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Abbreviation

AIBN
Alloc
9-BBN
Bn

Boc
BOP-CI

BOP

Bpoc
Burgess reagent

CIP

CMD
COSY
mCPBA
DABCO
DAST
DBU
DCC
DEAD

Dess-Martin periodinane

DIBAL
DMAP

2,2’-azobisisobutyronitrile

allyloxycarbonyl

9-borabicyclo[3.3.1]nonane

benzyl

tert-butoxycarbonyl

N, N-bis(2-oxo0-3-oxazolidinyl)phosphordiamidic chloride
O O

benzotriazol-1-yl-oxy-tris(dimethylamino)phosphonium

N
N
N

O PRy

| 4
MezN—IID—NMeZ

NMe,

hexafluorophosphate

1-(4-biphenylyl)-1-methyl-ethoxycarbonyl
(methoxycarbonylsulfamoyl)-triethylammonium  hydroxide
inner salt, MeO2CNSO:2NEts

2-chloro-1,3-dimethyl-2-imidazolinium hexafluorophosphate
™\

N<
+ Me _
cl  PFg

-

Me

chemical manganese dioxide

correlated spectroscopy

3-chloroperbenzoic acid

1,4-diazabicyclo[2.2.2]octane

(dimethylamino)sulfur trifluoride, Et2NSFs
1,8-diazabicyclo[5,4,0Jundec-7-ene

dicyclohexyl carbodimide

diethyl azodicarboxylate
1,1,1-tris(acetoxy)-1,1-dihydro-1,2-benziodoxol-3(1H)-one

diisobutylaluminium hydride
4-dimethylaminopyridine



DMTMM

DPPA
EDC

El
ESI
FAB
Fm
HATU

HMBC

HMPA
HMQC
HOAt

HOBt

Lawesson’s reagent

MALDI
NHMDS
NBS
NOE
NMM
NMO

4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methyl-morpholinium

chloride
MeQ
>/_’\{ +l\|/|/e_\
N DN o
7N o

MeO
diphenoxyphosphinyl azide
1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
hydrochloride

“N=c=NT " N Hel

electron impact or electron ionization

electrospray ionization

fast atom bombardment
9-fluorenylmethoxycarbonyl
2-(1-oxy-7-azabenzotriazol-3-yl)-1,1,3,3-tetramethyl

guanidium hexafluorophosphate
Me,N. NMe,

g
O
1H-detected multiple-bond heteronuclear multiple quantum
coherence spectrum
hexamethylphosphoramide
1H-detected multiple guantum coherence spectrum
1-hydroxy-7-azabenzotriazole

N
| N
NN
OH

1-hydroxybenzotriazole

OH
2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-
disulfide

Meo@ﬁ(zjg—@om
matrix assisted laser desorption/ionization
sodium bis(trimethylsilyl)amide
N-bromosuccinimide
nuclear magnetic resonance
N-methylmorpholine
N-methylmorpholine N-oxide



PyBOP

L-selectride
TBHP
TBS
Teoc
TES

Tf

TFA
TFAA
TFE
TMEDA
TMS
TMSE
p-Tol
Triton B

benzotriazolyloxy-tris(pyrrolidino)-phosphonium

N
N
N PRy
0
|+
O]
O

lithium tri-sec-butylborohydride

hexafluorophosphate

tertiary-butylhydroperoxide
tertiary-butyldimethylsilyl
2-(trimethylsilyl)ethoxycarbonyl
triethylsilyl

trifluoromethanesulfonyl
trifluoroacetic acid

trifluoroacetic anhydride
2,2,2-trifluroethanol
N,N,N’,N*-tetramethylethylenediamine
trimethylsilyl

2-(trimethylsilyl)ethyl

para-toluene
benzyltrimethylammonium hydroxide






1928 Fleming

‘antibiotics’

MRSA(=methicillin-resistant

Staphylococcus aureus) VRE(=vancomycin-resistant Enterococcus faecalis)

1955 Streptomyces azureus

1970 Viswamitra X (Figure 1)
Sch 18640 Sch 40832

26 27 2

30 2004 Nicolaou
1998

26 27

1

HOHoH o
R ; . l_CH R2_ ,r:\ J\”/H
Thiostrepton Siomycin A:R" = CHg, R” = N I NH;
s R R
H H . pl_ 2 _
Siomycin C: R* =CHs, R = \HJ\”/N\”)LOME
oH o
Siomycin Dy: RY=H,R?= &\ J\H/Nﬂ)\
N NH,
H o

Figure 1

1



1955 Squibb Streptomyces azureus
2)

chemical degradation? NMR 4)
5) 1970 (Figure 2) 1961
Streptomyces sioyaensis
6a) 1969
(Figure 2)6b) 1980
1
6¢c) chemical degradation?
4a-4d,6¢,8)
4c,4d.4f.49.9)  Sch 1864019 Sch
4083211 (Figure 2)

micrococcin 12)
thiocillin 13) YM-26618314 YM-26618414 QN3323 1% berninamycin 16)
sulfomycin 17 methylsulfomycini? thiotipin® promoinducin!® geninthiocinz®
promothiocin 21)  thioxamycin22 thioactin2® radamycin24 GE2270 25)
GE37268A28) A10255 27 amythiamicin 28 cyclothiazomycin29 nosiheptide3®
glycothiohexide a3) O-methyl-glycothiohexide a3l) S 54832 A-132 MJ347-81F4
33) nocathiacin 34 (Figures 3-6)

35)

berninamycin 36) nosiheptide3” A10255 38)  sulfomycin 39) GEZ2270

40)



HOH o 3
. S H
Thiostrepton A:R = \NJ\H/N\”)LNHZ Lo
"o Siomycin A: R = CHg, R? = ;\NJ\V\/N\”)\NHz
H
Thiostrepton B:R = ;\ o}

H
(artifact) 2 Siomycin B: R = CHg, R? = f\
(artifact)

Siomycin C: R = CHg, R? =
y 3 _;\ JJ\"/ \”)‘\OMe
Siomycin Di: R* =H,R?=  2_ J\ﬂ/ \”)‘\
NH,

HO ;]
HOH E H 0
Thiopeptin Ajg:R= 7>y N\”)\OMG
H
o}
Thiopeptin Aga: R= &,

Thiopeptin Az R = s< J\”/NH2

OH
Thiopeptin By R= 4~ J\VV \”)‘\OH .
Thiopeptin Ajp: R = fj\NJ\ﬂ/N\”)‘\OMe
H
Sch 18640: R= A J\W 7‘)LNH 0
2

Thiopeptin Agp:R= &

Thiopeptin Agp: R = ;\NJ\"/NHZ
H o
e
Thiopeptin By: R = f\NJ\WN\”)J\OH
H o

Sch 40832 Figure 2



HOR
Slle!
N s
T HJ\[\ N
X S =N N s
Nlﬁ
HN” S0
~OH e} X
H
NH
)‘\/"Rl
RZ
Micrococcin P1: R = OH, R = H
Micrococcin P2:R'= R?=0

R2O

S

' H*cngY
;*E jf

RS

QN3323A:R'=H,R?>=Me,R®=H,R*=R%=

QN3323B: R! =

O

H,R?=Me, R®=Me,R*=R%*=0

QN3323YL: R!=Me, R2=H,R®*=H,R*= OH, RS =H

o
A N o
NN
HO WH D 7 N\
HN g s =N R
OWRZ =
/ N
\ N Oz
o
NH HN

0]
H
Sulfomycin I: R! = Me, R2 = CH(OH)Me, R® =5\NJ\’(NT‘)LNJ\’(NH2
H H

O O

e
Sulfomycin Il R* = Me, R? = CH,Me, R® = E\NJ\NNW)J\NJ\NNHZ
Sulfomycin ll: Rt = Me, R? = CH,0H, R® = &._ J\’( ﬂ)L J\VVNHZ
Thiotipin: R = Me, R? = CH(OH)Me, R® = ¢_ J\W ﬂ)‘\ J\WOH
Promoinducin: R* =H,R* =Me, R®= &_ J\n/ \”)1\ J\ﬂ/ \n)l\o

H

Figure 3

(@]
DA RR=A=Y
S —N N | S
S N - N—/
— S__N
\_Qfo 0] HN™ S0
HN N o ORD O AN
A
S NH
R? );Rs
R4
Thiocillin I: R*=H, R?=0H, R®=0H, R* = H
Thiocillin II: R = Me, R? = OH, R = OH, R* = H
Thiocillin lll: R =Me, RZ=H, R =0H, R*=H
YM-266183: R'=H,R?=0H,R3=R*=0
YM-266184: R = Me, R?=0H,R®=R*=0

o
Berninamycin A: Rl = OH, R? = s~ N
y -RESORRT= Sy NH,
H
o)
. . H 9
Berninamycin B: R'=H,R?= £_ J\VVNT\)‘\
N NH,
H o

Berninamycin C: R' = OH, R? = f\NJ\”/NHz
H o

A

Berninamycin D: R' = OH, R? =

o

\ OH

ﬁ

;ﬁ”

/ HN
\ N
(0] (@]
NH HN NH
0]
/ &N :szo

H,oN

: Y&O
\)YO O/\g_«NH
HNJ)QN le)
I

Methylsulfomycin



y ©
Geninthiocin: R =
H 0o

HO

0 SMe

o] o]
. . H H
Thioxamycin: R = f\NJ\WN\”/‘LNJ\”/N“)LOH
H o H o
Thioactin: R = s’f\NJ\”/NHz
H

O

ROHN
S\ N

H
—Q
S /N N —R®
HN R4
H N N", O
S \ O
i ﬂ““{
NH
R? 2
NH

OPH
GE2270
Factor R?! R? R® R4 R®
A CH,OMe GCH;  CHs H
B1 CH,0OMe CHs  H H
B2 CHs CHy  CHy H
c1 H CH;  CH; H
C2a  CH,OMe CH,OH CHs H
C2b  CH,OMe H CHy H
D1 H CHs  H H
D2 CHOH CHy CHy H
E CH,OH CHg3 H H
T CH,OMe CHg CHz  n-bond

o s =N ©
= N
o 1\
HN H S
f,<\ \ NHH
N

Promothiocin A:R = f\NJJ\”/NHz
H

© o
I H
Promothiocin B:R = f\N N\”)LN NH,
H 8 Ho

Radamycin

HO HO

GE37468A

Figure 4



H
HO.
7 0
OsHrm, N R?
H H)l\[\ / \
NH _
o s N O
W7 =
o N R o_N
NH L
HN

N
s\/Yo S Ygo
HN\‘/&NB\H/NH

AL0255B: R} =Et R= ¢ HT\)LN
Ho L H

A10255E: R =i-Pr, RZ = §

(]
H H
A10255G: R! = Me, R2 = ;\NJ\VVNM)LNJ\NN
H H

A10255J: Rt =Me, RZ= &

4
=
N\ //
Iz
N7\
Z 0
O
(@]
=z
@]
I
Z Z\
I=C

S 54832 A-1

Figure 5
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o)
o)
Amythiamicin A:R= i— |-H ,\9
N (""H
o "NH,

O

o OH
Amythiamicin B: R = L"I)LHJH;(QH
O 7 NH,
o) 0
PP
Amythiamicin C:R = % O/\")J\N
HN_
o H

0
Amythiamicin D: R = yH)J\OMe

Glycothiohexide a:R =H

O-Methyl-glycothiohexide a: R = Me



74

S\

iN

HE HN Yo
HO H
HN Yo

Nocathiacin I: R!= f\NJ\WNHZ
HO

H o
/N\R
MJ347-81F4 A (nocathiacin I): R = Me Nocathiacin Il R? :;\NJ\H/NHZ RZ=H
H
MJ347-81F4 B: R = Me o

Nocathiacin IlI: Rlzf\NJ\r(NHz R2 = OH
H

O

Nocathiacin IV: R =&
NH,

Figure 6
41)
42)
42) 2a)
43)
MRSA
14a,15,17¢,19,28a,31a,33)
L11 23S
Ef-Tu
44) 45)
tipA TipAL
46)
47) 48)

R%=OH

49)

2a)

RNA



50)

51)

Nicolaou

1:R=H 52) 0.9 uM
2:R=Ac
2.3 uM
0.19 uM
1 MRSA VRE 5.0 uM
0.2 uM 1.0 uM 1
2



amidation ==
+'t_SePh

o o]
: NH
%NHZ _ T HAY 2
o N/ _SePh seph
0
— o N —
SH > TBSO 7 1 H TBSO H =H
~NH PN ~o ~NH
HN™
H S, >
i { N >
TESO N N, S o
H macrolactonization
O .y 3
HO;
HoTes
SePh
HoN": NH;,
) Ho
selective deprotection 6 SePh
of Me ester sy OMe
and S
e amidation
macrocyclization
O, \ S
.0 \ N
 C— TBSO -3
Hol oNH
H
HN H (e}
TBSO H S NN
P eNs \ HH\ .
H TESO N N,) S  amidation 8
H H 1
HN H 0] O O
S HO, ;) . .
Hﬁ)ﬂ( o N 4 HOTBS ring Qé)enlqg of "
TESO N N, S epoxide with amine
Ho
8 HOH‘
B
oTBS SePh
o)
Allyl N)\ \\\\\
H H
o) NH,
10 o
Allyl —
H—>—=H
H,N
11
Scheme 1



(Scheme 1)
Nicolaou
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L-Val-OAllyl (11)
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MesSnOH54
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55-65)

promothiocin A amythiamicin D

1998 Moody promothiocin A 55)
Promothiocin A Streptomyces sp. SF2741 21 NMR
3 L-

17 18
Bohlmann-Rahtz () 14 15 16

() 12 13

() promothiocin A (Scheme 2)
O

amidation

Promothiocin A o
macrolactamization

Bohimann-Rahtz

o) / pyridine synthesis
¢ \\>_/OBn

Scheme 2

11



2004 Moody
Amythiamicin D  Amycolatopsis sp. M1481-42F2
promothiocin A NMR

Bohlmann-Rahtz Bycroft Floss

aza-Diels-Alder () 20
() amythiamicin D

H 7S
‘(‘\( S\\ N \ /
S5 N N
XN N\ OMe
L HH | o
7 S
Y

/,
/
/
’

macrocyclization

Amythiamicin D

NHMe

S,

N N\
H
i BocHN I S o
O~ Ot-Bu 20

22 Scheme 3

12

biomimetic
"~ aza-Diels-Alder

i), S
j(‘\( {\N N@ —
5
OMe

amythiamicin D 56)

28)

promothiocin A

12p,36¢,37)

23 24
21 22 ( , ) 19
(Scheme 3)

NHMe
‘(ﬁo — amidation
0
S N—
N H H -
N N
HN™ ~0 s | P s
Ho, 7 ON
S |
> ! NN N\/;
XN
i il g
t-BuO” O N S
BocHN/\(g\
“——  amidation
19
O
BnO
&
S 2

24 AcHN\‘

\‘OEtxl
X S
SMNLW
\_N N—?/
oM
H D g v
BocHl\f\s
23



micrococcin (Figure 7)5) Micrococcin 1977 Walker Lukacs
1200 1978 Bycroft Gowland 12p)
Walker Lukacs (25a) Bycroft Gowland (26a)
(25¢) (26¢) 57e,571,579,57h) Ciufolini
Bycroft Gowland (26a) 570) Ciufolini
NMR Bycroft Gowland 570)
Bagley S 57m)
26d 26e
HO. H
(0]
O ., N
N
&NH" HJ\[S\ /_;
s*ON -
EQFO .

Walker-Lukas structure of

25a; Micrococcin P1: Rt = OH, R? = H
25p: Micrococcin P2: Rt =R%2=0
Shin's synthetic epimer of

25¢: Micrococcin P1: R = H, R2=OH

60) cyclothiazomycin®) A10255 62

Bycroft-Gowland structure of

26a: Micrococcin P1: R = OH, R =H, R® = CHMe,, R*=H
26b: Micrococcin P2: R'=R?=0,R® = CHMe,, R*=H
Shin's synthetic epimer of

26c: Micrococcin P2: R = H, R? = OH, R® = CHMe,, R* = H

structure of
26d: Micrococcin P1: Rt = OH, R = H, R® = H, R* = CHMe,
26e: Micrococcin P2: R'=R?=0,R%=H,R*= CHMe,

Figure 7

berninamycin 58) nosiheptide®® sulfomycin
GE2270A%) thiocilline 6 nocathiacin %9

13



HO o Siomycin A

26 27 5
27

(A)

“b"
“a” Sch
18640

,o- -oL-

Bycroft Floss
(Scheme 4)12p,35d,36c,37c,)

14



Nicolaou
DBU 28
29 (Scheme 5)53053d.53)
31 32
(Scheme 6) 57
(6]

AN
S%OE‘ Ag,CO3 1.0 eq., DBU 0.25 eq.

=N
ﬁ(L pyridine (0.047 M)

-HDO
H
X Y A s
l _N —_— l _N
X X
Thiopeptide group
Scheme 4

27 Ag2COs
aza-Diels-Alder
Moody amythiamicin D
aza-Diels-Alder 33

S NH . _N
H BnNH, 1.2 eq., -12 °C, 45 min
N% then H,O:AcOEt=1:1, -12t0 25°C, 1 h N A
S 29+29'(ca. 1:1 mixture) 60%, 30 68% ’ S
O._ NBoc O. NBoc

BocN_ O 30

Scheme 5 29 [+29' (5S,6R)]
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OEt
0
O, Nﬁ)LNHAc toluene, 120 °C
WS microwave, 33%

31 BocHN

S,
\i\
OMe
(o}

@
5
(@]
....

@

9]

[e]

I

P4

\)\(/
pz4

Scheme 6 /:\ 33
C4
Floss (Scheme
7)35b,35¢,35€) (34) 2.
(35) (35-36) 37
(37 -38) (39 - 40) 40 L-

41

AdoMet AdoHcy

NAD(P)H NAD(P)*
COMe
_-HX_
co2 X co; co-
2
OH o foH
X X X
EI\EL — O, —
N~ co; N~ “CO,AMP ) N~ “Cco,R
38 ATP PP; 39

R =-AMP or -(Thr)

(lle)HN"™

OH a1

AdoMet: S-adenosylmethionine, AdoHcy: S-adenosylhomosysteine, NADP: nicotinamide adenine dinucleotide phosphate
ATP: adenosine 5'-triphosphate, AMP: adenosine 5'-monophosphate

Scheme 7

(thiostreptin)
B.y- thiostreptin
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RHN \_7
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R
2.S

RHN \<Z
4

C2 a
C4
(Figure 8)% 3
R' R'
Acid/Base S Acid/Base ~2S
RHN S —— RHN {
N HN N
COw COm 4com
‘ ' Acid/Base Acid/BaseH
R' R'
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macrocyclization
and amidation of 6

stepwise or one-pot
1) (step pot) o, H " 1)
% : NH,

hOTBS

SePh

SePh Hu
2 o LN
)%A “/k N NH,

SePh N OTMSE o}
: ) 847 SePh

SePh 6: segment E

H)H}As«aph

=
OTMSE )
NHBo “— macrocyclization y o HN__O
O Ny o OH H\g_<
~oTBS o> OTMSE Sﬁ/l\“o N A NH
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Ho,  C— H o /

~NTeoc
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TESO

-
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HOTBS

‘= amidation
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Hotes 43
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45: segment B

HOTES
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SePh

H K
)%ASePh

amidation

47: segment A

= OTBS

Scheme 8 48: segment C
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Nicolaou
26
26
43
TMSE
Boc
27

()
()

2

44

TES

TMSE

(Scheme 8)

TBS
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(Scheme 9)1a68)

e

EtO,C CO,Et

5069)

Scheme 9. Synthesis of dehydropiperidine 58. Reagents and conditions: (a) 51 1.2 eq., 52 1.2 eq., LiClO4 10 eq., NEtg
10 eq., THF, rt, 5 h, then -40 °C, 50 1.0 eq., -20 °C, 1 d, 53 71% and 54 17% from 50; (b) TFA 5.0 eq., EtOH, rt, 1 h, then
agq. NaHCOg; (c) AcOH 10 eq., NaBH3CN 3.0 eq., EtOH, rt, 2 h, 55 70% from 53; (d) Boc,0 1.1 eq., DMAP 0.2 eq., NEtg
1.1eq., THF, 0°C, 1 h; (e) 56 2.0 eq., CIP 2.0 eq., HOAt 2.0 eq., i-Pr,NEt 4.5 eq., CH,Cl,, rt, 1 d, 78% from 55; (g)
t-BuOCI 1.1 eq., THF, -78 °C, 30 min, then DMAP 0.2 eq., NEt3 10 eq., rt, 5 h, 95%.

5179 52
5069) 1,2 71,72,73) 53
55 Boc
Boc-L-Ala-OH (56) 57 t-BuOCI™ N
HCI™) 58

Boc

20



TMSE

Bpoc
Bpoc-Ala-OH (62)79) (Scheme 10) 4- (59)
Grignard Bpoc
60 L- (61) 60 TritonB Bpoc Bpoc-L-Ala-OH (62)

(0]
OO0~ 2 OOt = sounre
BpocHNﬁlCOZH

59 60 62
Scheme 10. Synthesis of Bpoc-L-Ala-OH (62). Reagents and conditions: (a) 3 M MeMgBr in Et,O
solution 2.2 eq., Et,0, rt, 1 h, 90%; (b) CICO,Ph 1.2 eq., pyridine 1.48 eq., CH,Cl,, 0 °C, 1 d, 87%; (c)
L-alanine (61) 1.0 eq., 60 1.1 eq., 40wt% Triton B in MeOH 1.1 eq., DMF, 50 °C, 2 h, 67%.

551a) Seebach ) Ti(OFPr)a
55 TMSE
(Scheme 11) 63 Boc CIP™)
Bpoc-L-Ala-OH (62) 64 79)
Cs2C0s3 (DMF H2:0 THF H20 dioxane H:20

DMSO H:0) 40 wt% 7-BusNOH in H2O THF

65 37% 66 21%

Cs2C0s3 65 80%

21



o) o}
N)j\oa Syl\OTMSE
5 HS:

) HoN
a S NH
- H
o N Ny

(0]

SVJ\OTMSE
H =N

S oy
=_NHBpoc

OH —
NHBoc BocHN
65 66

H

Scheme 11. Synthesis of piperidine 65. Reagents and conditions: (a) Me3SiCH,CH,OH 10 eq., Ti(Oi-Pr)4 1.0 eq.,
100 °C, 6 h, 75%; (b) Boc,0 1.0 eq., DMAP 0.2 eq., NEt; 1.5 eq., THF, rt, 1.5 h, 93%; (c) 62 2.0 eq., CIP 2.0 eq., HOAt
2.0 eq., i-PryNEt 5.0 eq., CH,Cly 11, 3.5 h, 84%; (d) Cs,CO3 1.0 eq., Me3SiCH,CH,0H, rt, 10 h, 80%.

65 #BuOCI™» N 75)
67 0.5% TFA CH:Cl: Bpoc 76b)
(Scheme 12)1)

/
OTMSE S‘S/E"
OH

H SHBoc
47

Scheme 12. Synthesis of dehydropiperidine 47. Reagents and conditions: (a) t-BuOCI 1.1 eq., THF, -78 °C, 1 h, then
DMAP 0.2 eq., NEt3 10 eq., rt, 3 h, 76%; (b) 0.5% TFA-CH,Cl,, rt, 30 min, 91%.

22
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( ) 50 51 52 3
55 Bpoc-L-Ala-OH (62) 64
47 (Scheme 13)1a.1¢)
S S o
L=
Eto,c” N N™ “co,Et N/ TOoEt
50 =
H2N, -transesterification
p— S NH
CHO QL0 \ H -condensation of Bpoc-Ala-OH
- H N/S\\\p Tol © R T u
P 2 ) _/ c
Hsv N 5 OEt S y —‘/(OH H O/U\r NHBpoc
7 HN
HB_O 'Y \\Sj 62
o 55
51

-opening of the oxazolidinone

-regioselective oxidation

Scheme 13

23
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B)

( B1)
( B)
(Scheme 14)
ofle
H jY
\ N.__CO,H
N~ “CONH ~
Boc 3_7/'H
69: segment B1 70: segment B2
Scheme 14
B 68 Bl 69
B, v- B2 70
Bl (Scheme 15)88)
H
HO—Jw H.seph j\sePh _OTBS
3 steps \/Ei a,b c \/t Jli
H,N H CO,H H,N (o} BocHN H CO,H oTBS BocHN H CONH"("CO,Me
71 72 (TsOH salt) 73 /li 75
HzN" L "CO,Me
74 ld,e
O o) H \\\\\ Hseph _oH HsePh _OH
X L T S G D S
CcO Me H H
E CONH _7/ 2 léloc CONH’Z"CSNH"1"CO,Me N HzN"7 "CSNH™ [ "CO,Me
[o IS
78 >< WH 76
N
Boc CO,H
77

Scheme 15. Synthesis of tripeptide 79. Reagents and conditions: (a) Boc,O 2.0 eq.

,i-Pr,NEt 1.2 eq., THF, 1t, 16

h, 77%; (b) PhSeH 1.5 eq., DMF, 80 °C, 2 h, quantitative yield; (c) 74 1.1 eq., EDC 1.1 eq., HOBt 1.0 eq., DMF, rt,
3 h, 90%; (d) Lawesson's reagent 0.6 eq., toluene, reflux, 1.5 h, 80%; (e) 50% TFA-CH,Cly, rt, 1 h; (f) 77 1.1 eq.,
EDC 1.2 eq., HOBt 1.1 eq., NMM 1.2 eq., DMF, rt, 6 h, 87% (two steps); (g) Burgess reagent 1.5 eq., THF, rt, 15

min, 99%; (h) TBHP in CH,Cl, 10 eq., CH,Cl,-TFE (1:1), 0 °C, 9 h, 82%.

24



L- (72)
PhSeH
75 Lawesson 84)
76 77
PhSe
B179

(Scheme 16)

X
Xt A
N~ SCONH™ N ) CO:Me
Boc 5 H
79

H
O
XLH'N
B
0 S
7

Zervas Vederas 80) B- 72
81) B- 73 82,83) 74
Boc TBS
78 Burgess 66b)
82,83) B179
Boc

Cla )

CONH

1M ag. NaOH 1.5 eq.
H,O-MeOH (1:1), rt, 2 h

jCOZH
80

1:1 diastereo mixture

3 M HCI/AcOEt, rt, 30 m|n

TLC

CONH —COMe ---weooooreooo i CONH —CO,Me
c “H or 10% TFA-CH,Cly, 1t, 2 h “H
9 81
Scheme 16
79 NaOH C4
80 66) Boc
78 82 83
(Scheme 17)8%
O. H \\\\\ I-\'\SePh OH O, H \\\\\ H\SePh OH OH
e 1o ecrommman 01y =
N~ “CONH :Z CSNH 1 CO,R CONH CSNH 1 ~CONH" 2 COzMe N o]
Boc H H Boc )\—S
78: R = Me N"ZCoMe 84 e
I—_> 82:R=H 83 (HCl salt) thiazolone
Scheme 17
Bl 78 79
B (Scheme 18)
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68: segment B

O ~SePh _OH
K 17 1
N CONHZ"CONH'|"COoH
86: segment B1 70: segment B2
Scheme 18
B1 86 B2 70 Wipf 66d,66€,66f,85,86)
Boc Teoc
L- (71) TeocOPh(p-NO2)8" Teoc
87 (Scheme 19) 71 Zervas
Vederas 80) 72 87 72 EDC HOBt PyBOPS8)
DMTMM?9) PyBOP 88
88 PhSeHsD 89
89 H-b-Ser-OH (90)
86
H N
o-Ja
ot
N~ “CO,H
b T
HOjH\;““ V e08c7 v ol Heepn
\ —c . H ? —d . H \
HoN" 2 "COoH \ ><Nj\CONHj:§O ><Nj\c0NH\”EH£cozH
71 j:i Teoc 88 Teoc 89
H,N o on
72 (TsOH salt) f L
el [HN 4 COzMe
90 (HCl salt)

Xl b foon

CONH = "CONH H

86

Scheme 19. Synthesis of tripeptide 86. Reagents and conditions: (a) TeocOPh(p-NO5) 1.1 eq., NEt3 3.0 eq.,
dioxane-H,O (1:1), rt, 20 h; (b) acetone dimethylacetal 3.0 eq., p-TsOH 0.1 eq., acetone, rt, 6 h, quantitative
yield (two steps); (c) 87 1.0 eq., 72 1.1 eq., PyBOP 1.2 eq., i-ProNEt 2.4 eq., CH,Cly, rt, 2.5 h, 66% from 87,
(d) PhSeH 1.5 eq., DMF, 80 °C, 2 h, 94%; (e) 89 1.0 eq., 90 1.1 eq., DMTMM 1.1 eq., NMM 1.1 eq., MeOH, rt,
6 h, 82% from 89; (f) 1 M aq NaOH 1.5 eq., MeOH-dioxane-H,0 (1:1:1), rt, 1 h.
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( B2)

B.y- ( B2) (Scheme 20)

~

Br
92 o
o, f* oHc— N _-COEt
— A O
93 94
70: segment B2 91
Scheme 20
B2 70 91
91 9390) 9491)
92)
94 (95) (Scheme 21)
94 Ellman &t 93
Cs2C0O3 93) 96
(Table 1)
o, /*
See OHC.__N Ny O"’s;. N
EtO.__OEt ref. 91 ~ CO,Et 93 BTN NS CO,Et
W coEt T \(s—/?/ i a o N/\(s—/?/ 2
95 94 96

+ diastereomer 98 of 97
Scheme 21. Synthesis of olefine 97. Reagents and conditions: (a) 93 1.0 eq., 94 1.0 eq., Cs,CO3 1.0 eq., CH,Cl, 11, 2 h,

quantitative yield; (b) 92 5.0 eq., t-BuLi in ether 10 eq., THF, -78 °C, 5 min, then ZnCl, in ether 5.0 eq., -78 °C to 0 °C, 15 min, then
-78 °C, 96 1.0 eq./THF, then -78 °C to -40 °C, 6 h, 97 87%.
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S Table 1

1) 92, t-BuLi in ether, THF, -78 °C, 5 min X

O, /“ . o /.o

st N_ _co,et 2) additive, 3) 96/ THF ST L _N._CO,Et
t-Bu r\/\(/_/?/ 2 tBuTTNT, /_/7/

S
96
;?Br/ + diastereZ;er 98 of 97
Table 1
entry 92 (eq.) t-BuLi(eq.) additive (eq.) transmetallation reaction ratio® of  yield® (%) of 97
temp( ) time(min) temp( ) time (h) 97 : 98
1 11 2.2 - - - -78~0 3 68 : 32 12
2 5.0 10 ZnCl, 5.0 -78~0 15 -78~0 3 75 :25 55
3 5.0 10 ZnCl, 5.0 -78~0 15 -78~-40 6 97: 3 87
2 The ratio of 97:98 was based on 'H NMR analysis of the crude products.
b |solated yield of 97 after silica-gel column chromatography.
THF Et.0 78 (2)-2- -2- (92) £BuLi
96 TLC
(entry 1)
(entries 2 and 3) THF 78 92 1.0 M ZnCl2/ 0
78 96 0
75 25 55% (entry 2) 40 97 3
87% 97 (entry 3) 97
97 (Scheme 22) 97
0sOs4
94) Sharpless 95)
Boc 99
Sharpless
0OsOs NMO DABCO®) 2 1 100 56%
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f

AN
2 C
ib» BOCHN'E' /N_/7/C02EI _c,
S

99 100

102 (AcOH salt)

Scheme 22. Synthesis of the dihydroxyisoleucine derivative 70. Reagents and conditions: (a) 10 wt% HCI/MeOH, rt, 0.5 h;
(b) Boc,0O 1.2 eq., NEt3 1.2 eq., dioxane, rt, 2 h, 83% (two steps); (c) OsO4 0.1 eq., NMO 3.0 eq., DABCO 0.2 eq.,
t-BuOH-H,0 (85:15), rt, 12 h, 100 56%, 101 25% from 99; (d) 1 M ag. NaOH 1.5 eq., EtOH-dioxane (2:1), rt, 0.5 h; () 3M
HCI/EtOAc, then DOWEX 50W, pyridine/acetic acid buffer (pH 3.1), 65% from 100; (f) TESOTf 4.0 eq., 2,6-lutidine 6.0 eq.,
CH,Cly, 11, 1 h, 92% from 100.

100 3c,7a,9d)
(Scheme 22) NaOH Boc DOWEX

50W 102
97 100 TESOTf

TES Boc 98) By-
B2 70
(Figure 9)
73,90a,90b,92b,99) 5‘,
22M . Re 96
tBu/ls\\ oM >
N/\;{‘l*R2 96
B

Figure. 9 Transition-state model.
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Bl B2

B1 86 B2 70 CIP® HOAt 103
(Scheme 23) Wipf 66d,66€,66f,85,86)
DAST?100) 85
104 DAST 107
TBHP 82a) 108
1o) 108 1H BCNMR HMQC HMBC
OTES H H H OTES
O 'SePh 4 ,OTES
COzEt _a, >< j\\H \/t /E N
/ N “CONH"7"CONH'["CONH {4 S/J/
+
H H
><Oj\H SePh _OH .
N~ “CONH"Z CONH 1~CO,H
Teoc H
86

—|:f 104: R = Et, R? = acetonide, R3 = Teoc
105: R = H, R? = acetonide, R® = Teoc

L 106: R'=Et,R2=R%=H

«Q

N

108

Scheme 23. Synthesis of pentapeptide 108. Reagents and conditions: (a) 70 1.0 eq., 86 1.1 eq., CIP 1.2 eqg., HOAt 1.2 eq.,
i-ProNEt 2.4 eq., CH,Cly, rt, 0.5 h, 83% from 70; (b) DAST 1.5 eq., CH,Cl,, -78 °C, 5 min, 85%; (c) H,S, MeOH-Et3N (1:1), rt, 6
h, 90%; (d) DAST 1.5 eq., CH,Cl,, -78 °C, 5 min; (e) TBHP 10 eq., TFE-CH,Cl, (1:1), 11, 2 h, 57% from 104; (f) 1 M ag. NaOH
3.0 eq., EtOH/dioxane (2:1), rt, 5 h, quantitative yield; (g) 1.0 M ZnCl, in ether 15 eq., CH3NO, rt, 15 h, 58%.

