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P305;59950q(28R3<3K'(7=3(18(;23Q5;69(50416J5951/'(51(R64(K3P96;37(J/(Q8K3(123(416J93'(41K=;1=K699/@

45Q596K(P305;59950(73K5<615<3(8A6;59950(L5FPD=<'HGQO.f (F23(25418K/(8>(P305;59950(25:295:214(123(;/;95;69(

061=K3(8>(123(7K=:(754;8<3K/(PK8;344'(607(599=41K6134(28R(Q5;K8J34(95S3(!2,#*-.*+ (;60(K6P579/(

73<398P(K3454160;3(18(Q6KS3137(7K=:4.(CK=:(754;8<3K/(4;53015414(26<3(R6:37(1235K(S08R937:3(

6J8=1(123(J5898:5;69(5013K6;15804(8>(W@96;16Q(6015J5815;4(607(J6;13K56(95S3(!2,#*-.*+ (18(73<398P(

08<39(W@96;16Q4( R512( 5QPK8<37( 6;15<51/( 6:65041( Q=9157K=:( K34541601( 8K:6054Q4.( $0( 67751580'( 123(

73<398PQ301(8>(Q8K3(416J93(W@96;16Q4(4=;2(64(8A6;59950(25:295:214(123(;80150=37(3<89=1580(8>(7K=:(

754;8<3K/.(Y5;K88K:6054Q4(6K3(;80416019/(3<89<50:(50(K34P8043(18(1235K(4=KK8=0750:4q(50(123(46Q3(

R6/'(123(;80;3P1580(8>(6015J5815;4(R512(08<39(Q3;26054Q4(8>(6;1580(607(Q8K3(7345K6J93(41K=;1=K69(

PK8P3K1534(Q=41(PK8:K344(50<6K56J9/(18(Q6501650(6015Q5;K8J569(3>>5;6;/.(

codeine (2-5)

O

HO

O H

N

dihydrocodeine (2-6)

O

HO

O H

N

morphine (2-1)

HO

HO

O H

N
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5FPD=<'HGQ'&1K=;1=K34(8>(P305;59950(607(73K5<615<34(7345:037(18(8<3K;8Q3(7K=:(K3454160;3.((

(

F6A89(54(60(69S69857(061=K69(PK87=;1(1261(R64(>5K41(54896137(50(I`h[ (>K8Q(123(J6KS(8>(J#K*+,

4-.1/<('/#9,123(G6;5>5;(/3R.(F6A89(R64(]C*(6PPK8<37(50(I``[(>8K(123(1K361Q301(8>(8<6K560(;60;3K'(

607(450;3(1230(264(J330(=1595B37(18(1K361(JK3641'(9=0:'(PK841613'(J96773K'(607(348P26:369(;60;3K4(

64(R399(64(Q39608Q64(607(46K;8Q64.I\ ($0515699/'(123K3(R64(6(Q6c8K(8J41K=;1580(50(123(16A89(7K=:(

4/0123454(P5P39503'(64(809/(\.\Ix(8>(P=K3(16A89(R64(6J93(18(J3(54896137(>K8Q(123(J6KS(8>(123(G6;5>5;(

/ 3R'(6(0818K58=49/(498R(:K8R50:(4P3;534.($0(67751580'(123(7341K=;15<3(;8993;1580(8>(123(J6KS(>8K(16A89(

548961580(K65437(30<5K80Q30169(;80;3K04.II (&/012315;(3>>8K14(18R6K74(123(18169(4/0123454(8>(16A89(

PK8<37(;269930:50:'(R512(8<3K(e\(6;673Q5;(K3436K;2(:K8=P4(:98J699/(6113QP150:(18(4/012345B3(123(

061=K69(PK87=;1(50(123(I``\i4(607(36K9/([\\\i4.($0(I``?'(J812(!8J3K1(*.(T89180(61(]98K576(&1613(

M05<3K451/(607().U.(%5;8968=(61(F23(&;K5PP4(!3436K;2($04151=13(50(,6(D8996'(U695>8K056(P=J954237(

123(18169(4/0123454(8>(16A89.I[ @If (((

T89180i4( 18169( 4/0123454( 8>( 16A89( R64( ?h( 413P4( 607( K34=9137( 50( 6( \.hx( 8<3K699( /5397q(

%5;8968=i4(18169(4/0123454(R64(aI(95036K(413P4(607(K34=9137(50(6(\.\ex(8<3K699(/5397.(F8(;5K;=Q<301(

123( ;8QP95;615804( 6448;56137( R512( 75K3;1( 548961580( >K8Q( 123( G6;5>5;( /3R( 8K( 18169( 4/0123454'( 123(

T89180(:K8=P(73<398P37(6(43Q54/0123454(8>(16A89(50(I`f`'(R25;2(=1595B37(I\@736;31/9J6;;6150($$$(

LI\ @C*#O'(60(5013KQ375613(1261(;8=97(J3(54896137(50(:887(/53974(>K8Q(123(0337934(8>(0=Q3K8=4(

/3R(1K334'(Q505Q5B50:(30<5K80Q30169(;80;3K04(L5FPD=<'HGRO.($0(I``['(#K54189@Y/3K4(&V=5JJ(45:037(

6(7369(R512(CK.(T89180(6998R50:(123Q(18(95;3043(123(43Q54/0123454(607(J3:50(Q644(PK87=;1580(8>(

16A89.II (F23(25418K/(8>(16A89(599=41K6134(28R(123(7K=:(754;8<3K/(PK8;344(;60(J3(7K5<30(J/(75>>3K301(

4/012315;(Q312874'(50;9=750:(J=1(081(95Q5137(18(18169(4/0123454(607(43Q54/0123454.(*4(4/012315;(

Q312874( ;80150=3( 18( 67<60;3'( 123( R6/4( 4;53015414( 1250S( 6J8=1( 6;;34450:( 03R(7K=:4( R599( J3(

;269930:37(18(3<89<3(64(R399.((

(

(

N

S

O

H
N

O

H

O
OH

methicillin (2-7)

N

S

O

H
N

O

H

O
OH

oxacillin (2-8)

N
O

O

ON

S

O

H
N

O

H

O
OH

penicillin (2-2)
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5FPD=<'HGR'&1K=;1=K3(8>(I\@736;31/9J6;;6150(LI\@C*#O'(6(PK3;=K48K(50(123(43Q54/0123454(8>(16A89.(

(

FK6J3;13750(54(6(131K62/7K8548V=5089503(69S69857(061=K69(PK87=;1(1261(R64(>5K41(54896137(50(

I`h`(>K8Q(123(436(4V=5K1(8)"./0#+)/A/#,"*-4/0#"# (607(R64(>8=07(18(26<3(6015;60;3K(6;15<51/.I` ($0(

[\Ia'(1K6J3;13750(J3;6Q3(123(>5K41(6015;60;3K(7K=:(54896137(>K8Q(6(Q6K503(4P3;534(18(:650(]C*(

6PPK8<69'(607(51(264(450;3(J330(=1595B37(>8K(123(1K361Q301(8>(48>1(1544=3(46K;8Q64(607(K396P437(

8<6K560(;60;3K4.(&50;3(123(67<301(8>(&UM#*(13;20898:/'(Q6K503(061=K69(PK87=;14(26<3(J3;8Q3(

50;K36450:9/(P8P=96K(16K:314(>8K(7K=:(754;8<3K/.[\ ((F2343(Q893;=934(6K3(6PP36950:(>8K(0=Q3K8=4(

K364804'( 50;9=750:( 1235K( 25:2( P8130;/( 734P513( 45:05>5;61580( 759=1580'( 6J5951/( 18( 3A541( 50( 6V=38=4(

30<5K80Q3014(R5128=1(73:K6761580'(607(123(>6;1(1261(8>130(26K42(6V=615;(;807515804(1K5::3K(08<39(

J58;23Q5;69( P612R6/4( 50( Q60/( 8K:6054Q4'( PK87=;50:( ;8QP8=074( <56( K36;1580( ;807515804(

=06;253<6J93( J/( Q841( 13KK341K569( 4P3;534( L3.:.( 25:2( PK344=K3'( 3A1K3Q3( 13QP3K61=K34( 607( PT'(

6J430;3(8>(95:21O.($0(67751580'(Q=;2(8>(123(Q6K503(30<5K80Q301(K3Q6504(=03AP98K37'(6998R50:(>8K(

3A130737(754;8<3K/(8>(6775158069(061=K69(PK87=;14(>K8Q(08<39(48=K;34(4=;2(64(Q6K503(4P80:34'(

R8KQ4(607(J6;13K56(50(733P@436(<3014.[I (F23(;8QQ3K;5695B61580(8>(1K6J3;13750(64(60(6015;60;3K(

7K=:(599=41K6134(28R(123(7K=:(754;8<3K/(PK8;344(54(;80150=699/(3<89<50:'(7K5<30(50(P6K1(J/(67<60;34(

50( 13;20898:/.( *4( 13;20898:/( ;80150=34( 18( 67<60;3'( 123( 48=K;34( >K8Q( R25;2( 7K=:( 754;8<3K/(

4;53015414(6;;344(03R(7K=:4(93674(R599(3<89<3(64(R399.(

CK=:4(95S3(123(8P5857(P650S5993K4'(W@96;16Q(6015J5815;4'(607(123(6015;60;3K(;8QP8=074(16A89(

607(1K6J3;13750(26<3(K3<89=15805B37(Q375;503(607(2=Q60(236912(50(123(1R301/@>5K41(;301=K/.($1(54(

3415Q6137(1261(123(=43(8>(061=K69(PK87=;14(>8K(Q375;5069(P=KP8434(264( ;801K5J=137(L6980:(R512(

8123K(>6;18K4O(18(60(50;K3643(50(95>3(3AP3;160;/(>K8Q(?\(/36K4(50(123(36K9/([\12(;301=K/(18(8<3K(gg(

/36K4(1876/.[[( ($0(67751580'(12343(;8QP8=074(26<3(K3>8KQ37(123(R6/4(7K=:(754;8<3K/(4;53015414(

1250S(6J8=1(607(6PPK86;2(123(;8QP95;615804(6448;56137(R512(P26KQ6;3=15;69(73<398PQ301.(F2343(

Q893;=934( L6980:( R512( Q60/( 8123K4O( 26<3( JK8=:21( 18( 95:21( 544=34( 50;9=750:( 7K=:( 6775;1580( 8K(

Q54=43'(4=;2(64(R512(123(8P58574'(Q5;K8J569(Q3;26054Q4(8>(K3454160;3'(4=;2(64(R512(123(W@96;16Q4'(

10-deacetylbaccatin III
2-9

O

O OH

H

O
OH

O
O

O
H

HO

HO

taxol (2-3)

O

O

O
O

OH

OO

O

NH

OH

OO

O

O
HO
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607(26<3(;269930:37(;23Q5414(18(>8KQ=9613(41K=;1=K34(1261(8<3K;8Q3(123(J5898:5;69(428K1;8Q50:4(

8>(12343(;8QP8=074.($0(67751580'(123(67<301(8>(03R(4/012315;(Q312874(50;9=750:(43Q54/0123454'(

607(123(73<398PQ301(8>(733P@436(75<50:(13;205V=34(264(:5>137(7K=:(754;8<3K/(4;53015414(6775158069(

18894(18(>=K123K(P26KQ6;3=15;69(73<398PQ301.($1(54(50(12343(R6/4(1261(061=K69(PK87=;14(;6169/B3(123(

73<398PQ301(8>(;23Q541K/(607(7K=:(754;8<3K/'(64(4;53015414(=1595B3(123(;/;95;(754;8<3K/(PK8;344(18(

489<3(;269930:50:(PK8J93Q4(50(123(>53974(8>(;23Q541K/'(J5898:/(607(Q375;503.(((

(

HGQG'!@;FMFE=BZF9A',9;D=9A'.=BCDE;I'9@C';8<F='#J@;8<;FE'&BD@;<=:9=;I(

(

$0>3;158=4( 7543643( 607( Q375;503( 26<3( 3A54137( ;80;=KK3019/( 607( 4P=KK37( 36;2( 8123K(

3<89=15806K59/( >8K( 128=46074( 8>( /36K4.( *015J5815;4( 6K3( 60( 3A6QP93( 8>( 061=K69( PK87=;14( 1261(

P6K15;5P613( 50( 123( =030750:( J61193( J31R330( 50>3;1580( 607( ;=K615<3( 4;530;3.( F2343( 43;8076K/(

Q316J895134(R3K3(8K5:50699/(PK87=;37(607(43;K3137(J/(Q5;K88K:6054Q4(50(60(3>>8K1(18(S599(8K(7546J93(

1235K(4=KK8=0750:(;8QP3151580.(F876/'(Q60/(8>(12343(4Q699(Q893;=934(6K3(=1595B37(J/(2=Q604(18(

1K361(50>3;158=4(7543643'(64(Q60/(8>(123(6015J5815;4(1261(6K3(;=KK3019/(Q6KS3137(6K3(061=K69(PK87=;14(

8K(1235K(4/012315;(73K5<615<34.(F23K3(6K3(Q60/(75>>3K301(6015J5815;(>6Q59534(50;9=750:(123(W@96;16Q4'(

:9/;8P3P15734'(6Q508:9/;845734'(131K6;/;95034'(Q6;K895734'(41K3P18:K6Q504'(8A6B8957508034'(607(

080K5J848Q69(P3P15734.(*9128=:2(123K3(6K3(43<3K69(R6/4(6015J5815;4(;60(J3(;96445>537(L41K=;1=K699/'(

JK867(<3K4=4(06KK8R(4P3;1K=Q'(J6;13K5;5769(<3K4=4(J6;13K5841615;O(123(Q841(=43>=9(;96445>5;61580(

>8K(6(754;=44580(>K8Q(6(7K=:(754;8<3K/(41607P8501(54(J6437(80(Q3;26054Q(8>(6;1580.(F8(7613'(123K3(

6K3(>8=K(J645;(Q3;26054Q4(8>(6;1580(J/(R25;2(6015J5815;4(;60(5025J51(J6;13K569(:K8R12^(5025J51580(8>(

;399(R699(4/0123454'(5025J51580(8>(PK81350(4/0123454'(6913K61580(8>(;399(Q3QJK6034'(607(5025J51580(8>(

0=;935;(6;57(4/0123454(L5FPD=<'HGSO.(

(

(

5FPD=<'HGS(&=QQ6K/(8>(123(Q8734(8>(6;1580(8>(6015J5815;4.(

mRNA
50S

30S
peptide

PABA THFDHF

Folate Synthesis
! "#$%&'()*+,-
! ./*),01&2/* )

Nucleic Acid 
Synthesis

! 3#*'&$&',-
! 4*%()2*'

Protein Synthesis
56"

! 7)*'&8$9:&-*+,-
! .,0/(:9:$*',-

; 6"
! <(:/&$*+,-
! 7)21,'*:&$-
! =>(?&$*+*'&',-

Cell Membrane
! @&$9)9>*'-

Intracellular

Extracellular

Cell Wall Synthesis
! AB$(:0()-
! C$9:&2,20*+,-D
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F23(W@96;16Q4(L3.:.(P305;599504'(;3P26984P8K504'( ;6KJ6P303Q4'(607(Q808J6;16Q4O(607(

:9/;8P3P15734(L3.:.(<60;8Q/;50(607(J6;51K6;50O(6K3(3A6QP934(8>(6015J5815;4(1261(PK3<301(J6;13K569(

:K8R12(J/(5025J5150:(P3P1578:9/;60(4/0123454(607(123K3>8K3(;399(R699(J584/0123454(L5FPD=<'HGTO.[e (

(

(

5FPD=<'HGTG'&1K=;1=K34(8>(6015J5815;4(1261(5025J51(J6;13K569(;399(R699(J584/0123454.((

(

F23(W@96;16Q4(6K3(41K=;1=K699/(45Q596K(18(123(P3P1578:9/;60(950S3K(*;/9@C@*96@C@*96'(R25;2(

6;14(64(6(061=K69(4=J41K613(1261(123(30B/Q3(1K604P3P157643(08KQ699/(;K844@950S4(18(>8KQ(123(;399(

R699(<56(60(6;15<3(4513(43K503.($0(123(PK3430;3(8>(W@96;16Q4'(1K604P3P157643(2/7K89/B34(123(6Q573(

607( 54( 5KK3<3K45J9/( J8=07( 18( 123( 6015J5815;'( 12=4( K3073K50:( 123( 30B/Q3( =06J93( 18( ;6169/B3( 123(

1K604P3P15761580(413P(03;3446K/(>8K(;399(R699(>8KQ61580(L5FPD=<'HGUO.(-<301=699/'(1254(73>5;530;/(50(

1K604P3P15761580(K34=914(50(6(96;S(8>(K5:5751/(50(123(;399(R699'(607(123(J6;13K56(7534(6>13K(4=;;=QJ50:(

18(84Q815;(PK344=K3.[e ((

(

N
RÓ

O

R H

O
OH

carbapenem
2-11

N
O

H
N

R

O

H

O OH

cephalosporin
2-13

S

RÕ
N

S

O

H
N

R

O

H

O
OH

! -lactam
2-10

RÕ

N
O

R

monobactam
2-12

RÕ

RÓ

vancomycin
2-14

NH
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HO

O
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HO

HO
OH

O
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OH
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N

O
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O

N
H

O O

N
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HO
HO

OH
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OH

N

O
OH
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O

OH

O
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bacitracin
2-15

NH
O
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N

N
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N
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O OH
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H
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5FPD=<'HGU(9G'%61=K69(4=J41K613(>8K(1K604P3P157643.(ZG(Y3;26054Q(>8K(W@96;16Q(5025J51580(8>(

(((((((((((((((((((((((1K604P3P15761580.( ( ( ((((((((((((((

*015J5815;4( 1261( 5025J51( PK81350( 4/0123454( Q841( 8>130( 16K:31( 123( J6;13K569( K5J848Q3'( 607(

50;9=73(123(6Q508:9/;845734(L3.:.( 41K3P18Q/;50O'(131K6;/;95034'(Q6;K895734(L3.:.( 3K/12K8Q/;50O'(

41K3P18:K6Q504( L3.:.( 769>8PK54150EV=50=PK54150O'( 6QP2305;894( L3.:.( ;298K6QP2305;89O( 607(

8A6B8957508034(L3.:.(9503B8957'(5FPD=<'HG[O.[e (

(

5FPD=<'HG['&1K=;1=K34(8>(6015J5815;4(1261(5025J51(PK81350(4/0123454.(

N
H

O

H
NR

O

O
OH

Acyl-D-Ala-D-Ala
2-16

N

S

O

H
NR

O

H

O
O-

β-lactam
2-10

HN

S

O

H
NR

O

H

O
O-

H

!"#$%&'&()*#%'

+'" ,- %

OH NH3+

H+

Transpeptidase

Ser Lys

NH3+
O

a. b.

(2-17)

!"#$%&'&()*#%'

+'" ,-%
!"#$%&'&()*#%'

+'" ,-%

streptomycin
2-18

NH

HO

NH
NH2

HNOH

OH

H2N

HN
O

OHO

O

O

O
HO

HO

HO HN

tetracycline
2-19

OH O OH O

OH

NH2

O

NHO

HO

erythromycin
2-20

O

O

O O

OH

O
O

HO N
OH

OH

O

O
OH

dalfopristin
2-21

H

NO

O
O

HO

HN

O
O

O

N

S O
O

N

chloramphenicol
2-22

OH

N
HCl

Cl
O

N+
O-

O

OH

N O

O

N

linezolid
2-23

O

F
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F23(J6;13K569(K5J848Q3(54(;8QPK5437(8>(1R8(P6K14q(123(e\&(4=J=051(607(123(a\&(4=J=051.(

F2343(4=J=0514(6443QJ93(/0,1/1((18(Q87=9613(PK81350(4/0123454(J/(6443QJ950:(5075<57=69(6Q508(

6;574(=0514(5018(P89/P3P1573(;26504(L5FPD=<'HG\O.(

(

'

5FPD=<'HG\'G3P1573(4/0123454(54(Q87=96137(J/(J6;13K569(K5J848Q34.'

(

Y60/(8>(123(6015J5815;4(1261(5025J51(J6;13K569(PK81350(4/0123454(5025J51(35123K(123(e\&(8K(a\&(

K5J848Q69( 4=J=0514.( F23( 6Q508:9/;845734( 607( 131K6;/;95034( J507( 18( 123( e\&( 4=J=051( 8>( 123(
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7345K37(061=K69(PK87=;14(LQVR(607(QVS'(#E8<M<'QG>9O.g((

(

Br

O
Br

O
NH

O

NH

HN
NH2

H
R

synoxazolidinone A, R = Cl (3-4)
synoxazolidinone B, R = H  (3-5)

Br

O
Br

O
N

O

synoxazolidinone C  (3-6)

Cl

H
N

NH

NH2
O

NH

OHO

2,2-dimethyl-5-(-4-hydroxy-
phenyl)-4-oxazolidinone   

(3-7)

O

NH

O

O

   lipoxazolidinone A  (3-1)    lipoxazolidinone B (3-2)    lipoxazolidinone C (3-3)

( )6
O

NH

O

O

( )6 O

NH

O

O

( )5
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((((((((((((((((((((((4/08A6B8957508034(*(607(#(607(ZG(08<39(60698:4.((

(

F23(43;807(4/012315;(K8=13(>361=K37(123(>8KQ61580(8>(60(X@S318(6Q573(QV>Q(<56(;8=P950:(8>(

60( X@S318( ;6KJ8A/95;( 6;57(QV>H( 607( ['? @75Q3128A/J30B/96Q503'( >8998R37( J/( 4=J43V=301(

73PK813;1580.( *7751580( 8>( 123( X@S318( 6Q573( QV>Q( 18( 60( 69732/73( 607( 4=J43V=301( ;/;95B61580(

K34=9137(50(>8KQ61580(8>(123(7345K37(?@8A6B89575803(LQV>R'(#E8<M<'QG>ZO.f !

&/0123454(8>(95P8A6B895750803(*(250:37(80(123(>8KQ61580(8>(X@2/7K8A/5Q573(QVH>'(R25;2(

R64(>8KQ37(J/(123(6;/961580(8>(X@2/7K8A/6Q573(QVH](R512(6(25:29/(K36;15<3(6;/9S31303(1261(R64(

:303K6137(/0, +/"*, >K8Q( 758A50803(QV>U.( *( >6;593( 4/0123454( 8>(X@2/7K8A/6Q573(QVH]( R64(

6;;8QP954237(50(12K33(413P4(>8998R50:(6(S08R0(9513K61=K3(PK8;37=K3(416K150:(>K8Q(LEO@08K93=;503.I\ (

C58A50803(QV>U(R64( 6;;34437( 50( >8=K( 413P4( >K8Q( 587823P1603.( &=J43V=301( 73PK813;1580( 607(

Br

O
Br

O
NH

O

NH

HN
NH2

H

(+/-) synoxazolidinone B (3-5)
77%

NH

NHBoc
BocN

O H2N

MeO OMe

MgSO4, CHCl3, rt -  0 ºC
 
then

Br

MeO
Br

O
Cl

O

Br

O
Br

O
N

O

NH

BocN
NHBoc

H

DMB

Br

O
Br

O
NH

O

NH

HN
NH2

H
Cl

(+/-) synoxazolidinone A (3-4)
82% over 2 steps

TFA

 40 ºC, 24 h

NH
CO2H

NCS, 1.3 equiv
CH2Cl2,   0 ºC

H2N

MeO OMe

MgSO4, CHCl3, rt -  0 ºC
 
then

Br

MeO
Br

O
Cl

O

Br

O
Br

O
N

O

NH

BocN
NHBoc

H

DMB

hexanal
TFA/CH2Cl2 (2:1)

rt

Cl

3-8 3-9
30%

3-10
60%

3-11
40%

4:1 d.r.

Ar
O

OH

O
H2N

MeO OMe

1. DCC, HOBt,  0 ºC to rt
 
2. TFA/THF (1:1)
   70 ºC

Ar
O

NH2

O
Ar

O
NH

O

H

3-12 3-13
47%

3-14
57%

a.

b.

