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Comprehensive Synthetic Study of Muraymycins toward the Development
of Novel Antibacterial Agents
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This review describes the synthesis and structure-activity relationship (SAR) study of muraymycins (MRYs),
which are potent antibacterial nucleoside antibiotics. The key elements of our synthetic approach include the prepara-
tion of L-epi-capreomycidine vig a C-H amination reaction and a convergent assemblage to construct of the framework
of MRYs using Ugi four component reaction. With this approach the first total synthesis of MRY D2 and its epimer, epi-
MRY D2, which does not have lipophilic substituents, has been accomplished. The fact that MRY D2 and it’s epimer did
not show any antibacterial activity indicated the lipophilic substituents of MRYs plays an important role in membrane-
permeability. Hence, MRY analogues with lipophilic substituents were designed and synthesized simply by altering the
aldehyde component in Ugi four-component assemblage. The MRY analogues with lipophilic substituents exhibited im-
proved antibacterial activity against anti drug-resistant bacteria. It was also suggested that the accessory urea-dipeptide
motif might contribute to MraY inhibitory and antibacterial activity. Our synthetic approach would effectively provide a
variety of MRY analogues and resultant SAR information brings us directions to create further MRY analogues.
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LWERBFZA T 5HEA 2 BHET20ERD 5.
2. Wilcy =% b
PEAZRFE T2 LT, FERSHE TS 5%

RENEZFRTDZZLRIMNETHS. MEHIEZKEY

ERERDMBMENCHEEEE L TRD, iz
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TOHMREENE L TR RAEANEEI N TS
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ERERTFRTHBEIYTOIRAT 2 — b-N-T

TFINALATINRIYRTFE (UDP MurNAc-
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MraY (translocase ) IC k> T >FHh7 L b

B (Css-P) IR SNBEIEE TH D lipid I 28
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%
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UDP-MurNAc-pentapeptide

Fig. 1.

lipid |

METE<BAWSRNTWS -5 7% LARHEY
BN OATA T REFRTF REBBEZHE
T5IETHEEEZERT. LirL MRSA © VRE
7 EDEAMEEL, -7 75 LEIINEE U
fEE& ARBE%E (penicillin binding Protein-2" =PBP-
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LhTATA 8 (MRYs, Fig. 2) IZEHL =,
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Biosynthesis of Peptidoglycan
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Ho,  NHz
R20; R1 R?
; .
o o) R Cé) O OH
NN Nl 0 7 hn ar NN O ™
. pS S Me
Ho My VN £ Y
o H o o N NH, o}
NH HO 0
o]
o.
EJ§NH 4 b BS ’/LFX\QT S H
m mycins
uraymy - HO ¥ H
ICgq for MraY = 0.027 pg/mL
50 [Ele} D2 H;i H

MIC for S. aureus = 4.0 pg/mL
EDsq for S. aureus infected mice = 0.83 mg/kg

Fig. 2. Structure of
EHEHEME TH O, N2 invitro DIEEREBR T
MraY 28 ICHZE L (ICs for MraY =0.027 ug/
ml), HETRYREEEUT I LBEEICH LT
ENHEEEE5RT (MIC for Staphylococcus
aureus=4.0 ug/ml). F7z, HET R UREBKGE~Y
2 %N in vivo IE R THHEE I ESE
ERLU, FEAEABEROBITOY — RLEMTH
HEFAB.

MRYs & U — B{b&Mm & U THBHEX OB F
BT D 7201213, #FM7aRSEmEAEmRiIcE o<
Ty —AT7 2 T7REWEI T3 —DEERESR
BAROREHBMNE T D E 01T, BN
EHE R MraY HEEE 26T 5HO L WHEK
TAT IV~ DOHENBETHD., INSEZRT
iz, bEYOREN DRBIRMIESHET
H5., LML MRYs O2GRIEWEFEEREINT
WRRWI ENS, B FFFERERPER TR
HERFBEITED MRYs D2 &R L PBEADERK
TR DR 21TV, Z30E W RS AR B s
L EFESEAOBAENIIICE TR L.

