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Disorazoles

&
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:5_) « Disorazoles are a relative new class of microtubule disrupting
é cytotoxic macrodiolides

;é « They are isolated in 1994 from the fermentation broth of the
g myxobacterium Sorangium cellulosum So ce12

)

= - Disorazole A1 was identified as the major component between
o the 28 disorazoles isolated

e Minor members could be artifacts derived from side reactions
during the isolation processes
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Disorazole A4 (R = Me) Disorazole C; Disorazole F4 (R = Me)
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£ Disorazole C1

=

Q

:5_) « Disorazole C1 promotes depolymerization of the microtubules
é binding to or near the vinca domain, resulting in cell cycle arrest
2 at the G2/M checkpoint and apoptotic cell death cascade

g « Disorazole C1 is an effective cytotoxic agent with IC,, values
8 < 10 nM in various human cancer cell lines

g * The absence of the epoxide in the disorazole C1 reduced its

cytotoxicity by 50—100 fold compare to disorazole A1

« It has a C2-symmetry
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Disorazole A; (R = Me) Disorazole C; Disorazole F; (R = Me)
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: Disorazole C1 SAR
:‘2 « Truncations or alterations of the backbone reduce the activity
5
g cyclic structure required
§ Allylic alcohol
required

alkyne analog is

=
-

' 1000 less active
OH O

5 = ,

—

= A
e o )

B @ linear esters
a® are inactive
RS

B A\

=

g cyclopropane isostere MeO O

g IS Inactive unstable if lacking the
methoxy group

C. D. Hopkins, P. Wipf Natural Product Reports 2009, 26, 585
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Meyer’s 15t approach
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"go 0 oTBOMS OH OTBDMS SEMO
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M. C. Hillier, D. H. Park, A. T. Price, R. Ng, A. I. Meyers, Tetrahedron Lett., 2000, 41, 2821—2824
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g Meyer’s 25t approach
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M. C. Hillier, A. T. Price and A. 1. Meyers, J. Org. Chem., 2001, 66, 6037—6045
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Hoffmann’s 15t approach

(e} OMe

M Sonogashira
O OTBDMS cross-coupling SE
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Xy Oy ©0 OH reduction
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Disorazole C;

« The position of the alkyne was chosen to increase the strain of the
15-membered cycle in order to suppress the intramacrocyclization

I Q
OMe _
A \ 2.5 : 1 E/Z mixture (not separable)
B poor overall yield
MeO O
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Hoffmann’s 2"¢ approac
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=
Q
"5 Sonogashira SEM\o OTBDMS
) cross-coupling B
= e d S
£
MeO | |
5 - 0
= X @)
MeO o N N
1\
8 MeO 0
Disorazole C;
o
i
= OTEOMS - oo O OH OPMB O OTBDMS
= FO7N | BH3 THF, DCM |
2 t > MeO >, OPMB ~— oy
4:: Ts-Val-OH, -78 °C, 96%
Ay
—
@) SEM(__) OTBDMS I-PhgP+CH,l, NaHMDS SEM(__) OTBDMS SEM(__) OH B
> X o > X X T AN
+— HMPA, THF, -78 °C, 82% o
-a | 78/0
= l PACl,(PPhg),, Cul,
¢ >
e . EtzN, DMF 89%
q Ohira-Bestmann
D COzMe COzMe COQMe
OMe N/\g OMe N N\ n-BuSnH, Pd(PPhg), OMe N \
: | i | ’ ’ H /
HO
Ao 5% S Ao THF, then I, 88% Ao
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Hoffmann’s approac
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8‘ SEMO  OH COMe SEMO  OH CO:H

C : OMe N’\g LiOH : OMe N’\g

-E e N : ] 5 > X N : ! o

g S S

A

E 1) TESOTf

- ¢ o)LioH 8%

a CO,H Shiina (dipyridyl-2-thiocarbonate)

SEMO  OTES
N : QMe '\Il A\ Yamaguchi (2,4,6-trichlorobenzoyl chloride)

