, rt, 2d, 86%;
(c) Hy, Pd/C, H,O/MeOH, 2h; pyridine; (d) GMP-morpholidate 31, tetrazole, pyridine, rt, 3d, 39% in two steps.

AR S Y S A2 s &

&/OH @ &/OH , U\/O\P/O

N N .
: Chz bz o 2 NH,*
33 43 44
o)
2 NH,*
a T
7~ A o) o) —
&quo\ﬁ/o @ . O~p-0~p-0 N" SN NH,
H o) |\ H 5 6 o
2 Z
N OH OH
45 46

Reagents and conditions: (a) CbzCIl, NaHCOg3, H50, rt, 15 hr, 70%; (b) CI3CCN, BusNH,PO,4, CH,Cly, rt, 2d, 81%;
(c) H,, Pd/C, H,O/MeOH, 2h; pyridine; (d) GMP-morpholidate 31, tetrazole, pyridine, rt, 3d, 46% in two steps.

AR~ N L4 46 g
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# FpEE S prirdl4 51 (YCCH) 2 & =&

12 2-piperidinemethanol 47 % 42454 > i€ {7 N-alkylation F & & #-& 4di4a'd T vt

% % (piperidine) %kt > V@ A4 480 A F 89% o 1T BB L P
tetrabutylammonium phosphate & {7 gific it & 5> 7 F1 & 4 49> & 5 76%- 12 Pd/C
BRI DIEET G CF S BRSO T EL S B0 LRI 54 50 e
¢7_ (pyridine) * i = =X {6 » L {& 4r » GMP-morpholidate 31 % tetrazole > 1/ & -K

rleg_(pyridine) 53 > AR T F BRI X FIPERAS Bl A5 29% -

:
Q/OH (a) (ij/o'* (b) (N\/L«VO\P/O

H —_— —_—
J) o 2 NH,*
CbzHN CbzHN
a7 48 49
0
. 4 2 NH,*
i S\ f, ; _ _ 4 /N NH
oW N Ton EE Rk«
o\ﬁ/O :"._L o O\ﬁzo\ﬁ/o o N N NH,
o] X | (d) M : O O
e 2< (7", > 1T = || b
+N i | ;
NEA | mts OH OH
50 : 3 51 (YCC-5)

Reagents and conditions: (a) 24, K,CO3, THF, 60:°C; 44h; 89%; (b) CI3CCN, BuyNH,PO,4, CH,Cl,, 1t, 2d, 76%;
(c) Hy, Pd/C, H,O/MeOH, 2h; pyridine; (d) GMP-morpholidate 31, tetrazole, pyridine, rt, 3d, 29% in two steps;

inAz-L = ~ it &4 51(YCC-5) et &4 2

6. #FEpEH A e dri$ 56 (YCC-6) 2

N
Rl

.
<

T = g s Rk ¢ A2 S-hydroxymethyl-imidazole 52 5 42447 0 F

F_&
TR

|3z - R P 4 0 (Y A4 520 oA 4 RSl LR
bteBERTY RS2 F B MHBETE TR 16 BFE 0 & TLC

Loy

L

G BB B ERECL S LA 0 £ 530 A% 56% o

‘m\L

trichloroacetonitrile £ #-#3 £ %5 1* {8 » 4 » tetrabutylammonium phosphate % % /& T

FIE2 % » #3]i*&4 54 &% 66% - f 2a it (hydrogenation) = Vit & -
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54 ¢ sk iRk AN A 0 F o B 0 T B &4 55 At £ 4 55 gt
ek i = =0 {8 A 18 40 » GMP-morpholidate 31 % tetrazole 14 & -k v+ ex_ (pyridine)

AR BWETFRE3I A FIPERAF 56 AF S 27% -

N N .
N 1\ o\ O -
%&v% @ AD\”H (b) AD\”””
H

—_— 1]
o
2 NH,

CbzHN CbzHN
52 53 54
o)
2 NH,*
N ) N o o </N | )'\T
Kik\/o\td' N _ o200 N">N7
P p-O~p
N 1 N I I e)
(c) o] (d) O O
—_— |\ —_—
2( +N/> OH OH
H,N H HoN
55 = 56 (YCC-6)

Reagents and conditions: (a) 24, K,COs, DMF 16h, 56%; (B)iCICCN; BuysNH,PO,4, CH,Cl,, 11, 2d, 66%);
(c) Hy, PdIC, H,O/MeOH, 1.5h; pyridine; (d) GMP morpholldate 81, tetrazole, pyridine, rt, 3d, 27% in two steps;

In- ﬁ_‘:f_"l- = - i b*’” 56.(YCC 6) mb ’:J\'*r):#

1. 2 BRI |

7.1 st 22 (Radiolabeled Assay)”

S A AR IR R R R RS SR T il o A FucT X
GDP-L-[U-""C]fucose ~ 341 %] - pE < 48 (LacNAc)~ 2 # JpE## fs2c » 3 § MnCl
R Y 0 3T RKiEY R 0 F AR 1L TLC B4 H s BT S
MCfEzeeh Le* £ 5 % 0 2R 1 & f 52 /S L ordr 428 o frd| R B a2 & 0

dAag o AR Lt AR A LAk S o Bl A A Fe IR i A 8 i 4 AR5E o

72 4 EBRREE
A etk 3 g PERR A & 4 42~ 46~ 29 (YCC-1) I 56 (YCC-6) 11

BRIk SR R PR A 2 R o
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FAAPEHT G DB L Feo sk agk (WS L 2) 0 B F MAAA 2 7

R o

v
=

B 4 pRasTA hit L4 4246~ 29 (YCC-1) 2 37 (YCC-2) it # jeprik s i a1t
# ¥ GDP H_= Zofrd|# > ICso 4 50~250 UM o 75 Rl F % ¢ > 1217k

I w41 %2 (positive control) » 12 4 F GDP Ap #7415 1 50% T a9k B 25

U8 e x LR > WL R & o GDP ik o

o] o]
N N
NH NH
P 4 P 4
D), ofod <]¥ 5 5 <]%
'u,/°~p’~°\p'—° N N/)\NH O\P/’O‘P/’o N N/)\NHZ
N " " (o] N 1 1 (o)
H [o] (o) H [o] (o)
OH OH OH OH
42 46
(o]
N
- - - _ NH
0, o fo b (o forf <Iﬁg
',,,/0~P—0~P—O O~P—O~P—o N N NH2
N 1 1l 1l 1 o
(o] (0] (0]
OH OH
HN 29 (YCC-1) 37 (YCC-2)
) @ FucT $r ]3]
- hFucT 2
12000 - b
> 10000 - '
2
T 8000 -
o
é 60.00 -
=
& 4000 -
<

20.00 -

0.00

42 46 ¥CC1 YCC2

GDP H20

42 46 ¥CC1 YCC2 GDP H20

hFucT 6

%, Relative activity

42 46 Ycc1 YCC2

GDP

H20

%, Relative activity

hFucT 9

GDP

H20

42 46 YCC1 YCC2

Blo L= sk TR drd 8 FucT 2 #rdloeh (d A5 % 5T HA©)

(GDP % <

S]] 0 1Cso = 50~250 UM ; n = 3)
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beBlZ L= ¢ s it &4 4254629 (YCC-1) 2 37 (YCC-2) %t jpi
75 il 0k B T O MR R I 0 L sk b s Y o R pehen
FREVEREESAMFLEL 4 ] - R R G P Fe
EPEE A A 2 o D AlFEdI A e R L A Fr AT 0 2 2 L psaant vk eg ke
Joiv B4 42 2 46 $FEE AP 0 L AL TR Sl £ 5 29
(YCC-1) % 37 (YCC-2) # -

T o G ot sE IR A T A B IR > ek (piperidine) Frdl A 1 &
% 51 (YCC-5) #rviget (imidazole) it & 4 56 (YCC-6) (Bl= + w ) $p%3 & 14
P A IR ke T3 e (dod 2)0 B ¢ ete TR 5 chair 17
S EREF A LIRAI S TG B A F T £ &4 29(YCCD) -
37(YCC-2)~32(YCC-3) » 38(YCCA) TI2 Pl fl 1 St 7 A7 112 fh i -

e fl = Av,aﬁm¢&ﬂ%m_k% ﬁ:ﬁ&%ﬁﬁ%ﬂwﬂ’%ﬁ%k&
N (,-—\. y, '\_. ‘
B’\ l‘\‘ /ﬁ?‘ﬁg“r * g }fﬁj‘ N /r’lv —g/ fgs r-— Ill"\| :

|2
d i T¥= ]
.. | | -! J j\)LNH
O""/O\PgO‘P/(’)O o< ’IJ\ l' O~p—O~P—O

N il il : : y n
o (0] 1 : .
OH OH ; OH OH

HaN 29 (YCC-1) HaN 37 (YCC-2)

N
NH NH
- - 4
O L f
"'/O\P’O‘P/’O N N NH, O‘P’O‘P’O
N ! JI} JI} o) ||
(0] O
X I
H H
32 (YCC-3) 38 (YCC-4)

N N
- NH NH
RS <Ifk
O\P’O\P/’O N N NH, O\P’O\P’O
N I I o || " o
o O O
/H OH OH J) OH OH

HoN
z 51 (YCC-5) HaN 56 (YCC-6)

Blo v ~ 594 - BpL 5 3 o0 FucT $r41 4
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N
() () L)
N N N
H — H - H
piperidine pyrrolidine imidazole

chair conformation half chair-like conformation plane conformation
protonated at pH 7.5 protonated at pH 7.5
to mimic positive charge to mimic positive charge neutral at pH 7.5

