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7R HO", NH
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HN N
=N Mo HW o
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Initial Isolation of Alkaloids

* Isolated from marine sponges
(Phylum Porifera)

* Oroidin
>First member of the family
to be isolated (1971)

Agelas orides

>Major fish feeding
deterrent agent of sponges

"

>|solation of more complex
alkaloids followed

Br NH2 Br

/ H 4
o N & NMNH — = B
H

3 Ly
y !
o ~ p—ﬁ 4  Axinellidae
Oroidin D A Ry

i e a




Relating All Members to Oroidin Core

- All members of the family can be mapped back to oroidin

- Incredible amount of molecular complexity arises from this simple core

» Biosynthetic pathway is not known

> Feeding studies are
complicated by difficulty in
culturing marine sponges
> Single study by Kerr

H H  histidine
=:> +
H
N H
BF\S\J/COZH N COzH
Br 7 proline

Road map to

pyrrole-imidazole alkaloids
X

styloguanidine palau'amine,
\ N Y  konbu'acidin

. massadine
. NH s
te Rl o .y
LIS - b ~
. . . >
" " .’
" oo 4+
.
.

A
>
- ECL]
Tem,
RER O
L]

<
A ]
-

sceptrin
p., k., s., m., ax.

Jacquot, D. E. N.; Lindel, T. Curr. Org. Chem. 2005, 9, 1551-1565




Biosynthetic Hypothesis

- How can such complexity arise from a simple building block

 Proposal by Mourabit and co-workers takes advantage of
ambivalent reactivity inherent to oroidin core

nucleophilic electrophilic
5/ position 4 5 5 / position
=\ =\ n
H—N__N =— H----N.__N---H — NN
Y 3 T2 T
NH, N NH,
5 . 8
2H 4~ NH, 7" NH,
N7 6.1 E 5 6-11
(. I s
HQN—<\ @ ® - H2N_</ 5
N~ 6-IT1 N"® 6-

@ = electrophilic position
O =nucleophilic position

Mourabit, A. A.; Potier, P. Eur. J. Org. Chem. 2001, 237-243




Biosynthetic Hypothesis

Mourabit, A. A.; Potier, P. Eur. J. Org. Chem. 2001, 237-243

11 sceptrin (X =Br, Y = H)

| and derivatives

12 agehferm (X=Br, Y=H)
and derivatives

X~ O IV
N
1 2 _ N 7
R, R Hoerﬁ 3N %)5 6-I1
4
X,Y=HorBr R'HN 8 726 N!
2
2 ‘)\‘f"\4‘-':‘l:'l\ NHz 6-HI
R“HN 7 6 3
_ _ N 'patnb _
HN H,N HoN - H*
OH
>_N)/ ] N) >7N>
\ \
H<N . N
B Ci
R'HN |-/N tautomerism tautomerism R'HN k N
AN
YNHy| amne |, \}NHZ prra | N>—NH2
R®HN N RZHN R?HN N
10b H 10a H
B ' - : pathc .
: chlorohydroxilation 1 :
¥ HéN/L
HN XX\ N Xz
Y—NH \ Uy NH N /\K _NH N” NH
 Na OH
R'HN Cly NH
/ 2 NHz vy N
R°HN N H O
13 H

R .




Biosynthetic Hypothesis

eV
cr
K.|_/
R'HN N
D-NH,
2 N
RPHN—" 01 L]

¥

HN
S—NH
_______ . N ~—OH
R'HN Cly
S—NH,

2 Z N
RAHN—"137 Y

11 sceptrin (X =Br, Y =H)

T rlle
A7 NH N)/\NH
=L _0
HN R
/ \ H />"NH2
N— N

12 ageliferin (X =Br, Y =H)

: cyclization |_and derivatives and derivatives
- : _ ;
o+ R'HN RUHN 2 R'HN
3 o RZHN-", REHNT™,
X 1NH) ) Cl tautomerism Cl rotation H»N N AS S Cl
Y NN OH | ———nN" "OH L \fl_ i OH
' HNG NH =N HN__NH  Pathh ; \_’HN\H/NH
L NH2 NH _ HZN \[r NH
14 NH
1 15 ]
oxidation, . oxidation, ioxid.aticgn and
path f| Ny<cyclization . _pathg C; -cyclization | cyclization
; and annelation b and annelation ;
o o 0