4. FEREN

BRI ERERSITA 5 SRk EMIT 5 1
T, EEFSEEMH RN EERBRICANWS &%
s L. ZRAEEERVWSEG, —TETEY
REKEHMETEDLOHA ST, AVBES &3
T5IETHEBITELHRISGHFEARERNPHGETE S,
FDEHBFHED 1 DELT, Ugi4 iy s (U-
4CR)'9 %% L, MRYs @ Fig. 3 HEHORTF
REEEERKET-BICHETS I EITLE.

UACR WAV U bazZy b4, &
T3 OEHRPREETH D7 I 7 UFRT KK

Muraymycins

16180 NEFETEDL EEARA . £/ U4CR Tld
—RIZT CEZ T BB WEBEENEMMETT A&
BHIONTWARED, 72T MEE LT U-
4CR BIHNEIZ X > THERZRETHZ &n
TEDL24-TVARNFIRIDPINTIVERERL -
E 5T, MRYs DD 1 D TH BB 7=
JHEETAHERRTI/BOL-IEA TS L4
AT (epi-Cpm) W, Y77 —hE2EHEL
TEHCHT7IMEREZRELTERTE I &K
[_/7‘-:' 19-22)

5. MRY D2 RUZDITEYT—KRDLER

TR/URTEEKIRHLTI- 7T FonN
F— VRS E W BRI 7 IV F AL RS E 170
L& 2 287~ HWT222- U o0 h&s
ANWRZIVEERER, £URET I /28R
BIVIIHELUIANEFEL . BRIZ3ITHLTH
URAYT ERERIRIVI MUy 42
B L 7= (Scheme 1),

W4, DuBois SIEEEMS O RHIL T 7
T MRIZHLTCHY I JbRIEET>78
B, mOIAER, EBRETASHEREIND L
ZW|EL TS (Scheme 2), 2 EFHIREEICL T
&6 DLSPHI Ty — MMRIZHL T C-H
T3 ERIEET D ZE TR 45 FASERAYIC
BRTEDEEZT-.

CH7IEEIBIZCHWEYIL T 7 —MES
3, RO L-ANZF U FEREAFIVI AT
~NAWE, UFILARDERY RTEIEL, &0k
KEEEEZNV T 7 EAIAET 2 ZETI TR, #HE
1LINER 66% CHEEL L 7= (Scheme 3). % Z THRIZ,
N T77—h8IZHLTCHT I ERIGER
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Ugi-4 component reaction

muraymycins

| Ho,  NH:
urea coupling aldehyde y
0 : Q
HO b 4, OH
‘5
NH
N °NH

C-H amination

HO NH2 HZNII, ——— PQHN/,, o
§?o

1

j HoN o

NHPg
L-Val L-epi-Cpm sulfamate
aminoriboside 1
Fig. 3. Retrosynthetic Analysis
o) NHBoc

0
Olh
o) O TrocHN/\)LH

NaBH(OAC)s, AcOH
/\/ ZNH (OAC)a, Tr

CH,Cl,
0 94%
1) Zn, NH4CI, MeOH
2) formic acid, EDCI
NHBoc CH,Cl,
99% over 2 steps
tnphosgene Et;N
C"' \/\/N

CH,Cl,
quant.