#. = ~ ke (pyrrolidine) ~ vtrx = (piperidine) £ ek (imidazole) 2 B

FrEEH G BRRL S H et vReddh o W RBAA R R G BOR A B e A T &
# 32 (YCC-3) % 38 (YCC-4) % # £ % -k A Bergrl At &4 29 (YCC-1) %
37 (YCC-2) chig{bplid s % (Bl= 1)« 2 (5 3 38 (YCC-4) 7% Frd|rck

TR EOPES o Rk Rp o B ﬂ%f—fﬁﬁfa FRABATE PE 0 d 3t GDP & f%

H

Y PR £ LR 3R Ll &4 hipals 2

hFucT 2

12000
100.00 -
80.00 -
60.00 -

40.00 +

%, Relative activity
%, Relative activity

2000 +

¥CC1 YCC2 YCC3 YCC4 YCC5 YCCe YCC7 GDP H20

YCC1 ¥CC2 YCC3 YCC4 YCCS YCCe6 GDP H20

hFucT 6 hFucT9
120 - 120 -
;. 100 - ‘? 100 -
s S
C 80 - T 80 -
o o
2 - 2 60 -
= 5
2 1w - £ a0 -
= = 0

¥CC1 ¥CC2 YCC3 YCC4 ¥CC5 YCCe GDP  H20 ¥CC1 YCC2 YCC3 YCC4 YCC5 ¥CCe GDP  H20

Bl -3 ~ LHFrdlf 8 FucT 2 3r42c%k (4 29 % T BT HA L)

(GDP % © sefrd)] » ICso = 50~250 uM ; n=3)
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Bl =

NHCbz

HO @

-0,
HO/wH
| '

OH  Gpp

N
LEH

8. mkAM2Z 74

OGDP

-+ 2 ~ GDP-fucose =i & i & 38 (YCC-4) 2 #4]+- i
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1. General Method

All solvents and reagents were purchased from commercial sources and used
without further purification unless otherwise specified. Tetrahydrofuran and
dichloromethane were distilled from sodium, by using benzophenone as an indicator.
NMR spectra were obtained on Bruker NMR AV400 (400 MHz for "H NMR, 100 MHz
for *C NMR and 161 MHz for *'P NMR). Presaturation experiment was done by using
Lhpr pulse program and setting the deeoupler ﬁrequency O1 parameter to the frequency
of HOD. Chemical shifts (§) were re(.:(’)f(‘??g_:i__h parts pér million (ppm) relative to oy
7.27/8¢ 77.0 (central line of't) f?r_ CDClg,FSH 4.80 for.DzO. The splitting patterns are
reported as s (singlet), d (doublet), t (friplet); q (qu.artet), p (pentet), m (multiplet) and br
(broad). Coupling constant (J) are given in Hz. Analytical thin-layer chromatography
(TLC) was performed on 0.25 mm Merck silica gel 60 F,s4 plates. Visualization of TLC
plates was accomplished by UV light, p-anisaldehyde, or ninhydrin spray. Column
chromatography was carried out with Kieselgel Si 60 (0.063-0.20 mm). The ESI-MS
experiments were conducted on a JOEL JMS 700 high-resolution mass spectrometer.

HPLC purification were performed using Tricon mono Q 10/100 GL column (10 x 100

mm) and water/ammonium dicarbonate as eluent. The optical rotation was measured at
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the sodium D-line at 20 °C with a Perkin-Elmer Model 341 Polarimeter. The specific
rotation was reported as [0]*’p and the sample concentration ¢ was in g/100 mL, the
path length | was in dm. All reactions using air or moisture sensitive reagents were

performed under an inert nitrogen atmosphere.

2. General Procedurefor fucosyltransferase activity assay™
(This part was carried out by Mr. Yu-Reui Chuang, % % 7})
The activity assay was detected by measuring the incorporation of radioactive label

from GDP-L-[U-"*C]fucose (240 mCi/mimol, PerkinElmer Life and Analytical Sciences,

= .\
W £

Boston, MA) into reaction products,"‘:Rﬁ-a}_'cfﬁqns were conducted in assay buffer
| ] fi | :

(ingredient shown below) in'37 °C, and initiated upon addition of fucosyltransferase,
3 | 1

GDP-L-[U-"*C]fucose and fucosyltraﬁsferase inihibitors.

Assay condition:

Reaction buffor Final concentration

KHepespH 7.4 50 mM
KCl 150 mM
MnCl2 20 mM
LacNAc 1mh

For radio thin layer chromatography (radio-TLC), samples were taken at defined
points at times and spotted directly onto a Silica Gel 60 F,s4 TLC plate (Merck,
Darmstadt, Germany). Following the development with a mixture of

I-propanol/water/acetic acid (7:2:1), radioactivity was detected by imaging with a
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BAS-MS 2040 imaging plate and a BAS-1500 scanner (Fujifilm, Taipei, Taiwan).

Signals could be quantified by means of the software Image Gauge V4.0 (Fujifilm).

3. Computational modeling
(This part was carried out by Mr. Ting-Chien Lin, k% %)

A two-step in silico simulation was carried out to understand how compound 61
(YCC-7) binds with HpFucT. The complex structure of HpFucT-GDP-fucose (PDB
code: 2NZY) was utilized for the study. At the first stage, compound YCC-7 was
docked into the active site of the HpEucT strﬁcture using Autodock 4.0.°% ¢! Because
Y CC-7 and the substrate GDP-fucose botl}nshare GDP .as the common motif, the GDP
moiety of YCC-7 was thus ﬁxéc} o Pclerfofr:n d_o.cking .to obtain a preliminary binding
mode. At the second stage, residues bf HpFucT w.ithin 10 A from YCC-7 and YCC-7
itself were allowed to relax. CHARMM force field®* was utilized in the MD (molecular

dynamics) simulated annealing by using Discovery studio (DS) 2.1 (Accelrys Inc., San

Diago).63
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4. Synthetic Procedures and Spectral Data

HO” " " NHCbz

23

(3-hydroxypropyl)-carbamic acid benzyl ester (23).°* A stirred solution of
3-amino-1-propanol 22 (5.0 g, 66.6 mmol) in water was added sodium bicarbonate (6.7
g, 79.9 mmol), followed by addition of benzyl chloroformate (11.4 mL, 79.9 mmol).
The reaction mixture was stirred vigorously for 16 h, extracted with ethyl acetate for
three times and dried over Mg;SO4.| The organié layer was evaporated and coevaporated
with ether to yield a crude white solid, whlglwas further recrystallized with chloroform

]

to give pure product (13.1 g, 95%)_. 'H NMR (ADGl, 400 MH2) 8 735 (5 H, m, ArH),
5.11 (2 H, s, PhCH,), 3.67 (2 H, q,d=5.7 Hz, cﬁg, 3.34 2 H, q, J = 6.1 Hz, CH),),
2.82 (1 H, br, OH), 1.70 (2 H, p, J= 6.1 Hz, CH,); *C NMR (CDCls, 100 MHz) & 157.2
(C), 136.4 (C), 128.4 (CH), 128.0 (CH), 127.9 (CH), 66.7 (CH,), 59.5 (CH,), 37.7

(CH,), 32.3 (CH,); HRMS (ESI-TOF) caled for C;;H;sNOsNa [M-+Na]" 232.0944,

found: 292.0946.
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Br~ > “NHCbz

24

(3-bromopropyl)-carbamic acid benzyl ester (24).°° A solution of NBS (0.8 g, 4.59
mmol) was added at 0 °C to a stirred THF solution (15 mL) containing 0.8 g (3.83 mmol)
of compound 23 and 1.2 g (4.59 mmol) of triphenylphosphine. Stirring was continued
until TLC showed absence of starting material. The reaction was quenched by addition
of 5 mL of methanol to the resulting pale orange mixture. The reaction mixture was
evaporated and ethyl ether was added. The organic layer was washed with brine and
evaporated to dryness. The resulting oil was pﬁriﬁed by chromatography on silica gel
using ethyl acetate/hexane = 2/8 as the elufgtto yield a product appearing as an orange
oil (1.1 g, 94%). Ri= 0.34 (ethy.l fa_cete:ltie/h;anc L 2/8); 'H NMR (CDCls, 400 MHz) &
7.37 (5 H, m, ArH), 5.11 (2 H, s, PhCHz), 4.91'(1..H, br, NH), 3.45 (2 H, t, J= 6.4 Hz,
CH,), 3.37 (2 H, q, J= 6.3 Hz, CH,), 2.09 (2 H, t, J = 6.3 Hz, CH,); *C NMR (CDCl;,
100 MHz) 8 156.4 (C), 136.3 (C), 128.4 (CH), 128 (CH), 66.5 (CH»), 39.3 (CH>), 32.4

(CH,), 30.5 (CH,); HRMS (ESI-TOF) caled for C;;H;4BrNO,Na [M+H]" 294.0100,

found: 294.0129.
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31

Guanosine-5' phosphoromor pholidate (31).° A solution of dicyclohexylcarbodiimide
(0.4 g, 19.8 mmol) in t-butyl alcohol (15 mL) was added dropwisely to a refluxing
solution of the guanosine 5’-monophosphate 30 (1.8 g, 2.96 mmol, free acid) in a
mixture of water (30 mL), t-butyl alcohol (15 mL), and morpholine (1.7 mL, 19.8
mmol). The addition was completed in3*4 hriand the mixture was further refluxed for

20 h until the TLC plate showed no starting material remained. The mixture was then