NH,

1 palau'amine R'=X=Y= H)
and derivatives

16 styloguanidine R' =X =Y = H)
and derivatives

X =
g Cl

++OH Y

17 axinellamine A (X =Y =Br)
and derivatives

Mourabit, A. A.; Potier, P. Eur. J. Org. Chem. 2001, 237-243




Biosynthetic Hypothesis

- Potential role of enzymes
> Controlling tautomeric forms by position
of specific amino acid side chains

h’l\fv‘- e 'l
X
) .
T NHR NHR
N\' = N s
HaN— \) 6 -~ HN— -
N N ~*% intramolecular and/or
Y—H Y intermolecular cyclyzations
A and further specific reaction Pyrrole-imidazole
. tas rrole-imi
| @,>—NH2 S i et R ~ | natural derivatives
_ L T
R = H or pyrrolic : ™~ NHR - NHR
building blocks X—H \ X
H _</N \ }\ /N 7
H,N HoN _
N) 6-11 ---- N 6-IV
| Y—H

Mourabit, A. A.; Potier, P. Eur. J. Org. Chem. 2001, 237-243




Synthesis of Pyrrole-Imidazole Alkaloids

- Simple biosynthetic pathways have been proposed

- Different story for synthesis in the laboratory

Mode Isolated Publ. on Total Core strategies:
Compounds Synthesis
Ar 0 fl

sceptrin 9 0 — -

P \—\_>_§_(B\ e NN s N
ageliferin 10 ob d Wy A LA

. . * Chen*! " Harran!*! N
axinellamine 4 0 »ﬂ

Linear

palau’amine 4 0

N
X OR
styloguanidine 3 0 , . , é

Ring N Ring N
. N Contraction| RHN B W Expansion A\\Lw’
partial structures 18 9 N” " NH,
BN & . b —>
total 93 40 I\‘ N RHN : -

NS NH
Lindel, T. Synthesis, 2003, 1753 [

=

- Since 2003 review by Lindel e “
> Baran published syntheses of
sceptrin (2004), ageliferin (2004) ?E‘? * A?l <
and axinellamine (2008) SRR TP S
> Birman published on sceptrin Angew. Chem. Int. Ed. 2007, 46, 6586

(2004)
- Palua’amine and styloguanidine remain despite humerous

reports on core strategies




Palau’amine Structure and Features

Structural Features

- Strained trans-azabicyclo[3.3.0]
octane fragment

- 6 rings

- Bis-guanidines, including
spirocyclic guanidine

- Fully substituted stereogenic
cyclopentane core

- 8 contiguous stereogenic
carbons

- Low C/N ratio (1.9)

- Absolute stereochemistry is
unknown

H2N/ (Original Structure))




Palau’amine Elucidation of Cis-Sturucture

Table I. 'H and 3C NMR Data for Palau’amine (1) in DO

carbon 3C,ppm? multiplicity ‘H, ppm® multiplicity
2 122.5 s
3 115.6 d 6.85 dd,J=39,1.5
4 113.8 d 6.35 dd,/J=39,28
5 125.2 d 6.99 dd,J =28, 1.5
6 69.0 d 6.33 s
8 159.5 8
10 80.8 s
H,N L —— Gy el |
13 46.1 t 3.96 dd,J = 7.3, 10.4
3.28 dd, J = 10.3,10.4
15 157.8 ]
16 72.1 ]
17 74.0 d 4.35 dJj=179
ls as | 5 Mg=1210
MS Data: ' t 324 dd J=132,70
- HRFABMS: found 420.166 calc. for 20 57 d 596 s
C,,H,,CIN,O,[MH+] _ _
-Isotopic cluster indicates one Cl Relative stereochemistry: _
IR Data: Cis-fusion of rings d/e assigned by coupling
O-H (3350), N-H(3350), guanidine constant of H11 (J=14.1 Hz)
hydrochloride (1700), and amide (1658) “This coupling constant seems large, but
NMR Data: comparable values are observed in similarly
-Strong ROESY and NOE for H11/H6 rigid, spiroannulated five-membered rings.

-ROESY correlation for H17/H12, H17/ See, for example: Lowry, J. B.; Riggs, N. V.
H19, and a weak correlation for H17/H11 Tetrahedron Lett. 1964, 2911-2914.”

Kinnel, R. B.; Gehrken, H. P.; Scherer, P. J.; J. Am. Chem. Soc. 1993, 3376-3377




Palau’amine Elucidation of Cis-Structure

OAc
OAC Assignment Spectral type Tetra-acetate of compound (I)
Aromatic protons A,B, Ta ~ 281
B ~ 2-6
Lactone ring A ABC Ta 5-80) 3 J.\p 12:4
@) CH—CH, 15 6-72) 3Jac 7'8
leucodrin : v¢7-13, ¥fpc — 1T
tetra-acetate Lactone ring B AB s 418,
CH-CH g 6-23
+ What assumptions may have been * Alternatively
J

made in assigning 12.4 Hz as a cis-
coupling cst in leucodrin?