9 S // N O Mukayama (2-chloro-1-methylpyridinium iodide)
- A, TEA, toluene, DMAP

an 2,4,6-trichlorobenzoyl chloride 69%

—

= OMe
) :

wn _ AN

15 Z - 7
o pu— ‘_— X
A SEMO O O °N
= O%—\ i 1) TBAF O:g_\ \—S:o

— (0] 2) Ba(OH) - Wipf-Graham

— N5 0 OSEM _~ " "_ NGO © osem 7T -
= N _ : _ 3) Yamaguchi — . _—

% Z Z

a-‘) ~—7 27% TR
?—1 OMe OMe

g [
=) Almost a formal synthesis

(different PGs)

Barbara Niess, Ingo V. Hartung, Lars O. HaustedtH. Martin R. Hoffmann EurJOC, 2006, 1132-1143
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: Hoffmann’s (unsuccessful)
S approach
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Barbara Niess, Ingo V. Hartung, Lars O. HaustedtH. Martin R. Hoffmann EurJOC, 2006, 1132-1143
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Disorazole C,

o)
|
TIPSO/\)

OMe
89% HOQC&\OY\)\/\ '

0] OH
RN
70%

55%

OMe

TIPSO/\/\\\

64%

X

OH O O

41%

TIPS

Wipf’s synthesis

Sonogashira
cross-coupling

P. Wipf, T. H. Graham, J. Am. Chem. Soc. 2004, 126, 15346-15347
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Wipf’s synthesis

(0] OMe
MeOZC/[N /)\/'\/\ PMBO  OH

+

OMe
N =
HO,C ~<\’7)/\/K/\ I

PdClI,(PPhg),

Department of Chemistry

—_—
PMBO  OH Cul, CHsCN DCC, DMAP, CH,Cl,
s e N 94%

o)
\/N\>\CO2Me 80%

[y
N

OPMB

=

an
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=
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wn

t PMBO  OH

e Il 1) LiOH -

@) > 2) Yamaguchi

>\. Pdclz(PPh3)2

= Cul, CH;CN 78%

g 94% OMe
= |

. v— o ) DDQ
5 35% over 2 steps l 2) Hy, Lindlar

Disorazole C,

20 steps, 1.5% for the longest sequence
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intermolecular / ZZN
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13 Disorazole C;
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CH,Cl,, 10 °C, 3 h
98%, 91:9 dr

/\/><CHO
?

aHo
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\ | intramolecular I

N =~ / cross-coupling

Current work

BN g Y
. RO
=
— h/'/\z\
MeO 0]

—
. e O
esterification (pin)B” ™ OH
7
2x ’\,l \
MeO (@)
Cross-Metathesis
1) 1.5 eq TMSCI
H 0 °C, 3h, 92% E
X X > X AN
2) 3 eq vinyl-B(pin), MoL,, )
CgHg, 100 torr, rt, 20 h B(pin)
72%,>98:2 Z.E 2eqly
aq NaOH, THF,
rt, 10 h
CF;
N
Z NMo o _Lewph TBSO  OTMS
\ p— MOLn \ H
O Br AN

O‘O |

TBSO '
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Current work

TFFH, iProNEt, H
o 1 oy proin on oue TN 2% ow
1Bu0,C 20 7P HO,C '
uO, \/'\/ > 2 \/k/ > MeOzC/\N =
2) HCO,H, rt, 25 h, 79% Ser-OMe-HCI H

1) 5 mol % H.-G. 2nd gen.

5eq NBr
1) DAST, CH,Cly, -78°C, 3 h toluene. 70°C. 18 h
K5COj 45 min N>, ’

yQ  QMe 81%, 95:5 E:2 /=0  OMe
> MeO C/C i MeO,C /)\)\/\/
2) BrCCls, DBU, CH,Cly, 2 N)\/'\/ > S P

0 °C, 16 h, 58% (over 2 steps) 2) g)1B°/L:£|95§05Aé_:Zrt 7h
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Current work

N X 1) 10 mol % Pd(PPhy),,

| 1.1 eq. Ag,0, THF, rt, 16 h (69%) various conditions

B > X o=
2) BaOH, H,O/THF, 1t, 1.5 h, OMe
j @] OMe B(pin) then KHSO, (conv. > 98%) 0
MeO,C - P
N unstable \ Y/