Y
=
"

cooled to room temperature and SumL| of:-_!{x_(é.ter. was added into the mixture and kept
stirring for 5 min. Any crystalIiﬁe_fnaterial presént. was removed by filtration and
washed with water. The filtrate was evaporated in vacuo until the t-butyl alcohol was
totally removed and the remaining aqueous phase was extracted three times with
chloroform. The clear aqueous solution was evaporated to give the crude product, which
was then purified by chromatography over silica gel with i-propanol/water/ammonium
hydroxide = 7/2/1 to give compound 31 (1.8 g, 84%); R = 0.62
(i-propanol/water/ammonium hydroxide = 7/2/1); 'H NMR (D0, 400 MHz) 6 8.04 (1
H, s, ArH), 5.90 (1 H, d, J=4.8 Hz, CH), 4.80 (1 H, s, CH, HOD), 4.53 (1 H, t, J=4.8

Hz), 4.32 (1 H, br, CH), 4.09-3.95 (2 H, m, CH>), 3.59 (4 H, t, J= 4.2 Hz, CH,), 2.96 (4
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H, br, CH,); °C NMR (D,0, 100 MHz) & 158.5 (C), 153.6 (C), 151.4 (C), 137.1 (CH),
116.0 (C), 87.2 (CH), 83.4 (1 C, d, Jc.p = 8.8 Hz, CH), 73.6 (CH), 70.1 (CH), 66.7 (1 C,
d, Jep = 7.2 Hz, CH,), 63.9 (CH,), 44.5 (CH,); *'P NMR (D0, 161 MHz) & 7.90 (1 P,

s); HRMS (ESI-TOF) caled for C;4H20NsOgP [M—H] 431.1075, found: 431.1069.

(2R)-N-[N’-(benzyloxycar bonyl)-3-ami nopl;f)pyl] -2-hydroxymethyl pyrrolidine
(26). To a stirring mixture of D-(-)-p.rbl};mgl_}___'Z.S (0.30. g,-2.97 mmol) and potassium
carbonate (0.41 g, 2.97 mmol) 1n THF (8 :nL) _\;vas added compound 24 (0.76 g, 2.82
mmol) at room temperature and then.stirred at 60 0C for 14 h. The reaction mixture was
cooled to room temperature, diluted with ethyl acetate (20 mL), washed with water
twice and dried over Mg,SO4. Removal of the solvent afforded a pure product (0.84 g,
94%). R= 0.2 (methanol/chloroform = 1/20); [a]*’p +26.13 (c 1.1, CHCl;); 'H NMR
(CDCls, 400 MHz) 6 7.37-7.31 (5 H, m, ArH), 5.19 (1 H, br, OH), 5.11 (2 H, s, PhCH)),
3.62 (1 H, dd, J=10.9, 3.6 Hz, CH,), 3.41 (1 H, dd, J=10.9, 2.7 Hz, CH,), 3.32-3.26

(2 H, m, CHy), 3.17-3.16 (1 H, m, CH,), 2.85-2.78 (1 H, m, CH), 2.57-2.53 (1 H, m,

CH), 2.35-2.29 (1 H, m, CH,), 2.24-2.17 (1 H, m, CH,), 1.90-1.85 (1 H, m, CHy),
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1.81-1.68 (5 H, m, CH,); *C NMR (CDCls, 100 MHz) & 156.5 (C), 136.3 (C), 128.4
(CH), 128.0 (CH x 2), 66.5 (CH), 65.1 (CH,), 62.2 (CH,), 54.1 (CH,), 52.0 (CH,),
39.3 (CH,), 28.7 (CH,), 27.4 (CH,), 23.4 (CH,); HRMS (ESI-TOF) caled for

C16H25N,03 [M+H]" 293.1860, found: 293.1867.

Z > o) ’OSH
N ‘S \ﬁ’
0)

ChzHN 27

(2R)-N-[N’-(benzyloxycarbonyl)-3’-aminoprbpyl]-2—phosphoxymethy| pyrrolidine
(27). Compound 26 (0.81 g, 2.68 mmo’l)zgd f;etrabutyiammonium phosphate (2.32 g,
6.70 mmol) were coevaporated 1n _Vac_ulo fo; 10 h To tﬁe mixture of compound 26 and
tetrabutylammonium  phosphate in "~ dichloromethane (8 mL) was added
trichloroacetonitrile (0.8 mL, 8.04 mmol) dropwisely, which resulted an orange solution.
The reaction mixture was then stirred at room temperature for 2 days until the TLC
plate showed absence of starting material. Removal of the solvent and excess
trichloroacetonitrile carefully yielded a brown oil. The mixture was then added with 4 N
HCI (10 mL) and methanol (2 mL), which was kept stirring at room temperature for 10

h. The acidic solution was adjusted to pH 8 with ammonium hydroxide. The reaction

mixture was evaporated and extracted with chloroform. The aqueous layer was
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evaporated and further purified with chromatography in silica gel by using
i-propanol/water/ammonium hydroxide = 7/2/1 as eluent to give compound 27 (0.71 g,
73%); Ri=0.62 (i-propanol/water/ammonium hydroxide = 7/2/1); [0]*°p +15.24 (¢ 2.1,
H,0); 'H NMR (D,0, 400 MHz) & 7.43-7.41 (5 H, m, ArH), 5.08 (2 H, s, PhCH,),
4.16-4.11 (1 H, m, CHy), 3.93-3.86 (1 H, m, CH»), 3.60 (2 H, br, CH>), 3.34-3.16 (3 H,
m, CH, CH,), 3.00 (2 H, br, CH,), 2.17 (1 H, br, CH,), 2.04-1.90 (5 H, m, CH,); "*C
NMR (D0, 100 MHz) § 158.1 (C), 136.4 (C), 128.6 (CH), 128.2 (CH), 127.6 (CH),
68.4 (CH,), 66.7 (CH,), 61.8 (CH), 53.9 (CH,), 52.4 (CH,), 37.5 (CH,), 25.5 (CH),
25.3 (CH,), 22.9 (CH,); *'P NMR(D,0; 161 MHz) §3.60 (1 P, s); HRMS (ESI-TOF)

calcd for C1H4N>O¢P [M —H] 371.1366;i91_ind: 371.1358.

I

(0]
N
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O, o.onon ¢ ]'\)L/)\
N u, O~p-0-p-0 N™ N7 "NH,
i i I fo) |
(0] (0]
OH OH
H,N
29

(2R)-guanosine diphosphate-N-(3 -aminopropyl)-2-hydroxymethyl pyrrolidine

(29; YCC-1). To a solution of compound 27 (0.71 g, 1.87 mmol) and 10 % Pd/C (0.26 g)

in water/methanol (10 mL, 1/1, v/v), hydrogen was passed through the stirred mixture

for 2 h until the TLC showed no starting material remained. After filtration and
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evaporation, the resulting product was then coevaporated with anhydrous pyridine (3
mL for three times). GMP-morpholidate 31 (1.42 g, 3.17 mmol) was added and
coevaporated with anhydrous pyridine (3 mL for three times) to a minimum volume.
The coupling reaction was initiated with the addition of tatrazole (1.11 g, 15.9 mmol)
and pyridine (6 mL) and the reaction was stirred for two days under argon. Pyridine was
then removed and the reaction mixture was washed three times with chloroform,
evaporated to yield a crude product and purified by silica gel column chromatography
by using i-propanol/water/ammonium hydroxide = 7/2/1 as eluent to give compound 29
(0.32 g, 31%); Ry=0.23 (i-propandl/water/an;r.nonium hydroxide = 7/2/1); [0]*p +7.2
(¢ 5.3, H,0); '"H NMR (D,0Q, 400 MH;) 8&:§15(1 H, s,. CH), 597 (1 H, d, J=5.2 Hz,
CH), 4.80 (1 H, 5, CH, HOD),4.53 (1:ﬁ, brCH) 438 (1 H, br, CH), 43-424 (3 H, m,
CH, CH,), 4.10-4.08 (1 H, m, CHy), 3.87-3.85 (1 ﬁ, m, CH), 3.76-3.72 (1 H, m, CH»),
3.56-3.49 (1 H, m, CH,), 3.28-3.13 (4 H, m, CH, CH,), 2.26-1.92 (6 H, m, CH,); "*C
NMR (D,O, 100 MHz) 6 158.8 (C), 153.9 (C), 151.6 (C), 137.3 (C), 116.1 (C), 86.9
(CH), 83.5 (1 C, d, Jcr = 8.8 Hz, CH), 73.8 (CH>), 70.3 (CH), 67.8 (CH), 65.3 (CH),
63.8 (1 C, d, Jc.p = 24.5 Hz, CH»), 54.9 (CH,), 52.0 (CH»), 36.5 (CH,), 25.5 (CH»), 23.2
(CH,), 22.5 (CH,); *'P NMR (D0, 161 MHz) 8 —10.68 (1 P, d, Jp.p = 20.8 Hz), —
11.16 (1 P, d, Jpp = 20.9 Hz); HRMS (ESI-TOF) caled for C;sH3oN;0;,P, [M—H]

582.1473, found: 582.1506.
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(2R)-guanosine diphosphate-N-[N’ -(benzyloxycar bonyl)-3’ -aminopr opyl]-