Scheme 1. Synthesis of Isonitrile Unit 4
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Rhy(oct)y
PRI, _~ PRI(OAC), PhibN., o
i.0
'40 Mgo Uy e -
\ H2N’§ _— + ﬁ (ID
CH,CI
2002 N N
Boc 85% Boc Boc
5 12 : 1
PgN,, o PgN,, o PgN, 0
%;O C-H amination 4S 1.0 4R o)
Ly U S, F - - N
PNS NSt N O
NPg NPg NPg
6
Scheme 2. Working Hypothesis of C-H Amination Reaction
o}
CbzHN,, ‘ ) .
1) Mel, KHCO,, DMF CbzHN,, OH sul amoy:i chloride  CbzHN,, >
rr—— - 3 Z
2) LiBH,,, EtOH MeCN-DMA HzN'ﬁ
NHBoc 66% over 3 steps o
N-0-Cbz-N-6-Boc- NHBoc NHBoc
L-ornithine 8
Scheme 3. Synthesis of Sulfamate 8
CbzHN,,, o see table1 CbzHN,,, 0
3 .0 Phi(OAc); (1.5eq.) T
- MgO
N g g
NHBoc NHBoc
8 1) HCI, AOEt 9a: R = Boc 9b
2) CbzCl, NaHC03I: 10: R=Chz '
X-ray
Scheme 4. C-H Amination Reaction of 8
Table 1. Optimization of C-H Amination Reaction of 8
Yield Rati
Entry Catalyst Solvent le( %c)>f 9 (9:/;%) prrmoem e mnenee
i "[Rhaesp)l=
1 ha(OAC)4 CHgCIZ 21 1:1.6 E '
2 Rh, (esp),* CH,Cl, 47 1:2.0 ; '
3 Rh, (esp),* (CH,CD , 27 1:2.0 5 '
4 Rh, (esp),* benzene 35 1:1.9 ; 1
5 Rh;, (esp),* CF;Ph 45 1:1.5 5 :
6 Rh, {esp),* MeCN 45 1:2.0
# U7 (Scheme 4 and Table 1), ¢ oo A BEETDHIOAN1.6:1.0 DEERME L TESR

o, =RV PTETF—-MNEETFTTRY
TLT T EERAESREEIS, 3MIKEAR
ISISEST L TESNSIAM I N 21 % DINRTE
5N, ZDEE, BHE LRV 4R OH KR

7z (Entry 1). 72B{EWOEM AR EIL 92 O
tert-7 SR IR DIV EEXR DA F LR
TOVEICE U7 b S 10 RO 9b O X B R
ERIIC L VDPE L (Fig. 4). KRIZ Du Bois 5
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N°
(CH ;
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Fig. 4. X-ray Crystal Structures of 9b and 10

RhLn
H |

l ﬁ”\ o
,¢‘+/ - e
) ’ S/
‘R H N\
_PhthN o’ Yo

TS1
PaNs. ~q favored
4S épo
T
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@m *
BN
e :{..'Il \

. O
; s
G R H N
CszN\AO/ %
TS3
disfavored

T

PhthN R 1
H 0]
H - \0‘-\&\
l \\.t.\“/ \O
H ‘rﬁ
TS2 RﬁLn
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TS4

favored o iecting group

Fig. 5. Proposed Transition-state during C-H Amination Reaction

M C-H T I LRSI B W TR il & R4
LTWERDEZNIT L (oa,a-F T AF
N-13-Ro¥T7uet=y 2773 v K) (Rh
(esp)y) ZfiitEE U TRIBEIT /&5, L&YW
9 DIRIT 47% £ TH ELZ, UL, STAGERE
BEEAEER UM/ (Bnry2). £/2, &8
BB L 2B 81 D INE R UNRRIRE Ot
B&H 5N o 7 (Entry 3-6).

SEENT o 7z C-H #F ARG T 4 AL O AGER
£ Du Bois & OMEIZREIFEENE SN,
FORED 1 DEUTOLDITELL. FHENS
SRR, 7Y I REROEBERER &
BT T MU T ILICER U 72 B E BRI 1

