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1-1. Practical Synthesis of Potential Endothelin Receptor Antagonists of 1,4-
Benzodiazepine-2,5-dione Derivatives Bearing Substituents at the Cs-, N;- and N4-Positions.
Org. Biomol. Chem. 2006, 4, 510-518.

Various 1,4-benzodiazepine-2,5-dione  compounds, particularly those having
substituents at the Cj;-, N;- and Ns-positions are synthesized. The prepared 1,4-
benzodiazepine-2,5-dione compounds are evaluated for endothelin receptor antagonism by
a functional assay that measures the inhibitory activity against the change of intramolecular
calcium ion concentration induced by endothelin-1.
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Figure 1. 1,4-Benzodiazepine-2,5-dione derivatives 1 with a nearly planar core ring
structure flanked by two aryl side-arms are designed to evaluate their activities in
endothelin receptor antagonism.

1-2. Stable Benzotriazole Esters as Mechanism-Based Inactivators of the Severe Acute
Respiratory Syndrome 3CL Protease. Chem. & Biol. 2006, 13, 261-268.

A new class of stable benzotriazole esters is found to be mechanism-based inactivators
of 3CLPM. Mechanistic investigation using kinetic and mass-spectrometry analyses
indicates that the active-site Cys-145 is acylated, and no irreversible inactivation was
observed with the use of C145A mutant.
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Figure 2. Benzotriazole Esters as Mechanism—Based Inactivators of SARS 3CL Protease

1-3. Fluorescent Organic Nanoparticles of Benzofuran—Naphthyridine Linked Molecules:
Formation and Fluorescence Enhancement in Aqueous Media. Org. Lett. 2006, 8, 3713—
3716.

Enthynyl-linked benzofuran—naphthyridine compounds show high-yield fluorescence
with solvatochromic properties. One of compounds, ABAN, has successfully formed

fluorescent organic nanoparticles (FONs).
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Flgure 3 Benzofuran—naphthyrldlne ﬂuorescent nanoparticles

1-4. Novel Linear Hexanuclear Cobalt String Complexes (Cos'>") and One-Electron
Reduction Products (Cog''") Supported by Four Bpyany” Ligands. Dalton Trans. 2008,

2106-2113.
The preparation and characterization of novel hexacobalt string complexes, [Cos(p6-

bpyany)s(NCS)2](PFe)n (n = 1, 2) and [Cos(n6-bpyany)s(OT1),](OTE), (n = 1, 2) are
resented.
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Figure 4. The synthetic routes of H2bpyany and its hexanuclear cobalt complexes.



1-5. Weak Antiferromagnetic Coupling for Novel Linear Hexanuclear Nickel(I) String
Complexes (Nig'*") and Partial Metal-Metal Bonds in Their One-Electron Reduction
Products (Nig''"). Dalton Trans. 2006, 3249-3256.
The preparation, crystal structures, magnetic properties and electrochemistry of novel
linear hexanuclear nickel string complexes (Nig'*") and their corresponding 1-¢ reduction
roducts (Nig''") are reported.
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Figure 5. The synthetic routes for the preparation of linear hexanuclear nickel complexes.
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1-6. Hexaamide Molecule Annexed with Pyrenes for Selective Detection of Phosphate and
Pyrophosphate Ions by Ratiometric Fluorescence Changes. J. Chin. Chem. Soc. 2006, 53,
1439-1446.

N,N'-bis{3,5-di[(1-pyrenylmethyl)carbamoyl]benzyl} pyridine-2,6-dicarbamide
provides a pseudo-tetrahedron cleft and multiple hydrogen bondings to form a 1:1 complex
with phosphate (or pyrophosphate) ion in a highly selective manner, in comparison with
other anions (F~, CI, Br, SCN, AcO", NO; ", and CIOy).
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Figure 6. Selective and sensitive detection of pyrophosphate ion.

