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| l. Introduction '

e Leustroducsins A-C isolated from soil bacterium
Streptomyces platensis SANK 60191 in 1993 by
Kohama et al.2

®5-p H *  Phoslactomycin family
HO® O OH = :
® f P \O e Leustroducsin B has shown:

__~YOH Oﬁ/\/\/'\/ * invitro induction of cytokine production by KM-102
0 cells

. Increase of host In vivo resistance to E. coli infection
Leustroducsin B (1)

*  Thrombocytosis induction in mice

* 5 previous syntheses of Leustroducsin B, shortest
one being 37 linear and 64 total steps?

1. Trost, B. M. et al. J. Am. Chem. Soc. 2015, 137, 11594-11597.

a. Kohama, T. et al. J. Antibiot. 1993, 46, 1503-1511. b. Kohama, T. et al. J. Antibiot. 1993, 46, 1512-1519.

3. a.Shimada, K. et al. . Am. Chem. Soc. 2003, 125, 4048-4049. b. Miyashita, K. et al. Tetrahedron Lett. 2007, 48, 3829-3833. c. Miyashita,
K. et al. J. Org. Chem. 2008, 73, 5360-5370. d. Mise, J. et al. Synlett 2008, 2008, 2617-2620. e. Druais, V. et al. Tetrahedron 2010, 66,
6358-6375. f. Grezler, S. N. et al. Org. Lett. 2011, 13, 3206-3209. g. Matsuhashi, H. et al. Tetrahedron 2002, 58, 5619-5626.
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Retrosynthetic Analysis of Leustroducsin B

ll. Retrosynthetic Analysis

OPMB
O OTBS
@ 9 H N3 8 é,/, \
O-P. 14 2 R A N
@ HO O OH Me o . 13 "SiMe,Bn
H3N 8% 3 ProPhenol aldol

. 9 steps
6~ "OH 7
0 ! < y
@] Et
Leustroducsin B (1) Evans aldol IK\O
2 ré-M

* C—C;: a-alkoxy-directed diastereoselective vinyl zinc addition between 2 and 3
* C;3—C,,: modified Hiyama cross-coupling to introduce 4

 Eastern fragment 2: Evans aldol

* Central fragment 3: zinc-ProPhenol-catalyzed aldol reaction

 Western fragment 4: Pd-catalyzed asymmetric allylic alkylation
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IV. Forward Synthesis

Synthesis of Eastern Fragment 2

BOSTON COLLEGE )

o)
PPhBr OH
0 AN 0 &%\ ’ o/\/
SiEt, DIBAL H l
o»\'\' g »\ J\H\ x o
. Et  BuyBOTH EtN SiEt, “90% conv Et SiEt;  TDA, K,COs \
‘Bn 87%, dr > 20:1 56% (from 7) sie A sie
> 7 8 Et 10 iEty > Et 44 iEty
5 to 7: Evans aldol — _
(0] 0]
H H
o 9 m o) o °Bu2 o’(\ Bn 04[\1&1
EtsN N N

S A N =o' e o
o N o N Et,Si o> Y Et,Si - 7

) Bt BuBOTE -\ J @ ©

‘Bn ‘Bn Et Et
5 L |
7 to 8: DIBAL reduction )\
O Al )\ ARy o . H AR,
VN O (0]
N \/’ \/’ \/’ TDA
‘Bn Bn Bn Bn
7
8 to 10 + 11: Phase-transfer Wittig condtions
PhsP xO
&%\PPhSB - @ @ k @H\ @
Et 10 SlEt3 S|Et3
hemist Liu Lab 3



Synthesis of Eastern Fragment 2

O/\| Q/\/OH OMe OMe

I o l ~0 TsOH, MeOH l ~0 Cp,ZrHCI | ~o
N 2: N then K,COg [ trézg/lz (A\)\/\l

Et 10 SiEty Et 1 SiEt, Et 11a H Et 5

10+11 to 11a: Ketalization

O H N
o HY o | \-oH oM o B
= = = = = "o
S R R R R R -H S |
K,CO4
OMe lMeOH
S
0 ® r
H R OMe
™ SiEt ;
AN H o 3 S|Et3
Et 11a
11a to 2: Hydrozirconation/iodination
OMe OMe
: N -
B CpzHol  H  ZCpCliy |y 7 o
—_— — o _'/erp20| R =
X > < I
A R H R H
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Synthesis of Central Fragment 3