NH

NHBoc
BocN

O

Cl 1.TFA/CH2Cl2
   rt, 2 h

 2. TFA 
     40 ºC, 48 h
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;/;95B61580(8>(X@2/7K8A/5Q573(QVH>'937(18(123(7345K37(061=K69(PK87=;1(QV>(64(123(809/(3060158Q3K(

L#E8<M<'QGHO.` ((

(

!
#E8<M<'QGH'&/0123454(8>(95P8A6B895750803(*.(

*>13K(4/012345B50:(123(061=K69(PK87=;14'(123(G53K;3(:K8=P(J3:60(18(3AP98K3(123(J5898:5;69(

45:05>5;60;3( 8>( 123( Q893;=934( 607( 1235K( 4/012315;( 60698:4( J/( :303K6150:( 6( 41K=;1=K3( 6;15<51/(

K3961580425P(L&*!O(>8K(J812(>6Q59534(L5FPD=<'QGHO.(F23(4/08A6B895750803(60698:4(R3K3(>8=07(18(

P844344(Q87341(6015Q5;K8J569(6;15<51/q(28R3<3K'(123/(73Q8041K6137(P81301(5025J51580(8>(J6;13K569(

J58>59Q4'(R512($Ua\ (<69=34(64(98R(64(\.gf(=Y '(607(754P3K4580(8>(PK3@>8KQ37(J58>59Q4(R512($Ua\ (<69=34(

64(98R(64(?.g(=Y (L5FPD=<'QGH9O.II (*775158069(6015J58>8=950:(41=7534(R512(60(3AP60737(95JK6K/(8>(

4/08A6B895750803( 73K5<615<34( K3<36937( 1261( 12343( Q893;=934( R3K3( 6J93( 18( 754P3K43( PK3>8KQ37(

J58>59Q4( 5073P3073019/( 607( 4/03K:5415;699/( 50( ;8QJ5061580( R512( ;8QQ80( 6015J5815;4( 50;9=750:(

<60;8Q/;50 '(9503B8957(607(78A/;/;9503.I[( '

O

NH

O

O

lipoxazolidinone A (3-1)
44% (2 steps)

OH

O

( )6

O

( )6 O

O

3-16
54% (2 steps)

1. CDMT, NMM
    N, O-dimethyl
    hydroxylamine

2. tert-butyl acetate
    LDA, acetone
    -78 ºC to rt

2-butynoic acid
CuI, tBuLi 

THF
-78 ºC to rt, 12 h

I

3-15
98%

( )6 O

O

O
O

NH2
OTBS

p-xylene

reflux, 1 h

O

N
HOTBS

O O TFA/CH2Cl2 
(1:1)

rt, 24 h

+

3-17

TFA, TFAA 
Ac2O, acetone

-78 ºC to rt, 3 h ( )6 O

O

O

3-17
76%

O

OH
NH2

O

OH
OH

O

OH
OTBS

O

NH2
OTBS

2 M NaNO2
1 M H2SO4
 
0 ºC to rt, 12 h

TBSCl 
imidazole
 
DMF, rt, 3 h

NH4Cl SiO2
TsCl

Et3N, rt, 3 h
3-18
99%

3-19
71%

3-20
38%

3-20 3-21

( )5

( )6 ( )6
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( (((((((9G'(4/ 08A6B895750803(60698:4(Z.(95P8A6B895750803(60698:4.(

,5P8A6B895750803( *( 607( 514( 4/012315;( 60698:4( R3K3( >8=07( 18( 26<3( P81301( 6015Q5;K8J569(

6;15<51/( 6:65041( Y&&*( 607( Y!&*'( R512( Y$Ui4( 64( 98R(64( \.\ef( k: EQ,( L5FPD=<' QGHZO.` ( F254(

P5;8Q896K( 6015Q5;K8J569( 6;15<51/( 416KS9/( ;801K6414( 123( Q87341( 6015Q5;K8J569( 6;15<51/( 8>( 123(

4/08A6B895750803(4/012315;(60698:4'(607(4=::3414(1261(6(75>>3K301(Q3;26054Q(8>(6;1580(54(50<89<37(

R512( 123( 95P8A6B8957508034( 6015Q5;K8J569( 3>>5;6;/( ;8QP6K37( R512( 123( 4/08A6B8957508034(

6015Q5;K8J569(3>>5;6;/.((

QGQG'%<IDA;I'9@C'(FIEDIIFB@'

(

N5<30(123(P81301(6015416P2/98;8;;69(3>>3;14(8>(95P8A6B89575803(*(607(514(5051569(4/012315;(

60698:4'(R3(J3:60(18(3AP98K3(123(JK36712(8>(6015Q5;K8J569(6;15<51/(8>(12343(;8QP8=074'(64(R399(

1235K( 6J5951/( 18( 5013K>3K3( R512( J58>59Q4.( $0( 67751580'( R3( 3QJ6KS37( 80( 3>>8K14( 18( ;8QP9313( 123(

4/0123434(8>(95P8A6B8957508034(#(607(U'(4/012345B37(60698:4(R512(Q8K3(7K=:95S3(PK8P3K1534'(607(

30736<8K37(18(39=;57613(6(Q3;26054Q(8>(6;1580(>8K(1254(>6Q59/(8>(;8QP8=074.((

(

QGQG>G'#J@;8<IFI'BN'3F:BW9KBAFCF@B@<I'"'9@C'&'

'

F8( 6;;344( 95P8A6B8957508034( #( 607( U'( 6( Q875>537( 4/012315;( K8=13( R64( =1595B37( 1261(

P6K6993937( 123( 4/0123454( 8>( 95P8A6B895750803( *.( *113QP14( 18( 5QPK8<3( 123( 5051569( 4/012315;( K8=13(

50;9=737( 8P15Q5B61580( 8>( 123( 6Q573( >8KQ61580( K36;1580( 607( ;80<3K4580( 8>( 123( [@413P( 5Q573(

>8KQ61580EF]*(;/;95B61580(18(6(450:93(413P'(I@P81(K8=13(L#E8<M<'QGQO.((

O
N

O

3-24
MRSA MIC: 4 µg/mL 

MBEC with doxycycline: 16 µg/mL 
(16-fold reduction)

OH

F3C
O

NH

O

3-22
MRSA MIC: 8 µg/mL

F3C
O

NH

O

3-23
MRSA MIC: 12 µg/mL
IC50 : 0.78 µM (5 µM)
89% inhibition (5 µM)

F3C Cl
Cl

a.

b.

3-26 
MRSA MIC: 0.068 µg/mL

O

NH

O

O

( )8

3-27
MRSA MIC: 0.038 µg/mL

O

NH

O

O

( )8

3-25
MRSA MIC: 0.5 µg/mL

O

NH

O

O
Br

Cl
Cl
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;80<3K4580( 8>( 123(X@2/7K8A/( 6;57(QVH[(18( 123(X@2/7K8A/( 6Q573(QVH\' PK8;33737( 50( 98R( /53974.(

Y875>5;61580( 8>( 5051569(;807515804( 18( 6( ;6KJ8755Q573( ;8=P950:( =1595B50:(I @-12/9@e@Le@

75Q312/96Q508PK8P/9O;6KJ8755Q573( L-CUO( 607( 2/7K8A/J30B81K56B893( LT"#1O( R512( 6QQ805=Q(

;298K573( 607( 1K5312/96Q503(K34=9137( 50( /53974( 1261( R3K3( 45:05>5;6019/( 25:23K( 1260( 123( 8K5:5069(

;807515804'(6998R50:(>8K(36453K(6;;344(18(123(K3V=54513(X@2/7K8A/(6Q573(L#E8<M<'QGQ9O.(!

(

(

#E8<M<'QGQ'&/012315;(Q875>5;615804(>8K(123(4/0123454(8>(95P8A6B8957508034(#(607(U^(9G(4/0123454((

(((((((((((((((((((((8>(123(X@2/7K8A/(6Q573(ZG(4/0123454(8>(123(5Q57503(607(F]*(;/;95B61580.(

(

]8KQ61580(8>(123(5Q573(QVQ>'607(4=J43V=301(F]*(;/;95B61580(PK3<58=49/(PK8;33737(64(6(

[ @413P(43V=30;3(K3V=5K50:(1R8(P=K5>5;615804.("P15Q5B61580(18(6(803@P81'(450:93(P=K5>5;61580(6998R37(

O

OH
OTBS

O

NH2

OTBS

NH4Cl SiO2, 
TsCl

Et3N, rt, 3 h
3-28 3-29

38%

O

OH
OTBS

O

NH2

OTBS

EDC, HOBt, 
NH4Cl, Et3N 

CH2Cl2, rt, 3 h

3-28 3-29
70%

a.

b.

O

NH

O

O

3-32
64%

O O

O

O O

NH2

OTBS

p-xylene

reflux, 1 h

O

N
H

OTBS

O O TFA/CH2Cl2 
(1:1)

rt, 24 h

+

3-30 3-29 3-31
80%

OH

( )8

O O

O

O O

NH2

OTBS

1. p-xylene
    reflux, 1 h

2. TFA/CH2Cl2 (1:1)
    rt, 24 h

+

3-30 3-29

OH

( )8

O

NH

O

O

3-32
63% (2 steps)

O O

O

O
O

NH2

OTBS

p-xylene

reflux, 1 h

O

N
H

OTBS

O O TFA/CH2Cl2 
(1:1)

rt, 48 h

+

3-30 3-29 3-33

OH

( )8

( )8 ( )8

O

NH

O

O

3-32
12%

( )8

O O

O

O O

NH2

OTBS

p-xylene
   
reflux, 1 h

+

3-30 3-29

OH

( )8

( )8 ( )8

O

NH

O

O

3-32
5%

O

N
H

OTBS

O O
TFA (0.1 M)

rt, 24 h

3-33

( )8 ( )8
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F23(758A508034(QV>U'607(QVR](R3K3(1230(236137(18(K3>9=A(R512(123(X@2/7K8A/(6Q5734(QVQT(607(QV
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;K=73(5Q5734(QVQU'607(QVRR(R3K3(;80;301K6137(/0,1#)*( '(1230(K34=4P30737(50(75;298K8Q312603'(

>8998R37(J/(67751580(8>(1K5>9=8K86;315;(6;57.(F23(K34=9150:(489=15804(R3K3(415KK37(>8K(?f(28=K4(607(
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_512(123(061=K69(PK87=;14(50(2607'(R3(431(8=1(18(4/012345B3(6(P6039(8>(?@8A6B895750803(

60698:4(1261(267(Q8K3(7K=:@95S3(PK8P3K1534.(F23(G53K;3(:K8=P(267(6(95JK6K/(8>(95P8A6B895750803(

60698:4(1261(R3K3(PK3<58=49/(4/012345B37(18(PK8J3(123(&*!(8>(123(061=K69(PK87=;1q(28R3<3K'(12343(

60698:4(267(P81301569(956J5951534'(50;9=750:(25:2(95P8P2595;51/(L5FPD=<'QGQO.`' Ie (

(

O

NH

O

O

lipoxazolidinone B
(3-2)

52% (2 steps)

OH

O

( )6

O

( )6 O

O

3-16
50% (2 steps)

1. CDMT, NMM
N, O-dimethyl
hydroxylamine

2. tert-butyl acetate,
LDA, THF
-78 ¼C to rt

2-butynoic acid
CuI, tBuLi, THF

-78 ¼C to rt, 12 hI

3-15
98%

( )6 O

O

O

p-xylene

reflux, 1 h

O

N
H

OTBS

O O TFA/CH2Cl2 
(1:1)

rt, 48 h

+

3-17

TFA, TFAA
Ac2O, acetone

-78 ¼C to rt, 3 h ( )6 O

O

O

3-17
70%

3-37

a.

b.

( )5

O

OH
NH2

2 M NaNO2
1 M H2SO4
 
0 ¼C to rt, 12 h

TBSCl 
imidazole
 
DMF, rt, 3 h

EDC, HOBt
NH4Cl, Et3N, 

CH2Cl2 rt, 3 h
3-34
98%

3-35
72%

3-36
65%

( )3

O

OH
OH

( )3

O

OH
TBSO

( )3

O

NH2

TBSO
( )3

3-20

O

NH2

TBSO
( )3 ( )3 ( )6 ( )6

O

OH
NH2

2 M NaNO2
1 M H2SO4
 
0 ¼C to rt, 12 h

TBSCl 
imidazole
 
DMF, rt, 3 h

EDC, HOBt
NH4Cl, Et3N, 

CH2Cl2 rt, 3 h
3-41
99%

3-42
73%

3-43
70%

( )2

O

OH
OH

( )2

O

OH
TBSO

( )2

O

NH2

TBSO
( )2

OH

O

( )5

O

( )5 O

O

3-39
50% (2 steps)

1. CDMT, NMM
N, O-dimethyl
hydroxylamine

2. tert-butyl acetate,
LDA, THF
-78 ¼C to rt

2-butynoic acid
CuI, tBuLi, THF

-78 ¼C to rt, 12 hI

3-38
98%

TFA, TFAA
Ac2O, acetone

-78 ¼C to rt, 3 h ( )5 O

O

O

3-40
73%

( )4

O

NH

O

O

lipoxazolidinone C
(3-3)

41% (2 steps)

( )5 O

O

O

p-xylene

reflux, 1 h

O

N
H

OTBS

O O TFA/CH2Cl2 
(1:1)

rt, 48 h

+

3-40 3-443-43

O

NH2

TBSO
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HO

O

Br HO

O

N3

2-methylbutyne
CuSO4 5H2O
Na ascorbate

CH2Cl2/H2O (1:1)
rt, 23 h

HO

O

N N
N

1. 3-68, toluene
    reflux, 1 h

2. TFA/CH2Cl2
     rt, 48 h

O

O

O

O

OH

N
N N O

NH

O

O

3-139
45%

N N
N

3-146
77%

3-147
89%

3-148
92%

NaN3

H2O
reflux, 16 h

Meldrum’s acid
EDC, DMAP

CH2Cl2, rt

O

NH

O

O

3-137

O

NH
O

O

3-138
52%

N N
N Bn

N3 CuSO4 5H2O
Na ascorbate

CH2Cl2/H2O (1:1)
rt, 23 h

+

a.

b.



! ! !

?g(
!

(

#E8<M<'QG\.(*113QP137(;8=P950:(;807515804(18(6;;344(6K/9@;8=P937(?@8A6B895750803(60698:4(<56((

''' 9G'&=B=S5(;8=P950:'(ZG(*Q5061580(;807515804.(

(

_2593( 6113QP14( 18( >=0;1580695B3(QVTQ( =450:( 416076K7( &=B=S5'( #=;2R697@T6K1R5:( 607(

M99Q600( ;807515804( PK8<37( =04=;;344>=9'( 3>>8K14( 6K3( ;=KK3019/( =073KR6/( 18( 8J1650( J5;/;95;(

;8QP8=074(4=;2(64(QV>S] (=1595B50:(60(69S/961580'(;/;95B61580(6PPK86;2(L#E8<M<'QG>]O.(M450:(1254(

Q31287'(;8QP8=07(QVU\(;8=97(J3(69S/96137(=450:(<6K58=4(75@JK8Q8(4=J4151=137(69S/9(;26504.("0;3(

123(>5K41(69S/961580(16S34(P96;3'( 6(43;807'(&%[(K36;1580(18(>8KQ(123(7345K37(2313K8;/;93(QV>S] (

428=97(PK8;337(K6P579/(L#E8<M<'QG>]O.(->>8K14(6K3(;=KK3019/(=073KR6/(18(7313KQ503(123(<695751/(8>(

1254(6PPK86;2.((

(

#E8<M<'QG>](GK8P8437(4/0123454(8>(051K8:30@2313K8;/;93(>=0;1580695B37(?@8A6B895750803(

((((((((((((60698:4(=1595B50:(60(69S/961580'(;/;95B61580(6PPK86;2.(

((

O

NH

O

O
Br
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O

O
conditions

a.

b.

O

NH

O

O
Br

O

NH

O

O
N

conditions

ON
H

O

BHO OH

Conditions: Pd(PPh3)4, K2CO3, DMF, 150 ¼C 
                     Pd(PPh3)4, K2CO3, H2O/THF, 80 ¼C 
                           Pd(OAc)2, Na2CO3, H2O/Acetone, 65 ¼C
                     Pd(OAc)2, Na2CO3, DMF, 150 ¼C

Conditions: Pd(Cl2)dppf2, NaOtBu, dioxane, 100 ¼C
                     Pd(OAc)2, DavePhos, Cs2CO3, toluene, 110 ¼C
                     Pd(dba)2, DavePhos, Cs2CO3, toluene, 110 ¼C
                     CuI, L-proline, K2CO3, DMSO, 100 ¼C
                     Cu powder, CS2CO3, DMF, 110 ¼C
                     KOtBu, TBAB, DMSO, 130 ¼C

3-63 3-149

3-63 3-150

O

NH
O

O
NH2

O

NH
O

O
N

K2CO3, DMF

OOBr Br

3-79 3-150
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3-151
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3-152

O

NH

O

O

3-153

O

NH

O

O

3-154

O

NH

O

O

3-157

BnO

O

NH

O

O

3-158

HO

O

NH

O

O

3-159

BnO

O

NH

O

O

3-161

F3C

O

NH

O

O

3-162

Br

O

NH

O

O

3-160

MeO

O

NH

O

O

3-155

O

NH

O

O

3-156
BocHN H2N
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R

O

OH
NH2

R

O

OH
OH

R

O

OH
OTBS

R

O

NH2

OTBS

2 M NaNO2
1 M H2SO4
 
0 ¼C to rt, 12 h

TBSCl
imidazole
 
DMF, rt, 3 h

EDC, HOBt
Et3N,  NH4Cl

CH2Cl2, rt, 3 h

3-163
97-99%

3-164
71-75%

3-165
52-54%

R =

R =

1. 

    toluene
    reflux, 1 h

2. TFA/CH2Cl2
     rt, 48 h

O

NH

O

O
RÕ

R

RÕ =

RÕ =

O

O

O

O

OH
RÔ

3-167

3-166
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NH

O
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3-152

O

NH
O

ON3
CuSO4 5H2O
Na ascorbate

CH2Cl2/H2O (1:1)
rt, 23 h

+

a.

b.

N
N N

Bn

( )6 ( )6

O

NH2
OTBS

O

NH2
OTBS

3-171
27%

N
N

N
Bn

N3
CuSO4 5H2O
Na ascorbate

CH2Cl2/H2O (1:1)
rt, 23 h

+

O

NH
O

O

N
N N

Bn

( )6

3-168 3-169

3-170 3-168

3-169

1. 

    toluene
    reflux, 1 h

2. TFA/CH2Cl2
     rt, 48 h

O

O

O

O

OH

( )8

3-172

Grubbs II, BCy2Cl

toluene, 80 ºC
O

NH

O

O

3-153 3-155
38%

O

NH
O

O

3-156
42%

O

NH

O

O

H2N

BocHN

TFA

CH2Cl2, rt

( )6 ( )6

( )6

BocHN

3-173

+
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3-159, R = OBn

3-157, R =

O

NH

O

O

ROBn

a.

b.

O

NH

O

O

BnO

BBr3

CH2Cl2, 
0 ¼C to rt

O

NH

O

O

HO

3-158
60%

O

NH

O

O

R

BBr3

CH2Cl2, 
0 ¼C to rt

O

NH

O

O

HO
3-159, R = OBn
3-160, R = OMe

3-160, R = OMe

R

O

OH
NH2

R

O

OH
OH

R

O

OH
OTBS

R

O

NH2

OTBS

2 M NaNO2
1 M H2SO4
 
0 ¼C to rt, 12 h

TBSCl
imidazole
 
DMF, rt, 3 h

EDC, HOBt
Et3N,  NH4Cl

CH2Cl2, rt, 3 h

3-174
82-94%

3-175
68-72%

3-176
40-44%

1. 

    toluene
    reflux, 1 h

2. TFA/CH2Cl2
     rt, 48 h

O

O

O

O

OH

3-172

( )8

3-157

3-177
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O

NH

O

O

BnS

BnS

O

OH
NH2

BnS

O

OH
OH

BnS

O

OH
OTBS

BnS

O

NH2
OTBS

2 M NaNO2
1 M H2SO4
 
0 ºC to rt, 12 h

TBSCl
imidazole
 
DMF, rt, 3 h

EDC, HOBt
Et3N,  NH4Cl

CH2Cl2, rt, 3 h
3-178
78%

3-179
68%

3-180
24%

1. 

    toluene
    reflux, 1 h

2. TFA/CH2Cl2
     rt, 48 h

O

O

O

O

OH

3-172
( )8

3-181



! ! !

ae(
!

(

#E8<M<' QG>T'&/012315;(K8=13(18(6;;344(6K/9@4=J4151=137(;25K69(X@2/7K8A/6Q5734.(

(

]8998R50:(1254(4/012315;(K8=13'(R3(R3K3(6J93(18(6;;344(1R8(?@8A6B895750803(60698:4'(QV>T>'

607(QV>TH(R512(75>>3K301(6K/9(:K8=P4(80(123(93>1@2607(4573.(-<69=61580(8>(12343(60698:4(50(Y$U(

6446/4( 6:65041( Y&&*'( Y!&*( 607( 32, 4#*5#00//, K3<36937( 1261( R2593(QV>T>( 78340i1( 26<3(

6PPK3;56J93(6;15<51/(6:65041(60/(8>(123(8K:6054Q4(134137'(QV>TH(264(P81301(6015Q5;K8J569(6;15<51/(

6:65041(Y&&*(607(Y!&*.(M1595B50:(1254(K8=13'(6(0=QJ3K(8>(?@8A6B895750803(60698:4(R512(6K/9(

:K8=P4(80(123(93>1@2607(4573(8>(123(Q893;=93(;8=97(J3(6;;34437.(&/0123454(8>(12343(60698:4(R8=97(

6998R(>8K(123(>=K123K(73<398PQ301(8>(6(&*!(>8K(123(93>1@2607(4573(8>(12343(95P8A6B895750803(60698:4.(

*7751580699/'(4/0123454(8>(60698:4(R512(6K/9(:K8=P4(80(J812(45734(8>(123(?@8A6B895750803(R8=97(

6998R(>8K(;8QP8=074(R512(98R3K(;,8:G4'(R25;2(54(6PP36950:(>K8Q(6(7K=:(754;8<3K/(P3K4P3;15<3.((

(

(

(

(

(

(

(

(

(

(

(

(

(

(

Ar

O

OH

O
H2N

MeO OMe

1. EDC, HOBt,  0 ¼C to rt
 
2. TFA/THF (1:1)
   70 ¼C

Ar

O

NH2

O

3-183
75% (2 steps)

3-184
35%

NaBH4
D-tartaric acid

THF
0 ¼C

Ar NH2

O

3-185
92%

OH

TBSCl, imidazole
 
MeCN, rt, 3 h

Ar NH2

O

3-186
90%

OTBS

Ar H

O N-acetylglycine
NaOAc 

Ac2O, reflux, 1 h N
O

O

Ar
6 M HCl

reflux, 16 h

3-182



! ! !

a?(
!

$9ZA<'QGU'*015Q5;K8J569(6;15<51/(Lk:EQ,O(8>(93>1@2607(>=0;1580695B37(?@8A6B8957508034.!

&BM:BD@C' 4##!_' ' 4%#!__' ' !G'Z9DM9@@FF___'

QV>S>' e[ ( e[ ( [ah (
QV>SH' I[f ( h?( [ah (
QV>SQ' e[ ( Ih ( I[f (
QV>SR' I[f ( h?( I[f (
QV>SS' I[f ( e[ ( }I[f (
QV>ST' [ah ( [ah ( }[ah (
QV>SU' f ( ?( [ah (
QV>S[ ' ?( [ ( [ah (
QV>S\ ' Ih ( [ ( [ah (
QV>T] ' e[ ( Ih ( }I[f (
QV>T>' }[ah ( }[ah ( }aI[ (
QV>TH' [ ( [ ( }aI[ (

3F@<KBAFC' I ( \.a ( 01(
&BAFI;F@' 01( 01( \.a (

~*FUU([`[Ie((((~~*FUU(eea`I(((((~~~*FUU(I`h\h (

(

'

QGQGRG'"FBABPFE9A')L9AD9;FB@'BN'3F:BW9KBAFCF@B@<'!@9ABPI'!P9F@I;'4##!'"FBNFAMI (

(

_512(6(K8J=41(95JK6K/(8>(95P8A6B895750803(60698:4(50(2607'(R3(03A1(1=K037(8=K(611301580(18(

PK8J50:( 123( 6J5951/( 8>( 12343( ;8QP8=074( 18( 5013K>3K3( R512( J58>59Q4.( $0515699/'( 6( P6039( 8>( 130( ?@

8A6B895750803( 60698:4( R64( 3<69=6137( 50( Y505Q=Q( #58>59Q( -K675;61580( U80;301K61580( LY#-UO(

6446/4.(F254(6446/(64434434(123(6J5951/(8>(;8QP8=074(18(;8QP93139/(3K675;613(PK3>8KQ37(J58>59Q4.(

F23(60698:4(4393;137(267(6(R573(K60:3(8>(6015Q5;K8J569(6;15<51/(607(75>>3K37(41K=;1=K699/.(F23(?@

8A6B895750803( 60698:4( R3K3( 3<69=6137( 6:65041( 3416J954237(! .(#*-.*+, L*FUU( [a`[eO( J58>59Q4(

=450:(123(U69:6K/(#58>59Q(C3<5;3(LU#CO'(R25;2(54(=43>=9(>8K(3<69=6150:(123(J58>59Q(3K675;61580(

6;15<51/(8>(4Q699(Q893;=934.[` (F23(6;15<51/(8>(123(60698:4(50(123(Y#-U(6446/4(96K:39/(P6K6993937(1235K(

6;15<51/(50(Y$U(6446/4(L$9ZA<'QG[O.(F23(60698:4(QVUU(607(QV[[ '(R25;2(73Q8041K6137(123(93641(P81301(

6;15<51/(50(Y$U(6446/4(6948(267(123(93641(P81301(Y#-U4.(*0698:4(R512(Q873K613(6;15<51/(50(Y$U(6446/4'(

QV>]H(607(QVUR(267(Y#-U4(1261(K60:37(>K8Q(I[f(18([ah(k:EQ,.(FR8(8>(123(Q841(P81301(60698:4(50(

Y$U(6446/4(QVSU(607(QV[Q(267(123(98R341(Y#-U'(61(Ih(k:EQ,. !

(

(

(



! ! !

aa(
!

$9ZA<'QG['Y#-U4(8>(4393;1(?@8A6B895750803(60698:4(6:65041(Y&&*(L*FUU([a`[eO. !

&BM:BD@C' 4*&'` bPYM3c' 4")&'` bPYM3c'

QVSU' [ ( Ih (
QV[Q' ?( f (

QVTQ' ?( h?(

QV[H' [ ( I[f (
QV>]R' ?( I[f (

QVUR' Ih ( I[f (

QV>]H' Ih ( [ah (
QVUU' e[ ( aI[ (

QV\U' Ih ( I\[? (

QV[[ ' e[ ( I\[? (
3F@<KBAFC' I ( I\[? (

79@EBMJEF@' I ( I\[? (
(

*015J5815;4(95S3(,503B8957(8K(H60;8Q/;50(26<3(Y#-U4(1261(6K3(8<3K(I'\\\@>897(6J8<3(1235K(

Y$U4'( Q6S50:( 123Q( 5QPK6;15;69( 18( =43( 64( J58>59Q@3K675;6150:( ;8QP8=074( 50( 6( ;9505;69( 431150:(

L$9ZA<'QG[O.(F23(Q841(P81301(8>(123(95P8A6B895750803(60698:4(134137(QVSU'607(QV[Q(267(Y#-U4(

1261(R3K3(f@>897(18(Ih@>897(25:23K(1260(1235K(Y$U4'(4=::34150:(1261(123/(;8=97(>=0;1580(64(3>>3;15<3(

J58>59Q(3K675;6150:(;8QP8=074.((

(

QGQGSG'4<E89@FIM'BN'!E;FB@'#;DCF<I'NB='3F:BW9KBAFCF@B@<'!@9ABPI(

(

_512(6(Q8K3(73<398P37(&*!(>8K(Y$U(6;15<51/'(607(5051569(Y#-U(41=7534(;8QP9313'(R3(03A1(

>8;=437(8=K(611301580(80(39=;576150:(6(Q3;26054Q(8>(6;1580(>8K(12343( ;8QP8=074.(C=3(18(123(

25:29/(95P8P2595;(061=K3(8>(123(95P8A6B8957508034'(R3(R3K3(50515699/(;80;3K037(1261(12343(;8QP8=074(

;8=97(J3(6>>3;150:(123(Q3QJK603(5013:K51/(8>(;3994.(GK3<58=4(41=7534(50(123(G53K;3(:K8=P(K3<36937(

1261(12343(QVSU(607(QV>(26<3(9344(1260(Ix(23Q89/454(61(?\(=Y(50(6(K37(J9887(;399(23Q89/454(6446/(

80(73>5JK506137(4233P(J9887.`(($0(67751580'(6(#6;,5:21FY(6446/(R64(=1595B37(R512(!2,#*-.*+,Z *FUU(

[`[IeO(1261(73Q8041K6137(1261(QVSU(607(QV>(78(081(45:05>5;6019/(6913K(J6;13K569(Q3QJK6034(=P(18(

f(l(Y$U. (

F8(;80150=3(3>>8K14(18(73>503(6(Q3;26054Q(8>(6;1580'(6(Q6;K8Q893;=96K(4/0123454(6446/(

R64(7803(80(QVSU.` (F254(6446/(=1595B34(1K515=Q@96J39937(PK3;=K48K4(18(J6;13K569(Q6;K8Q893;=96K(

PK8;34434( 50;9=750:( ;399( R699( LP3P1578:9/;60O( 4/0123454'( C%*( 4/0123454'( !%*( 4/0123454(

L1K604;K5P1580O'(PK81350(4/0123454(L1K604961580O'(607(>611/(6;57(L95P57O(J584/0123454.(#/(Q80518K50:(123(

50;8KP8K61580(8>(123(1K515=Q@96J39937(PK3;=K48K4(50(123(PK3430;3(8>(60(6015Q5;K8J569(;8QP8=07(61(



! ! !

ah(
!

