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Disorazoles A, B, and C,

2 2

O 0,1\

OH 0~ o

Me X 28
Me Me K\

Disorazole A4 (1)

MeO O

Disorazole C4 (3)
Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639.
Wipf, P. et al. J. Am. Chem. Soc. 2004, 126, 15346-15347.
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* Family of 29 related macrocyclic polyketides

* Isolated in 1994 from fermentation broth of the gliding
myxobacterium Sorangium cellulosum

* Disorazole A, was the major component

* Disorazole A;, E and C, showed exceptional biological
activities

* Disruption of microtubule polymerization

Jansen, R et al. Liebigs Ann. Chem. 1994, 759—773.
Wipf, P. et al. Nat. Prod. Rep. 2009, 26, 585—601.
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Disorazole A4 (1) 69.8%, (R = Me) .
Disorazole A, (4) 0.9%, (R = H) Disorazole C1 (3) 0.3%
Disorazole A4 (9) 2.1%, (R = Me, 11' E)
Disorazole Ag (6) 2.7%, (R = Me, 9', 11" E)
Disorazole A; (7) 1.6%, (R = Me, trans-epoxide)
(

Disorazole D¢ (8) 1.4%, (R = Me, 9', 10' diol)

Disorazole F4 (9) 3.7%, (R = Me) Disorazole E4 (12) 8.7%
Disorazole F5 (10) 0.5%, (R = H) Disorazole E, (13) <0.1%, (trans-9,10-epoxide)
Disorazole F3 (11) 0.4%, (R = Me, 9, 11 E) Disorazole E3 (14) 0.1%, (7(Z)trans-9,10-epoxide)

Wipf, P. et al. Nat. Prod. Rep. 2009, 26, 585—601.
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Antiproliferative activity of Disorazole A,

IC;, in (nM)

Cell Line  Origin Disorazole A; Epothilone B  Vinblastine
A549

Human lung carcinoma 0.0023 + 0.0005 0.26 +0.14 59+0.5
PC-3 :

Human prostate adenocarcinoma  0.0071 +0.0012 20+0.3 0.82 + 0.06
SK-OV-3 Human ovary adenocarcinoma 0.0049 + 0.0001 0.64 +0.07 1.4+0.1
A-498 Human kidney carcinoma 0.016 + 0.004 43+3.6 46 £ 12
U-937 Human histiocytic lymphoma 0.002 + 0.001 0.09 +0.01 0.43+0.13
K-562 Human myelogenous leukemia 0.006 + 0.001 0.69 + 0.03 8.7+1.8
KB-3.1 Human cervix carcinoma 0.0025 = 0.0003 1.6+ 0.6 8.6+0.3
KB-V1 Human cervixcarcimomd (multi= 015 + 0,008 0.57 +0.03 114 +31

drug resistant)
L929 Mouse fibroblasts 0.0038 = 0.0002 1.3+0.6 28+7

Wipf, P. et al. Nat. Prod. Rep. 2009, 26, 585—601.
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Antiproliferative activity of Disorazole C

Cell Line

A549

PC-3

MDA-
MB-231

2008

Quiescent
WI-38

HCT-116
WT

HCT-116
p53 -/-

DC3F WT

VCRD-5L

IC;, in (nM)

Origin

Human lung carcinoma

Human prostate adenocarcinoma

Human breast epithelial adenocarcinoma
Human ovarian carcinoma

Normal lung fibroblast
Human colorectal carcinoma

Human colorectal carcinoma

Chinese hamster lung cancer fibroblasts

Chinese hamster lung cancer fibroblasts
(multi-drug-resistant)

Wipf, P. et al. Nat. Prod. Rep. 2009, 26, 585—601.
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Disorazole C,

2.21+£0.23

1.57+£0.10

3.53+£0.19

1.91+0.23

>100

1.09+ 0.41

2.25+0.71

5.55

6.77

Page 6 of 28

Vincristine

21.62 £2.68

4.68 +0.29

7.16 £ 0.37

21.81+2.92

N/D

5.62 +0.33

5.42 +0.47

17.53

N/A

Vinblastine

1.52£0.09

0.86 +0.08

1.34+£0.21

2.24+0.16

>100

1.40+0.07

2.17+0.35
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Disorazole C, SAR studies

absence of allylic alcohol
side chain is detrimental to activity

—> cyclic structure is required

P alkyne analog is 103x less potent

B

cyclopropane isoster
is inactive

linear esters are inactive

de-methoxy analog is unstable

Disorazole C; (3)