1-7. Ethynyl-Linked (Pyreno)Pyrrole-Naphthyridine and Aniline-Naphthyridine Molecules
as Fluorescent Sensors of Guanine via Multiple Hydrogen Bondings. J. Org. Chem. 2007,
72,117-122.

New fluorescent molecular sensors for 9-alkylguanines were constructed by conjugation
of 2-acetamido-1,8-naphthyridine with N-Boc-pyrrole, N-Boc-pyreno[2,1-b]pyrrole or
acetanilide moieties via an ethynyl bridge.
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Figure 7. Receptor molecules designed for binding guanine with multiple hydrogen
bondings.

1-8. Synthesis of Polycyclic and 4,5-Diacyl Thiophene-2-carboxylates via Intramolecular
Friedel-Crafts Alkylations and Unusual Autooxidative Fragmentation of the Derivatives
Obtained from the Samarium Diiodide Promoted Coupling Reactions of Thiophene-2-
carboxylate with Carbonyl Compounds. Tetrahedron 2007, 63, 1421-1428.

An efficient method, comprising the Sml,-promoted three-component coupling reaction,
alcohol oxidation, dehydration and autooxidative fragmentation, was explored to prepare
4,5-diacylthiophene-2-carboxylates that were easily elaborated to heterocycle-fused

thiophenes.
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Figure 8. Formation of 4,5-diacylthiophenes via oxidative fragmentation

1-9. Microwave Assisted One-Pot Tandem Reactions for the Direct Conversion of Primary
Alcohols and Aldehydes to Triazines and Tetrazoles in Aqueous Media. J. Org. Chem.
2007, 72,3141-3144.
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Figure 9. One-pot transformation of primary alcohols and aldehydes to trizaines and
tetrazoles.

A series of primary alcohols and aldehydes were treated with iodine in ammonia water
under microwave irradiation to give the intermediate nitriles, which, without isolation,
underwent [2 + 3] cycloadditions with dicyandiamide and sodium azide to afford high



yields of the corresponding triazines and tetrazoles, including the a-amino- and dipeptidyl
tetrazoles in high optical purity.
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Bl = (BuyN);HP,O7 was titrated into a 1.0 pM solution of 8 over the concentration range 0-

1000 uM. Excitation wavelength was 345 nm. All titrations were performed in DMSO.
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W= Fluorescence spectra of 9 following the addition of increasing amounts of TBAP.

TBAP was titrated into a 5 uM solution of Receptor over the concentration range 0-10 uM.
Excitation wavelength was 380 nm. All titrations were performed in aqueous solution, pH
7.22, 10 mM HEPES.
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4(')0 45'30 560 55'30 — 600
Wavelength (nm)

Bl I Fluorescence spectra of 9 following the addition of increasing amounts of LPA. LPA

was titrated into a 10 pM solution of 9 over the concentration range 0-20 uM. Excitation

wavelength was 380 nm. All titrations were performed in aqueous solution, pH 7.22, 10

mM HEPES.

E)rk=>w
d ““5&‘*%%;17 v B o EY BRRRLfig U R R FRBERA R B oA B PR eFER o A AT
Tow P o APA Lipid TEEERRF G AGERT > fId 0 s S mX e 5

R A O LR LR o F A AT R OB B R B iE
B s o RIS A KT mre BEend 2 ] o B e § 4 hfles o

(=) %% = }F‘

1 Breukink, E.; Kruijff, B.D. Nature Reviews Drug Discovery 2006, 1-12

2 o5 B kFi-aE LG

3 Wongkongkatep, J.; Miyahara, Y.; Ojida, A.; Hamachi, I. Angew. Chem. Int. Ed. 2006, 45,
665 —668
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IRl - 24T @ e e BEAG R D  ,D e A KT S SRR
RP 4ed + % E ¥ M Frd|H P o transpeptidase ﬂ}% it E A F I wmET R
¥

Moenomycin B ¥ r 4] ¥ — f¥% transglycosylase, @ sPpEsg 7 & & pE it @ 2
e § 82 %% Moenomycin ¥f3% transglycosylase F AF e dac sk, A AT A %% i
& Fum vodT Moenomycin, F]pt & % B 45 -H B S 4