75>>3K301( ;80;301K615804'( 51( 54(P8445J93( 18( 7313KQ503( R25;2( Q6;K8Q893;=96K( PK8;34434( 123(

;8QP8=07( 54( 5025J5150:.e\ ( F23( P3K;301( 50;8KP8K61580( 8>( K675896J3937( PK3;=K48K4( 5018(

Q6;K8Q893;=96K(PK8;34434(R64(7313KQ5037(6>13K(1K361Q301(R512(QVSU(8K(6015J5815;4(R512(S08R0(

Q3;26054Q4(8>(6;1580(L5FPD=<'QG>>O.(F2343(41=7534(K3<36937(6(41K80:'(7843@73P307301(K34P8043(

18(QVSU(>8K(;399(R699(4/0123454(607(PK81350(4/0123454'(R512(5025J51580(61(;80;301K615804(64(98R(64(

\.I[a(l(Y$U.($025J51580(8>(C%*'(!%*(607(95P57(4/0123454(R64(081(8J43K<37(=0159(}([(l(Y$U.((

(

'

5FPD=<'QG>>(Y6;K8Q893;=96K(4/0123454(6446/.(!67586J3937(PK3;=K48K4(6K3(;898K(;8737(J/((

''''''''''''''''''''' J584/012315;(P612R6/.(GK3;=K48K4(R3K3(3QP98/37(R512(64;30750:(;80;301K615804(8>((

(((((((((((((((((((((QVSU(18(Q364=K3(123(K39615<3(5QP6;1(80(Q6;K8Q893;=96K(4/0123454(P612R6/4.((

(((((((((((((((((((((U801K89(6015J5815;4(6K3(428R0(61(123(K5:21.(

(

!"#$%&'(%)*+,-.



! ! !

ag(
!

F254(7=69(P612R6/(5025J51580(;8=P937(R512(6(96;S(8>(Q3QJK603(P3KQ36J595B61580(PK8<5737(

3A;5150:( PK395Q506K/( 7616q( 28R3<3K'( 123( V=341580( K3Q65037^( R64( PK81350( 4/0123454( 5025J51580(

;6=437(64(6(K34=91(8>(;399(R699(4/0123454(5025J51580'(8K(R3K3(123(1R8(=0K396137€((F8(75430160:93(

12343(1R8(P53;34(8>(7616'(60(/0,1/"-('(;399@>K33(PK81350(4/0123454(5025J51580(6446/(R64(P3K>8KQ37(

R512(QVSU(607(9503B8957(=450:(60(82,)('/ ,&e\(-A1K6;1(&/413Q(>8K(U5K;=96K(C%*(6446/(R512(6(>5K3>9/(

9=;5>3K643(K3678=1.` ($0(1254(6446/'(699(;8QP803014(03;3446K/(>8K(PK81350(4/0123454(6K3(50;=J6137(

R512(60(6015Q5;K8J569(;8QP8=07(50(123(6J430;3(8>(P964Q57.(F254(6998R4(>8K(123(6015Q5;K8J569(18(

J507(R512(123(1K604;K5P1580E1K604961580(;8QP803014(607(5025J51(PK81350(4/0123454.(F23(P964Q57(54(

1230(67737'(607(123(K36;1580(Q5A1=K3(50;=J6137(18(507=;3(3APK344580(8>(9=;5>3K643'(60(30B/Q3(

1261(PK87=;34(95:21(50(123(PK3430;3(8>(514(4=J41K613'(9=;5>3K50(L#E8<M<'QG>UO.((

(

(

#E8<M<'QG>U(,=;5>3K643(PK87=;1580(8>(95:21(50(123(PK3430;3(8>(9=;5>3K50.('

(

Y364=K3Q301( 8>( 9=Q5034;30;3( 61( 75>>3K301( ;80;301K615804( 8>( 6015Q5;K8J569( ;8QP8=07(

6998R4(>8K(123(7313KQ5061580(8>(P3K;301(5025J51580.(F23(P3K;301(5025J51580(8>(PK81350(4/0123454(R64(

7313KQ5037(6>13K(1K361Q301(R512(QVSU(8K(9503B8957'(L5FPD=<'QG>HO.(F2343(41=7534(K3<36937(1261(QVSU(

5025J514(PK81350(4/0123454(61(45Q596K(P8130;/(18(1261(8>( ,503B8957'(599=Q506150:(123(>6;1(1261(QVSU(

5025J514(PK81350(4/0123454(5073P3073019/(8>(;399(R699(4/0123454.((

(

5FPD=<'QG>H'GK81350(4/0123454(5025J51580(J/(QVSU(607(9503B8957.((

N

S

S

NHO COOH luciferase

Mg2+ N

S

S

NHO O

luciferin (3-187) oxyluciferin (3-188)

+ ATP + O2 + AMP + PPi + CO2 +
LIGHT

! "#$

%&'()*+&,



! ! !

af (
!

$0(60(5051569(6113QP1(18(573015>/(6(PK81350(4/0123454(16K:31(>8K(;8QP8=07(QVSU'(6(43K534(8>(

:#)/''*+,+*4"/'/+, Q=16014(R3K3(3QP98/37.(F2343(8K:6054Q4(6K3(NK6Q(P84515<3(J6;13K56(607(26<3(

J330( =437( PK3<58=49/( 18( 573015>/( P81301569( 16K:314( >8K( [@8A6B895750803( 6015Q5;K8J5694.eI (F23( :2,

+*4"/'/+,41K6504( R3K3( 8J165037( >K8Q( 123( #6;599=4( N30315;( &18;S( U3013K( L#N&UO( 607( 26<3( R399(

73>5037(6015J5815;(K3454160;3(:3034(18(S08R0(6015J5815;4.(_3(6015;5P6137(1261(5>(QVSU(267(6(45Q596K(

J50750:(4513(64(803(8>(123(;801K89(6015J5815;4'(1230(R3(R8=97(8J43K<3(50;K36437(K3454160;3(50(6(

Y$U(6446/(R512(1261(Q=1601.(F8(1261(307'(Y$U(6446/4(R3K3(;807=;137(R512(QVSU(607(36;2(8>(123(

Q=16014(L$9ZA<'QG\O.(:2,+*4"/'/+,#N&U(I*I(R64(=437(64(123(P6K301(8K:6054Q'(64(51(264(08(3<89<37(

6015J5815;(K3454160;3.(%803(8>(123(Q=16014(428R37(50;K36437(K3454160;3(18(QVSU'( 607(R3(R3K3(

123K3>8K3(=06J93(18(=1595B3(1254(64(6(Q31287(18(PK375;1(123(J50750:(4513(8>(QVSU.((((

$9ZA<'QG\(Y$U(Lj:EQ, O(8>(QVSU(R512(:2,+*4"/'/+,Q=16014(1261(26<3(6015J5815;(K3454160;3(Q6KS3K4.(

"G'IDZ;FAFI' 4*& ' %<IFI;9@E<' -<@<'#JMZBA'

>!> ' [ @?( %803(LP6K301O( @(

>!>[U ' \.[a ( S64=:6Q/;50 ( S4:#a\f (

>!>\] ' I ( S5KK8Q/;50( 1=>@g(
>!>\> ' I ( 41K3P18Q/;50( KP4II(

>!H>[ ' I ( 3K/12K8Q/;50( KP9HI(

>!H>\ ' [ ( 4P3;1508Q/;50( KP4-[ (
>!HH] ' [ @?( Q5;K8;8;;50( KP9UI(

>!R>T ' I ( <5K:5056Q/;50( <5KY(

>!R>U' I @[ ( <5K:5056Q/;50( <5K&(
>!RUS' [ @?( 125841K3P180( KP9)h(

>!SU[ ' I @[ ( ;298K6QP2305;89( ;6Q[ (

>!TTS ' \.a ( K5>6QP50( KP9*(
(

F8(>=K123K(39=;57613(123(Q3;26054Q(8>(6;1580'(R3(26<3(60(80:850:(;8996J8K61580(R512(123(

Y60S50(607(G895S08<(96J4(61(123(M05<3K451/(8>($9950854(61(U25;6:8.($0515699/'(123(Y60S50(96J(6113QP137(

18(:303K613(60(82,)('/ (Q=1601(1261(R64(K34541601(18(QVSU(J/( ;=91=K50:(82,)('/ (&zII\CFU(50(123(

PK3430;3(8>(QVSU.(#3;6=43( QVSU(73Q8041K6134(PK81350(4/0123454(5025J51580(6;15<51/'(51(54(P8445J93(

1261(123(K5J848Q3(54(123(16K:31.(GK3<58=4(41=7534(26<3(>8=07(1261(95P8A6B895750803@95S3(;8QP8=074(

Q6/( 5013K6;1( R512( [e&( K!%*'(R25;2( 54(123( K3:580( 30;8QP64450:( 123( 9503B8957( J50750:( 4513.(

F23K3>8K3'(R3(6015;5P6137( 1261(82, )('/, Q=16014( 1261( 754P96/37( K3454160;3( 18(QVSU(R8=97( 26<3(

Q=1615804(6>>3;150:(1235K(K!%*(8K(K5J848Q69(PK813504.(T8R3<3K'(6>13K(P96150:(82,)('/ (&zII\CFU(

80([l'(?l'(607(fl(Y$U(8>( QVSU'(08(<56J93(Q=16014(R3K3(8J165037.(((



! ! !

a` (
!

F254(>659=K3(18(5489613(K34541601(Q=16014(7834(081(PK8<3(6(96;S(8>(5013K6;1580(J31R330(QVSU(

607(123(K5J848Q3.($1(54(P8445J93(1261(5013K6;15804(J31R330(123(QVSU(607(123(J6;13K569(K5J848Q3(

50<89<3( K!%*( 0=;93815734( R2843( 5730151534( 6K3( 344301569( >8K( K5J848Q69( 6;15<51534( 607( 123K3>8K3(

R2843(Q=1615804(K34=91(50(;399(73612.(*775158069(3AP3K5Q3014(0337(18(J3(;807=;137(18(;80>5KQ(8K(

754PK8<3(123(5013K6;1580(8>(QVSU(R512(J6;13K569(K5J848Q34.(

"03( 3AP3K5Q301( 1261( ;8=97( J3( P3K>8KQ37( 18( 7313KQ503( 123( PK3430;3( 8>( 5013K6;15804(

J31R330(QVSU(607(123(K5J848Q3(54(6(183PK50150:(6446/.(F254(6446/(K39534(80(123(>6;1(1261(K5J848Q3@

16K:3150:(6015J5815;4(5025J51(4P3;5>5;(>=0;15804(8>(123(K5J848Q3'(607(64(6(K34=91'(1235K(6;1580(;6=434(

123(K5J848Q3(18(41699(80(Q!%*.(#/(7313KQ5050:(123(4513(8>(K5J848Q69(2691(80(Q!%*'(51(54(P8445J93(

18(7313KQ503(R261(P6K1(8>(1K604961580(123(6015J5815;(50(V=341580(50(6KK34150:.e[ ((

* 08123K(41K613:/(18(3<69=613(R23123K(?@8A6B895750803(60698:4(75K3;19/(5013K6;14(R512(123(

K5J848Q3(54(18(=1595B3(60(/0,1/"-((6446/(18(7313;1(123(J50750:(8>(6(K675896J39937(60698:(18(K5J848Q34(

54896137(>K8Q(4304515<3(;3994.(F23(K5J848Q3@J8=07(K67586;15<51/(;60(J3(V=6015>537.($0(67751580'(5>(QV

SU(;8QP3134(R512(S08R0(K5J848Q69(6015J5815;4(>8K(J50750:(18(8<3K96PP50:(45134(80(123(K5J848Q3'(

1254(;60(J3(V=6015>537(J/(41=7534(R512(K675896J3937(QVSU(64(R399.(((

U8996J8K61580(R512(123(Y60S50(607(G895S08<(96J4(54(;=KK3019/(80:850:'(64(6K3(41=7534(18(

7313KQ503(123(Q3;26054Q(8>(6;1580(8>(QVSU.(

_3(03A1(>8;=437(8=K(611301580(80(:303K6150:(6(Q=1601(!2,#*-.*+, 1261(R64(K34541601(18(QV

SU. &3K569(P6446:50:(8>(!2,#*-.*+ (50(123(PK3430;3(8>(6(K60:3(8>(;80;301K615804(8>(QVSU((8<3K(6(

P3K587(8>(aa(76/4( PK87=;37(Q=16014(1261(R3K3(K34541601(18(QVSU((L5FPD=<'QG>QO.ee(]5<3(K34541601(

Q=16014(R3K3(54896137(607(4=Jc3;137(18(R2893(:308Q3(43V=30;50:'(607(123(Q=1615804(50(36;2(8>(

123(:308Q34(R3K3(;8QP6K37(R512(12843(8>(123(8123K(Q=16014(607(6948(R512(123(R5971/P3.(*(18169(

8>(125K1330(45:05>5;601(Q=1615804(R3K3(573015>537(1261(6K3(PK34301(50(699(>5<3(8>(123(Q=16014(J=1(081(

123(P6K301(8K:6054Q(L$9ZA<'QG>]O.(">(12343(Q=1615804'(45A(50(P6K15;=96K(41607(8=1^(Q=1615804(50(

,QK&'(,3P*'(!5J80=;93643($$$'(*:KU'(Y:K*'(607(+/UN.( (

(



! ! !

h\ (
!

(

5FPD=<'QG>Q'&3K569(P6446:3(K3454160;3(41=7534(8>(QVSU(607(8>98A6;50(80(!2,#*-.*+, *FUU([`[Ie.( (

(((((((((((((((((((((!34541601(Q=16014(R3K3(:303K6137(123(7659/(43V=301569(P6446:3(8>(123(J6;13K569,R512((

(((((((((((((((((((((6(K60:3(8>(;80;301K615804(8>(6015J5815;.,

(

,50;8Q/;50(K3454160;3(PK81350(8>(!2,#*-.*+, L,QK&O(54(6(Q=9157K=:(3>>9=A(P=QP(4/413Q(1261(

;80>3K4(K3454160;3(18(6(R573(K60:3(8>(6015Q5;K8J569(;8QP8=074(50(!2,#*-.*+ .(F23(3A6;1(K893(8>(

,QK&(50(123(6015Q5;K8J569(K3454160;3(K34P8043(8>(!2,#*-.*+, 54( /31(=0S08R0'( J=1(41=7534(26<3(

428R0(1261(,QK4(54(;6P6J93(8>(3AP39950:(9503B8957(>K8Q(!2,#*-.*+ .e?(F23K3>8K3'(51(54(P8445J93(1261(6(

Q=161580(50(,QK&(;8=97(306J93(123(!2,#*-.*+, Q=1601(18(3AP39(?@8A6B895750803(60698:4(95S3(QVSU.(

,3673K( P3P157643( *( L,3P* O( 54( 6( =05<3K469( J6;13K569( 1K604961580( 3980:61580( >6;18K(1261(

8K;2341K6134(123(>6;593(4/0123454(8>(PK813504.(,3P*(>=0;15804(18(5QPK8<3(123(6;;=K6;/(8>(1K604961580(

J/( K3;8:05B50:( Q541K60498;6137( 1!%*( 80( 6( K5J848Q3( 607( 507=;50:( J6;S@1K60498;61580.ea( $0(

67751580'(,3P*(264(J330(R5739/(734;K5J37(64(60(8A6B895750803(J50750:(16K:31'(607(R2593(51(54(081(

123(75K3;1(16K:31(8>(8A6B895750803(6015J5815;(6;1580'(41=7534(26<3(73Q8041K6137(1261(6448;561580(8>(

,3P*(R512(123(K5J848Q3(54(K3V=5K37(>8K(;K844950S50:(8>(123(7K=:.eh(*(Q=161580(50(,3P*(;8=97(K34=91(

50(60(6913K37(J50750:(4513'(PK3<30150:(?@8A6B895750803(60698:4(95S3(QVSU'>K8Q(J50750:(1235K(16K:31.(

!5J80=;93643($$$(L!%643($$$O(54(6(K5J80=;93643(30B/Q3(1261(K3;8:05B37(78=J93@41K60737(

!%*(607(;936<34(51(61(4P3;5>5;(98;615804(18(1K604>8KQ(51(5018(Q61=K3(!%*.(!%643($$$(P96/4(6(Q6c8K(

K893( 50( !%*( K3:=9618K/( P612R6/4'( 50;9=750:( !%*( PK3;=K48K( 4/0123454( 607( !%*( 45930;50:.eg(*(

Q=161580(50(!%643($$$(;8=97(9367(18(123(506J5951/(8>(?@8A6B895750803(60698:4(95S3(QVSU'18(J507(1235K(

16K:31.(

*;;3448K/(:303(K3:=9618K(U(L*:KU O(54(6(254157503(S50643(1261(54(50<89<37(J58>59Q(K3:=961580(

P612R6/4'(50;9=750:(V=8K=Q(430450:(607(<5K=930;3.ef ((

3-57
Ofloxacin



! ! !

hI (
!

F23(98;=4(Q:K* (54(6(:98J69(1K604;K5P158069(K3:=9618K(1261(6>>3;14(Q=915P93(!2,#*-.*+, :3034(

6448;56137(R512(<5K=930;3(607(6015J5815;(K3454160;3.e` (*(K3;301(41=7/(>8=07(1261(Q:K*(Q=16014(

26<3(6(;9=QP50:(73>3;1'(:5<50:(123Q(60(50;K36437(6J5951/(18(>8KQ(J58>59Q4.?\ ($0(!2,#*-.*+ '(Q:K*(

;80>3K4( K3454160;3( 18( 6015J5815;4( J/( PK8Q8150:( 6015J5815;( 3>>9=A( 18( 6015J5815;4( 50;9=750:(

>9=8K8V=50898034(607(131K6;/;95034.?I (Y=1615804(50(Q:K*( ;8=97(9367(18(60(50;K3643(50(3>>9=A(>8K(

;8QP8=074(4=;2(64(QVSU(607(8123K(?@8A6B895750803(60698:4.(

+/; ]N (54(6(1R8@;8QP80301(S50643(43048K/(4/413Q(1261(54(50<89<37(50(123(41K344(K34P8043(

607( 6998R4( J6;13K56( 18( K6P579/( 676P1( 18( P2/45;69'( ;23Q5;69'( 8K( J5898:5;69( 41K3448K4.?[ ($1(54( 6948(

50<89<37(50(J58>59Q(>8KQ61580'(Q316J8954Q'(;399(75<54580'(;399(R699(4/0123454(607(<5K=930;3.(

(

$9ZA<'QG>](Y=1615804(1261(6K3(;8043K<37(6;K844(!2,#*-.*+, Q=16014(J=1(081(50(P6K301(8K:6054Q.(

4D;9;FB@'$J:<' (<NF@F;FB@' (<IE=F:;FB@'

&%G( ,QK&( Y=9157K=:(3>>9=A(P=QP(

&%G( ,3P(* ( FK604961580(3980:61580(>6;18K(

C3931580( !0643($$$( !3:=9618K/E;=14(=P(4P301E=0=437(Q!%*(

C3931580( *:KU (
$0<89<37(50(J58>59Q(K3:=961580'(V=8K=Q(

430450:(607(<5K=930;3(

&%G( Y:K* ( N98J69(1K604;K5P158069(K3:=9618K(

&%G( +/;]N (
FR8@;8QP80301(S50643(43048K/(4/413Q(

50<89<37(50(41K344(K34P8043(

&%G( 95P8PK81350( FK604P8K1(>61(8K(8123K(95P574((

&%G( =073>5037( @(

&%G( N01!(K3:=9618K(
FK604;K5P1580(>6;18K4(1261(K3:=9613(<6K58=4(

J5898:5;69(PK8;34434(

&%G( G26:3(50>3;1580(PK81350( #5074(J6;13K58P26:34(

&%G( Y]& @1/P3(1K604P8K13K(
]6;5951613(123(Q8<3Q301(8>(4Q699(489=134(

6;K844(;399(Q3QJK6034(

&%G(
G=1615<3(B50;@73P307301(

PK81350643(
GK8136434(1261(428R(4P3;5>5;51/(>8K(

73:K6761580(8>(5016;1(PK813504(

&%G(
*730503(

P284P28K5J84/91K60>3K643( &/012345B34(*YG(>K8Q(6730503(
(

->>8K14(6K3(;=KK3019/(=073KR6/(18(=1595B3(1254(:30315;(50>8KQ61580(18(39=;57613(6(Q3;26054Q(

8>(K3454160;3(>8K(12343(Q=16014'(R512(123(28P34(8>(=073K4160750:(Q8K3(6J8=1(123(Q3;26054Q(8>(

6;1580(8>(QVSU'(64(R399(64(123(6775158069(3>>3;14(51(264(80(123(Q5;K88K:6054Q4(51(30;8=013K4(L3.:.(

J58>59Q(607(<5K=930;3(PK8Q81580(8K(5025J51580O.(F254(7616'(50(67751580(18(123(7616(8J165037(>K8Q(123(

Y60S50( 607(G895S08<( 96J4(R599( J3( =1595B37( 18( 7313KQ503( 28R( ;8QP8=074( 95S3(QVSU(>=0;1580( 64(

6015Q5;K8J5694'(R512(123(28P3(1261(1254(7616(R599(3<301=699/(9367(18(6(;K/4169(41K=;1=K3(8>(QVSU(R512(



! ! !

h[ (
!

514( 16K:31.( *( ;K/4169( 41K=;1=K3( 8>(QVSU(R8=97( 6998R( =4( 18( =1595B3( 41K=;1=K3@J6437( 7K=:( 754;8<3K/(

L&#CCO'(R23K3(41K613:5;(;260:34(18(123(>=0;158069(:K8=P4(6K8=07(123(?@8A6B895750803(;8K3(;60(

J3( Q673( 18( 5QPK8<3( P8130;/'( 50;K3643( 5013K6;15804( R512( 123( 4=KK8=0750:( 30<5K80Q301'( 607(

395Q50613(739313K58=4(5013K6;15804(R512(123(16K:31(8>(5013K341.(

'

QGQGTG' 4<E89@FI;FE' *@L<I;FP9;FB@I' BN' 3F:BW9KBAFCF@B@<' !@9ABPI'6;FAFKF@P'in vitro 
!II9JI (

(

_3(03A1(>8;=437(8=K(611301580(80(123(P81301569(500613(K3454160;3(123(Q=16014(R3(:303K6137(

267(18(8123K(6015J5815;4(;=KK3019/(80(123(Q6KS31.(F8(1254(307'(123(P6K301(!2,#*-.*+ (607(803(8>(123(

Q=16014( R3K3( 134137( 6:65041( 6( P6039( 8>( ;8QQ3K;5699/( 6<6596J93( 6015J5815;4( 607( 1235K( Y$U4(

;8QP6K37(L$9ZA<'QG>>O'((

(

$9ZA<'QG>>'U8QP6K5480(8>(6015Q5;K8J569(Y$U4(Lk:EQ, O(6:65041(Y&&*(607(Q=1601(!2,#*-.*+ .!

!@;FZFB;FE' 4*&'4##!_ ' 4*&'4D;9@; '

MD:F=BEF@' \.[a ( \.I[a (

;=FM<;8B:=FM' [ ( [ (

<=J;8=BMJEF@' \.a ( I (
;<;=9EJEAF@<' \.[a ( \.I[a (

E8AB=B9M:8<@FEBA' [ ( ?(

P<@;9MFEF@' \.a ( \.[a (
BNABW9EF@' \.a ( \.[a (

L9@EBMJEF@' [ ( [ (

NDIEFCFE'9EFC' \.\h ( \.I[a (
:<@FEFAAF@'-' I ( Ih (

EABW9EFAAF@' \.[a ( \.[a (

AF@<KBAFC' [ ( \.a (
QV>' I ( h?(

QVTQ' I ( f (

QVSU' \.a ( h?(
QVHH' f ( f (

QVHQ' f ( f (
(

">(123(;8QQ3K;569(6015J5815;4(134137'(809/(P305;59950(N(267(6(45:05>5;601(50;K3643(50(Y$U(

6:65041( 123( Q=1601( ;8QP6K37( R512( 123( P6K301( 8K:6054Q( L$9ZA<' QG>>O.( _2593( 123( Q841( 0816J93(

Q3;26054Q(8>(J6;13K569(K3454160;3(18(123(P305;599504(54(6015J5815;(2/7K89/454(J/(J6;13K569(30B/Q3(W@



! ! !

he(
!

