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AERTHEB RN L £ FE M H-CAPE fedph) 4 By ta o~ &
fnjEtm il SAEMR ER RN EE s R BB E R o MEERE
WO BLEL - AR L F T AR 00 ORI R IR B EE R SRR
WREBRAAFZEA - B d (1) BHEAREFFE > (2
PRARBBEEERARLEN O BLdH #4544 3-(G4
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dimethoxyphenyl)propoinic acid ethyl ester, and 2,3-dibromo-3-(4-
methoxyphenyl)propoinic acid ethyl ester o 3t £4 acyl chloride &5 ¥ i £
M EITEICRIE 0 158 5 A R AR EREERERFR o AT 5 LA
CAPE ~ PEDMC #o MC 4 A #dp4] HIV AH E - HAZHRE S
HIV-1 isolates [M-tropic (JRCSF), T-tropic (NL-4-3) and Dual tropic
(89.6) ] & F 85~ CAPE Fuv MC #» HIV 24 % FoA&adpHl4/E A -
PRE 10 uM £ 100 uM = B A K 8488 - PEDMC &3 HI4E R 24
CAPEfv MCEAZR - £ O & RATERA WA OB E T e
(BF)#u % %= f(OSF, GNM, TSCCa) » A MTT assay 4 #7 Ll 9 #& R F
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f o # 7T 4o caffiec acid % 7|49 &4 B HE 5 F R &+ A fafasE
Ao R B ORI A BRBRCR 0 B IRAEIMEA
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Abstract

Propolis, a honey bee hive product, exhibits a broad spectrum of
medical application including antibiotic, antiviral, anti-inflammatory and
tumor growth inhibition; some of the observed biological effects may be
due to caffeic acid (cinnamic acid) esters that are present in propolis. In
the present work we synthesized five caffeic acid esters, namely 3-(3,4-
dihydroxyphenyl)acrylic acid phenethyl ester (CAPE), 3-(3.4-
dimethoxyphenyl)acrylic acid phenethyl ester (PEDMC), 3-(3,4-
dihydroxyphenyl)acrylic methyl ester (MC), 3-(3,4-dihydroxyphenyl)
acrylic acid ethyl ester (EC), 3-(4-bromophenyl)acrylic acid phenethyl
ester (BrCAPE), and four structure-like compounds, namely 3-(3,4-
dimethoxyphenyl)acrylic acid ethyl ester, 3-(4-methoxyphenyl)acrylic
acid ethyl ester, 2,3-dibromo-3-(3,4-dimethoxyphenyl)propoinic acid
ethyl ester, 2,3-dibromo-3-(3,4-dimethoxyphenyl)propoinic acid ethyl
ester and tested them against the PBMC cell infected by M-tropic
(JRCSF), T-tropic (NL-4-3) and Dual tropic (89.6) of HIV-1 isolates. The
CAPE and MC show significant inhibition on the growth of HIV-
replication in PBMC cell, but the PEDMC shows less inhibition effect
than the CAPE and MC. In addition, the effect of these agents on the
growth of normal human buccal mucosal fibroblast (BF), oral
submucosus fibroblast (OSF), neck metastasis of Gingiva carcinoma
(GNM), tongue squamous cell carcinoma (TSCCa) was studied by the
MTT assay. Treatment with 25-200 uM CAPE and 50-400 uM EC shown
significant cytotoxicity on OSF, GNM, TSCCa cells, but not on BF cell.
The results suggests that CAPE-like compounds be acting as good

chemotherapy agents against HI'V infection and oral cancer.
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BT AeZ S RRAY  BREXTT BT g
BALs 7 00 B o BT A 2 4k % (845 DNA A& RNA 7% %)% %
M A7 -CAPE (3-(3,4-dihydroxyphenyl)acrylic acid phenethyl ester) » fy £
YERH AR B FI R F LR EEFH AL TN 28 AT B %
it HIV 89 FF 2% e A RIS FR 0 Zhao, H. et al. 35 #4574 phenol & 4%
#h1e4-% > 4o flavones, CAPE, #v Curcumin %} #p+4| HIV-1 integrase
BIREN @ MO M SR AERE SR T A ke
Fo o o5 0 B BLAGH XA M e & A RSB S IRE R &
REDEBREELCRKERAOERD L A OBEBRATTEEF
TARBENFERL BB ER LM EDIERE S & HERS
FA Ry oG H O B Ay R 8 o

(1) %% (AIDS)

#1910 5 Z #7(Peyton Rous)F — R UK BB 5 7 B4 5] 45 %
HRE R REEANBRE TR A G- HE S EOERE
CF W% o H P] 1960 F4X, 0 Epstein-Barr virus(EBV)4& % 37,41 Burkitt I,
BEBAN> RELEABBRETHTERER A X EHKER - B
$HF 1981 FLAE A—HALEREE > BPB AN E X ZRITH
ST ta i & do5% /34 B8 adult T-cell/leukemia/lymphoma » ATL % %
B AFE T 4 & fo % 5% 5 % 1 Al (human T-cell leukemia virus type 1,
HILV-DAEM# *° » BHEABBETHA LT HREBHFE - 2N
ANBERFBEGOHBE BT FAMSRRAERZAE T LT
#% 6,3 (1) M R g (insertional mutagenesis) » (2)J% 3£ 3% 5 2ok &
H (oncogene) sk fm L R E A H 4751 » BRQ)EFRETARAAERIE
B EA75] 36 tmpe & & B F4o & a3k B £ I A (interleukin-II, IL-2) >
B SBIL2R) ARG ERE -




1 1980 f4X 0 MAE ASERE B ho AT fe LR B T8 SR 0 LR
%1 HL B AAT % 7% # (hepatitis B virus; HBV)" ® & A$85L3878 % 5
(human papilloma virus; HPVY F4148 4 » % —# 8 A8 £ IR AR S
% #(human immunodeficiency virus; HIV)# i m A 2R mATH iﬁ;
R E LG | 24698 %% (acquired immunodeficiency syndrome; AIDS)
AEXBGENEIERMR FIREBROBRE  R—REREA
B 69 R 845 7% % (human retrovirus) » J& % & St ik B AT EFF 7L 700
(Psteur institute) Montagnier 1% 48 4ib B R - #9444 B LAV 5
#(lymophadenopathy associated virus) » %1E A 1% » £ £ RE LI
7%ty Robert HiHd AR L2 LE L > o8l TEHEBEF
AT B g A ABE T 4a e 6 £ % 9% %5 (human T-cell leukemia virus;
Htlv-D)& B » B b % A& HILV-II virus > {2 2 &4 EA LR A E
i@ % H G ER 0 BB EELA human T-cell lymphotrophic
virus > 48 545 & HILV © B8 » 2% & Ln K B2 0 Jay Levy 4
bl EHRAS oL R F o w8 B R HR A MR
ARV(AIDS-associated retrovirus) - #X A& F 2| B &7 » 3 LAV, HTLYV,
ARV #R B B 48 0 B AR F 6% E o £ LAVHTLV-II £ -F 4 F
HHERE—#11986 £ EnmEFES— L8 B HIV j% #(human

immunodeficiency virus) °

HIV 5 #8 Z 6948 5 = A A L B RAZEER B (ssRNA) 4 R #4%

B (reverse transcriped) # 4% % &4 kX AL BEM B (dsDNA) X B
2 1% 0 58k A B(integrase) BB FARNRSEAFT I @i
B E (genome) ¥ ° dwib, mETARMNAF Ll A B AR L
(replication) B4 H A M AR, G H 4 F ¢ (life cycle)e £ A HH
aFERE AR ERRA R ERLEH B E ALTRE #(long terminal
repeat structure) * H: F F & F % o & # (long open reading
framesconding gag, viral core structure) » #:F R & & 5 B £ Bf 4 Hpol
& 0 i35 % 6 R %4k 85 (reverse transcriptase, RT)#v #% &-&§
(integrase, IN) > M # & By FAHPHIVeY A B L 0 Fey' 1 sbig




FRNEADETE s AZBRAGEEENS FRB O La8RE
Bs R & 49181t & (catalytic domain) » £ ¥ 4 ={@amino residues D64
D116 EI1527& & B4R G &) o b & A8 12 & A R FHE 1B 8T 4T
B2 F b h A © E Haminosg B €4 zinc finger domain®m B & motif
HHCC ; carboxylss A2~ FE 4% & MEDNA binding 2 7& M A Ri& 8
¥ 2DNA- fEBaFEHAHIV B E R L Fey > M AL R 2
A 7 R & &M % #DNA 3’ 3% # i — {8 dinucleotide unit (#% 4 3’-
processing) » #R % #§3’-processed &y — B4 tm B0 E 4% B b B A% 0 e dmfig
%t 58 EDNA Y JE Bk 48 1% 5-base pair offsetiy £]44 & & £ (3% 5
strand transfer) © B AT & %] #] A in vitro assay & R 3K &-4& Hp 1) 4 07 13-
processing&strand transfer 2 2L & ©

A ERRG TR MAELRERRT & —KME & T4
B & o B LARE RAERT R REHRH LR £k A 4%
R ATT] AL by BFEES KRR Ft o E A% @ Rk Z: (opportunistic infections)
AEREBRARBATHER -FHERAFT AT AREERA
SR RIRIE THTEATREEY R QERABESFTHREE
AN BERAEOYE » RAK LR Z &S DS
(immunomodulating substances) » & #84) B 4v A #& F3£& % interferon 2|
{2 ] s 4 % 4 (isoprinosine) % 2] B AT & b  BR AT —FEF Ik o
B2HEBEBRAGEATL - B0 0 ARHHRBEATRER
(antiviraltherapy) » R @K EO R KR ARG AL E HBE L 848
B Bbdrlm a0 i o A AR R 0 R HUR F R
(antiviral therapy)z #4789 £ 2 R P o 2 + g R 32554 B (Reverse
transcription) & R #84k 5 #8454 0 Bb R % BT R AN FH S
RSB Far R A 1 R R L R ESRAE A o R HIV 5% % 09 R $§6k
B4 B OFH %ML o HPA-235, Suramin'é, AZTY & 2,3-
dideoxy Cytosine'® % » H ¢ HPA-23 + Suramin - AZT & /& A AR
Wk RER LT RE T AIDS 48 B 4 6 £ (AIDS-Related
Complex » i # ARC)Jk fK 693847 » L E #7 AIDS FHE K275 &L




HBm o P T HEHREERD oo B - {2 B R ARG £
mo BEMERAR D aiERENE R BBRE > Bt BREENE P
A EEERER S HV % &8 AZT 98 E
(Sensitivity)" o 544 —f 7k 0 %A B ATERR L3R AT R — 1 L5 9
W VEERERE RABREBREBA HHURBMEBREGRAE
e Hpbdp sl By MM E D BRFE AN BN LM B
FRTEAR R AY o B T iR &6 R o 4H 8 Kk F B R ahdn 4l
B R RGBS -

Q) O RERE

ORERAANRORERERI  FEAKEKRR ETRSBAEGY
Mo RENRPEEZERFTERB IR EAE - BAIBECHER
AFRARGE— o> MOREEALAEA+EIZTE -+ 1B
FTAERBEBRERRITHEERLL MMEANTEAN+XERM > 0k
B TR OE LRI T S0 % AR ORBREBRATREFAESEL
Fea8 e o B ERFAEANGSORE 60 R FFEFMP .

BABITEIRGAEZ AR OB E 4L R oL R F R FI
A8 ERBANT ZFRERCRESHE T UEESRELEAS
TEATIO LERES  GRIEBETRBEFLEFYE AR - 5L
CABAATEEEF HiE 1042 A0 P B 041 4 > 0436 EH
B IE T A BB o MR E ML H I EARMES 0 et SN O
R ER —TEEBAUL s REA+NFRERTRERT > OB
BAAE BT AR EBELEROE R -

WA 1988 S LABREHRSERE® (AIJCC) > BBEHABHAE
(UICC)# 24 > TR L3 /E S50~ T~ Lisd OE %=
B0 K HE TS oX = ORIz ENEE AT A
BT E » Ao BIE ~ BB - AR B o (R E RAE TR
BeABE - FRTAME - BTAE - SRS o ME B (SR L & e R )LL)
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B %o B a g 83.3% & 86.2%2 o 80-90%4a ks BT 5 &K R
BARELT » 82.8% Emm BA 8T% Tk BIRA SHEme BIE > Ao
T~ ARVE B IE A B BRRTREAAE 6 6 O BERAE AR B AT o R
R REER LR REMORER RS EIHRAER—EY
RAWHBR R > kB~ KM Y o @ gk BT 454 1bsE (Oral
submucous firbosis, OSF)A 0 BEZ B THB A B R G4 » wd g b
FHREEREEHEZRYE  BHOREEAT RS > OSF 6934 R 4 B
P OREE S BELRE 100% % A S T - HHE1) —
BREZG ORI A TIETHM | & KEELE R
EEEFEFEER o Q) HEMEN S RARMI KA ARFHEAE
OSF i @& Etb X Bt > Bobootd D B R A R — RRFER g4
% ° (3) OSF #4934 248 A M6 H % > B b sATE B (FE G HEAN)
RKAEEE -

URELAEELR OBERRT AT S LG R ETH(E—
SIS EREE LR 3 ERBERTE T2 S S fERT
K 60% FRGE(EZ ~ wil) > MEFERFSINES 61%K 30% -
BR R O IR YRS RIS AL 3 £ AP H 80% B BN A I REE
3 20% A E RS c UBRBSE YL B ARARRSH O
BB AKRELE Y FABYLHR T koo ERETRAYT
FERORE P m R RARAE © R 8RR ST )
M~ AT R BE R BB BC R R R =4 o £ 5 TR RIS A&
AR Y L LIRSy I TN F
(micrometastasis) > & F 71 #| 14 (resectability) - ¥ SA 3 5 66 5
%0 42 No(% A3 A O & BB H oh etk AT » L BT L35
A EAHT R TS K ST 480 « JLTEIR A AP s 5505 » B L JBHES
FRAT o H FE % B RIIE TS R ik BRAL B ke B LG
(supportive treatment) 12 & 4 B 1L & Bk 4E B F 4709 3T Bk k05 0 A
84 98 s 20 2§ [ (safety margin) o bR AL SR » B PAEATF
i AR IRUR B RN S 2 S B IRR S8 T R B R e
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EHBERESOREE  AREERZESN % 2 MEXD
W 3 A Foo@ B A - )E BB A S Thokamf o Bt
RORER LT EDEROARRME  HRSRBE BEA—HS
FEREHERER  EPRERFOPRGBBES G ) A ORI EIE
FTERNASL  RGLEFTRETOBBESRY -