FIgL AP & A 3T e & B e transglycosylase B P H, 3 HP R F U4
BB GG B KR - AP e 02 {8 Lipid IT 5 transglycosylase £17% #X substrate,
A2 Lipid 1T 5 #03]re s 4 F ¢ anf i 22 A B~ 1 2 o transglycosylase 5%
4T Sk A A & TR e

3

S L
B Y42 {5, NP "H’] A A R K e Er A X AR Lipid II éh2> &

b
N0 IR E gt X AR AL BB assay i e & Y B 0 U 4F o0 assay
NN Y
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- building block 3,4-®] T #7771 :
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.
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S
1]
o
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1
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B ———
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2
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(1)Liu, H.; Ritter, T. K.; Sadamoto, R.; Sears, P. S.; Wu, M.; Wong, C.-H. ChembioChem,
2003, 4, 603-609

(2)VanNieuwenhze, M. S.; Mauldin, S. C.; Zia-Ebrahimi, M.; Winger, B. E.; Hornback, W.
J.; Saha, S. J.; Aikins, J. A.; Blaszczak, L. C. J. Am. Chem. Soc. 2002, 124, 3656-3660
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FUF - kAR BT oS Ry P PR o
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R—C R—C=N
H
ﬁ%ﬁi,"]\ S H W EBRFTUEF-HICE R AR iAo
L0 i) l2,aq. NHg, rt. 0
R-C. -
H ii)ag. HoO4 1t R™ "NH,
[ . NHa, r.t. N~
e ® i) I2, aq. NH3, r R— NH
H i) NaNg, ZnBry, reflux N=N
o 1l2aq NHsrt NH;
R_Cl, N'/]‘:‘\N

“H i) NC.NH , KOH |
A reflux PPN

HoN"NH R™ "N° "NH;

fts ~ 7 %i?fﬁﬂfw}i?ﬁf* SRR+ 0 B FARR hF R 0 R DIFE A fER
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QO NH2
OH

1. 28% NHg(ag), I X i oac
HO Q OH >
HO: 2. Ac,0, Pyridine; 90% AcO——H

oH H——OAc
H——OAc
CH,OAC
O NH,
OH o,
0,
&!OH N T S
HO 2. Ac,0, Pyridine; 90% ~ ACO——H
OH AcO——H
H——OAc
CH,0AC

Amoo AFHFERERI P OPEFEIRELS FEFTR EF R o AR A g ket
2 APl ARG AR o A fEATA T L AR FY R

O\\C/NHR O\\C,NHR
O\\c NHR Osc-NHR H-C-OAc H-C-OAc
OAc—C—H H—CIE—OAc OAc——H OAc H
H OAc OAc H H——OAc OAc H
H OAc H OAc H——OAc H OAc
CH,O0Ac CH,OAc CH,OACc CH,0Ac
from D-arabinose from D-xylose from D-glucose from D-galactose
NH; 74% 78% 87% 85%
EtNH, 40% 69% 70% 30%
n-CgHy3NH, 72% 81%
PhCH,NH, 74% 85%

(@) 15, RNH,, H,O (MeOH), 25 °C, 2-10 h. (ii) Ac,0, pyridine, 25°C, 12 h.

PEAF SR A EPE S T RPE 2 RPE? I BPE ﬁ’**ﬂ*%ﬁk’ffﬂﬁ)@'ﬁ‘)

OAc

AcO OAc
OAc O
AcO (O T OAcO H)%;/N\ ACO H OAc O
OAC OAC NHR
g NHR AcO 0 o o o)
OAc OAc
OAc

50% from maltose + NHz/l, in H,O

95% from maltose + EtNH,/l, in H,O )

309% from maltose + HO,CCH,NH,/I, ~ 63% from lactose + NHg/l in H;O  51% from cellobiose + NHa/l3 in H,O
in NaHCO3/H,0 (pH = 9.5) 94% from lactose + EtNH,/l, in H,O  94% from cellobiose + EtNH,/I, in H,O

(i) I, 28% aqueous NHj or EtNH,, 25 °C, ~ 8 h. (ii) Ac,0, pyridine, 25 °C, 12 h.