96;16Q643'(8123K(Q3;26054Q4(8>(K3454160;3(m(4=;2(64(Q875>5;61580(8>(P305;59950(J50750:(PK813504(m

3A541.($013K34150:9/'(123(Y$U(8>(W@96;16Q643(K34541601(;98A6;59950(K3Q65037(=0;260:37(J31R330(123(

P6K301(607(123(Q=1601.((

$013K34150:9/'(R2593(123(Y$U4(8>(;8QP8=074(QVSU'(QV[Q'(QVTQ(607(QV>(R3K3(7K6Q615;699/(

50;K36437( 50( 123( PK3430;3( 8>( 123( Q=1601'( 123( Y$U4( 8>(QVHH'607( QVHQ'( 1R8( 4/08A6B895750803(

60698:4'( R3K3( =06>>3;137.( F254( 7616( 4=::3414( 1261( 123( 4/08A6B895750803( 607( 95P8A6B895750803(

60698:4(Q841(95S39/(26<3(75>>3K301(16K:314(>8K(1235K(6015Q5;K8J569(6;15<51/q(6(>6;1(R3(267(PK3<58=49/(

4=KQ5437.((

$0(67751580'(123(Y$U(8>(9503B8957(R64(=0;260:37'(4=::34150:(1261(123(Q=1601i4(Q3;26054Q(

8>(K3454160;3(54(4P3;5>5;(18(123(?@8A6B895750803(60698:4(8>(95P8A6B895750803(*.(F254(54(081(3015K39/(

4=KPK5450:'(64(PK3<58=4(41=7534(K3<36937(1261(9503B8957(K34541601(8K:6054Q4(4=;2(64(!2,#*-.*+ (R3K3(

4=4;3P15J93( 18(QVSU'( 4=::34150:( 1261( 123( 1R8( ;8QP8=074( 26<3( 75>>3K301( 45134( 8>( 6015Q5;K8J569(

6;1580.`( ( (

_3( 03A1( 431( 8=1( 18( 7313KQ503( 28R( 12343( ?@8A6B895750803( 60698:4( 5013K6;1( R512( 8123K(

;9505;699/( K393<601( 6015J5815;4(/0, 1/"-('( 607( 28R( 123(67751580( 8>( Q31694( 8K( 95P574( 6>>3;14( 1235K(

6015Q5;K8J569, 6;15<51/.( F8R6K7( 1254( 307'( R3( =1595B37( ;23;S3KJ86K7( 6446/4( 18( 7313KQ503( 123(

5013K6;15804( J31R330(QVSU(607( 9503B8957( 8K( <60;8Q/;50(/0, 1/"-(.( F23( ;23;S3KJ86K7( 6446/( 54( 6(

Q31287(1261(54(=1595B37(18(7313KQ503(5>(123(5013K6;15804(J31R330(1R8(6015Q5;K8J5694(6K3(4/03K:5415;'(

6016:805415;'(8K(5>(123(1R8( ;8QP8=074(26<3(08(3>>3;1(80(36;2(8123K.?e(GK3<58=4(41=7534(50(8=K(

:K8=P(5075;6137(1261(4/08A6B895750803(60698:4(267(4/0:3K54Q(R512(J812(9503B8957(8K(<60;8Q/;50(

/0,1/"-(.I[( (*(;23;S3KJ86K7(6446/(R512(QVSU((607(9503B8957(K3<36937(1261(123(1R8(;8QP8=074(26<3(

08(3>>3;1(80(36;2(8123K(L]$U(•(IOq(45Q596K9/'(QVSU((607(<60;8Q/;50(R3K3(>8=07(18(26<3(08(3>>3;1(

80( 36;2( 8123K( L]$U( •( [O.(_2593( 12343( K34=914( 78( 081( PK8<573( ;80;9=45<3( 7616( K3:6K750:( 123(

5013K6;15804( J31R330(QVSU( 607( 9503B8957( 8K( <60;8Q/;50'( 123/( 78( 4=::341( 1261( ;8QJ5061580(

123K6P3=15;4(R512(12343(;8QQ3K;5699/(6<6596J93(6015J5815;4(R8=97(081(J3(;9505;699/(67<6016:38=4.(

Y60/(J6;13K569(4P3;534(=1595B3(J5898:5;69(Q31694(50;9=750:(Q3169(L$$O(;615804(>8=07(50(123(

30<5K80Q301(18(Q6501650(Q316J8954Q(607(;801K5J=13(18(J6;13K569(<5K=930;3.??!#/(6(P2308Q3080(

S08R0(64(v0=1K5158069(5QQ=051/w'(J6;13K56(6K3(6J93(18(43V=3413K(>K33(Q31694(>K8Q(123(30<5K80Q301(

50(8K73K(18(416K<3(4=KK8=0750:(;8QP3150:(Q5;K88:6054Q4.?a!_230(6069/B50:(123(41K=;1=K34(8>(123(

95P8A6B895750803( 60698:4'( R3( K3;8:05B37( 1261( 12343( ;8QP8=074( ;8=97( J3( 6;150:( 64( Q3169(

;239618K4'(43V=3413K50:(Q3169(;615804(03;3446K/(>8K(J6;13K569(>=0;15804.(*446/4(R3K3(=1595B37(18(

7313KQ503( R261( 3>>3;1( Q3169( ;615804( R8=97( 26<3( 80( 123( 6015Q5;K8J569( 6;15<51/( 8>( 123(

95P8A6B895750803(60698:4(J/(50;K36450:(123(;80;301K615804(8>(;8QQ809/(30;8=013K37(Q3169(L$$O(

;615804.(F8(1254(307'(Y$U(6446/4(R512(QVSU'607(QV[Q' R3K3(P3K>8KQ37(50(123(PK3430;3(8>([\\(kY (



! ! !

h?(
!

8>(Q3169( L$$O@;615804( 50;9=750:( ;8PP3K( L$$O( 4=9>613'( Q6:0345=Q( L$$O( 4=9>613'( 6QQ805=Q( 5K80( L$$O(

4=9>613(23A62/7K613'(607(B50;(L$$O(;298K573.(F2343(6446/4(5075;6137(1261(123(Y$U4(8>(QVSU'607(QV

[Q' R3K3(=06>>3;137(J/(123(PK3430;3(8>(Q6:0345=Q(L$$O(4=9>613'(495:219/(50;K36437(50(123(PK3430;3(

8>(5K80(L$$O(4=9>613(23A62/7K613'(607(495:219/(73;K36437(50(123(PK3430;3(8>(;8PP3K(L$$O(4=9>613(607(

B50;( L$$O( ;298K573( L$9ZA<' QG>HO.( F2343( K34=914( 4=::341( 1261( 123( Q3;26054Q( 8>( 6;1580( 8>( 123(

95P8A6B895750803(60698:4(54(Q841(95S39/(081(Q3169(73P307301.?h((

(

$9ZA<'QG>H'Y$U4(Lj:EQ, O(8>(4393;1(?@8A6B8957508034(50(123(PK3430;3(8>([\\(kY (Q3169(L$$O(;615804.(

&BM:BD@C' 4##!_ '
4P`**c'
IDAN9;<'

F=B@'`**c'IDAN9;<'
8<W98JC=9;<'

&D'`**c'
IDAN9;<'

d@'`**c'
E8AB=FC<'

QV[Q' ?( ?( f ( \.a ( \.[a (

QVSU' [ ( [ ( ?( \.a ( \.[a (

3F@<KBAFC' I ( I ( I ( I ( I (
      ~*FUU([`[Ie (     

(

(

_3( R3K3( ;=K58=4( 5>( 123( 25:2( 95P8P2595;51/( 8>( ;8QP8=074(QVSU'607(QV[Q' R64( 03:615<39/(

5QP6;150:(1235K(6015Q5;K8J569(6;15<51/(50(60(/0,1/1(,30<5K80Q301.(&P3;5>5;699/'(5>(8A6B8957508034(R512(

45Q596K(6015Q5;K8J569(6;15<51/(J=1(98R3K(;,8:Gi4(R3K3(=1595B37(64(6015Q5;K8J5694(>8K(/0,1/1(,41=7534'(

R8=97(123/(26<3(:K3613K(P8130;/(7=3(18(9344(8>>@16K:31(3>>3;14€(F8(1254(307'(;8QP8=074(QVSU'(QV

[Q'(QV[H'(QV>H\'(QV>Q](607(QV>Q>(R3K3(134137(50(Y$U(6446/4(6:65041(Y&&*(4=PP93Q30137(R512(

I\x(607(?\x(>3169(J8<503(43K=Q(L]#&O(607(123(K34=914(;8QP6K37(R512(Y$U(6446/(K34=914(R5128=1(

]#&(4=PP93Q30137(50(L$9ZA<'HG>QO.(]3169(J8<503(43K=Q(54(6(R5739/(=437(43K=Q(4=PP93Q301(1261(

;8016504( 28KQ8034'( PK813504( 607( 8123K( 95P8P2595;( 30151534( >8=07( 50( 95<50:( 8K:6054Q4.( $1( 54( 8>130(

67737(18(J5898:5;69(Q3756(18(K39613(/0,1/1(,;807515804(18(60(/0,1/"-(,6446/. ?g((

(

(

(

(

(

(

(

(



! ! !

ha(
!

$9ZA<'QG>Q'Y$U4(Lj:EQ, O(8>(4393;1(?@8A6B8957508034(50(123(PK3430;3(8>(>3169(J8<503(43K=Q.(

&BM:BD@C' E3BP. '
]e ' >]e ' R]e '

5"# ' 5"# ' 5"# '

QVSU' a.[h ( [ ( Ih ( I[f (

QV[Q' ?( ?( Ih ( I[f (
QV[H' ?.fh ( [ ( e[ ( [ah (

QV>Q>' ?.??( ?( e[ ( [ah (

QV>Q]' [.fh ( f ( e[ ( h?(
QV>H\' I.f ( h?( I[f ( I[f (

3F@<KBAFC' \.fa ( I ( I ( ?(

_512(Y&&*([a`[e (

(

*99(8>(123(?@8A6B89575803(60698:4(134137(R3K3(6>>3;137(18(48Q3(3A1301(J/(123(67751580(8>(

]#&(18(123(;=91=K3(Q3756(L$9ZA<'QG>QO.((F23(Y$U4(8>(12343(60698:4(R3K3(50;K36437([@>897(18(Ih@

>897(50(123(PK3430;3(8>(I\x(]#&.(*0698:4( QV>H\' 607(QV>Q]'(R25;2(267(123(98R341(;,8:Gi4'(R3K3(

>8=07(18(3AP3K530;3(036K9/(123(46Q3(>897(50;K3643(50(Y$U(64(60698:4(R512(45:05>5;6019/(25:23K(

;,8:Gi4'(4= ;2(64(QV[Q.($0(6446/4(R512(?\x(]#&'(123(Y$U4(R3K3(50;K36437([@>897(18(h?@>897'(607(

61( 1254( ;80;301K61580( 9503B8957( R64( 6948( 6>>3;137'( R512( 6( ?@>897(50;K3643(50(Y$U.(F2343(K34=914(

4=::341( 1261( P81301569( 95P8P2595;( 5013K6;15804( 8>( ?@8A6B89570803( 60698:4( ;60081( J3( 395Q506137(

45QP9/(J/(=1595B50:(60698:4(R512(98R3K(;,8:Gi4(4=;2(64(QV>H\' 607(QV>Q].($0(67751580'(51(7834(081(

6PP36K(1261(K3P96;50:(25:29/(95P8P2595;( ;8QP8=074(95S3(QVSU'607(QV[Q' R512(Q8K3(P896K(60698:4(

4=;2( 64( QV>H\' 607( QV>Q]' R599( 5QPK8<3( 1235K( 6015Q5;K8J569( 6;15<51/( 50( 60(/0, 1/1(, 30<5K80Q301.(

-0;8=K6:50:9/'( ;8QP8=074( QVSU( 607( QV[Q( 41599( 26<3( Q873K613( 6015Q5;K8J569( 6;15<51/( 50( 123(

PK3430;3(8>(I\x(]#&'(4=::34150:(1261(308=:2(8>(123(60698:4(Q6/(J3(=0J8=07(50(123(PK3430;3(

8>(95P574(607(6J93(18(>=0;1580(64(60(3>>3;15<3(6015Q5;K8J569.((

(

QGQGUG'"FBABPFE9A')L9AD9;FB@'BN'3F:BW9KBAFCF@B@<'!@9ABPIf' !@;FMFE=BZF9A')NNFE9EJ'in  
'''''''''' vivo,

(

_3( 03A1( >8;=437( 8=K( 611301580( 80( 123(/0, 1/1(( 6;15<51/( 8>( 1R8( 8>( 123( Q841( P81301( ?@

8A6B8957508034'(QVSU(607(QV[Q(_3(=1595B37(;#''.-/#,5.''(0.''# '(123(:K3613K(R6A(R8KQ'(64(60(5051569(

/0, 1/1(, 2841.( Y6QQ69560(/0, 1/1(( 41=7534( 50( Q5;3( 8K( 8123K( 8K:6054Q4( 6K3( ;8419/( 607( K3V=5K3(

3A13045<3(1K65050:.(GK395Q506K/(41=7534(50(5043;14(95S3(;2,5.''(0.''# (96K<63(6K3(6PP36950:(J3;6=43(

8>(1235K(503AP3045<3(607(036K9/(95Q519344(4=PP9/q(50(67751580'(1235K(428K1(95>34P60(6998R4(>8K(25:23K(

12K8=:2P=1(41=7534(Q8K3(K6P579/(1260(R512(Q6QQ694.(,5S3(Q6QQ694'(;2,5.''(0.''#, P84434434(6(



! ! !

hh(
!

;8QP93A( 5QQ=03( 4/413Q'( 60698:534( J31R330( 1235K( 75:3415<3( 4/413Q4( 1261( 6998R( >8K( Q316J895;(

45Q596K51534'(607(J645;(;8QP803014(344301569(>8K(41=7/50:(123(J6;13K569(50>3;1580(PK8;344(50;9=750:(

;399(67234580'(K3454160;3(18(6015Q5;K8J569(P3P15734'(1544=3(73:K6761580'(607(676P161580(18(8A57615<3(

41K344.?f (T5418K5;699/'(;2,5.''(0.''# (26<3(J330(=437(18(41=7/(P6128:303454'(<5K=930;3(Q3;26054Q4'(

5QQ=03(K34P8043'(607(>8K(123(3<69=61580(8>(P81301569(6015Q5;K8J569(;8QP8=074(/0,1/1(.(&1=7534(

26<3(428R0(1261(K34=914(8J165037(>K8Q(;2,5.''(0.''#, 50>3;1580(J/(75K3;1(50c3;1580(;8KK39613(R512(

45Q596K(41=7534(50(Q6QQ694.?` ($0(67751580'(123(;2,5.''(0.''#, 50>3;1580(Q8739(264(J330(428R0(18(J3(

PK375;15<3( 8>( 6015Q5;K8J569( 6;15<51/( 50( Q=K503( Q87394.a\ ( ]50699/'(6( K3;301( 41=7/( >8=07( 1261(

123K6P3=15;( 78434( K3;8QQ30737( >8K( 2=Q60( =43( ;60( J3( 1K60496137( 18( 78434(50(;2, 5.''(0.''# '(

4=::34150:( 1261( 5051569( 78450:( 41=7534( 50(;2, 5.''(0.''#, ;8=97( PK8<573( <69=6J93( 50>8KQ61580( >8K(

PK3;9505;69(1K5694(50(Q6QQ694.aI ((

$051569(18A5;51/(41=7534(8>(;8QP8=074(QVSU(607(QV[Q(R3K3(;6KK537(8=1(80(*a?`(;3994(J/(CK.(

Y396053(U=42580i4(96J(LM05<3K451/(8>(U50;500615(U8993:3(8>(Y375;503O(64(P6K1(8>(6(%$*$C(;801K6;1.I? (

F2343( 3AP3K5Q3014( K3<36937( Q597( 18( Q873K613( 18A5;51/( >8K( 123( 1R8( ;8QP8=074( 6>13K( g[( 28=K4(

3AP84=K3(L$9ZA<'QG>RO.((

(

$9ZA<'QG>R(*a?`(P3K;301(K37=;1580(61(<6K58=4(;80;301K615804(8>(QVSU(607(QV[Q(8<3K(g[(28=K4.((

&BM:BD@C' &B@E<@;=9;FB@' $FM<'

[?(28=K4( ?f(28=K4( g[(28=K4(
' ' ' `bPYM3c' e'%<CDE;FB@'

QVSU' I\\ ( I\\ ( I\\ ( I\\ (

( I\ ( II ( eg( e?(

( I ( \ ( \ ( \ (

( \.I ( \ ( \ ( \ (

( *&VS]'g'\G[T' bPYM3'
QV[Q' I\\ ( g?( ff ( `I (

( I\ ( ?( [e ( e\ (

( I ( \ ( \ ( \ (

( \.I ( \ ( \ ( \ (

( *&VS]'g'>R G>\'bPYM3'

!@;FMJEF@'!' ga( [a ( ??( ?h(
(

U8QP8=074(QVSU(607(QV[Q(R3K3(1230(3<69=6137(50(;2,5.''(0.''#,/0,1/1(, 18A5;51/(41=7534(61(

I\'(I\\ '(607(?\\(Q:ES:(L $9ZA<'QG>SO.(,503B8957(R64(=437(64(6(P84515<3(;801K89(61(I\(Q:ES:'(CY&"(

64(6(03:615<3(;801K89'(607(R8KQ4(1261(R3K3(081(1K36137(61(699(R3K3(50;9=737(50(36;2(41=7/.(-6;2(



! ! !

hg(
!

1K569(50;9=737(I\(R8KQ4(P3K(1K569(:K8=P'(607(1K5694(R3K3(K3P36137(12K33(15Q34(>8K(60(6<3K6:3(P3K;301(

4=K<5<69(8<3K(12K33(K3P95;6134.((

(

$9ZA<'QG>S'F8A5;51/(8>(QVSU(607(QV[Q(61(I\' (I\\(607(?\\(Q:ES:(50( ;2,5.''(0.''# .(

(9J '

' ' &BM:BD@C'`MPY^Pc' ' ' ' '

QVSU' QVSU' QVSU' QV[Q' QV[Q' QV[Q' 3F@<K'' (4#+ ' 6@;=<9;<C'

`>]c' `>]]c ' `R]]c ' `>]c' `>]]c ' `R]]c ' `>]c' ' ' ' '

] ' I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ (
>' I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ (

H' I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ (

Q' I\ ( ` ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ (
R' I\ ( ` ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ ( I\ (

S' I\ ( f ( ` ( ` ( ` ( ` ( I\ ( I\ ( I\ (

T' I\ ( f ( f ( ` ( ` ( ` ( I\ ( I\ ( I\ (

e'ID=LFL9A' >]]e ' []e ' []e ' \]e ' \]e ' \]e ' >]]e ' >]]e ' >]]e '

(

U8QP8=07(QVSU(R64(>8=07(18(26<3(Q597(18A5;51/(61(I\'( I\\(607(?\\(Q:ES:(8<3K(h(76/4 (

R512(P3K;301(4=K<5<69(50(;2,5.''(0.''#, J350:(I\\x'(f\x(607(f\x'(K34P3;15<39/.(U8QP8=07( QV[Q(

R64(>8=07(18(26<3(45Q596K(18A5;51/(61(I\'( I\\(607(?\\(Q:ES:(8<3K(h(76/4 (R512(P3K;301(4=K<5<69(50(

;2,5.''(0.''#, J350:(`\x(6;K844(699(12K33(;80;301K615804.(,503B8957(78437(61(I\(Q:ES:(R64(>8=07(

18(K34=91(50( I\\x(4=K<5<69(8<3K(h(76/4'(64(R3K3(CY&"@809/(50c3;15804'(607(=01K36137(R8KQ4.(

F2343(K34=914(P6K6993937(123(K34=914(>8=07(J/(123(U=42580(96J(607(4=::34137(1261(;8QP8=074(QV

SU(607(QV[Q(R3K3(:887(;607576134(>8K(/0,1/1((6015Q5;K8J569(41=7534.((

&=J43V=301(18(1254'(R3(3AP98K37(123(6J5951/(8>(QVSU(18(5025J51(Q5;K8J569(50>3;15804(J/(Y&&*(

/0,1/1(,L$9ZA<'QG>TO.($0(;2,5.''(0.''# '(R8KQ4(R3K3(50>3;137(R512(I\h(U]M(8>(Y&&*(L*FUU([a`[eO(

607(4=J43V=3019/(50c3;137(R512(I\' (I\\(8K(?\\(Q:ES:( 8>(QVSU'(I\(Q:ES:(8>(,503B8957'(8K(CY&"(

809/.( _8KQ4( 1261( R3K3( 081( 1K36137( R512( J6;13K56( 8K( ;8QP8=07( R3K3( 50;9=737( 50( 1254( 41=7/( 64(

;801K894.((

(

(

(

(

(

(

(



! ! !

hf (
!

$9ZA<'QG>T'*015Q5;K8J569(6;15<51/(8>(QVSU(50(60(/0,1/1((Q8739(50(;#''.-/#,5.''(0.''#2 ,

' ' &BM:BD@C'`MPY^Pc' ' ' ' '
(9J ' QVSU' QVSU' QVSU' 3F@<K'' (4#+ ' 6@;=<9;<C'

' ' `>]c' `>]]c ' '`R]]c ' `>]c' ' ' ' '

] ' 10 I\ ( I\ ( I\ ( I\ ( I\ (

>' 10 I\ ( I\ ( I\ ( f ( I\ (
H' 10 f ( ` ( ` ( ?( I\ (

Q' 9 g( f ( g( e( I\ (

R' g( h( g( h( [ ( I\ (
S' h( h( g( a( I ( I\ (

T' ?( a( h( a( \ ( I\ (

e'ID=LFL9A' R]e ' S]e ' T]e ' S]e ' ]e ' >]]e '
(

FK361Q301(8>(50>3;137(R8KQ4(R512(6(450:93(7843(8>(;8QP8=07(QVSU(61(I\'(I\\(8K(?\\(Q:ES:(

R64(>8=07(18(50;K3643(8<3K699(4=K<5<69(>K8Q(\x(8<3K(h(76/4(18(?\x'(a\x(8K(h\x'(K34P3;15<39/(

L$9ZA<'QG>TO.(F2343(K34=914(R3K3(;8QP6K6J93(18(1K361Q301(R512(6(450:93(7843(8>(9503B8957(61(I\(

Q:ES:'(R25;2(K34=9137(50(6(a\x(4=K<5<69(8<3K(h(76/4.(F2343(K34=914(4=::341(1261(R2593(;8QP8=074(

QVSU( 754P96/4( Q873K613( 18A5;51/'( 51( 6948( P84434434( 3>>5;6;58=4( 6015Q5;K8J569( 6;15<51/(/0, 1/1(.(

*775158069(41=7534(R599(0337(18(J3(;807=;137(18(573015>/(123(;6=43(8>(18A5;51/'(607(>=K123K(;8QP8=07(

8P15Q5B61580(P3K>8KQ37(18(73<398P(60698:4(R512(3V=69(6015Q5;K8J569(3>>5;6;/(J=1(98R3K37(18A5;51/.(

U=KK301(3>>8K14(6K3(>8;=437(80(7313KQ5050:(123(6015Q5;K8J569(3>>5;6;/(8>(QV[Q(61(;80;301K615804(8>(

I\'(I\\(607(?\\(Q:ES:(6:65041( !2,#*-.*+, 50(60(/0,1/1(,Q8739.($0(67751580'(41=7534(7313KQ5050:(123(

3>>3;14(8>(Q=915P93(78434(8>(;8QP8=074(QVSU(8K(QV[Q' R599(0337(18(J3(P3K>8KQ37.(

$0(60(3>>8K1(18(>=K123K(V=6015>/(123(6015Q5;K8J569(3>>3;14(8>(60698:4(QVSU'607(QV[Q' 50(123(;2,

5.''(0.''#, Q8739(8>(50>3;1580'(R3(3QP98/37(123(=43(8>(l30[`'(6(:30315;699/@30:5033K37(!2,#*-.*+,

Q=1601(1261(;8016504(6(J589=Q5034;301(8P3K80.a[ ($051569(Y$U(6446/4(R512(QVSU' 607(QV[Q' 6:65041(

l30[`( K 3<36937( P81301( 6015Q5;K8J569( 6;15<51/'( R512( Y$U4( 8>( I( 607( [(j:E Q,'( K34P3;15<39/.(;2,

5.''(0.''#, R3K3(1230(50>3;137(R512(I\h(U]M(8>(l30[`'(607(4=J43V=3019/(1K36137(R512(I\\(Q:ES:(

8>(QVSU'( QV[Q'( I\(Q:ES:(8>( ,503B8957'(8K(CY&".(_8KQ4(1261(R3K3(081(1K36137(R512(J6;13K56(8K(

;8QP8=07( R3K3( 50;9=737( 50( 1254( 41=7/( 64( ;801K894.( F23( R8KQ4( R3K3( 1230( 50;=J6137( 61( K88Q(

13QP3K61=K3(8<3K05:21(607(5Q6:37(80(6(P9613(K3673K(123(03A1(76/(L5FPD=<'QG>RO.((

(



! ! !

h` (
!

(

5FPD=<'QG>R(,=Q5034;30;3(8>(R8KQ4(6>13K([?(28=K4(>8998R50:(50>3;1580(R512(l30[`(607(1K361Q301((

((((((((((((((((((((R512(QVSU'8K(QV[Q.(

,

F23( K34=914( >8K( 1254( 3AP3K5Q301( ;8KK8J8K613( 123( K34=914( 4330( 50( 123( 5051569(/0, 1/1(,

6015Q5;K8J569(41=7534'(R512(;8QP8=074(QVSU'(QV[Q' 607(9503B8957(754P96/50:(P81301(3>>5;6;/(/0,1/1(,

6:65041(!2,#*-.*+ (8<3K(123(>5K41([?(28=K4(L5FPD=<'QG>RO2,*775158069(41=7534(0337(18(J3(;807=;137(

<54=695B3(123(3>>3;14(8>(12343(;8QP8=074(80(l30[`(/0,1/1(,8<3K(123(;8=K43(8>(45A(76/4.(

N5<30(1261(;8QP8=074(QVSU'607(QV[Q' P3K>8KQ37(R399(64(6015Q5;K8J569(;8QP8=074(50(123(

;2, 5.''(0.''#, Q8739( 8>( 50>3;1580( R512( Y&&*'( R3( R3K3( 5013K34137(18( 50<3415:613( 123( 6015J58>59Q(

PK8P3K1534(8>(12343(;8QP8=074(/0,1/1(.(_2593(123K3(54(6(P93128K6(8>(7616(599=41K6150:(123(=43(8>(;2,

5.''(0.''#, 64(60(/0,1/1(,Q8739(18(41=7/(P960S1805;(J6;13K569(PK895>3K61580'(123K3(54(4;6K;3(9513K61=K3(

PK3;37301( >8K( 67Q505413K50:( 8K( 41=7/50:( 123( 3>>3;14( 8>( J58>59Q4( 50(;#''.-/#, 5.''(0.''#2, $0( [\Ia'(

K3436K;23K4( 73Q8041K6137( 1261( 18812JK=42( JK541934( ;89805B37( R512(62, #.-*7/0(+#, 607( P2,

$0.*5(0/#., J58>59Q4(;8=97(J3(5043K137(5018(;2,5.''(0.''#, 18(Q5Q5;(J58>59Q(>8KQ61580(/0,1/1(.ae($0(

608123K(41=7/(61(123(M05<3K451/(8>(,50;890'(4;53015414(:K3R(32,4#*5#00//,, J58>59Q4(80(4=1=K34(607(

4=J43V=3019/(5043K137(50(18(;2,5.''(0.''#, 96K<63.a?(T8R3<3K'(12343(PK818;894(6PP36K(;=QJ3K48Q3'(

607(Q6509/(6PP9/(18(J58>59Q@;89805B37(5QP9601(Q87394.((

F8(;5K;=Q<301(123(;8QP95;615804(R512(5QP960161580(8>(JK541934(8K(4=1=K34(5018(;2,5.''(0.''# '(

607(18(PK8<573(6(Q8739(1261(Q8K3(6;;=K6139/(73P5;14(123(>8KQ61580(8>(J58>59Q4,50(123(J87/'(R3(

PK8P8437(18(75K3;19/(50c3;1(J58>59Q4(:K8R0(50(28K43(43K=Q(5018(;2,5.''(0.''# .(!3436K;23K4(26<3(

PK3<58=49/(73Q8041K6137(1261(!2,#*-.*+, J58>59Q4(;60(J3(:K8R0(50(43K=Q(18(Q5Q5;(J58>59Q(>8KQ61580(

50(60(/0,1/1(,431150:.aa(_3(2/P812345B37(1261(J6;13K569(J58>59Q4(;8=97(J3(;=91=K37(50(28K43(43K=Q(

Inf
ec

t (3
-57

)
Inf

ec
t (3

-83
)

Inf
ec

t (L
ine

z)

Inf
ec

t (D
MSO)

No Inf
ec

t



! ! !

g\ (
!