Wipf, P. et al. Nat. Prod. Rep. 2009, 26, 585—601.
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Enantioselective total synthesis of Disorazole C,

Meyer’s group partially synthesized in 2000

* Hoffmann’s group first reported the synthesis of
a masked fragment of (3) 1n 2002

* First successful total synthesis of (3) was,
achieved by Wipf group in 2004

* In 20 linear steps and 1.5% overall yield Disorazole Cs (3)

* Hoffmann group also synthesized northern
hemisphere of disorazole A, and D,

Wipf, P. et al. Nat. Prod. Rep. 2009, 26, 585—601.
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Wipt’s retrosynthetic analysis of (-)-disorazole C,

esterification === _
OH O™

\ .
—— Yamaguchi
macrolactonization

Disorazole C; (3)U

PMBO OH

Me\

Me Me Al Me
masked (Z) alkene— | | ] 0

Sonagashira
cross-coupling

15

17
N Peterson oxidative /\/\
0 olefination cyclization TIPSO S
Me Me

18
Wipf, P. et al. J. Am. Chem. Soc. 2004, 126, 15346-15347.
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Wipf’s oxazole fragment synthesis

o a) TMS-acetylene, EtyZn, toluene,

i l then (S)-BINOL, Ti(OiP t 669

CN a) TIPSCI, imidazole, DMF en (S) , TI(OIPr)4, 1, 0
HO/\/ ) imidaz I TIPSO/\) : L
b) DIBAL-H, CH,ClI, b) dimethyl sulphate, n-Buy,NHSO,,

20 78% for 2 steps 21 NaOH, toluene/H,0, 0 °C to rt, 95%
a) HF, CH3CN, then NaOCI, NaCIO,, TEMPO,
OMe CH3CN, phosphate buffer, 45 °C, 99% MeO,C
TPSOA/\% b) SerOMeHCI, EDC. HOBt, NMM. CH,Cly. Z_’(' Me
19 0 °C tort, 55% O)\/\
¢) DAST, CH,Cls, then K,COs, -78 °C to rt 2
d) DBU, BrCCls, CH,Cly, 0 to 4 °C
MGOzC
N OMe
-
a) NBS, AgNOg, acetone, 54% HO,C (@) A
23 Br

b) n-BusSnH, PdCIy(PPh;), THF,

Z—N OMe
-78 °C to t, then I, 0 °C, 92% OWI
24

¢) 1 N LiOH, H,O/THF, 97%

Wipf, P. et al. J. Am. Chem. Soc. 2004, 126, 15346-15347.
Wipf, P. et al. Nat. Prod. Rep. 2009, 26, 585—601.
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Wipf’s enyne fragment synthesis

0 OH a) O3/0,, Sudan Ill, MeOH/CH,Cl,, Me Me
- 78 °C, then NaBHy,, - 78 °C to rt, 88%,

OH o
OO o) X b) 2,2-dimethoxypropane, PPTS, THF, W
Me Me 0°C to rt, 97%

Me Me
18 c) 1 N LiOH, THF/MeOH, 0 °C to rt, 82% 25

Me Me Me Me

a) oxalyl chloride, DMSO, Et;N, -78 °C OH O OH o
b) propyne, n-BuLi, THF, - 78 °C to 0 °C, /S(k) />(k)
Me Me Me Me

a) TESOTTf, 2,6-lutidine,

a) Red-Al, THF, 83% PMBO  OH TESOTL 26
b) PMBBY, Et;N, KHMDS, THF, -78°Ctort, 2C12, 0 X -
c) ACOH/THF/H,0 (4:1:1), 60 °C , 84% for 2 steps W b) oxalyl chioride, DMSO,

Me Me EtsN, CH,Cl,, -78 °C,
75% for 2 steps
PMBO  OTES a) 1,3-bis(TIPS)propyne, n-BuLi, THF, - 78 °C TBC?) 7"
Me X X0 b) chloroacetic acid, MeOH/CH,ClI, > Me
Me Me ¢) TBAF, THF, 0 °C to rt, 94% |
29 16

