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Isolation & Activity

* 1996 by Funahashi et al. from Streptomyces violaceoruber
* Absolute Stereochem determined by X-ray in 2000 by Zeeck et al.
* Potent antibacterial (Gram £, MRSA) and cytotoxic activity

Table 3 Cytotoxic activity of 1 and 2 (in ymol 1 )

HMO2*¢ HEP G2* MCF7¢
Compound Gl,* TGI® G, TGI GL; TGI
1 <0.1 0.2 <0.1 0.2 <0.1 0.5
2 0.1 0.4 0.8 48 0.2 0.6
Doxorubicin <0.1 0.1 0.3 1.0 <0.1 0.2
Cisplatin 0.2 125 0.5 5.0 0.1 10

“ Stomach adenocarcinoma. * Hepatocellular carcinoma. ¢ Breast adenocarcinoma. ¢ 50% growth inhibition. ¢ Total growth inhibition.

Y. Funahashi, N. Kawamura, T. Ishimaru, JP Patent, 08231551A2960910, 1996 [Chem. Abstr. 1997, 126, 6553]
H. B. Bode, A. Zeeck, J. Chem. Soc. Perkin Trans. 1 2000, 323; H. B. Bode, A. Zeeck, J. Chem. Soc. Perkin Trans. 1 2000, 2665
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15t Enantioselective Synthesis: Lee

1. aldolation
O O O 2. reduction
O 1. Corey-Fuchs .z 3. aux. removal/
", H 2. methylation N~ O lactonization
3. deprotection = + : )_/ 4. hydrostannylation >~
OTBDPS 4. oxidation =0 Bni 5. iodination
CHO 1. protection _ BnO
2. reduction Br—, o 1. Wittig
OH 3. phosphonium Ph3P 5 2. hydrogenation A, PdCl,(dppf),
formation _ o 3. iodination _ 3 M ag. K3PO,
HO 4. esttﬁrgication 4. lithiation/ " Et,O-THF-DMF, -
wi transmetalation 86% HO _
OMe TBSO :
J\A B OMe OMe TBSO
BnO :
n CO,H OMe

1. reduction/
acylation

1. deprotection
2. deprotection

2. reprotection

Y

» Kendomycin
3. IBX
4. aq. HF

OMe

Yuan, Y.; Men, H.; Lee, C. J. Am. Chem. Soc. 2004, 126, 14720— 14721.
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Smith’s approach

1. i-PrOTMS,
S TMSOTH,
CH,Cl,,
OMe  -78°C (77%)

Me,AICI
CHClp, -78°C

OMe (85%)

1. methylation
2. reduction

3. protection

Y

OH 2. CpyTiMey,
TBSO THF, 60 °C,
OH OMe (85%)

OMe OMe

-BuLi, THF, -78 °C

0 1. protection
B w Grubs I, 2. dihydroxylation
OMe : _ CHCl,, reflux 3. mesylation _
TBSO BF3+OEt,, THF (57%) 4. epoxide formation
o o 5. deoxygenation
(60%, 2:1 dr) Note: only major 6. deprotection

isomer reacted

OMe

Dess-martin
periodane

ag. HF
OMe g »

CH4CN, (40%)

-
-

py, CH,Cl, (69%) 1850

OMe confirmed by X-ray

Smith, A. B., II.; Mesaros, E. F.; Meyer, E. A. J. Am. Chem. Soc. 2005, 127, 6948—6949.
Smith, A. B., II1.; Mesaros, E. F.; Meyer, E. A. J. Am. Chem. Soc. 2006, 128, 52925299
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Panek’s Synthesis

1. epoxidation
2. opening

Y

3. hydrogenation
4. protection

OTMS
N cogMe
SiMe,Ph
N TMSOTH,
CH,CI
o 2Llp
M [4+2]
H OMe
87% M
BnO >20:1 dr OMe
OMe
1. Wittig with A
2. hydrogenation 1. Corey-Fuchs
3. oxidation 2. methylation
” OBn 4. lodination
A PPhgBr