2-hydroxymethyl pyrrolidine (32; YCC-3). Compound 27 (0.33 g, 0.89 mmol) was
coevaporated with anhydrous pyridine (3 mL for three times). GMP-morpholidate 31
(0.77 g, 1.77 mmol) was added and coevaporated with anhydrous pyridine (3 mL for
three times) to a minimum yvolumewThe coﬁpling reaction was initiated with the
addition of tatrazole (0.62 g, 8.86 mmol)}gnd pyridin;: (6 mL) and the reaction was
stirred for two days under argor.l.f Pyri:dline %/as _then re.moved and the reaction mixture
was washed three times with chlofoform,' evaporated to yield a crude product and
purified by silica gel column chromatography by using i-propanol/water/ammonium
hydroxide = 7/2/1 as eluent to give compound 32 (0.25 g, 39%); Ry = 0.34
(i-propanol/water/ammonium hydroxide = 7/2/1); [0]*’p +8.8 (c 2.5, H,0); 'H NMR
(D,0, 400 MHz) 6 8.07 (1 H, s, CH), 7.36- 7.28 (5 H, m, ArH), 5.89 (1 H, d, J= 5.6 Hz),
5.01 (2 H, s, PhCH»), 4.70 (1 H, t, J= 5.4 Hz, CH), 4.48 (1 H, t, J=4.5 Hz), 4.35 (1 H,
br, CH), 4.24-4.21 (3 H, m, CH), 4.10-4.09 (1 H, m, CHy), 3.75 (1 H, br, CH>), 3.65 (1

H, br, CH,), 3.37 (1 H, br, CH,), 3.17 (2 H, br, CH, CH»), 3.07 (2 H, br, CH,), 2.20-2.18
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(1 H, m, CH,), 2.05- 1.94 (5 H, m, CH,); °C NMR (D,0, 100 MHz) & 158.6 (C), 158.1
(C), 153.7 (C), 151.5 (C), 137.2 (CH), 136.2 (C), 128.5 (CH), 128.0 (CH), 127.2 (CH),
116.1 (C), 86.9 (CH), 83.5 (1 C, d, Jcp = 8.3 Hz, CH), 73.7 (CH,), 70.2 (CH), 67.6
(CH), 66.6 (CH,), 65.3 (CH), 63.6 (1 C, d, Jc.p = 20.8 Hz, CH), 54.5 (CH,), 53.0 (CH,),
37.4 (CH,), 25.5 (CH,), 25.2 (CH,), 22.6 (CH,); *'P NMR (D0, 161 MHz) § —10.62
(1 P, d, Jpp =21.1 Hz), —11.13 (1 P, d, Jp.p = 20.9 Hz); HRMS (ESI-TOF) calcd for

Cy6H36N7013P2 [M—H]  716.1841, found: 716.1825.

(2S)-N-[N’-(benzyloxycar bonyl)-3' -'amino'propyl..]-2—hydroxymethy| pyrrolidine
(34). To a stirring mixture of L-(+)-prolinol 33 (0.71 mL, 6.92 mmol) and potassium
carbonate (1.0 g, 6.92 mmol) in THF (15 mL) was added compound 24 (1.8 g, 6.57
mmol) at room temperature and then stirred at 60 °C for 14 h. The reaction mixture was
cooled to room temperature, diluted with ethyl acetate (40 mL), washed with water
twice and dried over Mg,SO4. Removal of the solvent afforded a pure product (1.9 g,
93%). Ri= 0.2 (methanol/chloroform = 1/20); [0]*’» —25.35 (c 10.1, CHCl3); "H NMR

(CDCl3, 400 MHz) 6 7.37-7.31 (5 H, m, ArH), 5.19 (1 H, br, NH), 5.10 (2 H, s, PhCH>),
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3.62 (1 H, dd, J=10.9, 3.6 Hz, CH,), 3.41 (1 H, dd, J = 10.9, 2.8 Hz, CH,), 3.31-3.26
(2 H, m, CHy), 3.18-3.17 (1 H, m, CH,), 2.83-2.80 (1 H, m, CH,), 2.56-2.54 (1 H, m,
CH), 2.35-2.29 (1 H, m, CH,), 1.90-1.85 (1 H, m, CH,), 1.80-1.68 (5 H, m, CH,); *C
NMR (CDCls, 100 MHz) §156.5 (C), 136.7 (C), 128.5 (CH), 128.0 (CH x 2), 66.6
(CH), 65.2 (CH,), 62.2 (CH,), 54.1 (CH,), 52.0 (CH,), 39.4 (CH,), 28.8 (CH,), 27.4
(CH,), 23.5 (CH,); HRMS (ESI-TOF) caled for C16HasN,05 [M+H] ™ 293.1860, found:

293.1865.

O\/O ’OSH
N ~ Vi

(28)-N-[N’-(benzyloxycarbonyl)-S’-'aminopropyi.]-2—phosphoxymethyl pyrrolidine
(35). Compound 34 (0.81 g, 2.76 mmol) and tetrabutylammonium phosphate (2.42 g,
6.92 mmol) were coevaporated in vacuo for 10 h. To the mixture of compound 34 and
tetrabutylammonium  phosphate in  dichloromethane (9 mL) was added
trichloroacetonitrile (0.82 mL, 8.31 mmol) dropwisely, which resulted an orange
solution. The reaction mixture was then stirred at room temperature for 2 days until the
TLC plate showed absence of starting material. Removal of the solvent and excess

trichloroacetonitrile carefully yielded a brown oil. The mixture was then added with 4 N
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HCI (10 mL) and methanol (2 mL), which was kept stirring at room temperature for 10
h. The acidic solution was adjusted to pH 8 with ammonium hydroxide. The reaction
mixture was evaporated and extracted with chloroform. The aqueous layer was
evaporated and further purified with chromatography in silica gel by using
i-propanol/water/ammonium hydroxide = 7/2/1 as eluent to give compound 35 (0.71 g,
72%); Ri= 0.62 (i-propanol/water/ammonium hydroxide = 7/2/1); [0]*’p —13.67 (c
443, H,0); "H NMR (D,0, 400 MHz) & 7.41-7.39 (5 H, m, ArH), 5.07 (2 H, s, PhCH,),
4.14-4.09 (1 H, m, CH,), 3.90-3.83 (1 H, m, CH>»), 3.56-3.53 (2 H, m, CH,), 3.31-3.14
(3 H, m, CH, CH), 2.98 (2 H; br; CHy), 2.15-.2.10 (1"H, m, CH>), 2.01-1.89 (5 H, m,
CH,); C NMR (D,0, 100 MHz) & 157_,%(@, 136.3. (€), 128.6 (CH), 128.1 (CH),
127.5 (CH), 68.4 (CH,), 66.6 (CHz),616F(CH), 53.7 .(CHz), 52.2 (CHy), 37.4 (CH,),
25.5 (CHa), 25.2 (CHa), 22.9 (CH,)23'P NMR (DZIIO, 161 MHz) & 3.60 (1 P, s); HRMS

(ESI-TOF) calcd for Ci6H24N>,O6P [M—H] 371.1366, found: 371.1338.

37

(2S)-guanosine diphosphate-N-(3 -aminopropyl)-2-hydroxymethyl pyrrolidine (37;
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YCC-2). To a solution of compound 35 (0.16 g, 0.44 mmol) and 5 % Pd/C (0.31 g) in
water/methanol (10 mL, 1/1, v/v), hydrogen was passed through the stirred mixture for
2 h until the TLC showed no more starting material remained. After filtration and
evaporation, the resulting product was then coevaporated with anhydrous pyridine (3
mL for three times). GMP-morpholidate 31 (0.38 g, 0.88 mmol) was added and
coevaporated with anhydrous pyridine (3 mL for three times) to a minimum volume.
The coupling reaction was initiated with the addition of tatrazole (0.31 g, 4.41 mmol)
and pyridine (6 mL) and the reaction was stirred for two days under argon. Pyridine was
then removed and the reaction mixturc was. washed three times with chloroform,
evaporated to yield a crude product and p“I_lglﬁed by silica gel column chromatography
by using i-propanol/water/ammdqium :hiydré)%;(ide_ L 7/2/i as eluent to give compound 37
(0.10 g, 29%); Rr= 0.23 (i-propano.l/water/ammohnium hydroxide = 7/2/1); [0]*p —
10.12 (¢ 0.2, H,0); "H NMR (D,0, 400 MHz) & 8.06 (1 H, s, CH), 5.89 (1 H, d, J=5.8
Hz, CH), 4.80 (1 H, s, CH, HOD), 4.45 (1 H, br, CH), 4.29 (1 H, br, CH), 4.22-4.16 (3
H, m, CH, CH), 4.01-3.98 (1 H, m, CH,), 3.78-3.76 (1 H, m, CH»), 3.65-3.63 (1 H, m,
CH,), 3.41 (1 H, br, CH,), 3.12-3.04 (4 H, m, CH, CH,), 2.17-1.80 (6 H, m, CH,); "°C
NMR (D0, 100 MHz) 6 159.0 (C), 154.1 (C), 151.8 (C), 137.5 (CH), 116.3 (C), 86.9
(CH), 83.6 (1 C, d, Jc.» = 7.0 Hz, CH), 73.8 (CH,), 70.4(CH), 67.9 (CH), 65.4 (CH),

63.8 (CHa), 54.9 (CH,), 52.2 (CH»), 36.6 (CHa), 25.6 (CH,), 23.4 (CH,), 22.7 (CH); *'P
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NMR (D,0, 161 MHz) § —10.66 (1 P, d, Jpp = 21.1 Hz), —11.14 (1 P, d, Jp.p = 20.8

Hz); HRMS (ESI-TOF) calcd for CisH30N;O,,P, [M—H] 582.1426, found: 582.1473.