Fact: (x-ray):

-Lactone ring B: Jxs = 8.3 Hz (trans) “On this basis we assign the
Assumption: methylene proton exhibiting the larger
-Lactone ring A: Jxc = 7.8 Hz vicinal coupling (B) to the proton trans
is similar in magnitude to trans coupling to the methine proton A.”

cst. in ring B and therefore must also be

frans. This leaves Jss = 12.4 as cis From:

coupling constant. Perold, G.W.; Pachler, G.R. J. Chem.

-Jn12 = 14.1 Hz in Palau’amine (cis?) Soc. C, 1966, 1918-1923




Palau’amine Elucidation of Cis-Structure

* Leucrodrine is a poor model for palau’amine
- Structural features
- 2 Hz difference in relative J-values

- Other plausable reasons for adopting cis structure
- Thermodynamics:
> Cis is energetically favored by as
much as 27.3 kcal/mole (DFT B3 LYP,
6-31G(d) basis-set)
- Trans-fused azabicyclo[3.3.0]octanes are
rare, but not unknown

oy
H, o N
X S
Y ‘4 H
1 18
clIr o

HoN
Azabicyclo[3.3.0]octane

cis-azabicyclo core frans-azabicyclo core azatricyclo[6.2.1.0] undecanone

Kock, M; Grube, A.; Seiple, I. B. Baran, P. S. Angew. Chem. Int. Ed, 2007, 47, 6586-6594




Structural Revision of Palau’amine

- Isolation/characterization of two new family members

Both isolated
> from marine
sponge Stylissa

Caribica
S
H
tetrabromostyloguanidine (2) dibromopalau'amine (1a)
(revised structure) (original structure)
- Differ structurally by disposition of pyyrole
- ROESY of 2 showed a weak signal for R e
H11/H17 and strong signal for H12/H17 g | .
2 \ /
- Comparison of 3C data suggests an \'/
identical relative configuration i I
Grube, A.; Kock, M; Angew. Chem. Int. Ed, 2007, 46, 2320-2324 6 ’ Hstere;;;enicfarbanw v




Structural Revision of Palau’amine

- Calculated interproton distances via quantitative ROESY Exp.

« Used fc-rDG/DDD with 27 interproton distances (no restraint on
H11/H12) to calculate relative configuration.

67 superimposed structures of best
fit using fc-rDG/DDD all show same
relative configuration as 2

fc = floating chirality

r = NOE-derived distance restraint

DG = distance geometry

DDG = Distance-bounds-driven-dynamics

(2) H

-8 stereocenters = 256 stereoisomers
-set C6 and thus maximum is 128
-Computation generated 5 of the 128

Grube, A.; Kock, M; Angew. Chem. Int. Ed, 2007, 46, 2320-2324




Structural Revision of Palau’amine

- Evidence for revised structure via chemical synthesis
- Overman and co-workers previously report nice route to cis-fused core
- Lemons into lemonade appoach

> Prepare cis-fused derivative
> Compare NMR of synthetic and natural material

NH H
Q 13 H 4 § 3 i 13 HQ
2 A N R Cl |2 1SNT N7 OH
12 7 4
1A\ IN ho |11 16 JOH Vs. \ N\e/h,o ‘11 16) {52-0
N W Y UNH Y LS tNH
- +NH H HN T _NH N‘JE" H HNY
N~J8 W/QQ 8 22
NH, NH, NH, NH;
Palau'amine 1 Overman Model Compounds
(revised structure) 3: C-20 p-OH

4: C-20 o-OH




Structural Revision: Overman Synthesis

 Synthesis of precursor

1. m-CPBA
2. VinylMgBr,
OH CuBr-SMe,
K/\ 3. Pg-Changes
OPMB (5 steps, 50%)
1. BOPCI, 2, MeO
2. DDQ, Buffer
3. D'V'P - MeOQC