(0]
Me \\
% u PhPCH Br /wﬁ DIBAL—H /ﬁgok 15 SiMesBn OH O
_— _— ’ o
OEt \eocHo OBt NaotBU 2. OBt ggopfor —. H ' (s,5)-ProPhenol cat. A(\)\
EtO OFt A EtO OFt EtO OFt Doteps  EO OFEt ZnEt, cat, EtO OFEt SiMe,Bn
12 13 13a 14 78%, 99% ee 16
12 to 13: Aldol addition
0)
L Li <
/_\ o o
EtO
OEt —MeQ) OEt — > 13
EtO OEt EtO OEt
12
14 to 16: Zinc--ProPhenol-catalyzed aldol reaction
- ] j i
Ph OH Ph 0.1 H
HO. Ph P, _ Ph N
Ph (0] Ph Ph \Zn Zn 0] Ph O
s RN RS BnMe28| : N
N OH N Et,Zn N 0] N :
(2 equiv.) 14,15
. _ = Zn Zn Ph —> 16
THF
Me Me
Trost, B. M.; Ito, H.; Silcoff, E. R. J. Am. Chem. Soc., 2001, 123, 3367-3368. Me

Trost, B. M., Fettes A.; Shireman, B. T. J. Am. Chem. Soc., 2004, 126,2660-2661. _ -
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Synthesis of Central Fragment 3

QH O QH OH _TBSCI (;)H OTBS
W\ (R,R)-Noyori cat.‘M imidazole N M
EtO OEt SiMe,Bn iPrOH EtO OEt SiMe,Bn 80% dr >20:1 EtO OEt SiMe,Bn

16 16a 17
16 to 16a: Noyori asymmetric transfer hydrogenation
Ts
Ph N . -
Ph\[N\ N
_Ru— P
W N
< y )\ ) H
Ts
)J\ (R,R)-TsDPEN-Ru(p-cymene)
RuL
\“ H
Ph H2
OH OTBS pMBO - c| PMBO "0 OTBS ACOH, H,0, Me,CO PMBO o OTBS
- 18 . then NaN3
ZRK N -8, ~ N
EtO OEt SiMe,Bn  -PraNEt EtO OEt SiMe,Bn 91% SIMean
97%
17 19
19to 3
® R H2 /\@ ®
PT R N H
KT B LI q%(“_»W = oy R N AR B g
EtO OFEt EtO OFEt HO OEt -H° {
® @OFEt O ONa
19 H H
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Synthesis of Western Fragment 4: Starting Materials

0]
: S D~ — o N/j —— (+/)20
NaHCO; (3 eq.) O\ THEF, reflux © \N
H,0 | 92% H )
80% (+/-20 \—/
lodolactonization/Elimination

O._OH Kil(6eq) 0 0
X 5 (1.05 eq.) N—0 DBU(15eq) N—0

TfO\/k/ TBSO Hy, P 1) CSA, MeOH
N )\/ 5, Pd/C :

nBuLi 100% conv. 2) Jones
52% Reagent o 22
76%

TBSO BuLi TBSO TBSO
TN T V\iﬁ)v —
|

Jones oxidation
ﬁo

CrO; 0 S G Y o) m
H,SO, —> HO-((I3|r-OH \/\/‘\/ ? HO Clr.O\/R — HO-Cr;0 — \/‘_\
H,0 -
2 @) (H)a)OH (o)
PT | Hz0
HO -
-~ HO
0] 22
OH

Trost, B. M.; Richardson, J.; Yong, K. J. Am. Chem. Soc. 2006, 128, 2540— 2541.
Marshall, J. A.; Xie, S. J. Org. Chem. 1995, 60, 7230-7237.
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Synthesis of Western Fragment 4

HO ﬁ
o 0 CICO,Me 0 V.
N—0  BnOH | EtsN | o) BnO @
B B ‘. \ Y, N 22
SN BnO) -~ _.OH , BnO) ~__.OCOMe | _
t-BuOK cat. 70% over (S,S)-Trost Ligand cat. :
2 steps (ng—C3H5PdCl), cat. O
+/-)-20 +/-)-20a +/-)-21 NaH, THAB
) ) +) 93%, 99% de B0
20 to 21
@ /\ /\Q 0
N\ BnO o )L
9 J o QO OMme J, .0CO,Me
o — — "0
(+/-)-20 (+/-)-21
21 to 23: Allylic asymmetric alkylation
23 R,‘©.\0002Me PhyP NH HN PPh,
R.. /)_‘ Py’ (+/-)-21
@PdOLn* (5,5)-Trost Ilgand
6 R' R, .OCO,Me o
Br
ON~ TN

©}

NaO@

PdlL*

o22
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Synthesis of Western Fragment 4

H

o)
S, <z,
o J.. HO ~" omMp O (PhaPCHo) 7
n @ 1) Hy, PAIC NaHCO, NaHMDS |
_— B _— B _— :
: . o o 55% for 6
° \H/\/\/'\/ 2) BHs"SMe, CHeClz 2 steps
0

89% 24 o) 24a o) >20:1 Z:E 4
23 0

24 to 24a: Dess Martin oxidation
e (0] /L 04//"
AcOf OAc H AcO_ = m O
\l ’OAC AN | job H
A s \_/ :
o) : — || 0 : —_—
@i« 24 I\( : O
: 0O