1. deprotection
2. bromination

3. deprotection
4. oxidation

—

3. hydrostannylation Tggo

1. Bromination
2. stille (vinyl
stannane)

3. ozonoylsis
(NaBHy)
OMe 4. protection
5. reduction

OMe

t-BuLi, Et,0, ZnCl,,
Pd(PPhg),, THF

92%

OMe

OMe

1. Sml,, THF, 60%

2. deprotection
3. oxidation

ag. HF,
CH3CN

68%

Lowe, J. T.; Panek, J. S. Org. Lett. 2008, 10, 3813-3816
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Rychnovsky’s synthesis

BnO

—_

. deprotection/5-endo

Ac PdCly(PPhg), dig cyclization
Cul, Et3N, DMF 2. protection .
94% 3. Ihyc_iroglenolysis A
4. iodination
5. Lithiation/
ACO transmetallation OMe
= - - |
n, =~ 1. hydrozirconation/  ,, I
' iodination N . PdCl,(dppf),
2. deprotection N B. hexanes, 0°C A aa KsPO, N
3. oxidation g Q0 90% DMF, tt, 90%
OTBDPS H” 0 :

\‘\\

1. deprotection

2. formylation AcOH, BF5-OEt, deprotection

-
-

Intersects with
Lee's synthesis

CH,Cly, 33%

48% of
fluorinated
product

Bahnck, K. B.; Rychnovsky, S. D. J. Am. Chem. Soc. 2008, 130, 13177-1318]1.
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Mulzer Synthesis

OTBDPS
o 1. LHMDS, HMPA,
1. reduction ; ; . THF, then TBSCI,
2. prote_ctio_n ’ g%gurpeedlated then DMF
HO 3. epoxidation PG removal LW (10 min, 180 °C)
4. cuprate . oxidation B 2. LAH, 89% (4:1 dr)
= addition . etherification 3. mesylation
of A with B 4. reduction
5. oxidation
OH
Br OMe o OMe
A OMOM .
AN
MOMO B
OMe

o 0 1. aldol with R X 1. C, n-BuLi, TMEDA
)k acrolein . trans-esterification THF then D, 90%
o~ N~ O @)

1
; 2. reduction 0 2. acetonide formation (d.r. 3.5:1)
: - » > O
3. aux. removal/ 3. reduction %
n lactonization HO™ ™ ~O 4. oxidation £ N0 reflux, 62% zre o :
D : § "

D MOMO
OH

1. diimide reduction
2. acid mediated
deprotection/ pyran

formation _ bDQ aq. HCI (1%)
CH,ClI,/H,0 MeCN
52% 50%

Q
Magauer, T.; Martin, H. J.; Mulzer, J. Angew. Chem., Int. Ed. 2009, 48, 6032—6036
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Mulzer Z”d synthesis

HO
OH . Ireland Claisen
"o . reduction
' EDCI, . mesylation
+ o DMAP . reduction
CH Cl TBDPSO . deprotection

OTBDPS v oxidation

MOMO
OMe MOMO

OMe OMe

1. aldol with D

2. reduction

3. aux. removal/
lactonization

OO AhWN =

4. acetal protection
5. saponification

EDCI, DMAP,
DMAP-HCI, hv, 254 nm
CHClg, reflux, cyclohexane
20 h
HO 55% 75%

OMe

OMe

1. reduction
2. deprotcetion/
pyran formation

-
>

1. DDQ, CH,Cly/Hy0
2. aq. HCI (1%), CHCN

L
-

Magauer, T.; Martin, H. J.; Mulzer, J. Chem. Eur. J. 2010, 16, 507-519.
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Title Paper: Retrosynthesis

» Key Step: late stage intramolecular Dotz benzannulation/
macrocylization

M OTBS

Kyosuke Tanaka, Masahito Watanabe, Kodai Ishibashi, Hiroshi Matsuyama, Yoko Saikawa,* and Masaya Nakata,