HOQC Br
\q \ NSEM

OH OTBS

1. DMP MeO
2. NaBH(OAc)3, 1 © }i OTBS
y o
K;/H MeO MeO,C N/\;/H
OPMB j\ .~ opvB
MeOQC 1 NH2
(70%)

OTBS 1. NaOtBu, 3

TBSO @)
2. CsF, AcOH JL L
0 ~ MeO,C™ "N™ ™ CO,Me
MeO’,P COQMG Br AN @) \

MeO \
OTBS NSEM

3 Br
(5 steps, 57%)

Katz, J. D.; Overman, L. E. Tetrahedron, 2004, 60, 9559-9568




Structural Revision: Overman Synthesis

- Creating the 3-azabicyclo[3.3.0] core

J\ TBSO O Br JSL
MeO,C WJ\CO M % N™ "NH,
2 2he 5m°'/)= SEMN—/ H _
Br S O (80%) N EtOH, 110 °C
\ NSEM O Y o0”>coMe  48h
By MeO,C (71%)

Draw a mechanism

: HN
for the formation _ = OTBS
of the observed N
PI’OdUCt HN ”|\|—|\‘|.HCOZIVIe
T

Katz, J. D.; Overman, L. E. Tetrahedron, 2004, 60, 9559-9568




Structural Revision: Overman Synthesis

- Creating the 3-azabicyclo[3.3.0] core

JL TBSO O Br )SJ\
MeO,C /\/'\/U\CO Me % N™ "NH,
2 2 5m°'/)> SEMN— H "
8/ X 0 (80%) N EtOH, 110 °C
—
\NSEM O O~ ~CO,Me 48 h
Br MeOQC (71 0/0)
— — Br
Br Br
Br // OTBS SEMN :
SEMN _ OTBS
@) HN/ COQMe
MeOZC -
| Z N _
Z = CSNH,

Azomethine Imine Cycloaddition

Katz, J. D.; Overman, L. E. Tetrahedron, 2004, 60, 9559-9568




Structural Revision: Overman Synthesis

- Creating the 3-azabicyclo[3.3.0] core

JL TBSO O Br )SL
/\/'\/U\ GZ Br = H2N~
MeO,C~ "N~ ™ COMe  (5moi%) ./ OTBS N"NH,
g /N Y0 N (80%) N EtOH, 110 °C
\ — 48 h
NSEM O 07 ~CO,Me
Br MeO,C (71%)
Br. g 1. Sml, (2 eq) Br
SEMN = 2. Mel Br
_ 3. Teoc-Cl SEMN —
OTBS 4. S=C=NCbz = OTBS
. _
(70%) 0
o. N
T "
TeocN\fN HN\}C;OS2 ©
SMe  NHCBz

Katz, J. D.; Overman, L. E. J. Am. Chem. Soc., 2007, 129, 12896-12900




Structural Revision: Overman Synthesis

- Building in piperdine and bis-guanidines

Br
. Br 1. EDCI, 4
SEMN 2. Pg-Change 1. TBAF
= OTBS 2. NaBH, MeOH 2. IBX, DMSO
0=\, 3. AcO, Pyr 3. NaBH,, MeOH
° - CO,Me G (86%)
TeocN\rN HN\FSZ ©/\NH2
4
SMe NHCBz (63°/o)
1. m-CPBA (3 eq.) O OH
Br—4 IN (thiohydantoin) _ Q I% ;OH
\/ N
N NPg o TONH BN N
Br HN\< \( 4. H,, Pd/C, TFA HN = Y
51% N
Me NHCbz ( ) 2CFBCOZ NH2 NH2

(2/1 ratio of epimers)

Katz, J. D.; Overman, L. E. J. Am. Chem. Soc., 2007, 129, 12896-12900




Structural Revision: Overman Synthesis

 Results of spectroscopic comparison

O ~NFz O OH O OH
3 13 H - Cl 3 13 H = 3 13 H =
<5 N SO, -5 N~ 18\ OH |2 N V) g OH
! N\ | o |11 16 /OH N\ | o [11 18] N N\ _N o |11 18]
\ N\s/., \ . (20 5 N\G/ P \ E \20 )\ $_- \ E \20
~ +NH 1 HN T NH - +NHH pyNENH - 4NH BN D NH
N ==/, \éz N (5 W/zz N=Z(s \éz
Palau'amine 1 3: C-20 p-OH 4: C-20 a-OH
(original structure)
J1~|’12=14 Hz J11,12=12.0 Hz J11,12=1O Hz

- Largest J-value is still 2 Hz
lower than palau’amine
* NOE Correlation:

Interproton Distance:

protons 3> 3¢ 4 4 1¢ trans-3%¢ trans—4°%¢

11/12 221 221 228 224 226 304 304

> 3/4 show strong /135 335 342 334 343 407 263 767
correlation for H11/H12 1118 no. 405 no. 407 327 253 258
. 1120 270 317 208 221 311 322 264