108 NaOH BaOH?1) TMSOK?02)
C4 103)
Nicolaou MesSnOH?53)
20% Teoc
ZnCl2104  CHsNO:2 50 20%
B
105 106
105 104 NaOH EtOH dioxane
106 104 ZnCl2
CHsNO:2 Teoc 58%
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( B) 108

(Scheme 24) Bl 86 87 72 90
B- B270 93 94
Cs2COs3 96
(96 -.97)
B1 86 B2 70 Wipf (103
104 -108) B 108
105 106 10)
A+ W o oy
. COH H,N o 2N" [ "CO,Me t-Bu” " NH, + 3—/7/
72 (TSOH salt 90 (HCI salt % %4
-synthesis of sulfinimine
-condansation using Cs,CO3
-B-lactone opening Q, e \
by phenylselenylation tBU” NP N CO,Et
/\(SJ/
\\\\\\ .SePh _OH 96
>< j\CONH\/'tCONH/ECO H /Y
Teoc 2 92 Br
86 -the vinylzinc addition
to the chiral sulfinimine
X
CO,Et -dihydroxylation I_BL? /'\: COLEt

-synthesis of thiazoline

(o

L

CONH”Z~CRNH
Teoc H H

-Wipf oxazoline-thiazoline [ 103:R=0
conversion method 104:R =S

Roim \/tSePh OH
/ECONH

CONH' = CSNH

105: R = H, RZ = acetonide, RS =
106: R =Et, R?=R3=H

Teoc

Scheme 24

31
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( C) 1b,68)
(Scheme 25)
Ny MeO,C MeO,C. Ny MeO,C. Ny MeO,C._Ng
| _abgcd 2 | _ghi
= / = =
109
MeO
111 R=H
f
E 112: R =Me
Q g MeO,C
MeO,C._ N MeO,C Ny MeO,C Ny, eOy
/ = Z 7
MeO™ “OAY
117 118

(single isomer)
BnOZC BnOZC
H-%—< OH H.§_< ....H
H2N NH

MeO,C.__N _N N=
120 | A M

- _ o Yo
q

Scheme 25. Synthesis of the tetrasubstituted dihydroquinoline derivative 121. Reagents and conditions: (a) mCPBA 1.0 eq.,
CH,Cly, 1t, 2 h; (b) TMSCN 2.2 eq., Meo,NCOCI 2.2 eq., CH,Cly, 11, 9 h, 92% (two steps); (c) 12 M aqg. HCI, reflux, 2 h; (d)
SOCI,-MeOH (1:10), (MeO)3CH 3.0 eq., reflux, 6 h, 87% (two steps); (e) H,SO4 1.0 eq., (NH4)»S,0g 2.0 eq., MeOH-H,0 (4:1),
reflux, 2 h, 98%; (f) Mel 10 eq., NaH 1.4 eq., DMF, rt, 15 min, 81%; (g) mCPBA 2.0 eq., CH,Cly, rt, 5 h, 99%; (h) TFAA 1.2 eq.,
THF, rt, 30 min; (i) NaOMe, MeOH, rt, 30 min, 80% (two steps); (j) Burgess reagent 1.2 eq., THF, rt, 1 h; (k) benzene, reflux, 1 h,
61% (two steps); (I) Jacobsen Mn-Salen 115 0.05 eq., 4-phenylpyridine N-oxide 0.5 eq., ag. NaClO, CH,Cl,, rt, 2.5 h, 43%,
91%ee; (m) NBS 3.0 eq., AcOH, rt, 1 d, 80%; (n) TFA-H,O-CHCl; (1:1:4), 0 °C, 1 d, 82%; (0) NaBH,4 1.0 molar amounts, MeOH,
rt, 15 min, 88%; (p) DBU 3.5 eq., THF, rt, 1 h, 58%; (g) H-Val-OBn (120) 1.5 eq., LiClO,4 5.0 eq., CH3CN, 70 °C, 16 h, 38%.

5,6,7,8- (109) Reissert Henze Cc2
105) (109 - 110)
C4 (110- 1112)208) Boekelheide
C8 (112 - 113)109  Burgess (113 - 114)108)  Jacobsen
Mn-Salen 115 (114 - 116)109.110) 1)
(116 - 117 - 118 - 119)112) 13)
L-Val-OBn (120) (119-121) D1
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121

D1
C 4
D1 C4 (C12 )
Scheme 25 118 C5
(Table 2) 118 C5
HNMR NOE R X
130 118 (
p.38,39 )
MeO,C MeO,C. N § MeO,C._Nq g OH
Table 2 + P + | P
o  NHET H Yo &'
123 124
Table 2
entry reagents (eq.) additive (eq.) solvent temp () time (h) ratio® of comments
118 :122:123
1 MeMgBr 1.1 - Et,0 -78 24 56 : 30 : 14
2 MeMgBr 1.1 - toluene -78 0.5 16 : 56 : 28
3 MeMgBr 1.1 HMPA 1.1 toluene -78 0.5 14 : 68 : 18
4 MeMgBr 1.1 TMEDA 1.1 toluene -78 0.5 - - - multispot
5 MelLi 1.1 - THF -78 0.5 46 : 41 : 13
6 MelLi 1.1 HMPA 1.1 THF -78 0.5 57 :35: 8
7 MelLi 1.1 TiCl, 1.1 THF -30 0.5 124
@ The ratio of 118:122:123 was based on *H NMR analysis of the crude products.
MeMgBr (entries 1-4) MeMgBr HMPA
38 1 122 (entry 3)
MelL.i (entries5and 6) MeLi HMPA
THF 44 1 118
(entry 6) MeLi TiCls 114)
Lewis LiCl 124
(entry 7)

115)

118

33



entry 3

100 mg 122 48% 123 15%
118 20%
123 116)
125 22% 126 (Scheme 26)
MeO,C. N § MeO,C._ Ny § MeO,C. N §
P PhsP 5.0 eq., DEAD 5.0 eq., PhCO,H 5.0 eq. P + P
THF, rt, 10 min, 125 22%, 126 25%
Ho  \H B Bz0” %, Bz0” ¥y
123 125 126
Scheme 26
(Figure 10)
A B
C5 A S/
Figure 10. Plausible explanation for stereoselectivity in the reaction of 117 with MeMgBr
c4 (C12 )
(Scheme 27) 122 DBU
127 127
1) 122 C12
OMe
MeO,C MeO,C.__N
a,b,c =
- =
HO %y
127

Scheme 27. Synthesis of quinoline 127. Reagents and conditions: (a) DBU 3.0 eq.,
THF, rt, 1 h; (b) 1 M ag. HCI, rt, 6 h; (c) CH,N», MeOH, rt, 1 h, 83% (three steps).

D1
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122
4.2% (
(Scheme 28)
35¢,118) C12
the modified radical
Reissert-Henze heteroaromatic
| AN reaction MeO,C Ny substitution MeO,C | AN
_ p—— w ——— _
1
09 110 o
128
the modified
Boekelheide
rearrangement
. . o
diastereoselective  MeO;C N aymmetric ~ MEO2C_Ny
reduction | P epoxidation P
o Br o
130 129
Scheme 28
(Figure 11)
(C D) C
Re 122
=
y CO,Me o CO,Me
e B
>_r C__No )Er C__No
[o] Me
H H
5 H 5 H
C H D H
Figure 11. Plausible explanation for stereoselectivity in the reaction of 130
110 128
(Scheme 29) mCPBA N Boekelheide 107)
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TFAA C8

132 52%
cl)’ OR
MeO,C._Ng a MeO,C. N b MeO,C N ¢ Meo,C N8
T = 00 2 D =
= = = =
110
o] o) o]
128 131

132: R =COCF3
dl—_>133:R=H

Scheme 29. Synthesis of 133. Reagents and conditions: (a) MeCHO, H,0, TFA 1.0 eq., FeSOy4-7H,0
0.1 eq., 31% aq. H,0, 2.0 eq., 0 °C, to rt, 3 h, 84%; (b) MCPBA 2.0 eq., CH,Cl,, 0 °C to rt, 6 h, 88%;
(c) TFAA 1.2 eq., THF, rt, 40 min; (d) NaOMe 2.0 eq., MeOH, rt, 20 min, 52% (two steps).

C7 C8
TFAA DBU 20
22% 129 (Table 3 ) TFAA
Tf20 Boekelheide
129 Tf20 Boekelheide 119,120)
(Table 3)
o
MeO,C._ Nt MeO,C._N_ 27 MeO,C._Ny
I s | + |
13(1) 128 128
Table 3
entry conditions yield (%) of 129 + 128  ratio® of 129 : 128

Tf,0 (1.2 eq.) was added at 0 °C,

then 2,6-lutidine (5.0 eq.) was added at 0 °C, then rt, 4 h
Tf,0 (1.2 eq.) was added at 0 °C,

2 54 3.8:1
then i-Pr,NEt (5.0 eq.) was added at 0 °C, then rt, 4 h

Tf,0 (1.2 eq.) was added at 0 °C, then 2 M i-Pr,NEt (5.0 eq.)/CH,Cl,

63 2.8:1

3 ) ) 66 5.6:1
was added at 0 °C during 10 min, then rt, 5 h

4 Tf,0 (1.2 eq.) was added at 0 °C, then 2 M NEt; (5.0 eq.)/CH,Cl, 58 1011
was added at 0 °C during 10 min, then rt, 5 h '
Tf 1.2 eq. °C, th .45 M NE . .)JJCH,CI

5 ,0 (1.2 eq.) was adged at 0 °C, then 0.45 t; (5.0 eq.)/CH,Cl, 24 129 only
was added at 0 °C during 0.5 h, thenrt, 5 h
Tf 1.2 eq. °C, th .45 M NE . .)JICH,CI

6 ,0 (1.2 eq.) was added at 0 °C, then 0.45 t; (5.0 eq.)/CH,Cl, 98 129 only

was added at 0 °C during 1 h, then rt, 5 h
2 Isolated yield (129+128) after silica-gel column chromatography.

® The ratio of 129:128 was based on *H NMR analysis of the isolated products.

Tf20 2,6-lutidine FFPr2NEt
129 (entries 1 and 2) N
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n

128

FPraNEt CH2Cl2

3.8:11 5.6:1 (entries 2 and 3)
NEts 10:1 (entry 4) 0.45 M NEt3/CH2Cl>
129 98%
Tf.0 Boekelheide 121)
N
122) Boekelheide
(Scheme 30)
CF3 CFg CF3
(@] (@] '_|’,\7c)2cc|:3 L c"\l) @] O)\O

E

Scheme 30. Mechanisms for the Boekelheide rearrangement and one-pot olefination via the Matsumura-Boekelheide rearrangement.

TFAA

_ >

| OH
R Ni R RY Ny Base R AN
I — | — | I
= = =
2

hydrolysis =

SO, //S\
Base o0 o0
1 1 1 1
RN_NE RN_N RNy Base RGNS
= Z = F-elimination =
Rz RZ R2 R2
J K

Boekelheide

Tf.0

M

TFAA N
C8

C8
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129

MeO,C N

129

135

(Scheme 31)

(0] (0]
MeO,C.__N MeO,C.__N MeO,C._N
A - X N N
| conditions A or B | \E(\(j b |
/ 7 + / — /
a
0 ] o] o Br

136 130
+ diastereomer 137 of 130

Scheme 31. Synthesis of 130. Reagents and conditions: (a) conditions A: 115 0.05 eq., 4-phenylpyridine N-oxide 0.5 eq., PhlO 2.0
eq., CH3CN, -10 °C, 12 h, 135 54% (75%ee), 136 18%; conditions B: 134 0.05 eq., 4-phenylpyridine N-oxide 0.5 eq., PhlO 2.0 eq.,
CH3CN, -10 °C, 15 h, 135 73% (82%ee), 135:136=24:1; (b) NBS 1.1 eq., AIBN 0.1 eq., CCl,, 140 W sun lamp, 60 °C, 4 h, 130 67%,

Katsuki Mn-Salen catalyst

137 11%.
S
=N, _.N=
Mn
t-Bu o’¢io t-Bu
t-Bu t-Bu
115
Jacobsen Mn-Salen catalyst
Scheme 25 114
135 54 (75%ee) 136 18
Mn-Salen 134123 135
136
AIBN CCl4 112c)
137 11 130
(Figure 12)
MeO,C._ N 9 7
® \ &/
Br ;
o : d
130 B f.-f___

Figure 12.

38

Jacobsen Mn-Salen 115110

10
(conditions A)
73%(82%ee)
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130 (Table 4)

(o]
MeO,C._N_<F Me0,C_N. <% ore_N_ < OHC._N
| Table 4 | |
= 5 + Z + = + =
o Br H "H Br o Br HO Br
130 123 138 139
Table 4
entry reagents (molar amount) solvent temp () time (h) ratio® of yield (%)°
130:122:123:138:139 of 122
1 DIBAL 1.1 CH,Cl, -78 2 81: - : - :13: 6 -
2 L-Selectride 1.1 THF -78 2 33:11: - :56: - -
3 NaBH, 4.5 MeOH -78 19 - 9% : 4 - @ - 95
4 NaBH, 1.0, CeCl; 7H,0 1.0 MeOH -78 3 - 18 :14: - @ - 39
5 BH; THF 1.0 THF rt 6.5 10:80:10: - : - 60
6 9-BBN 2.0 THF -20~rt 3 no reaction
7 Zn(BH,), 1.5 Et,O 0 22 41 : 42 :17: - : - 36
8 Me,NHB(OAC); 1.7 CH5CN rt 20 23 :71: 6 : - @ - 49

2 The ratio of 130:122:123:138:139 was based on *H NMR analysis of the crude products.
® |solated yield of 122 after silica-gel column chromatography.

DIBAL L-Selectride 122
138 139 (entries 1 and 2)
NaBHa 78
9% 4 95 122
CeClsz 7H20
(entry 4) BHs THF 9-BBN
Zn(BH4)2 MesNHB(OAC)3 9-BBN
entry3 NaBH4
(entries 5~8) 123  Dess-Martin 124) 65%
130 130
122 118 122
118 C5
118 130
(Figure 13) 118
A B A C5
S/
130 N
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C D C
Re Figure 12 130
X C5
X C
- o N
MO B CO,Me Ve :‘ . CO,Me OBr CO,Me
f>>_ L No ] ?_ <y Me)L C__No
Me Ths H Hs H s H
A H | c H D H
Figure 13. Plausible explanation for stereoselectivity in the reactions of 118 with MeMgBr and 130 with NaBHj.
122 2 TBS DBU 9 (Scheme 32)
LiOH NaOH Cs2CO3
48
8- 140 48 140
48 140
48 TMSOK102)
140 48 1d)

MeOZCW ab MeOZC\%N\jCT . Hozc\%ﬁﬁ HO,C | Ny, Iy

= = = =

HO Sy Br TBSO ¥ TBSO ¥y TBSO

122 9 48 140

Scheme 32. Synthesis of the dihydroquinoline segment 48. Reagents and conditions: (a) TBSOTf 1.2 eq., 2,6-lutidine
2.0 eq., CH,Cl,, 0 °C, 0.5 h, 82%; (b) DBU 3.5 eq., THF, 1t, 1h, 95%; (c) TMSOK 1.0 eq., Et,0, 0 °C, 0.5 h,
guantitative yield.
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( C) (Scheme 33)

109 Reissert Henze (109-110)
(110-111) Boekelheide Burgess
(111 - 114) Jacobsen (114 - 118)
(118 - 122) 15 4.2%(91%ee) 122
110
(110-128) T120 Boekelheide
(128 - 129)
(129 - 130) (130 - 122) 10 27%(82%ee)
122 48 1b,1d)
-radical
N MeO,C heteroaromatic MeO,C MeO,C._ N
[ -Reissert-Henze 2 \LD alkylation P _Boekelheide | _
Z Burgess reagent
109 110 MeO
114
-radical
heteroaromatic
acylation -Jacobsen Mn-Salen
-bromination
MeO,C. Ny MeO,C. Ny 4
| = | =
o T
128 118
-one-pot olefination -diastereoselective
via the Matsumura-Boekelheide methylation
MeO,C.__N . MeO,C.__N § -diastereoselective  MeO,C
| ~ -Katsuki Mn-Salen | ~ reduction
> - . P -
-bromination
Br
¢} o} HO™ V™~
129 130 122 48
first generation
15 steps 4.2%(91%ee)
second generation
10 steps 27%(82%ee)
Scheme 33
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D 141
(Scheme 34)59) D

T o

HyN '5_| CONH CONH COyH

141: segment D

{

SePh SePh

L

BpocHN CONH

49
/[:SePh

BpocHN H CO,H BocHN”"COH

142 143

CONH';"COH

SePh

H,N H CO,Fm
144

Scheme 34

Bpoc-L-Val-OH (142)79)
Bpoc-L-Val-OH (142)

BocHN' =
oc| =

Scheme 10
(Scheme 35)

E)

E 145

82)

o

CONH "CONH,
145: segment E

4

SePh SePh

H CONH"Z i
6

SePh /[:

HoN i CONH,

146

CONH,

SePh

L

CO,H
143

60 L- (147)

COZH BpocH;;I:;OZH
147 . . @

Scheme 35 (a) 60 1.1 eq., Triton B 1.1 eq., DMF-THF (1:1), 50 °C, 5 h, 68%

Vederas 80) L-
p- 149 (Scheme 36)

(148)

Boc

PhSeH B

N-Boc-L- B-phenylselenoalanine (143)

125)

143
143
(142)

150
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Fm
151
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Boc
Fm

le)
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OH SePh SePh SePh SePh
o = S S S St
e —_— —_— B
H < < <

H,N"Z CO,H BocHN o BocHN"Z"COH BocHN" 7 "COzFm BocHN"7"CONH 'z "COoFm
148 149 143 150 151
SePh SePh SePh SePh
T [ T L
BpocHN H CONH’, "CONH', "COoFm BpocHN H CONH H CONHE| CO,H
BpocHN 3 "COH 152 49
142

Scheme 36. Synthesis of tripeptide 49. Reagents and conditions: (a) Boc,0 1.2 eq., NEt3 1.1 eq., H,0-1,4-dioxane (1:1),
t, 4 h, quantitative yield; (b) PPhg 1.1 eq., DEAD 1.1 eq., THF, -78 °C to it, 5 h, 54%; (c) PhSeH 1.2 eq., DMF, rt, 2 h,
quantitative yield; (d) 9-fluorenylmethanol 1.2 eq., DCC 1.2 eq., DMAP 0.2 eq., CH,Cl, rt, 4 h, 82%; (e) 50% TFA-CH,Cl,,
rt, 1 h,; (f) 143 1.1 eq., CIP 1.1 eq., HOAt 1.1 eq., i-ProNEt 4.0 eq., CH,Cl,, rt, 1 h, 94% from 150; (g) 142 1.1 eq., CIP 1.2
eq., HOAt 1.0 eq., i-ProNEt 2.5 eq., CH,Cly, 1t, 3 h, 77% from 151, (h) 50% Et,NH-CH,Cly, rt, 30 min, 95%.

143
146 Boc 143
(Scheme 37)53¢.530)
SePh SePh SePh SePh SePh SePh

J e, [ ol [

— < - 8 B g :

BocHN H CO,H BocHN™7,"CONH, BocHN"7, "CONH™ 7, "CONH, HoN"Z "CONH™ 7 "CONH,

143 146 153 6

Scheme 37. Synthesis of dipeptide 6. Reagents and conditions: (a) CICO,Et 1.05 eq., NEt3 1.05 eq., THF, 15
°C, 10 min, then, 28% NH,4OH, -15 °C, 30 min, then rt, 30 min, 79%; (b) 50% TFA-CH,Cl,, rt, 1.5 h; (c) 143 1.1
eq., CIP 1.1 eq., HOAt 1.1 eq., i-Pr,NEt 4.0 eq., 1t, 5 h, 92% from 146; (d) 50% TFA-CH,Cl,, rt, 2 h, 93%.
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L- (148) B- 149 PhSeH 143

143 152 142 D 49 143 146
E6 (Scheme 38)1)
J:OH o
HoN H CO,H -mitsunobu, BocHNAo
148 149

SePh
-PhSeHl L j\/

BocHN ﬁ CO,Fm || BpocHN

SePh ﬁ SePh SePh
Jongl e - S i e
£

CO,H BpocHN "z “CONH Z "CONH';"COH

BocHN

A H
143
J:SePh
BocHN"; "CONH, SePh SePh

w | LoL

:“CONH"Z "CONH,

NG A

6

Scheme 38
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27

( )
(Scheme 39)
( A) 47 ( D) 49
EDC HOAt /iPro.NEt DMF CIP® HOAt F£Pr2NEt CHCl2
DMTMM®) NMM MeOH DMTMM 75%
154 154 ( C) 48
(Table 5)
o}
N/ “OTMSE
Sﬁ/k SePh
o NH : HT(E )o%/\
N oY ? ¥ N SePh
\S JK( H HHHN 0
o NN H\§_<
OTMSE S&/E;H BpocHN
NHBoc
47
b
? o}
HO NS
‘ =
LoTBS
*® 155
SOTBS

Scheme 39. Synthesis of 155. Reagents and conditions: (a) 47 1.0 eq., 49 1.2 eq., DMTMM 1.2 eq., NMM 1.2 eq.,
MeOH, rt, 2 h, 75% from 47; (b) 48 3.0 eq., CIP 3.0 eq., DMAP 6.0 eq., i-Pr,NEt 6.0 eq., CHyCly, t, 1 h, 84%.
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o
T(E )%ﬂ Table 5
N SePh
HH

H
HN,_ O 0 o
N
7o H RS
X BpocHN =
H”=:
NHBoc 154 SOTBS

DAST 1.1 eq., CH,Cl, 48: R = OH

-30 °C to 0 °C, 30 min 156: R = F

96%.
Table 5

entry substrate (eq.) reagents (eq.) solvent temp () time (h) results
1 48 1.5 DCC 1.5, DMAP 0.2 CH,Cl, rt 7 no reaction
2 48 1.5 BOP-CI 1.5, NEt; 5.0, DMAP 5.0 CH,Cl, rt 7 no reaction
3 48 1.5 BOP 1.5, NEt; 5.0 CH,Cl, r 6.5 no reaction
1) 2,4,6-trichlorobenzoyl chloride 1.5, NEt; 5.0 THF rt .

4 4815 2; DMAP 3.0 ’ i toluene® e 16?.5 no reaction
5 156 1.5 i-Pr,NEt 2.0 CH,Cl, rt 48 no reaction
6 156 1.5 NHMDS 1.0 THF -78~0 2 decomposition
7 48 1.5 CIP 1.5, DMAP 3.0, i-Pr,NEt 3.0 CH,Cl, rt 25 155 47%"
8 483.0 CIP 3.0, DMAP 6.0, i-Pr,NEt 6.0 CH,Cl, rt 1 155 84%"°

& benzene, 1,4-dioxane, or CH,Cl,, rt: N.R., toluene 80 °C: decomposition.

® |solated yield of 155 after silica-gel column chromatography.

DCC (entry 1) BOP-CI129 (entry 2)

BOP127) (entry 3) 2,4,6-
128)
(entry 4)
o,0-2
129) 48 DAST130) 156
156 F-Pr2NEt (entry 5)

NHMDS129%12%) (entry 6)
CIP"®)(entries 7 and 8)
48 3.0 84% 155

(Scheme
40)
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Mg(Cl0Oa)2 40
Bpoc 131) Lewis LiClO413)
Mg(ClO4)2113)  LiOTf132  Yb(OTf)3133)

156134 157134) 158134 155 mCPBA
159 Bpoc
4 Lewis

o

SVKOTMSE

S
I M ' O T HN_O ... -
O \ ) \ H e}
/N H 2) L|C|O4, Mg(C|O4)2, O. N z oH
OTMSE BpocHN i HS—(
S—S/kH (0] \ p o LiOTf, or Yb(OTf)3 OTMSE 8 NH
O ‘ N H”:
NHBoc =
[OTBS
R! R? R3 R R! R2 RS R*
155 CH,SePh H CH,SePh H 44 CH,SePh H CH,SePh H
156 H CH,SePh H CH,>SePh 160 H CH,SePh H CH,SePh
b 157 CH,SePh H H CH,SePh 161 CH,SePh H H CH,SePh
158 H CH,SePh  CH,SePh H 162 H CH,SePh  CH,SePh H
159 n-bond n-bond 163 n-bond n-bond

Scheme 40. Reagents and conditions: (a) Mg(ClO,), 5.0 eq., CH3CN, 40 °C, 1 h; (b) mCPBA 2.6 eq., CH,Cl,, -80 °C, 9 h, 45%.
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Boyd 112c)
1641%) -Val-OBn (120) Lewis
(Table 6)
Ny ? Ny 4 HN"Z>CO,Bn Ny 4
| RS £ COz8n — P |
164 (1.0 eq.) 120 (1.1 eq.) 165 166
Table 6
entry  Lewis acid (eq.) solvent temp () time (h) ratio® of results
164 : 165 : 166
1 LiClO, 5.0 CH5CN 70 15 0 : 49 :51 16540%"
2 Ti(Oi-Pr), 2.0 THF reflux 25 90 :10: 0
3 Zn(OTf), 1.0 CH,CN rt 22 decomposition
4 Cu(OTf), 0.1 CH4CN 70 22 21: 0 : 79
5 CeCl; 7H,0 0.5 CH;CN-H,0 (9:1) rt 22 no reaction
6 Yb(OTf); 0.5 CH,Cl, rt 21 decomposition
7 Yb(OTf); 0.1 THF reflux 30 40 : 30 : 30
8 Yb(OTf); 0.2 CH,Cl,-H,0 (1:10) rt 24 9 :91: 0 16573%"
2 The ratio of 164:165:166 was based on *H NMR analysis of the crude products.
® Isolated yield of 165 after silica-gel column chromatography.
LiCIOa 13) 165 8- (166)  1:1 40%
165 (entry 1) Lewis Ti(OFPr)4138)  Zn(OTf)2113  Cu(OTf)13)  CeCls
7H20138) (entries 2~5) Yb(OTf)3133)
Crotti
CH2ClI2 THF
CHCl2 THF
165 (entries 6 and 7) 1:10 CH2CI2 H20
139) 166 165 73%
(entry 8) Yb(OTf)s CH2Cl: Lewis
CH2Cl2 H:2:0 166
164
(Scheme 41) 167140
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168140) Table 6 Yb(OTf)s CH2Cl2 H20
167 169 168
170 166

Yb(OTf)s CH:Cl: H20 155 (Scheme 40)

N J jf iy §

N

+ 1 i\ 1

| HoN" 2 CONH)E\CONH)E\COZR3
= H H H

164 (1.0eq) 167: R*=R?=R®=Me (1.0 eq.)
168: R! = R? = CH,SePh, R® = Fm (1.0 eq.)

Rl RZ
on T 1
Yb(OTf); 0.2 eq. N H H CONH H CO,R®

CH,Clo-H,0 (1:10), t, 48 h |
164:169:166=15:76:9
164:170:166=44:0:56

169: R'=R?=R%=Me
170: R! = R? = CH,SePh, R® = Fm

Scheme 41
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( C) - 174 67

173

O 0]

SA\/kOTMSE

SePh
SePh S
O

#ﬁ/ R2/EN)H%/\SePh
— \
H TBSO H
OTMSE SJ>/L

NHBO NHBoc

oTes {OTBS

172: R! = NHBpoc, R? = CO,Fm

SePh
j(ﬁ )%/\Seph
a 173
1 |H
OTMSE Si/LOH Fmo__ 0O
H NHBoG o] TBSO H\S—<
67 HO N\ «NH
‘ =
174
$0TBS
Scheme 42
67 173 Scheme 12 Sheme 36
174 (Scheme 43) L-
Fm
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2\ FmO,C
o o |HNTCOFm TBSO H->—<
MeO,C._Ng up  BUOC N e o Moo N Nk
/ = c =
TBSO™ Yy TBSO™ %y TBSO” ¥y
9 175 174

Scheme 43. Synthesis of dihydroquinoline carboxylic acid 174. Reagents and conditions: (a) TMSOK 1.0 eq., Et,0, 0 °C, 0.5 h; (b)
Boc,0 2.0 eq., DMAP 0.3 eq., t-BuOH, rt, 3 h, 86% (two steps); (c) 175 1.0 eq., 176 2.0 eq., Yb(OTf)3 0.2 eq., CH,Cl>-H,0 (1:2),
rt, 5d, 177 48%, diastereomer of 177 7%, regioisomer of 177 6%, recovery of 175 13%,; (d) TBSOTf 3.0 eq., 2,6-lutidine 10 eq.,
CH,Cl,, 0 °C, 15 min, 96%; (e) B-bromocatecholborane 2.0 eq., CH,Cl,, t, 1 d, 79%.

C2 Fm
t.
9 Boc:0 DMAP r
141) 175 175 L-Val-OFm (176)142
Yb(OTf)s CH2Cl2 H20
75%ee 175 177  48% 175
7% 177 (C8
T ) 6% 175  13%
vBu- o N |"\‘\ i1 Lewis Yb(OTf)s
_
150 (Figure 14) 177 HMBC  C7
Houre 24 2 TBS £
B- 143 174
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(Scheme 44)

(e}

SA\/kOTMSE

—y HMBC _seph

S
\ HN
O 7
Nygo TBSO
OTMSE Sﬁ/L N
: ooy
H (HBoc =
1 2
171 5 172: R™ = NHBpoc, R = COFm
~oTBS de ~oTBS

179: R' = NH,, R? = CO,H

Scheme 44. Synthesis of cyclic peptide 171. Reagents and conditions: (a) 67 1.2 eq., 174 1.0 eq., CIP 1.2 eq., DMAP 0.5
eq., i-ProNEt 2.5 eq., CH,Cly, rt, 10 min, 67% from 67; (b) 50% Et,NH-CH,Cly, rt, 1 h; (c) 173 1.2 eq., CIP 1.2 eq., HOAt
1.2 eq., i-Pr,NEt 2.5 eq., CH,Cly, 0 °C, 0.5 h, 94% (two steps); (d) Mg(ClO,), 5.0 eq., CH3CN, 40 °C, 5.5 h; (e) 10%
Et,NH-CH,Cl,, 1t, 2.5 h, 67% (two steps); (f) HATU 5.0 eq., NMM 5.0 eq., CH,Cl, (1 mM), tt, 24 h, 79%.

( A) 67 ( C) 174
Table 5 CIP™® DMAP FPr2NEt
67% 178 DMAP 0.5
Fm Fm 50% Et2NH CH2Cl212%
( D) 173 CIP™ HOAt iPr.NEt
94% 172 Bpoc Mg(ClO4)213D
10% Et:NH  CH2Cl»129) (Table 7)

52

Fm



(o}

=N
OH H

SA\/kOTMSE

HMBC _seph

0]
N-I
. N‘S/N N)H%/\SePh
H H
O HN_ O

S
«NH

Table 7
entry reagents (eq.) solvent (1 mM for 179) time (h) yield (%) of 171
1 EDC 5.0, HOAt 5.0, NMM 5.0 DMF 25 49
2 PyBOP 5.0, i- Pr,NEt 5.0 CH,Cl, 45 49
3 DPPA 5.0, i- Pr,NEt 5.0 CH,Cl, 45 19°
4 HATU 5.0, i- Pr,NEt 5.0 CH,Cl, 22 58
5 HATU 5.0, NMM 5.0 CH,CI, 24 79
6 HATU 5.0, 2,4,6-collidine 5.0 CH,Cl, 24 46
7 HATU 5.0, NMM 5.0 DMF 25 45
8 HATU 5.0, NMM 5.0 THF 45 14°
9 HATU 2.0, HOAt 5.0, 2,4,6-collidine 5.0 CH,CI, 24 45
2 Isolated yield of 171 after silica-gel column chromatography.
® multispot
EDC HOBt(entry 1) PyBOPS8)(entry 2) HOBt
49%
DPPAM4)(entry 3) 19%
HOAt (entries 4~9) HATU49)
HATU NMM CH:Cl: 79%
171 (entry 5) Bpoc Fm
171
24 ¢ 3 62% 171
H HCOSY HMQC HMBC IH BC NMR
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171 TBHP 53e,539)
180 (Scheme 45)
27

O 0]

SkaTMSE
Op H 9)

N N

H

5~6 M TBHP in decane

S
NaHCO3 10 eq., CH,Cly, 11, 4 h \ o] HN O
O
then, 5~6 M TBHP in decane H TBSO H
1, 4 h, 83% OTMSE é/'\
NHBoc
171 = OTBS 1,078BS

Scheme 45
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4 ( A 4 ( C)

( D) 27 (Scheme 46)
A47 C 48 D 49
46
( ) A 67 C 174 D 173
179 27 171 ( ) 1)

\«::Ioute rOlj/
\‘:\ fe)

N
AN OTMSE .
Si\/k ————macrocyclization (route )

N /:' SePh
OH H o o
s Jﬁ/ Tl N#/\SePh
\ o """ N, o
° < /N H
OTMSE SJ>/L < \NH
H”: "= macrocyclization (route )
NHBoc
44:R=H

171: R = TBS A
Scheme 46
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27 B
2 27
o]
o] SVKOTMSE
SVLOTMSE - SePh
SePh H 2
e :
o 1) 4 M HCI/1,4-dioxane, rt, 25 min b HMSGF’“
o] HN_ O
ANH SePh  2) Table 8, rt Y
NP N ° OTMSE S [ A9 grH
0
o o% i/'\ N NH
TBSO H\g_< H)JENTeOC HyiNTeoc H": © | b
Ny WNH H e :
P> HN™ ~O HN™, ~O
NoTBS H H % N
71° h PhSe HN PhSe HN«IQ(H,,H
) )
S ; O
Table 8
entry 105 (eq.) reagents (eq.) solvent time (h) yield (%)® of 181
1 1.5  HATU 1.5, i- Pr,NEt 5.0 CH,Cl, 1 40°
2 1.2  PyBOP 5.0, i- Pr,NEt 5.0 CH,Cl, 2 36
3 1.2 DMTMM 1.2, NMM 5.0 MeOH 2 33
4 1.0  HATU 1.0, i- Pr,NEt 5.0 CH,Cl, 5 56
5 1.0 EDC 1.0, HOAt 1.0, NMM 5.0 DMF 2 39
6 15 EDC 1.5, HOAt 1.5, NMM 7.0 DMF 2 56
% |solated yield of 181 after silica-gel column chromatography.
®The compound 183 was isolated in 9% yield.
171 Boc 4 M HCI/1,4-dioxanel4®)
105 (Table 8) HATUM9  iPr.NEt
18110 40% 181
105 183 % (entry 1) 183 NMR
MS
181 ( B D- )
PyBOPg) DMTMMS9)
181 36% 33% (entries 3
and 4) 105 1.5 1.0 HATU
56% (entry 5)
EDC HOAt /iPraNEt 105 1.0
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39% 15 183 56%

entry 4 181 60%
182 8%
TMSE
26
2 2 TMSE
TMSE (Scheme 47) B
Teoc ZnCl,104) (Scheme 23) TMSE
1.0 M ZnCl2 100 24
184 184’ 185
Nicolaou
26 2 MesSnOH
2 1
53d,53g)
O O

OTMSE

SePh

H o
N
)H}ASePh

ZnCl, in Et,0 100 eq.
CH3NOy, 1t, 16 h
184+184' 33%, 185 11%

¢ >
n
PhS HN N,
© N 184: R = H, R? = TMSE
(@]

""" 184" R = TMSE, R? = H

Scheme 47 185:R'=R?=H
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TMSE

Teoc
48)

1.0 M ZnCl2
TMSE

(e}

SVKOTMSE

SePh

O:H 0
EN
Nﬁ/ NMSePh
HH
o o

HN

100

)
48 104)
185 (Scheme
SePh

© o |H O OoH HS—< o
o\__ OTMSE é/Lo N NH oH y
'&H/:Teoc L ZnCly in Et,0 100 eq. H/Jj;
OsNH
HN o J. CH3NOy, 1t, 48 h HN o |
Hg 1,07TBS Hg -,0TBS
OH N N oH NN
H H \ H H \
PhSe HN N, S PhSe HN .
H ’ H ’ 185
O o]
TESO; 181 TESO, ;
OTES
SePh o
H
H NJ;(N i NH
2 u 2
Ho
6 SePh
Table 9
187: thiazoline 186: cyclic product
[M+Na]* 2800 [M+Na]" 2818
Scheme 48
Table 9
ol forna
entry conditions yield (%) of 186
from 181
1 1) EDC 5.0 eg., HOAt 5.0 eq., i-Pr,NEt 5.0 eq., DMF(1 mM), rt, 24 h b
2)62.0eq., EDC 1.5eq., HOAt 1.5 eq., i-Pr,NEt 3.0 eq., DMF, rt, 16 h
2 1) EDC 5.0 eg., HOAt 5.0 eq., i-Pr,NEt 5.0 eq., DMF(1 mM), 0 °C, 3 h 17
2)62.0eq.,, EDC 1.5 eq., HOAt 1.5 eq., i-Pr,NEt 3.0 eq., DMF, rt, 15 h
3 1) HATU 5.0 eq., i-Pr,NEt 5.0 eq., DMF(1 mM), 0 °C, 3 h <12°
2)62.0eq., HATU 1.5 eq., i-Pr,NEt 3.0 eq., DMF, rt, 15 h
4 EDC 5.0 eq., HOAt 5.0 eq., i-Pr,NEt 5.0 eq., DMF(1 mM), 0 °C, 3 h 17
then 6 5.0 eq. rt, 17 h
? Isolated yield of 186 after preparative TLC on silica-gel.
P 186 was not obtained.
¢ Contaminated with two minor products which lose one H,O and two H,O from 186.
E6 (Table 9)
6 Sephadex LH-20 PTLC EDC HOAt /i PraNEt
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DMF
(entry 1) 186

17% (entry 2)
186
FPr2NEt DMF
186 2 17% entry 2

186
B u rgess 66b) 148)
181 DAST100)
1.0 M ZnCl2 100
Teoc TMSE
o)
SVKOTMSE
—N SePh
OH H

o)
N
NMSePh
H H
o) HN,_ O
7 N
Nyno OHH
o> OTMSE Sﬁ/ko N NH
H: \
= =
OxNH

Ho L NTeoc
H
HN HSO 'HOTBS
N\ OH NN
H ﬂH v
H

PhSe HN NI~ S
O oy
TESO,; 181

HATU

186 3
MS
(entry 3) EDC HOAt
(entry 4)

DAST100
MS

188 87%
48 104)
189 (Scheme 49)

|: 188: Rl = TMSE, R? = acetonide, R® = Teoc
189: R'=R?=R%=H

Scheme 49. Synthesis of 189. Reagents and conditions:(a) DAST 1.6 eq., CH,Cly, -78 °C, 1 h, then 0 °C, 1 h, 87%; (b) 1.0 M ZnCl, in

ether 100 eq., CH3NOy, rt, 48 h.
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Scheme 50 Table 10

SePh
E NH,
Ho
SePh SePh ~SePh
H,N"= NH, H NMSGF’“
Ho HN,_ O
6 SePh
H O OHH
Table 10 N wNH
‘ ~N
=
i [0TBS
PhSe N
a
SePh
A/Ok Jg(“ i Vﬁ J;(H Y
X/ N NH NE NH
] H o % ? Y Hal JﬁL 2
=N =N
o o SePh “SePh
H e} H o
2N EN
N ) H H SePh
o " N o o) HN_ O
b
5 HQ OH H o] OH H
i/Lo ‘ Ny, NH o ‘ Ny WNH
= =
SOH =OH
Siomycin A
+isomer 192 191

Scheme 50. Synthesis of siomycin A. Reagents and conditions:(a) HF - pyridine-THF (1:4), rt, 20 h, (b) 3.98 M TBHP in CH,Cl,
600 eq., TFE-CH,CI, (1:5), rt, 1 h.