607( 75K3;19/( 50c3;137( 5018(;2, 5.''(0.''# ( =450:( PK3<58=49/( 3416J954237( Q312874( 8>( Q5;K8J569(

50>3;1580.((

*4( 60( 5051569( PK88>( 8>( ;80;3P1'(;2, 5.''(0.''#, R3K3(50c3;137( R512( I\(=, (8>( 28K43( 43K=Q(

8J165037(>K8Q(28K434(61(123(%U(&1613(M05<3K451/(H313K506K560(&;2889.(_8KQ4(1261(R3K3(50c3;137(

R512(I\(=, (8>(G#&(R3K3(=437(64(6(;801K89'(607(R8KQ4(1261(R3K3(081(1K36137(61(699(R3K3(=437(50(

1254(41=7/(64(6(;801K89(L$9ZA<'QG>UO.((

(

$9ZA<'QG>U(F8A5;51/(8>(I\ (=, (8>(28K43(43K=Q(50(;2,5.''(0.''# .((

(9J ' /B=I<'I<=DM ' ."# ' 6@;=<9;<C'

] '
I\ ( I\ ( I\ (

>' I\ ( I\ ( I\ (

H' I\ ( I\ ( I\ (

Q' I\ ( I\ ( I\ (

R' I\ ( I\ ( I\ (

S' I\ ( I\ ( I\ (

T' I\ ( I\ ( I\ (

e' ID=LFL9A' >]]e ' >]]e ' >]]e '
(

(

$0c3;1580(R512(I\(=, (8>(28K43(43K=Q(K34=9137(50(6(I\\x(4=K<5<69(8>(;2,5.''(0.''#, 96K<63(

8<3K(h(76/4'(4=::34150:(1261(1254(;8=97(>=0;1580(64(60(3>>5;5301(Q375=Q(>8K(123(7395<3K/(8>(!2,#*-.*+,

J58>59Q4(L$9ZA<'QG>UO.(F2343(K34=914(PK8<573(123(PK395Q506K/(7616(033737(18(<6957613(123(6PPK86;2(

8>(50>3;150:(;2,5.''(0.''# (R512(J58>59Q4(J/(75K3;1(50c3;1580.(->>8K14(6K3(;=KK3019/(=073KR6/(18(=1595B3(

1254(6PPK86;2(18(41=7/(J58>59Q(Q87394(8>(50>3;1580(50(;2,5.''(0.''# .(((

(

QGRG'&B@EADIFB@I'9@C'+D;ABB^'

'

F23(95P8A6B8957508034(607(1235K(4/012315;(60698:4(26<3(J330(K3P8K137(23K350(18(>=0;1580(

J812(64(P81301(6015Q5;K8J569(6:3014(607(64(PK8Q5450:(3K675;61580(6:3014(6:65041(Q61=K3(!2,#*-.*+ (

J58>59Q4.(Y3;26054Q(8>(6;1580(41=7534(4=::341(1261(12343(;8QP8=074(Q6/(5025J51(J6;13K569(:K8R12(

J/( 6KK34150:( Q5;K8J569( PK81350( 4/0123454q( 41=7534( 6K3( ;=KK3019/( =073KR6/( 50( ;80c=0;1580( R512(

;8996J8K618K4(18(>=99/(39=;57613(6(Q3;26054Q(8>(6;1580.(*015Q5;K8J569(6446/4,26<3(J330(;807=;137(

=1595B50:(;#''.-/#,5.''(0.''# '(607(12343(41=7534(73Q8041K613(123(3>>5;6;/(8>(9367(?@8A6B895750803(

60698:4(/0,1/1(,6:65041(<6K58=4(!2,#*-.*+, 41K6504.(->>8K14(6K3(;=KK3019/(=073KR6/(18(73Q8041K613(



! ! !

gI (
!

123(3>>5;6;/(8>(12343(;8QP8=074(6:65041(!2,#*-.*+, J58>59Q4(/0,1/1(2,N5<30(123(PK34450:(0337(>8K(

03R( ;964434( 8>( 6015J5815;4( R512(=05V=3( Q3;26054Q4( 8>( 6;1580'( 123( 95P8A6B895750803( 4;6>>897(

PK8<5734(6(PK5<593:37(416K150:(P8501(>8K(123(73<398PQ301(8>(08<39(123K6P3=15;4.(]=K123K(4/012315;(

Q875>5;615804(18(607(41=7534(8>(1254(4;6>>897(18(<6957613(514(3>>5;6;/'( ;/1818A5;51/'(607(5QPK8<37(

P2/45898:5;69(PK8P3K1534(6K3(;=KK3019/(80:850:.((

(

QGSG')W:<=FM<@;9A'

(

-<@<=9A'*@NB=M9;FB@'

'

FT]( 607( 75;298K8Q312603( R3K3( P=K5>537( =450:( 60( 69=Q506( >591K61580( 4/413Q.( &16K150:(

Q613K5694(R3K3(P=K;26437(>K8Q(6(;8QQ3K;569(;23Q5;69(;8QP60/(607(=437(64(K3;35<37.(!36;15804(

R3K3(Q80518K37(J/(F,U(6069/454(LPK3@;86137(4595;6(:39(h\(][a?(P96134'([a\(QQ(96/3K(125;S0344O(

607(<54=695B61580(R64(6;;8QP954237(R512(6([a?(0Q(MH(95:21(607(J/(4165050:(R512(6()Y0" ?(489=1580(

LI.a( :(8>( )Y0" ?'( I\( :(8>( ) [ U" e'(607( I.[a(Q,( 8>(6( I\x(%6"T(489=1580(50( [\\(Q,(8>(R613KO.(

!36;15804( R3K3( 6948( Q80518K37( J/( ,U@Y&( L[.h( QQ( UIf( a\( A( [.I\( QQ ( ;89=Q0O.( ]9642(

;2K8Q618:K6P2/(80(&5"[ (R64(=437(18(P=K5>/(123(;K=73(K36;1580(Q5A1=K34(607(P3K>8KQ37(80(6(>9642(

4/413Q(=1595B50:(PK3@P6;S37(;6K1K57:34(607(95036K(:K6753014.((
I T' (607(Ie U(%Y!(4P3;1K6(R3K3(8J165037(80(6(?\\'(a\\(8K(g\\(YTB(5041K=Q301(50(UCU9e(

=09344(8123KR543(08137.(U23Q5;69(425>14(R3K3(K3P8K137(50(P6K14(P3K(Q599580(R512(123(K3457=69(489<301(

P36S(=437(64(60(5013K069(416076K7(LUCU9e(•(g.[h( PPQ(>8K(I T(607(gg.Ih(PPQ(>8K(Ie UO.(I T(%Y!(

4P3;1K6(R3K3(K=0(61(?\\(YTB(607(6K3(16J=96137(64(>8998R4^(;23Q5;69(425>1'(Q=915P95;51/(L4(•(450:931'(

7(•(78=J931'(1(•(1K5P931'(V(•(V=6K131'(P(•(P30131'(Q(•(Q=915P931'(J4(•(JK867(450:931'(71(•(78=J931(8>(

1K5P931'(11(•(1K5P931(8>(1K5P931O'(0=QJ3K(8>(PK81804'(607(;8=P950:(;8041601L4O.(Ie U(%Y!(4P3;1K6(R3K3(

K=0(61(?\\(YTB'( a\\ (YTB(8K(g\\ (YTB(=450:(6(PK8180@73;8=P937(P=943(43V=30;3(R512(6(7I(8>(I(

43;807( =09344( 8123KR543( 08137'( 607( 6K3( 16J=96137( J/( 8J43K<37( P36S.( T5:2@K3489=1580( Q644(

4P3;1K6(R3K3(8J165037(80(60(580(1K6P(Q644(4P3;1K8Q313K(=450:(236137(393;1K84PK6/(5805B61580(

LT-&$O.(

(

-<@<=9A':=BE<CD=<'NB=';8<':=<:9=9;FB@'BN'+V$"# VhV8JC=BWJ'9MFC<I'N=BM'hV9MF@B'9EFCI?'

(

F23(X@2/7K8A/(6;57(73K5<615<34(R3K3(4/012345B37(>8998R50:(6(S08R0(9513K61=K3(PK8;37=K3.I\ (

$0(JK53>'(123(6Q508(6;57(LI\(QQ89O(R64(754489<37(50(I(Y(T[ &" ?(LI\(QQ89O(607(;88937(18(\(‚U.(

F230([(Y(%6%" [ (L[\(QQ89O(R64(67737(7K8PR543(607(123(K36;1580(R64(6998R37(18(498R9/(R6KQ(18(



! ! !

g[ (
!

K88Q(13QP3K61=K3(607(415KK37(8<3K05:21(>8998R37(J/(67751580(8>(608123K(695V=81(8>([(Y(%6%"[ (LI\(

QQ89O(607(123(K36;1580(R64(415KK37(>8K(6(>=K123K([?(2(61(K88Q(13QP3K61=K3.(F23(K36;1580(Q5A1=K3(

R64(3A1K6;137(R512(-1"*;(Lg(A(I\(Q,O.(F23(;8QJ5037(8K:605;(96/3K4(R3K3(R64237(R512(JK503(LIa(

Q, O'(7K537(LY:&"?O'(>5913K37(607(;80;301K6137.(F23(K34=9150:(;K=73(48957(R64(754489<37(50(CY](

LK34=9150:(50(6([(Y(489=1580O(607(5Q576B893(L?[(QQ89O(607(F#&U9(L[I(QQ89O(R3K3(67737(607(123(

K36;1580(R64(415KK37(>8K([?(2(61(K88Q(13QP3K61=K3.(F23(K36;1580(R64(1230(759=137(R512(-1"*;(607(

R64237(R512(I\x(;51K5;(6;57(LIa(Q,O'(607(JK503(LIa(Q,O.(F23(8K:605;(96/3K(R64(7K537(LY:&"?O'(

>5913K37'(;80;301K6137(607(P=K5>537(J/(>9642(;89=Q0(;2K8Q618:K6P2/(80(&5"[ (L[\x(-1"*;^23AO.(F8 (

123(K34=9150:(F#&(PK813;137(2/7K8A/(6;57(La(QQ89O(50(UT[ U9[ (L\.I(YO(R64(67737(%T?U9(LI.ga(

QQ89O'( >8998R37( J/(I @-12/9@e@Le@C5Q312/96Q508PK8P/9O;6KJ8755Q573! La.[a( QQ89O'(

2/7K8A/J30B81K56B893(La.[a(QQ89O'!607(>50699/(1K5312/96Q503(LIa(QQ89O.((F23(K36;1580(R64(415KK37(

>8K( Ia(Q50=134(61(K88Q(13QP3K61=K3!607(1230(759=137(R512(UT[ U9[ (LIa(Q,O(607(3A1K6;137(R512(

6V=38=4(%T?U9(LIa(Q,O'(R613K(LIa(Q,O'(JK503(LIa(Q,O'(7K537(LY:&"?O(607( ;80;301K6137.(F23(

K3457=3(R64(P=K5>537(J/(>9642(;89=Q0(;2K8Q618:K6P2/(80(&5"[ (L[\x(-1"*;^23AO. ((

(

(

`ScVHV̀`tertV" D;JACFM<;8JAIFAJAcBWJc8<:;9@9MFC<' `QVQTcG( +5397^( e\\( Q:( L?axO( 8>(QVQT( 64( 6(

;898K9344(859(1261(489575>537(=P80(4160750:^(!>(•(\.Ia(L -1"*; ^23A6034'(I ^?Oq(I T( %Y!(La\\(YTB'(

UCU9eOq(ƒ(•(h.ah(LJ4'(I(TO'(h.\`(LJ4'(I(TO'(?.I?(L1'(?,[ (g.a(TB'(I(TO'(I.ha(LQ'([(TO'(I.e\(LQ'( ?(TO'(

I.Ih(LQ'([(TO'(I.I\(LQ'(e(TO'(\.f`(LQ'(I[(TO'(\.\`(L4'(h(TOq (Ie U(%Y!(Lg\\(YTB'(UCU9 eO^(ƒ(•(Igf.e'(

ge.g'( ea.I'( [h.?'( [h.['( [e.I'( [I.g'( If.e'( I?.a'( @?.g'( @a.[ q( ,!Y&( L-&$O( QEB( ;69;=96137( >8K(

UIe Te\ %" [ &5(nYyToy(̂[ h\.a '(>8=07^([h\.? .(

!

'

`#cVHV̀`;<=;V"D;JACFM<;8JAIFAJAcBWJc8<W9@9MFC<' `QVRQc.( +5397^([`\( Q:( L aI xO( 8>(QVRQ( 64( 6(

;898K9344(859(1261(489575>537(=P80(4160750:^(!>(•(\.Ia(L-1"*; ^23A6034'(I ^?Oq(I T(%Y!(L?\\( YTB'(

UCU9eOq(ƒ(•(g.\?(LJ4'(I(TO'(h.?g(LJ4'(I(TO'(?.\a(L1'(?,[ (g.a(TB'(I(TO'(I.hf @I.a`(LQ'([(TO'(I.e[ @I.[e(

LQ'(?(TO'(\.fa@\.f\(LQ'(I[(TO'(\.\[(L4'(h(TOq( Ie U(%Y! (L?\\(YTB'(UCU9 eO^(ƒ(•(Igf.['(ge.h'(ea.I'(

O

NH2
OTBS

3-36

O

NH2
OTBS

3-43



! ! !

ge(
!

[h.h'([h.\'([[.`'(If.e'(I?.e'( @?.h'(@a.\.($!(L>59QO(e?fe'(e[fg'(eI`g'([`a?'([fh\'(Ihff'(I?h`(;Q @Iq(

T!Y&(L-&$O(QEB(;69;=96137(>8K(UI[ T [f %" [ &5(nYyToy(̂[?h.Iff?'(>8=07^([?h.Ifgf. (

(

(

`#cVHV̀`;<=;V"D;JACFM<;8JAIFAJAcBWJcVQVM<;8JAZD;9@9MFC<'Q̀VT[ cG(+5397^([?\(Q:(L?hxO (8>(QVT[ (

64(6(R2513(48957.(!>(•(\.If(L-1"*; ^23A6034'(I ^?Oq(I T(%Y! (L?\\(YTB'(UCU9eO^(ƒ(•(g.Ia(L4'(I(TO'(

h.e\(L4'(I(TO'(e.f?(L7'(?,[ (e.e(TB'(I(TO'([.\e @I.`a(LQ'(I(TO'\.f`(L7'( ?,[ (g.\(TB'(e(TO'(\.fa(L4'(`(TO'(

\.fI(L7'( ?,[ (g.\(TB'(e(TO'(\.\e(L4'(e(TO'(\.\I(L4'(e(TOq(Ie U(%Y!(LI\\(YTB'(UCU9 eO^(ƒ(•(Igg.a'(gg.`'(

e[.g'( [a.`'( I`.?'( If.['( Ih.?'( @?.`'( @a.\q( T!Y&( L-&$O( QEB( ;69;=96137( >8K( UII T [h %" [ &5( nYyToy(̂

[e[.Ig[ge'(>8=07^([e[.Ig[ge. (

'

`ScVHV̀`tertV" D;JACFM<;8JAIFAJAcBWJc:<@;VRVJ@9MFC<'`QV>U]cG(+5397^(h?\ (Q:(LeexO(8>(QV>U](64(6(

R2513(48957.(!>(•(\.?g(L-1"*; ^23A6034'(I ^IOq(I T(%Y!(Lg\\(YTB'(UCU9 eO^(ƒ(•(h.af(LJ4'(I(TO'(a.a?(

LJ4'(I(TO'(?.Ie (LQ'(I(TO'([.g \ (LQ'(I(TO'([.h a(LQ'(I(TO'([.\ e'(L4'(I(TO'(\.`?(LQ'(` (TO'(\.Ie(LQ'(h(TOq(
Ie U(%Y!(Lg\\(YTB'(UCU9eO^(ƒ(•(IgI .I '(g` .g'(g\.g'(h\.?' ([a .h'(If .\ '(I ?.[ '(@?.g'(@a.\q(T!Y&(L-&$O(

QEB(;69;=96137(>8K(UII T [ [ %" [ &5(nYyToy^([[[f.I?I?['( >8=07^([[f.I?IIa. (

(

(

`ScVQV̀>V" <@KJAV>HV>OHOQV;=F9KBAVRVJAcVHV̀`tertVZD;JACFM<;8JAIFAJAcBWJc:=B:9@9MFC<' `QV>U>c.(

If\(Q:(L[gxO(8>( QV>U>(64(6(R2513(48957.( ! >(•( \.ef(L -1"*; ^23A6034'(I ^?Oq(I T(%Y!(Lg\\(YTB'(

UCU9eO^(ƒ(•(f.\f(LQ'(I(TO'(g.ff(LQ'(I(TO'(g.a`(LQ'(I(TO'(g.?f(LQ'(I(TO'(g.?h(LQ'(I(TO'(g.ee(LQ'(I(

TO(h.?I(LJ4'(I(TO'(h.eg(L4'([(TO'(a.?f(L4'(I(TO'(a.?I(LJ4'(I(TO'(e.??(LQ'(I(TO'(e.[I(LQ'(I(TO' (\.fI(LQ'(

`(TO'(\.\I(L4'(h(TOq(Ie U(%Y!(Lg\\(YTB'(UCU9eO^(ƒ(•(Iga.f'(I [`.I'(I[f.e'(I[a.?'(I[\.a'(I\`.a'(

ge.I'( a?.`'( e[.I'( [a.f'( If. I'( @?.`'( @a.\q(T!Y&(L-&$O(QEB( ;69;=96137(>8K(UI f T [ ` %?" [ &5(nYyToy^(

ehI.[\a?e '(>8=07^(ehI.[\a?e .(

O

NH2

OTBS

3-68

O

NH2

OTBS

3-170

O

NH2

OTBS

3-171

N
N

N
Bn



! ! !

g?(
!

(

(

`ScVHV̀`tertV" D;JACFM<;8JAIFAJAcBWJc:<@;VRV<@9MFC<' `#QV>cG(+5397^(eI\(Q:(LegxO(8>(#QV>(64(6(

R2513(48957.(!>(•(\.?\(L-1"*; ^23A6034'(I ^IOq(I T(%Y!(Le\\(YTB'( UCU9eO^(ƒ(•(g.f\(LQ'(I(TO'(g.eI(

LQ'(I(TO'(?.g[(LQ'(I(TO'([.?f(L4'([(TO'([.[e(L4'(I(TO'(I.II(L4'(`(TO'(\. [g(L4'(h(TOqIe U(%Y!(Lg\\(YTB'(

UCU9eO^(ƒ(•(Iga.`'(Ie[.`'(IIf.?'(ge.['(e`.g'([a.g'(If.\'( @?.g'(@a.[q(T!Y&(L-&$O(QEB(;69;=96137(>8K(

UII T [ ?%" [ &5(nYyToy^([e\.Iag\f'( >8=07^([e\.Iahge. (

(

(

`ScVQV̀" <@KJABWJcVHV̀`tertVZD;JACFM<;8JAIFAJAcBWJc:=B:9@9MFC<'`#QVHcG(+5397^(Iff(Q:(L[`xO(8>(

#QVH(64(6(R2513(48957.(!>(•(\.I\(L -1"*; ^23A6034'(I ^?Oq(I T(%Y!(Lg\\(YTB'(UCU9 eO^(ƒ(•(g.ee(LQ'(a(

TO'(h.e[(LJ4'(I(TO'(a.`[(LJ4'(I(TO'(?.he(L4'([(TO'(?.aa(LQ'(I(TO(e.gI(LQ'([(TO'(\. `f (L4'(`(TO'(\.[` (L4'(

h(TOq(Ie U(%Y!(Lg\\(YTB'(UCU9 eO^(ƒ(•(IgI.\'(Ief.I'( I[f.g'(I[f.a'(I[g.f'((g`.\'(ge.h'(ge.\'([a.`'(

If.e'( @?.a'( @a.[q( T!Y&( L-&$O( QEB( ;69;=96137( >8K( UI hT [ f %" e&5( nYyToy^(eI\.Ifee\ '( >8=07^(

eI\.If[ge. (

(

'

`ScVHV̀`tertV" D;JACFM<;8JAIFAJAcBWJcVQVM<;8BWJ:=B:9@9MFC<'`#QVQcG(+5397^(af (Q:(LI `xO(8>(#QV

Q(64(6(R2513(48957.(!>(•(\.[(L -1"*; ^23A6034'(I ^?Oq(I T(%Y!(L g\\(YTB'(UCU9 eO^(ƒ(•(h.ha(LJ4'(I(TO'(

a.??(LJ4'(I(TO'(?.[I (LQ'( I(TO'(e.h\ (LQ'([ (TO'(e.e`(L4'(e(TO'(\.fh (L4'(`(TO'(\.[I (L4'(h(TOq(Ie U(%Y!(

Lg\\(YTB'(UCU9 eO^(ƒ(•(Ig?.?'(ga.[ '(ge.f' (a`.['( [a.f'( If.I'( @?.g'(@a.aq(,!Y&(L-&$O(QEB(;69;=96137(

>8K(UI\ T [? %" e&5(nYyToy^([e?.?'(>8=07^([e?.?.(

(

O

NH2
OTBS

S3-1

BnO

O

NH2
OTBS

S3-2

MeO

O

NH2

OTBS

S3-3



! ! !

ga(
!

(

`ScVQV̀RV̀" <@KJABWJc:8<@JAcVHV̀`tertVZD;JACFM<;8JAIFAJAcBWJc:=B:9@9MFC<' `#QVRcG'+5397^( Iga(

Q:(L[[xO(8>( #QVR'64(6(R2513(48957.(!>(•(\.I\(L -1"*; ^23A6034'(I ^?Oq(I T(%Y! (L?\\(YTB'(UCU9eO^(

ƒ(•(g.?e(LQ' ([ (TO'(g.ef(LQ' ([(TO'(g.eh(LQ'(I(TO'(g.I[(LQ'([(TO'(h.f`(LQ'([(TO'(h.I\(LJ4'(ITO'(h.\g(

LJ4'(I(TO'(a.?`(L4'([(TO'(?.\g(LQ'(ITO'(e.\a(LQ'(I(TO'([.fa(LQ'(I(TO'((I.[g(L4'(`(TO'(\.\g(L4'(h(TOq(
Ie U(%Y!(Lg\\(YTB'( UCU9eO^(ƒ(•(IgI.g'(Iag.f'(Ieg.['(IeI.['(I[`.f'(Ief.g'(Ief.\'(I[g.h'(II?.g'(

ga.\'(g\.I'(?\.`'([a.`'([I.['( @a.[q(T!Y&(L-&$O(QEB(;69;=96137(>8K(U[[ Te[ %" e&5(nYyToy^(efh.[I?h\ '(

>8=07^(efh.[Iegf. (

(

-<@<=9A':=BE<CD=<'NB=';8<':=<:9=9;FB@'BN'+V$"# VhV8JC=BWJ'9MFC<I'N=BM'9AC<8JC<I?'

'

F23(X@2/7K8A/(6;57(73K5<615<34(R3K3(4/012345B37(>8998R50:(6(S08R0(9513K61=K3(PK8;37=K3.I\ (

$0(JK53>'(123(69732/73(LI\(QQ89O(R64(754489<37(50(6;315;(602/7K573(La\(QQ89O'(607(@@6;31/9:9/;503(

LIe(QQ89O(607(4875=Q(6;31613(LIe(QQ89O(R3K3(67737.(F23(K34=9150:(489=1580(R64(236137(18(K3>9=A(

>8K(803(28=K.(*>13K(R25;2(15Q3'(123(K36;1580(Q5A1=K3(R64(;88937(607(V=30;237(R512(5;3(607(R613K(

L[\(Q,O.(F23(K34=9150:(4=4P304580(R64(1230(>5913K37'(607(123(48957(1K604>3KK37(18(6(K8=07(J8118Q(

>964S(>8K(2/7K89/454.(F230'(a\(Q,(8>(h(Q(TU9(R64(67737(607(123(4=4P304580(R64(K3>9=A37(>8K([?(

28=K4.(F23(281(489=1580(R64(1230(67737(18(5;3(607(R613K(L[\(Q,O.(F23(48957(R64(K34=4P30737(50(

UT[ U9[ (607(4805;6137(>8K(Ia(Q50=134'(6>13K(R25;2(15Q3(123(48957(R64(>5913K37'(7K537'(607(=437(50(

123(03A1(413P(R5128=1(>=K123K(P=K5>5;61580.((F23(48957(LI\(QQ89O(R64(754489<37(50(UT[ U9[ (L\.I(YO(

607(;88937(18(\(‚U. (F230'(%@-12/9@%p@Le@75Q312/96Q508PK8P/9O;6KJ8755Q573(L-CU'(I\.I(QQ89O(R64(

67737'( >8998R37( J/( %'%@75Q312/96Q508P/K57503( LCY*G'( e.a( QQ89O'( 607( ['?@

75Q3128A/J30B/96Q503( LI\.[( QQ89O.( F23( K34=9150:( 489=1580( R64( 415KK37( 61( K88Q( 13QP3K61=K3(

8<3K05:21'(6>13K(R25;2(15Q3(123(489=1580(R64(759=137(R512(UT[ U9[ (L[\(Q ,O'(607(R64237(R512(I\x(

;51K5;(6;57(489=1580(L?\(Q,O'(R613K(L?\(Q,O(607(JK503(L?\(Q,O'(7K537(LY:&"?O(607(;80;301K6137.(

F23( K3457=3( R64( P=K5>537( J/( >9642( ;89=Q0( ;2K8Q618:K6P2/( 80( &5"[ ( La\x( -1"*;^23AO. ( F23(

K34=9150:(6Q573(Lh(QQ89O(R64(754489<37(50(FT](L\.e(YO'(607(1K5>9=8K86;315;(6;57(LF]*'(\.Ia(YO(

R64(67737.(F23(489=1580(R64(236137(18(g\(‚U (>8K(803(28=K'(;88937(18(K88Q(13QP3K61=K3'(607(123(

489<301(3<6P8K6137.(F23(K3457=3(R64(P=K5>537(J/(>9642( ;89=Q0( ;2K8Q618:K6P2/(80(&5"[ (La\x(

-1"*;^23AO(18(:5<3(123(6Q573(64(6(R2513(48957.ah(

O

NH2

OTBS

S3-4
BnO



! ! !

gh(
!