(NOE correlation not 12/18 249 240 227 240 221 305 305
mentloned |n |Solatlon) i30/18 313 299 292 297 381 346 345
136/18 no. 349 no. 348 359 251 249

* Chemlcal SyntheSIS aISO b: experimentally determined from NOE

SuU ppOI’tS revised structure c: calculated distances from computational modeling
Katz, J. D.; Overman, L. E. J. Am. Chem. Soc., 2007, 129, 12896-12900
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Synthesis of Sceptrin

* First isolated and characterized by Faulkner in 1981
« Formally could arise from a [2+2] of monobromooroidin

* Isolated at ocean depths where photochemistry is unlikely

—_— AN

//NH N / NH o
Br H N/>\NH2 Monobromooroidin

Sceptrin

Brw H EyNHQ NH,
\ N ~—NH 240 N5<
NH [2+2] Brﬂ(“

H




Baran Synthesis of (+/-)-Sceptrin

Mechanism? O 1. (MeO}CH

1L 2. DIBAL

MeO,C
9) 2 R 3. MsCl
MeOQC Me HQSO4 Me 4. NaN3 I:IB
72\§ > >
50% N Me 3N
MeO,C Mo ( ) MeO,C
@)

(MeO)5CH 0 o

1. +
2. Hy, Lindlar Brw H L Ph” " NMeg BFW H
3.1 r\ N “TMe g, Br\_py N

I; >
BrWCC:, U\WN‘\“' Me (:;C/)) U\«N‘\\“
% H
NH O N i N

(70%, 7 steps)

Baran, P. S.; Zografos, L.; O’Malley, D. P.; J. Am. Chem. Soc., 2004, 126, 3726-3727

Me

Me

. L__c

Cl




Baran Synthesis of (+/-)-Sceptrin

1. (CHO),NN —
(CHO),NNa o H ¢

O
Br A H 2. HCI/MeOH  c
WN .o”\/C| 3. NH,CN, H,0O Br— X\ H E+/>/NH2
NH - \ N R
/ NH N Essentially one-pot H:
Br/Q\( H\ Cl (720/0) / N‘\\" NH CI_
O Br— N\ H /+>>\\
° 2% NH,
1,2 0 o 2 Y N
Br A H |
WN ‘”\/ NH, (+/-)-Sceptrin
NH - 2HCI
N\\“
Br/Q\« ‘H NH2
O O

- 1st Reported synthesis of Sceptrin

* No chromatography, 24% yield from DMAD

- Later that year a second synthesis was reported by Birman
which utilized a [2+2] photocycloaddition

(see Birman, V. B.; Jiang, X-T. Org. Lett. 2004, 6, 2369-2371

Baran, P. S.; Zografos, L.; O'Malley, D. P.; J. Am. Chem. Soc., 2004, 126, 3726-3727




Sceptrin Relation to Ageliferin

- Can Ageliferin be obtained from Sceptrin?

HoN
\ ,._NH

H i
w N NH _
NH /\O: - ) N—. NH Cl
/>_NH2 /Q\« 1 \
N\\ N Br H | £)<sNH,
H N
Agellferln B H - (L) Sceptrin
o) N
O @Y e
~~NH CI™
NH
Br " H +>\NH2

|-|CI

Vinyl Cyclobutane Rearragnement




FMO-Analysis for [1,3]-Rearrangents

Antrafacial allowed for thermal [1,3]-hydride shift, but very rare
LUMO _-

Rearragements of vinyl-cyclobutenes

H
OAc
- H 300 °C ACO: |i
Q\) v Thermal b
H) D

Antarafacial migration with retention (C)

-~

. Allowed/Geometrically Impossible b
\ —H > H /*—\ 1OAC
A

cO H ™D D H
Suprafacial migation with inversion (C)

All b
,%L\H owed and O ser=ved " OAC
‘\ACO H” \*

D D' H
H

-Not likely with hydrogen because p-orbitals are too high in energy

I. Fleming, Frontier Orbitals and Organic Chemical Reactions, John Wiley & Sons, New York, 1978




Synthesis of Ageliferin

« Experimental Test

HoN_ Cl
0 3 ci YN
Br— -\ H E+‘/>’/'NH H,0, u-wave O HN_~
\ N “~NH 195 °C, 1 min Br— "\ H Ty -
NH > \ NH N N Cl
Y N NH Ci~ NH L L =NH,
Br 7" H | +)<NH /@\«N\\‘\ N
o) N : Br N\ H H
O
(+/-)-Sceptrin Ageliferin
52 % recovered 40% yield

