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Bacterial RNA Polymerase (RNAP)

* Multi-drug-resistant bacterial strains present an
emerging problem

« Bacterial RNAP subunit sequences are highly
conserved

* Rifamycins are currently the only approved class
of RNAP inhibitors

Irschik, H.; Augustiniak, H.; Gerth, K.; H6fle, G.; Reichenbach, H.; J. Antibiot., 1995, 48, 787 .

Mukhopadhyay, J.; Das, K.; Ismail, S.; Koppstein, D.; Jang, M.; Hudson, B.; Sarafianos, S.; Tuske, S.; Patel, J.;
Jansen, R.; Irshik, H.; Arnold, E.; Ebright, R. H.; Cell, 2008, 135, 295.
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Meet the Ripostatins

e |solated in 1995 from S. cellulosum

« Display narrow antibiotic activity

— Interacts with RNAP, no cross-resistance with rifampin

Ripostatin A Ripostatin B Ripostatin C

Irschik, H.; Augustiniak, H.; Gerth, K.; Hofle, G.; Reichenbach, H.; J. Antibiot., 1995, 48, 787 .
Winter, P.; Hiller, W.; Christmann, M.; Angew. Chem. Int. Ed., 2012, 51, 3396.
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Previous Work

vinylogous Mukaiyama
aldol reaction

Negishi coupling esterfication

OR OR OR |
Ph\/\(\/v\/\/\)\/\% * Q P
HO OR

OR OR Q OTBS
Ph : " /ﬂ\¢)\
WX — OFt
Kujat, C.; Bock, M.; Kirschning, A.; Synlett, 2006, 3, 419.
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So Close, Yet So Far Away:

Fragment
| Coupling
+ O # >

HO OBn

« Sterically demanding protecting groups

* Double bond isomerization and migration

Kujat, C.; Bock, M.; Kirchning, A.; Synlett, 2006, 3, 419.
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Prusov Retrosynthesis

double Stille
cross-coupling

double
_-- oxidation

anti 1,3-
reduction

|  OTBS
HOLC .~

Paterson aldol

Yamaguchi
esterfication

:/ Ph/\%\/\n/ &/{i/' /\)I\/\
0 G HO A OTBS

Tang, W.; Prusoyv, E. V.; Angew. Chem. Int. Ed., 2012, 51, 3401.
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Key Transformations

[Pd(Ph3P)4]
DMF-CgHg
65%

>

1. DMP
1. Grubbs I 2. Pinnick ox.
CH,Cl,, rt, 48 % 53%
2. PPTS, 3. HF+Py,
MeOH, 40% THF, -25°C
43%

Tang, W.; Prusoyv, E. V.; Angew. Chem. Int. Ed., 2012, 51, 3401.
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Altmann Retrosynthesis

RCM
Stille
.- coupling
CO,H
esterfication
N
PMBO"
N
(@) NO)
:/ :/ PMBO :
0O

Glaus, F.; Altmann, K-H.; Angew. Chem. Int. Ed., 2012, 51, 3405.
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Altmann Key Transformations

2,4,6-trichlorobenzoylchloride,

SnBu
DMAP, NEt, N7
> >
toluene, :;7: ;((3)07 -40 °C, AsPhg, [Pd(dba)s] (15 mol%),
, () Ph DMF, rt, 16 h
OTBS 86%

Grubbs | (12 mol%),
CH.Cly, rt, 3.5 h,

then DMSO, rt, 17 h

(o)
77% Ph

Glaus, F.; Altmann, K-H.; Angew. Chem. Int. Ed., 2012, 51, 3405.
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Altmann Key Transformations

1. HFpy, pyridine
THF,0°C,4 h, 81%

2. DMP, THF, rt, 30 min;
NaC|02, NaH2PO4-H20,
tBuOH, H,0, 2-methyl-2-butene,
rt, 20 min, 81%

5% aqg. HF in CH3;CN,
0°C,3h, 88 %

Glaus, F.; Altmann, K-H.; Angew. Chem. Int. Ed., 2012, 51, 3405.
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Christmann Retrosynthesis

Stille
coupling
OTBS
linchpin OAc
coupling N
| geranyl
acetate

Winter, P.; Hiller, W.; Christmann, M.; Angew. Chem. Int. Ed., 2012, 51, 3396
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Fragment Synthesis

PhMgBr (3 equiv.)

NalO4 (2 equiv.)

0 LioCuCly (4 mol%) 0 THF/H,0 2:1
_~_OAc > _~_Ph
THF,0°C, 2h r, 7.5h
89% 91%

OH

Me3SI (1.2 equiv.)

NaH (1.2 equiv.) > 43%, > 98% ee

O,,

0O Ph Co-catalyst (1 mol%)
Ww >
AcOH (2 mol%),

DMSO/THF (1:1)

0°C,1h H,O (0.55 equiv.), =
75% 17.5h, rt
48%, > 98% ee
—N N=
:Co( = Co-catalyst
Bu O O Bu
Bu Bu

Winter, P.; Hiller, W.; Christmann, M.; Angew. Chem. Int. Ed., 2012, 51, 3396.
Gansauer, A.; Justicia, J.; Rosales, A.; Rinker, B.; Synlett, 2005, 12, 1954.
Persson, E.S.M.; Backvall, J-E.; Acta Chemica Scand., 1995, 49, 899.
Smith, A. B.; Kim, D-S.; Org. Lett., 2004, 6, 1493.
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(Supporting Info.)