Wipf, P. et al. J. Am. Chem. Soc. 2004, 126, 15346-15347.
Wipf, P. et al. Nat. Prod. Rep. 2009, 26, 585—601.
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Wip{’s total synthesis of disorazole C,

PMBO  OH

PMBO OH
H AN

AN

Me
Me

| PACI,(PPh)s, Cul, EtaN,
MeO,C CH4CN, -20 °C to rt, 94%

%»\/k/\ Meo
o N L a) 24, DCC, DMAP, CH,Cl,,

0°Ctort, 80%
b) 16, PACI,(PPh),, Cul, EtsN,
CH3CN, -20 °C to rt, 94%

T
g

_________________________

OMe

a) 1N LiOH, H,O/THF, 98%
b) TCBC, EtsN, THF, then
DMAP, toluene, 79%
Disorazole C4 (3) <c) DDQ, phosphate buffer, Me
CH,Cl5, 61%
g) Ho, Lindlar's catalyst,
quinoline, EtOAc, 57%

OH OPMB

o
Wipf, P.etal. J. Am. Chem. Soc. 2004, 126, 15346-15347.
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Wipt’s retrosynthetic analysis of (-)-CP,-disorazole C, (31)

X100 OH
ig Macrolactonization
\

o
(-) -CP,-Disorazole C4 (31)

U

Duthaler-Hafner

(-) - Disorazole C4 (3)

allylation
vincristine \ PMBO
I1C nm / ,
5 [nm]

Mukaiyama 32
RKO 28.0£9.2 >50 18.6£7.6 aldol Oxazole

formation
HCTI116 28.3+11.6 >50 352+ 11.9 « 923.linear steps and

H630  49.5+25.0 >50 68.0 + 16.3 1.1% overall yield ;
Wipf, P. et al. Org. Lett. 2011, 13, 4088-4091
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Hoveyda’s approach for the total synthesis of disorazole C,

OR OH by
- Z-selective CM

OMe """ttt >
l
N~
HO” Yo X B(pin)
by

36 7.selectveCcM

Macrocycle formation by:
an intermolecular followed
by an intramolecular ester
bond formation

OMe

Disorazole C (3) A A

° i Macrocycle formation by:
12 hnear steps and an intermolecular and then

8% overall yleld an intramolecular cross-coupling
Hoveyda, A. H et al. J. Am. Chem. Soc. 2014, 136, 16136-16139.

14
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Hulme’s alkyne metathesis strategy for the total synthesis
of disorazole C,

e} OMe
ih ACM / RCAM
Wipf
2 steps
Disorazole C4 (3) X _Me
O
62% combined yield
OMe U for 30 and (5:1)
AN

Evans- o OMe

| | Tishchfanko ,
i «

Hulme, A. N. et al. Angew. Chem. Int. Ed. 2015, 54, 7086-7090.
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Total synthesis of disorazole A, and B, and full structural
elucidation of disorazole B1

0,1\
\
j;N/
68

OH 070

o) N Me Me
Me/\/ﬁ/w 12 \ Me
Me Me '\~ [0._O OH

OH 0~

Me X 28

Me Me

6,8,23,25-tetra-epi-disorazole B, (42)

Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639.
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Nicolaou’s retrosynthetic analysw of disorazole A, and B,

Stille coupling

Yamaguchi
esterification

Suzuki coupling Yamaguchi

A 16 macrolactonization

Disorazole A4 (1) MeO O
(T -~ -~ -~ - """ """ """ """ """ """ " """ """ "~"==°=° \ 19
5 (é)H ] U TBSO OTMS
| TBSO 07 5 5 Ve WI
: - : X
: Me N : \ W/\ Me Me
| LR 5 N 46
| . oMo | MeDC 45 n-BusSn
1 r e 1
i I — =0
: WCOZMe : /H\ \_\W/7
I I o)
i only required for dlsorazole A4 ; (-) - 47

O
Yamaguchi \
esterification |

OH O

X
Me
O]
Wittig == = \
™= Yamaguchi
\ 16 Macrolactonization
Stille coupling O

Disorazole B¢ (2) 17
Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639.
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_________________________