()& B fa et

BARERBAR S Y REMARAERE R P LA > £
MM LA B R A R E RSB RY L ERRE
T 5 (oG BAk o CEB > MR Wil ABEMEE) &
S RHOE MBS T RO B RS o R B RO SR
bR EE o BASEE AR ARG EEFRE
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BB ER BRABHEMEAZIS RIS ZA BT
NERREMRE U EEBGES St E RS S BRESFES K
BB SR ERAESEREL B2 T B A A 2R B A
B ERAR R 2T ERDER -EBHNEEN A THERA:
Woge ¥ NIREAM - A B dEmk e
ik~ o SR F BN

S RBE R T BHBEE e s o

BREEREERINIFEEEN B2 #HR EUAEBOERE
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B EERY ARG REARER BBL 129 XA RS
1991 S REB e R BEFTHEAARATERRRLERY ; HERAR
ReSEE A WAGRENZTABMELE  BRAH =+ Wit
2% METREEZHRIBEERRELYTHURA TR BRFALR
HSBLEFABAMKRREEORARANY » 3k > Ribimps
B REmp B Ak LEARANRE rheBREsl - R
BRHERRMYE  FAURRLELERRIMEAZE -

PWHFRENBEEGEEHEIRAES DR EEAFTRZ
g9 7%& M 0 @ 1% antibacterial, antifungal, cytostatic, A &  anti-
inflammatory &yt g 3%« Gribel #v pashinskii ¥ HEHE HBEA
AAEREIAEFEE rat fv mouse BF T H BB AR BYIE
FRRAVER o Bk BERTA T LR A EA HUEE 6y 1bi B
5 - fluorouracil #v cyclophosphamid *& B EMH —4 - B EAF
caffeic acid, flavonoid glycones, Fu&¥§ (propolis) 443 % 144 - ¥
R IR % 0 B Ak B R 89 caffeic acid 0 caffeic acid &K & B
BRI BRI X 4ER » mCaffeic acid (3,4-dihdroxycinamic
acid) BEFRGYAT A M1E THE 6920-25% ) B £ rdmeyiE P

A5 A p ) BRI B9 4F FA 3% Wattenburg % A} 7 A48 £ hydroxycinnamates
(3 5 89 Rt 2 —) 89 7 7% B8 5~ T LA PR Ba¥p il benzo[a]pyrene 35 25 /)~ &
ST B B AL B B B2 B A — M RO A OB 3 SRR
WO R B RN T 4o BB R M 89 H#p 4] & & viral-transformed &
oncogene-transformed &4 % & %8 %o f. Fv A $8 % B8 » 3% glioblastoma
multiforme (GBM-18) - colon adenocarcinoma (HT-29) %2 melanoma
(HO-1) cells ¥4 » {8 R @Hp4| i % A48 & JE 44 4286 - Grunberger 7
o3 5 CAPE (Caffeic acid phenylethyl ester) » H# % 88 -~ CAPE A8
ng/ml &4 7 B V€ A fEnormal cell#¥ » % 75% #ynormal cell 3t R &% %
% o R % frtransformed cell (adenovirus serotype 5 transformed) 314 90
9% #ytransformed cell < | #p 4] ©




A caffeic acid ester &4T4E M T A4 B A ¥ H|FEE &94E A » Rao
= AF AR F kARl &4 caffeic acid ester » 4v MC ~ PEDMC >
AR RS RS e E M Y o & 2253 MC ~ CAPE ~ PEDMC
@ ¥ # 4& & 3,2’-dimethyl-4-aminobiphenyl 3% % Salmonella
tryphimurium strain TA 98 and TA 100 & #4 %= H & R &
(mutagenecity) *  4& colon adenocarcinoma HT-29 & HCT-116 cell &
REBGRE@R LR el L+ &k o CAPE R EAbHT £ % T ¥ 4l
azoxyméthane P 35 24 6 4 B 9% AT % 4k ~ decarboxylase ~ tyrosine protein
kinase & lipoxygenase f& % f5RE{bodayisi ' o CAPE EAREE
(0.1-6.5 nmol)8F =] LA #] tumor promoter (TPA)FF % sk &% L3 %
Yoo % ARG IR ZE ~ H0, 80 & £ Rk &k mint) DNA &
BAL T A % LA 8% 1 (1-10 nmol) &y CAPE 4k A 1 €44 4] CD-1 ~
SENCAR wH#& /% & 49 & J§ /K & ornithine decarboxylase &9 754 o
CAPE &#p ] A8 & Sk HL-60 %a o6y 4 K 3£ B 49 4] £ DNA~RNA
Fu protein #94-g% *° o

CAPE £ 8/t & BT T TPA £z8mien HO, 9 & 4
B DNA # % Stz s % % & @ ¥4 S-lipoxygenase #u
xanthine/xanthine oxidase #7& M © » H 7T 52 & b £ R /) ffE
13 CAPE s % B & J§ %% ¢ — #8159 78 % % 4y (chemopreventive) °
CAPE #7>—#b transformed cells & & 4 @ fin /A X (apoptosis) &),
% RAE¥w@BEEREERERESE * ZFUIAALH N-acetyl-
L-cysteine ¥& Fi 2 7% 4= ffs L T #p 4] CAPE 3% %5 J% 4= J2 38 4T apoptosis »
it CAPE £ S16B R &9 %] L3 7E — & a7 816 % (pre-oxidant) ° 4£
5atd &% CAPE ¢ o ey GSH T e R HEEF i
% 4h CAPE 5T #p 4] NF-«B % DNA &) #% 4% 7% 1% (transcriptional




activation) * H &5 1B B #(DDT)® 4 sbdp sl ey4E B 7 - CAPE #E 47 )
SV40 transformed keratinocyte (Z1 14) 3¢ 78 > A dose- R time-
dependent % 38, % o sb¥p#| £ 0.5-5.0 ug/ml 48h M R I 85T 15 5] st &
Fomfe I0pug/mlBEG EhmbEREFRZERY  THES
CAPE ## SV40 transformed Keratinocyte (Z114) B K fm i F1E © %
Z114 %a fe A7 ke 32 CAPE 9 4 3 By ik EGF(epidermal growth factor)3% %
ornithine decarboxylase(ODC)# &M *® - & 4 '§ %= fi(keratinocyte) £
CAPE #& 8.1k UVB #p4] Vit D receptor 2k H a9 %3 ¥ -

Fesen % A4t 1993 % & T #£# 7T £A¥p 4] human immunodeficiency
virus integrase ( HIV integrase)&#){b2 478 » LA in vitro integrase assay
B9 T 33 #4144 » H P @4F topoisomerase inhibibtors, antimalarial
agents, DNA binders, naphthoquinonse, flavone quercetin,#v CAPE > #|
fl in vitro assay R BIREFEipH I kS EGRE4ERG-
processing & strand transfer)Z % % » & K43 CAPE & & — =] s 37 41
# 4 B &9 integration step, M H 4 H| ik R b $| 4k & &5 & initial
cleavage step 89 £ R 6947 - B sb3mF CAPE A& ¥ #] HIV integrase
e 4E A o Fesen % A 3b# 1994 51 % % 484 flavones ~ CAPE #v 47
4 4 HIV-1 integrase 8945 A > F| A in vitro assay 2R 8|3 R 2R 447 41
A a4E R [1. 3’ -processing cleavage ~ 2. strand transfer & 3.
disintegration ) 2 24 % » & R 85~ flavones Fv CAPE #F ] uA 3 4] HIV-1
integrase, 1B /g &¥pHliksE R F - flavones A R SF A O RE
BAEHpHI 2R @ CAPE Rig#| % — 45 O4F A - Fesen % AR+
4E ¥1 structure-activity 7 48 i > flavones A #p#lse h R L &ML 2D
# —18 ortho-4i & #4 phenolic hydroxyl groups A & £ /b —18 2% 18 5k
© puty hydroxyl groups ° 3 & & % methoxy = glycosidic &) B AL LB &
B RAFHEEE BT keegasge -
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General structural features common to many HIV intregrase inhibitors

Burke % A3 A HIV-1 898 34 & E £4% viral genome 45 DNA
integrate 2| % x fm i (host cell) &3 &8 b » 48 th 5 & 49 2 & B (viral
integrase) & 4T # 4-1F A (integration) e~ B pbabAr] 45k, 30 #& &4 #x A Badp
w1 E o H&shs CAPE 484 > R4F 3 structure-activity &9 48 B 1E > &
ZH P AT &@wEA (1) ring substituents, (2) ester groups, (3)
rotationally constrained variants, and (4) saturated amide analogues °
CAPE BRE It  REBBUNITAYLBERERE D — 18
hydroxyl group = € & #p#| 4 &858y 75 > -

# BRI RAMXRI T LB T —KEFEEZI6EY 0 4o
CAPE L H i #al % KR ey 4 - A MC (methyl caffeate ) ~ EC
(ethyl caffeate) & PEDMC (phenyl ethyl dimethyl caffeate ) %4t
My o ANER BB BMEITEY BB T

/\/@ /\/@
\ )
HOW HBCOJ@/\/U\ .

HO

HaCO

3-(3,4-Dihydroxyphenyl)acrylic acid phenethyl ester 3-(3,4-Dimethoxyphenyl)acrylic acid phenethyl est

caPE (1) PEDMC (2)
0
HO . Q
O HO A N
HO
HO
3-(3,4-Dihydroxyphenyljacrylic acid |, 3-(3,4-Dihydroxyphenyl)acrylic acid
methyl ester ethyl ester

mc (3) EC (4)




0 “
PSSy S
Br/E)/ ’

3-(4-Bromophenylacrylic acid phenethyl ester

HsCO NN

HsCO

3,4-dimethoxy-trans-cinnamic acid ethyl ester

O
/Cj/\vk o~ ™

HscO™ ™

4-methoxy-trans-cinnamic acid ethyi ester

(6) (7)
Br Br ﬁ
H3CO\i/\ J\ o™ I/j/k\‘/\ o~
b ' .~ B
HSCO/ Kﬁ/ Br H3CO . r
2,3-dibromo-3-(3,4-dimethoxy-phenyl) 2,3-dibromo-3-(4-methoxy-phenyl)
-propionic acid ethyl ester -propionic acid ethyl ester

8)

13

9




ANE B SR 2 X 275 M-CAPE fe ¥ H| L8575 m e~ 8 ok
e~ SRR FR LG LR ReBaE R - MLRRENR
2L B E B A B RS 0 SRR R BB X 0 JuiBE0 4L
RYRFEELBRA  ALFRLBFZEE - BAIRBTHEZS
BRARMOHARBERE L™ RBHEPY RGP RImF "
CE o mAMENZE SRS R TR ESET L P
BB H 2 — F 3R & 8% 8A(flavonoid) ¢ 4o quercetin® B 47 B 4h ks
# % % (herpes simplex virus type 1; HSV-1) » & A 4T & B % &
(Parainfluenza virus type 3; Pf-3)& sindbis virus 7& 4 ;4o morin® B 47
herpesvirus 7&M; 4w dihydroqucrcetin & dihydrofisetin®® B.47, HSV-
1,herpesvirus 7&%; 4o quercetin, morin, leteoli B3y HIV-1 » H 85K &
¥ s & (Poliovirus type I), Pf-3 & =} % M4 &k 4 4= B8 5 4 (respiratory
syncytial virus RSV) &M - BB Fr 4 2 Bk #( .35 DNA & RNA %% %)
F 3 Ar-CAPE 2 4% A M) AR Obin 5% 5 LR R EH AR E
e B AT 0 F MBS HIV 698 7 £ A LS B 0 Zhao, H. et al. 45
4 4 phenol &5 64y4b4-4 ¢ 4o flavones, CAPE, #v Curcumin #f A
#ph] HIV-1 integrase ¢85 © M B b bWy ST B EF HEF &
B VHARBRRERESARE MBI AH KA AR K FE R
HRAMBEEZNERTFE FARETRAAEL[RBAGERT KR EE
RERM ey BRI E LS I DE%J%L%%EE@%{T&%FI g
RE R A TR R I6 e O R B M5 -
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Mo Tk
—  FBk

(—) AREE

1. Mwh 3R 34 (Nuclear Magnetic Resonance Spectrometer
% NMR)
# A MERCURY-400 #Y
FRAlZ 3% L TMS 4E A NZEE » (L2 L ppm

(parts per million » 8) %%

s BF¥E (singlet)
d: # &4 (doublet)
t: = &% (triplet)
q: W &E& (quartet)
m : % &% (multiple)

2. Hobhsg etk (Ultraviolet-Spectrometer f§4% UV)
A Al ¢ Shimadzu UV-260

3. BPEEEE R (Mel Temp Il melting point apparatus)

4. Low-resolution mass spectra (MS)#v high-resolution mass
spectra (HRMS): JEOL JMX-SX/SX 102 A mass spectrometer
(P EKRE)

5. Elemental analyses: Heracus CHNOS Rapid spectrometer (
HRE)

6. & #4414 (LaminaFlow) : g HIGH TEN

7. mpp3r &4 (Incubator) © B pe NUAIR™ US AUTO FLOW

8. #E.u#% (Centrifuge) : Ehe# KUBOTA KN-70

9. 483 X AR © Fhg NIKON

10. 2884k Bog NIKON

11. &8 Ks4 * Brg Kodman

15




12. 3kt % B Reichert-Jung
13. 2skskeeEk o Bre HITACHI; F2000

(=) H#HARRE

5 4% i pe
TLC R Merck
EE E IR 3]
silica gel 230-400 mesh Merck
3,4-dihydroxycinnamic acid Lancaster
3,4-dimethoxycinnamic acid Aldrich
4-methoxycinnamic acid Aldrich
phenylethyl alcohol Aldrich
4-bromobenzaldehyde Aldrich
malonic acid Lancaster
pyridine Acrose
piperidine Acrose
TsOH Aldrich
DCC Aldrich
DMAP Aldrich
Dichlorodiphenylmethane Lancaster
Triethylamine Lancaster
Bromine Aldrich
Thiony chloride Acrose

16




( )%‘7}&/\)&/&’%&’]

px A AT
CHC e O RRAY A PR 3]
CHCL, Bk £ B A RN )
Ether B B TR 9]
H.exene e O TR
Nitrobenzene
Lancaster
Methanol . o i
Ethanol B T %
Acetone B AL 23X %
THF GO ¥ R A TR )
DMSO Lancaster
Benzene Lancaster
(W) RIERTRIESZIATRIE
P AR R B B A 60°C 0 B A > B
BHNGRATAGEETE  DART HB AL LR BEA

AAEBITRIE

() RIER B8 2 8Tk
o AR 0 I (CH2C1 CHCl, su A CaH, ; ether smA Na 4T
HAB) BASE T (4T AE 150°C > 4/ afktsr) &
T &d \%éﬁs“&% H,0 ~ H,S ~ SO, & /\ppF -

(X)) A& A8 3R
1. 3-(3,4-dihydroxyphenyl)acrylic acid phenethyl ester ( CAPE) ~
3-(3,4-dimethoxyphenyl)  acrylic acid  phenethyl ester
(PEDMC) ~ 3-(3,4-dihydroxyphenyl)acrylic acid methyl ester
(MC) ~ 3-(3,4-dihydroxyphenyl)acrylic acid ethyl ester (EC) ~ 3-
(4-bromophenyl)acrylic acid phenethyl ester (BrCAPE) ~ 3-(3,4-
dimethoxyphenyl) acrylic acid ethyl ester ~ 3-(4-methoxyphenyl)

acrylic acid ethyl ester ~ 2,3-dibromo-3-(3,4-dimethoxyphenyl)-

17




propionic acid ethyl ester ~ 2,3-dibromo-3-(4-methoxyphenyl)-
propionic acid ethyl ester /LIEILAW R B H AR °

2. DMEM ~ RPMI -~ Penicillin-Streptomycin ~ Trypsin-EDTA ~
Dulbeccols Phosphate Buffered Saline ~ MTT ( 3-[4,5-
Dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide ) -~
DPPH ( 1,1-diphenyl-1,2-picryhydrazylradical ) % & % B sigma
Ltd.