1. PivCl, pyr., CH,Cl,

2. MsCl, EtsN, DMAP, CH,Cl,
3. K2C03, MeOH

73 % overall
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Fragment Synthesis

NalO,4 (3 equiv.)

o o ZMgBr (1.4 equiv.) o) THF/H,0 2:1 |
\W > \I)\/\lé\/\ > Z X
Cul (12 mol%) rt, 2 h
THF/DMS (10 :1), 77%
-30 °C, 2 h
88%

15-TFA (20 mol%)

NCS (1.2 equiv,) XAN\F NaOH
CHaCN, 0 °C, 2 h; cl OH D 66%, 92% ee
0
NaBH, not isolated

Winter, P.; Hiller, W.; Christmann, M.; Angew. Chem. Int. Ed., 2012, 51, 3396.
Persson, E.S.M.; Backvall, J-E.; Acta Chemica Scand., 1995, 49, 899.
Winter, P.; Swatschek, J.; Willot, M.; Radtke, L.; Olbrisch, T.; Schéafer, A.; Christmann, M.; Chem. Commun, 2011, 47,

12200.
Winter, P.; Vaxelaire, C.; Heinz, C.; Christmann, M.; Chem. Commun., 2011, 47, 394.
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"Linchpin® Coupling: Take |

TBS nBulLi (1.3 equiv.), THF,

1,4-Brook

s7s S ~

' 4
O, TBS
K/l V\/Y\/Ph

THF, -78 °C — -60 °C, 1 h

O
W Hom OTBS
> S S 3

Ph
.78°C —rt, 16 h WWY\/

19-28%

Winter, P.; Hiller, W.; Christmann, M.; Angew. Chem. Int. Ed., 2012, 51, 3396.

Smith, A.B.; Xian, M.; J. Am. Chem. Soc., 2006, 7128, 66.
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)\ rt, 20 min; (\S C:)Li rearrangement
A Ph

THF/DMPU 4:1

SLi

/- d.r.~1:1

MH

OH

up to 55%

(\s OTBS
> W

Ph
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“Linchpin” Coupling: Take |l

1. nBuLi (1.3 equiv.),

THF, rt, 20 min
2. W 1. NBS (2.0 equiv.), AgCIO, (2.2 equiv.),
TBS 2,6-lutidine (6.0 equiv.),
Et,0, -50 °C, 1 h m™s0" acetone/H,0 9:1, (0.01 M), 15 s
S S > >

2. EtCHO (4.0 equiv.), Sml, (30 mol%),
THF, -20 °C, 50 min

THF/DME 12:1,
-70 °C — -30 °C,
1h,0°C,1h,
63%

O | (1.5 equiv.)

oA~ oras

2,4,6-trichlorobenzoyl chloride
(2.0 equiv., 0.1 M in PhMe)
33 4-dihydro-2H-pyrido[1,2-a]
pyrimidin-2-one
(3.0 equiv.), DMAP (1.0 equiv.),
0°C—rt,7h
78%

>

Winter, P.; Hiller, W.; Christmann, M.; Angew. Chem. Int. Ed., 2012, 51, 3396.
Smith, A.B.; Xian, M.; J. Am. Chem. Soc., 2006, 128, 66.
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End Game Synthesis

~-SNBUz (2.5 equiv.)

»
[Pd(dba)s]*CHCl3, (7.5 mol%)
oTBs  PhsAs (15 mol%), DMF, rt, 1.5 h
93%

Grela catalyst (20 mol%), (CH,Cl),,
tetrafluoro-1,4-benzoquinone (0.4 equiv.),
60 °C, 3 h, Ar stream;

[\
MesN NMes

o, Y
Ru=
cl¥ |
_<) NO,
Winter, P.; Hiller, W.; Christmann, M.; Angew. Chem. Int. Ed., 2012, 51, 3396.
Galan, B. R.; Kalbarczyk, K. P.; Szczepankiewicz, S.; Keister, J. B.; Diver, S. T.; Org. Lett., 2007, 9, 1203.

Hong, S. H.; Sanders, D. P.; Lee, C. W.; Grubss, R. H.; J. Am. Chem. Soc., 2005, 127, 17160.
Michrowska, A.; Bujok, R.; Harutyunyna, S.; Sashuk, V.; Dolgonos, G.; Grela, K.; J. Am. Chem. Soc, 2004, 126, 9318..

NC-CH,CO5K (2 equiv.),
MeOH, 2 h, rt
64%
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End Game Synthesis

1. Jones reagent (4 equiv.)
acetone, 1 h, 0 °C, 70-85%
2. HFepy, THF, rt, 76%

>
OTBS 3. LIEt3BH (4 equiv.), THF, 30 min,
-40 °C, 42 % (68% brsm)

* 14 steps (longest linear sequence) from geranyl
acetate

* 4% overall yield

Winter, P.; Hiller, W.; Christmann, M.; Angew. Chem. Int. Ed., 2012, 51, 3396.
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Conclusions

One-pot “linchpin” epoxide coupling

Assembly of sensitive 14-membered
macrolactone

14 steps, 4% overall yield
— Prusov: 18 steps, 0.22 % overall yield
— Altmann: 21 steps, 3.6 % overall yield

New opportunities for SAR studies

Brandon Parks @ Wipf Group Page 18 of 18 10/12/2014