Synthesis of vinyl boronic acid 43 and iodide 46

i oH |
: _B I
| TBSO O | |
: N
49, TiCl,, Me S |
TBSO O then iPrNEt; TBSO OH O g | © 4: |
- then 48 ? : l
M H (89%, 121dr) . Me N NJ< | i
Me Me oo Me Me 42\/3 | TBSQ  OTMS |
48 B T EEEEEE . 50 Me . Me N |
: 0O S : Me ! Me Me E
: | | 46 |
: Me)J\NJ(S | N . ,
5 . 2,6-lutidine,
C ' TMSOTf, CH,Cl,,
] Me 49 ' 0°C,25min
™S
TBSO OTMS DIBAL-H, Et,0, TBSO O O s
: 78 °C,2h -
M N N = M X NJ<S
Me Me (80% for 2 steps) Me Me 42\/
Me
52
51 Ve
Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639.
18
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Synthesis of vinyl boronic acid 43 and 10dide 46 cont’d

TBSO OTMS
Me X ~o
Me Me
52

53, NaHMDS, THF,
73% | 0 to 23 °C, 5 min, then

- 78 °C, DMPU, 52, 1 h;
then 23 °C, 30 min ,------------

! ©
' I
TBSO OTMS "
- \ \_@
Me X AN I PPhs
Me Me | .93 .
54

B(Oi-Pr)3, n-BulLi,
77%| -78 °C, 30 min; then
TBAF, 23 °C, 48 h
CI)H
_B
TBS(:) O |

Me\

Me Me
43

TMS
TBSO O O

S
Me Me J\/
Me
51

Me

Me

%
p

DIBAL-H, Et,0,

(71% from 50)
-78 t023°C,2h

TBSO OTMS

|

Me OH

Me Me
55

imidazole, I, 779%
PPhs, 23°C,1h

TBSO OTMS

Me

%

Me Me
46

Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639.
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Synthesis of vinyl bromide fragment 44

' Br OMe 0\ 5
S a4 5
_ AgNO3, NIS, y _ —
56 acetone, 23 °C, 58 23°C, 16 h, 53% 59
10 min, 98%

| NO, 57 ; OEt | Pd(PhCN),Cl,,

| ©i | =< | PPhj, Cul, 60, i-Pr,NH,

i s VTNH, .60 OEt 23°C, 1 h, 90%

\ o.0 , TTTTTTmmmmmmmmes

a) 50% aq. TFA, OEt
TIPS OH < 23°C, 30 min TIPS é OEt
P, b) Red-Al, 0 to 23 °C, X

62 0.5 h, Et,0, quant. 61
from 61

a) DMP, CH,Cl,,
0t023°C,2h

b) CH(OMe)3, p-TSOH,
CH,Cl,, 23 °C, 1 h,

Y 99% for 2 steps

TIPS OMe

NN"N0oMe

63
Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639.
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Synthesis of vinyl bromide fragment 44 cont’d

TIPS OMe

A

OMe !

63 9 s
49, TiCl4, CH,Cl,, 0 °C, | Me)LNJ(
5 min; then -78 °C, i-Pr,NEt, :
30 min; then -50 °C, 2 h: then . Me
_78 °C, BF4 Et,0, 63, 1 h, 67%, i\ Me 49

Y ca.3:1 dr

TIPS OMe O S
? 65, i-ProNEt, THF, 23 °C,

.
10 min; then 64, imidazole,

S
M 42\/ 23 °C, 16 h, 92%,
e

Me

Br OMe OXCO v Ag,COs, NBS, HFIP,
W/L\ 2ne g
N 0°C,2h, 91%

44

Wipf, P. et al. Org. Lett. 2000, 2, 1165-1168.
Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639.
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N

| SNC!

| ¢ M
| @

: : H3N COZ

66

-20 °C, 30

Y for 2 steps

TIPS OMe O™\
WN

67

-==x

_________________

a) Deoxo-Fluor, CH,ClI,,

min

b) BrCCls, DBU, CH,Cl,,
0to 23 °C, 16 h, 91%

COzMe

11/19/2017



Synthesis of epoxide fragment 76

a) n-BuzSnH, AIBN, n-BusSn
= 80°C,2.5h,49% —
OH b) DMP, NaHCOj, 0
68 CH,Cl,, 23 °C, 1 h, 69 H
86% - om ooy
: O o a) 70, KHMDS, 18-crown-6,
: I |
:F30H2CO_PQK | THF, -78 °C, 0.5 h, 92%
| ! OMe:  |p) DIBAL-H, Et,0, -78 °C,
| FsCH.C™  7¢ | 1h, 92%
n-BusSn o n-BuszSn
__ OH <Ji(Oi-Pr),, (-)-DET, \:\JOH
t—BUOOH, CH20|2, —
@) -20 °C, 16 h, 61%, 71
(+)-72 43% ee
Amano lipase (100% w/w),
vinyl acetate, CH,Cl,, 23 °C,
48 h,
n-BuzSn n-BuzSn
— OH — OAc
n \_\_/,
0) (9)
(+)-72 (71%, >95%ee) (-)-73(25%, >95%ee)

Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639.