N

NH

on o «fl
N N\AO-p=0-p-0 N

J) 6 o %O?
OH OH

CbzHN
38

(2S)-guanosine diphosphate-N-[N’-(benzyloxycar bonyl)-3'-aminopropyl]-

2-hydroxymethyl pyrrolidine (38; Y.CC-4). Compound 35 (0.43 g, 0.99 mmol) was
coevaporated with anhydrous pyridine. (337;1L for threé times). GMP-morpholidate 31
(0.92 g, 1.99 mmol) was added ?I.ld q()leva%oratéd Witﬁ anhydrous pyridine (3 mL for
three times) to a minimum Volumé. The' coupl.ing reaction was initiated with the
addition of tatrazole (0.71 g, 9.94 mmol) and pyridine (6 mL) and the reaction was
stirred for two days under argon. Pyridine was then removed and the reaction mixture
was washed three times with chloroform, evaporated to yield a crude product and
purified by silica gel column chromatography by using i-propanol/water/ammonium
hydroxide = 7/2/1 as eluent to give compound 38 (0.30 g, 36%); R = 0.34

(i-propanol/water/ammonium hydroxide = 7/2/1); [0]*’> —20.32 (c 1.9, H,0); 'H

NMR (D,0, 400 MHz) § 8.05 (1 H, s, CH), 7.39-7.25 (5 H, m, ArH), 5.87 (1 H, d, J=
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5.4 Hz, CH), 4.97 (2 H, s, PhCH,), 4.66 (1 H, t, J= 5.2 Hz, CH), 4.48 (1 H, t, J= 4.8 Hz,
CH), 3.34 (1 H, br, CH), 4.26-4.20 (3 H, m, CH,), 4.09-4.06 (1 H, m, CH,), 3.71 (1 H,
br, CHy), 3.64 (1 H, br, CHs), 3.32 (1 H, br, CH), 3.14 (2 H, br, CH, CH,), 3.04 (2 H, br,
CH,), 2.19-2.17 (1 H, m, CHy), 2.02-1.92 (5 H, m, CH,); "*C NMR (D,0, 100 MHz) &
158.2 (C), 157.8 (C), 153.5 (C), 151.1 (C), 136.8 (CH), 136.1 (C), 128.4 (CH), 127.9
(CH), 127.1 (CH), 115.8 (C), 87.0 (CH), 83.1 (1 C, d, Jc-p = 8.3 Hz, CH), 73.9 (CH,),
70.0 (CH), 67.5 (CH), 66.5 (CH,), 65.2 (CH), 63.6 (CH), 54.4 (CH,), 52.7 (CH,), 37.4
(CHa), 25.5 (CHy), 25.2 (CHy), 22.5 (CH,); >'P NMR (D,0, 161 MHz) § —10.64 (1 P,
d, Jpp = 20.9 Hz), —11.15 (1 Pidedrr = 21.0 Hz); HRMS (ESI-TOF) caled for

CaH3N7013P2 [M—H] 716.1841, found:=71 6.1822.

I

( ) ’/,'/OH

N
Chz
39

(2R)-N-benzyloxycar bonyl-2-hydroxymethyl pyrrolidine (39).° A stirred solution of
D-(-)-prolinol 25 (0.60 g, 5.93 mmol) in water (15 mL) was added sodium bicarbonate
(0.52 g, 5.63 mmol), followed by addition of benzyl chloroformate (0.8 mL, 5.63 mmol).
The reaction mixture was stirred vigorously for 15 h, extracted with ethyl acetate for
three times and dried over Mg,SO4. The organic layer was evaporated and the afforded

oil was further purified chromatography in silica gel by using ethylacetate/hexane = 6/4
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as eluent to yield a white solid. (1.40 g, 76%); Ri= 0.16 (ethyl acetate/hexane = 4/6);
[0]*%p +36.42 (c 5.2, CHCl3); "H NMR (CDCls, 400 MHz) & 7.37-7.31 (5 H, m, ArH),
514 (2 H, AB q, J = 2.6, 12.5 Hz, CHy), 4.40 (1 H, br, OH), 4.00 (1 H, br, CH),
3.65-3.61 (2 H, m, CH,CH,), 3.56-3.50 (1 H, m, CH;), 3.43-3.36 (1 H, m, CH,),
2.05-1.97 (3 H, m, CH,), 1.67 (1 H, br, CH,); °C NMR (CDCls, 100 MHz) § 156.9 (C),
136.4 (C), 128.4 (CH), 127.9 (CH), 127.8 (CH), 67.1 (CH), 66.6 (CH,), 60.5 (CH),
47.2 (CH,), 28.4 (CH»), 23.9 (CH;); HRMS (ESI-TOF) caled for C;3H;;NOsNa [M+

Na] 258.1101, found: 258.1122.

== OH
I"l/p\P/’OH
N | '-. nit

Cllbz
40

(2R)-N-benzyloxycar bonyl-2-phosphoxymethyl pyrrolidine (40). Compound 39

(0.70 g, 2.91 mmol) and tetrabutylammonium phosphate (2.53 g, 7.28 mmol) were

coevaporated in vacuo for 10 h. To the mixture of compound 34 and

tetrabutylammonium  phosphate in dichloromethane (10 mL) was added

trichloroacetonitrile (0.9 mL, 8.71 mmol) dropwisely, which resulted an yellow solution.

The reaction mixture was then stirred at room temperature for 2 days until the TLC

plate showed absence of starting material. Removal of the solvent and excess

trichloroacetonitrile yielded a brown oil. The mixture was then added with 4 N HCI (8
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mL) and methanol (4 mL), which was kept stirring at room temperature for 12 h. The
acidic solution was adjusted to pH 8 with ammonium hydroxide. The reaction mixture
was evaporated and extracted with chloroform. The aqueous layer was evaporated and
further purified with chromatography in silica gel by using i-propanol/water/ammonium
hydroxide = 7/1.5/1 as eluent to give compound 40 (0.82 g, 86%); R = 0.38
(i-propanol/water/ammonium hydroxide = 7/2/1); [a]*’p +34.21 (c 4.2, H,0); '"H NMR
(D,0, 400 MHz) 6 7.43-7.38 (5§ H, m, ArH), 5.20-5.08 (2 H, m, CH,), 4.04-3.98 (1 H, m,
CH), 3.86 (1 H, br, CH»), 3.78 (1 H, br, CH,), 3.40 (2 H, br, CHy), 1.98-1.93 (3 H, m,
CH,), 1.83 (1 H, br, CH,); *€ NMR«(D-O0, 100 MHz) & 156.3 (C), 136.4 (C), 128.6
(CH), 128.2 (CH), 127.6 (CH), 67.1 (lC;g,Jcp = 9.1. Hz, CH,), 64.5 (1 C, d, Jcp =
59.7 Hz, CH,), 573 (1 C, d, Jop 734._8; CH) 467 (1.C. d. Jop = 25.8. CHy), 27.3 (1 C.
d, Jep = 58.3 Hz, CHa), 22.6 (1 C, dides = 59.1 Hz CH,); *'P NMR (D,0, 161 MHz) &

226 (1 P, d, Jcp = 48.2 Hz); HRMS (ESI-TOF) calcd for Ci3H;7NOsP [M—H]

314.0788, found: 314.0784.

N
NH
[ oo o ¢ ]'\)L/)\
N w,, O~p-0~p-0 ° N N~ "NH,
1] 1]
H o

OH OH
42

(2R)-guanosine diphosphate-2-hydroxymethyl pyrrolidine (42). To a solution of
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compound 40 (0.82 g, 2.51 mmol) and 10 % Pd/C (0.31 g) in water/methanol (10 mL,
1/1, v/v), hydrogen was passed through the stirred mixture for 2 h until the TLC showed
no starting material remained. After filtration and evaporation, the resulting product was
then coevaporated with anhydrous pyridine (3 mL for three times). GMP-morpholidate
31 (2.60 g, 5.96 mmol) was added and coevaporated with anhydrous pyridine (3 mL for
three times) to a minimum volume. The coupling reaction was initiated with the
addition of tatrazole (1.10 g, 14.91 mmol) and pyridine (6 mL). The reaction was stirred
for 3 days under nitrogen. Pyridine was then evaporated to yield a crude product and
purified by silica gel column chro’matograph}.l by using i-propanol/water/ammonium
hydroxide = 7/2/1 as ecluent to gi\./.'e"xj;jfigr_éplound 42 (0.72 g, 39%); R = 0.25
(i-propanol/water/ammonium hyc}rpxifié = 17/3/ 1j; [oc]ZOID +9.27 (c 1.2, H,0); 'H NMR
(D,0, 400 MHz) 6 8.12 (1 H, s, ArH), 5.96°(1 H, ;1, J=4.7 Hz, CH), 4.80 (1 H, s, CH,
HOD), 4.51 (1 H, t, J = 3.2 Hz, CH), 4.36 (1 H, br, CH), 4.22-4.21 (3 H, m, CH»),
4.04-3.99 (1 H, m, CH»), 3.90-3.88 (1 H, m, CH), 3.32 (2 H, t, J = 5.7 Hz, CH»),
2.12-1.96 (3 H, m, CH,), 1.80-1.76 (1 H, m, CH,); >*C NMR (D,O, 100 MHz) § 161.1
(C), 151.5 (C), 137.4 (C), 116.0 (C), 86.6 (CH), 84.3 (1 C, d, Jc.p = 8.7 Hz, CH), 74.1
(CH), 70.4 (CH), 63.3 (CH,), 62.5 (1 C, d, Jc.p =4.0 Hz, CH»), 60.2 (1 C, d, Jcp = 4.5
Hz, CH), 45.3 (CH,), 25.6 (CH,), 23.8 (CH,); *'P NMR (D,0, 161 MHz) § —11.15 (1

P, d, Jpp = 16.4 Hz), —11.50 (1 P, d, Jpp = 16.6 Hz); HRMS (ESI-TOF) calcd for
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Ci5H23N6O1 1P [M—H]  525.0895, found: 525.0890.