Raffalele Colombo @ Wipf Group Page 15 of 27

< 2% ester/dimer

12/6/2014



Current work

; 1) BaOH, H,O/THF, rt, 1.5 h
M B ’ 2 s Il ’
[O PMe (pin) then NHSO,
Meo2C N/)\/kN

>
2) DCC, DMAP, DMAP-HCI, CDCl; o
r, 7 days (30% over 2 steps) /N OMe B(pin)
W
TBSO  OH o NS
X S

Department of Chemistry

16
1) BaOH, H,O/THF, rt, 1.5 h,
/ 0 OMe then NHSO4
MeO,C /)M >
N 2) DCC, DMAP, DMAP-HCI, CDCl3 OM
rt,18h  (83% over 2 steps) 7 E\)\i\/
/ _ .

TBSO  OH o Cross-Metathesis
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CgHg, 100 torr, rt, 4 h

Q 910/0, 98:2 Z.E
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5 mol % Pd[(o-tol)3P],,
1.0 eq CsCOg,

Current work

oTBS

OMe B(pin)

N
W

MeOH (4 mM), rt, 12h

r

60% 2%

120 eq H,SiFg (aq)
MeOH, 4 °C, 72 h

68%

N
A
Disorazole C;, MeO o

12 steps, 8% for the longest sequence
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Thanks!

Prof. Wipf

Department of Chemistry

[y
=)

il o=
>
)

)
wn

£

-

—
(@)

£
w
3

=
S
)

Eli Lilly — LIFA (Lilly innovation fellowship award)
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Meyer’s 15t approach

Department of Chemistry

N OMe
]\ o efah Zi\ : OH i.j
> O)\/\/ -

19 20

MeO,C, MeOZC
OMe |

/ N QMe K N
\ ~F - / W
(0] | (e)
21 o 16

Scheme 1 Meyers’ oxazole segment synthesis. Reagents and conditions:
(a) 2N LiOH, THF; (b) D,L-Ser-OMe, 1,1’-CDI, THF, 67% (over 2
steps); (c) DAST, CH,Cl,, —78 °C; (d) DBU, BrCCls, 0 °C to rt, 79%
(over 2 steps); (e) Dowex-H*, MeOH; (f) TIPSOTT, 2,6-lutidine, CH,Cl,
(0.05M), —78 °C, 74% (over 2 steps); (g) Mel, Ag,O, CH;CN, A; (h)
TBAF, THF, 75% (over 2 steps); (i) SO5-Pyr, DMSO, Et;N, CH,Cly; (j)
Ph;P=CH,CHO, benzene, A, 62% (over 2 steps); (k) ["Ph;P*CHoI,
NaHMDS, HMPA, THF, —-78 °C, 71%.
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Meyer’s 15t approach

OH OTBDMS SEMO (0] SEMO
b,c de
i b
AN OEt X H ~N X OH
Me Me Me Me Me Me
23 24 25
PMP
SEMO (0] i SEMO OPMB " SEMO OH
AN N ~o N N
Me Me Me Me Me Me i
27 28 29

Scheme2 Meyers’ 1* generation synthesis of the southern fragment of disorazole C,. Reagents and conditions: (a) BH;-THF, N-Ts-L-Val, CH,Cl,, —78
°C, 73%; (b) SEMCI, Hiinig’s base, CH,Cl,, —78 °C; (¢) 80% AcOH, 79% (over 2 steps); (d) (EtO),P(O)CH,CO,Et, NaH, toluene/THF, 95%; (e)
DIBAL-H, CH,Cl,, —78 °C, 76%; (f) D-(—)-DIPT, -BuOOH, Ti(Oi-Pr),, CH,Cl,, —30 °C, 95%; (g) Red-Al, THF, —20 °C; (h) p-methoxybenzylidene
dimethyl acetal, PPTS, CH,Cl,, 83% (over 2 steps); (i) DIBAL-H, CH,Cl,, —78 °C, 92%; (j) Dess—Martin periodinane, pyridine, --BuOH, CH,Cl,, 83%;
(k) I"PhsP*CH,I, NaHMDS, HMPA, THF, —78 °C, 67%; (I) DDQ, CH,Cl,, H,O, 79%; (m) PdCl,(PPhs),, (Me;Sn),, Li,CO5;, THF, 74%; (n)
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Hoffmann’ s 15t approach