Table 10

yield (%)? of yield (%)? of

entry conditions ) ) .
siomycin A from 188 isomer 192 from 188

1) EDC 5.0 eq., HOAt 5.0 eq., i-Pr,NEt 5.0 eq., DMF(1 mM), 0 °C, 3 h

! 2)63.0eq., EDC 2.0 eq., HOAt 1.5 eq., i-Pr,NEt 3.0 eq., DMF, rt, 24 h ! 4

2 HATU 5.0 eq., i-Pr,NEt 5.0 eq., DMF(1 mM), 0 °C, 3 h 5 18
then 6 5.0 eq., 1t, 24 h

3 HATU 5.0 eq., i-Pr,NEt 5.0 eq., THF(1 mM), 0 °C, 3 h 0 3
then 6 5.0 eq., 1t, 24 h

4 HATU 5.0 eq., i-Pr,NEt 5.0 eg., dioxane(1 mM), 0 °C, 3 h 3 0
then6 5.0 eq., rt, 24 h

5  HATUS5.0eq, i-Pr,NEt 5.0 eq., DMF-CH,CN (1:4)(1 mM), 0 °C,3h 4 8
then6 5.0 eq., rt, 24 h

g HATUS5.0eq, i-Pr,NEt 5.0 eq., DMF-CH,CI, (1:4)(1 mM), 0 °C,3h ; 8

then 6 5.0 eq., rt, 24 h
2 |solated yield after preparative TLC on silica-gel.
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EDC HOAt FiPr2NEt DMF(entry 1) HATU4S [ProNEt (entries

2-6) DMF THF 1,4- DMF CH2CIl2(1:4) DMF CHsCN (1:4)
entry6 HATU FPra2NEt DMF CH:Cl: (1:4 1 mM)
0 3 6 6 Sephadex LH-20
HF
JN%H%NH THF (1:4)5%3¢530) 191
S‘E\N H o 2 3.98 M TBHP/CH:Cl2 TFE CH2Cl2 (1:5)822)
:‘: (@]
$ H H % 188
S X H&N#NV
\ TNy o "o o 4 7%
OHO N /4/§/LH 0 OH |:§—<
Hul NH STAN N \NH
o I N
N (;' o R _ ( )
@\( IHNMR H HCOSY MS
{ H N\\ OH
N N 192
H isomer 192
© :lgH\‘OH of siomycin A
2 Nicolaou
2 TBHP HF 53e,539) A
A HF THF (1:4) 24
A B(artifact)sb)
10719 HF THF (1:4) 4
- 193 70% (Scheme 51)
NOE 193 TES
107 TBHP 1081
C2 a PhSeH Z-

190 191 4
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(e}

H L <NTeoc
0.7% H O« OFEt
HN O
NOE (;/\/5 Njg
bR
H

3.9%~H N

O vy

TESO,; 193 S
107 HOTES HO

N

TESO,;
HOTES

Scheme 51. Synthesis of 193. Reagents and conditions:(a) HF - pyridine-THF (1:4),
rt, 4 h, 70%; (b) TESOTf 4.0 eq., 2,6-lutidine 10 eq., CH,Cl,, rt, 0.5 h, 71%; (c) 3.98 M
TBHP in CH,Cl, 10 eq., TFE-CH,Cl, (1:1), rt, 2 h.

(Scheme 52) ElcB
66a) HE Q
R
S T Z
E U Z
Z
HN/:" HN/: HN/H\
DU L NS D NS Phsel
Phse N%(H .H* Phse I-@‘A(L% H* Phsg@%(l‘% PhSe”
H H H
= o} 0 o R o
Scheme 52
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Boc

H L NTeoc
H
o Oj\;OH
S
OH XN
HW H B
HN N,,)
Ho
105 TESOH
OTES
- -""route
one-pot cyclization
and amidation of 6 o 7 seph w
; H H
NN N NH
Si A 2
N SePh seph
)Y\SePh
o] OH H
N «NH -,
‘ N
=
OTBS
190
Scheme 53
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(Scheme 53)
o}
SVKOTMSE
SePh
s Jﬁ/ j(ﬁ )H}ASePh
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The melting points were determined on a micro hot-stage Yanaco MP-S3 and were
uncorrected. Optical rotations were measured on a JASCO DIP-360 polarimeter. IR spectra
were recorded on a JASCO FT IR-200 spectrometer. 'H and 13C NMR spectra were measured
on a JEOL GSX-270 spectrometer, a JEOL LAMBDA 300 spectrometer, or a Varian MERCURY
plus 300 spectrometer. Chemical shifts of tH NMR spectra are expressed in ppm relative to
TMS (tetramethylsilane) = 0 in CDCls or solvent residual signal = 7.26 in CDCls, 3.31 in
CDs0OD, 2.50 in (CD3)2S0, 1.94 in CD3sCN, 7.38 in CDCls-CD3sOD (4:1) as an internal standard
unless otherwise noted. Chemical shifts of 3C NMR spectra are expressed in ppm relative to
solvent signal = 77.00 in CDCls, 49.00 in CDsOD, 206.26 in (CDs3)2SO, 118.26 in CDsCN, or
24.55 in THF-ds as an internal standard unless otherwise noted. Low and high resolution mass
spectra were recorded on a JEOL GCmate (EI and FAB), JEOL the Accu TOF JMS-T100LCS
(ESD), or Bruker Ultraflex (MALDI). Silica-gel TLC and preparative TLC (PTLC) were
performed on a Merck 60F-254. Silica-gel column chromatography was performed on
Fuji—Davison PSQ100B. Air and/or moisture-sensitive reactions were carried out under an
atmosphere of argon with oven-dried glassware. In general, the organic solvents were purified
and dried by appropriate procedures, and evaporation and concentration were carried out

under reduced pressure below 30 °C.
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1-(4-Biphenylyl)-1-methylethyl phenyl carbonate (60).
To a solution of 4-acetylbiphenyl 59 (15.0 g, 7.64x102 mol, FW 196.24)
m —Q in dry Et20 (380 ml) at 0 °C under Ar atmosphere was added 3 M
00 MeMgBr in Et20 (56.1 ml, 1.68x101 mol). After stirring at rt for 1 h, the
reaction mixture was quenched with saturated aq. NH4Cl (500 ml) and H20 (250 ml) and
extracted with Et20 (500 mlx3). The combined extracts were dried over NasSOs, filtered
through Celite, and evaporated. The residue was chromatographed on silica gel (30%
AcOEt/hexane) to afford 1-(4-biphenylyl)-1-methylethanol (14.6 g, 90%, FW 212.29) as a white
solid: 'TH NMR (CDCls) § 7.63-7.30 (m, 9H, biphenyl), 1.62 (s, 6H, Mex2). To a solution of
1-(4-biphenylyl)-1-methylethanol (4.14 g, 1.95x10 mmol, FW 212.29) and dry pyridine (2.33 ml,
2.88%x10 mmol, FW 79.10, d 0.978) in dry CH2Cl: (20 ml) at =5 °C under Ar atmosphere was
added dropwise CICOzPh (2.94 ml, 2.34x10 mmol, FW 156.57, d 1.248) in dry CH2Cl: (10 ml)
over 30 min. The reaction mixture was stirred at 0 °C for 1 d and quenched with ice-cold water
(10 ml) and CH2Clz (20 ml). The mixture was washed with H2O (40 m1x3). The organic layers
were dried over Na2SO4, filtered through Celite, and evaporated. The residual solid was
recrystallized from AcOEt to afford carbonate 60 (5.65 g, 87%, FW 332.39) as a white sold: 'H
NMR (CDCls) § 7.63-7.23 (m, 14H, biphenyl and Ph), 1.63 (s, 6H, Mex2).

Bpoc-L-Ala-OH (62).

L-Alanine (61) (1.02 g, 1.14x10 mmol, FW 89.09) was dissolved in 40wt% Triton B
BoociN ;coH  in MeOH (5.6 ml, 1.23%X10 mmol, FW 167.25, d 0.920) and the solvent was
62 evaporated under reduced pressure. The residue was then evaporated twice more
with DMF (17 ml) at 45 °C under vacuum in order to remove traces of water. The syrup
remaining was treated with carbonate 60 (4.10 g, 1.23%10 mmol, FW 332.39) in DMF (17 ml) at
50 °C for 2 h. The reaction mixture was quenched with H20 (20 ml) at 0 °C and washed with
Et20 (20 m1x3). The aqueous layer was acidified with cold 1 M aq. citric acid to about pH 3 at
0 °C and extracted with Et20 (20 mlx3). The combined extracts were dried over NasSOs,
filtered through Celite, and evaporated to afford Bpoc-L-Ala-OH (62) (2.50 g, 67%, FW 327.37)
as a colorless syrup: & = 0.74 (15/55/65 H:O/MeOH/CHCls);'H NMR (CDCls) § 10.80-9.80 (br s,
1H, CO2H), 7.62-7.26 (m, 9H, biphenyl), 5.31 (br d, /= 7.4 Hz, 1H, BpocNH), 4.28 (br dq, /= 6.8,
7.4 Hz, 1H, Ala H-a), 1.79 (br s, 6H, Bpoc Mex 2), 1.38 (d, /= 6.8 Hz, 1H, Ala Me-p).

2-(Trimethylsilyl)ethyl 2-((2.5,3 R,6 R)-3-amino-2-{2-[(45,5F)-5-methyl-2-oxo-oxazolidin-4-yl]
thiazol-4-yl}-6-{4-[2-(trimethylsilyl)ethoxycarbonylthiazol-2-yl}-piperid-3-yl)-thiazole-
4-carboxylate (63). To a solution of bis-Et ester 55 (4.94 g, 8.33 mmol, FW 592.71) in
2-(trimethylsilylethanol (11.9 ml, 8.35%10 mol, FW 118.25, d 0.83) was added Ti(O7Pr)s (2.44
ml, 8.33 mmol, FW 284.26, d 0.97). After stirring at 100 °C for 6 h, the reaction mixture was
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i quenched with H2O (100 ml) and extracted with CHCls (100 mIx3). The

X/ "oTMsE

- Ha=N combined extracts were dried over Na2SOy, filtered through Celite, and

) \5 7 HNH evaporated. The residue was chromatographed on silica gel (80%
T se ;J:/(H AcOEt/hexane) to afford bis-“TMSE ester 63 (4.61 g, 75%, FW 737.08) as a
HHNO white foam: & = 0.63 (100% AcOEt); [o]% +95.4 (¢ 1.00, CHCls); mp

6 © 84-85 ; IR (CHCls) 3440, 3320, 1760, 1720, 1480, 1390, 1340, 1100,

1040, 970 cm; 'H NMR (CDCls) § 8.08 (s, 1H, thiazole H-5), 7.89 (s, 1H, thiazole H-5), 6.92 (s,
1H, thiazole H-5), 6.70 (br s, 1H, oxazolidinone NH), 4.82 (s, 1H, piperidine H-2), 4.71 (br d, J=
6.3 Hz, 1H, oxazolidinone H-4), 4.51-4.34 (m, 6H, piperidine H-6, oxazolidinone H-5, and
MesSiCH2CH2x2), 2.78-2.56 (m, 1H, piperidine H-4), 2.52-2.20 (m, 1H, piperidine H-5),
2.15-1.96 (m, 2H, piperidine H-4 and H-5), 1.50 (d, J = 6.3 Hz, 3H, oxazolidinone 5-Me),
1.18-1.04 (m, 4H, MesSiCH2CH2x2), 0.06 (s, 9H, MesSiCH2CHy), 0.05 (s, 9H, MesSiCH2CHb);
13C NMR(CDCls) & 181.52, 173.53, 169.30, 161.68, 161.47, 154.11, 150.82, 148.68, 147.64,
147.24, 127.40, 126.96, 117.65, 84.71, 75.76, 63.79, 63.74, 63.52, 62.40, 58.39, 58.10, 37.90,
27.79, 20.92, 17.45, 17.37, -1.45, -1.52; HRMS (FAB) m/z (M-H)~ calcd for CsoH43NsO6S5Siz
735.1945, obsd 735.1970.

2-(Trimethylsilyl)ethyl 2-((2.5,3 R,6 B)-3- N-{N-[1-(biphenylyl)-1-methyl-ethoxycarbonyl]-L-

alanyl}amino-2-{2-[(4.8,5 R)-3- N- tert-butoxycarbonyl-5-methyl-2-oxo-oxazolidin-4-yllthiazol-4-yl

}-6-14-[2-(trimethylsilyl)ethoxycarbonylthiazol-2-yl}-piperid-3-yl)-thiazole-4-carboxylate (64).
J To a solution of amine 63 (5.31 g, 7.20 mmol, FW 737.08), DMAP (176 mg,
=y "™ 1.44 mmol, FW 122.17), and NEt; (1.50 m], 1.08x10 mmol, FW 101.19, d

H: N
s \\\H—N;’Z'%NHBpoc 0.727) in dry THF (72 ml) at 0 °C under Ar atmosphere was added BoczO
Q"Q A (1.66 ml, 7.23 mmol, FW 218.25, d 0.950). After stirring at 0 °C for 1.5 h,
_
OTMSE Sz AH the reaction mixture was quenched with H20 (80 ml) and extracted with

(0]
62 O AcOEt (100 mlx3). The combined extracts were dried over Na2SOs,
filtered through Celite, and evaporated. The residue was chromatographed on silica gel (40%
AcOEt/hexane) to afford Boc-oxazolidinone (5.61 g, 93%, FW 837.19) as a white foam: & = 0.80
(70% AcOEt/hexane); 'H NMR (CDCls) § 8.10 (s, 1H, thiazole H-5), 7.91 (s, 1H, thiazole H-5),
6.93 (s, 1H, thiazole H-5), 4.99 (d, /= 4.7 Hz, 1H, oxazolidinone H-4), 4.88 (br d, /= 6.3 Hz, 1H,
piperidine H-6), 4.55 (dq, J = 4.7, 6.6 Hz, 1H, oxazolidinone H-5), 4.49-4.36 (m, 5H, piperidine
H-2, MesSiCH2CH2x2), 2.74-2.58 (m, 1H, piperidine H-4), 2.43-2.24 (m, 1H, piperidine H-5),
2.12-1.94 (m, 2H, piperidine H-4 and H-5), 1.50 (d, /= 6.6 Hz, 3H, oxazolidinone 5-Me), 1.40 (s,
9H, Boc), 1.19-1.07 (m, 4H, MesSiCH2CH2x2), 0.07 (s, 9H, MesSiCH:2CHz), 0.06 (s, 9H,
MesSiCH2CH2).  To a solution of Boc-oxazolidinone (4.09 g, 4.89 mmol, FW 837.19),
Bpoc-1-Ala-OH (62) (3.20 g, 9.77 mmol, FW 327.37), HOAt (1.33 g, 9.77 mmol, FW 136.11), and
ProNEt (4.25 ml, 2.44x10 mmol, FW 129.25, d 0.742) in dry CH2Cl: (9.8 ml) at rt under Ar
atmosphere was added CIP (2.72 g, 9.76 mmol, FW 278.56). After stirring at rt for 3.5 h, the
reaction mixture was quenched with H20 (20 ml) and extracted with CHCls (30 mlx3). The
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combined extracts were dried over Na2SQ4, filtered through Celite, and evaporated. The
residue was chromatographed on silica gel (40% AcOEt/hexane) to afford piperidine 64 (4.70 g,
84%, FW 1146.55) as a white foam: & = 0.56 (60% AcOEt/hexane); [a]® +29.6 (¢ 1.00, CHCls)
mp 100-102 ;IR (CHCls) 3420, 3370, 1820, 1720, 1490, 1420, 1370, 1320, 1100, 1040 cm'}; 1H
NMR (CDCls) & 8.47 (br s, 1H, CONH), 8.05 (s, 1H, thiazole H-5), 7.68 (s, 1H, thiazole H-5),
7.56-7.23 (m, 9H, Bpoc), 6.74 (s, 1H, thiazole H-5), 5.52 (br d, /= 6.0 Hz, 1H, NHBpoc), 5.06 (d,
J=2.7Hz, 1H, oxazolidinone H-4), 4.96-4.80 (m, 1H, oxazolidinone H-5), 4.48 (s, 1H, piperidine
H-2), 4.46-4.31 (m, 5H, piperidine H-6, Me3sSiCH2CH2x2), 4.10 (dq, J= 6.0, 6.3 Hz, 1H, Ala H-a),
3.46 (br d, /= 13.8 Hz, 1H, piperidine H-4), 2.71 (ddd, J = 3.3, 13.8, 13.8 Hz, 1H, piperidine
H-4), 2.19 (br dd, J= 2.7, 13.8 Hz, 1H, piperidine H-5), 2.08-1.87 (m, 1H, piperidine H-5), 1.59
(d, J = 4.2 Hz, 3H, oxazolidinone 5-Me), 1.41 (s, 9H, Boc), 1.35 (d, J = 6.3 Hz, 3H, Ala Me-p),
1.16-104 (m, 4H, Me3SiCH2CH2x2), 0.05 (s, 9H, MesSiCH2CHy), 0.03 (s, 9H, MesSiCH2CHy); 13C
NMR(CDCls) & 174.69, 172.96, 172.81, 168.01, 161.25, 161.19, 154.53, 152.79, 150.60, 148.49,
146.96, 146.85, 145.12, 140.46, 139.43, 128.59, 127.10, 127.04, 126.82, 126.70, 124.66, 119.19,
84.85, 80.77, 75.50, 65.23, 63.60, 63.39, 61.48, 61.17, 58.06, 51.48, 30.51, 29.42, 27.73, 27.15,
20.30, 18.16, 17.34, 17.22, -1.55, -1.63; HRMS (FAB) m/z (M+Na)* caled for Cs4H71N7011S5S1:Na
1168.3810, obsd 1168.3782.

2-(Trimethylsilyl)ethyl 2-((2.5,3 R,6 R)-3- N-{N-[1-(biphenylyl)-1-methyl-ethoxycarbonyl]-L-

alanyl}amino-2-{2-[(1.5,2 R)-1- N-(tert-butoxycarbonyl)amino-2-hydroxy-propyllthiazol-4-yl}-6-{4

-[2-(trimethylsilyl)ethoxycarbonylthiazol-2-yl}-piperid-3-yl)-thiazole-4-carboxylate (65). To a
o solution of oxazolidinone 64 (805 mg, 7.02x10! mmol, FW 1146.55) in

SMOTMSE 2-(trimethylsilyl)ethanol (7.0 ml) at 0 °C under Ar atmosphere was added
Hi=N

\\‘N_\: 24 hgpoe  C52C0s3 (229 mg, 7.03x10! mmol, FW 325.82). After stirring at rt for 10 h,

o \S’N y FZ?K( the reaction mixture was quenched with saturated aq. NH4Cl (5 ml) and
OTMSE 5_&/&; H20 (10 ml), and extracted with AcOEt (20 m1x3). The combined extracts
65 Rroc were dried over Na2SOs, filtered through Celite, and evaporated. The

residue was distilled under reduced pressure (15 mmHg, 59 °C) to afford recovered
2-(trimethylsilylDethanol. The residue was chromatographed on silica gel (40% AcOEt/hexane)
to afford alcohol 65 (629 mg, 80%, FW 1120.56) as a white foam: &= 0.73 (60% AcOEt/hexane);
1H NMR (CDCls) § 8.56 (br s, 1H, piperidine 3-CONH), 8.07 (s, 1H, thiazole H-5), 7.62-7.23 (m,
10H, biphenyl and thiazole H-5), 6.49 (s, 1H, thiazole H-5), 5.58 (br d, &= 9.3 Hz, 1H, NHBoc),
5.43 (br d, J= 8.1 Hz, 1H, NHBpoc), 4.81 (br d, J= 9.3 Hz, 1H, Thr H-a), 4.77-4.64 (m, 1H, Thr
H-p), 4.52-4.25 (m, 6H, piperidine H-2, H-6, and MesSiCH2CH2x2), 4.14 (br dq, J= 8.1, 8.4 Hz,
1H, Ala H-a), 3.61 (br d, /= 3.9 Hz, 1H, Thr p-OH), 3.38 (br d, J= 14.4 Hz, 1H, piperidine H-4),
2.82-2.66 (m, 1H, piperidine H-4), 2.59-2.44 (br s, 1H, piperidine H-5), 2.24 (br d, /= 12.0 Hz,
1H, piperidine H-5), 1.75 (s, 3H, Bpoc Me), 1.68 (s, 3H, Bpoc Me), 1.54-1.34 (m, 3H, Thr Me-y),
1.44 (s, 9H, Boc), 1.18-0.98 (m, 4H, MesSiCH2CH2x2), 1.14 (d, J= 8.4 Hz, 3H, Ala Me-p), 0.07 (s,
9H, MesSiCH:CHy), 0.05 (s, 9H, MesSiCH2CHy).
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2-(Trimethylsilyl)ethyl 2-((5R,6.5)-5- N-{N-[1-(biphenylyl)-1-methyl-ethoxycarbonyl]-L-
alanyl}amino-6-{2-[(1.5,2 R)-1- N-(tert-butoxycarbonyl)amino-2-hydroxy-propyllthiazol-4-yl}-5-{4
-[2-(trimethylsilyl)ethoxycarbonylthiazol-2-yl}-1,2-dehydropiperid-2-yl)-thiazole-4-carboxylate

(67). To a solution of piperidine 65 (429 mg, 3.83x 10 mmol, FW
1120.56) in dry THF (3.8 ml) at —78 °C under Ar atmosphere was added
tert-butyl hypochlorite (47.6 ul, 4.21x 10" mmol, FW 108.57, d 0.96). The
reaction mixture was stirred at the same temperature for 1 h and then
DMAP (9.4 mg, 7.7x 102 mmol, FW 122.17) and NEt3 (533 ul, 3.83 mmol,
FW 101.19, d 0.727) was added. The temperature was raised to rt and the
reaction mixture was stirred for 3 h. The reaction mixture was quenched with saturated aq.
Na2S205 (2 ml) and ag. NaHCOs (4 ml), and extracted with AcOEt (5 mlx 3). The combined
extracts were dried over Na2SQs, filtered through Celite, and evaporated. The residue was
chromatographed on silica gel (30% AcOEt/hexane) to afford dehydropiperidine 67 (324 mg,
76%, FW 1118.54) as a yellow foam: & = 0.45 (60% AcOEt/hexane); [al]® +47.9 (¢ 1.00, CHCls);
mp 102-103 ; IR (CHCls) 3430, 3300, 1710, 1500, 1370, 1100, 1040 cm™1; 'H NMR (CDCls) §
8.61 (br s, 1H, piperidine 5-CONH), 8.17 (s, 1H, thiazole H-5), 7.62-7.28 (m, 10H, biphenyl and
thiazole H-5), 6.63 (s, 1H, thiazole H-5), 5.66 (br d, /= 9.6 Hz, 1H, NHBoc), 5.40 (br d, /= 7.5
Hz, 1H, NHBpoc), 5.20 (br s, 1H, piperidine H-6), 4.86 (br d, /= 9.3 Hz, 1H, Thr H-a), 4.63-4.52
(m, 1H, Thr H-B), 4.52-4.25 (m, 4H, MesSiCH2CH2x2), 3.97 (br dq, J= 6.6, 7.5 Hz, 1H, Ala H-a),
3.74-3.43 (m, 2H, piperidine H-3 and H-4), 3.35 (br d, J= 13.2 Hz, 1H, piperidine H-3), 2.81 (br
d, /= 12.0 Hz, 1H, piperidine H-4), 1.73 (s, 3H, Bpoc Me), 1.65 (s, 3H, Bpoc Me), 1.47 (s, 9H,
Boc), 1.35 (d, J= 6.6 Hz, 3H, Ala Me-B), 1.21-1.00 (m, 7H, Thr Me-y and MesSiCH2CH2x2), 0.09
(s, 9H, Me3SiCH2CHz), 0.08 (s, 9H, Me3SiCH2CHz); 1*C NMR(CDCls) § 175.91, 175.02, 173.56,
169.13, 162.90, 161.39, 161.31, 155.82, 154.87, 152.75, 148.01, 147.03, 144.74, 140.49, 139.62,
130.26, 128.75, 127.48, 127.22, 126.93, 124.68, 117.48, 81.54, 80.20, 68.33, 66.66, 63.77, 63.43,
59.95, 57.75, 51.36, 28.95, 28.52, 28.29, 26.40, 24.60, 20.15, 18.70, 17.40, 17.33, -1.48, -1.55;
HRMS (FAB) m/z (M+Na)* calcd for Cs3sH71N7010S5Si2Na 1140.3861, obsd 1140.3877.

2-(Trimethylsilyl)ethyl 2-((5&,6.9)-5- N-(1-alanyl)amino-6-{2-[(1.5,2 B)-1- N-(tert-butoxycarbonyl)
amino-2-hydroxy-propyllthiazol-4-yl}-5-{4-[2-(trimethylsilyl)ethoxycarbonylthiazol-2-y1}-1,2-
dehydropiperid-2-yl)-thiazole-4-carboxylate (47). Carbamate 67 (21.3 mg, 1.90x 102 mmol,
FW 1118.54) was dissolved in 0.5% TFA-CH:Clz (190 ul) at 0 °C. After
stirring at rt for 30 min, the reaction mixtue was evaporated. The residue
was quenched with H2O (1 ml) and washed with hexane (1 mlx3). The
aqueous layer was basified with saturated aq. NaHCOs and extracted
with AcOEt (1 mlx3). The combined extracts were dried over Na2SOu,

filtered through Celite, and evaporated. The residue was

chromatographed on silica gel (40% acetone/hexane) to afford amine 47 (15.2 mg, 91%, FW
880.26) as a yellow foam: & = 0.51 (30% acetone/hexane); 'H NMR (CDCls) § 9.05 (br s, 1H,
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piperidine 5-CONH), 8.19 (s, 1H, thiazole H-5), 7.91 (s, 1H, thiazole H-5), 6.74 (s, 1H, thiazole
H-5), 6.27 (br d, J= 9.3 Hz, 1H, NHBoc), 5.42 (br s, 1H, piperidine H-6), 4.92 (br dd, /= 1.5, 9.3
Hz, 1H, Thr H-a), 4.53-4.29 (m, 7H, Thr H-B, piperidine H-6, Ala H-a, and Me3sSiCH2CH2x2),
3.75-3.46 (m, 2H, piperidine H-4), 3.35 (br d, J= 13.8 Hz, 1H, piperidine H-3), 2.97-2.73 (m, 1H,
piperidine H-3), 1.47 (s, 9H, Boc), 1.30 (d, J= 6.9 Hz, 3H, Ala Me-p), 1.22 (d, /= 6.3 Hz, 1H, Thr
Me-y), 1.20-1.08 (m, MesSiCH2CH2x2), 0.09 (s, 9H, MesSiCH2CHzs), 0.08 (s, 9H, Me3sSiCH2CH>).
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(45,5 R)-3- N(2-trimethylsilyl)ethoxycarbonyl-2,2,5-trimethyloxazolidine-4-carboxylic acid (87).

N To a solution of L-threonine (71) (2.00 g, 1.68x10 mmol, FW 119.12) in H20 (8.4 ml)
><O WH and dioxane (8.4 ml) at rt were added NEts (7.0 ml, 5.04x10 mmol, FW 101.19, d

87 0.727) and TeocOPh(p-NO2) (5.23 g, 1.85x10 mmol, FW 283.36). After stirring at rt
for 21 h, the reaction mixture was quenched with saturated aq. NaHCO3 (10 ml) and washed
with Et20 (50 mlIx1). The aqueous layer was acidified with 1 M aq. HCI to pH 3 at 0 °C and
extracted with AcOEt (100 mIx3). The combined extracts were dried over NasSOs, filtered
through Celite, and evaporated. The residue was chromatographed on silica gel (70%
AcOEt/CHCIs) to afford Teoc-L-Thr-OH (4.51 g, quantitative yield, FW 263.36) as a colorless
syrup: £ = 0.50 (70% AcOEt/CHCls); 'H NMR (CDCls) & 5.94-5.76 (m, 1H, TeocNH), 4.56-4.27
(m, 2H, H-o. and H-p), 4.27-4.02 (m, 2H, MesSiCH2CH>), 1.24 (d, 3 H, J= 6.2 Hz, Me-p), 1.00 (t,
2H, J = 8.6 Hz, MesSiCH2CHb), 0.02 (s, 9H, MesSiCH2CH2). To a solution of Teoc-L-Thr-OH
(50.0 mg, 2.14%10! mmol, FW 233.37) in acetone (1.9 ml) at 0 °C under Ar atmosphere were
added acetone dimethylacetal (70.0 ul, 5.67%10"" mmol, FW 104.15, d 0.847) and p-TsOH (3.3
mg, 1.9x102 mmol, FW 172.20). After stirring at rt for 6 h, the reaction mixture was quenched
with saturated aq. NaHCOs (10 ml) and then NaCl was added. The mixture was extracted with
AcOEt (10 m1x3). The combined extracts were dried over Na2SOs, filtered through Celite, and
evaporated to afford carboxylic acid 28 (65.0 mg, quantitative yield, FW 303.43) as a colorless
syrup: B = 0.90 (70% AcOEt/CHCIs); 'H NMR (CDCls) & 4.30-3.96 (m, 3H, MesSiCH2CH: and
H-B), 3.94-3.74 (m, 1H, H-a), 1.55 (s, 6H, oxazolidine 2-Me), 1.38 (d, J= 5.0 Hz, 3H, p-Me), 1.00
(br t, J= 8.2 Hz, 2H, MesSiCH2CHz), 0.02 (s, 9H, MesSiCH2CHb).

(35,4 R)-4-Methyl-3-[(4.5,5R)-3- N(2-trimethylsilyl)ethoxycarbonyl-2,2,5-trimethyloxazolidine-4
-carbonyllamino-oxetan-2-one (88). To a solution of carboxylic acid 87 (50.0 mg, 1.65%10!
Oi\\ o mmol, FW 303.43) and B-lactone 72 (49.5 mg, 1.81x10'! mmol, FW 273.32) in dry
><¥eo‘;gomHI§o DMF (1.5 ml) at 0 °C under Ar atmosphere were added 7Pr:NEt (71.8 pl,
8 4.12x10" mmol, FW 129.25, d 0.742) and PyBOP (103 mg, 1.98x10"! mmol, FW
520.40). After stirring at rt for 3.5 h, the reaction mixture was quenched with saturated agq.
NaHCOs (5 ml) and extracted with AcOEt (10 mx3). The combined extracts were dried over
NazS0,, filtered through Celite, and evaporated. The residue was chromatographed on silica
gel (20% AcOEt/hexane) to afford dipeptide 88 (42.1 mg, 66%, FW 386.52) as a white foam: R =
0.80 (5% MeOH/CHCIs); [al —4.78 (¢ 1.00, CHCIs); IR (CHCls) 3682, 3620, 1832, 1698, 1520,
1478, 1420, 1456, 1048 cm''; 'H NMR (CDCls) § 7.56-6.64 (m, 1H, CONH), 5.60 (dd, J= 6.0, 8.0
Hz, 1H, B-lactone H-a), 4.90 (dq, J = 6.0, 6.0 Hz, 1H, B-lactone H-B), 4.38-4.10 (m, 1H,
oxazolidine H-5), 4.16 (t, J = 8.8 Hz, 2H, MesSiCH2CHb>), 3.90 (d, J = 7.0 Hz, 1H, oxazolidine
H-4), 1.63 (s, 3H, oxazolidine 2-Me), 1.57 (s, 3H, oxazolidine 2-Me), 1.45 (d, J = 7.0 Hz, 3H,
oxazolidine 5-Me), 1.40 (d, J= 6.0 Hz, 3H, B-lactone Me), 1.10-0.90 (m, 2H, MesSiCH2CHs), 0.02
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(s, 9H, Me3SiCH2CHbs); 13C NMR (CDCls) 6 169.94, 168.81, 153.21(br), 95.29, 74.85, 74.02, 67.00,
64.22, 58.77, 27.31, 25.43, 19.01, 17.83, 15.02, -1.61; Anal. Caled for C17H30N206Si: C, 52.83; H,
7.82; N, 7.25%. Found: C, 52.76; H, 7.82; N, 7.23%.