(TS1) Z@E-> TRLMSETTHIETHREAL, +
DERASHEREBEREL THONBEEZOSNS
(Fig. 5). UL UEBIZIE, (L&Y 4R K EEL
THEROSNE IRENDILEFI VRT3
JEDONH O, L7y — bOBEHR
TFEKREBERETEILET, AEIRETHHBIE
RB7F7IIVEMT 2EBBIREZLERL, ZO
HER, BSIREE3 (TS3) 2RV EFICTRY
NEBRRENRWERLZEEZS5ND. —F, Du
Bois 5SOEE TS T IV EOEEEN YYD
ANETHBED, TOXSRMEEMERIESR
VW, £/, DuBois 5OHETIE REWBENLD
NEFENA S RUYINEEFL TS DERIRE 1
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CbzHN;,, CbzHN,,
"o zHN,,, O 1) HaBry, Bt CbzHN., .
45 N’ﬁ? 1) HCI, AcOEt N,ﬁ? MeCN
HO 5 NTces* HO 5 BuNOAC AcOH Y
NHBoc /U\ NH MeCN INi NTces
Cl SMe 82% over 2 steps
9a 11 MeS NTCes ° P
sat. aq. NaHCO,-AcOEt 13
quant. over 2 steps o
*Teces = 2,2,2-trichloroethoxysulfony!
T’ o
H2NI,' 15 tBuo T
1) KoCO3, EtOH NH HgBry, NMM
e EE———
2) Hy, Pd(OH), A AcOEt
TCA, MeOH ﬁ NTces 549 over 3 steps H NTCGS
14

16: R = CH,OH — TEMPO, NaClO,, NaCIO
17: R=COOH

MeCN-phosphate buffer (pH 6.7)
quant.

Scheme 5. Synthesis of Carboxylic Acid Unit 17

(TS1) MEBIZEHEMIZIm->TWBEELLEND,

WREOSARERE I DWW TIRREDO RN H B
A%, SARBF %5 LT L-epi-Cpm KX L-Cpm %
BOVWTNOFEMRS BELREN D MRYs D&
FEPE DHESL & SEITHED /= (Scheme 5). ,

{L&4 9a O Boc H: 2B LEIC L D BRER, 1L
1120 TUHT B ZETAVFA I LT 12 ~N5E
WLz BWTMYIFILY I UEEF TRIEKE
(D) CTMHEUBRI 7P ) EE2BELE. 55
NEZBRAMEAMIIH L TF NS TFIVT 'Y
L7 TF— N NEfEHESRTOFFVAFHFTIF
CEHRERBLTTEFIMA S 2652 LM 13 0
7RI EEREE MU DO (TCA) #
ET CTHMETET N Coz £ 2 RBINITHRELT
FIAK14 &L, L-Val D S-AF )V FF F— /N A—
MME15S ERALAKE D 2HWE Y L TR
DTN a-)E16 2GR L BRICEsNE
TN EEBTHIETHINR BT 2E
BRL 7.2

BlEokai, 1= 4, IR E 1T
WERTERLED, NG 2HHE 24V A T
RPNV T I, AIYNVLT T RERWTE
T#H 5 U4CR %#fro 7 (Scheme 6)., LT 7 —)L
RRETRIGET /2 & 2 A RIBDETAIERITE
oz, U-4CR Tl —MICE B ELRM T RIRAM
HTBHIENHMENTNEE®D, EEBESETRE
Zfro7 & I3 54% DIEE T U-4CR BRAFAA Leu

HO1:1DPTATFLAREMEL THE SN,
ZFOBWMNIICED 2,22- U 7 0RT hFT R
VARV (Tees 3) ERRER, MAUBMICEDRE
BT RTOBREREEREL, HPLCREHEIZ LY epi-
MRY D2 & & %12 MRY D2 #47. 2 2B, {té&
MO SRR BT KA ED NMR AR RV D
e B X Scheme 7T IZRT LD IZ7 2/ BHITIT K
DPELZ. 2 §labs, (bEWEERAEICLD
KRR 7 3 JBBIC R L, Marfey’s B ER 2 &
FRIBESGTSTATVAI—ANEFHELE Z0
#%, L-Leu U D-Leu 2t 5 E L/~ & HPLC
OEERBE2HETAS ZETHRELE., ZHUCED
MRY D2 DU DR ERRMNERTERL I L EHAL
7.