P e SRGHBFBFIINFEBRAgoRELF > H P 2 L{ﬁ@é\%w%
AT BEF A CRBPRAR ~ R SR TR T AT SR UF - S e AR
£ e o

Entry aldose peracetylated amide product” yield, % [
1 Arabinose Benzylamine 74
2 Arabinose Hexylamine 72
3 Glucose Benzylamine 84
4 Glucose Hexylamine 80
5 Glucose Ethanolamine 77
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6 Glucose Ethylene diamine 75

7 Glucose Allyamine 78

8 Glucose 1,4-diaminobutane 84
[a] aldose (1 mmol), amine (1 ml), iodine (0.52 g, 2 mmol), solvent : H,O/MeOH, in air at
room temperature for 10 hr. [b] yield of isolated compound.

pLek s iRk T F T AL P AL (benzoylformic acid)» o 1F D) fRieit anlkt

o
o) (e}

|2, ag. NHzEt, 25 OC, 8h
OH NN
o 74% H
O
I,, Benzylamine, 25 °C, 8 h N
H/\©
H,O / MeOH
(@]
I, Hexylamine, 25 °C, 8 h NS
H
H,0 / MeOH

Pavd AR BF entpd] > e 2409 0 fRig - Bk B2 LB WM A
T * (decarboxylation) » & m F P|fEI=sg it & 4 o

%k
AFERE L S SRR R ¥ R R B (Aldoses) fr 7 e 1 ey
F R~ fpiesg it £ 4 o p v % gr-Riaieig s 5 FERF - Haokit EF o
Hﬁfﬁ’wﬂuﬁﬁﬂ%mpﬂ@mﬁoFﬂ#%@ﬁ&ap;ﬁﬁnvﬁm%
5 %i’ﬂw%f?#@%é’ﬁbi%ﬁ%ﬁﬁ%ﬁ%@ APERG A5
T oo HRERFRY - BREOGEES > NI FRAPERY i XA 4
WH MR F oo FE R EER AT
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Student: ¥4z (=
Research topic: Isolation and Modification of Moenomycin A as Antibiotics

'li_l"’

vl

Moenomycins & 7 7 A~Ap~Ci~C3 2 Co B¥ 2 M3 0 25 2 £
ek o o BP e gkl AvAvanfd 0 o s 7 ouded] TGase ihx it £ 4 o
Moenomycin A #1248 % pentasaccharide » # 7 7 — Eli% iE phosphoglycerate i #3+ H
V- BEEhR pAa A (AeBl 1) o

@ y
NH
HZNOCO e 2
|_D COOH
H/
O o0 O\P
e J OH
[B)PH MO /o
HO OHOQﬁL NHAC
i doc AcHN HO I_J\
NH
OH
o=l

W 1. Moenomycin A shig 44 2 & Fp]id Mgk & 30 (3 B AT 4p ).

d % Moenomycin A %’ii'ﬂ‘-&}i’»’% FOATER T s TPt P om R A RAE A B2 4 K

£ 5 iz
a2 Y > @ A F (T LR —’#Lyp)% o P @ MenomycmA T A BT A
%ﬁ“d lipid part £2 jm 2 % 18 0 £ 07 B iE F M FER e oilgosaccharide sk A R n 2R K

‘_/tjﬁ:k ,,LL\ ({1?%]2)

TP binding site for transpeptidation

\

vancomycm

full length of transglycosylase (TGase)

B-lactam

TP domain proposed donor binding site

or moenomycin binding site)

lipid 11 binding site
Growing peptidoglycan TG domam
chain g pep g\ (acceptor)

lipid 11 cytoplasm

cell membrane|

W 2. Pictorial representation of a class A PBP and one proposed mechanism for the
transglycosylation process

