Synthesis of Streptolydigin, a
Potent Bacterial RNA Polymerase
Inhibitor

Pronin, S. V.; Kozmin, S. A
J. Am. Chem. Soc. 2010, 132, 14394-14396

Sarang Kulkarni
Current Literature Presentation
October 23, 2010

Sarang Kulkarni @ Wipf Group Page 1 of 11 12/28/2011



Streptolydigin

Tirandalydigin Tirandamycin A

Streptolydigin

« Highly potent, broad-spectrum antibiotic produced by Streptomyces lydicus
» Isolated by DeBoer and co-workers in 1956

« Potent inhibitor of bacterial RNA polymerase

« Structure determined by Rinehart and co-workers

DeBoer, C.; Dietz, A.; Silver, W. S.; Savage, G. M. Antibiotics Ann. 1956, 886-892
Eble, T. E.; Large, C. M.; DeVries, W. H.; Crum, G. F.; Shell, J. W. Antibiotics Ann. 1956, 893-896
Lewis, C.; Wilkins, J. R.; Schwartz, D. F.; Nikitas, C. T. Antibiotics Ann., 1956, 897-902
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Streptolydigin binding with bacterial RNA polymerase
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Temiakov, D.; Zenkin, N.; Vassylyeva, M. N.; Perederina, A.; Tahirov, T. H.; Kashkina, E.; Zorov, S.; Nikiforov, V;
Igarashi, N.; Matsugaki, N.; Wataksuki, S.; Severinov, K.; Vassylyev, D. G. Mol. Cell. 2005, 19, 655-666
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Synthesis of Tirandalydigin via Ring Expansion

1. Swern Oxidation

BnO__~__~ oy 2. (Et0),P(O)CH,COOEt, NaH OTES 1. m-CPBA OTES
- - NG CO,Et
3. MesAl, D,0 B”OW\/\OH 2. PDC, then BnO Ny
4. TESCI, imid. Me PhP=C(CH)3CO,Et Me Me
5. DIBAL-H

70%, Steps
75%, 5 Steps

1 TBAE. THF OH OH 1. TBSOTH, 2,6-lutidine TBSO OTBS 1. Dess-Martin Periodinane
' ’ - co,Et 2.DIBAL-H 2. TBSCN, Znl,
> MoAL DO BnO ~ — > HO Xy ~0TBS -
- MegAl, Ua Me Me Me 3.TBSCI, imid Me Me Me 3. MelLi
90%, 2 Steps 4.1DBB
88%, 4 Steps
,TBS 0
TBSO (@) OTBS 1. aq. HF, 85%, 4Steps
M : 2. PivCl, Py N 1. KHMDS, TESCI
© N Notes = - Meg mMe -
@) Me Me Me 3. Dess-Martin periodinane x_Me 2. Et,Zn, CHyl,
93%, 2 Steps 94%, 2 Steps
OPiv
OTES H,C
H H 1. (n-Bu)3SnCH2Li
Me—707~JuMe  FeCls, Py,DMF then MeLi Me
0] > -
X _Me 94% 2. Ag. HF
3. MnO,
OPiv 4. (Et0),P(O)CH,COE
- - 88%, 4Steps 1e) OEt

Iwata, Y.; Maekawara, N.; Tanino, K.; Miyashita, M. Angew. Chem. Int. Ed. 2005, 44, 1532
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Synthesis of Tirandalydigin via Ring Expansion

«Me 1. BuyNBr3, 2,6-lutidine 1. K,CO3, MeOH

|
\J

x_Me 2. CsOAc, DMF

67%, 2 Steps

2. NaH, THF
3. aq. NaOH, MeOH

Streptolic acid

N_ _CO,Et
DMB~ 72

1. SOCly, 2,6-lutidine CF3CO,Ag, 95%

2. NaH,
O O

tBuSMOTMS

79%, 2 Steps

TBAF, 89% -First synthesis of N-DMB protected tirandalydigin

-37 steps, 9.8% overall yield

(94% average yield per step)
-Removal of DMB protecting group
was difficult

DMB-protected tirandalydigin

Iwata, Y.; Maekawara, N.; Tanino, K.; Miyashita, M. Angew. Chem. Int. Ed. 2005, 44, 1532
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Retrosynthesis

N-Acylation
\ JOH
!