22
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Synthesis of epoxide fragment 76 cont’d

n-Bu3Sn n-Bu3Sn
— OH DMP, NaHCOs, — =0
CH,Cl,, 23 °C, 1 h,
) O
81%
(+)-72 (-)-47
C 46, PPh,, i-ProyNEt,
! TBSO OTMS !
| S z ! 90 °C, 16 h; then -78 °C,
' Me | LiHMDS, DMPU, (-)-47,
: Me Me ! THF, 15 min; then 23 °C,
4 ! y! e 76%

——————————————————————————

<245, CuTC, NMP,
23°C, 1h, 74%

OR OTBS  ,-cccmecmmmmeemmen, TMSO  OTBS
74

Sol-Cu-TC

— 75, R=TMS
EtsN-3HF, THF,

|
23°C. 1 h, 76% 45 >

— 76, R=H

Ligand Trans-

substitution metalation TC-SnMej

| Oxidative -
Sol-Cu™| addition Sol-Cu-R
Wipf, P. et al. Org. Biomol. Chem. 2005, 3, 31-35. Reductve
Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639. IN ONE

STEP

Liebeskind, L. S. et al. J. Am. Chem. Soc. 1996, 118, 2748-2749.
Lin, Z. et al. Organometallics. 2010, 29, 3077-3084. R-R R—|

23
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Total synthesis of disorazole A, (1) TS0 OH

AN

Me
OMe
LB OMe O come T12COs, Pd(dppf)Cly
NG N 2 )
N THF:H,O (3:1), 23 °C, N

16 h, 84%,
° MeO O

78, Et;N, DMAP, TCBC,
toluene, 23 °C, 1.5 h,
9% from 75

75, R= Me =
wessnoroce [ 78 5 sl G

a) Me3;SnOH, DCE,
80°C.1.5h Me
b) TCBC, Et3N, toluene,
23 °C, 1 h; then DMAP,
231040 °C, 29 h, 48%
from 80

EtsN-3HF,
THF,
23°C, 1h,
99%

Me
TASF, H0, DME,  pisorazole A (1)
41°C,72h, 17%
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EtsN, DMAP, TCB(L
toluene, 23 °C, 1 h,

82, R=TMS Et;N*3HF, THF,
‘:l 23°C,1h, 91%

JASF, H,0, DMF,
40 to 45 °C, 72 h,

Disorazole B (2)

l IZS = —59 (¢ 0.61, MeOH:CH,Cl, 1:1, v/v)) synthesis by Prof. KCN
l I"; = — 65 (¢ 0.5, MeOH:CH,Cl, 1:1, v/v)) clarification from Dr. Rolf Jansen
=+164.7 (c 0.5, MeOH:CH,ClI, 1:1, v/v)) isolation by Dr.Rolf Jansen
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a) Me3;SnOH, DCE,
80°C,1.5h

b) TCBC, Et3N, toluene,

23 °C, 1 h; then DMAP,

231040 °C, 29 h, 48%

'for 2 steps
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Total synthesis of 6,8,23,25-tetra-epi-disorazole B, (42)

— OAc >

TMSO  OTBS

6,8,23,25-tetra-epi-disorazole B4 (42)

[B 1% = =147 (¢ 0.5, MeOH:CH,CI 1:1, )
Nicolaou, K. C. et al. J. Am. Chem. Soc. 2017, 139, 15636-15639.
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Conclusion

* First total syntheses of disorazoles A, and B,
* Full structural assignment of disorazole B,

* Sharpless epoxidation / enzymatic kinetic resolution

* Series of coupling reactions
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Thank you
Prof. Peter Wipf

Thanks to Prof. Wipf Research Group

28
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