(2R,38)-2- N-[(45,5 R)-3- N-(2-trimethylsilyl)ethoxycarbonyl-2,2,5-trimethyloxazolidine-4-
carbonyllamino-3-phenylselenobutanoic acid (89). To a solution of B-lactone 88 (42.1 mg,

1.09x101 mmol, FW 386.52) in degassed dry DMF (0.22 ml) at rt under Ar
>< j\ \/tseph atmosphere was added benzeneselenol (17.4 pl, 1.64x10! mmol, FW 157.08, d

CONH =
T oc H

89 1.479). After stirring at 80 °C for 2 h, the reaction mixture was quenched with 1
M aq. NaOH (0.25 ml) and H20 (0.50 ml), and washed with Et20 (1.0 m1x3). The aqueous layer
was acidified with 1 M aq. HCI to pH 3 at 0 °C and extracted with AcOEt (1.0 mIx3). The
combined extracts were dried over Na2SQ4, filtered through Celite, and evaporated. The
residue was chromatographed on silica gel (70% AcOEt/hexane) to afford carboxylic acid 89
(55.7 mg, 94%, FW 543.59) as a yellow foam: 'H NMR (CDCls) & 7.60-7.48 (m, 2H, PhSe),
7.32-7.18 (m, 3H, PhSe), 6.88-6.38 (m, 1H, CONH), 4.82-4.68 (m, 1H, phenylselenoamino acid
H-a), 4.28-3.98 (m, 3H, MesSiCH2CH: and oxazolidine H-5), 3.83 (d, /= 7.0 Hz, 1H, oxazolidine
H-4), 3.74-3.60 (m, 1H, phenylselenoamino acid H-4), 1.62 (s, 3H, oxazolidine 2-Me), 1.57 (s, 3H,
oxazolidine 2-Me), 1.45 (d, J= 6.8 Hz, 3H, Me), 1.36 (d, J= 6.0 Hz, 3H, Me), 1.04-0.88 (m, 2H,
MesSiCH2CHa), 0.02 (s, 9H, MesSiCH2CHo).

N-{(2R,39)-2-N-[(45,5R)-3- N-(2-trimethylsilyl)ethoxycarbonyl-2,2,5-trimethyloxazolidine-4-
carbonyllamino-3-phenylselenobutanoyl}-D-serine (86). To a solution of carboxylic acid 89
o (55.7 mg, 1.02x10! mmol, FW 543.59) and p-Ser-OMe-HC1 (90) (17.5 mg,

>< iCONH\LCONchozH 1.12x10 mmol, FW 155.58) in MeOH (1.0 ml) at 0 °C were added NMM
86 (27.0 pl, 2.46x10" mmol, FW 101.15, d 0.920) and DMTMM (34.0 mg,
1.23x101 mmol, FW 276.72). After stirring at rt for 6 h, the reaction mixture was quenched
with H2O (2 ml) and extracted with AcOEt (2 mIx3). The combined extracts were dried over
NazS0,, filtered through Celite, and evaporated. The residue was chromatographed on silica
gel (50% AcOEt/hexane) to afford tripeptide (54.4 mg, 82%, FW 644.69) as a white foam: & =
0.80 (10% MeOH/CHCls); [al —77.7 (¢ 1.00, CHCls); IR (CHCls) 3685, 3620, 3480, 3370, 1748,
1660, 1508, 1468, 1382, 1355, 1080, 1046 cm':; 1H NMR (CDCls) § 7.66-7.42 (m, 3H, CONH,
PhSe), 7.36-7.21 (m, 3H, PhSe), 6.56-6.38 (br d, /= 7.2 Hz, 1H, CONH), 4.58 (ddd, J/= 3.0, 5.0,
8.0 Hz, 1H, Ser H-a), 4.49 (dd, J= 4.0, 7.2 Hz, 1H, phenylselenoamino acid H-a), 4.36-4.12 (m,
3H, MesSiCH2CH: and oxazolidine H-5), 4.10-3.82 (m, 3H, phenylselenoamino acid H-p and
Ser H-Bx2), 3.92 (d, J= 9.0 Hz, 1H, oxazolidine H-4), 1.70 (s, 3H, oxazolidine 2-Me), 1.66 (s, 3H,
oxazolidine 2-Me), 1.46 (d, J= 6.0 Hz, 3H, Me), 1.42 (d, J= 7.0 Hz, 3H, Me), 1.04-0.88 (m, 2H,
MesSiCH2CHz), 0.02 (s, 9H, MesSiCH2CHz); 3C NMR (CDCls) § 170.43, 169.12, 168.59, 154.79,
134.74, 134.67, 129.36, 128.29, 127.73, 95.09, 74.22, 68.00, 65.88, 62.95, 56.13, 55.12, 52.28,
39.46, 27.37, 26.02, 18.41, 17.85, 16.30, -1.70; Anal. Caled for C27H43N30sSeSi: C, 50.30; H,
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6.72; N, 6.52%. Found: C, 50.20; H, 7.04; N, 6.56%. To a solution of tripeptide (1.00 g, 1.55
mmol, FW 644.70) in MeOH (5.0 m1), H20 (5.0 ml), and 1,4-dioxane (5.0 ml) at 0 °C was added 1
M aq. NaOH (2.3 ml). After stirring at rt for 1 h, the reaction mixture was acidified with 1 M agq.
HC1 to pH 3 at 0 °C and extracted with AcOEt (20 m1x3). The combined extracts were dried
over Na2SOy, filtered through Celite, and evaporated to afford crude carboxylic acid 86 (FW
630.66) as a yellow foam.

(9)-(+)- N-(4-ethoxycarbonyl-thiazol-2-yl-methylidene)-2-methypropane-sulfinamide (96).
o, j A solution of aldehyde 94 (1.53 g, 8.25 mmol, FW 185.20), sulfinamide 93
‘-BU/S‘NAQTCOZE‘ (1.00 g, 8.25 mmol, FW 121.20), and Cs2COs (2.69 g, 8.25 mmol, FW 325.82) in
% dry CH:Cl: (45 ml) was stirred at rt for 2 h. The mixuture was filtered
through Celite, and evaporated for two times. The residue was chromatographed on silica gel
(30% AcOEt/hexane) to afford sulfinimine 96 (2.50 g, quantitative yield, FW 288.39) as a yellow
syrup: B = 0.80 (60% AcOEt/Hexane) tH NMR (CDCls) 6 8.86 (d, /= 1.2 Hz, 1H, imine-H), 8.38
(d, J= 1.2 Hz, 1H, thiazole H-5), 4.48 (q, J= 7.0 Hz, 2H, CO2:CH2CH3), 1.42 (t, J= 7.0 Hz, 3H,
CO:2CH:2CHb), 1.28 (s, 9H, #Bu).

Ethyl 2-[(Ss,1.9-1- N-(2-methylpropane-2-sulfinylamino)-2-methyl-(2-but-2-ene-1-yll-thiazole-
4-carboxylate (97). To a solution of 2-bromo-trans-2-butene (92) (1.32 ml, 1.30x10 mmol, FW
j.,\j:( 135.01, d 1.331) in dry THF (19 ml) at —78 °C under Ar atmosphere was added
S

N =N\~

HH

o’/
N__CO,Et

R ) 1.62 M #BulLi in Etz0 (16.0 ml, 2.60x10 mmol). After 5 min at =78 °C, 1.0 M
o ZnClz in ether (13.0 ml, 1.30x10 mmol) was added and temperature was
raised to 0 °C during a period of 15 min. The solution was cooled to =78 °C and sulfinimine 96
(749 mg, 2.60 mmol, FW 288.38) in dry THF (5.0 ml) was added and the temperature was
raised to —40 °C. After stirring at the same temperature for 6 h, the reaction mixture was
quenched with saturated aq. NH4Cl (40 ml) and extracted with Et20 (50 m1x3). The combined
extracts were dried over Na2SQs, filtered through Celite, and evaporated. The residue was
chromatographed on silica gel (55% AcOEt/CHCls) to afford olefine 97 (778 mg, 87%, FW
344.49) as a colorless syrup: & = 0.40 (60% AcOEt/CHCls); [al? +144 (¢ 1.00, CHCls); IR (neat)
3450, 3255, 3195, 3120, 2978, 1724, 1478, 1370, 1340, 1320, 1238, 1210, 1062, 1020, 960, 900,
880, 756 cm'’; '"H NMR (CDCls) § 8.13 (s, 1H, thiazole H-5), 5.79 (br d, 1H, #BuS(O)NH), 5.74 (q,
J=17.0 Hz, 1H, H-y), 4.80 (br d, 1H, H-a), 4.39 (q, J= 7.0 Hz, 2H, CO:CH2CH3), 1.89 (d, /= 7.0
Hz, 3H, Me-y), 1.61 (s, 3H, Me-p), 1.40 (t, J= 7.0 Hz, 3H, CO:CH:2CHs), 1.31 (s, 9H, Boc); 13C
NMR (CDCls) § 171.17, 160.98, 146.68, 132.39, 127.93, 127.90, 61.26, 55.75, 54.51, 22.57, 18.13,
14.18, 13.42; HRMS (FAB) m/z (M+H)* caled for C15H25N203S2 345.1304, obsd 345.1307.

Ethyl 2-[(8)-1- N tert-butoxycarbonylamino-2-methyl-(2)-but-2-ene-1-yll-thiazole-4-carboxylate
(99). To a solution of 97 (778 mg, 2.26 mmol, FW 344.49) in MeOH (15 ml) at 0 °C was added
10% HClU/MeOH (15 ml). After stirring at rt for 0.5 h, the reaction mixture was evaporated,
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« quenched with saturated aq. NaHCOs (20 ml), and exracted with AcOEt (20 ml
BocHN/j;;g/D/COZEt x 3). The combined extracts were dried over Na2SOs, filtered through Celite,
99 and evaporated to afford amine (FW 240.32) as a yellow oil. To a solution of this
amine (FW 240.32) in 1,4-dioxane (22 ml) under Ar atmosphere were added NEts (378 pl, 2.71
mmol, FW 101.19, d 0.727) and Boc20 (651 ul, 2.71 mmol, FW 228.25, d 0.950). After stiring at
rt for 2 h, the reaction mixture was quenched with saturated aq. NaHCOs3 (30 ml) and extracted
with AcOEt (30 m1x3). The combined extracts were dried over Na2SQy, filtered through Celite,
and evaporated. The residue was chromatographed on silica gel (10% AcOEt/hexane) to afford
99 (635 mg, 83% from 97, FW 340.44) as a colorless oil: B = 0.90 (70% AcOEt/CHCls); [a]%
+80.0 (¢ 1.00, CHCl3); IR (neat) 3425, 3355, 2975, 2938, 1720, 1500, 1368, 1322, 1238, 1210,
1166, 1098, 1060, 1016, 958, 880, 756 cm’; 'H NMR (CDCls) & 8.11 (s, 1H, thiazole H-5),
6.06-5.74 (m, 2H, BocNH and H-o), 5.56 (q, J = 7.0 Hz, 1H, H-y), 4.41 (q, J = 7.0 Hz, 2H,
CO2CH2CH3), 1.88 (d, J= 7.0 Hz, 3H, Me-y), 1.59 (s, 3H, Me-p), 1.46 (s, 9H, Boc), 1.41 (t, J= 7.0
Hz, 3H, CO:CH:2CHz3); 13C NMR (CDCls) § 171.37, 161.16, 154.91, 146.68, 134.25, 127.86,
124.62, 79.93, 61.41, 52.59, 28.34, 18.11, 14.30, 13.47; HRMS (FAB) m/z (M+H)* calcd for
C16H25N204S 340.1457, obsd 340.1457.

Ethyl 2-[(1.5,2.5,3R)-1- N- tert-butoxycarbonylamino-2,3-dihydroxy-2-methyl-butan-1-yll-

thiazole-4-carboxylate (100). To a solution of OsO4 (47.4 mg, 1.86x101 mmol, FW 254.20) in
+BuOH/H:0 (85:15, 6.0 ml) were added 99 (635 mg, 1.87 mmol, FW 340.44) in
My ooE - BuOH/H:0 (85:15, 8.0 ml), NMO (656 mg, 5.60 mmol, FW 117.19) in
#BuOH/H:0 (85:15, 4.0 ml), and DABCO (41.9 mg, 3.74x10! mmol, FW 112.18).

The reaction mixture was stirred in the dark at rt for 12 h and NasS20s was added. The

resulting solution was stirred at rt for 1.5 h and then H20 (20 ml) was added. The mixture was
extracted with AcOEt (30 mlx3). The combined extracts were dried over Na2SOs, filtered
through Celite, and evaporated. The residue was chromatographed on silica gel (35%
AcOEt/hexane) to afford diol 100 (390 mg, 56%, FW 374.45) as colorless foam and its
diastereomer 101 (175 mg, 25%, FW 374.45) as colorless foam. 100: R = 0.45 (50%
AcOEt/Hexane); [ol% —46.5 (¢ 1.00, CHCls); IR (neat) 3420, 2980, 1720, 1498, 1370, 1340, 1326,
1220, 1164, 1100, 1016, 876, 756 cm'%; 'H NMR (CDCls) & 8.12 (s, 1H, thiazole H-5), 6.02 (d, J=
9.0 Hz, 1H, BocNH), 5.20 (d, J = 9.0 Hz, 1H, H-o), 4.38 (q, J = 7.0 Hz, 2H, CO:CH2CH>),
4.30-4.16 (m, 1H, OH), 3.84-3.70 (m, 1H, H-y), 3.16-3.02 (m, 1H, OH), 1.45 (s, 9H, Boc), 1.39 (t, J
= 7.0 Hz, 3H, CO:CH:2CH3), 1.24 (d, J= 6.4 Hz, 3H, Me-y), 1.12 (s, 3H, Me-p); 13C NMR (CDCls)
8 170.02, 160.81, 156.58, 146.99, 127.04, 80.54, 69.35, 61.34, 57.19, 28.28, 18.46, 16.70, 14.21;
HRMS (FAB) n/z (M+H)* caled for Ci6H27N206S 375.1591, obsd 375.1590. Diastereomer 101
of 100: R = 0.30 (50% AcOEt/Hexane); [al? —39.0 (¢ 1.00, CHCls); IR (neat) 3420, 2980, 1720,
1498, 1370, 1340, 1326, 1220, 1164, 1100, 1016, 876, 756 cm'; 'H NMR (CDCls) § 8.12 (s, 1H,
thiazole H-5), 5.81 (d, J= 9.2 Hz, 1H, BocNH), 5.20 (d, /= 9.2 Hz, 1H, H-a), 4.38 (q, J= 7.0 Hz,
2H, CO2:CH:CHs), 3.68 (d, /= 8.0 Hz, 1H, OH), 3.84-3.70 (dq, /= 7.0, 8.0 Hz, 1H, H-y), 3.49 (s,
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1H, OH), 1.45 (s, 9H, Boc), 1.39 (t, J= 7.0 Hz, 3H, CO:CH2CHbs), 1.32 (d, J= 6.4 Hz, 3H, Me-y),
1.25 (s, 3H, Me-B); 3C NMR (CDCls) § 170.02, 160.81, 156.58, 146.99, 127.04, 80.54, 69.35,
61.34, 57.19, 28.28, 18.46, 16.70, 14.21; HRMS (FAB) m/z (M+H)* caled for CisH27N206S
375.1591, obsd 375.1590.

2-[(15,2.5,3 K)-1-amino-2,3-dihydroxy-2-methyl-butan-1-yll-thiazole-4-carboxylic acid acetic
acid salt (102). To a solution of diol 100 (50.0 mg, 1.34x10"" mmol, FW 374.45) in EtOH (1.0
OH ml) and 1,4-dioxane (0.5 ml) at 0 °C was added 1 M aq. NaOH (0.2 ml). After

B
102(acoHsal) 3 at 0 °C and extracted with AcOEt (3 m1x3). The combined extracts were dried

H,N ;D/COZH stirting at rt for 0.5 h, the reaction mixture was acidified with 1 M aq. HCI to pH
over Na2SOs, filtered through Celite, and evaporated. The residue was purified using
preparative TLC (ODS) with (50% MeOH/H:0) to afford carboxylic acid (35.5 mg, 77%, FW
346.40) as a colorless syrup: & = 0.45 (50% MeOH/H20, ODS) 'H NMR (CDsO0D) § 8.24 (br s,
1H, thiazole H-5), 6.96 (br d, J= 8.0 Hz, 1H, BocNH), 5.18 (br s, 1H, H-a), 3.77 (br q, J= 5.8 Hz,
1H, H-y), 1.43 (s, 9H, Boc), 1.18 (d, J = 5.8 Hz, 3H, y-Me), 1.07 (s, 3H, Me-p). Carboxylic acid
(35.5 mg, 1.02x10'! mmol, FW 346.40) was dissolved in 3 M HCI/AcOEt (1 ml). After stirring at
rt for 1 h, the reaction mixture was filtered and washed with AcOEt to afford 102(HCI salt)
(25.3 mg, 87%, FW 282.75) as a colorless solid: 'H NMR (CF3CO:2D) § 8.69 (s, 1H, thiazole H-5),
5.56 (br s, 1H, H-a), 4.34 (br q, J=6.2 Hz, 1H, H-y), 1.53 (d, J= 6.2 Hz, 3H, y-Me), 1.23 (s, 3H,
Me-B). lit. 9: 1TH NMR (CFsCOzH) 8.69 (s, 1H), 5.56 (s, 1H), 4.39 (m, 1H), 1.56 (d, 3H), 1.28 (s,
3H). 102(HCl salt) was applied to an ion-exchange chromatograph (DOWEX 50W).
Pyridine-acetic acid buffer (0.2 M, pH 3.1) was used as eluent to afford 102(AcOH salt) as a
yellow solid: [al]%—2.8 (¢ 1.00, 1 M AcOH) [lit.3c [a]5—4 (¢ 1, 1 M AcOH), lit.7 [al} —2.8 (¢ 1,
AcOH), 1it.% [o]} —4.4 (¢ 1, 1 M AcOH)].

Ethyl 2-[(15,2.5,3R)-1-amino-2,3-bistriethylsilyloxy-2-methyl-butan-1-yl]l-thiazole-4-
carboxylate (70). To a solution of diol 100 (300 mg, 8.01x10" mmol, FW 374.45) in dry CH2Cl2»
(8 ml) at 0 °C under Ar atmosphere were added 2,6-lutidine (560 ul, 4.81 mmol,
FW 107.16, d 0.920) and TESOT (725 ul, 3.20 mmol, FW 264.34, d 1.169). After
stirring at rt for 1 h, the reaction mixture was quenched with H2O (20 ml) and
extracted with CHCls (20 m1x3). The combined extracts were dried over NasSOs,
filtered through Celite, and evaporated. The residue was chromatographed on silica gel (20%
AcOEt/hexane) to afford amine 70 (371 mg, 92%, FW 502.86) as a colorless syrup: & = 0.70
(40% AcOEt/Hexane); [a];—-23.5 (¢ 1.00, CHCIs); IR (neat) 3385, 2956, 2905, 2880, 1720, 1458,
1418, 1370, 1322, 1238, 1200, 1118, 1012, 960, 740, 724 cm’; '"H NMR (CDCls) § 8.11 (s, 1H,
thiazole H-5), 4.39 (dq, /= 2.4, 7.0 Hz, 2H, CO:CH2CH3), 4.31 (s, 1H, H-a), 4.04 (q, /= 6.2 Hz,
1H, H-y), 1.38 (t, J= 7.0 Hz, 3H, CO2CH2CHs), 1.26 (s, 3H, Me-p), 1.18 (d, /= 6.2 Hz, 3H, Me-y),
0.92 (t, J= 7.8 Hz, 9H, Si(CH2CHby)3), 0.91 (t, J= 7.8 Hz, 9H, Si(CH2:CHs)3), 0.68-0.46 (m, 12H,
Si(CH2CHs)s); 13C NMR (CDCls) § 175.93, 161.63, 146.30, 127.86, 80.34, 71.70, 61.06, 60.48,
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19.28, 18.09, 14.24, 7.17, 6.83, 6.73, 5.08; HRMS (FAB) m/z (M+H)* calcd for Ca3Ha7N204SSis
503.2802, obsd 503.2795.

Ethyl 2-((15,25,3R)-1-N-{N-(2R,3.9)-2- N-((45,5R)-3- N-trimethylsilylethoxycarbonyl-2,2,5-
trimethyoxazolidine-4-carbonyl)amino-3-phenylselenobutanoyl]-p-seryl}amino-2,3-
bistriethylsilyloxy-2-methyl-butan-1-yl)-thiazole-4-carboxylate (103). To a solution of amine
L OTES 70 (199 mg, 3.96x101 mmol, FW 502.86), carboxylic acid 86 (275
“““ Sep“ L )ﬁES . mg, 4.36x10" mmol, FW 630.67), and HOAt (64.7 mg, 4.75x10"
CONH CONTy O 2 mmol, FW 136.11) in dry CH:Cl2 (4.0 ml) at 0 °C under Ar
atmosphere were added 7Pr:NEt (166 ul, 9.53x101 mmol, FW
129.25, d 0.742) and CIP (132 mg, 4.74x10"1 mmol, FW 278.56). After stirring at rt for 0.5 h, the
reaction mixture was quenched with saturated aqg. NaHCOs (5 ml) and extracted with AcOEt
(10 mlx3). The combined extracts were dried over Na2SOs, filtered through Celite, and
evaporated. The residue was chromatographed on silica gel (30% AcOEt/hexane) to afford 103
(364 mg, 83%, FW 1115.51) as a white foam: & = 0.40 (40% AcOEt/Hexane); [al% —15.5 (¢ 1.00,
CHCl»); IR (CHCls) 3685, 3620, 3420, 1686, 1602, 1518, 1478, 1420, 1044 cm''; 'H NMR (CDCls)
5 8.09 (s, 1H, thiazole H-5), 7.60-7.48 (m, 2H, PhSe), 7.38 (d, J= 9.2 Hz, 1H, CONH), 7.32-7.18
(m, 3H, PhSe), 7.14-6.74 (m, 2H, CONHx2), 5.39 (d, /= 9.2 Hz, 1H, Ile H-a), 4.70-4.56 (m, 1H,
phenylselenoamino acid H-a), 4.40-4.04 (m, 3H, Ser H-o. and MesSiCH2CHb), 4.34 (q, J= 6.8 Hz,
2H, CO:CH:2CH3), 4.02-3.80 (m, 3H, Ser H-Bx2 and oxazolidine H-5), 3.80-3.52 (m, 3H,
phenylselenoamino acid H-B, Ile H-y, and oxazolidine H-4), 1.63 (s, 3H, Me), 1.59 (s, 3H, Me),
1.46 (d, J= 6.8 Hz, 3H, Me), 1.34 (t, J= 6.8 Hz, 3H, CO:CH2CHb), 1.29 (s, 3H, Me), 1.08 (d, J =
6.0 Hz, 3H, Me), 0.96 (t, /= 9.0 Hz, 9H, Si(CH2CHbs)s), 0.84 (t, J = 9.0 Hz, 9H, Si(CH2CHb3)3),
0.89-0.76 (m, 2H, MesSiCH2CHb2), 0.68 (q, J = 9.0 Hz, 6H, Si(CH2CHs)s), 0.58-0.44 (m, 6H,
Si(CH2CHs)s), 0.02 (s, 9H, MesSiCH2CHy); 13C NMR (CDCls) & 170.01, 169.38, 169.32, 168.12,
161.19, 153.50 (br), 145.56, 135.02, 129.18, 128.52, 128.09, 127.91, 95.09, 78.23, 74.10, 72.30,
67.41, 64.10, 62.71, 61.24, 60.88, 57.28, 56.36, 40.32, 27.40, 25.45, 19.20, 18.98, 18.47, 17.91,
17.67, 14.24, 7.14, 7.02, 6.81, 6.76, 5.05, 4.65, -1.61; Anal. Calcd for Ci9HssN5011SSeSis: C,
52.76; H, 7.68; N, 6.28%. Found: C, 52.65; H, 7.56; N, 6.22%.

Ethyl 2-((1.5,28,3R)-1- N{(4R)-2-[(1R,29)-1-N-((4 5,5 B)-3- N trimethylsilylethoxycarbonyl-2,
2,5-trimethyoxazolidine-4-carbonyl)amino-2-phenylselenoprop-1-yll-oxazoline-4-carbonyl}
amino-2,3-bistriethylsilyloxy-2-methyl-butan-1-yl)-thiazole-4-carboxylate (85). To a solution
Lores of 103 (516 mg, 4.63%x10! mmol, FW 1115.51) in dry CH:Cl: (4.6

>< j\ j’\( )\/(O(TES o ml) at —78 °C under Ar atmosphere was added DAST (91.7 ul,
£ CONH 0_7””““ 0.69 mmol, FW 161.19, d 1.220) in dry CH:Cl: (4.6 ml). After
stirring at —78 °C for 5 min, the reaction mixture was quenched

with saturated aq. NaHCOs (10 ml) and extracted with AcOEt (15 mlx3). The combined

extracts were dried over Na2SQs, filtered through Celite, and evaporated. The residue was
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chromatographed on silica gel (20% AcOEt/hexane) to afford 85 (432 mg, 85%, FW 1097.49) as
a white foam: & = 0.50 (25% AcOEt/Hexane); "H NMR (CDCls)  8.06 (s, 1H, thiazole H-5), 7.75
(d, J=9.4 Hz, 1H, CONH), 7.65-7.57 (m, 2H, PhSe), 7.34-7.22 (m, 3H, PhSe), 7.00-6.82 (m, 1H,
CONH), 5.47 (d, J= 9.4 Hz, 1H, Ile H-), 5.04 (dd, J= 6.4, 8.0 Hz, 1H, phenylselenoamino acid
H-o), 4.70 (dd, /= 8.2, 9.2 Hz, 1H, Ser H-a), 4.52-4.30 (m, 2H, Ser H-px2), 4.36 (q, J= 7.0 Hz,
2H, CO2:CH2CHs), 4.24-4.02 (m, 3H, MesSiCH2:CH: and oxazolidine H-5), 3.84-3.64 (m, 3H,
oxazolidine H-4, phenylselenoamino acid H-B, and Ile H-y), 1.62 (s, 3H, Me), 1.59 (s, 3H, Me),
1.52 (d, J= 6.8 Hz, 3H, Me), 1.35 (t, J= 7.0 Hz, 3H, CO2CH2CHs), 1.34 (s, 3H, Me), 1.14 (d, J =
5.8 Hz, 3H, Me), 1.11 (d, J= 6.0 Hz, 3H, Me), 0.96 (t, J= 7.2 Hz, 9H, Si(CH2CHs)s), 0.91 (t, /=
7.2 Hz, 9H, Si(CH:CHs)s), 1.04-0.80 (m, 2H, MesSiCH:2CHs), 0.66 (g, < = 7.2 Hz, 6H,
Si(CH2CHs)3), 0.59 (q, J= 7.2 Hz, 6H, Si(CH2CHs)s), 0.02 (s, 9H, Me3sSiCH2CHb).

Ethyl 2-((15,25,3R)-1- N-{N-{(2R,3.9)-2- N-((45,5 B)-3- N-trimethylsilylethoxycarbonyl-2,
2,5-trimethyoxazolidine-4-carbonyl)amino-3-phenylselenobutanethionyll-p-seryl}amino-2,3-
bis-triethylsilyloxy-2-methyl-butan-1-yl)-thiazole-4-carboxylate (104). A solution of 85 (432

] L oTES mg, 3.94x10"t mmol, FW 1097.50) in MeOH (2.0 ml) and NEts
>< j\ iseph L )\/(O;ES okt (2.0 ml) was saturated with HsS and stirred at rt for 10 h. Ar
Teog “OM i CNH py CONM was bubbled through the reaction mixture for 15 min and the

mixture was evaporated. The residue was chromatographed on
silica gel (20% AcOEt/hexane) to afford 104 (346 mg, 78%, FW 1131.58) as a white foam: B =
0.40 (30% AcOEt/Hexane); [ol3 +21.1 (¢1.00, CHCls); IR (CHCls) 3685, 3620, 3418, 1682, 1518,
1475, 1420, 1340, 1046 cm'}; tH NMR (CDCls) & 8.60-8.42 (m, 1H, CSNH), 8.11 (s, 1H, thiazole
H-5), 7.61-7.48 (m, 2H, PhSe), 7.37-7.20 (m, 4H, CONH, PhSe), 7.05 (d, J = 7.6 Hz, 1H,
CONH), 5.42 (d, J = 9.2 Hz, 1H, Ile H-a), 4.88-4.78 (m, 1H, phenylselenoamino acid H-a),
4.76-4.65 (m, 1H, Ser H-a), 4.37 (q, J = 7.0 Hz, 2H, CO:CH:CHs), 4.30-4.00 (m, 5H,
Me3SiCH2CHs, Ser H-B, oxazolidine H-5, and phenylselenoamino acid H-B), 4.00-3.82 (m, 2H,
oxazolidine H-4 and Ser H-), 3.66 (q, /= 6.2 Hz, 1H, Ile H-y ), 1.65 (s, 3H, Me), 1.61 (s, 3H,
Me), 1.46 (d, J = 6.8 Hz, 3H, Me), 1.41 (d, J = 6.2 Hz, 3H, Me), 1.36 (t, J/ = 7.0 Hz, 3H,
CO2CH:2CH3), 1.28 (s, 3H, Me), 1.09 (d, J= 6.2 Hz, 3H, Me), 1.06-0.85 (m, 2H, Me3sSiCH2CH>),
0.98 (t, J= 7.8 Hz, 9H, Si(CH2CHs)s), 0.86 (t, J= 7.8 Hz, 9H, Si(CH2CHs)3), 0.71 (q, J= 6.8 Hz,
6H, Si(CH2CHs)s), 0.62-0.44 (m, 6H, Si(CH2CHs)3), 0.20 (s, 9H, MesSiCH:CH2); 3C NMR
(CDCls) & 201.39, 168.87, 168.71, 168.12, 161.14, 154.50-151.50 (br), 145.53, 134.43, 129.24,
128.55, 128.18, 127.99, 95.06, 78.10, 74.14, 72.38, 67.56, 64.15, 62.82, 62.01, 61.77, 61.24, 60.99,
42.82, 27.42 (br), 25.31 (br), 19.29, 17.91, 17.61, 14.23, 7.14, 6.84, 6.74, 5.10, -1.63; Anal. Calcd
for C49HssN5010828eSis: C, 52.01; H, 7.57; N, 6.19%. Found: C, 51.87; H, 7.30; N, 6.11%.

Ethyl 2-((15,25,3R)-1- N-{(45)-2-[1- N-((45,5 B)-3- N-trimethylsilylethoxycarbonyl-2,2,5-
trimethyoxazolidine-4-carbonyl)amino-(2)-prop-1-enyl]-thiazoline-4-carbonyl}amino-2,3-

bistriethylsilyloxy-2-methyl-butan-1-yl)-thiazole-4-carboxylate (108). To a solution of 104
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otes (33.1 mg, 2.93%x102 mmol, FW 1131.57) in dry CH2Cl: (0.3 ml) at
><°jH\H . /'\/(O;ES e —78 °C under Ar atmosphere was added DAST (4.3 pl, 3.3x102
Moo CONH™ T cON A ) “ mmol, FW 161.19, d 1.220) in dry CHsClz (0.3 ml). After stirring
108 at =78 °C for 5 min, the reaction mixture was quenched with
saturated aq. NaHCOs (2 ml) and extracted with AcOEt (5 m1x3). The combined extracts were
dried over Na2SOy, filtered through Celite, and evaporated to afford thazoline 107 (FW 1113.56).
To a solution of thiazoline 107 (FW 1113.56) in dry CH2Cls (0.15 ml) and TFE (0.15 ml) at 0 °C
under Ar atmosphere was added 4.89 M TBHP in CH2Cl: (59.8 p 1). After stirring at 0 °C for 2
h, the reaction was quenched with saturated aq. Na2S203 (1.5 ml) and extracted with AcOEt (5
mlx3). The combined extracts were dried over Na2SQs, filtered through Celite, and evaporated.
The residue was chromatographed on silica gel (25% AcOEt/hexane) to afford 108 (16.1 mg,
56% from 104, FW 956.49) as a white foam: & = 0.60 (30% AcOEt/Hexane); [a]5—22.0 (¢ 1.00,
CHCly); IR (CHCls) 3685, 3620, 3405, 1706, 1520, 1478, 1420, 1338, 1118, 1046, 498 cm; 'H
NMR (CDCls) & 8.09 (s, 1H, thiazole H-5), 7.73 (br s, 1H, CONH), 7.55 (d, J = 8.6 Hz, 1H,
CONH), 6.48 (q, J= 7.0 Hz, 1H, AAbu H-B), 5.45 (d, J= 8.6 Hz, 1H, Ile H-a), 5.02 (dd, J= 9.2,
11.0 Hz, 1H, Ser H-a), 4.35 (q, J= 7.0 Hz, 2H, CO:CH2CH3), 4.42-4.24 (m, 1H, oxazolidine H-5),
4.24-4.02 (m, 2H, MesSiCH2CHy), 3.96 (d, J = 7.4 Hz, 1H, oxazolidine H-4), 3.86-3.66 (m, 2H,
Ser H-, Ile H-y), 3.57 (dd, /= 9.2, 11.0 Hz, 1H, Ser H-p), 1.82 (d, J= 7.0 Hz, 3H, AAbu Me-y),
1.67 (s, 3H, Me), 1.64 (s, 3H, Me), 1.46 (d, J = 5.6 Hz, 3H, Me), 1.36 (t, J = 7.0 Hz, 3H,
CO:2CH:CHb), 1.35 (s, 3H, Me), 1.12 (d, J= 6.0 Hz, 3H, Me), 1.06-0.87 (m, 2H, MesSiCH2CHb),
0.94 (t, J= 7.6 Hz, 9H, Si(CH2CHby)3), 0.87 (t, J= 7.6 Hz, 9H, Si(CH:CHs)3), 0.72-0.42 (m, 12H,
Si(CH2CHbs)s), 0.20 (s, 9H, MesSiCH2CHz); 13C NMR (CDCls) § 171.11, 170.86, 168.74, 167.34,
161.37, 152.80 (br), 146.01, 131.99, 128.16, 95.29, 79.47, 79.14, 74.65 (br), 72.02, 67.76, 63.79,
61.11, 59.37, 36.16, 27.15 (br), 25.20, 19.26, 18.95, 17.95, 17.78, 15.08, 14.33, 7.20, 6.91, 6.76,
5.08, -1.60; HRMS (FAB) m/z (M+H)* caled for CasH7sN509S2Sis 956.4519, obsd 956.4548.