18




=~ ARG R RAHE:

1.d5 3,4-Dihydroxycinnamic acid (caffeic acid) 45z 3-(3,4-
dihydroxyphenyl)acrylic acid phenethyl ester (CAPE) (1)

OH
@/\/ o
HO:@/\/L
G O
HO

nitrobenzene

excess
0 SOCl, o
™ X
HO@/\/U\ OH HOD/VLL Ci
HO reflux HO

70°C 2hr

xik—

# caffeic acid (0.500 g, 2.77 mmol ) &A@ & &) SOCL, (&
R Ak B8R 2 B S0 DU R B 45 4R 45 3 B SOC,
B 451% 89 acyl chloride 4 10 ml &) nitrobenzene TF 4 4% flu A
phenethyl alcohol (1.656 ml, 13.88 mmol) 4& 70°C pu#k 2 /N8F >
BRE#RETLC B (BMRLE  —fF R Tkr=2:2:1)>
BERBIEBHBEREE AU AT TREZLR
nitrobenzene » BLALEE T — R FR TR =2"2"1 &4 E
A REGFH A 8BS RTR/TR)FE 0394
g E%E50% -

k=

# caffeic acid (0.500 g, 2.77 mmol) ~ DCC (0.372 g, 3.00 mmol)
2 DMAP (0.459 g, 2.20 mmol)# A 25 ml # RAEF A > 47 10 ml
DMF/CH,CL, (1:1)&4% % » & 4% phenethyl alcohol (1 ml, 8.33 mmol)
BRRWEREHRT RELETETHF 2R SHUERMAEL
BEARRERE TLC A (RMERCE ' TR=21) &iLK
JE o BhBEAE s NLE D TIR=2 1 eiPRRKEE
Mo REHERERIFIOEER 0362 EF 46% -

NS

v

mp: 127-128°C
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'H-NMR 33 (400 MHz, CDCI,)

3.02 (2 H,t, J=7.2 Hz), 4.42 2 H, t, J= 7.2 Hz), 5.98 and 6.14 (2 H,
brs), 6.25 (1 H, d, J= 16.0 Hz), 6.87 (1 H, d, J= 8.0 Hz), 6.99 (1 H,
dd, J= 8, 2.0 Hz), 7.09 (1 H, d, J= 2.0 Hz), 7.23-7.34 (5 H, m),
7.57(1 H, d, J=16.0 Hz)

BCNMR 3% (100 MHz, CDCLy)
§35.3,65.2,1143,115.2, 115.4, 122.4, 126.5, 127.3, 128.4, 128.8,
137.6, 143.7, 145.1, 146 .3, 167.6.

EIMS m/z (rel. int): 284 [M]" (21), 180(100), 163(44).
HRMS: Calc. for C;H,40,: 284.1048. Found: 284.1047.

Anal. Calcd for C;H,,O,: C, 71.82; H, 5.67; O, 22.51. Found: C,
71.55; H, 5.60; O, 22.75.

2.9 3,4-Dimethoxycinnamic acid 4 g 3-(3,4-dimethoxyphenyl)
acrylic acid phenethyl ester (PEDMC) (2)

0 O
HaCO_. sl socl H,CO A
~"on _SOChL o ci
] =
H,CO : CHCl3 H3CO

OH
CH,Cl, ©/\/

S

I

N
i /\/©
H300W o
HsCO
2

4% 3,4-dimethoxycinnamic acid (0.500 g, 2.42 mmol)x N\i& &
# SOCL, (E%HA ) fm#k Z1R 2 /065 T SURE R HIREE
B SOCL, - £ 454 69 acyl chloride f£ — & Pl F& & A

20




phenethyl alcohol( 0.289 ml, 2.42 mmol ) #v pyridine(0.191 ml, 2.42
mmol ) £ £ % F## 2 /b of R B e TLC A (RHRTE -
The=2 1) &L RE  ShuBEAESE#E > UTE  TKRER:
DEFTRBRUEEY  BERTHEAEER 0632 2F:192%-

mp: 97-98°C

'H-NMR 3% (400 MHz, CDCL,)

53.03 (2 H, t, J=7.2 Hz), 3.92 (6 H, s), 4.43 (2 H, t, J= 7.2 Hz),
6.30 (1 H, d, J= 16.0 Hz), 6.87 (1 H, d, J= 8.4 Hz), 7.05 (1 H, d, J=
2.0 Hz), 7.10 (1 H, dd, J= 8.4, 2.0 Hz), 7.25-7.35 (5 H, m), 7.62 (1 H,
d, J= 16.0 Hz).

BCNMR #:3% (100 MHz, CDCL,)
§35.3,55.9, 56.0, 64.8,109.5, 110.9, 115.6, 122.5, 126.4, 127.2,
128.3, 128.7, 137.7, 144.5, 149.0, 150.9, 166.8.

EIMS m/z (rel. int): 312 [M]* (73), 208(100), 191(76).
HRMS: Calc. for C,gH,,0,: 312.1362. Found: 312.1358.

Anal. Calcd for C,(H,,0,: C, 73.06; H, 6.45; O, 20.49. Found: C,
73.06; H, 6.43; O, 20.59.

3.4 3,4-Dihydroxycinnamic acid (caffeic acid)4- 5% 3-(3,4-
dihydroxyphenyl)acrylic acid methyl ester (MC) (3)

o 0]

, N HO N -

HO NN oh socCl, o)
L >

3
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#% caffeic acid (1.000 g, 5.55 mmol ) & N\ i% ¥ & methanol (&
BB ) e S %6 SOCL ek B3R 2 /NoF > LB B4
AR 4% 3 5 1438 % 84 methanol F» SOC, e BUR &% 25 TLC B (&
BRCE  TR=2!1) K LRE BB EETE T
BE D=2 1 9 RBRUEEY  RGBHT2 G 6 E 48 1.023
g EF95% -

mp: 158-159°C

'H-NMR 353 (400 MHz, CD,COCD,)
6 3.67(s, 3H), 6.20 and 7.50(2d, J=16.0 Hz, olefinic protons),
6.70-7.06(3 aryl protons), 8.10(2 hydroxy protons)®

4.4 3,4-Dihydroxycinnamic acid (caffeic acid)4 sz 3-(3,4-
dihydroxyphenyl)acrylic acid ethyl ester (EC) (4)

o) o)
H
- . N
ORI E-Ssaas
HO/\/ EtOH o
4

#% caffeic acid (1.000 g, 5.55 mmol ) #& A& & &) ethanol (E&
M) w5 & E 4 SOCL huk 218U 2 /N0 LA IR 48 44
B 4E B % 84 ethanol Fv SOCI, - BRR Bk Z: TLC B (&
FRCE : Th=2'1) & LRE > S@H8BEEN8k UL
Bt OR=21 W RBRKEEY  RERFRGEEHE 1.132
g A% 98% -

mp: 142-143°C

'H-NMR 3£3% (400 MHz, DMSO-d,, CDCL,)
§ 1.30(3H, t, J=7.0 Hz), 420Q2H, q, J=7.0 Hz), 7.12(1H, d,
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J=16.0Hz), 6.65-7.103H, m), 7.50(1H, d, J=16.0 Hz), 8.70-
8.75(2H, m).

5.#5 4-Bromobenzaldehyde 4 5% 3-(4-bromophenyl)acrylic acid
phenethyl ester (BrCAPE) (5)
o

% ~CHO ‘0 0 piperidine x OH
| D G G
Br = HO OH Br

pyridine

SOC!Z /@/\/K pyndlne /@/\/U\ /\/@
CHC! CH?_cx2

#4% Glover % A @ #94-i%, % 75 B 4-bromobenzaldhyde (0.600 g,
3.2 mmol)#» malonic acid (0.670 g, 6.4 mmol)Z&x A 4 ml &
pyridine » J& &34 4 4% Aw \ piperidine (0.320 ml, 3.2 mmol) » #4i&
St E BOC L4 2 N oF > BAFBE L2 1ISCHE 8
INBE o ABPIE IR AR 200 ml g kK 0 &8 w10 ml
HRBEEGSS%)E AR ¢HRAFTEEHE KL BERL
PLAKIK IR 4 R BIEN 8 A4 ER(1:20) 3 &5 A MRk
T ERBRILOTR RERA A ERUBEREAREBARS
%] 4-bromocinnamic acid (0.560 g) » & & 77% -

# 4-bromocinnamic acid (0.560 g, 2.5 mmol) A ABE 49
SOCL, (& B A ) Aok 23K 2 o570 SRR IBGHESEL
#H SOCL - jB414 6y acid chloride £ f FIE FEL A
phenethyl alcohol (0.262 ml, 2 eq) #= pyridine (0.348 ml, 2 eq)
£ EBTHE L E RREZRS TLC A (RHRKRLE Tk

2:1) REBSARE > SHBEEsE > NLE: TRE:
DEgtRREKEEY  REATHOEERE 0721 g &
89% o
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mp: 81-82°C

'H-NMR 33 (400 MHz, CDCL,)
§3.02 (2 H, t,J=7.2 Hz), 423 2 H, t, J= 7.2 Hz), 6.40 (1 H, d,
J= 16 Hz), 7.25-7.32 (5 H, m), 7.37 (2 H, d, J= 2.0 Hz), 7.51 (2
H, d, J=8.8 Hz), 7.59 (1 H, d, J= 16.0 Hz).

BCNMR 3% (100 MHz, CDCLy)
535.3,65.1,118.7, 124.4, 126.5, 128.4, 128.8, 129.3, 132.0,
133.2, 137.6, 143.3, 166.4.

BIMS m/z (rel. int): 322 [M+2]* (5), 330 [M]* (5), 211(53),
209(53), 104(100), 102(79).

HRMS: Calc. for C,;H;;0,Br: 330.0256. Found: 330.0253.

Anal. Calced for C{;H,;0,Br: C, 61.65; H, 4.56; O, 9.66. Found: C,
61.78; H, 4.67; O, 9.83.

6.9 3,4-Dimethoxycinnamic acid &g, 3-(3,4-dimethoxyphenyl)
acrylic acid ethyl ester (6)

o} O
HgCOUvJ\oH SOCI, H3CO:©/\VLKO/\
HyCO™ EtOH HsCO

6

#% 3,4-dimethoxycinnamic acid (2.000 g, 9.6 mmol ) & ANiBE &)
ethanol (E&EEIA ) wA S & &4 SOCL, n#h Z3@IR 2 N
BB R EEAR R LB B % #) ethanol Fv SOC, » B R f& /R B
TLC h (BMRTE  Th=2:1) RETAR®E  KLaFE
TARELRE B TR =2" 1 i RRKEEY  RELF
EaeREE20lg % 97%-
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m.p. 48-49°C

'"H-NMR s63% (400 MHz, CDCL,)
51323 H,t,J=7.0Hz),3.73 (6 H, 5), 4.19 2 H, q, J=7.0 Hz),
6.39 (1 H, d, J=16.0 Hz), 6.61 (2 H, d, J=9 Hz), 6.75 2 H, d, J=
9.0 Hz), 7.64 (1 H, d, J= 16.0 Hz).

7.8 4-Methoxycinnamic acid 45, 3-(4-methoxyphenyl) acrylic
acid ethyl ester (7)

R 0
@/\/l OH SOCl, w O/\
B o
_
HsCO™ EtOH HyCO

7

#% 4-methoxycinnamic acid (2.000 g, 11.2 mmol ) KB F &
ethanol (& H A ) Ao S & &a SOCL, puh 38R 2 /NG -
LU R B ME MR 4E R A TR 18 % ¢ ethanol Fv SOCI, » B & & 26
TLC R (BMRELE :THE=2:1) REZRE Kby B
TARESBE LR TIR=2 1 e RRNEEY 0 BRI
EEEE229g EFE 9% -

m.p. 49-50°C

'HL-NMR s£3% (400 MHz, CDCL) |

5132 (3 H,t, J= 7.0 Hz), 3.81 (3 H, s), 4.24 (2 H, q, J=7.0 Hz),
6.29 (1 H, d, J= 16.0 Hz), 6.88 (2 H, d, J= 9 Hz), 7.46 2 H, d, J=
9.0 Hz), 7.63 (1 H, d, J= 16.0 Hz).