2007 # 4¢ £ + British Columbia ~ % &1 Strynadka % #2 " Science #f 7| F 3 % 7

Menomycin A £ glycosyltransferase(GT) srbinding 75 5 ' » % P 7 Menomycin A ¢
oilgosaccharide?’ 4 & glycosyltransferase(GT) s g & F 247 en &4v 4 (4-B3)
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A ) " B }
/ // o B € E FW°
e o}
—4= - | o o HO .NHAC -
I rﬂ‘{;v/zss . Ly PR e SN e g A
= | Y196 Ho €0 NHAC o o
;{ W = NH o 3 P S
N o g g
AN X ) L4
A N % i o o
o v N - D™ Lon R1
Fig. 3. Detail of moenomycin binding. c

(A) Interactions of moenomycin with the
donor substrate site of GTs,, with
selected side chains shown. The phos-
phoric acid diester group is positioned in
a region of high positive charge, and the
sugar rings form an extended plane in
the active-site cleft. Ring D projects out into solution, and ring A is located closest to the
linker region. (B) Chemical structure of moenomycin. For clarity, an R1 group is used in place
of the G5 moenocinol lipid unit, (C) Electron density of the moenomycin molecule. The map
is of a 2fo-fc format, contoured at 1a, from the final model at 2.8 A resolution. For reference,
the putative catalytic residues E114 and E171 are shown in stick form.

et o 57 f#74- Moenomycin A # % A& T4 2 12 Moenomycin A 5 AL A B ATN

Py =%k

d " MoenomycinA 72 5 AEE§ > @ 2 B s G Mg S T
Flph o A D B E L AR g b A R RGER R S BT o H Y 4-8% h
Flavomycin 4§ & ¥ (4-® 4) ° Moenomycins & 3= 7 Moenomycin A ~ A12 ~ C1 ~ C3
A C4s @ & A 5 Moenomycin A ©

' 2

2EE
/z\

N >t

<
g

®] 4. HPLC of moenomycins

& {2 peak ¥t 2. i £ d 2 3 + & B 5 moenomycin Ajp ~ moenomycin Cy
moenomycin A ~ moenomycin C3 /2 2 moenomycin Cy © ;fﬁ d o FriF 3 e
MoenomycinA » 3\ ¥ 1 i W12 T enit B2 AF 2 2 k17 $] Moenomycin A s3E i 4+

(4c®S)
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H2NOCO Me 5
D HO COOH
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) ~,
B J OH
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HO
NH
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W] 5. Our strategy for modifying meonomycin A
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AcO & ToH °
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AcPK
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o
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2
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AcO \)C‘OOH
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éﬁco AcO
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AcHN AcO
ACOOC
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® 6. *7 K,/Tt Moenomycin A & g 4é %G 55

g 2R
ZEl =

" 1

£ 3 f£ 7 <9 Moenomycin A /7
*- ﬁ»ﬁ‘rm%ﬁﬁiﬁé’yé i (A7) o eyt
7 MIC iRl3# > 1475

74 L0 APE T Wittig £ 0 ki
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H,NOCO, Me
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' Phgp
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¥
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W] 7. The Wittig reaction of moenomycin A derivative 1.
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H,Noco Me Ty

0 o =" Z A X
Ac"’ﬁho N CFon ©
O

(1) TMSCHN,, CH,Cl,/MeOH, -78.5°C
(2) TMSOTf, 4A MS, CH,Cl,, -78.5 to 0°C
(3) sat. NaHCOg, r.t.