2-((15,25,3R)-1-N-{N1(2R,3.9-2- N-((48,5R)-3- N-trimethylsilylethoxycarbonyl-2,2,5-trimethy-

oxazolidine-4-carbonyl)amino-3-phenylselenobutanethionyll-p-seryl}amino-2,3-

bistriethylsilyloxy-2-methyl-butan-1-yl)-thiazole-4-carboxylic acid (105). To a solution of Et

ester 104 (30.0 mg, 2.65X102 mmol, FW 1131.57) in EtOH (180

><OjH\ \/tSePh /K/LO:S ul) and 1,4-dioxane (90 ul) at 0 °C was added 1 M aq. NaOH (80
CONH coH

L CONHZ CSNH ul). After stirring at rt for 5 h, the reaction mixture was acidified

with 1 M aq. HCI to pH 3 at 0 °C and extracted with AcOEt (1
mlx3). The combined extracts were dried over Na2SOy, filtered through Celite, and evaporated
to afford carboxylic acid 105 (FW 1103.52) as a white foam: &= 0.10 (30% AcOEt/Hexane); [ol’
+22.6 (¢ 1.00, CHCls); IR (CHCls) 3680, 3620, 3418, 1748, 1682, 1520, 1478, 1420, 1338, 1044,
498 cm; 'TH NMR (CDCls) § 9.14-8.90 (br s, 1H, CSNH), 8.21 (s, 1H, thiazole H-5), 7.62-7.48 (m,
2H, PhSe), 7.48-7.35 (m, 1H, CONH), 7.34-7.18 (m, 3H, PhSe), 6.95-6.66 (m, 1H, CONH),
5.52-5.20 (m, 1H, Ile H-o), 5.10-4.66 (m, 2H, Ser H-o and phenylselenoamino acid H-a),
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4.43-4.17 (m, 4H, MesSiCH2CHz, oxazolidine H-5, and phenylselenoamino acid H-B), 4.12 (br dd,
1H, Ser H-p), 4.01 (br dd, 1H, Ser H-p) 3.93 (d, /= 7.6 Hz, 1H, oxazolidine H-4), 3.73 (br q, 1H,
Ile H-y), 1.66 (s, 6H, Me), 1.42 (d, J= 6.0 Hz, 3H, Me), 1.38-1.18 (m, 6H, Mex2), 1.11 (d, /= 5.8
Hz, 3H, Me), 1.05-0.95 (m, 2H, MesSiCH2CHz), 0.98 (t, J= 7.2 Hz, 9H, Si(CH2CHb)3), 0.84 (t, J=
7.2 Hz, 9H, Si(CH2CHs)3), 0.72 (q, J = 7.8 Hz, 6H, Si(CH2CHs)s), 0.52 (q, J = 7.8 Hz, 6H,
Si(CH2CHs)s), 0.20 (s, 9H, MesSiCH2CHo).

Ethyl 2-1(15,28,3R)-1- N-[N{(2R,3.9-2- N-L-threonylamino-3-phenylselenobutanethionyl)-D-
serinyllamino-2,3-bistriethylsilyloxy-2-methyl-butan-1-yl}-thiazole-4-carboxylate (106). To a
., .,  OTES solution of carbamate 104 (32.0 mg, 2.83x102 mmol, FW
Hoj:\ \/tseph L /'\/(O; o 1131.57) in CH3sNOz (0.28 ml) at 0 °C under Ar atmosphere was
i CONT CS y com added 1.0 M ZnCl: in ether (0.42 ml, 4.2x101 mmol). After
stirring at rt for 15 h, the reaction mixture was quenched with
saturated aq. NaHCOs (1 ml) and extracted with AcOEt (3 m1x3). The combined extracts were
dried over Na2SQOy, filtered through Celite, and evaporated. The residue was chromatographed
on silica gel (5-10% MeOH/CHCls) to afford amine 106 (15.1 mg, 58%, FW 947.27) as a white
foam: R = 0.50 (8% MeOH/CHCls); [al +41.1 (¢ 1.00, CHCls); IR (CHCls) 3682, 3620, 3420,
1722, 1676, 1518, 1478, 1420, 1044, 498 cm™; 'H NMR (CDCls) § 8.90-8.72 (m, 1H, CSNH), 8.11
(s, 1H, thiazole H-5), 8.11-8.04 (m, 1H, CONH), 7.62-7.54 (m, 2H, PhSe), 7.38-7.20 (m, 4H,
CONH, PhSe), 5.43 (d, J=9.2 Hz, 1H, Ile H-a), 4.98-4.87 (m, 1H, phenylselenoamino acid H-a),
4.81-4.72 (m, 1H, Ser H-o), 4.38 (q, J= 7.0 Hz, 2H, CO2:CH2CH3), 4.27 (dq, J= 3.2, 6.4 Hz, 1H,
oxazolidine H-5), 4.18-4.04 (m, 2H, Ser H-p and phenylselenoamino acid H-p), 3.94 (dd, J= 3.6,
12.4 Hz, 1H, Ser H-B), 3.71 (q, J= 6.4 Hz, 1H, Ile H-y), 3.37 (br s, 1H, oxazolidine H-4), 1.41 (d,
J=17.0 Hz, 3H, Me), 1.37 (t, J= 7.0 Hz, 3H, CO:CH2CHs), 1.29 (s, 3H, Me), 1.21 (d, J= 6.4 Hz,
3H, Me), 1.08 (d, J= 6.4 Hz, 3H, Me), 0.97 (t, J= 7.2 Hz, 9H, Si(CH:CHs)3), 0.87 (t, /= 7.2 Hz,
9H, Si(CH:2CHs)s), 0.69 (q, J = 7.2 Hz, 6H, Si(CH2CHs)3), 0.59-0.48 (m, 6H, Si(CH2CHs)s); 13C
NMR (CDCls) & 201.77, 173.79, 169.35, 168.48, 161.21, 145.56, 134.71, 129.23, 128.59, 128.44,
128.03, 78.40, 72.26, 68.03, 63.07, 61.73, 61.57, 61.36, 60.63, 59.63, 42.75, 29.67, 19.54, 18.69,
17.80, 17.39, 14.28, 7.20, 6.89, 6.78, 5.11; HRMS (FAB) m/z (M+H)* calcd for C4+0H70N50sS2SeSi»
948.3375, obsd 948.3369.
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Methyl (5R,7.5,8E)-5-bromo-7,8-epoxy-4-((1.9)-1-hydroxyethyl)-5,6,7,8-tetrahydroquinoline-2-
carboxylate (122). To a solution of aldehyde 118 (100 mg, 3.20x10! mmol, FW 312.12) in dry
toluene (3.2 ml) at —78 °C under Ar atmosphere was added HMPA (61.3 pul,
| _ 3.52x10" mmol, FW 179.20, d 1.030) and 3 M MeMgBr in Et20 (117 pl, 3.51x10
wo ¥ B mmol). After stirring at =78 °C for 30 min, the reaction mixture was quenched
122 with saturated aq. NH4Cl (5 ml) and extracted with AcOEt (5 mlx3). The
combined extracts were dried over Na2SQ4, filtered through Celite, and evaporated. The
residue was chromatographed on silica gel (30% AcOEt/hexane) to afford alcohol 122 (50.0 mg,
48%, FW 328.16) as a white foam, its diastereomer 123 (15.8 mg, 15%, FW 328.16) as a white
foam, and the recovered aldehyde 118 (20.0 mg, 20%, FW 312.12) as a white foam. 122: B =
0.39 (70% AcOEt/hexane); mp 125-126 °C (not recrystallized); [a]? —22.3 (91%ee) (¢ 1.00,
CHCl»); IR (CHCls) 3620, 1730, 1440, 1422, 1309, 1125, 876 cm'’; 'H NMR (CDCIs) § 8.40 (s, 1H,
H-3), 5.39 (dq, /= 3.2, 6.4 Hz, 1H, CH(CH3)OH), 5.34 (ddd, /= 1.8, 1.8, 5.4 Hz, 1H, H-5), 4.40 (d,
J=3.4 Hz, 1H, H-8), 4.02 (s, 3H, CO2Me), 3.98-3.93 (m, 1H, H-7), 3.12 (ddd, J= 1.8, 1.8, 16.8 Hz,
1H, H-6), 2.51 (ddd, J= 0.9, 5.4, 16.8 Hz, 1H, H-6), 2.21 (d, J= 3.2 Hz, 1H, CH(CH3)OH), 1.51 (d,
J= 6.4 Hz, 3H, CH(CH3)OH); 13C NMR (CDCl3) § 165.07, 154.68, 152.54, 147.91, 130.48, 122.55,
64.19, 54.04, 53.10, 34.92, 30.38, 24.61; HRMS (FAB) m/z (M+H)* caled for CisHisNO4Br
328.0184, obsd 328.0187. Diastereomer 123 of 122 R = 0.24 (70% AcOEt/hexane); mp
128-129 °C (not recrystallized); [a]? +21.0 (91%ee) (¢ 1.00, CHCls); IR (CHCls) 3620, 1728, 1440,
1423, 1310, 1128, 879 cm'%; 'H NMR (CDCl3) § 8.29 (s, 1H, H-3), 5.66 (ddd, J= 1.5, 1.5, 5.2 Hz,
1H, H-5), 5.30 (dq, /= 4.2, 6.4 Hz, 1H, CH(CHs)OH), 4.41 (d, J= 1.5, 1.5, 3.8 Hz, 1H, H-8), 4.02
(s, 3H, CO:Me), 3.99-3.94 (m, 1H, H-7), 3.13 (ddd, /= 1.5, 1.5, 16.8 Hz, 1H, H-6), 2.53 (ddd, J/=
0.8, 5.4, 16.8 Hz, 1H, H-6), 1.94 (d, J = 4.2 Hz, 1H, CH(CH3)OH), 1.66 (d, J = 6.4 Hz, 3H,
CH(CH3)OH); 13C NMR (CDCls) § 165.14, 153.13, 147.75, 131.78, 122.85, 64.10, 54.23, 53.38,
53.15, 34.81, 30.83, 23.69; HRMS (FAB) m/z (M+H)* caled for CisHisNO4Br 328.0184, obsd
328.0181.

Methyl 4-[(1.9-1-hydroxyethyll-8-methoxy-quinoline-2-carboxylate (127). To a solution of
o epoxide 122 (24.5 mg, 7.47x102 mmol, FW 328.16) in dry THF (0.75 ml) at 0 °C
Meozcjfj’i;@ under Ar atmosphere was added DBU (33.5 pul, 2.24x10'! mmol, FW 152.24, d
1.018). The reaction mixture was stirred at rt for 1 h and then 1 M aq. HCI1 (0.75

HO S
" ml) was added at 0 . After stirring at rt for 1 h, the reaction mixture was added

127
H20 (1 ml) and extracted with AcOEt (2 m1x3). The combined extracts were dried over NasSOs,

filtered through Celite, and evaporated to afford crude 8-quinolinol (18.2 mg, FW 247.25). The
crude 8-quinolinol was dissolved in MeOH (0.6 ml), followed by the addition of CH2Ns. After
stirring at rt for 1 h, the reaction mixture was quenched with saturated aq. NaHCOs (2 ml) and
extracted with AcOEt (2 mlx3). The combined extracts were dried over NasSOs, filtered
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through Celite, and evaporated. The residue was chromatographed on silica gel (15%
acetone/hexane) to afforded 127 (15.9 mg, 83%, FW 261.27) as a white solid: & = 0.46 (30%
acetone/CHCIs); [aly —76.3 (¢ 1.00, EtOH); UV (EtOH) Amax nm (log €): 343 (3.15), 303 (3.23),
254 (4.18); mp 170-171 °C (not recrystallized); IR (nujol) 3400, 1735; 'H NMR (CDCls) & 8.38 (s,
1H, H-3), 7.58 (d, J= 3.4 Hz, 1H, H-5), 7.55 (d, J= 4.8 Hz, 1H, H-7), 7.05 (dd, /= 3.4, 4.8 Hz, 1H,
H-6), 5.61 (q, J= 6.6 Hz, 1H, CH(CH3)OH), 4.08 (s, 3H, CO2Me), 4.04 (s, 3H, OMe), 2.55 (br s,
CH(CH3)OH), 1.65 (d, J = 6.6 Hz, 3H, CH(CH3)OH); *H NMR (CDsCO:D) & 8.37 (s, 1H, H-3),
7.60 (m, 2H, aromatic H), 7.16 (d, J = 7.2 Hz, 1H, aromatic H), 5.70 (q, J = 6.5 Hz, 1H,
CH(CHs)OH), 4.01 (s, 3H, CO:=Me), 3.98 (s, 3H, OMe), 1.61 (d, /= 6.5 Hz, 3H, CH(CH3)OH); 13C
NMR(CDCls) & 166.06, 156.44, 152.80, 146.52, 139.63, 129.08, 127.58, 117.22, 114.49, 107.66,
66.46, 56.14, 53.05, 24.35; HRMS (FAB) m/z (M+H)* caled for C14aH1sNOs 262,1079, obsd
262.1081. 1it.7: [a]% =79 (¢ 1, EtOH); mp darkened at 161-168 °C , melted at 174 °C; IR (nujol)
3300, 1735; UV A% mu (E): 347 (128), 317, 307, 254 (1553); 'H NMR (CDs;CO:D) & 8.37
(aromatic H), 7.58 (side chain aH), 7.16, 4.00 (OMe), 1.60 (d, 3H); Anal. Calcd for C14H15NO4: C
64.36, H 5.79, N 5.36, O 24.49%. Found: C 63.72, H 6.00, N 5.48, O 24.05%. lit.?: [al} —78 (¢
1.6, EtOH); mp about 161-168 °C to 175-177 °C; IR (nujol) 3400, 1750; UV A% mp (E.): 347
(115), 254 (1500); 'H NMR (CD3CO:D) & 8.24 (s, pyridine H-3), 7.50 (d, 2H), 7.17 (m, 1H), 5.63
(d, 1H, side-chain a-carbon proton), 3.96 (s, 6H, OMe), 1.59 (d, J= 6.5 Hz, 3H); Anal. Calcd for

C14H15NO4: C 64.36, H 5.79, N 5.36. Found: C 64.50, H 6.09, N 5.58%.

Methyl 4-acetyl-5,6,7,8-tetrahydroquinoline-2-carboxylate (128). To a solution of quinoline

110 (9.50 g, 4.97x10 mmol, FW 191.23) in acetaldehyde (350 ml) and H20 (250

MeOZC\EN/EO ml) at 0 were slowly added TFA (3.69 ml, 4.97x10 mmol, FW 114.02 d 1.535),
o FeSO47H20 (1.38 g, 4.96 mmol, FW 278.01), and 31% aq. H202 (9.74 ml, 9.77%

10 mmol, FW 34.01, d 1.1). After stirring at rt for 4 h, the reaction mixture was

quenched with saturated aq. NaHCOs (500 ml), saturated aq. Na2S204 (250 ml), and H20 (250

ml). The mixture was extracted with AcOEt (1 1x3). The combined extracts were dried over

128

NazS0,, filtered through Celite, and evaporated. The residue was chromatographed on silica
gel (5% acetone/CHC]ls) to afford ketone 128 (9.73 g, 84%, FW 233.26) as a white solid: & = 0.62
(50% AcOEt/hexane); 1H NMR (CDCls) § 8.05 (s, 1H, H-3), 4.02 (s, 3H, CO2Me), 3.10 (t, J= 6.0
Hz, 2H, H-8), 2.97 (t, J = 6.0 Hz, 2H, H-5), 2.61 (s, 3H, CH3C(0)), 1.91-1.82 (m, 4H, H-6 and
H-7).

Methyl 4-acetyl-5,6-dihydroquinoline-2-carboxylate (129). To a solution of 128 (11.3 g,
4.84x10 mmol, FW 233.26) in CHzClz (162 ml) at 0 °C was slowly added 65%

MEOZCEF@ mCPBA (25.7 g, 9.68%x10 mmol, FW 172.57). After stirring at rt for 7 h, saturated
o aq. NaHCOs (150 ml), saturated aq. Na2S204 (100 ml), and H20 (100 ml) were

129 slowly added and the resulting mixture was extracted with CHCls (250 mlx3).

The combined extracts were dried over Na2SQy, filtered through Celite, and evaporated. The
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residue was chromatographed on silica gel (40% acetone/hexane) to afford N-oxide 131(10.6 g,
88%, FW 249.26) as a white solid. To a solution of Noxide 131 (7.00 g, 2.81x10 mmol, FW
249.26) in dry CH2Cl2 (280 ml) at 0 °C under Ar atmosphere was added dropwise Tf20 (5.60 ml,
3.33x10 mmol, FW 282.13, d 1.677) over 10 min. After stirring at 0 °C for 10 min, a solution of
NEts (19.6 ml, 1.41x102 mmol, FW 101.19, d 0.727) in dry CH2Cl: (280 ml) was added dropwise
over 1 h. The reaction mixture was stirred at rt for 5 h, quenched with H2O (450ml), and
extracted with CHCls (1 1x3). The combined extracts were dried over NasSOy4, filtered through
Celite, and evaporated. The residue was chromatographed on silica gel (40/60/2
acetone/hexane/NEts) to afford olefine 129 (6.36 g, 98%, FW 231.25) as a colorless syrup: B =
0.63 (70% AcOEt/hexane); mp 118-120 °C (not recrystallized); IR (CHCls) 1720, 1695, 1450,
1425, 1315, 1240, 1155, 980, 895, 785 cm™; 'H NMR (CDCls) § 8.08 (s, 1H, H-3), 6.82 (dt, /= 1.6,
10.0 Hz, 1H, H-8), 6.49 (dt, /= 4.5, 10.0 Hz, 1H, H-7), 4.02 (s, 3H, CO2Me), 3.12 (t, J= 8.0 Hz,
2H, H-5), 2.64 (s, 3H, CHsC(0)), 2.45-2.32 (m, 2H, H-6); 13C NMR (CDCls) § 200.63, 165.46,
155.26, 145.51, 144.11, 136.06, 132.81, 129.20, 121.12, 52.98, 29.73, 23.93, 22.12; HRMS (EID)
m/z (MD* caled for C13H13NO3 231.0895, obsd 231.0889.

Methyl (75,8 R)-4-acetyl-7,8-epoxy-5,6,7,8-tetrahydroquinoline-2-carboxylate (135). To a
o solution of olefine 129 (13.9 mg, 6.01x102 mmol, FW 231.25) and 97%
MeOZCEE(j 4-phenylpyridine N-oxide (5.1 mg, 3.0x102 mmol, FW 171.20) in CH3sCN (0.12 ml)
o at —10 were added (%, £)-Mn-Salen catalyst 134 (2.9 mg, 4.6x103 mmol, FW
635.21) and iodosobenzene (26.4 mg, 1.20x10! mmol, FW 220.01). After stirring
at —10 for 15 h, the reaction mixture was filtered through Celite and evaporated. H20O (2 ml)

135

was added and the mixture was extracted with AcOEt (2 ml1x3). The combined extracts were
dried over Na2SQOy, filtered through Celite, and evaporated. The residue was chromatographed
on silica gel (20% acetone/hexane) to afford epoxide 135 (10.9 mg, 73%, 82%ee, FW 247.25) as a
white solid. The enantiomeric exess of 185 was determined by chiral HPLC analysis (Daicel
Chiralcel OD column, 4.6x 250 mm, 90:10 hexane-IPA; 1 mL/min, 254 nm, ¢ = 20.6 min;
enantiomer of 135, ¢ = 30.8 min). 185: & = 0.40 (30% acetone/hexane); mp 90-93 °C (not
recrystallized); [a]? +58.8 (¢ 1.00, CHCls); IR (CHCIls) 3010, 2960, 1715, 1685, 1550, 1440, 1410,
1300, 1245, 1155, 1075, 1005, 820, 780 cm'}; tH NMR (CDCls) & 8.20 (s, 1H, H-3), 4.29 (d, J= 4.0
Hz, 1H, H-8), 4.05 (s, 3H, COzMe), 3.85 (m, 1H, H-7), 3.06 (dddd, /= 1.4, 1.4, 5.4, 17.2 Hz, 1H,
H-5), 2,76 (ddd, /= 6.8, 13.2, 17.2 Hz, 1H, H-5), 2.61 (s, 3H, CH3C(0)), 2.57-2.43 (m, 1H, H-6),
1.76 (ddd, J= 5.4, 13.2, 14.1 Hz, 1H, H-6); 3C NMR (CDCls) § 200.42, 165.00, 155.45, 145.70,
145.51, 133.74, 122.40, 55.10, 53.81, 53.15, 30.01, 20.88, 20.30; HRMS (EI) m/z (M)* calcd for
C13H1sNO4 247.0845, obsd 247.00846. 136 : B = 0.56 (30% acetone/hexane); 'H NMR (CDCls) &
8.55 (dd, J= 1.0, 8.8 Hz, 1H, H-8), 8.45 (s, 1H, H-3), 8.36 (br d, J= 8.4, 1H, H-5), 7.86 (ddd, J=
0.8, 7.6, 8.8 Hz, 1H, H-7), 7.76 (ddd, J= 1.0, 7.6, 8.4 Hz, 1H, H-6), 4.13 (s, 3H, CO:Me), 2.82 (s,
3H, CHsC(0)).
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Methyl (57,75,8 B)-4-acetyl-5-bromo-7,8-epoxy-5,6,7,8-tetrahydroquinoline-2-carboxylate (130).
To a solution of 135 (4.80 g, 1.94x 10 mmol, FW 247.25) in CCls (200 ml) were
MBOZCT\ANE[:I added NBS (3.83 g, 2.15x 10 mmol, FW 177.99) and AIBN (321 mg, 1.95 mmol,
o8  FW 164.21). The reaction mixture was stirred and irradiated with a 140 W sun
lamp at 60 for 5 h. H20O (200 ml), saturated aq. Na2S20s (100 ml), and
saturated aq. NaHCOs3 (100 ml) were added and the mixture was extracted with CHCls (500
mlx3). The combined extracts were dried over Na2SQs, filtered through Celite, and evaporated.
The residue was chromatographed on silica gel (50% AcOEt/hexane) to afford 130 (4.28 g, 68%,
FW 326.14) as a white solid and 137 (685 mg, 11%, FW 326.14) as a white solid: 130; & = 0.45
(40% AcOEt/CHCls); mp 159-161 °C (not recrystallized); [a]* —92.7 (¢ 1.00, CHCls); IR (CHCls)
3085, 3005, 2955, 1720, 1560, 1420, 1320, 1250, 1150, 1130, 780 cm'}; tH NMR (CDCls) § 8.19 (s,
1H, H-3), 6.04 (ddd, /= 1.8, 1.8, 5.8, Hz, 1H, H-5), 4.40 (d, J= 3.8 Hz, 1H, H-8), 4.07 (s, 3H,
CO:Me), 4.01-3.95 (m, 1H, H-7), 3.07 (ddd, J= 1.8, 1.8, 17.2 Hz, 1H, H-6), 2.68 (s, 3H, CHsC(0)),
2.57 (br dd, J = 5.8, 17.2 Hz, 1H, H-6); 13C NMR (CDCls) & 200.70, 164.46, 154.18, 147.63,
145.72, 132.12, 122.49, 54.45, 53.37, 53.04, 33.63, 30.00, 29.78; HRMS (EI) m/z (M)* calcd for
C13H12NO4Br 324.9950, obsd 324.9960. Diastereomer 137; R = 0.61(40% AcOEt/ CHCls); 'H
NMR (CDCls) § 8.22 (s, 1H, H-3), 5.86 (dd, J = 4.8, 5.2 Hz, 1H, H-5), 4.23 (d, J = 3.8 Hz, 1H,
H-8), 4.07 (s, 3H, CO2Me), 3.94-3.86 (m, 1H, H-7), 2.94 (ddd, J= 3.5, 5.2, 16.0 Hz, 1H, H-6), 2.71
(ddd, J=1.8, 4.8, 16.0 Hz, 1H, H-6), 2.68 (s, 3H, CH3C(0)).

130

Methyl (5&,7.5,8 K)-5-bromo-7,8-epoxy-4-((1.9-1-hydroxyethyl)-5,6,7,8-tetrahydroquinoline-2-
carboxylate (122). To a solution of ketone 130 (4.60 g, 1.41x10 mmol, FW 326.14) in MeOH
o (141 ml) at —78 under Ar atmosphere was added NaBH: (2.40 g, 6.34%x10

MeO,C.__N

X

| mmol, FW 37.83). After stirring at —78 for 19 h, the reaction mixture was
no ¥ B quenched with saturated aq. NH4Cl (50 ml) and H20 (50 ml). The mixture was
122 extracted with AcOEt (100 m1x3). The combined extracts were dried over Na2SOa,

filtered through Celite, and evaporated. The residue was chromatographed on silica gel (60%
AcOEt/hexane) to afford alcohol 122 (4.38 g, 95%, FW 328.16) as a white foam and
diastereomer 123 of 122 (170 mg, 4%, FW 328.16) as a white foam.

Methyl (57,75,8 B)-4-acetyl-5-bromo-7,8-epoxy-5,6,7,8-tetrahydroquinoline-2-carboxylate (130).
veoe w29 To a solution of diastereomer 123 of 122 (12.7 mg, 3.87x102 mmol, FW 328.16) in
P dry CH:Clz (0.4 ml) at O under Ar atmosphere was added Dess-Martin

0?  periodinane (16.4 mg, 3.87x102 mmol, FW 424.14). After stirring at rt for 36 h,

130 the reaction mixture was quenched with H20 (2 ml) and saturated aq. NaHCOs (1
ml). The mixture was extracted with CHCls (2 m1x3). The combined extracts were dried over
NazS0,, filtered through Celite, and evaporated. The residue was chromatographed on silica

gel (50% AcOEt/hexane) to afford ketone 130 (8.2 mg, 65%, FW 326.14) as a white solid.
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Methyl (75,8R)-4-[(1.9)-1-(tert-butyldimethylsiloxy)ethyll-5-bromo-7,8-epoxy-5,6,7,8-
tetrahydroquinoline-2-carboxylate To a solution of alcohol 122 (20.6 mg, 6.28%102 mmol, FW
o 328.16) in dry CH:Clz (0.63 ml) at 0 °C under Ar atmosphere were added
"N 2.61utidine (14.6 pl, 1.25%107 mmol, FW 107.16, d 0.920) and TBSOTf (17.3 yl,
mso S B 7.53x102 mmol, FW 264.34, d 1.151). After stirring at 0 °C for 0.5 h, the reaction
mixture was quenched with H20 (2 ml) and saturated aq. NaHCOs (0.50 ml). The mixture was
extracted with AcOEt (1 mlx3). The combined extracts were dried over NasSOs, filtered
through Celite, and evaporated. The residue was chromatographed on silica gel (40%
AcOEt/hexane) to afford TBS ether (22.7 mg, 82%, FW 442.42) as a colorless syrup: & = 0.65
(70% AcOEt/hexane); [o]? —35.3 (91%ee) (¢ 1.00, CHCls); IR (CHCls) 3622, 1730, 1440, 1424,
1315, 1300, 1130, 875 cm'}; 'H NMR (CDCls) § 8.37 (s, 1H, H-3), 5.31-5.22 (m, 2H, H-5 and
CH(CH3)OTBS), 4.37 (d, /= 3.9 Hz, 1H, H-8), 4.00 (s, 3H, CO:zMe), 3.94-3.90 (m, 1H, H-7), 3.08
(br d, /= 16.8 Hz, 1H, H-6), 2.46 (br dd, J = 5.2, 16.8 Hz, 1H, H-6), 1.39 (d, /= 6.3 Hz, 3H,
CH(CH»)OTBS) 0.91 (s, 9H, SiMez2£Bu), 0.09 (s, 3H, SiMe2£Bu), -0.05 (s, 3H, SiMez£Bu); 13C
NMR (CDCls) § 165.26, 155.62, 152.37, 147.84, 129.95, 122.77, 65.38, 53.91, 53.22, 34.85, 30.48,
26.58, 25.70, 17.97, -4.78, -4.93; HRMS (FAB) m/z (M+H)* calcd for C19H20NO4Si8!Br 444.1029,
obsd 444.1032.

Methyl (5R,75,8R)-5-bromo-4-[(1.5)-1-(tert-butyldimethylsiloxy)ethyll-7,8-epoxy-7,8-
dihydroquinoline-2-carboxylate (9). To a solution of TBS ether (1.17 g, 2.64 mmol , FW 442.42)
Moo, N <7 in dry THF (26 ml at 0 °C under Ar atmosphere was added DBU (1.38 ml, 9.23

' /\ mmol, FW 152.24, d 1.018). After stirring at rt for 1 h, the reaction mixture was
BSOS quenched with H20 (20 ml) and extracted with AcOEt (30 m1x3). The combined
° organic layers were washed with brine, dried over NasSOy, filtered through Celite,
and evaporated. The residue was chromatographed on silica gel (40% AcOEt/hexane) to afford
olefine 9 (909 mg, 95%, FW 361.51) as a white foam: £ = 0.35 (30% AcOEt/hexane); 'H NMR
(CDCls) 6 8.31 (s, 1H, H-3), 7.08 (dd, /= 1.4, 10.0 Hz, 1H, H-5), 6.67 (dd, J= 3.4, 10.0 Hz, 1H,
H-6), 5.17 (q, J= 6.5 Hz, 1H, CH(CH3)OTBS), 4.82 (d, J= 3.8 Hz, 1H, H-8), 4.16 (ddd, J= 1.4,
3.4, 3.8 Hz, 1H, H-7), 4.02 (s, 3H, CO2Me), 1.40 (d, J= 6.5 Hz, 3H, CH(CH3)OTBS), 0.87 (s, 9H,
SiMez£Bu), 0.04 (s, 3H, SiMe2#Bu), -0.08 (s, 3H, SiMez#Bu); 3C NMR (CDCls) § 165.43, 153.05,
152.07, 146.33, 129.24, 126.18, 125.12, 122.56, 67.53, 58.51, 53.16, 52.96, 25.97, 25.63, 18.02,
-4.93, -5.01; HRMS (FAB) m/z (M+H)* caled for C19H2sNO4Si 362.1788, obsd 362.1787.

(78,8 R)-4-[(1.9-1-(tert-Butyldimethylsiloxy)ethyll-7,8-epoxy-7,8-dihydroquinoline-2-carboxylic

acid (48). To a solution of Me ester 9 (12.8 mg, 3.54x102 mmol, FW 361.51) in dry Et20 (0.35

Hos0 <9 ml) at 0 °C under Ar atmosphere was added 90% TMSOK (5.1 mg, 3.6x102 mmol,
| FW 128.29). After stirring at 0 °C for 0.5 h, the reaction mixture was quenched

8BS0 ) with saturated aq. NH4Cl (2 ml) and extracted with AcOEt (2 m1x3). The combined
48
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extracts were dried over Na2SQy, filtered through Celite, and evaporated to afford carboxylic
acid 48 (12.4 mg, quantitative yield, FW 347.48) as a white solid: 'H NMR (CDCls) & 8.41 (s, 1H,
H-3), 7.15 (dd, J= 1.8, 9.8 Hz, 1H, H-5), 6.74 (dd, /= 3.8, 9.8 Hz, 1H, H-6), 5.21 (q, J= 6.0 Hz,
1H, CH(CH3)OTBS), 4.73 (d, /= 3.8 Hz, 1H, H-8), 4.23 (ddd, J= 1.8, 3.8, 3.8 Hz, 1H, H-7), 1.43
(d, = 6.0 Hz, 3H, CH(CHs)OTBS) 0.89 (s, 9H, SiMez2£Bu), 0.08(s, 3H, SiMez£Bu), -0.04 (s, 3H,
SiMe:£Buw).
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N[1-(4-Biphenylyl)-1-methylethoxylcarbonyl-L-valine (142). 1-Valine (147) (500 mg, 4.27
mmol, FW 117.15) and 40wt% Triton B in MeOH (2.13 ml, 4.69 mmol, FW167.25, d
BROGHN 7 COH 0.920) were placed in flask and MeOH was evaporated. The residue was dissolved
142 in dry DMF (4.7 ml) and dry THF (4.7 ml) under Ar atmosphere. Carbonate 60
(1.56 g, 4.69 mmol, FW 332.40) was added to the mixture and the mixture was stirred at 50 °C
for 5 h. The reaction mixture was quenched with 1 M aq. citric acid and acidified to pH 4 at 0 °C.
The mixture was extracted with Et20 (50 mlx3). The combined extracts were dried over
NazSO0y, filtered through Celite, and evaporated. The residue was dissolved in 1 M aq. NaOH
(10 ml) and H20 (10 ml) and washed with Et20 (30 mIx3). The aqueous layer was acidified with
1 M aq. citric acid to pH 4 at 0 °C and extracted with Et20 (50 m1x3). The combined extracts
were dried over Na2SOQy, filtered through Celite, and evaporated to afford 142 (1.03 g, 68%, FW
355.43): B = 0.79 (15/55/65 H:O/MeOH/CHCl3); 'H NMR (CDCls) & 7.61-7.29 (m, 9H, biphenyl),
5.28 (br d, J= 9.0 Hz, 1H, BpocNH), 4.21 (dd, J= 9.0, 4.4 Hz, 1H, H-), 2.20 (m, 1H, H-B), 1.80
(s, 6H, Bpoc Mex2), 0.96 (d, J= 7.0 Hz, 3H, Me-p), 0.91 (d, J= 7.0 Hz, 3H, Me-p).

(9)-3- V- tert-Butoxycarbonylamino-oxetan-2-one (149). To a solution of L-serine 148 (10.0 g,
o  9.43x10 mmol, FW 106.09) and NEts (14.5 ml, 1.04x102 mmol, FW 101.19, d 0.727)
BociN™ 0 in 1,4-dioxane (100 ml) and H20 (100 ml) at 0 °C was added Bocz0 (26.0 ml, 1.13x102
149 mmol, FW 218.25, d 0.950). After stirring at rt for 4 h, the organic solvent was
evaporated. The aqueous layer was washed with Et20 (100 m1x2), acidified with 1 M aq. HCI to
pH 2~3 at 0 °C, and extracted with AcOEt (200m1x3). The combined extracts were dried over
Na2SOy, filtered through Celite, and evaporated to afford Boc-L-Ser-OH (19.3 g, quantitative
yield, FW 205.21): B = 0.61 (10/50/60 H:O/MeOH/CHCls); '"H NMR (CDCls) & 7.02 (br s, 0.3H,
BocNH), 5.83 (br d, &/ = 7.6 Hz, 0.7H, BocNH), 4.38 (br s, 0.7H, H-a), 4.20 (br s, 0.3H, H-o),
4.13-3.95 (m, 1H, H-B), 3.93-3.74 (m, 1H, H-B), 1.46 (s, 9H, Boc). To a solution of PPhs (4.22 g,
1.61x10 mmol, FW 262.29) in dry THF (50 ml) at —78 °C under Ar atmosphere was added
40wt% DEAD in toluene (7.00 g, 1.61x10 mmol, FW 174.16) in dry THF (35 ml). The reaction
mixture was stirred for 10 min and Boc-L-Ser-OH (3.00 g, 1.46x10 mmol, FW 205.21) in dry
THF (38 ml) was added. The reaction mixture was stirred at =78 °C to rt over 2 h and then at rt
for 3 h. The solvent was evaporated and 20% AcOEt/hexane was added to the residue. The
suspension was filtered through Celite, washed with 20% AcOEt/hexane, and evaporated. The
residue was chromatographed on silica gel (30% AcOEt/hexane) to afford oxetanone 149 (1.49 g,
54%, FW 187.20): R = 0.60 (10% MeOH/CHCIs); 'H NMR (CDCls) § 5.23-5.04 (m, 2H, BocNH
and H-a), 4.50-4.38 (m, 2H, H-px2), 1.47 (s, 9H, Boc).
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(R)- N- tert-Butoxycarbonyl-B-phenylselenoalanine (143). To a solution of oxetanone 149 (1.00
crn &, 5.34 mmol, FW 187.20) in degassed dry DMF (13 ml) at rt under Ar atmosphere
BocHN 2 co,H  WAS added benzeneselenol (681 ul, 6.41 mmol, FW 157.08, d 1.479). After stirring at
143 rt for 2 h, the reaction mixture was quenched with 1 M aq. NaOH (6 ml) and H20
(10 mD), and washed with Et20 (10 mlx3). The aqueous layer was acidified with 1 M aq. HCI to
pH 2 at 0 °C and extracted with AcOEt (30 mlx3). The combined extracts were dried over
NazS0,, filtered through Celite, and evaporated. The residue was chromatographed on silica
gel (0-5% MeOH/CHCIs) to afford phenylselenoamino acid 143 (1.84 g, quantitative yield, FW
344.27): R = 0.61 (10% MeOH/CHCl3); 'H NMR (CDCls) § 7.60-7.48 (m, 2H, Ph), 7.30-7.18 (m,
3H, Ph), 5.50 (br d, J= 7.2 Hz, 1H, BocNH), 4.70-4.56 (m, 1H, H-a), 3.44 (dd, J= 12.0, 4.6 Hz,
1H, H-p), (dd, J=12.0, 5.2 Hz, 1H, H-B), 1.40 (s, 9H, Boc).

