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Palau'amine(Pyrrole-imidazole alkaloid family)
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<Isolation>
From the sponge, Stylotella aurantium in the Western Caroline Islands.
(P. J. Scheuer et al. J. Am. Chem. Soc. 1993, 115, 3376)

<Structual determination>
Firstly, P.J. Scheuer determined structure as 1. (P. J. Scheuer et al. J. Am. Chem. Soc. 1993, 115, 3376)
Revised structural determination(M. Kock et al. Angew. Chem. Int. Ed. 2007, 46, 2320

R. J. Quinn et al. J. Org. Chem. 2007, 72, 2309

S. Matsunaga et al. Tetrahedron Lett. 2007, 48, 2127)

<Bioactivity>
immunosupressive activity and low toxicity

<structual feature>
1) two|spiroguanidine units
polycyclic framework containing 2) higly strained trans-azabicyclo[3,3,0]octane subunit.(D,E-ring)

3) All subsituted cyclopentane core containinquiggrgu?%ilga Sore [IEngng

<Representative synthetic study> ::"_'"_"' I"' s :I "::""1 :,:' i
M. Kock , P. S. Baran et al. Angew. Chem. Int. Ed. 2007, 46, 6586. sy, SR g
L. E. Overman et al. J. Am. Chem. Soc. 2007, 129, 12896. T L
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and many others.(See reference above articles.)

< Total synthesis>
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2. Synthetic strudy
i) Overman's study (non-biomimetic)
ii) Baran's study (biomimetic)
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1. Why did relative configuration of the Palau’amine need revision?

HNH"{E Y=

CNHHHN + MH

revised structure(2) leucodrin(3)

previously accepted Palau'amine(1)
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NOESY analysis

carteramine A

1) The way of Scheuer's determination.
Leucodrin(3)
The coupling constants: 8.3 Hz (H8/H9) trans
7.8 Hz and 12.4Hz (H4/H3 + H3")

+

Palau's amine also has spiro ring.(ring E and F)
The coupling constant : 14.1 Hz (H11/H12).

?

cis-fused structure

<The reason of misunderstanding the palau'amine structure>

1, Cis-fused 5,5-bicyclo ring is thermodynamically more stable.

2, Trans-fused annulated five-membered rings are quite rare.
Only 1 of 121 crystal structures is trans-fused.(compound 4)

3. The coupling constant of Bicyclo[3,3,0]octanes were often not assigned,
because the coupling constant couldn't be extracted from the multiplets.

2) Kock's approach
22(similar spectra data to palau'amine and isolated from the same sponge)
ROESY spectra :weak signal(H11/H17)

strong signal(H12/H17)

ﬂ trans-fused ?

distance geometry(DG) and distance-bounds-driven dynamics(DDD)
caluculations

H11 and H12 must be trans-fused

Quinn's work
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2. Synthetic study 1
i) Overman strategy JACS
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HN={ H HN‘\?NH J. Am. Chem. Soc. 2007, 129, 12896.

NH, NH, Overman's 4th report about palau’amine.

see also: J. Am. Chem. Soc. 1997, 119, 7159 (1st’
J. Org. Chem. 2002, 67, 7880 (2nd)
Tetrahedron 2004, 60, 9559 (3rd)

previous reported palau'amine(1)

abstract of each article
. 1st :First apply azomethine imine cyclization to Palau'amine core.
Before structure revised 4’[ 2nd:Tolerance of functional group.
3rd:Synthesis to intermedate 31.
4th:Synthesis to previous reported palau‘amine core.
<Retrosynthesis analysis>
Overman tried to synthesize 3,4, the analog of previous reported palau'amine(1)
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0 H OH
@ Synthesis toward Palau's amine analog o R,
. N . LR
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2) synthesis of 8 (D ring)
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3) Key step Azomethine imine cyclization i on
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4) constrution of F-ring
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(Y. Ohfune. Tetrahedron letters, 2006, 47, 1945)



5) Final access to analogs of palau'amine
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protons | 3° | 3 | 4° | 4 1°  frans—3°7  frans—4°7 5
11712 | 221 221 (228| 224 226 304 304 304 303
117134 | 335 342 (334 343 407 268 267 270 263
11/18 no.| 405 |neo.| 407 327 253 258 253 277
11/20 270 317 |208| 221 311 322 264 332 334
12/18 249 240 |227| 240 22 305 305 303 303
13c/18 | 313| 299 (292 297 381 346 345 343 334
13318 |n.o.| 349 |no | 348 359 251 249 247 252

After volume integration of all-cross peaks

in the ROESY spectra,the intensity data were

calibrated using the geminal protons at C13 Distances obtained from molecular modeling.
(178pm).Each ROESY spectrum was analyzed

separately(linear apprpximation).



2. Synthetic study
ii) Baran's strategy

Baran's strategy is biomimeric

<Proposed biosynthetic route by Baran>

pre-axinellamine(31)

various pyrrole-imidazole alkaloids
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The Pursuit of Palan’amine
Mardhias Kk, * Achim Gribe, fan B Seiple, and Phil & Baran®
Angew. Chem. Int. Ed. 2007, 46, 6586.
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<possible three ways from natural product (35, 2, 8) to pre-axinellamine>
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@ Synthesis of pre-axinellamine stucture as important intermediate of Palau'amine.

pre-axinellamine(31)

<Ring expansion strategy>

1Y, anywcujier
{120 Mmiiere of darsomin

<Ring contruction strategy>

AciiH, My
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Baran previously reported the synthesis of sceptrin(1) and ageliferin(54).
P. S. Baran et al.J. Am. Chem. Soc. 2007, 129, 4762
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Delayed installation of trans-azabicyclo[3,3,0]octane Units is difficult.
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3. Conclusion

Effects of Revised structure.

L. E. Overman's comment

non-biomimetic | Depending upon the synthetic approach being pursued,

strategy this structural revision, if correct, could represent a significant setback
for groups engaged in its total synthesis.

P. S. Baran's comment

biomimetic Most of the strategies reported so far are so flexible that the revised structure
strategy of palau'amine will not be a great setback.In fact, those research groups that are
targeting the axinellamines are now much closer to palau'amine.

<Most difficult point: Trans-Azabicyclo[3,3,0]Joctane Units>

Reported example

M. Mori et al. J. Org. Chem. 1994, 59, 4993 <
= 1 .szZFBUZ
J/ 2.CO
N 3.1 N
Bn H Bn
(36%) 582 (18%) 58b
CO
! H Ts
H Bn confirmed by X-ray analysis.
CpoZrBus was prepared from Cp,ZrCl, and BulLi .
0]
= 1 .szZfBUz H H
@\ J/ 2.CO
N N
Bn H Bn H Bn
(94%)  60a (0%)  6ob

= 1.Cp22rBu2
@\ J/ 2.CO
N

Bn 61
(0%)  62a (47%) 62b

intermediate of Dendrobine
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