8.8 3-(3,4-Dimethoxyphenyl) acrylic acid ethyl ester 4% 2,3-

dibromo-3-(3,4-dimethoxyphenyl)-propionic acid ethyl ester
(8) |

25




H3CO\I/\‘ X o~ Br, H4CO O/\
A ——
HaCO™ CHCl,  H,cO Br

8

# 3-(3,4-dimethoxyphenyl) acrylic acid ethyl ester (2.000 g, 8.4
mmol) A 30 ml & £AF PR EFAKS L BAREFREAK RS
4138 A Br, (0431 ml, 8.4 mmol) » % Br, Z A tyiz & &% H
AT AR THE LG BRRERE TLC B (BHER
LB DR =1'1) REXARE  EhuyBEEss UTLE
=1 18PRREKEEY  REXKFTIEEEE332g>
& & 99% o

m.p. 110-111°C

'H-NMR 53 (400 MHz, CDCL,)

5130 (3H, t,J=7.0 Hz),3.73 (6 H, 5), 4.12 (2 H, q, J=7.0 Hz),
5.06 (1 H, d, J= 16.0 Hz), 5.76 (1 H, d, J= 9 Hz), 6.52 (1 H, d, J=
9.0 Hz), 6.61(1 H, d, J= 16.0 Hz).

9.9 3-(4-Methoxyphenyl) acrylic acid ethyl ester &~z 2,3-
dibromo-3-(4-methoxyphenyl)-propionic acid ethyl ester (9)

0 Br O
.
Hscc)@/\)ko/\ B, Hacowo/\
_..______—____»
HCO CHCl,  p.co Br
9

# 3-(4-methoxyphenyl) acrylic acid ethyl ester (2.300 g, 11.1 mol)
B30 ml 89 845 FAEBRKE L DURFERBIRE  &18F
A Br, (0569 ml, 11.1 mol) » % Br, Z £ 8945 &5 k145 Hmw T —
o AT RTHESE DR BRRERE TLC F(ERZRTE !
em=1:1) RETs#E SawBEE 8 UL LK
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=116 RErKEAY  REHFINGEEE 404g B X
99% o
m.p. 112-113°C

'TL-NMR 553 (400 MHz, CDCLy)
51323 Ht,J=7.0Hz),3.73 G H,s),4.12 2 H, q, ]=7.0 Hz),
5.06 (1 H, d, J= 16.0 Hz), 5.76 (1 1, d, J= 9 Hz), 6.72 (1L H, d, J=
9.0 Hz), 7.01 (1 H, d, J= 16.0 Hz).

10. &5 3,4-dihoxycinnamic acid 4~z 3-(2, 2-Diphenyl-
benzo[1,3]dioxol-5-yl) acrylic acid phenethyl ester

O

X OH CF’th!z WOH SOCl, Ph O]@/\/u\
P Ph 0O reflux Ph o]

175°C

PhCHZCHZOH Ph. O :©/\/U\ /\/© ACOH/ H,0 HOD/\)L /\/©
Toyrdne Ph o reflux
#% caffeic acid (0.500 g, 2.8 mmol)#fv dichlorodiphenylmethane
(0.54 ml, 2.8 mmol, 1.0 eq)#% A 25 ml 4B #A W » f£da P i5:2
ek ®] 170-180°CHE#H# 15 4 " AP E R BB BN =
’%’L‘W’m B d X 30 cm BB E RS EE NLE  AdE=
1 MFRBRKEEY BERIUKRAEBLELFIEEEY
(0 530 g, 55 %) o # s by B AN B E 8y SOCL, (ERE A ) Ao
BEEIR 2 N SURBIBGRIBEIERSS SOCL - BiEHEY
acid chloride & = £, F %% F 4 4 su A phenethyl alcohol( 0.183 ml,
15.4 mmol) o pyridine (121 ul, 15.40 mmol ) f£ F 8 F# 3 2
e RRERE TLC h (REARTE  THE=2'1)" RE
TR BB ey LLE D TRQ I DEFRRK
EEY BREHATHOEEH0385g 2£:31%-
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mp: 110-112°C

'H-NMR #3% (400 MHz, CDCL,)
§3.00 (2 H, t, J= 7.20 Hz), 4.40 (2 H, t, J= 7.20 Hz), 6.23 (1 H,
d, J= 16.0 Hz), 6.86 (1 H, d, J= 8.0 Hz), 6.99 (1 H, dd, J= 8.0,
1.6 Hz), 7.08 (1 H, d, J= 1.6 Hz), 7.23-7.58 (16 H, m).

3BCNMR #3% (100 MHz, CDCL,)
§35.3, 64.9, 106.6, 108.6, 115.7, 117.6, 124.3, 126.1, 126.4,
126.6, 128.2, 128.3, 128.8, 129.1, 137.8, 139.6, 144.5, 147.7,

149.0, 166.8.
EIMS m/z (rel. int): 448 [M]" (100), 371(52), 267(61).

HRMS: Calc. for C3,H,,0,: 448.1677. Found: 448.1673.

Anal. Calcd for C;,H,,0,: C, 80.34; H, 5.39; O, 14.27. Found: C,
80.09; H, 5.59; O, 14.26.
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=~ EWRIR Tk
1. O fEda o2 3% 4%

BF ~ OSF ~ TSCCa = #k 4= jn 3 %% DMEM medium » GNM %= f 3%
% RPMI medium ° £ 37C ~ 5% CO2 3 %4 P 3% - REHRILA
RN EF e (BF) & AT4a 88 (OSF) ~ & 4 fs (GNM ~ TSCCa)
¥ wtktmpn o mBEHRRR PLEBLRRFTRLEMTME -
Héafoditido T

a. E %% ta fg(Tongue Sq. cell carcinoma) » % TSCCa

SHAEY - EFRM FHMNG BARLRSZERERIES
FHEM SR RIRANZEFHRIN AL mEZE 1 FIEEHH &
HFREBRRETE - FRAEHAEHE  FTRHABRRE A 0 B8
TR BABERET |

A MBHN TR BEARTHSALER W mint Kk
BUAE 2 Rim B EARR > B 6 RmfaBEATRE » FTX
P46 T I o HEM B IAN ARSI A 34 B - tafin i RI5 30
ZARWMIBYEERS > B8 o tafppbBER: 24824 \aF
BLEE B 5 5] 2 86% ~ 93% ~ 96% ~ 100% o

b. ¥ # % 4= ff1(Neck metastasis of Gingiva carcinoma) > f§# GNM #a
2k

4 10%e B OREEANER  $BEATERME - FLFEEE
RAMRANE ZH TR BATFTEREE TR FERE -
BEFERTRETEEMLEFTI -

AL E B RS e R AR TS ALERmER 0 iR
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RER BEHAEPRER BB @EE BRI R B8 f -
Mk RENARES T | RieJABERARYE > F2RMEEE
3 RActmppig ik 0 —ABHFIE TR UE 8 RAEMET
[ > HEOU BN BFREAE TR A 31 e - Himfa o His8: £ 4
RiaB o BR8] 86% o tmfRBbAF R 2 NBE A 85% 0 4 NBF
2 92% 1 8 JNBE B 95% 0 24 /NBE B 99% o

c. U BEZERE T &% 41t 4= fg (oral submucosus fibroblast) » ff$% OSF

0TS e FE R (H EORE ) B ATRRA RSt
WA EBREYE 0GR VAEFFERARELEZRE - BRAENT
LERBERBEIRE  HALGUBRERBHGEARLER L
EEHERL P - BERAEBEMBATE » ERIEHEFEE
SRR Z o % OSF & 21t B F T ® ¥ & a2 » A7l OSF
THA—FERARET ABRESRELAERESHARNKE -

d. BF(buccul mucosal fibroblast) A #8458 25 4% 4 5 4= iy
EFeg 0 pEs s a7

2. Microculture tetrazolium assay (MTT)X %a g 75 M 547

o B0 TE VAT RARE Alley %2 0% % HERIZAGFEH O
2 & MIT  (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide) (tetrazolium salt)4® gy 4% 82 + dehydrogenase 1k A X 38
JB % formazan crystal » L4 isopropanol &2+ # 550 nm &4 % & 7
OD {4 > &3 OD E4F R/ N TheiZtafinth % T > T o B ¥ 0 JEJE
B B IE b R 2 A R bl R o |

BB E i A RE S @R R 2x 10% cells/ml> A micropipet
B 100 pl B4 96 well s hm ¥ > 32% 37C— X > Bl mEY
100 pul/well  (FRSLBECHE £ medium ¥+ ) » 323 48 /N8f4% » BRE L3F
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& (1 ABIER ) > ha 90 pl/well medium & 10 pl/well MTT ik
Bk A4 NS BE EER 0 w100 pl DMSO #5518 well 72434
£ 5 LA 550 nm % KRR GAE o

Relative cell survival (%) = (R Bl iR $ % i 2 %R S {E/1E #) 41 4
BELZ R FAE) x 100 %

3. BRAHRZIAR

XE %4 A DPPH (;&#% DMSO » # ) (1,1-diphenyl-1,2-
picryhydrazyl) B & " BAALZH ETUEARB TR T
AEEHRET RS BEAE ST nm R ETAEH AR
Jfd 0 & DPPH A9 iRE A& » HREAE TR X A& o B AR
B A #) CAPE &% DMSO ¥ 24 & 24 DMSO % 3= %] 42 34 8 100 ul
s AN2A 2.87 ml methanol F= 30 pl 10 mM DPPH 44 reaction
mixture: 7 2 3% ¥ R JE 30 mins’ B v 1 ml redistilled water 2 3 ml
& toluene 7,474 » 244 24 3000 rpm &~ 10 mins » R EF %3
4 spectrophotometer # 571 nm 3% & T B E R E o

31




— Bk

Scheme 1
0 0 o
SOC! R X -OH R1 AN
R1WOH 2 1:©/\/LL01 R-O WOR
~
reflux R R
R 2hr 2 |

123

= 2

1 R1=R2=0H, R=PhCH,CH,
2 R1=R2=0Me, R=PhCH,CH,
3 R1=R2=0H, R=Me

4 R1=R2=0H, R=CH,CHj

1. 3-(3,4-Dihydroxyphenyl)acrylic acid phenethyl ester (CAPE) (1)
caffiec acid #£ SOCI, & /& & 89 44 T 45 2] acid chloride - 24
nitrobenzene & #24% fu A phenylethyl alc. R J& > ST AG 2| G & EH 1 -

2. 3-(3,4-Dimethoxyphenyl) acrylic acid phenethyl ester (PEDMC) (2)
. 3,4dimethoxycinnamic acid 4 f{7 &) %8 F s A SOCL 435 acid
chloride » # 78 5t 5% 3£ &9 phenylethyl alcohol #v pyridine ;& 4~ — /% /#
Au A acid chloride * $b 8@ 7 A% pyridine hydrochloride &9 T84 » & &
BERBBYBEHEIFENGEEN2 -

3. 3-(3,4-Dihydroxyphenyl)acrylic acid methyl ester (Methyl
Caffeate- MC) (3)

% caffeic acid W ANBEHFET (FBR) L5 FF SOCL, &tk

HTRE  #itiFsaeazHm3-

1. 3-(3,4-Dihydroxyphenyl)acrylic acid ethyl ester (Ethyl Caffeate-
EC) (4)

AR E A AuS i 389 F ik 0 #§ caffeic acid mABEHCETYT (£

#) dEANS & E SOCLEMHETRIE  FEFEEM4-




Scheme 2

Br

I CH(CO,H),
0 o -9
- X
]/jNU\OH _So% | WCI R-OH /@/\/LLoR
|
Br reflux Br ] o Br
2hr >
N 5
r.t.
R=PhCH20H3

2. 3-(4-Bromophenyl)acrylic acid phenethyl ester (BrCAPE) (5)

B 4-bromobenzaldehyde #= malonic acid 4& pyridine %n piperidine &1k
A F 45 %] 4-bromocinnamic acid &4 B g > & & &L 0 X ERAF B4 eY 4-
bromocinnamic acid ° 4-bromocinnamic acid % SOC12 % my, acid
chloride » #% 78 % /& 22 phenylethyl alcohol #v pyridine ;& 4-i& — % /&
A acid chloride » $b 85 €71 a2, pyridine hydrochloride &) ik 4y » 4h4b18
#raeEMmS-

Scheme 3
0 Br
Rjg/\)\cm SOCl, WOR Br
— Br
R, R-OH CHCly
8 7 89

1 R1=R2=0OMe, R=CH,CHs
2 R1=H, R2=OMe, R=CH,CHj

3. # scheme3 TR B H A ALEGHE~T7-8~9
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#% 3,4dimethoxycinnamic acid Fv 4-methoxycinnamic acid 4~ 3] A \i& &
Y LEEP (BB ) EmAS 8 SOCLRE FREGEEHeIT-

W 60 T B ABE 0 R AB R T 1R oA | B8
ko FBEEBAM 2 NEL  RTRHNBEENAEEN B9
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=\ CAPE $2 8 i & FiHR 46 71 8 I3

Table. 2 #% 5~ 4k in vitro 89 5 F CAPE #4364 B 3 2L 8448 /1 CAPE
£ 0.02 mM B HAMAEN A 448 %0 £ 02 mM R B B
BIREN B 724 % £ 2mM I B A AEN A 93.4% > KGR G
B A B RE N G RE IR L 693 o M 3 A

e
"

=~ CAPE,MC 2 PEDMC = ¥4 HIV#Z # 2 1/FH

HIV G EBRE A P LELRBR AG# LGN E R Aaron
Diamond AIDS Research Center, Rockefeller University 4 X — 4
T8RRIy ER)

1. CAPE, MC #1 PEDMC 4 PBMC % ff % % o 55t

%33 CAPE, MC #1 PEDMC =z fmff M » % £ B Aaron
Diamond AIDS Research Center, Rockefeller University {77 X — 4%
ZEHREFRITTHMNER » GAALHAZEE 2 PBMC, fun
0.1 uM, 0.5 uM, 1 uM, 5 uM, 10uM, 25 uM , 50 uM, 100 uM, 200
uM B 400 pM % 2 REEFEE » 32 48h 4 0 24 0.25% Trypan blue
BB 775 %R > 53, PBMC 804 53 400 uM 2 5B E
CAPE, MC &, PEDMC R TF » F7&E47% K NI £ £ (4o Table
1)