Boc-[(R)-B-phenylselenoalanine]-OFm (150). To a solution of carboxylic acid 143 (996 mg, 2.89
seeh  mmol, FW 344.26) and 9-fluorenylmethanol (568 mg, 2.89 mmol, FW 196.25) in dry
BociN 7 co.Fm  CH2Cle (15 ml) at 0 °C under Ar atmosphere were added DMAP (35.3 mg, 2.89x101
150 mmol, FW 122.17) and DCC (597 mg, 2.89 mmol, FW 206.33). After stirring at rt
for 4 h, the reaction mixture was evaporated and AcOEt was added to the residue. The
suspension was filtered through Celite and evaporated. The residue was chromatographed on
silica gel (10 % AcOEt/hexane) to afford 150 (1.23 g, 82%, FW 522.49): B = 0.61 (20%
AcOEt/hexane); mp 109-110 °C (not recrystallized); [a]%¥ +18.6 (¢ 1.00, CHCls); IR (CHCls) 3620,
3435, 2980, 1765, 1710, 1580, 1420, 1300, 1130, 875 cm™’; 'H NMR (CDCls) & 7.80-7.72 (m, 2H,
fluorenyl), 7.57-7.15 (m, 11H, fluorenyl and PhSe), 5.34 (br d, J= 8.0 Hz, 1H, NHBoc), 4.72 (dt,
J=5.0,8.0 Hz, 1H, H-o), 4.24 (br dd, J= 6.5, 9.2 Hz, Fm CHz), 4.14-4.01 (m, 2H, Fm CH:and
H-9), 3.28 (d, J= 5.0 Hz, 2H, H-p), 1.42 (s, 9H, Boc); 3C NMR (CDCls) 5 170.57, 154.92, 143.36,
143.24, 141.24, 141.17, 133.67, 129.10, 128.78, 127.83, 127.50, 127.12, 127.09, 125.03, 124.93,
120.00, 119.97, 80.06, 67.16, 53.28, 46.49, 30.50, 28.23; HRMS (FAB) m/z (M+H)* calcd for
C2sH30NO4Se 524.1340, obsd 524.1342.

Boc-[(R)-B-phenylselenoalanine]-[(&)-B-phenylselenoalanine]-OFm (151). To a solution of 150

serh _sepn  (1.23 g, 2.35 mmol, FW 522.49) in dry CH2Clz (6.0 ml) at 0 °C under Ar
BocHN”2"CONH"COFm atmosphere was slowly added TFA (6.0 ml). The reaction mixture was stirred

151 at rt for 2 h and evaporated to afford crude amine. To a solution of crude
amine in dry CH2Clz (12 ml) at 0 °C under atmosphere were added 7Pr:NEt (1.00 ml, 5.74
mmol, FW 129.24, d 0.742), carboxylic acid 143 (895 mg, 2.60 mmol, FW 344.26), HOAt (354 mg,
2.60 mmol, FW 136.11), and CIP (724 mg, 2.60 mmol, FW 278.56). After stirring at rt for 2 h,
the reaction mixture was quenched with H20 (10 ml) and saturated aq. NaHCOs (2 ml). The
mixture was extracted with CHCls (15 mlx3). The combined extracts were dried over Na2SOs,
filtered through Celite, and evaporated. The residue was chromatographed on silica gel (20%
AcOEt/hexane) to afford dipeptide 151 (1.66 g, 94%, FW 748.63) as a white foam: &= 0.59 (40%
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AcOEt/hexane); mp 120 °C (not recrystallized); [al} +0.00 (¢ 1.00, CHCls); IR (CHCls) 3620,
3420, 2975, 1765, 1710, 1680, 1580, 1475, 1420, 1370, 875 cm'’; '"H NMR (CDCls) § 7.79-7.15 (m,
18H, fluorenyl and PhSex2), 6.95 (br d, J= 7.0 Hz, 1H, CONH), 5.05 (br s, 1H, NHBoc), 4.82
(ddd, J= 4.6, 4.6, 7.0 Hz, 1H, PhSeAla H-o), 4.34-4.16 (m, 1H, PhSeAla H-a), 4.27 (dd, J= 6.6,
10.0 Hz, 1H, Fm CHb), 4.10 (dd, /= 6.6, 10.0 Hz, 1H, Fm CH>), 4.02 (dd, J= 6.6, 6.6 Hz, 1H, Fm
H-9), 3.31 (dd, J= 4.6, 12.4 Hz, 1H, PhSeAla H-p), 3.24-3.04 (m, 3H, PhSeAla H-px3), 1.43 (s,
9H, Boc); 13C NMR (CDCls) & 169.96, 169.66, 155.05, 143.26, 143.13, 141.24, 141.15, 133.70,
133.04, 129.15, 128.78, 127.86, 127.60, 127.37, 127.16, 127.12, 124.93, 124.85, 120.00, 80.39,
67.28, 54.18, 52.46, 46.40, 29.69, 29.56, 28.23; HRMS (FAB) m/z (M+H)* caled for
C37H39N205Se2 751.1189, obsd 751.1174.

Bpoc-Val-[(®)-p-phenylselenoalanine]-[(&)-B-phenylselenoalanine]-OFm (152). Dipeptide 151
srn sepn (480 mg, 6.41x10! mmol, FW 748.63) in 3 M HCI/AcOEt (2.9 ml) was
BPocHN 3 CONH £~CONH'%"CO,Fm stirred at rt for 2 h and the solvent was evaporated. The residue was
152 dissolved in AcOEt (2 ml), basified with aq. NaHCOs, and extracted
with AcOEt (3 mlx3). The combined extracts were dried over Naz2SOs, filtered through Celite,
and evaporated to afford crude amine. To a solution of crude amine in dry CH2Cl: (6.4 ml) at
0 °C under atmosphere were added rPr:NEt (274 ul, 1.57 mmol, FW 129.24, d 0.742),
carboxylic acid 142 (251 mg, 7.06x10! mmol, FW 355.43), HOAt (105 mg, 7.71x10" mmol, FW
136.11), and CIP (215 mg, 7.71x10 mmol, FW 278.56). After stirring at rt for 3 h, the reaction
mixture was quenched with H20 (10 ml) and saturated aq. NaHCOs (1 ml). The mixture was
extracted with CHCls (10 mlx3). The combined extracts were dried over NasSOs, filtered
through Celite, and evaporated. The residue was chromatographed on silica gel (30%
AcOEt/hexane) to afford tripeptide 152 (484 mg, 77%, FW 985.92) as a white foam: & = 0.53
(40% AcOEt/hexane); [al% —17.5 (¢ 1.00, CHCls); IR (KBr) 3295, 3060, 2965, 1700, 1650, 1505,
1485, 1200, 1145, 1100, 1020, 760, 740, 695 cm'; 'H NMR (CDCls) § 7.81-7.68 (m, 2H, Ph),
7.60-7.06 (m, 25H, fluorenyl, biphenyl, and PhSe), 6.94 (br d, J= 7.2 Hz, 1H, CONH), 6.64 (br d,
J=17.0 Hz, 1H, CONH), 5.20 (br b, /= 8.2 Hz, 1H, NHBpoc), 4.70 (m, 1H, PhSeAla H-a), 4.47
(m, 1H, PhSeAla H-a), 4.24 (dd, J= 6.4, 9.8 Hz, 1H, Fm CH2), 4.12-3.96 (m, 2H, Fm CH:z and
Fm H-9), 3.88 (m, 1H, Val H-a), 3.30-2.98 (m, 4H, PhSeAla H-px4), 2.14 (m, 1H, Val H-p), 1.81
(s, 6H, Bpoc Mex2), 0.93 (d, J = 6.8 Hz, 3H, Val H-y), 0.87 (d, J = 6.8 Hz, 3H, Val H-y); 13C
NMR(CDCls) § 171.21, 169.55, 169.25, 155.14, 145.10, 143.29, 143.21, 141.25, 141.19, 140.68,
139.76, 133.64, 132.85, 129.28, 129.13, 128.67, 127.86, 127.63, 127.47, 127.16, 127.12, 127.04,
124.98, 124.92, 124.65, 120.00, 81.31, 67.26, 59.91, 52.74, 52.54, 46.42, 30.66, 29.10, 28.95,
19.33, 17.47; HRMS (ESD m/z (M+Na)* caled for CssHssNsNaOe®Se2 1010.2163, obsd
1010.2155.
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Bpoc-Val-[(R)-B-phenylselenoalanine]-[(&)-B-phenylselenoalanine]-OH (49). To a solution of

j\/ J:SePh LSePh Fm ester 152 (83.3 mg, 8.45x102 mmol, FW 985.92) in CH2Cl: (0.42 m])
BpocHN'; CONHECoNHE coH gt 0 °C was added HNEt: (0.42 ml). The reaction mixture was stirred at
9 rt for 1.5 h and evaporated. The residue was chromatographed on silica
gel (30%—50% acetone/hexane) to afford carboxylic acid (64.7mg, 95%, FW 807.70) as a white

foam.

Boc-[(R)-B-phenylselenoalanine]-NH:z (146). To a solution of carboxylic acid 143 (1.05 g, 3.05
sern  mmol, FW 344.26) in dry THF (30 ml) at —15 °C under Ar atmosphere were added
soctin conr,  NEts (447 pl, 3.21 mmol, FW 101.19, d 0.727) and CICO:zEt (306 pl, 3.20 mmol, FW
146 108.52, d 1.135). After stirring at —15 °C for 10 min, 28% aq. NHs (6.2 ml, 9.0x10
mmol, FW 17.03, d 0.9) was slowly added. The reaction mixture was stirred for 30 min at
—15 °C and then at rt for 2 h. The reaction mixture was evaporated and H20 (20 ml) was added.
The mixture was extracted with AcOEt (30 mlx3). The combined extracts were dried over
NazS0,, filtered through Celite, and evaporated. The residue was chromatographed on silica
gel (50% AcOEt/hexane) to afford amide 146 (826 mg, 79%, FW 343.28) as a colorless syrup: B
= 0.18 (50% AcOEt/hexane); 'H NMR (CDCls) § 7.59-7.53 (m, 2H, PhSe), 7.32-7.22 (m, 3H,
PhSe), 6.40 (br s, 1H, CONH>), 5.98 (br s, 1H, CONHy), 5.39 (br d, /= 6.8 Hz, 1H, BocNH), 4.37
(m, 1H, H-o), 3.25 (m, 2H, H-px2), 1.42 (s, 9H, Boc).

Boc-[(B)-B-phenylselenoalanine]- [(&)-B-phenylselenoalanine]-NH: (153). To a solution of

srn  seon amide 140 (75.3 mg, 2.08x10" mmol, FW 343.28) in dry CH:Cl: (2.0 ml) at
BocHN 3 CONH™ £ CONH; 0 °C under Ar atmosphere was slowly added TFA (0.5 ml). The reaction

153 mixture was stirred at rt for 1 h and evaporated to afford crude amine (102
mg). To a solution of crude amine in dry DMF (2.2 ml) at 0 °C under atmosphere were added
ProNEt (151 pl, 8.67x 101 mmol, FW 129.24, d 0.742), carboxylic acid 143 (82.3 mg, 2.40x 10!
mmol, FW 343.28), HOAt (32.5 mg, 2.39x 10" mmol, FW 136.11), and CIP (66.6 mg, 2.39x 10
mmol, FW 278.56). After stirring at rt for 5 h, the reaction mixture was quenched with H20 (4
ml). The mixture was extracted with AcOEt (5 mlx3). The combined extracts were dried over
NazS0,, filtered through Celite, and evaporated. The residual solid was recrystallized from
acetone-hexane to afford dipeptide 153 (115 mg, 92%, FW 569.41) as a white solid: & = 0.78
(10% MeOH/CHCls); mp 167-168 °C; [a]® —72.9 (¢ 1.02, CHCl3); IR (KBr) 3320, 3195, 2980,
1690, 1655, 1625, 1525, 1480, 1385, 1165, 735, 690, 670 cm'’; 'H NMR (CDCls) § 7.59-7.43 (m,
4H, PhSe), 7.33-7.21 (m, 6H, PhSe), 6.93 (br d, J= 8.4 Hz, 1H, CONH), 6.72 (br s, 1H, CONHb),
5.44 (br s, 1H, CONHb), 5.05 (br d, /= 5.4 Hz, 1H, NHBoc); 1*C NMR (CDCls) § 172.04, 170.22,
155.80, 133.31, 133.07, 129.43, 129.28, 127.91, 127.63, 81.21, 54.79, 52.74, 29.10, 28.74, 28.25;
HRMS (ESD) m/z (M+Na)* caled for C23H2sN3NaO480Sez 594.0386, obsd 594.0388.
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H-[(R)-B-phenylselenoalanine]- [(&)-p-phenylselenoalanine]-NH: (6). To a solution of amide

srn sepn 153 (47.1 mg, 8.27x102 mmol, FW 569.41) in dry CH2Cl: (0.67 ml) at 0 °C

HZNJE:CQNH S conm, under Ar atmosphere was slowly added TFA (0.67 ml). The reaction mixture

6 was stirred at rt for 2 h and evaporated. The residue was dissolved in AcOEt (5

ml), basified with aq. NaHCOs, and extracted with AcOEt (5 mIx3). The combined extracts

were dried over Na2SOy, filtered through Celite, and evaporated to afford amine 6 (36.1 mg,
93%, FW 469.30) as a white solid.
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2-(Trimethylsilylethyl 2-((5R,69)-5- N-{N-[1-(biphenylyl)-1-methyl-ethoxycarbonyll-L-valyl-[(%)
-B-phenylselenoalanyl]-[(%)-p-phenylselenoalanyl]-L-alanyl}amino-6-{2-[(1.5,2 B)-1- N-(tert-
butoxycarbonyl)amino-2-hydroxy-propyllthiazol-4-yl}-5-{4-[2-(trimethylsilyl)ethoxycarbony]

thiazol-2-yl}-1,2-dehydropiperid-2-yl)-thiazole-4-carboxylate (154). To a solution of segment A
i 47 (17.9 mg, 2.03x102 mmol, FW 880.26), segment D 49 (19.7 mg,

X/ “OTMSE

2.44x102 mmol, FW 807.70) and NMM (3.0 pl, 2.7x10°2 mmol, FW
101.15, d 0.920) in MeOH (0.2 ml) at rt was added DMTMM (6.8
mg, 2.5x102 mmol, FW 276.72). The reaction mixture was stirred
at rt for 2 h, quenched with H20 (1 ml), and extracted with AcOEt

(2 m1x3). The combined extracts were dried over NasSOy, filtered

through Celite, and evaporated. The residue was chromatographed on silica gel (50%
AcOEt/hexane) to afford 154 (25.4 mg, 75%, FW 1669.94) as a yellow foam: & = 0.87 (100%
AcOEt); [a]*-13.3 (¢ 1.00, CHCIs); IR (KBr) 3315, 2955, 1715, 1500, 1365, 1250, 1175, 1100,
1020, 935, 840, 765, 740, 695 cm™; 'H NMR (CDCls) § 8.14 (s, 1H, thiazole H-5), 8.04 (br s, 1H,
piperidine 5-CONH), 7.85 (s, 1H, thiazole H-5), 7.60-7.11 (m, 20H, biphenyl, PhSe x2, and Ala
CONH), 7.10-7.00 (m, 1H, PhSeAla CONH), 6.80-6.68 (m, 1H, PhSeAla CONH), 6.76 (s, 1H,
thiazole H-5), 5.85 (br d, J= 8.2 Hz, 1H, BocNH), 5.43 (br s, 1H, piperidine H-6), 5.27-5.06 (m,
1H, BpocNH), 4.88 (br d, /= 8.8 Hz, 1H, Thr H-a), 4.67-4.55 (m, 1H, Thr H-p), 4.52-4.27 (m, 5H,
PhSeAla H-o, CH:CH2SiMesx2), 4.27-4.09 (m, 2H, PhSeAla H-a and Ala H-a), 3.81-3.68 (m, 1H,
Val H-o), 3.56-3.42 (m, 1H, piperidine H-4), 3.36-2.66 (m, 7H, piperidine H-4 and H-3x2, and
PhSeAla H-Bx4), 2.20-2.03 (m, 1H, Val H-p), 1.95 (br s, 1H, OH), 1.81 (s, 3H, Bpoc Me), 1.78 (s,
3H, Bpoc Me), 1.48 (s, 9H, Boc), 1.31-1.20 (m, 6H, Ala Me- and Thr H-y), 1.20-1.08 (m,
CH2CH2:SiMesx2), 0.93 (d, / = 6.4 Hz, Val Me-y), 0.89 (d, J = 6.4 Hz, Val Me-y), 0.08 (s, 3H,
CH:CH:2SiMes), 0.06 (s, 3H, CH2CH2SiMes); 13C NMR(CDCls) § 175.02, 172.01, 171.92, 170.12,
169.68, 169.32, 162.97, 161.45, 161.40, 155.76, 152.32, 148.00, 147.03, 144.66, 140.40, 139.97,
132.99, 132.73, 130.20, 129.52, 129.24, 128.73, 128.34, 127.86, 127.67, 127.37, 127.29, 127.07,
126.97, 124.64, 118.22, 82.05, 80.13, 68.33, 66.47, 63.76, 63.49, 60.80, 59.94, 57.79, 53.69, 53.13,
50.30, 49.89, 30.02, 29.25, 28.79, 28.34, 26.98, 24.67, 22.09, 20.10, 19.28, 18.27, 17.76, 17.39,
-1.47; HRMS (ESD m/z (M+Na)* caled for C76HosN10NaO13S3Se2Siz 1693.4244, obsd 1693.4239.

2-(Trimethylsilyl)ethyl 2-1(5&,6.9)-5- N-{N-[1-(biphenylyl)-1-methyl-ethoxycarbonyll-L-valyl-[( %)
-B-phenylselenoalanyl]-[(%)-p-phenylselenoalanyl]-L-alanyl}amino-6-[2-((1.5,2 B)-1- N-(tert-
butoxycarbonyl)amino-2-{(75,8 B)-4-[(19)-1-(tert-butyldimethylsiloxy)ethyll-7,8-epoxy-7,8-
dihydroquinolin-2-oyl}oxy-propyl)thiazol-4-yll-5-{4-[2-(trimethylsilyl)ethoxycarbonylthiazol-2-
yl1}-1,2-dehydropiperid-2-yl}-thiazole-4-carboxylate (155). To a solution of alcohol 154 (32.2 mg,
1.93x102 mmol, FW 1669.96), segment C 48 (20.1 mg, 5.78x102 mmol, FW 347.49), DMAP
(14.1 mg, 1.15x10* mmol, FW 122.17), and 7Pr:NEt (20.0 ul, 1.15%10" mmol, FW 129.25, d
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e Sepn 0.742) in CHzClz (0.2 ml) at rt under Ar atmosphere was added

3 J%Nrngﬂ)'*l:rgeph CIP (16.1 mg, 5.78%102 mmol, FW 278.56). The reaction mixute
oo was stirred at rt for 1 h and quenched with H2O (1 ml). The

N LY mixture was extracted with CHCls (1 mlx1) and AcOEt (1 mlx2).

The combined extracts were dried over NasSOy, filtered through

Celite, and evaporated. The residue was chromatographed on
silica gel (20% AcOEt/CHCIs) to afford ester 155 (32.4 mg, 84%, FW 1999.41) as a yellow foam:
Ri=0.57 (45% AcOEt/CHCls); [a]*?~11.6 (¢ 1.00, CHCIs); IR (KBr) 2955, 2855, 1720, 1500, 1365,
1300, 1255, 1160, 1100, 1040, 970, 935, 840, 780 cm'}; 'H NMR (CDsCN, 50 °C) § 8.25 (s, 1H,
quinoline H-3 or thiazole H-5), 8.15 (s, 1H, quinoline H-3 or thiazole H-5), 7.91 (br s, 1H,
piperidine 5-CONH), 7.70-7.03 (m, 24H, biphenyl, PhSex2, H-5, CONHx3, and quinoline H-3 or
thiazole H-5), 7.09 (s, 1H, thiazole H-5), 6.73 (dd, J= 3.8, 10.0 Hz, 1H, quinoline H-6), 6.24 (br d,
J=8.8 Hz, 1H, NHBoc), 5.87-5.67 (m, 1H, NHBpoc), 5.72 (dq, /= 3.8, 6.2 Hz, 1H, Thr H-p), 5.56
(br s, 1H, piperidine H-6), 5.31 (q, /= 6.2 Hz, 1H, CHsCH(OTBNS)), 5.25 (dd, /= 3.8, 8.8 Hz, 1H,
Thr H-o), 4.62 (d, J = 3.8 Hz, 1H, quinoline H-8), 4.52-4.26 (m, 6H, PhSeAla H-ax2 and
MesSiCH2CH2x2), 4.14 (ddd, J= 1.6, 3.8, 3.8 Hz, 1H, quinoline H-7), 4.04 (dq, J = 6.4, 6.4 Hz,
Ala H-a), 3.84 (br s, 1H, Val H-a), 3.40-2.78 (m, 7H, PhSeAla H-Bx2, piperidine H-3 and H-4),
2.57 (m, 1H, piperidine H-3 or H-4), 2.06 (m, 1H, Val H-p), 1.75 (s, 3H, Bpoc CHs), 1.74 (s, 3H,
Bpoc CHs), 1.48-1.39 (m, 3H, Thr H-p), 1.43 (s, 9H, Boc), 1.36 (d, J = 6.2 Hz, 3H,
CH:CH(OTBS)), 1.19 (d, /= 6.4, 3H, Ala Me-f), 1.16-1.00 (m, 4H, Me3SiCH2CHzx 2), 0.98-0.86
(m, 6H, Val H-y), 0.93 (s, 9H, #BuMe:Si), 0.09 and 0.05 (each s, 18H, MesSiCH2CH2x2,
contaminated with 3H of #BuMe:Si), -0.04 (s, 3H, #BuMe:Si); 13C NMR(CDsCN, 50 )
5176.62,173.68, 173.43, 171.58, 171.26, 170.66, 164.48, 163.95, 162.19, 162.09, 156.74, 154.52,
154.39, 153.65, 149.15, 147.77, 147.13, 146.92, 141.60, 140.49, 133.70, 133.35, 131.58, 131.26,
131.14, 130.65, 130.51, 130.30, 129.97, 128.71, 128.46, 128.10, 127.98, 127.81, 127.57, 126.13,
126.08, 123.99, 120.00, 82.02, 81.11, 74.78, 68.40, 66.58, 64.37, 64.06, 61.78, 60.49, 59.28, 59.10,
58.33, 54.95, 54.33, 54.24, 52.19, 31.53, 30.44, 29.88, 29.54, 29.44, 29.17, 28.82, 28.62, 26.48,
26.44, 26.28, 25.81, 19.84, 18.93, 18.39, 18.17, 18.14, 18.05, 17.73, -1.22, -1.23, -4.35, -4.49;
HRMS (ESD m/z (M+Na)* caled for CoaH121N11NaO16S3Se2Sis 2022.5691, obsd 2022.5674.

N-(8-Hydroxy-7,8-dihydroqunolin-7-yl)-L-valine benzyl ester (165). To a solution of epoxide 64
(15.7 mg, 1.08x10! mmol, FW 145.16) and H-1L-Val-OBn (120) (24.7 mg,
H jf 1.19x101 mmol, FW 207.26) in HoO—CH2Cl: (10:1) (0.54 ml) at rt was added

N HN"=~CO,Bi
pooo2en

A

P Yb(OTH)s (13.4 mg, 2.16%x102 mmol, FW 620.25). The reaction mixture was

165 stirred at rt for 24 h, then diluted with CHCls (3 ml) and washed with brine (2
mlx2). The organic layers were dried over Na2SOy4, filtered through Celite, and evaporated. The
residue was preparative TLC on silica gel (60% AcOEt/hexane) to afford alcohol 165 (27.7 mg,
73% combined yield, FW 352.46) as a white foam: 165-diastereomer-1: & = 0.55 (70%
AcOEt/hexane); 'H NMR (CDCls) § 8.36 (dd, /= 1.4, 5.0 Hz, 1H, H-2), 7.40-7.28 (m, 6H, Ph,
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H-4), 7.16 (dd, /= 5.0, 7.8 Hz, 1H, H-3), 6.37 (dd, J= 2.6, 10.0 Hz, 1H, H-5), 5.96 (dd, /= 1.8,
10.0 Hz, 1H, H-6), 5.20 and 5.12 (ABq, J= 12.2 Hz, each 1H, PhCHb>), 4.73 (d, J=12.4 Hz, 1H,
H-8), 4.65 (br s, 1H, NH), 3.54 (ddd, /= 1.8, 2.6, 12.4 Hz, 1H, H-7), 3.32 (d, J= 6.0 Hz, 1H, Val
H-a), 2.48 (br s, 1H, OH), 2.01 (m, 1H, Val H-B), 0.99 (d, /= 6.6 Hz, 3H, Val H-y), 0.98 (d, /= 6.6
Hz, 3H, Val H-y). 165-diastereomer-2: & = 0.51 (70% AcOEt/hexane); 'H NMR (CDCls) § 8.36
(dd, J= 1.4, 5.0 Hz, 1H, H-2), 7.41-7.30 (m, 6H, Ph, H-4), 7.16 (dd, J = 5.0, 7.8 Hz, 1H, H-3),
6.37 (dd, J= 2.6, 10.0 Hz, 1H, H-5), 5.86 (dd, /= 2.4, 10.0 Hz, 1H, H-6), 5.21 and 5.14 (ABq, J=
12.0 Hz, each 1H, PhCHb>), 4.73 (d, J=12.4 Hz, 1H, H-8), 4.41 (br s, 1H, NH), 3.66 (ddd, J= 2.4,
2.6, 12.4 Hz, 1H, H-7), 3.56 (d, /= 5.8 Hz, 1H, Val H-o), 2.14 (br s, 1H, OH), 2.02 (m, 1H, Val
H-B), 0.99 (d, /= 7.0 Hz, 3H, Val H-y), 0.95 (d, J= 7.0 Hz, 3H, Val H-y).

tert-Butyl (78,8 R)-4-[(1.9)-1-(tert-butyldimethylsiloxy)ethyl]-7,8-epoxy-7,8-dihydroquinoline-2-
carboxylate (175). To a solution of Me ester 9 (12.8 mg, 3.54x102 mmol, FW 361.51) in dry
. Et0 (0.35 ml) at 0 °C under Ar atmosphere was added 90% TMSOK (5.1 mg,
t_BUOZCTjN:j(j 3.6x102 mmol, FW 128.29). After stirring at 0 °C for 0.5 h, the reaction mixture
18507} was quenched with saturated aq. NH4Cl (2 ml) and extracted with AcOEt (2
17e mlx3). The combined extracts were dried and evaporated to afford carboxylic acid
48 (12.4 mg, quantitative yield, FW 347.48) as a white solid. To a solution of carboxylic acid
48 (12.4 mg, 3.54%102 mmol, FW 347.48) in #BuOH (0.35 ml) under Ar atmosphere were added
DMAP (1.3 mg, 1.1x102 mmol, FW 122.17) and Boc20 (16.3 ul, 7.09x10"2 mmol, FW 218.25, d
0.950). After stirring at rt for 3 h, the reaction mixture was diluted with toluene (2 ml) and
evaporated. The residue was chromatographed on silica gel (30% AcOEt/hexane) to afford #Bu
ester 175 (12.3 mg, 86%, FW 403.59) as a white foam: & = 0.65 (50% AcOEt/hexane); [a]” —3.4
(¢ 1.00, CHCl»); IR (CHCls) 3620, 2975, 1720, 1370, 1310, 1150, 1140, 1090, 1050, 880 cm; 'H
NMR (CDCls) § 8.23 (s, 1H, H-3), 7.01 (dd, /= 1.8, 9.9 Hz, 1H, H-5), 6.65 (dd, /= 3.6, 9.9 Hz, 1H,
H-6), 5.18 (q, J= 6.3 Hz, 1H, CH(CH3)OTBS), 4.84 (d, J= 3.6 Hz, 1H, H-8), 4.16 (ddd, J= 1.8,
3.6, 3.6 Hz, 1H, H-7), 1.64 (s, 1H, +Bu), 1.41 (d, J = 6.3 Hz, 3H, CH(CH3)OTBS) 0.90 (s, 9H,
SiMez£Bu), 0.06 (s, 3H, SiMe2£Bu), -0.07 (s, 3H, SiMez2#Bu); 13C NMR(CDCls) § 163.72, 152.94,
152.00, 147.83, 128.89, 125.44, 125.02, 121.78, 82.21, 67.17, 58.69, 53.13, 28.05, 26.02, 25.66,
18.02, -4.88, -5.03; HRMS (FAB) m/z (M+H)* calcd for C22H34NO4Si 404.2257, obsd 404.2278.

H-L-Val-OFm (176). To a solution of L-valine (147) (3.29 g, 2.81x10! mmol, FW 117.15) and 1
M ag. NaOH (28.0 ml) in 1,4-dioxane (60 ml) and H20 (30 ml) was added Boc20 (7.10

HNEcoFm  ml, 3.09x10! mmol, FW 218.25, d 0.950). The reaction mixture was stirred at rt for 3
1re h and washed with Et2O (50 mIx3). The aqueous layer was acidified with 1 M agq.
HCI (30 ml) at 0 °C and extracted with Et20 (50 m1x3). The combined extracts were dried over
Na:SOy, filtered through Celite, and evaporated to afford Boc-L-Val-OH (6.10 g, quantitative
yield, FW 217.26) as a colorless syrup. To a solution of Boc-L-Val-OH (1.67 g, 7.69 mmol, FW
217.26) and 9-fluorenylmethanol (1.51 g, 7.69 mmol, FW 196.25) in CH2Clz (30 ml) were added
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DMAP (93.9 mg, 7.69%10-1 mmol, FW 122.17) and DCC (1.59 g, 7.69 mmol, FW 206.33). After
stirring at rt for 2 h, the reaction mixture was evaporated and AcOEt was added to the residue.
The suspension was filtered through Celite and evaporated. The residue was chromatographed
on silica gel (8 % AcOEt/hexane) to afford to Boc-L-Val-OFm (2.76 g, 91%, FW 395.50) as a
white solid. To a solutin of Boc-L-Val-OFm (39.3 mg, 9.92x102 mmol, FW 395.50) in CH:Cl:
(0.5 ml) at 0 was added TFA (0.5 ml). The reaction mixture was stirred at rt for 1 h and
evaporated. The residue was dissolved in Et20 (3 ml), basified with aq. NaHCOs, and extracted
with Et20 (3 mIx3). The combined extracts were dried over NasSOy, filtered through Celite,and
evaporated to afford L-Val-OFm (176) (29.3 mg, quantitative yield, FW 295.38) as a colorless
syrup: 'H NMR (CDCls) & 7.80-7.72 (m, 2H, Fm H-4 and H-5), 7.65-7.54 (m, 2H, Fm H-3 and
H-6), 7.46-7.24 (m, 4H, Fm H-1, H-2, H-7 and H-8), 4.58-4.42 (m, 2H, Fm CH>), 4.21 (br dd, J=
6.2, 6.2 Hz, 1H, Fm H-9), 3.31 (d, J= 5.0 Hz, 1H, H-a), 1.97 (m, 1H, H-p), 0.92 (d, /= 6.8 Hz, 3H,
H-y), 0.81 (d, /= 6.8 Hz, 3H, H-y).

tert-Butyl (7R,8.9-4-[(1.9)-1-(tert-butyldimethylsiloxy)ethyll-7-[ N-(1.9)-1-(9-fluorenylmethoxy-
carbonyl)-2-methylpropyllamino-8-hydroxy-7,8-dihydroquinoline-2-carboxylate (177). To a
FMO,C solution of epoxide 175 (75%ee) (20.0 mg, 4.96x102 mmol, FW 403.59) and
tBUOZCTjN\j(S?ﬁ L-Val-OFm (176) (29.3 mg, 9.92x10"2 mmol, FW 295.38) in CH2Cl: (25 pl) was
7 added Yb(OTDs (6.1 mg, 9.9x10 mmol, FW 620.25) in H20 (50 ul). The

177 reaction mixture was stirred at rt for 5 d, then diluted with CHCls (2 ml),

and washed with brine (2 m1x2). The organic layers were dried over Na:SOy, filtered through
Celite, and evaporated. The residue was chromatographed on silica gel (30% AcOEt/hexane) to
afford alcohol 177 (16.6 mg, 48%, FW 698.96) as a white foam, diastereomer of 177 (2.4 mg, 7%,
FW 698.96) as a white foam, regioisomer of 177 (2.1 mg, 6%, FW 698.96) as a white foam, and
recovery of 175 (2.6 mg, 13%, FW 403.59) as a white foam: 177: B = 0.59 (30% AcOEt/hexane);
[a]® —56.0 (¢ 1.00, CHCls); IR (CHCls) 3620, 2975, 1725, 1470, 1180, 1095, 1045, 900, 880 cm'’;
IH NMR (CDCls) & 8.08 (s, 1H, quinoline H-3), 7.76-7.68 (m, 2H, Fm H-4 and H-5), 7.66-7.58 (m,
2H, Fm H-3 and H-6), 7.40-7.22 (m, 4H, Fm H-1, H-2, H-7 and H-8), 6.71 (dd, /= 2.4, 10.0 Hz,
1H, quinoline H-5), 6.09 (dd, J = 1.8, 10.0 Hz, 1H, quinoline H-6), 5.01 (q, J = 6.5 Hz, 1H,
CH(CH3)OTBS), 4.80 (br s, 1H, NH), 4.66 (d, /= 12.0 Hz, 1H, quinoline H-8), 4.53 (d, J= 6.5 Hz,
2H, Fm CHb»), 4.21 (t, J= 6.5, 1H, Fm H-9), 3.40 (ddd, /= 1.8, 2.4, 12.0 Hz, 1H, quinoline H-7),
3.29 (d, J=5.6 Hz, 1H, Val H-a), 2.43 (s, 1H, OH), 1.95 (dqq, /= 5.6, 6.8 Hz, 1H, Val H-p), 1.61
(s, 1H, CO2£Buw), 1.41 (d, /= 6.5 Hz, 3H, CH(CH3)OTBS), 0.96 (d, J = 6.8 Hz, 3H, Val Me-y),
0.94 (d, J= 6.8 Hz, 3H, Val Me-y), 0.91 (s, 9H, SiMe2£Bu), 0.07 (s, 3H, SiMez#Bu), -0.05 (s, 3H,
SiMe2#Bu); 13C NMR(CDCls) § 174.82, 163.79, 156.11, 150.50, 145.95, 143.69, 141.27, 135.02,
127.62, 127.03, 126.99, 126.08, 124.94, 121.50, 120.68, 119.87, 81.86, 72.73, 67.66, 65.98, 64.48,
59.30, 46.99, 31.85, 28.06, 25.68, 19.47, 18.25, 18.05, -4.91, -5.03; HRMS (FAB) m/z (M+H)*
caled for Cs1Hs5N206Si 699.3829, obsd 699.3807. Diastereomer of 177: B = 0.54 (30%
AcOEt/hexane); 'H NMR (CDCls) & 8.08 (s, 1H, quinoline H-3), 7.78-7.69 (m, 2H, Fm H-4 and
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H-5), 7.67-7.57 (m, 2H, Fm H-3 and H-6), 7.42-7.20 (m, 4H, Fm H-1, H-2, H-7 and H-8), 6.68 (dd,
J=2.5,10.4 Hz, 1H, quinoline H-5), 5.92 (dd, 4= 1.8, 10.4 Hz, 1H, quinoline H-6), 5.01 (q, J=
6.3 Hz, 1H, CH(CHs)OTBS), 4.78 (br s, 1H, NH), 4.72 (d, /= 11.2 Hz, 1H, quinoline H-8), 4.55
(dd, J= 6.4, 10.8 Hz, 1H, Fm CHb>), 4.49 (dd, /= 6.4, 10.8 Hz, 1H, Fm CHy), 4.22 (dd, J= 6.4, 6.4
Hz, 1H, Fm H-9), 3.66 (d, J= 5.8 Hz, 1H, Val H-a), 3.55 (ddd, J= 1.8, 2.5, 11.2 Hz, 1H, quinoline
H-7), 2.08-1.76 (m, 2H, Val H-p and OH), 1.62 (s, 1H, CO:2£Bu), 1.40 (d, J/ = 6.3 Hz, 3H,
CH(CHs)OTBS), 0.97 (d, /= 6.8 Hz, 3H, Val Me-y), 0.91 (d, /= 6.8 Hz, 3H, Val Me-y), 0.90 (s, 9H,
SiMez£#Bu), 0.06 (s, 3H, SiMez2#Bu), -0.06 (s, 3H, SiMe2#Bu). Regioisomer of 177: R = 0.41
(30% AcOEt/hexane); 'H NMR (CDCls) § 8.10 (s, 1H, quinoline H-3), 7.78-7.69 (m, 2H, Fm H-4
and H-5), 7.66-7.58 (m, 2H, Fm H-3 and H-6), 7.42-7.18 (m, 4H, Fm H-1, H-2, H-7 and H-8),
6.56 (dd, /= 2.0, 10.4 Hz, 1H, quinoline H-5), 6.24 (dd, /= 1.8, 10.4 Hz, 1H, quinoline H-6), 5.07
(q, J= 6.4 Hz, 1H, CH(CH3)OTBS), 4.68 (dd, /= 6.2, 10.8 Hz, 1H, Fm CHb), 4.50-4.37 (m, 2H,
quinoline H-7, Fm CHby), 4.22 (dd, J = 6.2, 6.2 Hz, 1H, Fm H-9), 3.87 (d, J = 12.0 Hz, 1H,
quinoline H-8), 3.69 (d, /= 4.4 Hz, 1H, NH), 2.96 (d, J= 3.0 Hz, 1H, Val H-a), 2.20-2.02 (m, 1H,
Val H-p), 1.55 (s, 1H, CO2£Bu), 1.33 (d, J= 6.4 Hz, 3H, CH(CH3)OTBS), 1.01 (d, /= 6.8 Hz, 3H,
Val Me-y), 0.92 (d, /= 6.8 Hz, 3H, Val Me-y), 0.91 (s, 9H, SiMez#Bu), 0.06 (s, 3H, SiMe2#Bu),
-0.04 (s, 3H, SiMe2#Bu).