(2S)-N-benzyloxycar bonyl-2-hydroxymethyl pyrrolidine (43).** A stirred solution of
L-(+)-prolinol 33 (0.60 g, 5.93 mmol) in water (15 mL) was added sodium bicarbonate
(0.53 g, 5.63 mmol), followed by addition of benzyl chloroformate (0.8 mL, 5.63 mmol).
The reaction mixture was stirred vigorously for 15 h, extracted with ethyl acetate for

three times and dried over Mg,SO4. The-organic layet was evaporated and the afforded

MYl 'l
i -
"

oil was further purified with column chrd%;t.og.raphy by using ethyl acetate/hexane =
6/4 as eluent to yield a white solizii (10 g, 70%.).; Ri= 0.16 (ethyl acetate/hexane = 4/6);
[0]*p —39.41 (c 8.5, CHCl;); '"H NMR (CDCls, 400 MHz) & 7.36-7.30 (5 H, m, ArH),
513 (2H, AB q,J=12.5, 3.0 Hz, CH,), 4.44 (1 H, br, OH), 3.99 (1 H, br, CHy), 3.64 (2
H, br, CH, CHy), 3.54-3.48 (1 H, m, CH,), 3.42-3.35 (1 H, m, CHy), 2.02-1.95 (1 H, m,
CH,), 1.89-1.75 (2 H, m, CH,), 1.66-1.64 (1 H, m, CH,); *C NMR (CDCl;, 100 MHz)
3 156.7(C), 136.4 (C), 128.3 (CH), 127.9 (CH), 127.7 (CH), 67.0 (CH), 66.2 (CHa),
60.4 (CH,), 47.1 (CHy), 28.3 (CH,), 23.8 (CH;); HRMS (ESI-TOF) caled for

Cy3H;7NO;Na [M+Na] " 258.1101, found: 258.1116.
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(2S)-N-benzyloxycar bonyl-2-phosphoxymethyl pyrrolidine (44). Compound 43 (0.81
g, 3.36 mmol) and tetrabutylammonium phosphate (2.90 g, 8.39 mmol) were
coevaporated in vacuo for 12 h. To the mixture of compound 43 and
tetrabutylammonium  phosphate in dichloromethane (10 mL) was added
trichloroacetonitrile (1.0 mL, 10.1 mmol) dropwisely, which resulted a yellow solution.
The reaction mixture was then stirred-at room- temperature for 2 days until the TLC

plate showed absence of' starting -material. Remove the solvent and excess

A L
=

trichloroacetonitrile carefully. The mixturéﬁ\_;&;és then added with 4 N HCI (8 mL) and
methanol (4 mL), which was kept s_tirring atrroom temperature for 12 h. The acidic
solution was adjusted to pH 8 with ammonium hydroxide. The reaction mixture was
evaporated and extracted with chloroform. The aqueous layer was evaporated and
further purified with chromatography in silica gel by using i-propanol/water/ammonium
hydroxide = 7/1.5/1 as eluent to give compound 44 (0.90 g, 81%); R = 0.45
(i-propanol/water/ammonium hydroxide = 7/2/1); [0]*’> —31.22 (¢ 5.0, H,0); 'H
NMR (D0, 400 MHz) & 7.38-7.33 (5 H, m, ArH), 5.13-4.97 (2 H, m, CH>), 3.93 (1 H,
br, CH), 3.86-3.81 (1 H, m, CH»), 3.77-3.70 (1 H, m, CH,), 3.33-3.27 (2 H, m, CHy),

1.96-1.89 (3 H, m, CH,), 1.76 (1 H, br, CH,); *C NMR (D,0, 100 MHz) & 156.1 (C),
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136.2 (C), 128.6 (CH), 128.1 (CH), 127.5 (CH), 67.0 (CH,), 64.4 (1 C, d, Jcp = 75.0 Hz,
CH,), 57.3 (1 C, d, Jc.p = 36.6 Hz, CH), 46.7 (1 C, d, Jc.p = 31.8 Hz, CH,), 27.3 (1 C, d,
Jep = 59.3 Hz, CH,), 22.5 (1 C, d, Jcp = 49.9 Hz, CH,); *'P NMR (D0, 161 MHz) §
1.72 (1 P, d, Jep = 41.0 Hz); HRMS (ESI-TOF) caled for C;3H;;NOgP [M—H]

314.0788, found: 314.0792.

OH OH

e

(2S)-guanosine diphosphateZ-hydroxyrﬁf%t:Hyll pyrrolidine (46). To a solution of
compound 44 (0.62 g, 1.91 mmolj .an_d. 109% Pd/C(0:23 g) in water/methanol (8 mL, 1/1,
v/v), hydrogen was passed through the stirred mixture for 2 h until the TLC showed no
starting material remained. After filtration and evaporation, the resulting product was
then coevaporated with anhydrous pyridine (3 mL for three times). GMP-morpholidate
31 (1.60 g, 3.79 mmol) was added and coevaporated with anhydrous pyridine (3 mL for
three times) to a minimum volume. The coupling reaction was initiated with the
addition of tatrazole (0.71 g, 9.48 mmol) and pyridine (6 mL). The reaction was stirred
for 3 days under nitrogen. Pyridine was then evaporated to yield a crude product and

purified by silica gel column chromatography by using i-propanol/water/ammonium
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hydroxide = 7/2/1 as eluent to give compound 46 (0.52 g, 46%); R = 0.25
(i-propanol/water/ammonium hydroxide = 7/3/1); [0]*’p — 12.15 (¢ 1.8, H,0); 'H
NMR (D0, 400 MHz) & 8.23 (1 H, s, ArH), 5.95 (1 H, d, J= 5.8 Hz, CH), 4.80 (1 H, s,
CH, HOD), 4.49 (1 H, t, J = 6.0 Hz, CH), 4.33-4.32 (1 H, br, CH), 4.09-3.99 (3 H, m,
CH,), 3.89-3.81 (2 H, m, CH, CH,), 3.31 (2 H, t, J = 7.6 Hz, CH,), 2.16-1.98 (3 H, m,
CH,), 1.96-1.88 (1 H, m, CH,); >*C NMR (D,0, 100 MHz) & 161.1 (C), 151.5 (C),
137.4 (CH), 116.0 (C), 86.6 (CH), 84.2 (1 C, d, Jc.p = 8.5 Hz, CH), 74.1 (CH), 70.4
(CH), 63.3 (CH,), 62.5 (1 C, d, Jc.p = 4.0 Hz, CH,), 60.1 (1 C, d, Jc.p = 4.4 Hz, CH),
45.3 (CH,), 25.6 (CH,), 23.8 (CH,); ' BNMR I(.Dzo, 161 MHz) 5 —10.88 (1 P, d, Jpp =
20.1 Hz), —11.26 (1 P, d, Jp.p = 18.9 Hz):"gIRMS (ESi-TOF) caled for CsH3NO;Ps

]

[M—H] 525.0895, found: 525.0883. | |

I

CbzHN 48

N-[N’-(benzyloxycar bonyl)-3 -aminopropyl]-2-hydroxymethyl piperidine (48). To a

stirring mixture of 2-piperidinemethanol 47 (0.6 mL, 4.35 mmol) and potassium

carbonate (0.62 g, 4.35 mmol) in THF (12 mL) was added compound 24 (1.10 g, 4.13

mmol) at room temperature and then stirred at 60 °C for 14 h. The reaction mixture was
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cooled to room temperature, diluted with ethyl acetate (40 mL), washed with water
twice and dried over Mg,SO4. Removal of the solvent afforded a pure product (1.20 g,
89%). Ri= 0.23 (methanol/chloroform = 1/20); [0]*°> —5.12 (¢ 0.3, CDCl3); 'H NMR
(CDCls, 400 MHz) & 7.33-7.32 (5 H, m, ArH), 5.98 (1 H, br, NH), 5.07 (2 H, s, PhCH,),
4.50 (1 H, br, OH), 3.75-3.71 (1 H, m, CH,), 3.59-3.55 (1 H, m, CH,), 3.22-3.21 (2 H,
m, CH»), 3.02-2.90 (2 H, m, CH,), 2.58-2.51 (2 H, m, CH,), 2.32-2.27 (1 H, m, CH),
1.73-1.58 (7 H, m, CH,), 1.37-1.32 (1 H, m, CH,); °C NMR (CDCls;, 100 MHz) §
156.6 (C), 136.7 (C), 128.5 (CH), 128.0 (CH _x 2), 66.6 (CH,), 62.2 (CH), 61.8 (CH,),
50.8 (CH,), 49.9 (CH,), 39.2 (CH3); 268 (CH;), 26.1 (CH,), 23.5 (CH,), 23.0 (CHy);

HRMS (ESI-TOF) caled for €1;Hy;N,05 [M44H] 3072016, found: 307.1990.

N-[N’-(benzyloxycar bonyl)-3 -aminopropyl]-2-phosphoxymethyl piperidine (49).