~

R

24a to 4: Stork-Zhao olefination
| | H

Jo : Z
Phs@ O;VO PhSPB@\'/“O IK\@
. : O\[(\/\/'\/
z ;

24a 4
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Chelation Controlled Addition of 2to 3

(iPMB OPMB
OMe
: o Qs kO OTBS
O nBulLi, MeZZn 3in CHZCIZ N ;. =
| - - - RN N3 Q
| THF, -78°C ZnMe,Li 78 C 9h > OH SiMe,Bn AN
Et 10min 75% e} 0 SiMe,Bn
2 dr > 20:1 MeO '+ Et 2 3
OMe Lithium
. Halogen
| O Exchange
= nBuLi ZnMeolLi
Et 2
O{MB
R' R' O OTBS
. N n N n N B
ZnMegLi 3\/\/LO—R 3\/\/'\04:3 3\/\(\
p— 3 | / HQO \J \\
/ — O--ZnMe,Li — -- — = OH SiMe,Bn
s — R o
10
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Completion of the Synthesis of Leustroducsin B

OkPMB OfMB O,SP OPMB
O OTBS O OTBS @[ NHNH, ko OTBSSiMe,Bn
N T N T 31 N
° _ PCC 8 SN NO, N3 \/\(\/k/

~ OH SiMe,Bn 67% ? = OH SiMe,Bn EtN > = OH

O ° 0 o
ol _/ 45% (76% brsm)
H

4 4 11 mol % Pd,dbag
I TBAF, AcOH
: 70%
OPMB o OPMB

N 7 L H
O OTES¢ O OH &
N - N :
T 7 : TESOTY, lutidine I & :
S OTMS o M then TMSOTf “YoH OM
° 100% conv. o

© Bt 34 © o 33 o

.

H )\ QAllyl AIIyIO\(IP? H
OH OTES# N oAl Alylo" "0 OTES#
N3 < Z , A 3 N3 < F ,
© OTMS O\H/\/\/'\/ tetrazole ~ OTMS o]
0 then tBuOOH o

0 Et 35 0 50% 0

.
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Completion of the Synthesis of Leustroducsin B

30 to 32: Diimide reduction OTBS

30 0 ]

o OAH _ OTBS

'S (NH FN =R ; OTBSSiMe,Bn
E:[ H , R H" X - /'\/

NO, SO,H 1 SiMesBn R
CN'
31 /\: :NOZ L _ 32

32 to 33: Hiyama cross-coupling

~ "R
. O -
" J [Pd] L,

33

-~ "R /\R

[Pd]" [Pd]"

R A |

W
£ O TBAFE SiMeoBn

@ S Qi 1
SiFIMe,Bn SiMeBn <——— R'\ ~
R .~

32
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Completion of the Synthesis of Leustroducsin B

34 to 35: DDQ deprotection of PMB

H®
O, _R O, R O, _R
T Nw [ o 0
5 HLO R H> o R HoYlo R
H__O
c 1 cN | \,L// OH
. T UL
Cl CN 34 R 35R
o {OMe (Ome OMe
®
35 to 37
OH
2 OAllyl
OAllyl Ny Qﬁy_\ OAlyl & ~p P
P HN H P4 oN N .P 0" 'OAl
N OAllyl =N ®N OAllyl <IN VN "OAllyl 35 :
N | — > N < —_— .~
o \= N PT R'” 'R
PT N
36 PT ItBuOOH
Alylo % Bu 5.0 \EA”V'
Alylo”" 0 <« @R Q%‘OA||y|
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Completion of the Synthesis of Leustroducsin B

o) o)
AllylO _1i H AllylO _Ti H

AlylO" 'O  OTES(F PP H.O/THE Allylo”™ "0
N3 H P 3 112 B

then AllocCl, pyridine AllocHN __~

< : M : OTMS (:)M
O @)

72%
0 Et 37 0O O Et 38 ©

Pd(PPh3)4 cat.
HCOZH, Et,N
55%

1. HF, pyridine
2. Pd(PPhy), cat.
PPhs, HCO3H, Et3N

(+)-Leustroducsin B (1)
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Completion of the Synthesis of Leustroducsin B

37 to 38: Staudinger Reaction

®
o NG PhsP ) N/FN
N\@ PPhs Ny ® N=N R Ph3pf,{l PhaP =N
37
0 l H,O
o ©0 ¢l "o *C
X R HoN
\/\OJLN /\/R \/\O N/\/ = [©) 2 NN\
37 to 38: Allyl deprotection and acidic desilylation
/—\ JOJ\
o)
Pd(PPh3), 4@ H
HCOZH, Et;N ~ R RS
R
[Pd]°
Conclusion:
*  Synthesis of Leustroducsin B achieved in 17 longest linear
sequence and 39 total steps
[Pgi ! *  Highly efficient and convergent
| >~ 0R . .
- — United 3 fragments for convergent synthesis
v — Last step involved removal of 3 allyl and 2 silyl groups in
o " one step
OR —> HOR
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