(7R,8.9-8- tert-Butyldimethylsiloxy-4-[(1.9)-1-(tert-butyldimethylsiloxy)ethyl]l-7-[N*(1.9)-1-(9-
fluorenylmethoxycarbonyl)-2-methylpropyllamino-7,8-dihydroquinoline-2-carboxylic acid
FMO,C (174). To a solution of alcohol 177 (27.4 mg, 3.92x102 mmol, FW 698.96) in

HO,C INT\BSO Hn.?H_< dry CH2Clz (0.39 ml) at 0 °C under Ar atmosphere were added 2,6-lutidine
/ (45.7 ul, 7.84x102 mmol, FW 107.16, d 0.920) and TBSOTY (27.0 ul, 4.70x102

174 mmol, FW 264.34, d 1.151). After stirring at 0 °C for 15 min, the reaction
mixture was quenched with H20 (2 ml) and saturated aq. NaHCOs (0.50 ml). The mixture was
extracted with CHCl; (3 mlx3). The combined extracts were dried over NazSOs, filtered
through Celite, and evaporated. The residue was chromatographed on silica gel (10%
AcOEt/hexane) to afford TBS ether (30.5 mg, 96%, FW 813.22) as a colorless syrup. To a
solution of TBS ehter (20.6 mg, 2.53x102 mmol, FW 813.22) in dry CH2Cl: (0.25 ml) at 0 °C
under Ar atmosphere was added B-bromocatecholborane (10.1 mg, 5.07x102 mmol, FW 198.81).
After stirring at rt for 1 d, the reaction mixture was quenched with H20 (2 ml). The mixture
was extracted with CHCls (3 mlx1) and AcOEt 3 mIx2). The combined extracts were dried over
NazS0,, filtered through Celite, and evaporated. The residue was chromatographed on silica
gel (3% MeOH/CHCIs) to afford carboxylic acid 174 (15.1 mg, 79%, FW 757.12) as a colorless
syrup: R = 0.60 (10% MeOH/CHCls); [a]%? —113.7 (¢ 1.00, CHCls); IR (KBr) 2955, 2925, 2360,
2855, 1775, 1725, 1260, 1140, 1100, 840, 740 cm'; 'H NMR (CDCls) & 8.28 (s, 1H, quinoline H-3),
7.81-7.68 (m, 2H, Fm H-4 and H-5), 7.64-7.52 (m, 2H, Fm H-3 and H-6), 7.45-7.22 (m, 4H, Fm
H-1, H-2, H-7 and H-8), 6.76 (dd, J= 0.8, 10.2 Hz, 1H, quinoline H-5), 6.15 (dd, J= 3.4, 10.2 Hz,
1H, quinoline H-6), 5.09 (q, /= 6.1 Hz, 1H, CH(CH3)OTBS), 4.69 (d, /= 7.6 Hz, 1H, quinoline
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H-8), 4.56 (dd, J= 6.3, 10.8 Hz, 1H, Fm CH), 4.50 (dd, /= 6.3, 10.8 Hz, 1H, Fm CHb>), 4.17 (dd,
J=6.3, 6.3 Hz, 1H, Fm H-9), 3.47 (ddd, J= 0.8, 3.4, 7.6 Hz, 1H, quinoline H-7), 3.10 (d, J=5.5
Hz, 1H, Val H-o), 1.81 (dqq, J = 5.5, 7.0, 7.0 Hz, 1H, Val H-p), 1.37 (d, J = 6.1 Hz, 3H,
CH(CH3)OTBS), 0.93 (s, 9H, SiMez£Bu), 0.89 (s, 9H, SiMez2£Bu), 0.85 (d, /= 7.0 Hz, 3H, Val
Me-y), 0.79 (d, /= 7.0 Hz, 3H, Val Me-y), 0.16 (s, 3H, SiMe2#Bu), 0.06 (s, 3H, SiMez#Bu), 0.04 (s,
3H, SiMe2#Bu), -0.04 (s, 3H, SiMe:#Bu); 13C NMR(CDCls) § 174.55, 164.18, 155.82, 152.38,
143.55, 143.22, 141.36, 133.38, 128.25, 127.81, 127.10, 127.06, 124.84, 124.75, 121.33, 120.50,
120.03, 74.04, 67.29, 66.02, 63.80, 56.95, 47.01, 31.73, 25.74, 25.69, 25.58, 19.37, 18.16, -4.23,
-4.53, -4.87, -4.95; HRMS (FAB) m/z (M+H)* caled for C4sHe1N206Siz 757.4068, obsd 757.4076.

N((7R,89-2-{(1E,29-2-[4-(5R,6.9-2,5-Bis{4-[(2-trimethylsilylethoxycarbonylthiazol-2-yl}-5-N
-{N-[1-(biphenylyl)-1-methyl-ethoxycarbonyll-L-alanyl}amino-1,2-dehydropiperidin-6-ly)thiazl-
2-1yl-2- N-(¢ert-butoxycarbonyl)amino-1-methyl-ethoxycarbonyl}-8- tert-butyldimethylsiloxy-4-[(
1.9-1-(tert-butyldimethylsiloxy)ethyll-7,8-dihydroquinolin-7-ly)-L-valine 9-fluorenylmethy
ester (178). To a solution of segment A 67 (25.0 mg, 2.24x102
Sﬁj\OTMSE mmol, FW 1118.54), segment C 174 (14.1 mg, 1.86x102 mmol, FW
. '|—‘OKE‘I/NHBp0c 757.12), 7PraNEt (8.0 pl, 4.6x10°2 mmol, FW 129.25, d 0.742), and
P\ F”“\§0_< DMAP (1.1 mg, 9.0x10 mmol, FW 122.17) in dry CH2Cl: (0.2 ml)
OTMSE S:/S_/U(;o lNT\BSO e at 0 °C under Ar atmosphere was added CIP (6.2 mg, 2.2x1072
Heoe 7 mmol, FW 278.56). After stirring at rt for 10 min, the reaction
e TR mixture was quenched with Hz2O (1 ml) and extracted with CHCls
(1 mlx3). The combined extracts were dried over Na2SOu, filtered through Celite, and

evaporated. The residue was chromatographed on silica gel (30% AcOEt/hexane) to afford ester
178 (23.2 mg, 67%, FW 1857.64) as a yellow foam: & = 0.40 (30% AcOEt/hexane); [al]% —15.1 (¢
1.00, CHCl»); IR (KBr) 2955, 2860, 1725, 1490, 1365, 1250, 1100, 840, 780, 700 cm'’; 'H NMR
(DMSO-ds, 50 °C) § 8.51 (s, 1H, quinoline H-3 or thioazole H-5), 8.47 (s, 1H, piperidin 5-CONH),
8.09 (s, 1H, quinoline H-3 or thioazole H-5), 7.83 (m, 2H, Ph), 7.70-7.20 (m, 21H, quinoline H-3
or thioazole H-5, fluorenyl, biphenyl, NHBpoc, and NHBoc), 6.87 (d, /= 9.8 Hz, 1H, quinoline
H-5), 6.12 (dd, J = 3.8, 9.8 Hz, 1H, quinoline H-6), 5.59 (m, 1H, Thr H-B), 547 (br s, 1H,
piperidine H-6), 5.22 (q, J = 6.4 Hz, 1 H, CH(CH3)OTBS), 5.13 (m, 1H, Thr-a), 4.67 (d, J = 6.0
Hz, 1H, quinoline H-8), 4.56 (d, J = 6.0 Hz, 2H, Fm CHb>), 4.46-4.18 (m, 5H, Me3SiCH2CH2x2
and Fm H-9), 3.78 (m, 1H, Ala H-o), 3.37 (m, 1H, quinoline H-7), 3.32 (m, 1H, piperidine H-4),
3.10-2.76 (m, 2H, piperidine H-3), 3.02 (m, 1H, Val H-a), 2.55 (m, 1H, piperidine H-4), 1.68-1.45
(m, 1H, Val H-B), 1.54 and 1.52 (each s, 6 H, Bpoc Mex2), 1.42-1.17 (m, 9H, Thr Me-y, Ala H-B,
and CH(CH3)OTBS), 1.34 (br s, 9H, Boc), 1.14-0.96 (m, 4H, MesSiCH2CH2x2), 0.86 (s, 9H,
SiMez£Bu), 0.79 (s, 9H, SiMez#Bu), 0.68 (d, J = 6.4 Hz, 3H, Val Me-y), 0.62 (d, J/= 6.4 Hz, 3H,
Val Me-y), 0.07 and 0.03 (each s, 18H, MesSiCH2CH2x2, contaminated with 6H of SiMe2#Bux2),
-0.03 (s, 3H, SiMez#Bu), -0.08 (s, 3H, SiMe2#Bu); 13C NMR(DMSO-ds, 50 °C) § 175.02, 173.70,
172.88, 168.77, 163.25, 162.09, 160.47, 160.36, 156.21, 151.99, 150.05, 146.84, 145.60, 145.56,
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144.48, 143.47, 143.40, 140.64, 139.76, 138.27, 132.15, 131.19, 128.60, 127.92, 127.36, 127.02,
126.82, 126.74, 126.49, 126.31, 126.06, 124.60, 121.62, 121.49, 119.79, 119.76, 119.25, 79.84,
78.79, 73.98, 72.22, 66.38, 65.31, 64.89, 63.08, 62.65, 62.35, 58.85, 56.28, 55.67, 51.35, 46.38,
30.74, 30.39, 29.40, 27.84, 25.52, 25.44, 25.21, 18.65, 17.81, 17.76, 17.53, 16.97, 16.77, -1.65,
-1.69, -4.42, -5.06, -5.26, -5.34; HRMS (FAB) m/z (M+H)* calcd for CosHi20'3CNoO15S3Si4
1879.778, obsd 1879.778.

N(TR,89-2-{(1R,29-2-[4-((5R,69-2,5-Bis{4-[(2-trimethylsilyleth)oxycarbonylthiazol-2-yl}-5- N
-{N-[1-(biphenylyl)-1-methyl-ethoxycarbonyll-L-alanyl}amino-1,2-dehydropiperidin-6-ly)thiazl-
2-1yl-2- N-(¢ert-butoxycarbonyl)amino-1-methyl-ethoxycarbonyl}-8- tert-butyldimethylsiloxy-4-[(
1.9)-1-(tert-butyldimethylsiloxy)ethyll-7,8-dihydroquinolin-7-1y)-L-valyl-[(&)-B-phenylseleno-
alanyl}-[(&)-B-phenylselenoalane] 9-fluorenylmethy ester (172). To a solution of 178 (20.6 mg,
1.11x102 mmol, FW 1857.64) in CHzClz (0.55 ml) at 0 °C was

S_ﬁ\N)CL OTMSE added Eta2NH (0.55 ml). The reaction mixture was stirred at rt

CRA—LY nhgpoe 55" for 1 h and evaporated. The residue was chromatographed on

FmO,C

silica gel (30% acetone/hexane) to afford carboxylic acid (18.6
OTMSE S‘&/‘\H o NTBSO HYN%—< mg, quantitative yield, FW 1678.43) as a yellow foam. To a
Himeoe 1L J solution of carboxylic acid (18.6 mg, 1.11x102? mmol, FW

172 Sotes 1678.43), segment D 173 (8.6 mg, 1.33x102 mmol, FW 648.51),

PraNEt (5.0 pl, 2.9x102 mmol, FW 129.25, d 0.742), and HOAt

(1.8 mg, 1.3x102 mmol, FW 136.11) in dry CH2Clz (0.11 ml) at 0 °C under Ar atmosphere was
added CIP (3.7 mg, 1.3x102 mmol, FW 278.56). The reaction mixture was stirred at 0 °C for 0.5
h and then at rt for 0.5 h. The mixture was quenched with H2O (1 ml) and saturated agq.
NaHCOs (0.1 ml), and extracted with CHCls (1 mIx3). The combined extracts were dried over
NazS0,, filtered through Celite, and evaporated. The residue was chromatographed on silica
gel (40% AcOEt/hexane) to afford amide 172 (24.0 mg, 94%, FW 2309.91) as a yellow foam: B =
0.69 (50% AcOEt/hexane); [a]* —29.0 (¢ 1.00, CHCls); IR (KBr) 2955, 2860, 1720, 1500, 1365,
1250, 1220, 1100, 930, 840, 780, 760, 740, 700 cm'}; 1H NMR (DMSO-ds, 50 °C) § 8.62 (d, J= 7.4
Hz, 1H, PhSeAla CONH), 8.52 (s, 1H, quinoline H-3 or thioazole H-5), 8.48 (br s, 1H, piperidine
5-CONH), 8.32 (d, J= 8.4 Hz, 1H, PhSeAla CONH), 8.28 (s, 1H, quinoline H-3 or thioazole H-5),
8.10 (s, 1H, quinoline H-3 or thioazole H-5), 7.91-7.80 (m, 3H, Ph), 7.68-7.12 (m, 30H, NHBpoc,
NHBoc, biphenyl, fluorenyl, PhSe and thiazole H-5), 6.91 (d, /= 10.2 Hz, 1H, quinoline H-5),
6.40 (dd, /= 4.0, 10.2 Hz, 1H, quinoline H-6), 5.60 (m, 1H, Thr H-B), 5.47 (br s, 1H, piperidine
H-6), 5.22 (q, J= 6.2 Hz, 1H, CH(CH3)OTBS), 5.14 (m, 1H, Thr H-a), 4.77-4.63 (m, 1H, PhSeAla
H-o), 4.68 (d, J = 5.8 Hz, 1H, quinoline H-8), 4.50-4.25 (m, 7H, PhSeAla H-a, Fm CHs, and
Me3SiCH2CH2x2), 4.20 (dd, /= 6.2, 6.2 Hz, 1H, Fm H-9), 3.78 (m, 1H, Ala H-o), 3.57 (m, 1H,
quinoline H-7), 3.31-3.16 (m, 1H, PhSeAla H-B), 3.14-2.78 (m, 6H, PhSeAla H-B, Val H-a, and
piperidine H-3 or H-4), 2.57 (m, 1H, piperidine H-3 or H-4), 2.23 (m, 1H, piperidine H-3 or H-4),
1.62 (m, 1H, Val H-B), 1.54 (s, 3H, Bpoc Me), 1.52 (s, 3H, Bpoc Me), 1.40-1.21 (m, 9H,
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CH(CH3)OTBS, Ala H-B, and Thr Me-y), 1.34 (br s, 9H, Boc), 1.16-0.94 (m, 4H,
MesSiCH2CH2x2), 0.84 (s, 9H, SiMez2#Bu), 0.82-0.71 (m, 6H, Val Me-y), 0.77 (s, 9H, SiMez#Bu),
0.07 and 0.04 (each s, 18H, MesSiCH2CH2x2, contaminated with 6H of SiMez#Bu), -0.04 (s, 3H,
SiMes#Bu), -0.11 (s, 3H, SiMez#Bu); 3C NMR(DMSO-ds, 50 °C) & 175.05, 173.22, 172.89,
170.03, 169.74, 168.77, 163.30, 162.10, 160.49, 160.34, 156.35, 151.97, 149.93, 146.84, 145.62,
144.50, 143.28, 143.17, 140.60, 140.55, 139.76, 138.28, 131.92, 131.85, 131.80, 131.19, 129.78,
129.02, 128.94, 128.83, 128.60, 127.49, 127.02, 126.88, 126.64, 126.56, 126.33, 126.08, 124.86,
124.80, 124.60, 121.59, 121.06, 119.86, 119.27, 79.82, 78.79, 74.39, 72.17, 66.35, 65.97, 63.60,
62.65, 62.35, 62.29, 58.86, 55.85, 52.19, 52.14, 51.74, 51.35, 46.15, 31.06, 29.62, 29.40, 27.86,
27.26, 26.57, 25.55, 25.44, 25.19, 24.16, 19.22, 18.51, 17.77, 17.563, 17.08, 16.98, 16.77, -1.64,
-1.69, -4.40, -5.11, -5.24, -5.32; LRMS (MALDI) m/z (M+Na)* calcd for Ci1aH147N1uNaO17S5%Sez
Sis 2332.7, obsd 2332.9; HRMS (ESD m/z (M+Na)* caled for Ci14H147N11NaO178380Ses Sis
2332.7444, obsd 2332.7452.

N-((7R,89)-2-{(1R,25)-2-[4-((5R,6.9)-5- N-(L-Alanyl)amino-2,5-bis{4-[(2-trimethylsilyl)
ethoxycarbonylthiazol-2-yl}-1,2-dehydropiperidin-6-ly)thiazl-2-1yl-2- N-(tert-butoxycarbonyl)
amino-1-methyl-ethoxycarbonyl}-8-tert-butyldimethylsiloxy-4-[(1.9-1-(¢ert-butyldimethylsiloxy
)ethyl]-7,8-dihydroquinolin-7-ly)-L-valyl-[(®)-B-phenylselenoalanyl]-[(£&)-B-phenylselenoalane]
Ko (179). To a solution of 172 (221 mg, 9.57x102 mmol, FW
=N 2309.91) in dry CHsCN (1.5 ml) under Ar atmosphere was
gu&ﬂgeph added Mg(CI0Js (107 g, 44910 mmol, FW 223.20). After
Trwse € ‘/&/U . NTBSO ;/NgH_< st‘lrrlng at 40 °C for 5.5 h, the reaction mixture was quenched

> o NN with H20 (3.0 ml) and saturated aq. NaHCOs (0.5 ml), and
extracted with AcOEt (4 mlx3). The combined extracts were

sy

179 2
HOTBS

dried over Na2SOy, filtered through Celite, and evaporated to
afford amine (FW 2071.63) as a yellow foam. To a solution of crude amine in CH2Clz (1.4 ml)
at 0 °C was added Et:NH (0.15 ml). The reaction mixture was stirred at rt for 2.5 h and
evaporated. The residue was chromatographed on silica gel (100% AcOEt—5% MeOH/CHCls)
to afford seco acid 179 (122 mg, 67%, FW 1893.40) as a yellow foam: & = 0.36 (5%
MeOH/CHCl3); [a]* —33.8 (¢ 1.00, CHCls); IR (KBr) 2955, 2860, 2360, 1720, 1500, 1370, 1250,
1220, 1100, 935, 840, 780, 740, 695 cm'}; tH NMR (DMSO-ds, 80 ) & 8.47 (s, 1H, quinoline H-3
or thioazole H-5), 8.22 (br d, J = 8.0 Hz, 1H, PhSeAla CONH), 8.16-8.10 (m, 2H, PhSeAla
CONH and piperidine 5-CONH), 8.09 (s, 1H, quinoline H-3 or thioazole H-5), 7.98 (s, 1H,
quinoline H-3 or thioazole H-5), 7.54-7.39 (m, 4H, PhSe), 7.32-7.17 (m, 7H, thiazole H-5 and
PhSe), 7.04 (br d, /= 8.0 Hz, 1H, NHBoc), 6.87 (d, /= 9.8 Hz, 1H, quinoline H-5), 6.41 (dd, J=
4.4, 9.8 Hz, 1H, quinoline H-6), 5.60 (m, 1H, Thr H-B), 5.53 (br s, 1H, piperidine H-6), 5.24 (q, J/
= 6.2 Hz, 1H, CH(CHs)OTBS), 5.16 (dd, J= 6.0, 8.0 Hz, 1H, Thr H-o), 4.69 (d, J = 5.2 Hz, 1H,
quinoline H-8), 4.76-4.58 (m, 1H, PhSeAla H-a), 4.48-4.27 (m, 5H, PhSeAla H-o and
MesSiCH2CH2x2), 8.58 (m, 1H, quinoline H-7), 3.46 (q, = 6.8 Hz, 1H, Ala H-a), 3.39-2.80 (m,

100



8H, PhSeAla H-px2, Val H-a,, piperidine H-3 and H-4), 2.69-2.55 (m, 1H, piperidine H-3 or H-4),
1.69 (m, 1H, Val H-p), 1.42-1.23 (m, 6H, Thr H-y and CH(CH3)OTBS), 1.37 (br s, 9H, Boc), 1.20
(d, J = 6.8 Hz, 1H, Ala Me-p), 1.16-1.00 (m, 4H, MesSiCH2CH2x2), 0.87 (s, 9H, SiMe:#Bu),
0.84-0.72 (m, 6H, Val Me-y), 0.78 (s, 9H, SiMe:£Bu), 0.09 and 0.06 (each s, 18H,
MesSiCH2CH2x2, contaminated with 6H of SiMez#Bu), -0.05 (s, 3H, SiMe2#Bu), -0.07 (s, 3H,
SiMez#Bu); 13C NMR (DMSO-ds, 80 ) §174.92, 174.46, 173.10, 170.89, 169.49, 169.07,
168.65, 163.10, 162.03, 160.28, 156.05, 154.43, 151.93, 149.82, 146.79, 145.58, 144.46, 133.01,
131.74, 131.53, 130.85, 129.93, 129.71, 128.69, 128.64, 127.60, 126.37, 126.33, 121.25, 120.78,
118.78, 78.80, 74.22, 71.78, 65.99, 65.31, 63.67, 62.45, 62.15, 58.63, 55.78, 52.53, 52.08, 49.99,
30.86, 29.51, 28.63, 27.72, 26.41, 25.38, 25.33, 25.28, 24.98, 24.27, 19.76, 19.05, 18.13, 17.53,
17.35, 16.65, 16.32, -1.83, -1.86, -4.63, -5.25, -5.49; LRMS (MALDI) m/z (M+Na)* caled for
Cs4H123N11Na0155:80Se2Sis  1916.6, obsd 1916.5; HRMS (ESID) m/z (M+Na)* caled for
CssH123N1:1Na0155380Se2S14 1916.5667, obsd 1916.5691.

N((7TR,89-2-{(1R,29-2-[4-((5R,6.9-5-amino-2,5-bis{4-[(2-trimethylsilyl)ethoxycarbony]thiazol-
2-yl}-1,2-dehydropiperidin-6-ly)thiazl-2-1yl-2- N-(tert-butoxycarbonyl)amino-1-methyl-
ethoxycarbonyl}-8- tert-butyldimethylsiloxy-4-[(18)-1-(¢ert-butyldimethylsiloxy)ethyll-7,8-
dihydroquinolin-7-ly)-L-valyl-[(£)-B-phenylselenoalanyl]-[(%)-B-phenylselenoalanyl]-L.-alanine
(4—1)-lactam (171). To a solution of 179 (122 mg, 6.44x10?2

Sﬁ])iOTMsgePh mmol, FW 1893.43) and NMM (35.4 pl, 3.22x10! mmol, FW

OE' HW\/E i Seph 101.15, d 0.920) in CH2Clz (64 ml) at 0 °C under Ar atmosphere
. was added HATU (122 mg, 3.21x10! mmol, FW 380.23). After

OTMSE stirring at rt for 24 h, the reaction mixture was quenched with
N“B°°j\5(\52 H0 (30 m]) and extracted with CHCl; (30 mlx3). The combined

extracts were dried over Na2SQs, filtered through Celite, and

evaporated. The residue was chromatographed on silica gel (50% AcOEt/hexane) to afford cyclic
peptide 171 (95.5 mg, 79%, FW 1875.39) as a yellow foam: & = 0.49 (50% AcOEt/hexane); [al}
-85.2 (¢ 1.00, CHCl3); IR (KBr): 2955, 2895, 2860, 2360, 1720, 1500, 1480, 1405, 1255, 1220,
1095, 840, 780, 695 cm'}; 'H NMR (CDsOD, 40 °C) § 8.28 (s, 1H, quinoline H-3), 8.26 (s, 1H,
thiazole H-5), 7.94 (s, 1H, thiazole H-5), 7.53-7.40 (m, 4H, PhSe), 7.30-7.12 (m, 6H, PhSe), 7.27
(s, 1H, thiazole H-5), 6.89 (d, J = 10.0 Hz, 1H, quinoline H-5), 6.40 (dd, J = 5.4, 10.0 Hz, 1H,
quinoline H-6), 5.85 (m, 1H, Thr H-p), 5.52 (br s, 1H, piperidine H-6), 5.31 (q, /= 6.2 Hz, 1H,
CH(CH3)OTBS), 5.21 (m, 1H, Thr H-a), 4.94 (br s, 1H, quinoline H-8), 4.74-4.60 (m, 2H,
PhSeAla H-0x2), 4.52-4.33 (m, 4H, MesSiCH2CH2x2), 4.20 (q, J = 7.0 Hz, 1H, Ala H-o),
3.52-2.68 (m, 9H, PhSeAla H-B, piperidine H-3, H-4, and Val H-a), 3.38 (dd, J= 1.2, 5.4 Hz, 1H,
quinoline H-7), 2.01 (br s, 1H, Val H-p), 1.40 (d, /= 6.2 Hz, 3H, CH(CHs)OTBS), 1.40 (d, J=6.2
Hz, 3H, Thr Me-y), 1.33 (s, 9H, Boc), 1.30 (d, &/ = 7.0 Hz, 3H, Ala Me-p), 1.20-1.04 (m, 4H,
MesSiCH2CHb), 0.98 (d, J= 7.0 Hz, 3H, Val Me-y), 0.95 (s, 9H, SiMez2£Bu), 0.81 (d, J= 6.8 Hz,
3H, Val Me-y), 0.69 (s, 9H, SiMe:#Bu), 0.10 and 0.08 (each s, 18H, MesSiCH2CH2x2,
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contaminated with 6H of SiMes2#Bux2), -0.01 (s, 3H, SiMez2£Bu), -0.30 (s, 3H, SiMe2#Bu); 13C
NMR (CDsOD, 40 °C) § 176.55, 176.34, 175.14, 172.43, 171.13, 170.75, 165.85, 164.55, 162.84,
156.91, 156.85, 1563.77, 152.49, 149.01, 148.05, 146.55, 134.21, 133.89, 132.36, 132.02, 131.60,
130.28, 130.20, 128.92, 128.44, 128.21, 128.09, 123.74, 122.94, 120.98, 81.55, 74.02, 73.08,
68.45, 67.77, 67.68, 67.29, 64.71, 64.59, 61.46, 61.29, 54.95, 52.63, 32.78, 30.40, 28.94, 28.85,
28.15, 26.44, 26.24, 25.95, 19.83, 19.10, 18.86, 18.29, 18.16, 17.98, -1.36, -1.41, -3.98, -4.15,
-4.58, -4.65; LRMS (MALDI) m/z (M+Na)* caled for CsaH12:1N11014NaS380SesSis 1898.6. obsd.
1898.5; HRMS (ESD m/z (M+Na)* caled for CsisHi21N11NaO14S550Se2Sia 1898.5562, obsd.
1898.5578.

N((7R,89-2-{(1R,29-2-[4-((5R,6.9-5-amino-2,5-bis{4-[(2-trimethylsilyl)ethoxycarbony]thiazol-
2-yl}-1,2-dehydropiperidin-6-ly)thiazl-2-1yl-2- N-(tert-butoxycarbonyl)amino-1-methyl-
ethoxycarbonyl}-8- tert-butyldimethylsiloxy-4-[(18)-1-(¢ert-butyldimethylsiloxy)ethyll-7,8-
dihydroquinolin-7-ly)-L-valyl-(a,p-dehydroalanyl)-(a,p-dehydroalanyl)-L-alanine (4—1)-lactam
(180). To a solution of 171 (14.2 mg, 7.57x10% mmol, FW 1875.39) and NaHCOs (6.4 mg,
7.6x102 mmol, FW 84.01) in CH2Cl: (0.15 ml) at 0 °C was added 5-6 M TBHP in decane (75.7
ul). The reaction mixture was stirred at rt for 4 h and then 5-6 M TBHP in decane (75.7 ul) was

o

Vkomse added. After stirring at rt for 4 h, the reaction mixture was
S

=N quenched with saturated aq. Na2S20s (1 ml) and saturated aq.
?HWQL e . .
\S _kf W NaHCOs (1 ml). The mixture was extracted with CHCls (3 mlx3).
" S//N HOQ  TBSO h The combined extracts were dried over Na2SQs, filtered through
OTMSE _S/Lo Ny NH
H goe I Celite, and evaporated. The residue was chromatographed on
180 >otBs silica gel (30% AcOEt/hexane) to afford 180 (9.8 mg, 83%, FW

1561.24) as a yellow foam: B = 0.65 (40% AcOEt/hexane); 'H
NMR (CDCls) & 9.36 (s, 1H, AAla CONH), 8.57 (s, 1H, AAla CONH), 8.47 (s, 1H, piperizine
5-CONH), 8.23 (s, 1H, quinoline H-3 or thioazole H-5), 8.01 (s, 1H, quinoline H-3 or thioazole
H-5), 7.66 (s, 1H, quinoline H-3 or thioazole H-5), 6.95 (d, /= 10.0 Hz, 1H, quinoline H-5), 6.56
(d, J=17.6 Hz, 1H, Ala CONH), 6.52 (d, J= 1.2 Hz, 1H, AAla H-p), 6.48 (s, 1H, thiazole H-5),
6.26 (br dd, J/= 6.0, 10.0 Hz, quinoline H-6), 5.93 (q, /= 6.8 Hz, 1H, CH(CH3s)OTBS), 5.88 (d, J=
1.2 Hz, 1H, AAla H-p), 5.52 (d, /= 9.0 Hz, 1H, NHBoc), 5.30 (br s, 1H, piperidine H-6), 5.23 (d, J
= 9.0 Hz, 1H, Thr H-o), 5.20-5.05 (m, 1H, Thr H-p), 5.14 (br s, 2H, AAla H-p), 4.82 (dq, J= 7.6,
7.6 Hz, Ala H-a), 4.56-4.35 (m, 5H, quinoline H-8 and MesSiCH2CH2x2), 3.57-3.40 (m, 3H,
quinoline H-7, piperidine H-3 or H-4), 3.09 (d, J = 3.5 Hz, 1H, Val H-a), 3.03-2.72 (m, 2H,
piperidine H-3 or H-4), 2.40 (m, 1H, Val H-B), 1.64 (d, J= 6.8 Hz, 1H, CH(CH3)OTBS), 1.52-1.39
(m, 6H, Thr Me-y and Ala Me-B), 1.47 (s, 9H, Boc), 1.22-1.06 (m, 7H, MesSiCH2CH2x2 and Val
Me-y), 0.84-0.72 (m, 3H, Val Me-y), 0.78 (s, 9H, SiMe2£Bu), 0.76 (s, 9H, SiMe2£Bu), 0.25 (s, 3H,
SiMez#Bu), 0.10 (s, 9H, MesSiCH:2CHb), 0.08 (s, 9H, MesSiCH2CHb), 0.04 (s, 3H, SiMez2¢Bu),
-0.07 (s, 3H, SiMe2£Bu), -0.16 (s, 3H, SiMez£Bu).
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N(TR,89-2-((1R,29-2-[4-(5R,6.9-5-Amino-2,5-bis{4-[(2-trimethylsilyl)ethoxycarbonylthiazol-
2-yl}-1,2-dehydropiperidin-6-ly)thiazl-2-1y]-2- N-{2-[(1.5,25,3 B)-1- -(N+{(2R,3.9)-2- N*[(4S,5 R)-3-
N-(2-trimethylsilyl)ethoxycarbonyl-2,2,5-trimethyoxazolidine-4-carbonyllamino-3-
phenylselenobutanethionyl}-p-seryl)amino-2,3-bistriethylsilyloxy-2-methyl-butan-1-yl]l-
thiazole-4-carbonyl}amino-1-methyl-ethoxycarbonyl)-8- tert-butyldimethylsiloxy-4-[(1.9-1-(tert-
butyldimethylsiloxy)ethyl]-7,8-dihydroquinolin-7-ly]-L-valyl-[(&)-B-phenylselenoalanyl]-[(&)-B-
phenylselenoalanyl]-L-alanine (4—1)-lactam (181). Carbamate 171 (110 mg, 5.87x10"2 mmol,

FW 1875.39) was dissolved in 4.0 M HCl in dioxane (1.2 ml).
SNN)(L OTMSE After stirring at rt for 25 min, the reaction mixture was