6. ERUFEROERELZOENEE

5 2 BT MraY 2SI fa i T & Bk = 1z UDP-
MurNAc-pentapeptide % Css-P ~N¥G4L L lipid [ %
BRI HRICEMET 2HETH D L ElNz,
H L7/ MRY D2 EFO LYY —{K®D MraY [HE
&%, B. Subtilis > 5 B, RBEL 2 MraY &%
B & U T RA AR L 72 UDP-MurNAc-pen-
tapeptide & W THIE L 72,30 ZO#%E, MRY D2
td MraY #3IZfHZEL (1C=0.01 uMm), L7 —
% RIEFI2 MraY HEENE (1C5=0.09uMm) EFH
THZENESMERDE (Table2), —F, i
SOPEMEEEEZMEOR/NREEMIEEE (mini-
mum inhibitory concentration, MIC) 2 - CEEMH
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NH,
) OMe 1:1
4 + + + 17— 5 o

H H H H
H [6} NN, N N _~CUN

OMe \ﬂ/ bMBo

0 NH BuO
N NTces
DMB = 2 4-dimethoxybenzyl 18

1) Zn, THF-NaH,POQ, buffer
2)aq. TFA
54% over 3 steps HO, NH,

(=)-muraymycin D2

epi-muraymycin D2 (19)

Scheme 6. Completion of Total Synthesis

L
1)6 M ag. HCI N
. ON  HN—X , H
2) Marfey's reagent Marfey's reagent &
sat. aq. NaHCOj-acetone COOH sat. ag. NaHCOj;-acetone HaN—
(-)-muraymycin D2 el - ST COOH
L-Leu

O.N HN1.,/
CONH,

L-Ala-NHz-DNP-L-Leu

1} 6 M ag. HCI
2) Marfey's reagent

. . sat. aq. NaHCOj-acetone
epi-muraymycin D2 (19) e

D H \__<
OaN m—\

Marfey's reagent

CooH sat. aq. NaHCOgs-acetone
s tmer—

ON HN—/ 4
CONH,

L-Ala-NH2-DNP-p-Leu

Scheme 7. Amino Acid Analysis by Marfey’s Reagents

Table 2. Inhibitory Activity of Synthesized Compounds
against the MraY Enzyme

MRY D2 19 20a 21a 22

ICs (M) 0.01 0.09 033 074 5.0

The activities of the compounds were tested against purified MraY from
B. subtilis. The assay was performed in a reaction mixture of 10 ml con-
taining, in final concentrations, 100 mm Tris-HCI, pH 7.5, 40 mm MgCl,,
1.1 mm Cg-P, 250 mm NaCl, 0.25 mm UDP-MurNAc-["*C] pentapeptide
(337 Bq), and 8.4 mm N-lauroyl sarcosine. The mixture was incubated for
30 min at 37°C. The radiolabeled substrate UDP-MurNAc-pentapeptide
and reaction product (lipid I, product of MraY) were separated by TLC
on silica gel plates. The radioactive spots were caluculated with respect to a
control assay without the inhibitor. Data represent the mean of independ-
ent triplicate determinations.

L&A 3 ninoltemsd < HEEEZR
XMool MIC=>>64 ug/ml). MraY i3 10 EIfE
BB SY ONIETHY, TOFEEPOISHIaRNE
HMIZHEETDHIENHA SN TWE I &b, 9523
INSEEYIMEMEEZSRT S ENTER
WEDHEEEERIAN >R EELASN. BN
HEEEZH TS5 MRY Al © B5 1372 OREE S
WESEEREMEZE L TW5A (Fig.2), HiEd
M E 2 <RI, o7~ MRY D2 (3 B8 1M
HEzALTBST, LaholsEtt, BEEkh
BEERBRICKEREEE 52 TVWA I ENREE
iz,