2. CAPE, MC $ PEDMC £ PBMC sz 4] HIV A B2 R

$ ASEE % 2 PBMC, Ao 0.1 uM, 0.5 pM, 1 uM, 5 pM, 10uM,
25 uM, 50 uM, 100 uM, 200 uM & 400 uM £ R E R E > 3t B 8%
B M-tropic (JRCSF), T-tropic (NL-4-3)z, Dual tropic (89.6)
HIV-1 isolates & & * % = R AF lu A2 AL&-4h%> Washing # % &
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REFFRFRE  TARENBREEEZRBEFCREEL SR
# b2 o 45 A Abbott 2 8 2 p24 & & EIA #l 4 » #kAeit
ot 2 B BB GE B L i (Fig. 1-3 0 (1) & R A B % % Ak Washing 14 #4135
JB e NZ B 2 At 4 4 (-)R] & 5~ Washing £ #M% T) &£ %87 »
% PEDMC $h E4a £ 7 HIV 2 5 8 F A s1ER > W RE
10 puM £ 100 pM 2 R A K88 - TAH B L %1 -

W OREmiaE R ER

1. 2,3-dibromo-3-(4-methoxyphenyl)-propionic acid ethyl ester ¥}
O R b fo BE F ta R B 2 B

VAR B B 2 2,3-dibromo-3-(4-methoxyphenyl)-propionic acid
ethyl ester (50 pM ~ 100 uM ~ 200 uM ~ 400 uM) & 22 O e % 4a i
Fo B e 4238 48 e85 3 (Fig. 4) 0 #7 BF cells ~ GNM
cells ~ TSCCa cells £ 5% S B EF 6@t Z A A 88 % ~ 87 %
Fo 78 % (Table 3) o ## OSF cells 42 50 uM ~ 100 pM & 4= fig,
M 98 Y%Fu 80 % 0 42 200 puM ~ 400 uM B &4 4a B TE M R IE
&% 59 %%v 51 % (Table 3) - 4-dimethoxy- &, /3 -dibromo-

phenyl-propionate ¥ # OSF cells #43p#]4F F $2 H4b 3 4k 4o i B
B o

2. 2,3-dibromo-3-(3,4-dimethoxyphenyl)-propionic acid ethyl
ester HOU BB R EF B EHZ HE

LR ) GE B 2 2,3-dibromo-3-(3,4-dimethoxyphenyl)-propionic
acid ethyl ester (50 M ~ 100 pM ~ 200 UM ~ 400 pM)& 32 0 2 75
4m B o B F e PR 4R 3B 48 NEE45 25 3R,(Fig. 5) #H7 GNM cells ~
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TSCCacells f£ 5 &R B 05t %21 K 91 Y%Fv 72 % (Table
4 ) # BF cells ££ 50 pM~100uM~200 pM &4 & B 8543 4 96 % -
85 Y%fu T4 %thtmBiE M 0 400 UM & a BB E M EARE] 47 %

(Table 4)  #t# OSF cells 42 100 pM &) 4m .75+ & 65 % » 200
UM ~ 400 pM &4 4a f, 75 & 54 Y%Fu 38 % (Table 4) o

3. 3-(4-methoxyphenyl) acrylic acid ethyl ester ¥ 7 % 4= g & iE
ThapERzEE

LA R B i £ 2 3-(4-methoxyphenyl) acrylic acid ethyl ester (50
LM ~ 100 fM ~ 200 pM ~ 400 (M) 32 1 f 55 b B o iE. 3% 4o L 48
i 48 /NiF15 253, (Fig. 6 ) % BF cells ~ OSF cells £ & 58 &
RFaY tm B VE MR A 80 Y%fo 90 % (Table 5) o ¥ GNM cells o
TSCCa cells # % i 751 GG 5 R B 6938 o AR A & &R
JE B0 b B E R A 48 %o 50 %( Table 5 )e 4-dimethoxycinnamic ethyl
ester ¥ 7> GNM cells Fuv TSCCa cells & 3p#|1E A 8 E 40 2 #k 4= fe 8
o

4. 3-(3,4-dimethoxyphenyl) acrylic acid ethyl ester ¥ o ¥z ém fg
REFtafpErh 3%

LA R BB B % 3-(3,4-dimethoxyphenyl) acrylic acid ethyl ester (50
UM ~ 100 uM + 200 UM ~ 400 M) R 32 O RE R 4 B o B 4a B, 42
i@ 48 /)Ne1% 453, (Fig. 7) - # BF ~ OSF ~ GNM ~ TSCCa i&
4 ¥rtafnde 50 uM ~ 100 uM #fH 80 %Ik L & 4apaiE e o
BF cells &) 4a i 75 M 42 200 uM & 92 %400 uM 85 & 69 %( Table
6) o ##> OSF cells & & 75 M 200 uM 4 87 % » 400 uM BF 4,
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[1x2] 67 % (Table 6) o ¥ GNM cells 89 Z M2 R 5B
FEAR A 13 % (Table 6) o 7 TSCCa cells &Y %m jeiE P4 200
UM ~ 400 uM 42| & 72 %Fo 58 % (Table 6)

5. 3-(4-bromophenyl)acrylic acid phenethyl ester (BrCAPE)¥}
FEF bm O, B E PR G X B

BA K B i B 2 BrCAPE (50 uM ~ 100 pM ~ 200 uM ~ 400 pM) &
IE O B da B o IEF dm BB 4238 48 /8544 #5371, (Fig. 8 ) BrCAPE
7 BF cells v OSF cells 725 % R & 400 pM 84 4m i 75 A A
90 % (Table 7) » ## TSCCa cells f£ & %L 400 uM #4 4= &
EME A 75 % (Table 7) » #7 GNM cells £ 100 uM &4 &a 7%
MR 44 % » 200 pM ~ 400 uM gy tmpaiE Mo % 38 % ~ 35 %

(Table 7) =] %42 BrCAPE #} 7> GNM cells &4 3p 4| 4E B 8 H 4k 3
¥k ém B BA AR o

6. PEDMC Hupmp R EFaREhzBE

LR ) B E 2 PEDMC (25 uM ~ 50 pM ~ 100 uM ~ 200 pM) &

O B da o o IE ¥ 40 B0 4838 48 JNaF44 353, (Fig. 9) » PEDMC
¥} BF cells 4£ 200 uM 98 Eiin A 72 %eytmfaiE (Table
8) o ## OSF ~ GNM cells 42 100 puM &4 E EF 62 Yol ta i
> 200 uM #4978 JE 8% OSF cells #94a o 7E A 48 % » GNM cells
th i EME R K 28 % (Table 8) - PEDMC #t# TSCCa cells &
b B VEPE AT A2 100 uM A 87 % » 200 pM 89 B A 66 %ot 4
B 7EME (Table 8) -

T MCH#ORE PR EE B EELZBE

AR EEE 2 MC (25 uM ~ 50 pM ~ 100 pM ~ 200 pM) &% 32 o
& tm fv o B 4a 0 4838 48 /)N BR AR 8 3, (Fig. 10) » MC # % BF
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cells f£ 52 5B B 200 uM &9 4a f &4 A 65 % (Table 9) - &
50 uM 8% OSF cells ~ GNM cells ~ TSCCa cells & % 5 7& M4 5 5]
2 65%~51 %~ 81 % 100 uM 8F OSF cells ~ GNM cells ~ TSCCa
cells &9 4a jor 7E M A 49 %27 %~57 % 42 200 uM 8% OSF cells »
GNM cells ~ TSCCa cells 854 E M A H 22% ~13%~17%

S ECHUumEmim ALY ap it %

PAR B3R 2 EC (50 uM ~ 100 pM ~ 200 pM ~ 400 pM) & 32 o
eI fm B Ao JE % 4a B0, 4838 48 /i8558 (Fig. 11) 5 EC ##
BF cells & & & & & 400 uM &) tm B 75 47 4 88 % (Table 10) »

> OSF cells 42 100 uM &5 qm fa 7EPE A& 42 %> 200 uM~400 uM
B 04 fm B TE ME R A 17 Yoo 11 % o 3% GNM cells 4£ 100 uM &
Y B, V5 PR AR E 27 %0 200 pM~400 uM 84 ta BB R A 13 % o

$7 TSCCa cells £ 100 uM &4 4a o7& M & 46 % » 200 uM ~ 400
UM B g4 4w B 75 M R A 17 Y%du 16 % o 5T 40 MIC 40 EC #7 o
T 44 fa R K, B GNM cells £ 100 uM 8537 #p 4] 2] 50 %A b &4
ta PR 7EME o

9. CAPE Hu kel R E ¥ tafo T2 B E

KEBAR MIT FikRRAR@IEN » WREREZ CAPE
(25 UM ~ 50 pM ~ 100 uM ~ 200 pM) & 32 O fit 5 4a i o IE 3 4aa )
4% 8 48 /e84 3, (Fig. 12) » CAPE i ¥ 4mp (BF cell) &
25 uM~50 pM~ 100 uM #97B A 80 Y%A L&Y ta i 7 1 » 42 200
UM &R b h 67 Y%ty tm Bt iE M (Table 11) CAPE #H 7% AT 4a
B, (OSF cell)fu 3% 4a i, (GNM cell) 42 50 uM &4 38 B 85 A 69% 44
B 7EPE 42 100 pM & %a B0 75 PEFEAR ] 50 %LU F 0 200 pM &
L fi 7S R A 15 % CAPE #4854k b & /& % i (TSCCa cell)
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42 50 UM B4 fa B E A 79 % 0 42 100 uM ~ 200 M &Y 4 i 35 1
3 B 55 %~ 18% o
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1. &I %

CAPE & T A ## X R -% 8 + £ B > Grunberger et al. 5 % #| A
p-toluenesulfonic acid & Y 1LA&] » 4 caffeic acid Fv phenethyl alcohol
A benzene AuBhiEHE 4 K4EF| 40 %ey AR ¥ o Rao £ ARE
Grunberger ** fv Helferich® & #i 49 % 7% » A hexamethylphosphoric
triamide (HMPA)& &&| ~ 25 %449 NaOH ¥ 416#] - A (2-bromoethyl)
benzene Bu4X, phenethyl alcohol £/B R J&E 2 XA m i CAPE* - 5 4h 2L
dicyclohexyl carbodiimide (DCC)& Ve T 18 R JE 2 K4 % 38 %8
CAPE* -

g9 # Puskas Fv Fields® #| /] pyridine #v acryl chloride #4 7 & 45 &k
B MR AL N S A RBITERIALRE > B L& AIH I L acryl
chlorides #v pyridine-catalyzed esterification 4 gk ¥ 58891644 - &
% B b B R JE M 8 acid chloride B4 B 3% ) i & &Y # P48 1L %] (base
catalysts) > #&fFi4% cinnamic acid Aw A\ i# & &) thiony chloride vk R &
4% %] acryl chloride » F& #2634 4 &) phenethyl alcohol Fv pyridine /&
SN TAFE 97 %t EY o RIEBEZEEK  LHER acryl
chloride » B % acryl chloride —3@K &R E sk > &EBIT T —F K
J& o H 4bdw 3,4-dimethoxycinnamic acid ~ 4-bromocinamic acid /&K b g

BREA MG HERNEY

{18 3,4-dihydroxycinnamic acid 4 & % acryl chloride & 3@ L&
#RFE 6 B R 0 &AM A A acetone ~ acentonitrile ~ methylene chloride
chloroform ~ benzene ~ THF ~ DMF -~ DMSO it % #8 75 8| 4 47 acid
chloride &) 8%1% & Fv caffeic acid R BT R K 4o bl & M) A4 B AL
(acid) B #t 582 LA SOCI, g &% A acid chloride » acryl chloride &
JE % 2 1% F &1 % 69 base catalyst + B gbi% Al K,CO, ~ triethylamine
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pyridine ' {825 30, R JE & 75 s 500 7T Ae R B & (L) A8 a9 4848 5 (2)caffeic
acid 89 R3E LA 2 8-OH & - EsbikE 2 #25 XMk > §—: #-OH
A BATIRE BB ME 5 § 7T RJE(Jo scheme 4 ) 5§ caffeic
acid A diphenyl-dichloromethane 4%3#-OH 3 » H 385138 ho » KR
3w o BARER OB EITERICREFI A AFER CAPE B
A acetic acid 4% » 745 %] CAPE - {2 st R B T B H 5 > RE TR
ERbgiERT -

Scheme 4
O
HO |»\\ \ OH CPHZClg Ph O:©/\/U\OH SOCH, Ph OW
HO == 17500 Ph O reflux Ph O

55 %

PhCHzCHQOH Ph O:@/\/u\ /\/@ AcOH/ H,0 HOD/\/“\ /\/@
pyrldme Ph o)

reflux
31 % 68 %

8 = B AR HEF ik (Je scheme 5) ° (a) #% A DCC/DMAP &5
ICRE > REEMERZ 2 R EH & 46% - (b) £ ## nitrobenzene %
Bs AL R JE 8975 #] » 4% acid chloride Fv 5 & & 49 phenethyl alcohol f&
nitrobenzene #4& % F Aok E T0°C RJE 2 /N0 > 5458 £ % 50 % - #4
BRGAERRGARERRH -

H 44L& H4o ethyl caffeate > Sugiura % A caffeic acid e AT
EEfn RAE Y BB B 2k B 90-100°C R B » & % 43% o /A6 F s
KA A SOCL, R & T L5 2] 98% 4y & & o b eyt bdhsiH 85%
L EER |

)




Scheme 5

O
1. SOCly, reflux ~ HO X oH
CAPE % — CAPE
2. PhCH,CH,0OH
Geq) HO DCC/ DMAP
nitgobenzene g).f\{":égla'ifﬁ
70°C, 2h ,
50% © R.T. 46%

2. CAPE H#i#& 8 sy Rt %E A

SR AT R R ME (2R b o A R E R ARBE
R e mafastt » Mm% 549 Y (toxic agents) e A 4 g =T
A5 &% PR 3B B9 7E M A 4 (reactive oxygen species; ROS)#y & 4 » &
ROS & & 4 E48:8 % ok F HL B ALAE /1 (cellular antitoxidant capacity)
o TR RepREE8a UAEEGY - RNA - DNA #1845
KB E—F ¥ R o CAPE 4 invitro #9 K5 (DPPH)¥ - 44
B A g IHILAE 7R 3% 0 R CAPE B 5& 3 AL E] > A BN D FE 1Ly