C@16K16K5;(6;57(LI[(QQ89O(R64(67737(18(6(415KK37(4=4P304580(8>(%6#T?(LI[(QQ89O(50(7K/(

FT](L\.I(YO(=073K(%[ .(F23(K34=9150:(489=1580(R64(236137(18(K3>9=A(>8K(?(28=K4'(6>13K(R25;2(15Q3(51(

R64(;88937(18(\(‚U'(607(6(489=1580(8>(123(6Q573(Le(QQ89O(50(FT](L\.I(YO(R64(67737(7K8PR543.(

F23(K34=9150:(489=1580(R64(415KK37(61(\(‚U(>8K(Ih(28=K4.(*>13K(R25;2(15Q3'(I(Y(TU9(L[\(Q,O(R64(

67737(18(123(Q5A1=K3'(607(123(K34=9150:(4=4P304580(R64(415KK37(>8K(Ia(Q50=134.(F23(8K:605;(96/3K(

R64(3A1K6;137(R512(312/9(6;31613(Le(A([\(Q,O'(607(123(;8QJ5037(8K:605;(96/3K4(R3K3(R64237(R512(

%6TU" e(Le\(Q,O'(607(JK503(L?\(Q,O'(7K537(LY:&"?O(607( ;80;301K6137(18( :5<3(123(7345K37(X@

2/7K8A/(6Q573.ag(

F23(X@2/7K8A/(6Q573(Le\(QQ89O(R64(754489<37(50(6;318051K593(L\.I(YO(607(F#&U9(Le\(QQ89O(

R64(67737'(>8998R37(J/(5Q576B893(Leh(QQ89O(607(%'%@75Q312/96Q508P/K57503(LCY*G'(e(QQ89O.(

F23(K34=9150:(489=1580(R64(415KK37(=073K(503K1(61Q84P23K3(>8K(e(28=K4.(F23(K36;1580(Q5A1=K3(R64(

1230(759=137(R512(-1"*;(L[\(Q,O'(607(R64237(R512(I\x(;51K5;(6;57(L[\(Q,O'(R613K(L[\(Q,O'(607(

JK503(L[\(Q,O'(7K537(LY:&"?O(607(;80;301K6137(18(/5397(123(PK87=;1(64(6(48957.(((

(

'

`ScVHV̀`tertV" D;JACFM<;8JAIFAJAcBWJcVQV:8<@JA:=B:9@9MFC<' `#QVScG'+5397^(?\\ (Q:(LI gx (8<3K(h(

413P4O( 8>(#QVS( 64( 6( R2513(48957.( !>( •( \.[\( L -1"*; ^23A6034'( I ^IOq( nXoC( •(@e[‚( L;( •( a.I'(

75;298K8Q312603Oq(IT(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•(g.e\@g.Ih(LQ'(a(TO'(h.ha(LJ4'(I(TO'(h.?a(LJ4'(I(

TO'(?.[a(L77'(?,[ (g.g'([.h(TB'(I(TO'(e.I\(L77'( ?,[ (Ie.h'([.`(TB'(I(TO'([.f?(L77'( ?,[ (Ie.h'(f.I(TB'(I(

TO'(\.`\(L4'(`(TO'(@\.\f(L4'(e(TO'( @\.[f(L4'(e(TOq(IeU(%Y!(L g\\(YTB'(UCU9 eO^(ƒ(•(Igg.['(Ieg.a'(

Ie\.e 'I[f.?'( I[h.`' (ga.\'(?[.\'( [h.\'( If.['( @a.e'( @a.?q($!(L>59QO(e?f\'(e[fe'(e[hI'( [`?['( [ff`'(

Ihf['( IIh[( ;Q @Iq(T!Y&( L-&$O( QEB( ;69;=96137( >8K( UIaT[h%"[&5( nYyToy^( [f\.Ig[gf'( >8=07^(

[f\.Ig[gf. (

(

(

`ScVHV̀`tertV" D;JACFM<;8JAIFAJAcBWJcVQV̀RV̀;=FNADB=BM<;8JAc:8<@JAc:=B:9@9MFC<' `#QVTcG'+5397^(

aI[(Q:(LIex (8<3K(h(413P4O(8>(#QVT(64(6(R2513(48957.(! >(•(\.[\(L -1"*; ^23A6034'(I ^IOq(I T(%Y!(

Lg\\(YTB'(UCU9eO^(ƒ(•(g.a?(L7'(?,[ (g.\(TB'([(TO'(g.ee(L7'(?,[ (g.\(TB'([(TO'(h.e?(LJ4'(I(TO'(a.e?(LJ4'(

O

NH2

OTBS

S3-5

O

NH2

OTBS

S3-6
F3C



! ! !

gg(
!

I(TO'(?.e[(LQ'(I(TO'(e.I?(LQ'(I(TO'(e.\[(LQ'(I(TO'\.f`(L4'(`(TO'(\.\I( L4'(h(TOq(Ie U(%Y!(Lg\\(YTB'(

UCU9eO^(ƒ(•(Iga.f'(I?I.a'(Ie\.f'(I[a.e'(IIa.I'(ga.h'(?I.h'([a.`'(If.e'( @e.['( @a.[q(T!Y&(L-&$O(QEB(

;69;=96137(>8K(UI hT [ a] e%" [ &5(nYyToy^(e?f.Ih\I[ '(>8=07^(e?f.Ia`ge. (

(

(

`ScVQV̀RV" =BMB:8<@JAcVHV̀`tertVZD;JACFM<;8JAIFAJAcBWJc:=B:9@9MFC<' `#QVUcG'+5397^( ?\e( Q:(

LI[xO(8>(#QVU'64(6(R2513(48957.(!>(•(\.If(L -1"*; ^23A6034'(I ^IOq(I T(%Y!(Lg\\(YTB'(UCU9 eO^(ƒ(•(

g.?\(L7'(?,[ (g.\'([(TO'(g.I\(L7'( ?,[ (g.\'([(TO'(h.ee(LJ4'(I(TO'(a.e\(LJ4'(I(TO'(?.[f(LQ'(I(TO'(e.\[(LQ'(

I( TO'([.`\(LQ'(I(TO'\.fg(L4'(`(TO'(\.\e(L4'(h(TOq(Ie U(%Y!(LI\\(YTB'(UCU9 eO^(ƒ(•(Iga.`'(Ieh.e'(

Ie[.['( IeI.a'(g?.h'(?I.['( [h.I'( If.e'( @e.['( @a.[q(T!Y&(L-&$O(QEB(;69;=96137(>8K(UaI T [ a#K%" [ &5(

nYyToy^(eaf.\fe[? '(>8=07^(eaf.\f[g?. (

(

(

`)c VQV4<;8JAC<EVHV<@BFE' 9EFC' `QV>ScGaf'a` ' I @587823P1603( L[ .g(Q,'( Ih (QQ89O( R64( 754489<37( 50(

23A603(Lhe(Q,O(607(75312/9(3123K(L[? (Q,O(607(;88937(18(@gf(‚U(>8998R37(J/(67751580(8>("#=,5(LI.g(

Y(489=1580(50(P301603'([\ (Q,'( e?(QQ89O(607(123(K36;1580(R64(6998R37(18(415K(61(@gf( ‚U(>8K(a(

Q50=134'( 123( 7K/( 5;3E6;31803( J612( R64( K3Q8<37( 607( 123( K36;1580( R64( R6KQ37( 18( K88Q(

13QP3K61=K3(607(415KK37(>8K(I.a(2.(F23(K34=9150:(23P1/9(,5(489=1580(R64(;88937(18(\( ‚U(607(R64(

67737(18(6(489=1580(8>(U=$(LI .ae(:'( f.I (QQ89O(50(FT](Lh.` (Q,O(61(\(‚U.(F23(K36;1580(R64(415KK37(

>8K(I\(Q50=134(607(1230(;88937(18(@gf(‚U(61(R25;2(P8501(6(489=1580(8>([@J=1/085;(6;57(L\.e\(:'( e.a(

QQ89O(50(FT](Lf.I (Q,O(R64(67737(607(123(K36;1580(R64(415KK37(61(@gf(‚U(>8K(I\ (Q50=134(607(1230(

R6KQ37(18(@a(‚U(607(415KK37(>8K(?a(Q50=134.(F23(K36;1580(R64(P8=K37(5018(;88937(L\(‚UO(I(Y(TU9(

LI\\(Q,O(607(3A1K6;137(R512(-1"*;(Le(A(e\(Q,O'(123(;8QJ5037(8K:605;(96/3K4(R3K3(R64237(R512(

JK503(L[\(Q,O'(7K537(LY:&"?O'(>5913K37'(;80;301K6137(607(P=K5>537(J/(;2K8Q618:K6P2/(80(&5"[ (LI\x(

-1"*;^23A6034O(18(/5397(h?I (Q:(L``xO (8>(QV>S(64(6(;898K9344(859^(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(

II.?`(LJ4'(I(TO'(a.hf(L4'( I(TO'([.Ig @[.Ie(LQ'(a(TO'(I.aI @I.[g(LQ '(I\(TO'(\.ff(L1'( ?,[ (h.g(TB'(e(TOq(
Ie U(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(Ig[.`'(Ihe.f'(IIa.e'(?I.a' (e[.\'([`.?'([`.e'([g.h'([[.`'(I`.e'(I?.e. ((

O

NH2
OTBS

S3-7
Br

OH

O

3-15



! ! !

gf (
!

(

`EcVQV4 <;8JA@B@VHV<@BFE'9EFC' `QVQ[cGaf'a` (I @587823A603(L[.?(Q,'( Ih.I(QQ89O(R64(754489<37(50(

23A603(Lhe(Q,O(607(75312/9(3123K(L?[(Q,O(607(;88937(18(@gf(‚U(>8998R37(J/(67751580(8>("#=,5(LI.g(

Y(489=1580(50(P301603'( [\(Q,'( e?(QQ89O(607(123(K36;1580(R64(6998R37(18(415K(61(@gf( ‚U(>8K(a(

Q50=134'( 123( 7K/(5;3E6;31803( J612( R64( K3Q8<37( 607( 123( K36;1580( R64( R6KQ37( 18( K88Q(

13QP3K61=K3(607(415KK37(>8K(I.a(2.(F23(K34=9150:(23P1/9(,5(489=1580(R64(;88937(18(\( ‚U(607(R64(

67737(18(6(489=1580(8>(U=$(LI.ae(:'(f.I(QQ89O(50(FT](Lh.`(Q,O(61(\(‚U.(F23(K36;1580(R64(415KK37(

>8K(I\(Q50=134(607(1230(;88937(18(@gf(‚U(61(R25;2(P8501(6(489=1580(8>([@J=1/085;(6;57(L\.e(:'(e.a(

QQ89O(50(FT](Lf.I(Q,O(R64(67737(607(123(K36;1580(R64(415KK37(61(@gf(‚U(>8K(I\(Q50=134(607(1230(

R6KQ37(18(@a(‚U(607(415KK37(>8K(?a(Q50=134.(F23(K36;1580(R64(P8=K37(5018(;88937(L\(‚UO(I(Y(TU9(

LI\\(Q,O(607(3A1K6;137(R512(-1"*;(Le(A(e\(Q,O'(123(;8QJ5037(8K:605;(96/3K4(R3K3(R64237(R512(

JK503(L[\(Q,O'(7K537(LY:&"?O'(>5913K37'(;80;301K6137(607(P=K5>537(J/(;2K8Q618:K6P2/(80(&5"[ (LI\x(

-1"*;^23A6034O(18(/5397(af\(Q:(L`fx O(8>(QVQ['64(6(;898K9344(859^(I T(%Y!(La\\(YTB'(UCU9 eOq(ƒ(•(

II.?`(LJ4'(I(TO'(a.h`(L4'(I(TO'([.Ih(LQ'(a(TO'(I.af(LQ'([(TO'(I.[h(LQ'( h(TO'(\.ff(L1'(?,[ (h.g(TB'(e(TO.(

(

(

`)c V, V4<;8BWJVN,QVCFM<;8JAC<EVHV<@9MFC<'#̀QV[ cG'F23( ;6KJ8A/95;( 6;57(LQV>SO'I[\( Q:'( \.hh(

QQ89O(R64(754489<37(50(FT](L[.I(Q,O(607([@;298K8@?'h@75Q3128A/@I'e'a @1K56B503(LI?\(Q:'(\.g`(

QQ89O( R64( 67737( >8998R37( J/( 123( 67751580( 8>( %@Q312/9Q8KP289503( L\.[[( Q,'( [.\( QQ89O.( F23(

K36;1580(R64(415KK37(61(K88Q(13QP3K61=K3(>8K(I(2(607(%'"@75Q312/92/7K8A/96Q503(2/7K8;298K573(

Lhh(Q:'(\.hh(QQ89O(R64(67737(607(123(K36;1580(R64(415KK37(61(K88Q(13QP3K61=K3(8<3K05:21.(_613K(

LI\(Q,O(R64(67737(607(123(K36;1580(R64(3A1K6;137(R512(-1[ "(L[(A(I\(Q,O.(F23(;8QJ5037(8K:605;(

96/3K4(R3K3(R64237(R512(461.(6V.(%6TU"e(La(Q,O'(I(Y(TU9(La(Q,O'(JK503(La(Q,O'(7K537(LY:&"?O'(

>5913K37( 607( ;80;301K6137( 18( /5397( Ia\( Q:( L``xO( 8>(#QV[ ( 64( 60( 859( L`\x( P=K51/O^( ! >( •( \.ee(

L-1"*; ^23A6034'(I ?̂Oq(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(a.``(L4'(I(TO'(e.aa(L4'(e(TO'(e.\g(L4'(e(TO'(

[.\? @I.``(LQ'(a(TO'(I.ef @I.e?(LQ'([(TO'(I.[[ @I.II(LQ'(f(TO'(\.gh(L1'( ?,[ (g.I (TB'(e(TOq(Ie U(%Y!(LI\\(

YTB'(UCU9eOq(ƒ(•(Ige.`'(Iah.g'(IIe.h'(hI.['(aa.g'(?\.I'(eI.g'([`.\' ([f.`'([g.?'([[.a'(If.?'(Ie.`q(

$!( L>59QO( [`aa'( [`eI'( [fah'( Ihag'( Ihe f( I?hI'( Iehh( ;Q @Iq( T!Y& ( L-&$O( QEB( ;69;=96137( >8K(

UIe T [h %" [ (nYyToy^([[f.I`afI'(>8=07^([[f.I`ag`. (

OH

O

3-38

N

O

S3-8

OMe



! ! !

g` (
!

(

`EcVNV4 <;8BWJVNOQVCFM<;8JA@B@VHV<@9MFC<' `#QV\ cG'F23( ;6KJ8A/95;( 6;57( LQVQ[O'I[\( Q:'( \.hh(

QQ89O(R64(754489<37(50(FT](L[.I(Q,O(607([ @;298K8@?'h@75Q3128A/@I'e'a @1K56B503(LI?\(Q:'(\.g`(

QQ89O( R64( 67737( >8998R37( J/( 123( 67751580( 8>( %@Q312/9Q8KP289503( L\.[[( Q,'( [.\( QQ89O.( F23(

K36;1580(R64(415KK37(61(K88Q(13QP3K61=K3(>8K(I(2(607(%'"@75Q312/92/7K8A/96Q503(2/7K8;298K573(

Lhh(Q:'(\.hh(QQ89O(R64(67737(607(123(K36;1580(R64(415KK37(61(K88Q(13QP3K61=K3(8<3K05:21.(_613K(

LI\(Q,O(R64(67737(607(123(K36;1580(R64(3A1K6;137(R512(-1[ "(L[(A(I\(Q,O.(F23(;8QJ5037(8K:605;(

96/3K4(R3K3(R64237(R512(461.(6V.(%6TU"e(La(Q,O'(I(Y(TU9(La(Q,O'(JK503(La(Q,O'(7K537(LY:&"?O'(

>5913K37( 607( ;80;301K6137( 18( /5397( I?e( Q:( L`axO( 8>(#QV\ ( 64( 60( 859( L`\x( P=K51/O^( !>( •( \.ee(

L-1"*; ^23A6034'(I ?Oq(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(a.f̀ (L4'(I(TO'(e.ag(L4'(e(TO'(e.\̀ (L4'(e(TO'(

[.\ h@[.\I (LQ'(a(TO'(I.?\ @I.e a(LQ'([(TO'(I.[ \ @I.I \ (LQ'(h(TO'(\.gf (L1'(?,[ (g.I (TB'(e(TOq(, !Y&(L-&$O(

QEB(;69;=96137(>8K(UI[ T [? %" [ (nYyToy (̂[I?.e '(>8=07^([I?.I. (

(

(

;<=;V"D;JA' `)c VSVM<;8JAVQVBWBCBC<EVRV<@B9;<'Q̀V>TcG(F3K1@J=1/9( 6;31613( L\.[e( Q,'( I.g( QQ89O(

R64(67737(18(6(489=1580(8>(,C*(L[(QQ89'([.\(Y(50( FT]O(61(@gf(‚U(607(415KK37(>8K(Ia(Q50=134.(F230(

L-O@%@Q3128A/@%'e@75Q312/973;@[ @306Q573(L#QV[ O(LIe\(Q:'(\.ag(QQ89O(R64(67737(64(6(489=1580(

50(FT](L\.h(Q,O.(F23(K36;1580(R64(415KK37(61(@gf(‚U(>8K([(2.($1(R64(1230(K3Q8<37(>K8Q(123(7K/(

5;3E6;31803(J612(607(6>13K(a(Q50=134(61(K88Q(13QP3K61=K3(461.(6V.(%6TU"e(La(Q,O(R64(67737.(

F230(123(K36;1580(R64(3A1K6;137(R512(-1"*;(L[(A(I\(Q,O(607(123(;8QJ5037(8K:605;(96/3K4(R3K3(

R64237(R512(461=K6137(%T?U9(LI\(Q,O'(7K537(LY:&"?O'(>5913K37'(;80;301K6137(50(<6;=8(607(P=K5>537(

J/(;2K8Q618:K6P2/(80(&5"[ (LI\x(-1"*;^23A6034O(18(/5397(f`(Q:(LaaxO(8>(QV>T(64(60(859^(!] (•(

\.Ia(L-1"*; ^23A6034'(I ^`Oq(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(h.\f(L4'(I(TO'(e.e?(L4'([(TO'([.Ie(LQ'(

a(TO'(I.?a(L4'(`(TO'(I.[h(LQ'(I\(TO'(\.fg(L1'( ?,[ (g.I(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•(

I`[.g'(Ihg.['(IhI.`' (I[[.I'(fI.h'(a[.e'(?I.a'(eI.`'([`.e'([`.['([f.I'([g.h'([[.f'(I`.f'(I?.[ q(T!Y&(

L-&$O(QEB(;69;=96137(>8K(UIg Te\ " e%6(nYy%6oy^(e\a.[\fg['(>8=07^(e\a.[\f[g. (

(

N

O

S3-9

OMe

O

3-16

O

O



! ! !

f\ (
!

(
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I[[.`'( II\.I'( I\f.f'( I\I.e'( fe.I'( fI.I'(?`.g'( e\.`'( If.e'( Ia.`q(T!Y&(L-&$O( 5\] (;69;=96137(>8K(

UIe T If %" a(nYyToy^(e\?.IIg`a'(>8=07^(e\?.IIg`I. (

(

(

`SOEcVSV*IB:=B:JA VHV̀QV̀UVM<;8JAVHVBWBVHHVE8=BM<@VRVJAcVHVBWB:=B:JAFC<@<c' BW9KBAFCF@VRV

B@<'Q̀V\S cG'+5397^([I.f(Q:(L?`xO(8>(QV\S '64(6(R2513(48957.(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.?a(

L7'(?(•(f'(I(TO'(g.\f(LQ'([(TO'(a.[`(L4'(I(TO'(?.?f(L7'( ?,•(e.`(TB'(I(TO'(e.g`(L4'([(TO'([.[f(LQ'(I(TO'(

I.I\(L7'( ?,•(g.\(TB'(e(TO'(\.`a(L7'( ?,•(h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•(I`e.I'(IgI.I'(

Ihh.I'(Ih\.e'(Iae.e'(I?`.e'(I?[.f'(I[a.I'(I[?.['(IIh.`'(IIh.['(IIa.e'(f[.a'(g`.`'(?a.g'(e\.\'([I.I'(

Ig.e'(Ia.[q( T!Y&(L-&$O(5\] (;69;=96137(>8K(UI ` T If %" a(nY@To@^(e?[.Ieeh\ '(>8=07^(e?[ .Ieeag .(

(

(

`#O)cVSV*IB:=B:JA VHV̀HVBWBVRV:8<@JAZD;JAFC<@<cBW9KBAFCF@VRVB@<'Q̀V\T cG'+5397^(e\\(Q:(LahxO(

8>(QV\T (64(6(R2513(48957^(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.eI(LQ'([(TO'(g.[[(LQ'(e(TO.(a.eh(L4'(I(

TO'(?.ag(L7'(?(•(e.f(TB'(I(TO'([.`f(LQ'([TO'([.fI(LQ'([(TO'([.e?(L4'(e(TO'([.[ g(LQ'(I(TO'(I.e\(L7'(?(•(
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h.`(TB'(e(TO'(\.``(L7'( ?,[ (h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•(I``.g'(Igg.`'(Iha.`'(I?I.?'(

I[f.h'(I[h.?'(fe.I'(fI.f'(??.h'(eh.\'(eI.?'(If.e'(Ih.\q (T!Y&(L-&$O(5\] (;69;=96137(>8K(UIh T [\ %" e(

nYyToy^([g?.I?egg'(>8=07^([g?.I?eaf. (

'

(

`#O)cVSV*IB:=B:JA VHV̀HVBWBVUV:8<@JA8<:;JAFC<@<cBW9KBAFCF@VRVB@<' Q̀V\UcG'+5397^( [[h( Q:(

L?[xO(8>(QV\U(64(60(859^(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.\`(LQ'(?(TO'(a.[a(L4'(I(TO'(?.?g(L7'(?(•(

e.f(TB'(I(TO'([.`e(LQ'([(TO'([.g\(LQ'([(TO'([.eI(L4'(e(TO'([.[g(LQ'(I(TO'(I.II(L7'( ?(•(h.`(TB'(e(TO'(

\.`g(L7'( ?(•(h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•( I``.g'( Ig[.h'( Iha.`'( Ief.?'( I[`.h'(

I[f.h'(fe.I'(fI.g'(??.`'(ea.`'(e\.g'([I.?'(If.?'(Ih.\q (T!Y&(L-&$O(5\] (;69;=96137(>8K(UIg T [[ %" e(

nYyToy^([ff.Ia`?['(>8=07^([ff.Ia`?I. (

(

(

`#O)cVHV̀RV̀RV̀;<=;V" D;JAc:8<@JAcVHVBWBZD;JAFC<@<cVSVFIB:=B:JABW9KBAFCF@VRVB@<B@<' Q̀V\[ cG'

+5397^(I[a(Q:(L?hxO(8>(QV\[ (64(6(R2513(48957^(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.eI(LQ'([(TO'(g.I?(

LQ'([(TO'(a.[g(L4'(I(TO'(?.?f(L7'(?(•(e.?(TB'(I(TO'([.`I(LQ'([(TO'([.g[(LQ'([(TO'([.[f(L4'(I(TO'(I.eI(

L4'(`(TO'(I.II(L7'( ?(•(h.`(TB'(e(TO'(\.`f(L7'( ?(•(h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•(I``.f'(

Ig[.g'(Iha.`'(I?`.?'(Ief.a'(I[f .?'(I[a.`'( fe.['( fI.g'(??.`'(e?.`'(eI.`'(e\.`'( If.a'(Ih.Iq (T!Y&(

L-&$O(5\] (;69;=96137(>8K(U[\ T [f %" e(nYyToy^(ee\.[\heg'(>8=07^(ee\.[\hg`. (

(

'

`SOEcVSV*IB:=B:JA VHV̀HVBWBVRV̀RV̀;=FNADB=BM<;8JAc:8<@JAcZD;JAFC<@<cBW9KBAFCF@VRVB@<'Q̀V\\ cG'

+5397^(`I(Q:(LI`xO(8>(QV\\ (64(6(R2513(48957^(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.ae(L7'(?,[ (f.?(TB'(

[(TO'(g.eI(L7'(?,[ (f.?'([(TO'(a.[h(L4'(I(TO'(?.aI(L7'( ?(•(e.f(TB'(I(TO'([.``(LQ'([TO'([.ga(LQ'([(TO'(
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[.[`(LQ'(I(TO'(I.II(L7'( ?(•(h.`(TB'(e(TO'(\.`g(L7'( ?,[ (h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(

•(I`f.`'(Ig[.h'(Ihh.\'(I?a.f'(I[`.['(I[a.`'(fe.e'(fI.g'(??.['(eI.I'(If.a'(Ih .Iq(T!Y&(L-&$O(5\] (

;69;=96137(>8K(UIg T I` ] e%" e(nYyToy^(e?[.IeIIa'(>8=07^(e?[.Ie\hf. (

(

(

`#O)cVHV̀RV̀RV" =BMB:8<@JAcVHVBWBZD;JAFC<@<cVSVFIB:=B:JABW9KBAFCF@VRVB@<'`QV>]] cG'+5397^(hf(

Q:(L[?xO(8>'QV>]] (64(6(R2513(48957^(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.eI(L7'( ?,[ (f.a(TB'([(TO'(g.[[(

L7'(?,[ (f.a(TB'([(TO'(a.eh(L4'(I(TO'(?.af(L7'(?(•(e.`(TB'(I(TO'([.`f(LQ'([(TO'([.gf(LQ'([(TO'([.ee(LQ'(

I(TO'(I.I?(L7'( ?(•(h.`(TB'(e(TO'(I.\\(L7'( ?(•(h.`(TB'(e(TOq(Ie U(%Y!(Le\\(YTB'(UCU9 eO^(ƒ(•(I``.`'(

Igg.`'( Iha.`'( I?I.?'( I [f.g'( I[h.a'( fe.I'( fI.f'( ??.h'( eh.\'( eI.?'( If.e'( Ia.`q (T!Y&( L-&$O( 5\] (

;69;=96137(>8K(UIh T I` #K%"e(nYyToy^(ea[.\a?[f'(>8=07^(ea[.\a?I\. (

(

(

`#O)cVHV̀RV̀RV&8AB=B:8<@JAcVHVBWBZD;JAFC<@<cVSVFIB:=B:JABW9KBAFCF@VRVB@<' Q̀V>]> cG'+5397^(

IIe(Q:(Le?xO(8>(QV>]> (64(6(R2513(48957(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.[[(LQ'([(TO'(g.I[(LQ'([(

TO'(a.[e(L4'(I(TO'(?.?f(L7'(?,[ (e.a(TB'(I(TO'([.`I(LQ'([(TO'([.ha(LQ'([TO'([.[f(L4'(I(TO'(I.\`(L7'( ?(•(

h.`(TB'(e(TO'(\.`g(L7'(?(•(h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•(I``.?'(Ig[.`'(Ihh.\'(Ie`.`'(