No. 3

343

FITEEIMRYs OFEBLBEMOFEHBDEL
T, MRYs ICHEAHMEEB AT S Z & THEEB
HEmExE2Z &L

MRY Al ® MRY B5 72 & Ol HEMEET g- R
OF S04 PIHUTIATFIEEL TWB,
ZDP-TIINTFANRIINEED BT &
LR, LAT I —TIZL B IEEMERIEE ORI
BaEN5, £IT, BEEasEzess, %
MNICEERRE-REZBECEBL ZFEAE
(Scheme 8, 20a-20d, 21a-21d) & ZEFL 7=,

U-4CR iZfix OBH|EEZHTEH7 )5 Raz
w FERWTRRET >8I, RELEREL,
2DDTTFTATVF VRS T A ETEDIE
B MRY FEAEZSR LU~ 2B, (L&Y 20a &
21a O SRR EIIRAY EREICT 2 BO
WEoTHELE., £/ SED L-Leu 25 DKRAK
B, SKORYFIINTIIUEEORAMD
20a DNWTNHA, ERARBMORMAK21a LD D
HPLC O ERENEWVETICH > 2 En b5,
E DA DALE Y DM AR E B IR R S E Wb
BMERZRE, BWLEMEERARMEHEL /2.

KIS FHEAROPETE M 57 L 7= (Table

NH,

4 + + RCHO + 17 ———»

OMe

NH
20a-d

HO OH

3. FRLAEXD CREENSEOBANHERELIC
BZB5EEBIEEITRKEL, 20a-d KU 21a-d D
THNOEEYW D MRSA < VRE 7z & O AT
EEUTRTOBEICH LU THEREEEZRLE. 7
TZVEOB AL S EERFEFRLEOR L3S S
NEhofd, RFFIINEERETHLEY
20a, 21a |3 MRY Al # FEIZHEEEZRL, &
[EAMMEE TH D VRE IR L ThIEFICENE
PiEEEER U, £, ERZBEO 200 OFEE
HRKRBOD 21a % LE -7~ Z &13, SARHFFED®
fEME L THREL, UACR ZHWVNBEELDE
BEDN SARISEICAATHD I EERLTNWSE &
EZOND, 5, BRBENEHEEEERLE
20a, 21a @O MraY HEREZHELZEZ A, 202
D ICs fEAY 0.33 uM, 21a 78 0.74 uM & KWz i3
HELODOPEED MraY HEEEERLEZ &
NG, INSAEEPE MraY [HEIC X » THEE
HERLTWBSZENEEM R, IEE RIS
HOX5RHBHAORMITIDZH, (LEWOISHENE
M EE D, BEEEESPEEEREICIEREIIK
ERFEEER DI LN Tx,

MRYs REZWER L2 MRY FEMAE, w5

: N
o) NHDMBQ BUO 0 _ﬁo
o]
N NTces
o__0
H <

1) Zn, THF-NaH,PO, buffer

2)aq. TFA
HQ NH,
A HO:..COH o
foaon R s o § ot
LS UG RN SANY
0 N © HO VAR
o}
N° TNH HO OH
21a-d

Scheme 8. Synthesis of Lipophilic MRY Analogues
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Table 3. Antibacterial Activity

MIC (ug/mb

compound S. aureus ATCC S. aureus E. faecalis E. faecalis E. faecium E. faecium
29213 (MSSA) SR3637 (MRSA) ATCC 29212 SR7914 (VRE) ATCC 19434 SR7917 (VRE)
MRY D2 >64 >64 >64 >64 >64 >64
19 >64 >64 >64 >64 >64 >64
20a 2 4 4 4 4 2
21a 2 4 2 4 0.5 0.25
20b 4 4 4 16 4 8
21b 8 16 8 16 4 4
20c¢ 16 32 16 64 16 32
21c 64 64 32 64 4 8
20d i 4 8 8 8 4
21d 16 16 16 16 4 8
22 >64 >64 32 64 64 64
vancomycin 1 1 1 >64 0.5 >64

MICs were determined by a microdilution broth method as recommended by NCCLS with cation-adjusted Mueller-Hinton broth (CA-MHB). Serial 2-fold di-
Iutions of each compound were made in appropriate broth, and the plates were incubated with 5 10° CFU of each strain in a volume of 0.1 ml. Plates were incu-

bated at 35°C for 20 h, and then, MICs were scored.