Department of Chemistry

AE 135.6
465.8 kJ/mol kJ/mol

o)
AE 254.3
kJ/mol OH O
N 1;3 14
Me Me
46  330.2 kJ/mol 47 245.0 kJ/mol

) University of Pittsburgh

N0
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Wipf’s synthesis

Me Me
Me. Me
Q QH a,b,c OH O><O d,e OH OXO
o@('v\ — LA T AN
Me Me =
Me Me Me Me Me
5 (92% ee) 7 8 (a-OH), 41%
9 (B-OH), 44%
PMB H
f,g,h 2 9 Y PMBQ  OH m
8 Me™ X OH Me™ X Xy — 3
Me Me Me Me
10 (2)-11, 55% w

(B)-11, 7% TIPS

@ (a) O3/0,, Sudan III, MeOH, CH,Cl,, —78 °C then NaBH,4, —78 °C to
rt, 88%:; (b) 2,2-dimethoxypropane, PPTS, THF, O °C to rt, 36 h, 97%); (c)
1 M LiOH, THF, MeOH, 0 °C to rt, 20 h, 82%; (d) oxalyl chloride, DMSO,
Et;:N, —78 °C; (e) propyne, n-BuLi, THF, —78 °C to 0 °C, 1.5 h; () Red-
Al, THF (degassed), 70—75 °C, 25 h, 83%; (g) PMB-Br, E;;N, KHMDS,
THF, —78 °C, 1 h then rt, 2 h; (h) AcOH, THF, H,O (4:1:1), 60 °C, 12 h,
84% (2 steps); (1) TES-OTT, 2,6-Lutidine, CH,Cl,, 0 °C, 30 min; (j) oxalyl
choride, DMSO, Et;:N, CH,Cl,, 75% (2 steps); (k) 1,3-bis(TIPS)propyne,
n-BuLi, THF, —78 °C, 30 min; (1) chloroacetic acid, MeOH/CH,Cl,, rt, 14
h; (m) TBAF, THF, 0 °C to rt, 14 h, 94%.
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E’ Wipf hesi
7 1pI’s synthesis
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2 oN 2P cHO _©. 1§ f
5 HO™ TIPSO RO/\)\ —
= 12 13 TMS
g <6,R:TIPS,R':H
T 14,R=H, R'=Bz (92% ee)
«
e,
] MeO,C
. . e 2
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15 16 17, R = Br; 37%
< 18, R=H; 31%
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HO,C
| - z/—w OMe
17 4 19 O)\)\/\

@ (a) TIPS-CI, imid, DMF, rt, 16 h; (b) DiBAI-H, CH,Cl,, —10 °C, 50
min, 78% (2 steps); (c) TMS-acetylene, Et,Zn, toluene, reflux, 1 h, then
(5)-Binol, Ti(Oi-Pr)4, then 13, 1t, 20 h, 66%; (d) benzoyl chloride, DMAP,
pyridine, tt, 4 h, 100%; (e) HF/H,O, CH3CN, 1t, 12 h, 93%:; (f) Dimethyl
sulfate, n-BusNHSO,4, NaOH, toluene/H,0, 0 °C to rt, 3.5 h, 95%; (g) HF,
CH;CN, rt, 24 h then NaOCl, NaClO,, TEMPO, CH3;CN, phosphate buffer
(pH 6.7),45 °C, 18 h, 99%; (h) SerOMe-HCI, EDC, HOBT, NMM, CH,Cl,,
0 °C tort, 16 h, 55%; (1) DAST, CH,Cl,, —78 °C, 1 h then K,CO3, —78
°C to rt, 40 min; (j) DBU, BrCCls, CH,Cl,, 0 °C to 4 °C, 20 h; (k) NBS,
AgNOs, acetone, 1t, 1 h, 54%; (1) n-BusSnH, PdCl,(PPh3),, THF, —78 °C
tort, 3 h, then I,, 0 °C, 45 min, 92%; (m) LiOH, H,O, THF, rt, 12 h, 97%.
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10
11