Ie\.I'(I[f.`'(fe.['(fI.f'(??.?'(ea.f'(e\.?'(If.a'(Ih.\q (T!Y&(L-&$O(5\] (;69;=96137(>8K(UIh T I` U9%"e(

nYyToy^(e\f.I\?f\'(>8=07^(e\f.I\a\e. (

(

(

`#O)cVHV̀RV̀RV5ADB=B:8<@JAcVHVBWBZD;JAFC<@<cVSVFIB:=B:JABW9KBAFCF@VRVB@<' Q̀V>]HcG'+5397^(

I`g(Q:(LegxO(8>(QV>]H(64(6(R2513(48957^(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.I?(LQ'([(TO'(h.`g(LQ'(

[TO'(a.[e(L4'(I(TO'(?.?f(L7'(?(•(e.f(TB'(I(TO'([.`?(LQ'([(TO'([.hg(LQ'([TO'([.[`(L4'(I(TO'(I.II(L7'( ?(
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•(h.`(TB'(e(TO'(\.`g(L7'( ?,[ (h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•(I``.e'(Ig[.g'(Iha.`'(

Ieg.['(Ie\.['(IIa.h'(fe.['( fI.g'(??.f'(e\.h'(If.a'(Ih.Iq (T!Y&(L-&$O(5\] (;69;=96137(>8K(UIh T I` ]%" e(

nYyToy^([`[.Ia`?['(>8=07^([`[.Ie?I?. (

(

(

`SOEcVHV̀RV̀HOSV( FM<;8BWJ:8<@JAcVHVBWBZD;JAFC<@<cVSVFIB:=B:JABW9KBAFCF@VRVB@<' Q̀V>]QcG'

+5397^(a?(Q:(LIhxO(8>(QV>]Q(64(60(859^(I T(%Y!(L?\\( YTB'(UCU9eOq(ƒ(•(h.g[(LQ'(eTO'(a.[h(L4'(I(TO'(

?.?h(L7'(?,[ (e.f(TB'(I(TO'(e.gg(L4'(h(TO'([.ff(LQ'([(TO'([.h`(LQ'([TO'([.[g(LQ'(I(TO'(I.\`(L7'( ?(•(h.`(

TB'(e(TO'(\.`a(L7'(?(•(h.`(TB'(e(TOq(Ie U(%Y!(Le\\(YTB'(UCU9 eO^(ƒ(•(I``.a'(Ig[.I'(Iha.I'(Iae.['(

IaI.a'( Ie\.?'( IIh.I'( II\.`'( f[.a'( fI.\'( aa.a'( ?[.h'( e\.?'( [h.\'( Ig.f'( Ia.?q ( T!Y&( L-&$O( 5\] (

;69;=96137(>8K(UIf T [? %" a(nYyToy^(ee?.Ih?`\'(>8=07^(ee?.Ih?hh. (

(

(

`#O)cVSV*IB:=B:JA VHV̀HVBWBVUV:8<@JA8<:;JAFC<@<cBW9KBAFCF@VRVB@<' Q̀V>]RcG'+5397^( IIg( Q:(

L?`xO(8>(QV>]R(64(60(859^(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.[f(LQ'([(TO'(g.Ig(LQ'(e(TO'(a.ea(L4'(I(

TO'(?.af(L7'(?(•(e.`(TB'(I(TO'([.h\(LQ'([(TO'([.?e(LQ'([(TO'([.eI(LQ'(I(TO'(I.ha(L Q'(?(TO'(I.?\(LQ'(

[(TO'(I.I?(L7'( ?(•(h.`(TB'(e(TO'(I.\\(L7'( ?(•(h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•([\\.`'(

Ig[.f'(Iha.`'(I?e.\'(I[f.f'(I[h.I'(fe.I'(fI.h'(?e.e'(eh.['(eI.g'(eI.\'([`.?'([a.h'(If.?'(Ih.Iq (T!Y&(

L-&$O(5\] (;69;=96137(>8K(UI` T [h %" e(nYyToy^(eIh.I`\g['(>8=07^(eIh.I`\fI. (

(

(

`#O)cVSV*IB:=B:JA VHV̀HVBWBVSV:8<@JA:<@;JAFC<@<cBW9KBAFCF@VRVB@<' `QV>]ScG( +5397^( [a.f( Q:(

La?xO(8>(QV>]S '64(6(R2513(48957^(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(g.[[(LQ'(a(TO'(a.eh(L4'(I(TO'(?.?g(
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L7'(?,[ (e.`(TB'(I(TO'([.hh(L1'(?,[ (g.[(TO'([.e`(LQ'(ITO'(I.`?(L1'( ?,[ (g.\(TB'(e(TO'(I.II(L1'( ?,[ (g.\(TB'(

e(TO'(\.`g(L7'(?,[ (h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO(̂ƒ(•([\\.e'(Ig[.g'(Iha.`'(I?[.I'(I[f.`'(

I[h.?'(fe.I'(fI.h' (?[.h'(ea.f'(eI.\'([g.['(If.?'(Ih.Iq(T!Y& (L-&$O(QEB(;69;=96137(>8K(UIg T [[ %" e(

nYyToy^([ff.Ia`?['(>8=07^([ff.Ia`eg. (

(

(

`SOEcVHV̀RV̀SV*IB:=B:JA VRVBWBBW9KBAFCF@VHVJAFC<@<cVQVBWBZD;JAcFIBF@CBAF@<V>OQVCFB@<' `QV

>>\ cG'+5397^([\\(Q:(LaexO(8>(QV>>\ '64(60(859.(I T(%Y!(L?\\(YTB'(Y3"COq(ƒ(•(g.f[(LQ'(?(TO'(?.\`(

LQ'([(TO'(e.ee(L7'(?,[ (e.f(TB'(I(TO'([.`\(LQ'(e(TO' ([.\I(LQ'([TO'(I.[?(LQ'(ITO' (I.\h(L7'( ?,•(g.\(TB'(

e(TO'(\.`?(L7'(?,•(h.`(TB'(e(TOq(Ie U(%Y!(Lg\ \(YTB'(UCU9eO^(ƒ(•(I`h .f '(IgI.['( I h` .h'(Ih?.I (I ea.?'(

Iee.?'( I[?.I'( f[.f' ( f I .\ '( ?\.\ '( e?.e'( eI .g'( [` .f '( Ih.['( Ia.`q( T!Y&( L-&$O( 5\] ( ;69;=96137( >8K(

UIf T I` %[ " a(nYyToy^(e?e.I[ffa'(>8=07^( e?e.I[f`[. (

(

(

`SOEcVHV̀RV! MF@BVHVBWBZD;JAFC<@<cVSVFIB:=B:JABW9KBAFCF@VRVB@<' `QV>H]cG'F8(6(489=1580(8>(QV

>>\' L\.a(QQ89O(50(Q3126089(L\.I(YO(R64(67737(312/9303(756Q503(L\.I(QQ89'( \.\\g(Q,O.(F23(

K34=9150:(Q5A1=K3(R64(415KK37(61(K88Q(13QP3K61=K3(>8K(e(28=K4'(1230(123(489<301(R64(K3Q8<37(=073K(

K37=;37( PK344=K3( 607( 123( ;K=73( K36;1580( Q5A1=K3( P=K5>537( J/( K3<3K43( P2643( ;89=Q0(

;2K8Q618:K6P2/(LI@a\x(Y3U%ET [ "O(18(/5397(QVH](64(60(859(La.I(Q:'(?axO.(I T(%Y!(L?\\(YTB'(

CY&"Oq(ƒ(•(?.[\(L4'(I(TO'(e.he(L7'(?,•(e.f(TB '(I(TO'([.gf(LQ'([(TO'([.h?(LQ'([TO'(I.[?(LQ'(ITO'(

I.\[(L7'( ?,•(g.\(TB'(e(TO'(\.f?(L7'( ?,•(h.`(TB'(e(TOq(Ie U(%Y!(Lg\ \(YTB'( CY&" O^(ƒ(•(I`h.h '(Ig\.I'(

I hf .a'(fe.I'(fI.[' (?\ .?'(e?.[ '(eI .\ '(Ih .e'(I ?.gq(, !Y& (L-&$O(5\] (;69;=96137(>8K(UI\ T Ig %[ " e(nYyToy^(

[Ie.e '(>8=07^([Ie .\a. (
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(

`SOEcVSV*IB:=B:JA VHV̀HVBWBC<EV\ V<@V>VJAFC<@<cBW9KBAFCF@VRVB@<'`QV>H>cG'+5397^(̀ a(Q:(L?\xO(8>(

QV>H>'64(60(859.(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(a.[f(L4'(I(TO'(a.[e(L4'(I(TO'(a.\h(LQ'([(TO'(?.?h(

L7'(?,•(e.f(TB'(I(TO'([.ee(LQ'( e(TO'(I.ha(LQ'([(TO'(I.ag(LQ'(f (TO'(I.ee(L7'(?,•(g.\(TB'(e(TO'(\.`h(L7'(

?,•(h.`(TB'(e(TOq(T!Y&(L-&$O(5\] (;69;=96137(>8K(UIh T [h %" e(nYyToy^([f\.I`\g['(>8=07^([f\.I`\?`.( (

(

(

`SOEcVSVFIB:=B:JAVHV̀HVBWB8<:;VTV<@V>VJAFC<@<cBW9KBAFCF@VRVB@<'`QV>HHcG'+5397^([fg(Q:(L?\xO(

8>(QV>HH'64(60(859.(I T(%Y!(L?\\(YTB'(UCU9 eOq(ƒ(•(a.gI(LQ'(I(TO'(a.If(L4'(I(TO'(?.`[(LQ'([(TO'(?.?[(

L7'(?,•(e.f(TB'(I(TO'([.e[(LQ'([(TO'([.[e(LQ'(I(TO'([.\I(L(Q'([TO(I.h[(LQ'([(TO'(I.[[(L7'( ?,•(g.\(TB'(

e(TO'(\.f`(L7'( ?,•(h.`(TB'(e(TOq(Ie U(%Y!(L?\\(YTB'(UCU9 eO^(ƒ(•(I``.g'(Ig[.\'(Iha.I'(Ieg.h'(II?.g' (

f[.['(f\.f'(?I.g'(e[.f'(e\.['([e.`'(Ig.a'(Ia.[q( , !Y& (L-&$O(5\] (;69;=96137(>8K(UI eT [\ %" e(nYyToy^(

[ef.e '(>8=07^([ef.I\ .(

(

(

tertVZD;JA' ``HEO[EcV[ V̀`ScVSV*IB:=B:JA VRVBWBBW9KBAFCF@VHVJAFC<@<cVUVBWBBE;VHV<@V>VJAcE9=Z9V'

M9;<'`QV>HQcG'F8(6(489=1580(8>(QV>HH'L\.f(QQ89O(50(189=303(L\.[(YO(R64(67737(QV>R]((L\.I[(QQ89O.(

F23( K34=9150:( 489=1580( R64( 73:64437( =073K( 6K:80'( 1230( NK=JJ4( $$( La( Q89( xO( 607(

75;/;9823A/9;298K8J8K603(LI\(Q89(xO(R3K3(67737(607(123(K34=9150:(Q5A1=K3(236137(18(f\(‚U (>8K(e(

28=K4.(F23(489=1580(R64(;88937(18(K88Q(13QP3K61=K3(607(759=137(R512(Q3126089(La(Q,O'(1230(123(

489<301(R64(K3Q8<37(=073K(K37=;37(PK344=K3.(F23(;K=73(K36;1580(Q5A1=K3(R64(P=K5>537(J/(;89=Q0(

;2K8Q618:K6P2/(La\x(-1"*;^23A6034O(18(/5397(QV>HQ(64(60(859(L[I(Q: '(hfx O.h?(I T(%Y!(L?\\(

YTB'(UCU9eOq(ƒ(•(a.aa(LQ'([(TO'(a.\e(L4'(I(TO'(?.aa(L7'(?,•(e.f(TB'(I(TO'(e.h`(LQ'([(TO'([.eg(LQ'([(
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TO'([.e[(LQ'(I(TO'([.Ig(LQ'([(TO'(I.g[(LQ'([(TO'(I.?g(L 4'(`(TO(I.I[(L7'( ?,•(g.\(TB'(e(TO'(I.\\(L7'( ?,•(

h.`(TB'(e(TOq(T!Y&(L-&$O(5\] (;69;=96137(>8K(UI` TeI %[ " a(nYyToy^(ehg.[[[ga'(>8=07^(ehg.[[[`I .('

(

(

`SOEcVHV̀`EcV[ V! MF@BVHVBWBBE;VTV<@V>VJAFC<@<cVSVFIB:=B:JABW9KBAFCF@VRVB@<' `QV>HRcG'F8( 6(

489=1580(8>(QV>HQ'L\.I?(QQ89O(50(UT[ U9[ (L\.I(YO(R64(67737(1K5>9=8K86;315;(6;57(LF]*'(\.I(YO'(607(

123(K34=9150:(489=1580(R64(415KK37(61(K88Q(13QP3K61=K3(>8K([(28=K4.(*>13K(R25;2(15Q3'(123(489<301(

R64(K3Q8<37(50(<6;=8(18(/5397(QV>HR'64(60(859(L[I(Q:'(afxO.(I T(%Y!(L?\\(YTB'(Y3"COq(ƒ(•(a.`\(

LQ'(I(T O'(a.aa(LQ'(ITO'(?.hg(L4'(ITO'(e.?`(L7'(?,•(e.f(TB'(I(TO'([.?e(LQ'( I (TO'([.[h(LQ'([( TO'([.I?(
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;298K8P/K5Q57503( 5013KQ375613(RV>[ ' L#E8<M<' RGHO.([ @Le'?@75Q3128A/P230/9O6;318051K593( R64(

K36;137(R512(1K5Q312/9(69=Q505=Q(L*9Y3eO(607(6QQ805=Q(;298K573(L%T?U9O(50(189=303(18(/5397(123(

RV>T( 50(V=60151615<3( /5397.[a ( *Q57503(RV>T' R64( ;80730437( R512( L-O@Q312/9@e@Q3128A/6;K/9613(

=450:(I'f @C56B6J5;/;98na.?.\o=073;@g@303(LC#MO(50(P/K57503(18(/5397(123(7345K37(P/K5Q5750803(RV

>U(50(Q873K613(/5397.[f (G/K5Q57803(RV>U(R64(K3>9=A37(R512(P284P28K8=4(8A/;298K573(LG"U9eO(>8K(

803(28=K(18(/5397(123(?@;298K8(4=J4151=137(P/K5Q57503(RV>[ (50(:887(/5397.(G/K5Q57503(RV>[ (R64(1230(

K36;137(R512(%'%@75548PK8P/9312/96Q503(LC$G-*'(Tu05:|4(J643O!607(<6K58=4(6Q503(0=;938P25934(

50(548PK8P6089(18(/5397(123(7345K37(['?@754=J4151=137(P/K5Q57503(60698:4(RV>\9 VZ.(

MeO

CN AlMe3, NH4Cl

toluene
 80 ºC, 18 h

MeO

NH2

NH2
+

Cl-
MeO

N

H
N O

POCl3

reflux, 1 h MeO
N

N Cl
NH2R’, DIPEA

isopropanol
160 ºC, 20 min

MeO
N

N NH

NaOMe
 reflux, 18 h

R’

O O

O

4-11
quant

4-12
59-62%

4-13
74-77%

4-14

R R R

R R

R’ = see Figure 4.7a

MeO
N

N HN
BBr3

CH2Cl2
-40 ºC to rt

HO
N

N NH R’

4-14 4-15
39-67%

MeO HOR’

R = H, OMe
R’ = see table below
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(

RGRGHG'#J@;8<IFI'BN'UV!K9F@CBA<'!@9ABPI'

(

F8( 6;;344( 123( e@4=J4151=137( 6B6507893( 60698:4(RVHS'( 6;;344( 18( S3/( 5013KQ3756134( ?@

6Q508'[@;298K8P/K5Q57503(RVHQ(607(e@J8K805;(3413K(6B6507893(RVHH(R64(K3V=5K37(L#E8<M<'RGQO.(

g@*B6507893(R64(1K36137(R512(%@JK8Q84=;;505Q573(L%#&O(50(75;298K8Q312603(61(\(‚ U(18(/5397(e@

JK8Q8@g@6B6507893(RVH](50(3A;399301(/5397.[` (F23(JK8Q506137(g@6B6507893(5013KQ375613(RVH](R64(

1230(1K36137(R512(?@18=93034=9>80/9;298K573(LF4U9O(607(4875=Q(2/7K573(L%6TO(50(131K62/K8>=K60(61(

\( ‚ U(18(/5397(123(184/9@PK813;137(5013KQ375613(RVH>(50(:887(/5397.(F23(184/9@PK813;137(6B6507893(RV

H>( R64( 1230( 1K36137( R512( J54LP506;89618O75J8K80( L#[ P50[ O( 607( P699675=Q(

131K6S54L1K5P230/9P284P2503O(18(PK8<573(123(7345K37(&=B=S5(;8=P950:(P6K103K(RVHH(50(:887(/5397.e\ (

*;;344( 18( 123( 8123K( &=B=S5( ;8=P950:( P6K103K(RVHQ( R64( 8J165037( <56( K36;1580( 8>( ['?@

75;298K8P/K5Q57503( R512( <6K58=4( 6Q503( 0=;938P25934( 607(%'%@75548PK8P/9312/96Q503( LC$G-*'(

Tu05:|4(J643O(50(131K62/7K8>=K60.e\ (&=B=S5(;8=P950:(8>(123(J8K805;(3413K(6B6507893(RVHH(607([ @

;298K8P/K5Q57503(RVHQ( R64( 6;;8QP954237( =450:( 4875=Q( ;6KJ80613( L%6[ U" eO( 607( P699675=Q(

131K6S54L1K5P230/9P284P2503O(18(/5397(123(PK813;137(5013KQ3756134(RVHR'(R25;2(R3K3(;80<3K137(18(

123(73PK813;137(60698:4(RVHS9V<(=450:(P816445=Q(;6KJ80613(L)[ U" eO(50(Q3126089.eI !

MeO

CN AlMe3, NH4Cl

toluene
 80 ¼C, 18 h

MeO

NH2

NH2
+

Cl-
MeO

N

H
N O

POCl3

reflux, 1 h MeO
N

N Cl
NH2R

DIPEA, isopropanol
160 ¼C, 20 min

MeO
N

N NH

DBU, pyridine
 reflux, 16 h

R

O

MeO O

4-16
quant

4-17
35%

4-18
58%

4-19

MeO MeO
MeO

MeO MeO

R = see Figure 4.7a
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(

M1595B50:( 12343( 12K33( 4/012315;( K8=134'( 6( 95JK6K/( 8>( [g(60698:4( R64( 6;;34437q( 35:21330(

['?'h @1K54=J4151=137( P/K5Q57503( 60698:4' LRVS9V@'( RV>S9VCO'( 12K33( ['?@754=J4151=137( P/K5Q57503(

60698:4(LRV>\9 VEO'(607(45A(e@P/K5Q57503@g@6B6507893(60698:4(LRVHS9VN'(5FPD=<'RGUO.((

(

N N
H

R
NBS

CH2Cl2, 16 h 
0 ¼C to rt

4-20
92-95%

N N
H

R
Br

NaH, TsCl

THF,  4 h
0 ¼C to rt

4-21
58-72%

N N

R
Br

Ts

KOAc, B2pin2
Pd(PPh3)4

dioxane/water
95 ¼C, 16 h

4-22
46-54%

N N

R
B

Ts

O
O

N N

Cl

Cl

NH-RÕ, DIPEA

THF, reflux
 3 h

4-23
40-48%

N N

H
N

Cl

R'

4-23
2 equiv

N N

H
N

Cl

RÕ

N N

R
B

Ts

O
O

4-22
1 equiv

1. Na2CO3, 
      Pd(PPh3)4
    DME, reflux, 4 h

2. K2CO3 
    MeOH, reflux, 2 h

N N

R

Ts

N
N

H
N

RÕ

N N
H

R
N

N

H
N

RÕ

R = H, OMe

R = H, OMe

RÕ = see Figure 4.7b

4-24 4-25
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((((((((((((((((((60698:4.(

(

$0(18169'(1R301/@803([ @J30B/9@P/K5Q57503(60698:4(R3K3(4/012345B37(607(134137(50(J5898:5;69(

6446/4.(*0698:4( RV>R9VC(R3K3(7345:037(18(PK8J3(123(5QP8K160;3(8>(123(930:12'(413K5;(J=9S(607(

2/JK575B61580(8>(123(69S/9(;2650(80(123(6Q503.(*0698:4(RV>R<V@'R3K3(7345:037(18(>=K123K(PK8J3(123(

5QP8K160;3(8>(123(930:12(607(413K5;(J=9S(8>(123(69S/9(;2650(80(123(6Q503'(R2593(3AP98K50:(123(3>>3;14(

8>(123(75Q3128A/(4=J4151=1580(80(123(J30B/9(K50:.(*0698:4(RV>S9VC(R3K3(7345:037(18(PK8J3(123(

3>>3;14(8>(75Q3128A/(<3K4=4(7589(4=J4151=1580(80(123(J30B/9(K50:.(*0698:4(RV>\9 VE(R3K3(7345:037(

18(7313KQ503(123(5QP8K160;3(8>(123(Q312/9(4=J4151=301(61(123(h@P8451580(80(123(P/K5Q57503(K50:.((

&5A(g@6B6507893(60698:4(R3K3(4/012345B37(607(134137(50(J5898:5;69(6446/4.(*0698:4(RVHS9V

E(R3K3(4/012345B37(18(PK8J3(123(5QP8K160;3(8>(;2650(930:12(607(413K5;(J=9S(67c6;301(18(123(6Q503.(

*0698:4(RVHSCV<(R3K3(4/012345B37(18(3AP98K3(123(5QP6;1(8>(Q3128A/(4=J4151=1580(80(123(6B6507893(

J5;/;93.( *0698:( RVHSN(R64( 4/012345B37( 18( 3AP98K3( 123( 5QP6;1( 8>( Q3128A/( 4=J4151=1580( 80( 123(

6B6507893(J5;/;93(R2593(6948(7313KQ5050:(123(3>>3;14(8>(6(75>>3K301(69S/9(;2650(4=J4151=1580(80(123(

g@6B6507893(;8K3.(

MeO
N

N R

4-14a, R=

4-14b, R=

4-14c, R=

4-14d, R=

MeO
N

N RMeO

4-14e, R=

4-14f, R=

4-14g, R =

4-14h, R=

4-14i, R=

4-14j, R=

4-14k, R=

4-14l, R=

4-14m, R=

4-14n, R=

H
N

H
N

H
N

H
N

N

N

H
N

H
N

H
N

H
N

H
N

H
N

CF3

H
N

H
N

( )6

HO
N

N RHO

4-15a, R=

4-15b, R=

4-15c, R =

4-15d, R=

H
N

H
N

H
N

H
N

( )6

MeO
N

N

H

RMeO

H
N

H
N

4-19a, R=

4-19b, R=

4-19c, R=

4-25a, R=

4-25b, R=

4-25c, R=

H
N

H
N

H
N

N N
H

N
N

R

4-25d, R=

4-25e, R=

4-25f, R =

H
N

H
N

N N
H

N
N

R

MeO

a.

b.