The -
3. $u HIV-1 875 &

2L 0.25% Trypan blue Rl 2 5575 % » 44 PBMC £ B4 5
¥ 400uM Z % & . CAPE, MC 2% PEDMC R3IZTF » 275 £47% 4 9
BR £ R > Bt # PBMC it &9 851t - CAPE Fv MC #7 HIV
ZABAERBEIRER  FEE 10uM £ 100 uM 2 H AR FAEE > @
B sb4E A # R B R F isolate &) HIV (M-tropic, T-tropic 2, Dual tropic)
A AT £ E o BT H¥p w4 A A9 £ 0 4F 3R & 4& attachment 35 8% o
i & JE 4% 4§ Penetration 2 44 % 4 - 32 0% 4 £ 85 5~ CAPE #8914
TRAWS HIV A8 %R - B EF A& met Lot
AT HFAALRE -
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4. ORERE ARy A Y iE L

o g4 CAPE #v EC 4 100 pM AEH#p41 4 50 %OSF
cells ~ GNM cells ~ TSCCa cells &5 4 & > 2] 200 uM BF & 4# 35 &% AT
e RIE @B RIEIRE 20% 0T > HE S mppaips £ EaiE
A o Rao % A 32 3%E CAPE » MC ~ PEDMC #A 8837 %] human colon
HT-29 cell line &4 i%& DNA &4 5k » B-F 413 4 (antiproliferation)
B 47 B8 78 (antitumorigenic) 8 45 4 - £ A F 8 P &A1 EE CAPE X
EC B A HAERE A K94t - @ PEDMC #7W 0 fiE 3 RIERT ~ & éa
B 3t S ) A& R 4E A MC J2 & R B B 4 KGR ¥ BF cell 8975 1% >
{BHABEATRE @A H £ KRR o Grunberger ¥ ALEE
CAPE # # Fischer rat embryo fibroblast (CREF) -~ human breast
carcinoma (MCF-7) & melanoma (SK-MEL-28 v SK-MEL-170)ig %k 4a
fok HEEH B A Re1ER - Bk CAPE-MC~EC 5 #RN o pEA
mipst > EMEERE-—FHRIARAR -

Katz % A®T 7 4% 3-bromoacetylamino benxoylurea (3-BAABU)x
chloride BL4X, % bromine (3-CAABU) > %} JE % % f2 F B mitotic
blocking activity f B #H9% 4a §i IDg, 275 M % 3-BAABU & 40 4& %%, =]

£ & bromine 8 B AERAFAE 0 EATR T AR 69144 7T BrCAPE
%ﬂL GNM & 4 i A BA BRI HI A R &1E R - Ry e A2 1bs
O R B A e R S B TR AR -

44




CAPE R¥#B 2 — ZABBRADERTHELHRDLER
AE > HLRADAERETURERBIEMNAE R BER KER
A4 %, acryl chloride # *F Fi & 144 4T 8510 R HE # B X 45 48 R 8 B
P B 3 o RURE & 0 J2 A A TB IR 1 5 W B S bt S AR AR AL
HALS4h - |

O RER 6906 B R R SN F AT IR ~ AT SRR TR BRI R B R
hREZAE 0 ER BTN BRAA RR K AL RRIE BB R IE R o A
T B4k BB A O BESE & 2L CAPE~MC #u EC # OSF(J& A7 4a 1) ~
GNM (8% e fits ) Fo TSCCa(FT R 4mfie) £ ARG F 1 - L H 1
iR w2 MC 7 EF BF el g D el it 4
Br-# 84166-4 » % BrCAPE ¥ GNM (585 % ) A AR e &4
gk » 2,3-dibromo-3-(3,4-dimethoxyphenyl)-propionic acid ethyl ester #=
2,3-dibromo-3-(4-methoxyphenyl)-propionic acid ethyl ester it & % 2%
WhlEmp At ko W T it oM B EA MBS FRRTHA S
S Ao R oAk G R O BEEIN A RBEER  BWTTRARH
VER S FAEARA — G R ORER I E

RAOPHRATE THARELER | X6 F 3% (acquired
immunodeficiency syndrome; AIDS)8| £ % 2| 5 E &) ERF K - HIV
BEREAOBFAARALERLEL B (sSRNA) % R # 4k 85
(reverse transcriped) ¥4k & # % £ 8428548 (dsDNA) A B B =
% > %00 kB Be(integrase) BB F AR B A EANT ooty KR
B (genome) ¥ o HABMELAHNHIVHE R T LSy 12 BATE
S #] A in vitro assay Z ] 3R & #& ¥ %] 4 #p % 3’-processing & strand
transfer 24 K °

HEhBERBRYE RBER LK %k*f‘ﬂéﬁfr%’lﬁ@éﬁ}éﬁ%&if&
e 0 35 48 M4 € Bk 2 (opportunistic infections) & & &, & s AR AL TH
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ER - MEH AR EE G A LRI EY > A
VHBEFAAEREZEA BB EEAEY - B T ik
GRS ST EAR SR ENIP R B AR RANES -

& AEE CAPE fv MC # HIV 2 B 2 A A8 HI/ER » WA
10uM £ 100 uM 2RI AE AR > THE LS mALERLERE
F [ isolate & HIV (M-tropic, T-tropic 2% Dual tropic)fm & Fr £ & - B3
wEMpHER 4 0 P ER R A attachment F B8R WA LR E
Penetration 2 1% 2 & - ¥ 413 4 R 88~ CAPE #8 691b6-9 7T 5t A #p !
HIV AR {2 AR o B L83 £ R S0 4t 3 AT (LM AT SR URTA -

Bk kR FRF A% L CAPE Sasy BT A A# AR
Bl EREAGBMBUMIARBESHEHN SR T e EMEH
RER o Aw AR A ik 0 BRRE S m BN BRH EF e e
it o BEHBMERASHE invivo REREMETEME 0 BEBER
JEF o RAFEER A -
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Table 1. Cytotoxicity of CAPE, MC, and PEDMC on PBMC

PBMC
(Number of died cells in 400 cells' count, control = 9 cells)
Conc.(uM) CAPE MC PEDMC

400 8 7 6
200 7 8 7
100 11 7 10
50 12 11 10
25 5 11 8
10 10 7 9
5 10 9 11
1 7 12 7
0.5 9 7 10

0.1 11 9 11

55




Table 2. Quenching effect of CAPE on DPPH

Treatment Absorbance % of DPPH bleaching® *
Control (DMSO) 1.51£0.02 0.0
0.02 mM CAPE 0.83+0.02 44.8
0.2 mM CAPE 0.42+0.02 72.4
2 mM CAPE 0.1040.02 93.4

a. % of DPPH bleaching=[ (absorbance of DMSO control-absorbance of
CAPE test sample )x 100]/ absorbance of DMSO control. * p<0.05,

compared with control.
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Table 3. Cytotoxicity of 2,3-dibromo-3-(4-methoxyphenyl)propoinic acid ethyl ester in BF ~ GNM ~ OSF ~ TSCCa cells
evaluated by MTT assay.

cell BF GNM OSF TSCCa

ConeN.  Absorbance Survival % Absorbance Survival % Absorbance Survival % Absorbance Survival %

control  0.73740.006 100 1.428+0.027 100 0.436+0.011 100 0.525+0.007 100
50 uM  0.757+0.045 102 1.449+0.019 101 0.429+0.019 98.3 0.514+0.020 97.9
100 uM  0.685+0.012 92.9 1.389+0.027 97.2 0.350+0.023 80.2 0.519+0.035 98.8
200 uM  0.642+0.016 87.2 1.343+0.017 94.1 0.260+0.021 59.6 0.41610.029 79.2
400 M 0.6551+0.036 88.9 1.310£0.019 91.8 0.2234+0.019 51.1 0.384+0.028 72.3

Survival % = (The absorbance of treatment of sample) / (the absorbance of DMSO control) x 100.
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Table 4. Cytotoxicity of 2,3-dibromo-3-(3,4-dimethoxyphenyl)propoinic acid ethyl ester in BF ~ GNM ~ OSF ~ TSCCa cells

evaluated by MTT assay

cell BF GNM OSF TSCCa

Conc\_ Absorbance Survival % Absorbance Survival % Absorbance Survival % Absorbance  Survival %

control  0.163+0.011 100 1.428+0.027 100 0.43610.011 100 0.525+0.007 100
50 uM  0.158%0.006 96.9 1.449+0.019 101 0.414+0.028 94.9 0.514+0.020 97.9
100 uM  0.14040.012 85.8 1.389+0.027 97.2 0.285+0.012 65.3 0.5194+0.035 98.8
200 uM 0.121+0.002 74.2 1.343+0.017 94.1 0.239+0.027 54.8 0.416+0.029 79.2

400 uM  0.077+0.003 47.2 1.310+0.019 91.8 0.16840.022 38.5 0.384+0.028 72.3

Survival % = (The absorbance of treatment of sample) / (the absorbance of DMSO control) x 100.
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Table 5 Cytotoxicity of 3-(4-methoxyphenyl)acrylic acid ethyl ester in BE ~ GNM - OSF -~ TSCCa cells evaluated by MTT

assay

Cell BF GNM OSF TSCCa

Conc\_ Absorbance Survival % Absorbance Survival % Absorbance Survival % Absorbance Survival %

control  0.889+0.022 100 0.832+0.004 100 0.203+0.006 100 0.73610.027 100
50 uM 0.890+0.015 100 0.741+0.008 89.0 0.218+0.010 107 0.603+0.027 81.9
100 uM  0.787+0.015 88.5 0.705+0.006 84.7 0.174+0.004 85.7 0.554+0.023 75.2
200 uM 0.783%0.019 88.0 0.633+0.024 76.0 0.185%0.011 91.1 0.509+0.004 69.1
400 uM  0.72040.023 80.9 0.407+0.027 48.9 0.183+0.015 90.1 0.372+0.024 50.5

Survival % = (The absorbance of treatment of sample) / (the absorbance of DMSO control) x 100.
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Table 6 Cytotoxicity of 3-(3 ,4—éiimethoxyphenyl)acrylic acid ethyl ester in BF ~ GNM ~ OSF ~ TSCCa cells evaluated by MTT

assay

cell BF GNM OSF TSCCa

Conc\_ Absorbance Survival % Absorbance Survival % Absorbance Survival % Absorbance Survival %

control  0.889+0.022 100 0.832:+0.004 100 0.59020.006 100 0.736%0.027 100
50 uM  0.892+0.013 100 0.745+0.010 89.5 0.57540.030 97.4 0.720£0.015 97.8
100 uM  0.831+0.009 93.4 0.742+0.008 89.1 0.475+0.132 80.5 0.638+0.014 86.6
200 uM  0.820+0.009 92.2 0.69310.045 83.2 0.519+0.081 87.9 0.531+0.020 72.1
400 uM  0.622+0.009 69.9 0.612+0.035 73.5 0.398+0.031 67.4 0.429+0.017 58.2

Survival % = (The absorbance of treatment of sample) / (the absorbance of DMSO control) x 100.
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Table 7 Cytotoxicity of 3-(4-bromophenyl)acrylic acid phenethyl ester (BrCAPE) in BF ~ GNM ~ OSF -~ TSCCa cells
evaluated by MTT assay

Cell BF GNM OSF TSCCa

Conc. Absorbance Survival % Absorbance Survival % Absorbance Survival % Absorbance  Survival %

control  0.889+0.022 100 0.832+0.004 100 0.588+0.011 100 0.596+0.008 100
50 uM  0.809+0.007 91.0 0.556+0.043 66.8 0.658+0.041 111 0.567+0.007 95.1
100 uM  0.805+0.003 90.5 0.372+0.035 44.7 0.624+0.018 106 0.474+0.017 79.5
200 uM  0.805+0.001 90.5 0.318+0.014 38.2 0.631+0.009 107 0.451+0.018 75.6
400 uM  0.802+0.001 90.2  0.294+0.011 35.3 0.587+0.014 99.8 0.455+0.020 76.3

Survival % = (The absorbance of treatment of sample) / (the absorbance of DMSO control) x 100.
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Table 8 Cytotoxicity of 3-(3,4-dimethoxyphenyl)acrylic acid phenthyl ester (PEDMC) in BF ~ GNM ~ OSF ~ TSCCa cells
evaluated by MTT assay

cell BF GNM OSF TSCCa

Conc. Absorbance Survival % Absorbance Survival % Absorbance  Survival % Absorbance Survival %

control  0.224+0.022 100 0.430-+-0.021 100 0.588+0.011 100 0.525+0.007 100
25 uM 0.239+0.002 106 0.376+0.009 87.4 0.521+0.003 88.6 0.480+0.013 914
50 M 0.196+0.004 87.5 0.363+0.013 84.4 0.431+0.010 73.2 0.455+0.045 86.6
100 uM  0.196+0.016 87.5 0.269+0.009 62.5 0.383+0.013 65.1 0.461:+0.042 87.8
200 uM  0.16340.017 72.7  0.122+0.007 28.3 0.286+0.031 48.6 0.349+0.026 66.4

Survival % = (The absorbance of treatment of sample) / (the absorbance of DMSO control) x 100.
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Table 9 Cytotoxicity of 3-(3,4-dihydroxyphenyl)acrylic methyl ester (MC) in BF ~ GNM ~ OSF ~ TSCCa cells evaluated by
MTT assay

cell BF GNM OSF TSCCa

Conc\_ Absorbance Survival % Absorbance Survival % Absorbance Survival % Absorbance Survival %

control O.l63i0.011 100 0.430+0.021 100 0.58840.011 100 O.424:t0.030 100
25 uM  0.154£0.005 94.4 0.356+0.019 82.7 0.435+0.035 73.9 0.445+0.011 104
50 uM  0.138+0.012 84.6  0.223+0.016 51.8 0.386+0.011 65.6 0.347+0.022 81.8
100 M 0.117£0.011 71.7 0.117+0.004 27.2 0.291+0.013 49.4 0.242+0.015 57.0
200 uM 0.106£0.007 65.0 0.058+0.001 13.4 0.131+0.012 22.2 0.073+0.005 17.2

Survival % = (The absorbance of treatment of sample) / (the absorbance of DMSO control) x 100.
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Table 10 Cytotoxicity of 3-(3,4-dihydroxyphenyl) acrylic acid ethyl ester (EC) in BF ~ GNM - OSF ~ TSCCa cells evaluated
by MTT assay

cell BF GNM OSF TSCCa

Conc\_ Absorbance Survival % Absorbance Survival % Absorbance Survival % Absorbance Survival %

control  0.163+0.011 100~ 0.430+0.021 100 0.588+0.011 100 0.424+0.030 100
50 uM  0.164+0.008 100 0.258+0.019 60.0 0.310+0.048 52.7 0.390+0.011 91.9
100 uM 0.167+0.012 102 0.118+0.020 274 0.252+0.010 42.8 | 0.197+0.010 46.4
200 uM  0.165+0.007 101 0.060+0.004 27.4 0.103£0.010 17.5 0.076x0.002 17.9
400 uM  0.14540.013 88.9  0.060+0.005 13.9 0.069+0.003 11.7 0.070+0.003 16.5

Survival % = (The absorbance of treatment of sample) / (the absorbance of DMSO control) x 100.