12
13

14

Pd(PPhg), C[”Ad)z (o-tolgP)5Pd S AN
Fe PdCl,
* @) ¢ —_—
B D
solvent; complex (mol %);? conv (%)? 16:19:0ligomers? yield (%)¢
base concentration

thf; Ag,0O A (20); 0.014 >95 complex mix. na

thf; Ag,O A+B (20); 0.014 >95 14.5:9.5:76 9

thf; KOt-Bu A+B (20); 0.014 >95 complex mix. na

thf; Ag,0O C (20); 0.009 10 na nd

thf; KOt-Bu C (20); 0.009 >95 13:7:80 nd

thf; KOt-Bu C (100); 0.001 >95 11:42:47 nd
CD3;0D; KOt-Bu C (20); 0.007 >95 27:0:73 nd
CD30D; Cs,COg4 C (5); 0.007 >95 31:0:69 nd
CD30D; KOt-Bu D (5); 0.007 >95 50:0:50 31
CD30D; Cs,COg4 D (5); 0.007 >05 complex mix. na
CD30D; KOt-Bu D (5); 0.002 30 nd nd
CD30D; KOt-Bu C (5); 0.002 >95 75:0:25 43
CD30OH; Cs,COg4 C (5); 0.002 >95 80:0:20 54
CD30H; Cs,COg4 C (5); 0.004 >95 66:0:34 60
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—\ =\ P(Ad), P(Ad),
ArN _NAr ArN _NAr CE C[
N /\ N /\
Pd Pd o o
cl” \) cl” l Sal K/ k/
N Ph
Z | Cl
7N _)
Ar = 2,6-(1-Pr),CeHs e g(_Pd\ Cl,"d Pddba,
Ph
20 mol % complex, KOt-Bu, 20 mol % complex, KOt-Bu,
thf,22°C,12 h thf, 22 °C, 12 h
<2% conv <10% conv
i,
zl‘—Bu {—Bu
Q Me,N O—P —Pd—P ONMeZ
}-Bu l—Bu

5 mol %, Cs,CO3 CD30D, 22 °C,12 h
>95% conv, ~20 % alkene isomerization

Me MsO
t-Bu,
pe—-Pd
Fe
N

C¥z2 HN ]

5 mol %, Cs,CO3 CD;0D, 22°C, 12 h
>95% conv, complex mix.
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e

"i (pin)B . G 5.0 mol % Mo complex 2a _ (pin)B G

£ \— /) \—/

é’ 11 ambient pressure, CgHg, 22 °C, 24 h 13b-i

QY

S

‘g (pin)B o CgH17 (pin)B - CgH1,OPMB (pin)B . Cy

< 13b 13c 13d

% 91% conv, 68% yield, 95% conv, 92% yield, 78% conv, 51% yield,
=) 90:10 ZE 973 ZE 93.7 ZE

0
(pin)B, OTBS (pin)B N | CgH13

e S \—/ (pin)B \_/=/

o O —
= 13e 13f 13g

g 94% conv, 70% yield, 87% conv, 71% yield, 91% conv, 72% yield,
'Q‘: 96:4 ZE 93.7 ZE 93:7 ZE
=

B (pin)B OnBu (pin)B\_/—B(pin)

- 13h 13i
= 98% conv, 80% yield, 91% conv, 60% yield,
5 93:7 Z-E 97:3 Z.E

i)

4’6
X
3
B
b2
%
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g

i

=

£

@) (pin)B Ph 3.0 mol % Mo complex 1a (pin)B Ph

qs \— + =/ > Nt

= » 100 torr, CgHg, 22 °C, 4.0 h 14a

2 87% conv, 66% yield,
E 95:5 Z.E

8" OMe CF3
=)

OMe
(pin)B (pin)B (pin)B
14b 14c 14d

—51) 71% conv, 69% yield, 75% conv, 69% yield, 97% conv, 93% yield,
; 9556 ZE 93.7ZE 955 ZE
)

Z MeQ  OMe HO MeQ OMe
oy
8: OMe __ 20mol % Pd(PPhs)s,  _ ieo Q Q OMe
i (pim& 2.0 equiv Cs,CO3, 10:1 thf:H,0, .
%’ 14e 30 Z%T;Oa%l ZT:I'de' combretastatin A-4
q‘_") 80% conv, 73% vyield, ' >98% conv, 74% yield,
E 96:4 Z:E (96:4 Z:E)

4’6
A
5
b=
52
57
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