H
N

N
H

CF3

O

H
N

CF3
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6446/37(50(6(F!GHI(6446/(1261(7313;137(123(6J5951/(8>(123(;8QP8=074(18(507=;3(123(;6P465;50(

3>>3;1(L5.3.(75K3;1(6;15<61580(8>(F!GHIO(J/(Q364=K50:(;/18S503(43;K31580(50(7307K515;(;3994(>8998R50:(

6( S08R0( PK8;37=K3.e[ (U8QP8=074( 1261( 5025J5137( F!GHI( K34P8043( K34=9137( 50( 60( 5025J51580( 8>(

;/18S503(43;K31580(607(R3K3(96J39937(64(P84515<3(L7308137(vyw(50($9ZA<'RG>O(50(123(6446/.(

F23(K34=914(8>(12343(6446/4(6K3(73165937(50($9ZA<'RG>.(*(P9=4(45:0(5075;6134(5025J51580(8>(

;/18S503(43;K31580(R64(8J43K<37'(R2593(6(Q50=4(45:0(5075;6134(1261(5025J51580(8>(;/18S503(43;K31580(

R64(081(8J43K<37.(U8QP8=07(1261(757(081(1341(P84515<3(50(35123K(1K569(8>(123(D*)(6446/(R3K3(081(
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&BM:BD@C' X!1'!II9J'
%<I:B@I< '

$%.7>'!II9J'
%<I:B@I< '

RV>R9' @( y(

RV>RZ' yE@( @Ey(

RV>RE' yE@( y(
RV>RC' @@( 01(

RV>R<' @@( 01(

RV>RN' yEy( @E@(
RV>RP' yEy( yEy(

RV>R8' @@( 01(

RV>RF' yEy( %C(
RV>Rm' yEy( %C(

RV>R '̂ yEy( yEy(

RV>RA' yEy( @Ey(
RV>RM' @@( 01(

RV>R@' @@( 01(

RV>S9' @Ey( @Ey(
RV>SZ' @( @Ey(

RV>SE' @( @Ey(

RV>SC' @( @Ey(
RV>\9 ' @( @(

RV>\Z ' @Ey( @Ey(

RV>\E ' @( yE@(
RV>S9' yEy( %C(

RVHSZ' yEy( %C(

RVHSE' yEy( %C(
RVHSC' yE@( %C(

RVHS<' @( %C(

RVHSN' @( %C(
( 01(•(081(134137((((((((%C(•(08(7616(L081(134137(/31O(

( (

">(123(P/K5Q57503(60698:4(134137'(>5<3(134137(03:615<3(LRV>RC'(RV>R<'(RV>R8'(RV>RM'(607(

RV>R@O(50(J812(1K5694(8>(123(D*)(6446/q(12343(;8QP8=074(R3K3(081(134137(50(123(F!GHI(6446/(

L$9ZA<'RG>O.(]8=K(;8QP8=074(LRV>RZ'(RV>RE'(RV>S9'(607(RV>\Z O(267(Q5A37(K34=914(50(1R8(1K5694(8>(

123(D*)(6446/q(12343(;8QP8=074(R3K3(134137(50(123(F!GHI(6446/(607(12K33(267(45Q596K(Q5A37(

K34=914( LRV>RZO' RV>S9'607(RV>\9 O'( R2593( 803( LRV>REO( 267( 6( P84515<3( K34=91.( F8( 3AP375613( 123(

PK8;344'(;8QP8=074(R3K3(1230(134137(50(6(450:93(K3P95;613(8>(123(D*)(6446/(5>(123(>5K41(K34=91(R64(
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F!GHI(6446/'(>8=K(LRV>SZ'(RV>SE'(RV>SC'(607(RV>\EO(267(Q5A37(K34=914(>8K(123(1R8(1K5694'(RV>\9 (

267(03:615<3(K34=914'(607(RV>R9(267(6(P84515<3(K34=91.(&5A(8>(123(;8QP8=074(134137(LRV>RN''RV>RP''

RV>RF'(RV>Rm'(RV>RA'(607(RV>RAO'50(123(D*)(6446/(267(P84515<3(K34=914(R230(134137(50(1R8(8K(12K33(

K3P95;6134(8>(123(6446/.(_230(12343(;8QP8=074(R3K3(4=Jc3;137(18(123(F!GHI(6446/'(RV>RN(267(

7=P95;613(03:615<3(K34=914'(RV>RA(267(Q5A37(K34=914(50(7=P95;613(6446/4'(607(RV>RP(607(RV>R (̂267(

7=P95;613(P84515<3(K34=914.(U8QP8=074(RV>RF'607(RV>Rm(41599(26<3(18(J3(134137(50(123(F!GHI(6446/.((

]8K(123(g@6B6507893(60698:4(134137'(12K33(;8QP8=074(LRVHS9'(RVHSZ'(607(RVHSEO(134137(

P84515<3( 50( J812( K3P95;6134( 8>( 123( D*)( 6446/q( ;8QP8=07(RVHSC'754P96/37( Q5A37(K34=914'( 607(

;8QP8=074(RVHS<(607(RVHSN(754P96/37(450:93(03:615<3(K34=914.(U8QP8=074(RVHS9(12K8=:2(RVHSN(

699(R599(J3(134137(50(123(FGHI(6446/(18(7313KQ503(5>(60/(8>(123(;8QP8=074(26<3(6;15<51/(6:65041(

F!GHI. (

U=KK3019/'(8>(123([I(P/K5Q57503(60698:4(134137'(;8QP8=074(RV>RP(607(RV>R (̂6K3(123(Q841(

PK8Q5450:(;8QP8=074'(R512(7=P95;613(P84515<3(K34=914(50(J812(D*)(607(F!GHI(6446/4(L$9ZA<'RG>O.(

$013K34150:9/'(;8QP8=074(RV>S9'(RV>SZ'(RV>SE(607(RV>SC(428R37(Q5A37(8K(951193(6;15<51/(50(123(D*)(

6446/'(607(Q5A37(K34=914(50(123(F!GHI(6446/'(4=::34150:(1261(73Q312/961580(8>(J812(69;82894(

K34=914(50(6(9844(8>(6;15<51/.(&5Q596K9/'(;8QP8=074(RV>\9 (607(RV>\Z (754P96/37(951193(8K(Q5A37(K34=914(

50(J812(123(D*)(607(F!GHI(6446/4'(4=:: 34150:(1261(K3P96;50:(123(U@h(Q312/9(8>(123(P/K5Q57503(

K50:(R512(6(PK8180(K34=914(50(6(9844(8>(4393;15<51/(>8K(D*)(607(F!GHI(K3;3P18K4.((

->>8K14(6K3( ;=KK3019/(=073KR6/(18(4/012345B3(60698:4(8>(RV>RP(607(RV>R (̂R512(123(U@?(

Q3128A/(8>(123(J30B/9(K50:(73Q312/96137(L#E8<M<'RGRO.(F2343(60698:4(Q8K3(;98439/(K343QJ93(

123( 41K=;1=K34( 8>( S08R0( F!GHI( 4=J41K6134'( 4=;2( 64( ;6P465;50.( "=K( 2/P8123454( 54( 1261( J/(

73Q312/96150:(123(U@?(Q3128A/(8>(123(J30B/9(K50:'(;8QP8=074(4=;2(64(RVHT9(607(RVHTZ(R599(26<3(

6(41K80:3K(6>>5051/(>8K(D*)(J50750:(607(R599(123K3>8K3(>=0;1580(64(Q8K3(3>>3;15<3(7=69(D*)EF!GHI(

5025J518K4.((

(

(

#E8<M<'RGR(GK8P8437(4/0123454(8>(6775158069(P/K5Q57503(60698:4.(

((

MeO
N

N HN
BBr3

CH2Cl2
-40 ¼C to rt

HO
N

N NH R

4-14 4-26

MeO MeOR
426a, R =

426b, R = ( )3
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U8QP8=07(RV>U(LI.\ (:'( ?.I (QQ89O(R64(754489<37(50(P284P28K8=4(8A/;298K573(La(Q,'( a[.f (

QQ89O'(607(123(Q5A1=K3(R64(K3>9=A37(>8K(I(2'(J3>8K3(J350:(P8=K37(5018(6(Q5A1=K3(8>(5;3(607(R613K.(

&8957(4875=Q(J5;6KJ80613(R64(;6K3>=99/(67737(=0159(123(Q5A1=K3(R64(03=1K695B37'(607(1230(51(R64(

3A1K6;137(R512([(Œ([\ (Q, (75;298K8Q312603.(F23(;8QJ5037(8K:605;(P26434(R3K3(R64237(R512([\ (

Q, (JK503'(7K537(8<3K(602/7K8=4(4875=Q(4=9>613(607(>5913K37.(F23(489<301(R64(3<6P8K6137(50(<6;=8(

607(1230(P=K5>537(J/(;89=Q0(;2K8Q618:K6P2/(80(&5"[ (LI\ x( Y3"T ÛT [ U9[ O(18(PK8<573(RV>[ (64(6(

JK8R0(859(L\.af(:'(a? x O.(I T@%Y!(LUCU9eO(g.\a(L4'(I(TO'(h.`a(L4'(I(TO'(h.à(L7'(?,[ (g.\(TB'(ITO'(

h.f\ (L7'((?,[ (g.\(TB'(I(TO' (h.[g(LQ'(I(TO'(?.I? (L4'([(TO'(e.fa(L4'(e(TO'(e.fe(L4'([(TO'(e.g`(L4'(e(TOq(

,!Y&(L-&$O( 5\] (;69;=96137(>8K(UIe T [? U9%[ " [ (nYyToy^([ha.g'(>8=07^([ha.\a .(

(

'

-<@<=9A':=BE<CD=<'NB='&BM:BD@C'`RV>\cG[h (

*(489=1580(8>(RV>[ 'Lea(Q:'(\ .I[ (QQ89O'(75548PK8P/9312/96Q503(L\.\ ?e(Q,'( \ .[? (QQ89O'(607(

123(6Q503(6Q503(L\.\a (Q,'( \ .[? (QQ89O(50(\.? (Q,([ @PK8P6089(R64(236137(50(6(Q5;K8R6<3(K36;18K(

LC54;8<3KFY'(U-Y(U8KP8K61580O(>8K([\(Q50(61(Ih\( ‚U !LPK344=K3'(;6.(I?(J6KO.(*>13K(;88950:'(?\(Q,(

312/9(6;31613(R64(67737(607(123(Q5A1=K3(R64(3A1K6;137(R512(?\(Q,(R613K(607(1230(R512( I\x(

6V=38=4(;51K5;(6;57(Le(Œ(e\ (Q,O.(F,U(428R37(1261(123(PK87=;1(R64(PK34301(50(123(;8QJ5037(6;575;(

P2643'(607(1254(R64(1230(3A1K6;137(R512(75;298K8Q312603(Le(Œ(e\(Q,O.(F23(;8QJ5037(8K:605;(

P26434(R3K3(7K537(8<3K(4875=Q(4=9>613(607(>5913K37.(F23(489<301(R64(3<6P8K6137(607(123(;K=73(

Q5A1=K3(P=K5>537(J/(;89=Q0(;2K8Q618:K6P2/(LI\x(Y3"T^UT[ U9[ O(18(PK8<573(RV>\9 VE.(

!

'

HV̀QORV( FM<;8BWJZ<@KJAcV, V8<WJA:J=FMFCF@VRV9MF@<'R̀V>\9 cG(+5397(I\ (Q:(Lf\ xO(8>(RV>\ 9'64(6(

JK8R0(859.(I T@%Y!(La\\(YTB'( *;31803 @7hO^(ƒ(•( g.\\(L4'(ITO'(h.fh(L4'(ITO'(h.f[(L4'(ITO'(h.f?(LQ'(
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ITO'(h.[g(L4'(ITO'(e.f`(L4'([TO'(e.f?(LQ'(hTO'(e.Ia(L4'([TO'(I.fe(LQ'([TO'((I.a`(LQ'([TO'(I.?a(LQ'(

[TO'((I.eI(LQ'([TO'(\.fg(LQ'(eTOq(Ie U(%Y!(Lg\\(YTB'( *;31803 @7hO^(ƒ(•(IgI.\'(Iah.I'(IaI.I'(I?`.`'(

Ie?.I'(I[ e.I'(IIa.?'(IIe.`'(II[.g'(ag.['(?g.e'(?\.f'(ee.?'([f.a'([?.?'([?.e'([e.`'(Ia.?. (T!Y&(L-&$O(

5\] (;69;=96137(>8K(UI` T [f %e" [ (nYyToy^(ee\.[Igh\'(>8=07^(ee\.[If[?. (

(

'

`)c VHV̀QORV( FM<;8BWJZ<@KJAcV, V̀QOUVCFM<;8JABE;9VHOTVCF<@V>VJAc:J=FMFCF@VRV9MF@<R̀V>\Z cG(

+5397(f(Q:(LIgxO(8>(RV>\Z '64(6(JK8R0(859.(I T@%Y!(La\\(YTB'( *;31803 @7hO^(ƒ(•( g.\I(L4'(ITO'(h.f?(

L4'(ITO'(h.f[(L4'(ITO'(h.[g(L4'(ITO'(a.[`(LQ'(ITO'(a.I`(LQ'(ITO' (e.`f(LQ'([TO' (e.fh(L4'([TO'(e.ga(LQ'(

hTO'(I .f? (LQ'([TO'(I. g[ (LQ'([TO'((I.ha(LQ'(eTO'(I.he(LQ'(eTO'((I.a` (LQ'(eTOq(Ie U(%Y!(Lg\\(YTB'(

*;31803 @7hO^(ƒ(•(IgI.\'(IhI.I'(IaI.I'(I?`.`'(Ie`.h'(Ie?.I'(I[a.`'(I[e.I'(IIa.?'(IIe.`'(ag.e'(?I.e'(

ef.f'([f.e'([h.e'(If.f'(Ig.a. (T!Y&(L-&$O(5\] (;69;=96137(>8K(U[[ Te\ %e" [ (nYyToy^(ehf.[ee[a'(>8=07^(

ehf.[ee[a. (

'

(

HV̀QORV( FM<;8BWJZ<@KJAcVNV̀RV̀;=FNADB=BM<;8JAcZ<@KJAc:J=FMFCF@VRV9MF@<'̀RV>\EcG'+5397(?(Q:(

LI[xO(8>([Q>' 64(6(JK8R0(859.(I T@%Y!(La\\(YTB'(*;31803 @7hO^(ƒ(•( f .\ [ (LQ'(I (TO'(g.he(LQ'([( TO'(

g.aa(LQ'([( TO'(g.I \ (L4'(I (TO'(h.`a (L4'(I(TO'(h.g`(L4'(I(TO'(h.eg(LJ4'(I(TO'((?.g[(LQ'([(TO'(e.fh(LQ'([(

TO'((e.ga(L4'(e(TO'(e.gI(L['(e(TOq((Ie U(%Y!(Lg\\(YTB'( *;31803 @7hO^(ƒ(•(IgI .[ '(I aI .I'(I a\ .\ '(I ee.` '(

I e\ .[ '(I[`.f' (I[ g.I '(I[?.g' (I[ e.I'(II a.?'(IIe .f '(ag.[ '(?g.e'(??.I.( T!Y&(L-&$O(5\] (;69;=96137(>8K(

U[I T [I ] e%e" [ (nYyToy^(?\?.I[f\?'(>8=07^(?\?.Iaf?\. (

(
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3-Bromo -1H-pyrrolo[2,3 -b]pyridine  (S4-1)[` (

F8(6(489=1580(8>(g@6B6507893(L\.a(:'(?.[e(QQ89 O(50(75;298K8Q312603(L\.?(YO(61(\(‚ U(R64(

67737(%@JK8Q84=;;505Q573(L\.fe(:'(?.ha(QQ89O.(F23(K34=9150:(Q5A1=K3(R64(415KK37(8<3K05:21(607(

6998R37(18(R6KQ(18(K88Q(13QP3K61=K3.(*>13K(;8QP931580(8>(123(K36;1580'(123(489=1580(R64(759=137(

R512([\(Q,(CUY '(3A1K6;137(R512(e\(Q, (%6TU" e'(607(e\(Q, (R613K.(F23(R613K(96/3K(R64(3A1K6;137(

R512(e(A([\(Q,(-1"*; '(607(123(;8QJ5037(8K:605;(96/3K4(R3K3(7K537(8<3K(Y:&" ?(607(;80;301K6137(

50(<6;=8.(F23(;K=73(Q5A1=K3(R64(P=K5>537(J/(;89=Q0(;2K8Q618:K6P2/(18(/5397(#RV>(64(6(/3998R(

48957(L`ax(/5397O.(!>((\.eg(La\x( -1"*;E23A6034O.(I T@%Y!(Lg\\(YTB'( CY&" O(ƒ(• (II.`\(LJ4'(I(TO'(

f.\a(L4'(I(TO'(g.h`(L4'(I(TO'(g.ae(LQ'([(TOq(g.ee(L4'(I(TOq(,!Y&(L-&$O( 5\] (;69;=96137(>8K(UgTh#K%[ (

nYyToy^(I` f .\'(>8=07^(I` f .I \ .(

(

 

3-Bromo -1H-pyrrolo[2,3 -b]pyridine  (S4-2)[` (

F8(6(489=1580(8>(a@Q3128A/@g@6B6507893(L\.a(:'(e.?g(QQ89 O(50(75;298K8Q312603(L\.?(YO(61(

\( ‚ U( R64( 67737(%@JK8Q84=;;505Q573( L\.hh( :'( e.gI( QQ89O.( F23( K34=9150:( Q5A1=K3( R64( 415KK37(

8<3K05:21(607(6998R37(18(R6KQ(18(K88Q(13QP3K61=K3.(*>13K(;8QP931580(8>(123(K36;1580'(123(489=1580(

R64(759=137(R512([\(Q,(CUY '(3A1K6;137(R512(e\(Q, (%6TU" e'(607(e\(Q, (R613K.(F23(R613K(96/3K(

R64(3A1K6;137(R512(e(A([\(Q,(-1"*; '(607(123(;8QJ5037(8K:605;(96/3K4(R3K3(7K537(8<3K(Y:&" ?(

607(;80;301K6137(50(<6;=8.(F23(;K=73(Q5A1=K3(R64(P=K5>537(J/(;89=Q0(;2K8Q618:K6P2/(18(/5397(

#RVH(64(6(/3998R(48957(L`[x(/5397O.(!>((\.[\(La\x(-1"*;E23A6034O.( I T@%Y!(Lg\\(YTB'( CY&" O(ƒ(

• (II.`[(LJ4'(I(TO'(f.\e(L4'(I(TO'(g.ha(L4'(I(TO'(g.e[(L4'(I(TO'e.fa(L4'(e(TOq(Ie U(%Y!(Lg\\(YTB'(

CY&" O(ƒ(• (Ig`.`'(IaI.f'(I?[.f'(Ieg.a'(I[h.h'(IIf.`'(I\f.h'(ah.?q( T!Y&(L-&$O(5\] (;69;=96137(>8K(

Uf T f #K%[ "(nYyTo y^([[h.`fI?a' (>8=07^([[h.`fI?a. (

(
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'

QV" =BMBV>V;BIJAV>HV:J==BABiHOQVbk:J=FCF@<'`#RVQc[` (

F8(6(489=1580(8>(%6T(L\.Ia(:'(e.f(QQ89 O(50(FT](L\.[(Y O(61(\( ‚ U(R64(67737(#RV>(L\.a(:'(

[.ae(QQ89O.(F23(K34=9150:(489=1580(R64(415KK37(61(\( ‚ U(>8K(e\(Q50=134'(1230(F4U9(L\.?f`(:'([.ah(

QQ89O(R64(498R9/(67737.(F23(K34=9150:(489=1580(R64(415KK37(>8K(I\(Q50=134(61(\( ‚ U'(1230(123(5;3(

J612(R64(K3Q8<37(607(123(489=1580(R64(6998R37(18(R6KQ(18(K88Q(13QP3K61=K3(8<3K05:21.(*>13K(

R25;2(15Q3'(123(K36;1580(Q5A1=K3(R64(759=137(R512([\(Q,( T [ "( 607([\(Q,( -1"*;.(F23(6V=38 =4(

96/3K(R64(43P6K6137(607(3A1K6;137(R512(e(A([\(Q,( -1"*;.(F23(;8QJ5037(8K:605;(96/3K4(R3K3(

R64237(R512(e(A([\(Q, (JK503.(F23(8K:605;(96/3K(R64(43P6K6137'(7K537(8<3K(Y:&"?'(>5913K37'(607(

;80;301K6137(50(<6;=8.(F23(;K=73(Q5A1=K3(R64(P=K5>537(J/(;89=Q0(;2K8Q618:K6P2/(18(/5397(#RVQ(

64(60(8>>@R2513(48957(Lg[xO.(!>(\.?(L[\x(-1"*;E23A6034O.( I T@%Y!(Lg\\(YTB'(UCU9 eO(ƒ(• (f.?g(

LQ'(ITO'(f.\f(L7'( ?,[ (g.\(TB'([TO'(g.fI(L7'( ?,[ (g.\(TB'([(TO'(g.[`(LQ'( I (TO'(g.[a(LQ'(I(TO'([.eg(L4'(

e(TO.(Ie U(%Y!(Lg\\(YTB'(UCU9 eO(ƒ(• (I?h.\'(I?a.a'(Iea.\'(I[f.?'(I[f.I'(I[?.\'(I[[.?'(II`.e'(`a.e'(

[I.hq( T!Y&(L-&$O(5\] (;69;=96137(>8K(UIa T I[ #K%[ " [ &(nYyToy^(ea\.`g`g?' (>8=07^(ea\ .`g`a\. (

(

(

QV" =BMBV>V;BIJAV>HV:J==BABiHOQVbk:J=FCF@<'`#RVRc[` (

F8(6(489=1580(8>(%6T(L\.Ie(:'(e.\?(QQ89 O(50(FT](L\.[(Y O(61(\( ‚ U(R64(67737(#RVH(L\.?h(:'(

[.\e(QQ89 O.(F23(K34=9150:(489=1580(R64(415KK37(61(\( ‚ U(>8K(e\(Q50=134'(1230(F4U9(L\.e`?(:'([.\g(

QQ89O(R64(498R9/(67737.(F23(K34=9150:(489=1580(R64(415KK37(>8K(I\(Q50=134(61(\( ‚ U'(1230(123(5;3(

J612(R64(K3Q8<37(607(123(489=1580(R64(6998R37(18(R6KQ(18(K88Q(13QP3K61=K3(8<3K05:21.(*>13K(

R25;2(15Q3'(123(K36;1580(Q5A1=K3(R64(759=137(R512([\(Q,( T [ "( 607([\(Q,( -1"*;.(F23(6V=38=4(

96/3K(R64(43P6K6137(607(3A1K6;137(R512(e(A([\(Q,( -1"*;.(F23(;8QJ5037(8K:605;(96/3K4(R3K3(

R64237(R512(e(A([\(Q, (JK503.(F23(8K:605;(96/3K(R64(43P6K6137'(7K537(8<3K(Y:&"?'(>5913K37'(607(

;80;301K6137(50(<6;=8.(F23(;K=73(Q5A1=K3(R64(P=K5>537(J/(;89=Q0(;2K8Q618:K6P2/( 18(/5397(#RVR(

64(60(8>>@R2513(48957(LafxO.(! >(\.[g(L[\x(-1"*;E23A6034O.( I T@%Y!(Lg\\(YTB'(UCU9 eO(ƒ(• ((f.I`(

L4'(I(TO'(f.\e(LQ'([(TO'(g.ge(L4'(I(TO'(g.[g(LQ([(TO'(g.[I(LQ'(I(TO'(e.fg(L4'(e(TO'([.eg(L4'(e(TOq(Ie U(
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%Y!(Lg\\( YTs'(UCU9eO(ƒ(•(Iae.h'(I?a.?'(I?\.h'(Ieh.h'(I[`.g'(I[f.\'(I[a.`'(I[[.g'(II\.e'(`a.I'(

ah.I'([I.hq(,!Y&(L-&$O( 5\] (;69;=96137(>8K(UIa T I? #K%[ " e&(nYyToy^(ef[.e'(>8=07^(ef[. I\ .(

(

'

Q-(4,4,5,5-Tetramethyl -1,3,2-dioxaborolan -2-yl) -1-tosyl -1H-pyrrolo[2,3 -b]pyridine  (S4-5)e\ (

F8(6(489=1580(8>(#RVQ(L\.[h(:'(I.Ie(QQ89 O(50(I'?@758A603(L\.a(YO(R64(67737()"*;(L\.`h(

:'(e.e`(QQ89 O(607(J54LP508;89618O75J8K80(L\.?\(:'(I.af(QQ89 O(607(\.\?(Q,(R613K(L;6169/15;O.(F23(

K34=9150:(489=1580(R64(73:64437(=073K(6K:80'(1230(G7LGG2eO?(L\.\gf(:'(\.\g(QQ89O (R64(67737'(

607(123(489=1580(R64(236137(18(`a(‚ U(8<3K05:21.(*>13K(R25;2(15Q3'(123(489=1580(R64(;88937(18(K8QQ(

13QP3K61=K3(607(>5913K37(8<3K(U39513'(1230(>98K5459.(F23(>591K613(R64(R64237(R512(Ia(Q, (-1"*;'(607(

123(>591K613(R64(;80;301K6137(50(<6;=8.(F23(;K=73(PK87=;1(R64(P=K5>537(J/(K3<3K43(P2643(;89=Q0(

;2K8Q618:K6P2/(18(/5397(#RVS(64(6(;898K9344(48957(La?xO.((I T@%Y!(Lg\\(YTB'(UCU9 eO(ƒ(• ((f.e`(

LQ'(I(TO'(f.I[(LQ(I(TO'(f.\g(LQ'(I(TO'(g.h[(LQ([(TO'(g.aa(LQ'(I(TO'(g.?e(LQ'([(TO'([.e?(L4'(e(TO'(

I.e[(L4'(I[(TOq( Ie U(%Y!(Lg\\(YTs'(UCU9 eO(ƒ(•(I?g.e'(Ie?.h'(Ie?.['(IeI.a'(Ie\.\'(I[f.g'(I[g.`'(

I[a.\'(II`.g'(`a.I'(fe.g'(a?.e'([?.g'([I.Iq( T!Y&(L-&$O(5\] (;69;=96137(>8K(U[ \ T [ ?#%[ " ?&(nYyToy^(

e``.Ia??e (>8=07^(e``.Ia?\?. (

(

(

Q-(4,4,5,5-Tetramethyl -1,3,2-dioxaborolan -2-yl) -1-tosyl -1H-pyrrolo[2,3 -b]pyridine  (S4-6)e\ (

F8(6(489=1580(8>(#RVR(L\.[`(:'(I.Ia(QQ89 O(50(I'?@758A603(L\.a(YO(R64(67737()"*;(L\.`g(

:'(e.??(QQ89O(607(J54LP508;89618O75J8K80(L\.?I(:'(I.h\(QQ89 O(607(\.\?(Q,(R613K(L;6169/15;O.(F23(

K34=9150:(489=1580(R64(73:64437(=073K(6K:80'(1230(G7LGG2eO?(L\.\g`(:'(\.\f(QQ89O (R64(67737'(

607(123(489=1580(R64(236137(18(`a(‚ U(8<3K05:21.(*>13K(R25;2(15Q3'(123(489=1580(R64(;88937(18(K8QQ(
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13QP3K61=K3(607(>5913K37(8<3K(U39513'(1230(>98K5459.(F23(>591K613(R64(R64237(R512(Ia(Q, (-1"*;'(607(

123(>591K613(R64(;80;301K6137(50(<6;=8.(F23(;K=73(PK87=;1(R64(P=K5>537(J/(K3<3K43(P2643(;89=Q0(

;2K8Q618:K6P2/(18(/5397(#RVT(64(6(;898K9344(48957(L?hxO.((I T@%Y!(Lg\\(YTB'(CY&"O( ƒ(• (f.I?(

L4'(I(TO'(f.\[ (LQ'([(TO'(f.\\(LQ'(I(TO'(g.aa(L4'(I(TO'(g.?e(LQ'([(TO'(e.fe(L4'(e(TO'([.ea(L4'(e(TO'(I.e[(

L4'(I[(TOq(Ie U(Lg\\(YTB'(CY&"O (ƒ(• (Iae.h'(I?h.e'(Ieh.\'(Ie?.f'(Ie\.a'(I[f.['(I[h.I'(II?.I'((f?.I'(

ah.a'( [a.I'( [I.hq( T!Y&( L-&$O( 5\] ( ;69;=96137( >8K( U[I T [ h#%[ " a&( nYyToy^(?[`.Iha\\ '( >8=07^(

?[`.Ih?a`. (

(

2-Amino -N-(2,2,2-trifluoroethyl)acetamide '`#RVUcG''

F8(6(489=1580(8>(#8;@:9/;503(Lf.e(QQ89O(50(UT[ U9[ (L\.g(YO(R64(67737(T#FM(Lf.e?(QQ89O'(

C$G-*(LI[.a(QQ89O'(607(1K5>9=8K8312/96Q503(2/7K8;298K573(LI[.a(QQ89O.(F23(K34=9150:(489=1580(

R64( 415KK37( 61( K88Q( 13QP3K61=K3( >8K( Ih( 2.( *>13K( R25;2( 15Q3'( 51( R64( ;80;301K6137( 50( <6;=8'(

K3754489<37(50(-1"*;'(607(R64237(4=;;3445<39/(R512(I(Y(TU9'(461=K6137(4875=Q(J5;6KJ80613'(607(

JK503.(F23(8K:605;(96/3K(R64(7K537(8<3K(Y:&"?(607(;80;301K6137(50(<6;=8(18(/5397([.Ie(Lg?xO(8>(

#RVU64(6(R2513(48957'(R25;2(R64(=437(75K3;19/(50(123(03A1(413P(R5128=1(P=K5>5;61580.((

( F23( R2513(48957( L[.Ie( :'( f.e( QQ89O( R64( 1K36137( R512( 6( I^I( Q5A1=K3( 8>(

UT[ U9[ EF]*(61(K88Q(13QP3K61=K3(>8K([(28=K4.(*>13K(R25;2(15Q3'(51(R64(;80;301K6137(50(<6;=8'(18(
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