64



Table 11 Cytotoxicity of 3-(3,4-dihydroxypheyl)acrylic acid phenethyl ester (CAPE) in BF ~ GNM - OSF ~ TSCCa cells
evaluated by MTT assay

cell BF GNM OSF TSCCa

ConcN\._ Absorbance Survival %4 Absorbance Survival % Absorbance Survival % Absorbance Survival %

control  0.889+0.022 100 0.415+0.007 100 0.588+0.011 100 0.424+0.030 100

25 uM  0.794+0.017 89.3 0.294+0.009 70.8 0.397+0.031 67.5 0.39340.012 92.6

50 uM 0.758%0.017 85.2 0.289+0.016 69.6 0.384+0.015 65.3 0.339+0.010 79.9

100 uM  0.732+0.011 82.3 0.184+0.010 443 0.211+0.014 35.8 0.234+0.030 55.1

200 uM  0.604+0.010 67.9 0.069+0.005 16.6 0.082+0.001 13.9 0.077+0.004 18.1

Survival % = (The absorbance of treatment of sample) / (the absorbance of DMSO control) x 100.
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Fig. 4 MTT assay of 2,3-dibromo-3-(4-methoxyphenyl) propoinic
acid ethyl ester in BF, OSF, GNM, TSCCa cells.
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Relative cell survival (%)

2,3-dibromo-3-(3,4-dimethoxyphenyl)propionic acid ethyl ester
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Fig. 5 MTT assay of 2,3-dibromo-3(3,4-dimethoxyphenyl)
propionic acid phenthyl ester in BF, OSF, GNM, TSCCa cells
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Relative cell survival (%)

3-(4-methoxyphenyl)acrylic acid ethyl ester
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Fig. 6 MTT assay of 3-(4-methoxyphenyl)acrylic
ethyl ester in BF, OSF, GNM, TSCCa cells
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Relative cell survival (%)
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Fig. 7 MTT assay of 3-(3,4-dimethoxyphenyl)acrylic acid
phenethyl ester in BF, OSF, GNM, TSCCa cells
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Relative cell survival (%)
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Fig. 8 MTT assay of BrCAPE at various concentration
in BF, OSF, GNM, TSCCa cells
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Relative cell survival (%)

3-(3,4-dimethoxyphenyl)acrylic acid phenethyl ester
(PEDMC)
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Fig. 9 MTT assay of PEDMC at various concentration
in BF, OSF, GNM, TSCCa cells

74




Relative cell survival (%)

120

3-(3,4-dihydroxyphenyl)acrylic acid methyl ester

110 -
100 -
90
80
70
60 -
50
40 -
30 A
20
10 A

—&— BF
—0O— GNM
—%— OSF
—— TSCCa

T T T T

25uM 50uM 100uM 200uM

conc.

Fig. 10 MTT assay of MC at various concentration
in BF, OSF, GNM, TSCCa cells
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Fig. 11 MTT assay of EC at various concentration
in BF, OSF, GNM, TSCCa cells
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dl 2.000
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CAPEHICDCI3

exp2 stdlh

SAMPLE DEC. &8 VT
date Apr 30 1998 dfrq 400,452
solvent CoC13 dn Hi
Tile exp dpwr 30
ACQUISITION dof 0
sfrg 400.452 dm nnn
tn Hi dmm C
at 3.702 dmf 00
np 444186 PROCESSING
Sw 5898.8 wtfile
b 3400 proc ft
bs 8 fn not used
tpwr 55
pw 7.0 werr
di 1.000 wexp wft
tof ‘0 wbs wft
nt 512 wnt
ct 86
alock n
gain 10
FLAGS
n
in n
v
DISPLAY
sp -200.3
wp A405.0
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sC 0
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hzmm 17.62
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file exp dpwr 30
ACQUISITION dof Q
sfrg 400.452 dm nnn
tn . H1 dmm [
at 2.000 dmf 200
np 24000 PROCESSING
sw 5398.8 wtfile
fb 3400 proc ft ()
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tpwr 5%
pw 7.0 werr MeO \
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tof 0 whs wft O
nt 512 wnt
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alock n
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1pwr 55 fn not used C)
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di 2.500 werr
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nt 1024 wbs wft
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FLAGS
11 n
in n
dp y
0ISPLAY

sp ~163.3
wp 22154.2
vs 32
s¢ 0
we 250
hzmm 88.62
is 500.00
rfl 16763.1
rfp 7754.0
th 4
ins 1.0040

S
~ S
< m NN
«
:;'3 ™M oen 2
= ~ @
i — ’\{\'\1
Voo A e
cg ;E» ~N
o~ @ A v G
D@ © i i
R b= i s
NN- w 5 W
RN N il <@ v
Lo e < =] i < [
[ -~ @y Y © bt
LT w4 ped ] i
i N [ i <
el i w
= L
—

1590.8¢601
.148.877
--144.545
e 35,284

.137.726

coemmeee—e— 109,488

e 166,827

| ‘ | ! ’
st g -4ww-¢1~v¢wﬁaaqwm¢ﬁlmtvurhmﬂwniww*me“ (ST e ot > i o rJLWNM%«thw bntrined i - A vttt gy J e e

L A T R IR R A S S S BN I SR S

200 180 160 140 120 100 80 60 40 20 ppm



4-13-88ET3, 40HCINNAMATE

gsEngaegn gy g
m]m‘m!mlmmmwm;m!vm' NS =
3 dRmBaaNaTe o Shic S
A e et Rt et Rt SN D A et JE RN B
. a @m@wqwmkm%bPl ﬁvvv! o
LINETH . 0499 3\Hk ] ) | / |
DA E 9— “9 \"\: /
1N W
SF 200.133
SY 200.0
01 4291.208
SI 16384 O
0 163%4 . HO
SW 2403 .84
HZ/PT .293 , o7
PW 1.0 HO
RO 1.000
AQ 3.408
RG 8
NS 25
TE 300
FW 3100
02 2500.000
op oL PO
LB 0.0
GB 0.0
CX 25.00
Cy 0.0
F1 11.000P
Fe -.500P
HZ/CM  892.057
PPM/CM . 460
SR 3289.10
[
/}J I U J l
[\
i A
: T i i ' i f T
10.0 9.0 7.0 5.0 82 5.0 1.0 1.




4-13-99ET3, 40HCINNAMATEDMSO

LINEIH. 0489

DATE 23-3-0 0
H

SF 50.324 © o™

SY 50.0

01 -383.668

SI 32768 HO

0 32768

SWw 13157.895 f

HZ/PT 803 *

PW 2.0

AD 3.000

AQ 1.245

RG 400

NS 409

TE 297

Fw 16500

02  3645.000

DP 20K CPD ‘

LB 2.000

GB 0.0

CX 25.00

Cy 0.0

F 1 220.008P

F2 018P f

HZ/CM 442.826 |

PPM/CM  8.800

SR -6419.04

s AR T T P

ml

|
|

)

Byl Ao ek ‘«\n‘amw‘xﬂ%khw#t}'ﬂ.ﬁh\'&\frmw.'f*&&x‘v‘”

i

[
I

|
|
|

i
)
i
!
/

l&’w.”m‘aikrlf%m‘#Wﬂ‘»ﬁ ity

180 150 140

60

40 20



J2d=0sitinrCait

exp2 stdin
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date Jul 23 1938 dfrq 400,452
solvent C0C13 dn Hi
file dpwr 30

ACQUISITION dof 0

sfrq 400.452 dm nnn
tn Rl dmm c
at 3.702 200
np 44416 PROCESSING
Sw 53998.8 wtfile
fb 3400 proc ft
bs 8 fn not used
tpwr 55
pw 7.0 wert
d1 1.000 wexp wft
tof 0 whs wft
nt 512 wnt
ct §4
alock n
gain 10

FLAGS
i n AN
in n O
dp y .

QISPLAY
sp -200.3
w 4405.0
vg a1 Br
sc [
we 250
hzmm 17.62
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nm cdc  ph
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file exp dpwr 38

ACQUISITION dof 0
sfrqg 100.703 dm yyy
in €13 dmm W
at 1,199 dnf 10700
np 534968 PROCESSING
Sw 25000.0 b 3.00
fb 13800 wtfile
bs 16 proc ft
tpwr 55 fn not used
pw 8.7
dl 2,500 werr
tof 0 wexp wit
nt 1024  whs wft
ct 368 wnt
alock n
gain not used
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3~31-98#1

expd stdih
O
SAMPLE DEC. & VT
date Mar 30 1899 dfrg 400.452 \\\\
solvent coCi3 dn H1
file exp dpwr 30 c)’//ﬁ\\\\
ACQUISITION dof 0
sfrq 400.452 dm nnn
tn H1 dmm [+
at 3.702 dmf 200
np 44416 PROCESSING MeO
sw 5998.8 wtfile
fb 3400 proc ft
bs 8 fn not used
tpwr 5%
pw 7.0 werr
d1 1.000 wexp wft
tof 0 whs wft
nt 512 wnt
ct 24
alock n
gain 10
FLAGS
il n
in n
dp y .
DISPLAY
sp -200.4
wp 4405.0
vs 85 B
scC 0
wC 250
hzmm 17.62
is 2413.04
rfl 3886.4
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th 60
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expd stdl3c
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date Mar 30 1838 dfrg 400.452
solvent cpei3 dn H1
file exp dpwr 38

ACQUISITION dof 8

sfrg 100.703 dm yyy
tn Ci3 dmm w
at 1.198 dmt 10700
np 59868 PROCESSING
SwW 25000.0 2.00
b 13800 wtfile
bs 16 proc Tt
Tpwr 56 fn not used
pw 8.7
dl 3.000 werr
tof 0 wexp wft
nt 1024 wbs wft
ct 32 wnt
alock n
gain not used
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in n
dp Yy

DISPLAY
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np 44416 PROCESSING
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fb 3400 proc ft
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tpwr 55
pw 7.0 werr
dl 1.000 wexp wft
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ct 24
alock n
gain 10
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ABSTRACT

As part of our search for new compounds with improved antibiotic, antiviral,
anti-inflammatory and tumor growth inhibition activities, we prepared some caf-
feic acid esters from commercially available caffeic acid. The rapid tota} synthe-
sis of caffeic acid esters is described. Highlights of the synthesis include esterifi-
cation with pyridine catalyst and thermal esterification of acyl chlorides and al-
cohols in nitrobenzene. Several strategies to accomplish this goal are provided.
Finally, CAPE (caffeic acid phenylethyl ester) quenched the free radicals as a
phenolic antioxidant.

Key words: Caffeic acid phenethy! ester; Antioxidant; Esterification.

INTRODUCTION

According to the reports of Grunberger et al. (1988) and Pommier et al. (1994), caffeic
acid phenylethyl ester (CAPE) and its analogues exhibited preferential cytotoxicity toward
tumor cells’ and inhibited HIV-1 integrase.> Many of the tumor-growth inhibitors con-
tained polyhydroxylated aromatic rings. Moreover, Burke et al. claimed that some HIV-1
integrase inhibitors consist of two aryl units separated by a central linker, and significant in-
hibitory potency was exhibited when at least one aryl ring possessed o-dihydroxyl function-
ality. Furthermore, the constituents of natural honey-propolis, which is a folk medicine em-
ployed for treating various ailments, contain a variety of compounds including caffeic acid
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esters.! CAPE 1 was isolated from the propolis of hives collected in Carmel Mountains by
Nakanishi et al. in 1988." Since the biological properties of propolis and its constituent
compounds have become a point of particular interest and extraction of these compounds
required large quantities of propolis, and we undertook the synthesis of several caffeic acid

esters.
‘ 0
HO N
o .
HOT

CAPE 1

The commercial availability of caffeic acid prompted us to prepare some caffeic acid
esters from this compound. However, selective esterification of the o,-unsaturated car-
boxyl group presents a problem because of the solubility of caffeic acid. Although CAPE 1
has been synthesized by several groups,’ only poor yields of the target compound were
achieved with very time consuming and complicated synthetic approaches. To overcome
these technical difficulties, we report our studies on the synthesis of caffeic acid esters.

MATERIALS AND METHODS

Chemicals

1,1-Diphenyl-2-picrylhydrazyl (DPPH) was purchased from Sigma Chemical Co., St
Louis, MO, USA. Solvents (E. Merck Co., Darmstadt, Germany), caffeic acid, 4-bro-
mobenzaldehyde, and malonic acid (Aldrich Chemical Co., Milwaukee, USA), and other
reagents were obtained from the indicated suppliers.

Synthesis and Identification of CAPE-like Analogues (1-5)

Melting points were determined on a Mel Temp II melting point apparatus and are un-
corrected. 'H NMR and *C NMR spectra were obtained using a Varian MERCURY-400
spectrometer. Chemical shifts are reported in parts per million (8, ppm) using CHCl3 (8n
7.26) as an internal standard. Low-resolution mass spectra (MS) and high-resolution mass
spectra (HRMS) were determined on a JEOL JMX-SX/SX 102 A mass spectromeéter from
National Chung-Hsing University, Taichung. Elemental anaiyses were performed on a
Heracus CHN-OS Rapid spectrometer in the Taichung Instrumentation Center, National
Science Council. Solvents were freshly distilled prior to use from phosphorus pentoxide or
CaH;. THF was from sodium diphenyl ketyl. All reactions were carried out under nitrogen
atmosphere unless otherwise stated. Silica gel (silica gel 60, 230-400 mesh, Merck) was
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used for chromatography. Organic extracts were dried over anhydrous MgSOa4.
General Procedure for Esters from Acyl Chloride with Pyridine

The acid in excess SOCI, (solvent) was refluxed for 2 h and SOCl; was removed in
vacuo. A solution of alcohol and pyridine in an inert solvent (benzene, CHz2Cly and
CH3CN) was added dropwise to the solid at room temp and the solution was stirred for 1 h
under ambient conditions. The pyridine hydrochloride was easily separated by filtration
and the filtrate was subjected to column chromatography (Silica gel CH2Clz:hexane 1:1) to
yield the corresponding ester.