Compound 48 (0.10 g, 3.11 mmol) and tetrabutylammonium phosphate (2.61 g, 7.74

mmol) were coevaporated in vacuo for 10 h. To the mixture of compound 48 and

tetrabutylammonium  phosphate in dichloromethane (10 mL) was added

trichloroacetonitrile (0.9 mL, 9.32 mmol) dropwisely, which resulted an orange solution.
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The reaction mixture was then stirred at room temperature for 2 days until the TLC
plate showed absence of starting material. Removal of the solvent and excess
trichloroacetonitrile carefully yielded a brown oil. The mixture was then added with 4 N
HCI (8 mL) and methanol (2 mL), which was kept stirring at room temperature for 10 h.
The acidic solution was adjusted to pH 8 with ammonium hydroxide. The reaction
mixture was evaporated and extracted with chloroform. The aqueous layer was
evaporated and further purified with chromatography in silica gel by using
i-propanol/water/ammonium hydroxide = 7/2/1 as eluent to give compound 49 (0.93 g,
76%); Re= 0.31 (i-propanol/water/ammeonium .ﬁydroxide =7/2/1); [0]*°> —2.43 (c 1.0,
H,0); 'H NMR (D,0, 400 MHz) & 736-7.§ES(SH, m, ArH), 5.03 (2 H, s, PhCH,), 4.00
(1 H. br, CHy), 3.79-3.76 (1 H. br, CE:I;), 5?34-3:31 (L1 m, CHy), 3.17-3.14 (5 H. m,
CH, CHy), 2.92 (1 H, br, CH,), 1.8341:6T (7 H, 'rn,..CHz), 1.46 (1 H, br, CH,); >C NMR
(D,0, 100 MHz) & 158.2 (C), 136.4 (C), 128.7 (CH), 128.3 (CH), 127.6 (CH), 66.8
(CHy), 62.3 (CH), 61.8 (CH»), 51.2 (CH,), 50.1 (CHy), 37.5 (CH»), 25.6 (CH,), 23.1
(CH,), 21.8 (CH,), 20.6 (CH,); *'P NMR (D,0, 161 MHz) & 3.31 (1 P, s); HRMS

(ESI-TOF) calcd for Ci7H26N>,O6P [M—H] 385.1523, found: 385.1548.
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51

Guanosine diphosphate-N-(3 -aminopropyl)-2-hydroxymethyl piperidine (51;
Y CC-5). To a solution of compound 49 (0.19 g, 0.48 mmol) and 10 % Pd/C (0.07 g) in
water/methanol (8 mL, 1/1, v/v), hydrogen was passed through the stirred mixture for 2
h until the TLC showed no starting material remained. After filtration and evaporation,
the resulting product was then' coevaperated V&.’ith anhydrous pyridine (3 mL for three
times). GMP-morpholidate 31 (0.41 g,Oﬁgmmol) wa.s added and coevaporated with
anhydrous pyridine (3 mL for thrgg tirr_lés) t:E):a minimurﬁ volume. The coupling reaction
was initiated with the addition of tatrézole (0.34 g,4.79 mmol) and pyridine (6 mL) and
the reaction was stirred for two days under argon. Pyridine was then removed and the
reaction mixture was washed three times with chloroform, evaporated to yield a crude
product and purified by silica gel column chromatography by using
i-propanol/water/ammonium hydroxide = 7/2/1 as eluent to give compound 51 (0.08 g,
29%); Ri= 0.2 (i-propanol/water/ammonium hydroxide = 7/2/1); [0]*’p —4.29 (c 1.4,
H,0); 'Hpr NMR (D,0, 400 MHz) & 8.05 (1 H, s, CH), 5.86 (1 H, d, J= 5.8 Hz, CH),

442 (1 H,t,J=4.3 Hz, CH), 4.28 (1 H, br, CH), 4.20-4.10 (3 H, m, CH,), 3.96-3.92 (1
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H, m, CH,), 3.38 (1 H, d, J= 12.6 Hz, CH,), 3.27-3.25 (2 H, m, CH, CH),), 3.17-3.08 (1
H, m, CHy), 3.03 (2 H, t, J= 7.4 Hz, CH>), 2.92 (1 H, t, J= 12.3 Hz, CH,), 2.10-2.00 (2
H, m, CH,), 1.78-1.57 (5 H, m, CH,), 1.51-1.48 (1 H, m, CH,); >*C NMR (D0, 100
MHz) § 158.8 (C), 153.9 (C), 151.6 (C), 137.3 (CH), 116.0 (C), 86.9 (CH), 83.4 (1 C, d,
Jep = 8.2 Hz, CH), 73.7 (CH), 70.2 (CH), 65.3 (CH,), 63.9 (CH), 62.5 (CH,), 52.6
(CH,), 49.7 (CH,), 36.6 (CH,), 26.2 (CH,), 22.4 (CH,), 20.9 (CH, x 2); *'P NMR (D,0,
161 MHz) 5 —10.76 (1 P, d, Jpp = 20.9 Hz), —11.25 (1 P, d, Jp,p = 21.0 Hz); HRMS

(ESI-TOF) calcd for C19H3,N70,P>, [M—H]_ 596.1630, found: 596.1628.
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CbzHN '

1-[N’-(benzyloxycar bonyl)-3 -aminopropyl]-5-hydroxymethyl imidazole (53). To a

stirring mixture of 5-hydroxymethyl-imidazole 52 (0.4 mL, 4.07 mmol) and potassium

carbonate (0.71 g, 5.32 mmol) in DMF (10 mL) was added compound 24 (1.32 g, 4.89

mmol) at room temperature and stirred for 16 h. The reaction mixture was evaporated

and washed with ethyl acetate twice and dried over Mg,SO4. Removal of the solvent

afforded a crude oil, which was purified with column chromatography by silica gel

using methanol/chloroform = 1/15 as elent to give a pure product (0.70 g, 56%). R=
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0.29 (methanol/chloroform = 1/15); [0]*°» —3.21 (¢ 1.0, CHCL); 'H NMR (CDCls,
400 MHz)  7.36 (1 H, s, CH), 7.32-7.29 (5 H, m, CH), 6.77 (1 H, d, J = 4.6 Hz, CH),
5.05 (2 H, d, J= 8.8 Hz, CH,), 449 (2 H, d, J= 10.1 Hz, CH,), 3.86 (2 H, dt, J = 24.3,
6.8 Hz, CH,), 3.06 (2 H, t, J = 5.6 Hz, CH,), 1.88 (2 H, dt, J = 24.0, 6.7 Hz, CH,); "°C
NMR (CDCls, 100 MHz) 8§ 156.6 (C), 137.6 (C), 136.6 (CH), 136.3 (C), 128.3 (CH),
127.9 (CH), 127.8 (CH), 127.7 (CH), 116.1 (CH), 66.4 (CH,), 57.5 (CH,), 44.0 (CH,),
37.6 (CH,), 30.9 (CH,); HRMS (ESI-TOF) calcd for C;sHN305 [M + H]" 290.1499,

found: 290.1516.
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CbzHN 54

1-[N’-(benzyloxycar bonyl)-3 -aminopropyl]-5-phosphoxymethyl  imidazole (54).

Compound 53 (0.60 g, 1.94 mmol) and tetrabutylammonium phosphate (1.62 g, 4.84

mmol) were coevaporated in vacuo for 10 h. To the mixture of compound 18 and

tetrabutylammonium  phosphate in dichloromethane (12 mL) was added

trichloroacetonitrile (0.6 mL, 5.81 mmol) dropwisely, which resulted an orange solution.

The reaction mixture was then stirred at room temperature for 2 days until the TLC

plate showed absence of starting material. Removal of the solvent and excess
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trichloroacetonitrile carefully yielded a brown oil. The mixture was then added with 4 N
HCI (10 mL) and methanol (2 mL), which was kept stirring at room temperature for 10
h. The acidic solution was adjusted to pH 8 with ammonium hydroxide. The reaction
mixture was evaporated and extracted with chloroform. The aqueous layer was
evaporated and further purified with chromatography in silica gel by using
i-propanol/water/ammonium hydroxide = 7/2/1 as eluent to give compound 54 (0.51 g,
66%); Ri=0.51 (i-propanol/water/ammonium hydroxide = 7/3/1); [0]*’> —0.56 (c 3.6,
H,0); 'H NMR (D,0, 400 MHz) & 8.08 (1 H, s, CH), 7.40-7.35 (5 H, m, ArH), 7.27 (1
H, s, CH), 5.04 (2 H, s, PhCH,), 4.80 (2'H, s, éHZ, HOD), 4.04 (2 H, t, J= 6.7 Hz, CH>),
3.07 (2 H, t,J=6.5 Hz, CHa), 1.96 (2 Ht,fg= 66 Hz, CHZ); 3C NMR (D,0, 100 MHz)
6 158.1 (C), 136.4 (C), 136.1 (C,H)’ 13481(C), .128.6 .(CH), 128.2 (CH), 127.5 (CH),
118.8 (CH), 66.7 (CHa), 57.7 (CH3);.54.3 '(CHz); 37.1 (CH,), 29.4 (CH,); *'P NMR

(D,0, 161 MHz) & 3.26 (1 P, s); HRMS (ESI-TOF) caled for C1sH;oN;OP [M —H]

368.1006, found: 368.0987.
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56

Guanosine diphosphate-1-(3'-aminopropyl)-5-hydroxymethyl imidazole (56;
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Y CC-6). To a solution of compound 54 (0.23 g, 0.62 mmol) and 10 % Pd/C (0.08 g) in
water/methanol (8 mL, 1/1, v/v), hydrogen was passed through the stirred mixture for 2
h until the TLC showed no starting material remained. After filtration and evaporation,
the resulting product was then coevaporated with anhydrous pyridine (3 mL for three
times). GMP-morpholidate 31 (0.54 g, 1.25 mmol) was added and coevaporated with
anhydrous pyridine (3 mL for three times) to a minimum volume. The coupling reaction
was initiated with the addition of tatrazole (0.44 g, 6.23 mmol) and pyridine (8§ mL) and
the reaction was stirred for two days under argon. Pyridine was then removed and the
reaction mixture was washed three times with .chloroform, evaporated to yield a crude

product and purified by silica [ gel: ‘column chromatography by using

]

i-propanol/water/ammonium hydrfo_xid:ei: 7/2/ 1 _a.s elueﬁt to give compound 56 (0.01 g,
27%); Re= 0.35 (i-propanol/water/ammoniuin h'yd;oxide =7/3/1); [0]*°> —25.1 (c0.2,
H,0); 'H NMR (D,0, 400 MHz) § 8.05 (1 H, s, CH), 7.57 (1 H, s, CH), 7.02 (1 H, s,
CH), 5.92 (1 H, br, CH), 4.80 (3 H, s, CH, CH,, HOD), 4.49 (1 H, br, CH), 4.33 (1 H, br,
CH), 4.20 (2 H, br, CH,), 3.98-3.93 (2 H, m, CH;), 2.96 (1 H, br, CH,), 2.87 (1 H, br,
CH,), 2.05 (1 H, br, CH,), 1.84 (1 H, br, CH,); *'P NMR (D,0, 161 MHz) § —10.96 (1
P, d, Jpp = 20.4 Hz), —11.20 (1 P, d, Jp.p = 19.7 Hz); HRMS (ESI-TOF) caled for