0, NHBoc HO, NH,
On. 1) Hy, Pd/iC, MeOH HO®.
o O 2)dodecanal, NaBH(OAc), o o)
ACOH, CHzclz H
CbzHN O /" NH 380% aq. TFA N O ¢
. o N - o N
BuO @) 73% over 3 steps HO o
@] (@]
0. _ 0O HO OH
-y
1 22

Scheme 9. Synthesis of the Urea-dipeptide Truncated Analogues

EHES T 3 VB, AV RF VR E OBk
Bhe s EHEREMEZEL TBD, Zokdk
FhE 2 A7 58— IR TF o lgEit
PR CREL I LI EBRT B 70 REE R &
LT &FBZASNS, BRLAEIIWL, E&RN
TR MERME R & OBl 2 3R T 206 0
WIEENRBRTE 2 88235, FITRK
MESODEENERLZTXTOLED OIS
Z M2 A HepG2 Ml 2 FHWTHIE L/ & Z
A, WiIhofkehbe<MasEtzrakhoi
(IC5>>100 pug/ml).

—7%, MRYs D7 L7 P X7 F RERAS MraY [
EERERUHEEECGEADHEERNTE2D
iz, Bt REEZE L, DT LT IRTTF RES
RUNL 7= 58K 22 2 &L= (Scheme 9),

& 22 @ MraY THEZ R ERE L& 25,

ICso A 5uM TH YD MRY D2 & Hi L TR &<
WE L. £7z 2213, EAMEEESOEICHL
TREAVEFEEEZRI BN >/~ (Table3). Z
DiEHE MRY SFEAOHHEEERBITIIMEM Ol
B, BEEBENEETHD, £LTLTIRTF
KRB EERBEZH> TWB I ENESMERS
7‘-:. 34)

7. HHYIC

EFE, FEHEAEREZEBITANLZEGRETEY
U-4CR 28 & U TMRY D2 ODHI O EEEZRL
Fo. XERERHL OB Y MRY D2 i3 MraY %3 77120
EL, IET—AKbENSZ MraY HERE2ET
LlEERWHURE £/ BEEMEZEAL -
MRY FE K E Gk, BEHEIEMLAZE A, R2¥F
FUNEERTSH{EY 20a, 21a A% MraY FHEE
HEFL, FAMEEZSOME YL TENER
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HiE2683T5 2 E2RWHL .
MRY FEAOHEEERBICIIML &M O IEETE,
BEHAENEERERTHLIIENHS M ERS
=, IERHEMEER L, YL 7 URTF REE RN
ULEFEBEETHAEZSZONDLLEY 2211,
MraY [HEEEARE<HTE L, HEEEZEEA
ERERBRN oI ENS MRYs DI LT IRTF
RERIFEEERBICEERRRZ2RZL TWEZ
EMRBENE, SBEIILFTIVRTFREO
SARBFFE L & HITE 5B Mz SAR IZEZTTS
& CEAMERE ICERRIEERAERE 2T - T
NELEZNEEZ TS,

HE APRIALEE R R IR I
BWTE< OB =/ T E L. AW
BEDBHITHED, BWRRHTHE, HERETHE,
Bha L CTHEEE LB EE 0 & 0 RS
UEY. EELHAUBEEL, ARL58mE
O THWE (LR E DR, BEE, HE s
Gt ORA it HashTiEL kb
E¥Etd-, BIOYEEAE-L, MAfmbB S A, TRBH
TS U ET. NMR JIE, HESH, T
RO 24T o TIHW 2 AR AR SeHRE 3L B 285
Bt 2 TR T O BRI BILE U RIF £
MraY HEEHROME 27> THWE T F 2 X
CNRS @ Ahmed Bouhss -+ E< BB L B
£9. 2B, AWRO—FIE, HAFNREAET
W B MM s MM A St O mMBic L D T
bizbDTY.
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