3-(3,4-Dimethoxyphenylacrylic Acid Phenethyl Ester (3)

According to the procedure described for preparation of esters, compound 3 (1.38 g,
92 %) was obtained from 3-(3,4-dimethoxylphenyl)acrylic acid (1.00 g, 4.8 mmol). 3: mp
97-98 °C; '"H NMR (400 MHz, CDCls): §3.03 (2H, 1, /= 7.2 Hz), 3.92 (6H, 5), 4.43 (2H, 1,
J=7.2Hz),6.30 (1H, d, J = 16 Hz), 6.87 (1H, d, / = 8.4 Hz), 7.05 (1H, d, /= 2 Hz), 7.10
(1H, dd, J = 8.4, 2Hz), 7.25-7.35 (5H, m), 7.62 (1H, d, J = 16 Hz); *C NMR (100 MHz,
CDCh): 6 35.3, 55.9, 56.0, 64.8, 109.5, 110.9, 115.6, 122.5, 126.4, 127.2, 128.3, 128.7,
137.7, 144.5, 149.0, 150.9, 166.8; EIMS m/z (rel. int): 312 [M]* (73), 208 (100), 191 (76);
HRMS: Calc. for Cj9H2004: 312.1362. Found: 312.1358; Anal. Calcd for C19H2004: C,
73.06; H, 6.45; 0, 20.49. Found: C, 73.06; H, 6.43; O, 20.59.

3-(4-Bromophenylacrylic Acid Phenethyl Ester (5)

Piperidine (0.32 mL, 3.2 mmotl) was added dropwise at room temp to a solution of 4~
br cwmoben 2aldeh,s: bromobenaldehyde (0.60 g, 3.2 mmol) and malonic acid (0.67 g, 6.4 mmol) in 4 mL of pyri-
dine. The mixture was heated to 80 °C for 2 h, and then heated to 115 °C for & h. After
cooling, the solution was poured into 250 mL of cold water. The solution was acidified by
slowly adding with stirring 10 mL of HC1 (35.5 %), and the white precipitate was separated
by filtration and washed 4 times with cold water. The crude acid was dissolved in a solution
of aqueous NaOH (1:20). The solution was filtered and diluted with a 10 mL of cold water.
The basic solution was neutralized with HCI (1:1) and the solid was filtered and washed
with 20 mL of cold water and extracted with chloroform to provide bromocinnamic acid
(0.56 g, 77 %). Following the procedure for the preparation of esters, the 4-bromoester 5
(0.73 g, 88 %) was prepared from the acid (0.56 g, 2.5 mmol). 5: mp 81-82 "C; '"H NMR
(400 MHz, CDCl3): $ 3.02 (2H, 1, J=7.2 Hz), 423 (2H, 1, J = 7.2 Hz), 6.40 (1H, d, J= 16 _
Hz), 7.25-7.32 (SH, m), 7.37 (2H, d, J = 8.8, 2 Hz), 7.51 (2H, d, J= 8.8 Hz), 7.59 (1H, d, J (
=16 Hz), '3C NMR (100 MHz, CDCl3): §35.3, 65.1, 118.7, 124.4, 126.5, 128.4, 128.8,

T 5y H;’\)
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129.3, 132.0, 133.2, 137.6, 143.3, 166.4; EIMS m/z (rel. int): 332 [M+2]* (5), 330 [M]" (5),
211 (53), 209 (53), 104 (100), 102 (79); HRMS: Calc. for C17H1502B1: 330.0256. Found:
330.0253. Anal. Caled for C17H150,Br1: C, 61.65; H, 4.56; O, 9.66. Found: C, 61.78; H,
4.67, 0, 9.83.

3-(2,2-Diphenylbenzo[1,3]dioxol-5-yDacrylic Acid Phenethyl Ester (10)

3,4-Dihydroxy cinnamic acid (0.50 g, 2.8 mmol) was placed together with dichlo-
rodiphenylmethane (0.54 mL, 2.8 mmol, 1.0 equiv.) into a 25 mL, two-necked, round-bot-
tomed flask under a nitrogen atmosphere. The mixture was then heated to 170-180 "C (oil
bath temperature) with stirring under nitrogen flux and maintained at that temperature for
15 min. The flask was removed from the oil bath and allowed to cool to ambient tempera-
ture. The dark brown residue was dissolved in dichloromethane, applied to a 3 x 30 cm
SiO2 column, and eluted with diethyl ether/petroleum ether. The crude product was recrys-
tallized from cyclohexane as a white solid (0.53 g, 55 %), which was of sufficient purity to
be used directly in the nextreaction. According to the procedure described for the prepara-
tion of esters, 10 (0.21 g, 31 %) was afforded from protected cinnamic acid (0.53 g, 1.5
mmol). 10: mp 110-112 °C; 'H NMR (400 MHz, CDCls): 8 3.00 (2H, t, J = 7.2 Hz), 4.40
(2H,1,J=17.2Hz), 6.23 (1H, d,J =16 Hz), 6.86 (1H, d, /= 8 Hz), 6.99 (1H, dd, J =8, 1.6
Hz), 7.08 (1H, d, J = 1.6 Hz), 7.23-7.58 (16H, m); *C NMR (100 MHz, CDCls): 8 35.3,
64.9, 106.6, 108.6, 115.7, 117.6, 124.3, 126.1, 126.4, 126.6, 128.2, 128.3, 128.8, 129.1,
137.8,139.6, 144.5, 147.7, 149.0, 166.8; EIMS m/z (rel. int): 448 [M]* (100), 371 (52), 267
(61); HRMS: Calc. for C3oH2404: 448.1677. Found: 448.1673. Anal. Calcd for C3oHz2404:
C, 80.34; H, 5.39; O, 14.27. Found: C, 80.09; H, 5.59; O, 14.26.

3-(3,4-Dihydroxyphenyl)acrylic Acid Phenethyl Ester (CAPE 1)

A solution of caffeic acid (0.54 g, 2.8 mmol) in 5 mL of SOCl, was refluxed for 4 h.
The resulting solution was concentrated in vacuo, and 20 mL of dry nitrobenzene was
added. The dissolved solution was mixed with phenyl ethyl alcohol (1.67 mL, 14.0 mmol)
at room temperature, heated to 70 "C for 2 h, and subjected to column chromatography (Sil-
ica, ether:hexane 1:1) to give the desired ester 1 (0.40 g, 50 %). 1. mp 127-128 “C; 1H_
NMR (400 MHz, CDCl3): 8 3.02 (2H, 1,/ =7.2 Hz),4.42 (2H,t,J =7.2 Hz), 5.98 and 6.14

(2H, brs), 6.25 (1H, 4, J = 16 Hz), 6.87 (1H, d, J = 8 Hz), 6.99 (1H, dd, J = 8,2 Hz), 7.09 [-T=8,

(1H, 4, J = 2 Hz), 7.23-7.34 (5H, m), 7.57 (1H, d, J = 16); >*C NMR (100 MHz, CDCl3): &
35.3,65.2, 1143, 115.2, 115.4, 1224, 126.5, 127.3, 128 .4, 128.8, 137.6, 143.7, 145.1,
146.3, 167.6; EIMS m/z (rel. int): 284 [M]* (21), 180 (100), 163 (44); HRMS: Calc. for
C17H1604: 284.1048. Found: 284.1047. Anal. Calcd for C17H6Q4: C, 71.82; H, 5.67; O,
22.51. Found: C, 71.55; H, 5.60; O, 22.75.
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Determination of Free Radical-quenching Capacity

The free radical-quenching capacity of CAPE was tested by bleaching (at 517 nm) sta-
ble DPPH radical.® The reaction mixture contained in methanol (3 mL), DPPH (10 mM, 30
pL) and CAPE (0.02-2 mM, 100 pL) in DMSO. After 30 min at room temperature, distilled
water (1 mL) and toluene (3 mL) were added and centrifuged. The absorbance of the upper
phase was read at 517 nm against a blank without CAPE. The fraction of DPPH bleaching

was calculated with the absorbance of DPPH solution containing only DMSO (100 uL) as
0 %.

Statistical Analysis

The results are reported as means * standard deviations. Statistical differences were
analyzed according to Student’s t-test; significant differences were established at P < 0.05.

RESULTS AND DISCUSSION

We chose pyridine-catalyzed esterification via acyl chlorides to afford the desired es-
ters. In an earlier study of 4-esters of trimellitic anhydride reported by Puskas and Fields,’
pyridine and acyl chloride were assembled as an intermediate adduct to accelerate the rate
and yield of the reaction of alcohol with acid chloride. We describe the preparation of
CAPE 1 and its derivatives by a practical route. In addition, biological tests indicate that
CAPE 1 is a phenolic antioxidant.

At the outset of the project we examined the reactivity of acid chlorides with base cata-
lysts. First, cinnamic acid was heated with excess thionyl chloride at reflux to afford the
corresponding acid chloride, which upon reaction with a variety of alcohols in the presence
of pyridine at room temperature provided the ester derivatives in high yield (Scheme 1).

Scheme 1
o} o o
R1WOH soct, m:@/\/LC’ R.oH RTD/\/U\OR
refux X
R2 2hes R2 | 7 R2 >
o 97 % 2R1=R2=H, R=PhCH,CH

92 % 3 R1=R2=0Me, R=PhCH,CH,
95 % 4 R1=R2=0H, R=Me
88 % 5 R1=H, R2=Br, R=PhCH,CH,

We then sought to apply this strategy to the synthesis of CAPE 1. Caffeic acid was
heated with excess thionyl chloride at 70 °C to afford the acid chioride. Unfortunately, the
acid chloride was not transformed in pyridine catalyst to CAPE 1. Different solvents such
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as acetone, acetonitrile, methylene chloride, chloroform, benzene, THF, DMF, DMSO, and
nitrobenzene were examined to find the optimum reaction conditions for this esterification.
Examination of alternative base (triethyl amine and K,CO3) catalysts, under most reaction
conditions, resulted in acid chloride hydrolysis with recovery of caffeic acid in addition to
other by-products upon work up. According to Puskas and Field’s study,7 phenolic groups
in the presence of pyridine can react with the acyl chloride to produce an undesired self-
esterification by-product. In addition, the free hydroxy groups of caffeic acid make this
compound more hydrophilic than cinnamic acid and its bromo or methoxy substituted ana-
logues. With the aim of developing a succéssful route to CAPE 1, an alternative method
was examined (Scheme 2). The o-dihydroxy groups were first protected with diphenyldi-‘
chloromethane to provide the more lipophilic acid 7. Subsequent treatment with thionyl
chioride gave the acid chloride 8. The protected acid chloride 8 was directly reacted with
alcohol 9 to produce the protected CAPE 10, which was then deprotected by heating under
reflux in aqueous acetic acid to achieve the target, CAPE 1. '

Scheme 2
O o) 0]
HO N CPh,C
oH .__,_"__.,Ph 0 N Non soo,  Pho P NN
175°C reflux ><
HO s 5% Ph o 8
PhCH,CH,OH

9 /\/© o ACOHMO AcOH/H, 0 1
reﬂux
opuee
o

At this point, other possibilities for preparing CAPE 1 were examined, such as sulphu-
ric acid mediated esterification or DCC/DMAP esterification (Scheme 3). Under acid con-
ditions, caffeic acid 6 and alcohol 9 were subjected to thermal esterification to obtain a trace
amount of the desired ester 1. The esterification of caffeic acid with alcohol 9 in
DCC/DMAP method provided the ester 1 in 46 % yield. Moreover, to our delight caffeic
acid chloride and ﬁve equivalents of alcohol 9 in nitrobenzene at 70 *C reacted smoothly
over 2 hours to give the desired ester product in 50 % yield from the acid 6. 'H and B¢
NMR spectra of the synthetic product were in agreement with those reported for the natu-
rally derived material.!

It is worth noting that although the reactions described above can be regarded as
straightforward, manipulations were sometimes difficult due to the reaction of dihydroxy-
cinnamic acid chloride with atmospheric moisture. Also, excess phenethyl alcohol 9 in-
creased the solubility of the acid chloride and provided more CAPE 1. The advantage of
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Scheme 3

9

o ——— trace 1
H,S0,
1 1. SOCi, reflux HO XN OH reflux
2. 9 (5 equiv),
nitrobenzene HO 6 9
0 °C, 2 hrs,
o oeciour,
1:1 , 2 days
rl 46 %
Table 1. Quenching Effect of CAPE on DPPH
Treatment® Absorbance " 9% of DPPH bleaching®
Control (DMSO) 1.51£0.02 0.0
0.02 mM CAPE 0.83+0.02 44 3
0.2 mM CAPE 0.42£0.02 72.4
2mM CAPE 0.10+£0.02 934

® See reference 7.

® % of DPPH bleaching = [(absorbance of DMSO control-absorbance of CAPE test sam-
ple) x 100)/absorbance of DMSO control.

this esterification method is that the reaction can be accomplished in a relatively short time
and afford only the desired product.

To investigate the antioxidant activity of CAPE, we employed the DPPH (1,1-
diphenyl-2-picrylhydrazyl) test. A decrease in absorbance indicates reduction of DPPH
free radical concentration. This assay indicates that CAPE functions as a radical inhibitor,
bleaching 93.4 % of DPPH at 2 mM (Table 1).

In conclusion, the structures of caffeic acid esters have been confirmed by total syn-
thesis. A rapidroute to CAPE 1 and its derivatives has been achieved. Furthermore, several
strategies to accomplish this goal are provided. The esterification of phenolic acid de-
scribed above serves as a cautionary lesson on the perils of esterification reactions. Finally,
the DPPH test demonstrates that CAPE can quench the free radicals. Further biological as-

says are currently underway to evaluate the efficacy of these compounds as chemopreven-
tive agents against HIV integrase.
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