C17H2sNgO1 1P, [M—H]  579.1113, found: 579.1106.
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(29)-N-[2'-(phenylsulfonyl-methyl)benzyl]-2-hydroxymethyl pyrrolidine (59).To a

stirring mixture of L-(+)-prolinol 31 (0.50 g, 4.94 mmol) and potassium carbonate

(0.71 g, 4.94 mmol) in THF (15 mL) was added 2-[(phenylsulfonyl)-methyl]benzyl

bromide 62 (1.52 g, 4.69 mmol) at room temperature and then stirred at 55 °C for 15 hr.

The reaction mixture was cooled to”zeom ten;perature, diluted with ethyl acetate (40

mL), washed with water twice land driéﬂs':__.o.__\'/er Mg,SO4. Removal the solvent and
recrystalize with chloroform and fh_exa_nle toigfield. a Whi;[e solid (1.30 g, 76%); Re= 0.27

(ethylacetate/hexane = 1/1); [0’ =51.88°(c 1.6: CHCls); '"H NMR (CDCls, 400 MHz)
6771 (2H,d,J=79Hz, ArH), 7.62 (1 H,t,J=7.5 Hz, ArH), 7.48 (2 H, t, J= 7.6 Hz,

ArH), 7.26 2 H,d, J=3.9 Hz, ArH), 715 (1 H, p, J=3.5 Hz, ArH), 6.99 (1 H, d, J=

7.6 Hz, ArH), 5.03 (1 H, d, J=14.0 Hz, CH;), 4.45 (1 H, d, J=13.9 Hz, CH;), 4.03 (1

H, d, J=13.3 Hz, CH,), 3.56 (1 H, dd, J=10.9, 3.2 Hz, CH;), 3.46 (1 H, d, J=10.8 Hz,
CH,), 3.28 (1 H, d, J=13.3 Hz, CH;), 2.78 (1 H, t, J= 7.8 Hz, CH,), 2.64 (1 H, d, J =

3.2 Hz, CH), 2.18 (1 H, q, J= 9.4 Hz, CH,), 1.96-1.88 (1 H, m, CH,), 1.80-1.73 (1 H, m,

CH,), 1.68-1.60 (2 H, m, CH,); *C NMR (CDCl;, 100 MHz) & 139.6 (C), 138.7 (C),
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133.7 (C), 132.5 (CH), 130.5 (CH), 129.0 (CH x 2), 128.9 (CH), 128.5 (CH x 2),
127.3 (CH), 127.2 (CH), 65.2 (CH), 62.9 (CH,), 59.2 (CHa), 57.5 (CHa), 54.9 (CH,),
27.6 (CH,), 23.4 (CH,); HRMS (ESI-TOF) caled for C1oHxsNO;S [M+H]™ 346.1471,

found: 346.1472.

{ o
O~p-OH
N P

0=S=0

60

(28)-N-[2’-(pheynlsulfonyl-methyI)béﬁZ@;?{bhosphéxymethyl pyrrolidine (60).

Compound 59 (1.12 g, 2.78 mmp_l) a_nld te:?r.abufylamrr.lonium phosphate (2.40 g, 6.94
mmol) were coevaporated in Vacuo. for 10 h, T;) the mixture of compound 59 and
tetrabutylammonium phosphate in anhydrous dichloromethane (10 mL) were added
trichloroacetonitrile (0.8 mL, 8.34 mmol) dropwisely, which resulted in an yellow
solution. The reaction mixture was then stirred at room temperature for 2 days until the
completion of the reaction was verified by TLC plate. The solvent was evaporated in
vacuo. This yellow oil was then added with 4 N HCI (10 mL) ans methanol (4 mL),

which was kept stirring at room temperature for 10 h. The acidic solution was adjusted

to pH 8 with ammonium hydroxide. The reaction mixture was evaporated and extracted
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with chloroform and water. The aqueous layer was evaporated and purified with
chromatography in silica gel by using i-propanol/water/ammonium hydroxide = 7/2/1 as
eluent to give compound 60 (0.91 g, 75%); Rr= 0.28 (i-propanol/water/ammonium
hydroxide = 7/3/1); [o]*’p +1.23 (¢ 9.8, H,0); 'Hpr NMR (D0, 400 MHz) § 7.72 (2 H,
d, J=7.6 Hz, ArH), 7.60 (2 H, d, J= 7.3 Hz, ArH), 7.54 (2 H, t, J= 7.6 Hz, ArH), 7.46
(1H,t,J=7.6 Hz, ArH), 7.30 (1 H, t, J=7.8 Hz, ArH), 7.07 (1 H, d, J=7.8 Hz, ArH),
4.82 (1 H, s, CH»), 4.27 (1 H, d, J=13.9 Hz, CH;), 4.08-3.99 (3 H, m, CH,), 3.71 (1 H,
br, CH), 3.31-3.25 (1 H, m, CHy), 3.01-2.94 (1 H, m, CH»), 2.20-2.11 (1 H, m, CH,),
2.02-1.89 (3 H, m, CH,); *C NMR (D30, IOOIIMHZ) 01354 (C), 135.2 (C), 133.7(C),
131.7 (CH), 130.6 (CH), 130.2 (CH),..I3¢=1__..(_C.H), 125.6 (CH x 2), 128.4 (CH x 2),
127.3 (CH), 68.3 (CH), 62.3 (CH%)_, 588 (C%z), 54.1 (CHz X 2),25.6 (CH»), 22.2 (CHy);
3P NMR (D,0, 161 MHz) & 3.26 (1P, s): HRMS (ESI-TOF) calcd for C1oH,3NOGPS

[M—H] 424.0978, found: 424.0981.
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(25)-guanosine

diphosphate-N-[2’-(phenylsulfonyl-methyl)benzyl]-2-hydroxymethyl  pyrrolidine
(61; YCC-7). The resulting product 60 (0.82 g, 1.37 mmol) was coevaporated with
pyridine (5 mL for three times). GMP-morpholidate 31 (1.20 g, 2.74 mmol) was added
and coevaporated in vacuo. The coupling reaction was initiated with the addition of
terazole (0.51 g, 6.85 mmol) and pyridine (6 mL). The reaction was stirred 3 days under
nitrogen gas. Pyridine was then removed and the reaction mixture was washed three
times with chloroform, evaporated to yield a crude product and purified with silica gel
column chromatography by using 'i-propanol/;;vater/ammonium hydroxide = 7/1/1 as
eluent to give compound 61 (0.40 g, 41‘.’{9),Rf = 0.2.2 (i-propanol/water/ammonium
hydroxide = 7/1/1); [o*s ~3.16.(¢ 19 };;b); i NMR (D,0, 400 MHz) 8 8.10 (1 H,
s, ArH), 7.77 (1 H, t, J= 7.3 Hz, ArH), 7.65 (2 H,I:d, J=8.0 Hz, ArH), 7.58 B H, t, J=
7.9 Hz, ArH), 7.42 (1 H, t,J=7.5 Hz, ArH), 7.30 (1 H, t, J=7.6 Hz, ArH), 7.04 (1 H, d,
J=7.7Hz, ArH), 5.88 (1 H, d, J=5.6 Hz, CH), 4.78-4.71 (3 H, m, CH, CH»), 4.52 (1 H,
t,J=4.4 Hz, CH), 4.46 (1 H, d, J= 14.2 Hz, CH>), 4.35 (1 H, br, CH), 4.26-4.23 (3 H,
m, CH, CH,), 4.20-4.15 (2 H, m, CH,), 3.92 (1 H, br, CH), 3.42-3.38 (1 H, m, CH,),
3.20-3.17 (1 H, m, CHy), 2.35-2.30 (1 H, m, CH), 2.14-2.11 (1 H, m, CH,), 2.04-2.00

(2 H, m, CH,); °C NMR (D,0O, 100 MHz) § 158.4 (C), 153.7 (C), 151.4 (C), 137.3

(CH), 135.6 (C), 135.0 (C), 133.6 (C), 131.8 (CH), 130.4 (CH), 130.0 (CH), 129.9 (CH),
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129.6 (CH x 2), 128.2 (CH x 2), 127.1 (CH), 116.1 (C), 87.1 (CH), 83.5 (1 C, d, Jc-p
= 7.1 Hz, CH), 73.8 (CH), 70.2 (CH), 67.8 (CH), 65.3 (CH,), 63.8 (CHa), 58.7 (CH, x
2), 54.3 (CHa), 25.6 (CHa), 22.2 (CH,); *'P NMR (D,0, 161 MHz) 5 —11.14 (1 P, d,
Jop = 163 Hz), —11.61 (1 P, d, Jpp = 16.6 Hz); HRMS (ESI-TOF) calcd for

C9H35NsO13P2S [M—H]  769.1453, found: 769.1436.
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