Org. Lett., 2010, ASAP

Jared Hammill @ Wipf Group Page 9 of 15

4/26/2010



Interestingly the completion of the molecule was not described

Key Precedence

OMe

White, J. D.; Smits, H. Org. Lett. 2005, 7, 235-238
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BnO
OMOM/ Cr(Co)5 THF, 50 °C
BnO 7"+ MeO =
OMe 61%
MeO
OMe
—_— —_—

OMe
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1. TESOTY
(-Pr),EMN,
CH,Cl,

| 2. 04/0,, CH,Cls
(2 steps 90%)

Fragment 1

1. CSA, acetone
CH(OMe)s, 92%

2. hydrazine*H,0
aqg HQOZ, EtOH, 92%

‘,

oTBDPS 3

r\OTBS
|

(+)-A |

n-BuLi, HMPA/THF

95% (dr = 3.5:1)

1. CBry4, PhgP, CH,Cl,, 86%

2. n-BuLi, THF, then Mel, 99%

3. CpoZrHCI, benzene, 50 °C
then I, 86%

4. TBAF, AcOH, DMF, 90%

Jared Hammill @ Wipf Group

e

3. Dess-Martin periodane'
CH,Cl,, 94%

OTBDPS

1. Dess-Martin
periodane
CHJCl,, 98%

2. TMS——Li
THF, 98%
(dr=2:1)

Y
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Fragment 2 & Coupling

1. OSO4, NMO
H,O/t-BuOH/THF
96%

2. PivCl, EtgN, CHoCls

3. PCC, NaOAc
CH20|2, 2 Steps 96%

Y

OPiv

1. +BuLi, B-MeO-9-BBN
Et,O/THF then
aq KzPOy4, PdAClx(dppf)
DMF, A, 98%

Ll

2. Dess-Martin

periodane
S OTBS  ch,cl, 98%
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. PhaPCHgBr

LHMDS, THF 85%

. TBAF, THF, 93%
. PhsP, |5, imidazole

benzene/Et,0, 92%

a b

L
Lo

. Dibal-H/toluene, CH,Cl,
. TBSCI, imidazole, CH,Cl,,
2 steps 95%

OTBS

1. CSA, MeOH, 89%
2. Et3SIH, BFs'OEtz
MeCN,, 71%

3. TESOTH, 2,6-lutidine
CH.Cl,, 98%

4. TBAF, AcOH,
DMF, 70%

L
o
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Key Dotz & Claisen reactions

CH,Cly, 99%

+—
Me4NO

Cr(CO)s

1. TBSOTf, 2,6-lutidine

-
Lo

AcBr, CH,Cl,
-78 °C to 0 °C, 95%

2. Ac,0O, DMAP
N,N-dimethylamine
160 °C, 85%

Y

TESO

toluene, 50 °C

Ll

3 h, 58%

Observed product
in the absence of Ac,0

Jared Hammill @ Wipf Group
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End Game

1. Dibal-H, CH,Cl,, 94% 1 CS(imi
2. MOMCI, (i-Pr),EtN, TBAI ' gﬁ<;ﬂ§>§oo oC
CICH,CH,CI Pl
2. P(OE)
3. 0s0,, NMO, o 800
+BuOH/THF/H,O 140 °C, 60%

2 steps 63% 3. TBAF, THF, 83%

4. 04/0,, CH,Cly,
42%

IBX, EtOH Si0, (TLC) 2 h aq HF,
—_— >
82% 78% MeCN, 91%

Kendomycin
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Conclusions

* The total synthesis Kendomycin was accomplished
featuring several key steps:

* |ntramolecular D6tz benzannulation/macrocylization was
utilized on a late stage intermediate

* Subsequent Claisen rearrangement

* Ortho oxidation and mild conversion from p-quinone to p-
guinone methide on silica gel
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