.

pd
I
o

H,NOCO, 'V'e
AcO

A((:DO OO OH 5 _chloro- 1,3,2-benzodioxaphosphorin-
Ac 4-one
AcO
OAc ACY o -
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oO O«

Wl 8. The reconstruction of moenomycin A.
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i) Dowex 50W x 8 resine
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AcOr OAc HO OH
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CO2Me

(0]
PN
ﬁk/<\/o)\nﬁ% :})HN o
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1. Russell, Rupert J.; Haire, Lesley F.; Stevens, David J.; Colins, Patrick J.; Lin, Yi Pu;
Blackburn, G. Michael; Hay, Alan J.; Gamblin, Steven J.; Skehel, John J. Nature 2006,
443, 45.
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1. Shao-Hung Lu, Srinivasan Selvi, and Jim-Min Fang, J. Org. Chem. 2007, 72, 117-122.

2. Jim-Min Fang, Srinivasan Selvi, Jen-Hai Liao, Zdenek Slanina, Chao-Tsen Chen, and Pi-
Tai Chou, J. Am. Chem. Soc. 2004, 126, 3559-3566.
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Student: & % (#-)
Research topic: Synthesis of Zanamivir Derivatives as Anti-Influenza Agents
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- ) ¢ ()= 58 % [hemagglutinin, HA] (2)#! 5 %%fi 4 % [neuraminidase, NAJ# (3) &+ i

iE °

oo

¥ 3
— (1)~ henagglutinin
HA

e A
(2) neuraminidase

84 RNA

FRBBHFRE N FMwe > Hd A5 b jiF (HAR EW e 45 X B
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N OH N H
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OH NH H
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Student: 2 =84 (2 - )
Research Topic: % 3+ & = Lipid I
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On March 30, I was invited by Prof. Fred Ziegler to give a lecture in the Department of
Chemistry, Yale University. My lecture title was “SARS and antiviral drug discovery”.
Before talking on the main subject, I first briefed our current research programs that include
(1) natural product chemistry of Dendrobium huoshanense and Gastrodia elata, (ii)
Sml,/mercaptan co-catalyzed acetal-Tishchenko-lactone reactions, (iii) Carbohydrate
elaboration, analysis and sensing, in particular, immobilization of oligosaccharides; (iv)
Transglycosylase substrates and inhibitors in bacterial cell wall biosynthesis, (v) Phosphate
ion sensors with pyrene reporting units, and (vi) Detection and inhibition of influenza virus.
My lecture was greatly appreciated by audience.

This lecture is mainly on our structure-based SARS drug discovery program, which
turned out to be successfully in discovery existing drugs and synthetic inhibitors against
severe acute aspiratory syndrome. The main content includes (i) SARS 3CL protease
preparation, (ii) High throughput fluorescence assay, (iii) Protease inhibitors discovery, (iv)
Cell-based screen of anti-SARS agents, and (v) 3-D structure of protease—inhibitor complex.
Due to the limitation of lecture time, I focused on the efficient synthesis of AG7088 and
dipeptidomimetic a,B-unsaturated esters, as well as their properties on 3CL protease
inhibition, anti-SARS activity, and cytotoxicity. I also talked about our serendipitous
discovery of benzotriazole esters as mechanism—based inactivators of SARS 3CL protease.

The next day, March 31, we held a full-day symposium on synthetic organic chemistry
at Yale University to mark Professor Fred Ziegler’s retirement from full-time service. This
symposium featured six lectures by
Patrick Harran (Univ. Texas Southwest Medical Center): Synthetic means to reach natural

ends.

James Leighton (Columbia Univ.): Synthetic silicon as a Lewis acid: New strategies &
opportunities for asymmetric synthesis.

Paul Wender (Stanford Univ.): Fantastic Fred: Synthesis and lessons for a lifetime.

Glenn Micalizio (Yale Univ.): Group 4 metal-mediated reactions for carbon—carbon bond
formation: cross coupling via directed carbometalation.

Koichi Mikami (Tokyo Inst. Technol.): Two decades after Yale with my mentor.

Gilbert Stork (Columbia Univ.): Morphine, the ageless prima donna.

Because I have common research interests with these speakers, and close “academic
relationship” with them, we have very good communication in this symposium. This vivid
chat and discussion continued in the gala dinner party.