SePh

OH H evaporated to afford crude amine. To a solution of the crude
SePh

amine in dry CH2Clz (1.8 ml) at 0 °C under Ar atmosphere

)}ﬁ
iitovomses—g/L J\E(\(CS“ were added #PrzNEt (51.1 ml, 2.93x101 mmol, FW 129.25, d
H

OTBS

e 0.742), segment B 105 (64.7 mg, 5.86x102 mmol, FW

HN "O

S oy N\\ 1103.52), and HATU (22.3 mg, 5.86x102 mmol, FW 380.23).
HoH

Prse ANTIN N The reaction mixture was stirred at 0 °C for 0.5 h and then
O

TESOliGres 181 at rt for 6 h. The reaction mixture was quenched with H20

(3 ml) and extracted with CHCls (4 mlx3). The combined extracts were dried over NasSOs,
filtered through Celite, and evaporated. The residue was chromatographed on silica gel (50%
AcOEt/hexane) to afford amide 181 (95.9 mg, 60%, FW 2746.52) as a yellow foam and 182 (13.2
mg, 8%, FW 2885.06) as a yellow foam. 181: & = 0.27 (50% AcOEt/hexane); [a]* —16.6 (¢ 1.00,
CHCls); IR (KBr) 3340, 2955, 2880, 1680, 1500, 1415, 1345, 1250, 1210, 1120, 1095, 940, 860,
840, 740, 695 cm'}; tH NMR (CDsCN, 50 °C) § 8.87 (br s, 1H), 8.25 (br d, /= 6.8 Hz, 1H), 8.13 (s,
1H), 8.04 (s, 1H), 8.02 (s, 1H), 7.98 (br s, 1H), 7.89 (s, 1H), 7.73 (br d, J= 6.4 Hz, 1H), 7.65 (br d,
J=8.5Hz, 1H), 7.60-7.37 (m, 7H), 7.33-7.02 (m, 11H), 7.16 (s, 1H), 6.77 (d, /= 9.8 Hz, 1H), 6.36
(dd, J=6.0, 9.8 Hz, 1H), 5.89 (br s, 1H), 5.66-5.48 (m, 1H), 5.55 (br s, 1H), 5.32 (d, J= 8.5 Hz,
1H), 5.14 (dq, J = 4.4, 6.2 Hz, 1H), 5.06 (m, 1H), 4.89 (br s, 1H), 4.76 (m, 1H), 4.73 (br s, 1H),
4.51 (m, 1H), 4.46-4.26 (m, 4H), 4.24-3.96 (m, 6H), 3.96-3.76 (m, 3H), 3.76-3.64 (m, 2H),
3.40-3.13 (m, 3H), 3.28 (d, /= 6.0 Hz, 1H), 3.13-2.90 (m, 5H), 2.62-2.47 (m, 1H), 2.16-2.00 (m,
1H), 1.57 (s, 3H), 1.53 (s, 3H), 1.43 (d, /= 6.2 Hz, 3H), 1.38-1.24 (m, 9H), 1.21-1.00 (m, 15H),
0.98-0.78 (m, 21H), 0.76-0.50 (m, 15H), 0.66 (s, 9H), 0.07, 0.03, and -0.02 (each s, 27H,
contaminated with 3H), -0.27 (s, 3H); 13C NMR(CDsCN, 50 °C) § 202.93, 176.32, 174.72, 173.89,
171.65, 171.37, 170.77, 170.55, 169.84, 165.67, 163.94, 162.22, 162.08, 156.34, 153.41, 152.50,
149.33, 149.21, 147.98, 146.78, 135.68, 133.72, 133.57, 132.28, 131.80, 130.85, 130.44, 130.39,
130.17, 129.13, 128.93, 128.32, 128.22, 127.93, 122.89, 122.65, 121.18, 95.98, 80.22, 75.54,
74.59, 73.44, 72.87, 68.87, 68.32, 67.14, 65.72, 64.40, 64.23, 62.14, 61.42, 60.85, 57.49, 54.53,
53.49, 51.81, 43.20, 32.51, 30.84, 29.77, 28.64, 27.85, 26.40, 25.71, 25.38, 20.50, 20.12, 18.89,
18.69, 18.56, 18.26, 18.21, 17.92, 7.83, 7.67, 6.25, -1.14, -1.17, -3.68, -3.97; HRMS (ESI) m/z
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(M+Na)* caled for Ci20H178N16NaO21858SesSis 2769.7965, obsd 2769.7969. 182 B = 0.50 (50%
AcOEt/hexane); 'H NMR (CDsCN, 50 °C) § 8.80 (m, 1H), 8.16 (br s, 2H), 8.05-7.93 (m, 1H), 8.00
(br s, 2H), 7.93-7.82 (m, 1H), 7.68-7.40 (m, 8H), 7.37-7.17 (m, 12H), 7.08 (br s, 1H), 6.84 (br d, J
=9.8 Hz, 1H), 6.42 (br dd, J= 5.4, 9.8 Hz, 1H), 5.76 (dd, J = 7.0, 7.5 Hz, 1H), 5.62 (br q, J= 7.0
Hz, 1H), 5.58 (m, 1H), 5.34 (br d, J/ = 8.4 Hz, 1H), 5.26 (q, J = 6.5 Hz, 1H), 5.05-4.91 (m, 1H),
4.91-4.73 (m, 4H), 4.55 (m, 1H), 4.48-4.30 (m, 5H), 4.22-3.67 (m, 7H), 3.66 (m, 1H), 2.38-2.96 (m,
9H), 2.64-2.46 (m, 1H), 2.10-1.84 (m, 1H), 1.59 (s, 3H), 1.56 (s, 3H), 1.43-0.82 (m, 48H), 0.92 (s,
9H), 0.79 (d, J = 6.8 Hz, 3H), 0.70-0.51 (m, 12H), 0.63 (s, 9H), 0.10, 0.06, and -0.01 (each s, 27H,
contaminated with 9H), -0.32 (s, 3H).

N[(TR,89-2-(1R,29-2-[4-(5R,69-5-Amino-2,5-bis{4-[(2-trimethylsilyl)ethoxycarbonylthiazol
-2-yl}-1,2-dehydropiperidin-6-ly)thiazl-2-1y]-2- N-{2-[(1.5,2.5,3 B)-1- N-(2-{(1R,29)-1-N-[(4.§
,5R)-3- N-trimethylsilylethoxycarbonyl-2,2,5-trimethyoxazolidine-4-carbonyllamino-2-
phenylselenoprop-1-yl}-thiazoline-4-carbonyl)amino-2,3-bistriethylsilyloxy-2-methyl-butan-
1-yll-thiazole-4-carbonyl}amino-1-methyl-ethoxycarbonyl)-8- tert-butyldimethylsiloxy-4-[(1.9)-1-
(tert-butyldim-ethylsiloxy)ethyl]-7,8-dihydroquinolin-7-lyl-L-valyl-[(%)-B-phenylselenoalanyl]-[(
R)-B-phenylselenoalanyl]-L-alanine (4—1)-lactam (188). To a solution of thioamide 181 (16.3

mg, 5.93x103 mmol, FW 2746.52) in dry CH2Cl: (0.5 ml) at
s%)(iOTMSE —78 °C under Ar atmosphere was added 0.076 M DAST in

SePh

OI:I H# dry CH2Clz (125 pl, 9.50x103 mmol). The reaction mixture

\S/ : steph was stirred at —78 °C for 1 h and then at 0 °C for 1 h. The

. ;OvOTMSE S_S/L R mixture was quenched with aq. NaHCOs (1 ml) and
&ﬁmc extracted with CHCIs (1 mlx3). The combined extracts were

S " H\S N\jg HOTBS dried over NazSQy4, filtered through Celite, and evaporated.
Phse N‘Z\VO(H’J?;S The residue was chromatographed on silica gel (45%
TEEO,;OTES 188 AcOEt/hexane) to afford thiazoline 188 (14.1 mg, 87%, FW

2728.50) as a yellow foam.

Siomycin A. To a solution of thiazoline 188 (14.5 mg, 5.31x103 mmol, FW 2728.50) in CHsNO2
(0.27 ml) at 0 °C under Ar atmosphere was added 1.0 M ZnCl:
in ether (0.54 ml, 5.40x10* mmol). After stirring at rt for 48 h,
the reaction mixture was quenched with H:O (2 ml) and
extracted with AcOEt (3 mIx3). The combined extracts were
washed by 0.01 M aq. HC1 (5 m1x3). The organic layers were
dried over Na2S0y, filtered through Celite, and evaporated to
afford crude bis-carboxylic acid 189 (12.7 mg, FW 2343.72).
0wy o To a solution of crude bis-carboxylic acid 189 (12.7 mg, FW
sement 9343.72) in DMF CH:Cl, (1:4) (5.4 mD at 0 °C under Ar
atmosphere were added 0.57 M 7ProNEt in DMF(47.5 pl, 2.71x102 mmol), HATU (10.3 mg,
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2.71x102 mmol, FW 380.23). The reaction mixture was stirred at 0 °C for 3 h and then segment
E 6 (12.7 mg, 2.71x102 mmol, FW 469.30) was added at 0 °C. After stirring at rt for 24 h, the
reaction mixture was quenched with 0.01 M aq. HC1 (4 ml) and extracted with AcOEt (4 m1x3).
The combined extracts were dried over Na2SQy, filtered through Celite, and evaporated. The
residue was separated by gel filtration (Sephadex LH-20, CHCls) to afford crude bicyclic
peptide 190 (16.4 mg, FW 2779.54). To a solution of the crude bicyclic peptide 190 (16.4 mg, FW
2779.54) in dry THF (1.4 ml) at 0 °C under Ar atmosphere was added HF-pyridine (0.36 ml).
After stirring at rt for 20 h, the reaction mixture was quenched with saturated aq. NaHCOs (30
ml) and extracted with AcOEt (30 mlx3). The combined extracts were dried over Na2SOs,
filtered through Celite, and evaporated to afford crude pentaol 191 (11.5 mg, FW 2277.14). To a
solution of crude pentaol 191 (11.5 mg, FW 2277.14) in TFE CH2Cl: (1:5) (1.7 m]D) at 0 °C was
added 3.98 M TBHP in CH:2Cl: (0.76 ml, 3.02 mmol). After stirring at rt for 1 h, the reaction
mixture was quenched with saturated aq. Na2S203 (2 ml) and saturated aq. NaHCOs (2 ml).
The resulting solution was stirred at 0 °C for 0.5 h and extracted with AcOEt (4 miIx3). The
combined extracts were dried over Na2SOQ4, filtered through Celite, and evaporated. The
residue was washed with hexane (1 mlx3) and purified by preparative TLC on silica gel (10%
MeOH/CHCIs) to afford siomycin A (0.6 mg, 7% over 5 steps, FW 1648.85) as a yellow solid and
its isomer 192 (0.7 mg, 8% over 5 steps, FW 1648.85) as a yellow solid. siomycin A (natural):
R = 0.57 (10% MeOH/CHCls); [a]* —88.8 (¢ 0.10, dioxane); IR (KBr) 3375, 2975, 2930, 1650,
1520, 1490, 1210, 1120, 1095, 935, 895, 810, 765 cm’; 'H NMR (CDCl;, ca. 6.5 mM) § 9.98 (br s,
1H, Deala-S-1 CONH), 9.84 (br s, 1H, ThstA CONH), 9.22 (br s, 1H, Deala-2 CONH), 8.99 (br s,
1H, Deala-S-2 CONH), 8.60 (br s, 1H, Deala-1 CONH), 8.51 (br s, 1H, Debut CONH), 8.28 (s,
1H, Thstn Thz-4 H-5), 8.27 (s, 1H, ThstA Thz-1 H-5), 8.19 (bd, J/ = 9.2 Hz, 1H, Thr-2 CONH),
8.10 (s, 1H, ThstA Thz-2 H-5), 7.55 (br d, J = 9.5 Hz, 1H, Thstn CONH), 7.43 (s, 1H, ThstA
Thz-3 H-5), 7.32 (s, 1H, Q H-3), 6.94 (d, /= 10.0 Hz, 1H, Q H-5), 6.89 (br d, J= 6.4 Hz, 1H, Q
8-OH), 6.83 (br d, /= 8.4 Hz, 1H, Thr-1 CONH), 6.80 (d, /= 2.1 Hz, 1H, Deala-S-1 H-B(t)), 6.70
(d, J= 1.8 Hz, 1H, Deala-S-2 H-B(t)), 6.44 (m, 1H, Ala-1 CONH), 6.43 (m, 1H, Thr-2 H-p), 6.39
(br s, 1H, Deala-2 H-B(t)), 6.35 (m, 1H, Q H-6), 6.19 (q, J= 7.0 Hz, 1H, Debut H-p), 5.83 (d, J =
9.2 Hz, 1H, Thr-2 H-o), 5.76 (d, J= 9.5 Hz, 1H, Thstn H-a), 5.75 (d, J = 1.6 Hz, 1H, Deala-1
H-B(t)), 5.57 (br s, 1H, Deala-S-1 H-B(c)), 5.47 (br s, 1H, Deala-S-2 H-p(c)), 5.33 (br q, J= 6.4 Hz,
1H, Q H-11), 5.17 (br s, 1H, Deala-2 H-B(c)), 5.17 (br s, 1H, ThstA piperidine H-6), 5.15 (br s, 1H,
Deala-1 H-B(c)), 4.96 (dd, J= 8.8, 13.2 Hz, 1H, (+)-Cys H-a), 4.78 (dq, /= 6.5, 8.0 Hz, 1H, Ala-1
H-o), 4.61 (br s, 1H, Q H-8), 4.48 (bd, J= 8.4 Hz, 1H, Thr-1 H-a), 4.11 (m, 1H, ThstA piperidine
H-4e), 3.80 (br q, J= 6.2 Hz, 1H, Thstn H-y), 3.71 (dd, J/= 8.8, 10.8 Hz, 1H, (+)-Cys H-p), 3.59 (d,
J=4.8 Hz, 1H, Q H-7), 3.50 (m, 1H, ThstA piperidine H-3e), 3.11 (dd, /= 10.8, 13.2 Hz, 1H,
(+)-Cys H-B), 2.97 (m, 1H, ThstA piperidine H-3a), 2.94 (d, J= 4.6 Hz, 1H, Val H-a), 2.28 (m, 1H,
ThstA piperidine H-4a), 2.12 (m, 1H, Val H-B), 1.68 (d, J= 6.2 Hz, 3H, Thr-2 Me-y), 1.62 (d, J=
7.0 Hz, 3H, Debut Me-y), 1.48 (d, J= 6.5 Hz, 3H, Ala-1 Me-p), 1.36 (d, J= 6.4 Hz, 3H, Q 11-Me),
1.34 (d, J= 6.2 Hz, 3H, Thstn y-Me), 1.25 (m, 1H, Thr-1 H-p), 1.18 (s, 3H, Thstn p-Me), 1.03 (d,
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J=6.8 Hz, 3H, Val Me-y), 1.01 (d, J= 5.6 Hz, 3H, Thr-1 Me-y), 0.90 (d, /= 6.8 Hz, 3H, Val Me-y);
H NMR (CDCls, ca. 0.5 mM) & 9.98 (br s, 1H, Deala-S-1 CONH), 9.83 (br s, 1H, ThstA CONH),
9.20 (br s, 1H, Deala-2 CONH), 8.99 (br s, 1H, Deala-S-2 CONH), 8.60 (br s, 1H, Deala-1
CONH), 8.48 (br s, 1H, Debut CONH), 8.29 (s, 1H, Thstn Thz-4 H-5), 8.25 (s, 1H, ThstA Thz-1
H-5), 8.11 (s, 1H, ThstA Thz-2 H-5), 7.56 (br d, /= 9.4 Hz, 1H, Thstn CONH), 7.44 (s, 1H, ThstA
Thz-3 H-5), 7.40 (br s, 1H, Q H-3), 6.95 (d, J=10.0 Hz, 1H, Q H-5), 6.89 (br s, 1H, Thr-1 CONH),
6.80 (d, /= 2.0 Hz, 1H, Deala-S-1 H-B(t)), 6.71 (d, J= 1.8 Hz, 1H, Deala-S-2 H-p(t)), 6.44 (br s,
1H, Deala-2 H-p(t)), 6.41 (m, 1H, Thr-2 H-p), 6.40 (m, 1H, Q H-6), 6.39 (m, 1H, Ala-1 CONH),
6.20 (q, J= 7.0 Hz, 1H, Debut H-p), 5.84 (d, /= 9.2 Hz, 1H, Thr-2 H-a), 5.75 (d, J= 9.4 Hz, 1H,
Thstn H-a), 5.73 (br s, 1H, Deala-1 H-p=(t)), 5.57 (br s, 1H, Deala-S-1 H-B(c)), 5.45 (br s, 1H,
Deala-S-2 H-B(c)), 5.34 (bq, J= 6.6 Hz, 1H, Q H-11), 5.18 (br s, 1H, Deala-2 H-p(c)), 5.18 (br s,
1H, ThstA piperidine H-6), 5.15 (br s, 1H, Deala-1 H-B(c)), 4.96 (dd, J= 8.4, 13.2 Hz, 1H, (+)-Cys
H-o), 4.77 (dq, J= 6.2, 7.5 Hz, 1H, Ala-1 H-o), 4.47 (dd, /= 3.0, 8.2 Hz, 1H, Thr-1 H-a), 4.11 (m,
1H, ThstA piperidine H-4e), 3.79 (br q, J= 6.2 Hz, 1H, Thstn H-y), 3.71 (dd, J= 8.4, 11.4 Hz, 1H,
(+)-Cys H-p), 3.61 (d, J= 4.8 Hz, 1H, Q H-7), 3.48 (m, 1H, ThstA piperidine H-3e¢), 3.12 (dd, J=
11.4, 13.2 Hz, 1H, (+)-Cys H-B), 2.98 (m, 1H, ThstA piperidine H-3a), 2.96 (m, 1H, Val H-o),
2.27(m, 1H, ThstA piperidine H-4a), 2.22 (m, 1H, Val H-p), 1.69 (m, 3H, Thr-2 Me-y), 1.62 (d, J=
7.0 Hz, 3H, Debut Me-y), 1.48 (d, J= 6.2 Hz, 3H, Ala-1 Me-p), 1.37 (d, J= 6.6 Hz, 3H, Q 11-Me),
1.34 (d, J= 6.2 Hz, 3H, Thstn y-Me), 1.25 (m, 1H, Thr-1 H-p), 1.2 (s, 3H, Thstn p-Me), 1.05 (d, J
= 6.6 Hz, 3H, Val Me-y), 1.09-0.99 (m, 3H, Thr-1 Me-y), 0.86 (d, /= 6.8 Hz, 3H, Val Me-y); 'H
NMR (CDCls-CDsOD (4:1), ca. 6.5 mM) & 10.00 (br s, 1H, Deala-S-1 CONH), 9.82 (br s, 1H,
ThstA CONH), 9.38 (br s, 1H, Deala-2 CONH), 9.13 (br s, 1H, Deala-S-2 CONH), 8.74 (br d, J=
8.6 Hz, 1H, Thr-2 CONH), 8.64 (br s, 1H, Deala-1 CONH), 8.54 (br s, 1H, Debut CONH), 8.30 (s,
1H, Thstn Thz-4 H-5), 8.29 (s, 1H, ThstA Thz-1 H-5), 8.17 (s, 1H, ThstA Thz-2 H-5), 7.57 (s, 1H,
ThstA Thz-3 H-5), 7.56 (br d, /= 10.0 Hz, 1H, Thstn CONH), 7.32 (s, 1H, Q H-3), 7.23 (br d, J=
7.8 Hz, 1H, Ala-1 CONH), 7.09 (br d, J= 7.4 Hz, 1H, Thr-1 CONH), 6.94 (d, /= 10.0 Hz, 1H, Q
H-5), 6.72 (d, /= 2.0 Hz, 1H, Deala-S-1 H-B(t)), 6.55 (d, /= 1.8 Hz, 1H, Deala-S-2 H-B(t)), 6.44
(dd, J=5.8, 10.0 Hz, 1H, Q H-6), 6.41 (br s, 1H, Deala-2 H-p(t)), 6.37 (q, J= 6.5 Hz, 1H, Thr-2
H-p), 6.23 (q, J= 7.0 Hz, 1H, Debut H-B), 5.78 (br s, 1H, Deala-1 H-p(t)), 5.76 (d, /= 8.6 Hz, 1H,
Thr-2 H-a), 5.75 (d, J=10.0 Hz, 1H, Thstn H-a), 5.69 (br s, 1H, Deala-S-2 H-B(c)), 5.62 (br s, 1H,
Deala-S-1 H-B(c)), 5.37 (br s, 1H, Deala-1 H-B(c)), 5.33 (bq, J= 6.4 Hz, 1H, Q H-11), 5.30 (br s,
1H, ThstA piperidine H-6), 5.15 (br s, 1H, Deala-2 H-B(c)), 4.98 (dd, J= 9.0, 13.2 Hz, 1H, (+)-Cys
H-a), 4.79 (dq, J= 6.4, 7.8 Hz, 1H, Ala-1 H-o), 4.43 (dd, J= 3.5, 7.4 Hz, 1H, Thr-1 H-o), 4.38 (br
s, 1H, Q H-8), 4.18-4.00 (m, 1H, ThstA piperidine H-4e), 3.81 (g, /= 6.2 Hz, 1H, Thstn H-y),
3.68-3.54 (m, 1H, ThstA piperidine H-3e), 3.66 (dd, J= 9.0, 11.4 Hz, 1H, (+)-Cys H-p), 3.59 (dd,
J =20, 58 Hz, 1H, Q H-7), 3.17 (dd, J = 11.4, 13.2 Hz, 1H, (+)-Cys H-B), 3.05-2.88 (m, 1H,
ThstA piperidine H-3a), 3.01 (d, /= 3.8 Hz, 1H, Val H-a), 2.42 (m, 1H, Val H-p), 2.36-2.23 (m,
1H, ThstA piperidine H-4a), 1.65 (d, J= 6.5 Hz, 3H, Thr-2 Me-y), 1.62 (d, J= 7.0 Hz, 3H, Debut
Me-y), 1.56 (dq, J = 3.5, 6.5 Hz, 1H, Thr-1 H-p), 1.46 (d, J= 6.4 Hz, 3H, Ala-1 Me-p), 1.38 (d, J=
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6.4 Hz, 3H, Q 11-Me), 1.30 (d, /= 6.2 Hz, 3H, Thstn y-Me), 1.15 (s, 3H, Thstn p-Me), 1.10 (d, J=
7.0 Hz, 3H, Val Me-y), 0.81 (d, J= 6.5 Hz, 3H, Thr-1 Me-y), 0.78 (d, J= 7.0 Hz, 3H, Val Me-y); 13C
NMR (THF-ds, ca. 6.5 mM) & 173.36, 172.68, 171.11, 170.94, 170.34, 169.55, 169.28, 167.45,
165.69, 165.29, 163.51, 161.82, 161.72, 161.53, 161.38, 161.06, 160.52, 158.92, 158.32, 154.88,
153.85, 151.19, 150.89, 147.12, 144.09, 135.31, 134.93, 134.26, 133.14, 130.41, 129.99, 129.66,
127.50, 127.38, 124.63, 124.51, 123.20, 122.70, 117.40, 101.22, 101.00, 100.67, 99.12, 79.75,
78.70, 77.79, 68.64, 67.69, 64.64, 64.21, 60.57, 57.71, 56.26, 55.80, 53.33, 51.89, 34.92, 31.78,
29.88, 29.47, 23.07, 19.89, 18.88, 18.79, 18.46, 17.22, 17.14, 16.72, 15.08; HRMS (ESI) m/z
(M+Na)* caled for C71Hs1N19NaO1sSs 1670.4508, obsd 1670.4493. siomycin A (synthetic): R =
0.57 (10% MeOH/CHCI5); [a]* —90.5 (¢ 0.11, dioxane); IR (KBr) 3380, 2960, 2925, 1650, 1530,
1495, 1210, 1120, 1095, 930, 895, 810, 760 cm'’; 'H NMR (CDCls, ca. 0.5 mM) & 9.98 (br s, 1H,
Deala-S-1 CONH), 9.83 (br s, 1H, ThstA CONH), 9.21 (br s, 1H, Deala-2 CONH), 8.99 (br s, 1H,
Deala-S-2 CONH), 8.60 (br s, 1H, Deala-1 CONH), 8.49 (br s, 1H, Debut CONH), 8.29 (s, 1H,
Thstn Thz-4 H-5), 8.25 (s, 1H, ThstA Thz-1 H-5), 8.10 (s, 1H, ThstA Thz-2 H-5), 7.56 (bd, J= 9.4
Hz, 1H, Thstn CONH), 7.44 (s, 1H, ThstA Thz-3 H-5), 7.38 (br s, 1H, Q H-3), 6.95 (d, /= 10.0
Hz, 1H, Q H-5), 6.89 (br s, 1H, Thr-1 CONH), 6.80 (d, /= 2.0 Hz, 1H, Deala-S-1 H-p(t)), 6.71 (d,
J=1.8 Hz, 1H, Deala-S-2 H-B(t)), 6.45 (br s, 1H, Deala-2 H-B(t)), 6.43 (m, 1H, Thr-2 H-p), 6.40
(m, 1H, Q H-6), 6.40 (m, 1H, Ala-1 CONH), 6.20 (q, J= 7.0 Hz, 1H, Debut H-p), 5.84 (d, J= 9.0
Hz, 1H, Thr-2 H-o), 5.75 (d, J= 9.4 Hz, 1H, Thstn H-o), 5.73 (br s, 1H, Deala-1 H-B(t)), 5.57 (br
s, 1H, Deala-S-1 H-B(c)), 5.45 (br s, 1H, Deala-S-2 H-B(c)), 5.34 (bq, J = 6.5 Hz, 1H, Q H-11),
5.18 (br s, 1H, Deala-2 H-p(c)), 5.18 (br s, 1H, ThstA piperidine H-6), 5.16 (br s, 1H, Deala-1
H-B(c)), 4.96 (dd, J= 9.4, 13.5 Hz, 1H, (+)-Cys H-a), 4.77 (dq, J = 6.4, 7.2 Hz, 1H, Ala-1 H-o),
4.47 (dd, J= 3.0, 8.8 Hz, 1H, Thr-1 H-o), 4.11 (m, 1H, ThstA piperidine H-4e), 3.79 (bq, /= 6.2
Hz, 1H, Thstn H-y), 3.71 (dd, J= 9.4, 11.4 Hz, 1H, (+)-Cys H-p), 3.61 (d, J= 4.8 Hz, 1H, Q H-7),
3.48 (m, 1H, ThstA piperidine H-3e), 3.12 (dd, J= 11.4, 13.5 Hz, 1H, (+)-Cys H-p), 2.97 (m, 1H,
ThstA piperidine H-3a), 2.96 (m, 1H, Val H-a), 2.28 (m, 1H, ThstA piperidine H-4a), 2.22 (m, 1H,
Val H-p), 1.69 (m, 3H, Thr-2 Me-y), 1.63 (d, J= 7.0 Hz, 3H, Debut Me-y), 1.48 (d, /= 6.4 Hz, 3H,
Ala-1 Me-p), 1.36 (d, J=6.5 Hz, 3H, Q 11-Me), 1.34 (d, J= 6.2 Hz, 3H, Thstn y-Me), 1.25 (m, 1H,
Thr-1 H-B), 1.20 (s, 3H, Thstn p-Me), 1.05 (d, J= 6.8 Hz, 3H, Val Me-y), 1.08-0.98 (m, 3H, Thr-1
Me-y), 0.87 (d, J= 6.8 Hz, 3H, Val Me-y); HRMS (ESI) m/z (M+Na)* caled for C71Hs1N19NaO1sS5
1670.4508, obsd 1670.4508. Isomer 192 of siomycin A: 7 = 0.11 (10% MeOH/CHCls); [o]*
-19.3 (¢ 0.10, dioxane); IR (KBr) 3370, 2975, 2935, 1655, 1520, 1490, 1220, 1120, 1065, 935, 895,
805, 750 cm'’; 'H NMR (CDCls-CDsOD (4:1), ca. 4.8 mM) § 9.64 (br s, 1H), 9.07 (br s, 1H), 8.91
(br d, J= 4.6 Hz, 1H, Thr-2 CONH), 8.66 (br s, 1H), 8.34 (br s, 1H), 8.22 (s, 1H), 8.15 (s, 1H),
8.10 (s, 1H), 8.10 (s, 1H), 8.09 (br d, /= 9.5 Hz, 1H, Thr-1 CONH), 8.08 (br d, J= 5.0 Hz, 1H,
Thstn CONH), 7.84 (br d, J= 9.0 Hz, 1H, Ala-1 CONH), 7.38 (s, 1H), 6.87 (d, /= 2.0, 10.0 Hz,
1H, Q H-5), 6.52 (br s, 1H), 6.44 (br s, 1H, AAla H-B), 6.40 (q, J= 7.2 Hz, 1H, Thr-2 H-B), 6.34 (d,
J=1.2 Hz, 1H, AAla H-p), 6.23 (br s, 1H, AAla H-B), 6.18 (dd, J= 2.5, 10.0 Hz, 1H, Q H-6), 6.04
(br s, 1H, AAla H-B), 5.80 (br s, 1H, AAla H-B), 5.78 (q, J= 6.2 Hz, 1H, Debut H-p), 5.74 (d, J =
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0.8 Hz, 1H, AAla H-p), 5.71 (d, J= 1.2 Hz, 1H, AAla H-p), 5.47 (d, J = 5.0 Hz, 1H, Thstn H-o),
5.44 (m, 1H, (+)-Cys H-o), 5.42 (br d, J= 4.6 Hz, 1H, Thr-2 H-o), 5.41 (br s, 1H, AAla H-B), 5.10
(bq, J=6.4 Hz, 1H, Q H-11), 4.73 (d, /= 10.5 Hz, 1H, Q H-8), 4.54 (dd, J= 1.2, 9.5 Hz, 1H, Thr-1
H-a), 4.48 (dg, J= 7.0, 9.0 Hz, 1H, Ala-1 H-a), 4.34 (dq, J = 1.2, 6.2 Hz, 1H, Thr-1 H-p), 3.69 (q,
J = 6.4 Hz, 1H, Thstn H-y), 3.60 (m, 2H, (+)-Cys H- B and H-p), 3.60-3.48 (m, 2H, ThstA
piperidine H-3e and H-4e), 3.50 (m, 1H, Q H-7), 3.23 (d, /= 4.0 Hz, 1H, Val H-a), 3.02 (m, 1H,
ThstA piperidine H-3a), 2.74 (m, 1H, ThstA piperidine H-4a), 2.27 (m, 1H, Val H-p), 1.84 (d, J=
7.2 Hz, 3H, Thr-2 Me-y), 1.45 (d, J= 6.4 Hz, 3H, Q 11-Me), 1.42 (d, /= 7.0 Hz, 3H, Ala-1 Me-p),
1.25 (s, 3H, Thstn p-Me), 1.22 (d, J= 6.2 Hz, 3H, Thstn y-Me), 1.15 (d, J= 7.0 Hz, 3H, Val Me-y),
1.01 (d, J= 7.0 Hz, 3H, Val Me-y), 0.87 (d, J= 6.2 Hz, 3H, Thr-1 Me-y), 0.69 (d, /= 6.2 Hz, 3H,
Debut Me-y); HRMS (ESID) m/z (M+Na)* caled for Cr1Hs1N1aNaO1sSs 1670.4508, obsd 1670.4500.

Ethyl 2-((15,25,3R)-1- N-{(45)-2-[1- N-((45,5 B)-3- N-trimethylsilylethoxycarbonyl-2,2,5-
trimethyoxazolidine-4-carbonyl)amino-(2)-prop-1-enyl]-thiazoline-4-carbonyl}amino-2,3-
dihydroxy-2-methyl-butan-1-yl)-thiazole-4-carboxylate (193). To a solution of 108 (7.8 mg,

Lo 8.15%10% mmol, 956.49) in dry THF (1.9 ml) at 0 °C under

>< j\ /'\/(O: o Ar atmosphere was added HF-pyridine (0.47 ml). After stirring at
CONH _7_ CONr _7/ © vt for 4 h, the reaction mixture was quenched with saturated aq.

1o NaHCOs (45 ml) and extracted with AcOEt (40 mlx3). The

combined extracts were dried over Na2SQ4, filtered through Celite, and evaporated. The
residue was purified by preparative TLC on silica gel (40% acetone/hexane) to afford 193 (4.2
mg, 70%, FW 727.97) as a white foam: % = 0.55 (50% acetone/hexane); 'H NMR (CDCls) & 8.60
(br s, 1H, Ile CONH), 8.07 (s, 1H, thiazole H-5), 7.74 (br s, 1H, AAbu CONH), 6.34 (q, J= 7.0 Hz,
1H, AAbu H-B), 5.44 (d, J= 8.6 Hz, 1H, Ile H-o), 5.20 (dd, J= 8.0, 8.0 Hz, 1H, thiazoline H-4),
4.67 (br s, 1H, OH), 4.44-4.28 (m, 1H, oxazolidine H-5), 4.38 (q, /= 7.2 Hz, 2H, CO:CH2CHas),
4.18 (m, 2H, MesSiCH:2CH2), 4.05 (d, J = 7.0 Hz, 1H, oxazolidine H-4), 3.78-3.56 (m, 4H,
thiazoline H-5x2, Ile H-y, and OH), 1.83 (d, J = 7.0 Hz, 3H, AAbu Me-y), 1.65 (s, 6H, oxazolidine
3-Mex2), 1.47 (d, J= 6.0 Hz, 3H, oxazolidine 5-Me), 1.39 (t, J= 7.2 Hz, 3H, CO:CH2CHs), 1.27 (s,
3H, Ile p-Me), 1.23 (d, J = 6.2 Hz, 3H, Ile y-Me), 1.00 (m, 2H, MesSiCH2CH>), 0.02 (s, 9H,
MesSiCH2CHy) (irradiation at 1.83 ppm produced a 0.7% NOE enhancement at 7.74 and a 3.9%
NOE enhancement at 6.34 ppm).

Ethyl 2-((15,25,3R)-1- N-{(45)-2-[1- N-((45,5 B)-3- N-trimethylsilylethoxycarbonyl-2,2,5-
trimethyoxazolidine-4-carbonyl)amino-(2)-prop-1-enyl]-thiazoline-4-carbonyl}amino-2,3-
bistriethylsilyloxy-2-methyl-butan-1-yl)-thiazole-4-carboxylate (108). To a solution of diol 193

LoTES (3.1 mg, 4.26x10° mmol, FW 727.97) in dry CH2Clz (0.21 ml) at

>< j\ e 0 °C under Ar atmosphere were added 2,6-lutidine (5.0 pl,
CONH J—CONH _7/0028

4.3x10"2 mmol, FW 107.16, d 0.920) and TESOTf (4.9 pl, 2.2x102

108
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mmol, FW 264.34, d 1.169). After stirring at rt for 0.5 h, the reaction mixture was quenched
with H20 (2 ml) and extracted with CHCls (2 ml1x3). The combined extracts were dried over
NazS0y, filtered through Celite, and evaporated. The residue was purified by preparative TLC
on silica gel (30% AcOEt/hexane) to afford 108 (2.9 mg, 71%, FW 956.49) as a white foam.
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Figure 16 *H NMR spectrum of 62 (CDCls)
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Figure 28 *H NMR spectrum of 99 (CDCls)
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Figure 44 1H NMR spectrum of 135 (CDCls3)
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Figure 67 'H NMR spectrum of 172 (DMSO-ds, 50 °C)
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