'N\\\“ 0 “Me

Olefination \HO
D «Me
Me NHMe
Dieckmann Cyclization
OTES

H
1
U "“‘Me
Q)
Me
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Synthesis of Acid 8 and Alcohol 9

Me

Me
_ MecHo 1. NBS, Me,S P 1. AD-mix BEMeSO,NH,
HO > HO >
OBn  DABCO

2. Na,HPO,, NaH,PO, 2. Me,C(OMe),, PPTS

0 : ’
97% 0~ ~OBn DMPU, H,0, 100 O~ OBn ’ ’

12 13 14

>< 1. Tf,0, Py, DBU ><O |
2. KOH, MeOH O
60%, 4 Steps 0“ “OH
8
O OBn
o 17 OH O OBn
Me Me N 1. Sml,, MeCHO
H > > >
| TiCly, Ti(O-iPr), | Me Me
Me ) Me
16 i-ProNEt 19
— O ]
Me)J\O O OBn B o F1200:. MeOH gt o oBn
| — R§T—|\.ﬁ/CH3 2 - |
5 78%, 3 steps Me Me
O.. .0 '
Me Me Me Sm Me
— 20 21 - ’

Solsona, J. G.; Nebot, J.; Romea, P.; Urpi, F. J. Org. Chem. 2005, 70, 6533-6536.
Evans, D. A.; Hoveyda, A. M. J. Am. Chem. Soc. 1990, 112, 6447-6449

Sarang Kulkarni @ Wipf Group Page 7 of 11 12/28/2011



Synthesis of bicyclic acetal

° ’ ) ?H " DEC, DMAR >< f 1.4 N HCI, THF Tiso
><O ’ J/'\A/\A) — HO “
0~ "OH Ve | Me Me 58% 2. 'II:')Il\Ijl’igl imid o7 o Y
8 9 57%, 2 Steps 2
TIPSO

Hoveyda-Grubbs HO
10 mol%, PhCHg o)

80% Me Me 2 MeLi, THF

i-PrMgCl, THF

1. LDBB, THF, 99%
2. Dess-Martin TIPgO 0] 1. DIBAL-H
OBn _ Periodinane, 85% _ H OEt 2. TIPSCI, imid, DMAP

CO,Et ;
PhMe, 77% H 63%, 3 Steps

25 26 27

Me 3. LiAlH,, THF

1. Tf,0O, Py, DBU
2. TBAF, THF

3. Dess-Martin
Periodinane
78% 3 Steps

Garber, S. V.; Kingsbury, J. S.; Gary, B. L.; Hoveyda, A. H. J. Am. Chem. Soc. 2000, /22, 8168-8179
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1. Benzyl 2,2,2

Synthesis of subunits 6, 7 and 3

n

Lj
L B

1. PivCl, NEt;, 0= j/
0

Y

o) . .
-trichloroacetamidate
1. NBS, PPh, OH
Ho/\é)J\OMe TfoH - BnO~ > OH - B0 Y
Me 2. LiAIH, = 2. Mg, (CH2Br), Me O 2. KHMDS, TrisNg
' ’ CO,
29 30 77% from benzyl 3 62% over 2 Steps
ether
on NHB HN,  Me
,:l3 v/\o 1. MeNH,, THF S Oﬁ 1. TEMPO, Phl(OAc), IL
= N > < N\ >
B0 Y Y {2 h, PaC.Boco . HOT Y Y Me 2 TFA, then basicalumina 07 N7 O
Me O O 7% 2 Steps Me O 80% 2 Steps Mo
32 33 6
O .
1. DIBAL-H OH 1. TESCI, Imid, OH 1. Hy, PdIC OTES
Me . DMAP, 100% '
OEt ~Me X 2. BH; SMe, Me OH >
2. / ok 2. TEMPO, Phl(OAc),
OBn (t-Bu)ssn” OBn NaOH/H,0,, 81% OBn 3 DIBALH HO” ~0” “Me
MgBr, OEt, 72%, 3 Steps
34 11 35 7
o) O O O
1. Br,, CClI 0 O (CoH50),(0)PNa
- : = Br\)J\)J\ = EtojBM
o tBuSH EtO tBuSH
2. tBuSH
36 37 3
Evans, D. A.; Britton, T. C. J. Am. Chem. Soc. 1987, 109, 6881-6883
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Ley, S. V.; Woodward, P. R. Tet. Lett. 1987, 28, 345-346
12/28/2011

Page 9 of 11



Synthesis of Streptolydigin

OTES
~OTES (OTES
1, , 7 Me O
H,N Me HO” S0~ "Me
n MeOH o "© t-BuOK o~ "Me
> O N \\Me —_—
(@] N (0] 0 (o) 0 O\ ﬁ N THF
\ EtO-}} EtO~p
Me , (@]
- MtBuSH EtO o N NHMe
3 Me L —

~OH

“"Me

NHMe

Ley, S. V.; Smith, S. C.; Woodward, P. R. Tetrahedron, 1992, 48, 1145-1174
Boeckman, R. K., Jr.; Potenza, J. C.; Enholm, E. J. J. Org. Chem. 1987, 52, 469-472
Cartwright, D.; Lee, V. J.; Rinehart, K. L., Jr. J. Am. Chem. Soc. 1978, 100, 4237-4239
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Conclusions

« Total synthesis of Streptolydigin has been achieved in 24 steps (longest
linear squence)

* Synthesis features a three step one-pot procedure involving Dieckmann

cyclization with imide ring opening, Horner-Wadsworth-Emmons olefination
and desilylation

» Further synthesis of simpler synthetic antibiotics can be achieved using this
route
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