- First synthesis of Ageliferin

- Observe retention of configuration at migrating carbon suggests
radical pathway (also, computational study w/Houk)

- What implications does this have on biosynthesis
Baran, P. S. O’Malley, D. P.; Zografos, A. L..; Angew. Chem. Int. Ed., 2004, 43, 2674-2677




Baran’s Biosynthetic Hypothesis

(1) Baran and co-worker’s proposes that sceptrin is the biosynthetic
precursor of ageliferin via [1,3]-rearrangement

(2) Previous hypothesis proposes ageliferin is derived from
debromrooroidin via a [4+2]

Thermodynamic Argument of

_ BHZN c Br o Baran and cq-workers: |
HN. —NH Z/_\)_Q Proposal (2) is not consistent
HN .~ 13 N w/isolation abundance
Br  O"HN-—~_~_N, © :,,> 3 of 1 compared to 2
/7| H_ | N:>;NH2 . [ ) 600  sceptrin
H o 2:2:1geliferinl-I 1:sceptrin ” 5009

[4+2] % @2&] 1
Br

3004

H +_C| aZZirfne?i'n (ﬁgégrt?i?\-
7 H N\ 200 b
LR =Nk, soepirin
b N
0]

. dibromo-
100 ageliferin l ageliferin

3: hymenidin (debromooroidin) 0"‘."7}. T ——T—
14 15 16 17 18 19 20 21 22 23 24

- Harsh conditions needed, could an enzyme overcome high activation
barrier?

- Biological systems do not always give thermodynamic product (e.g.
trans-azabicyclo[3.3.0]cyclooctane of Palau’amine)

Baran, P. S. O’Malley, D. P.; Zografos, A. L..; Angew. Chem. Int. Ed., 2004, 43, 2674-2677
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Synthesis of Axenellamine

- 1st isolated and characterized in 1999
- Tetracycle with 8 contiguous stereocenters
* Major challenges
> Accessing the fully substituted cyclopentane core

> |ntroduction of correct oxidation around periphery

H
Br HO
Cl/ ” N\7/NH2
Br / \ H ‘ N

N

H o TN/ NH
Br HN—"Ho Hn={
Br H O

Axinellamine




Carreira Synthesis of Axinellamine Core

T e de

200 g (74%, 3 cycles)

CIPh, A

cryst from c-CgH15

1. LiOH, THF
2. PhMe, [-NH,Ph] = P
3. Quinine (1.1 eq.) OPg
MeOH, CCl,, PhMe 4
o > CO,H
(95%) CO,Me
(96.5/3.5 er)

1. HF-MeCN
2. |, PPhg OPg
3. BusSnH, air 7
4. TBSCI, DMF _ O
(72%) NPh
O
1. LDA (5eq.),0°C
2. LiAlH,, Et,0 = OPg
3. phthalimide, DEAD,
PPHj, THF _ NP
(52%) NPht

Ledford, B. E.; Carreira, E. M.; J. Am. Chem. Soc. 2000, 117, 11811-11812




Carreira Synthesis of Axinellamine Core

“OPg 1. HF-MeCN _ op
2. |, PPhg g
TBSO v 3. BusSnH, air
4. TBSCI, DMF_ O
(72%) NPh
O

200 g 74% 3 cycles
CIPh, A

N

[Racemic] cryst from c-CgH15 [Meso]
1. LiOH, THF 1.LDA (5eq.),0°C
2. PhMe, [-NH,Ph] = OPg 2. LiAlH,, Et,0 = OPg
3. Quinine (1.1 eq.) 3. phthalimide, DEAD,
MeOH, CCl,, PhMe 4 PPHs, THF
95%) g CO-H 52% ] “NPht
(95% CoMe (52%) NPht
(96.5/3.5 er)
[enriched]

« Racemic -> Meso -> Desymmetrization
Ledford, B. E.; Carreira, E. M.; J. Am. Chem. Soc. 2000, 117, 11811-11812




Carreira Synthesis of Axinellamine Core

1. NaClO,, DMSO,

= OP
9 1 0s0, OHC OPg  (COCI), DCM OCN OPg
z (DHQD),Pyr, NMO 2. NaNg, DMSO
NPht 2 NalO,, THFH,O0 £ 3. PhMe, A Z
NPht > _ NPht > N NPht
NPht (60%, 5 steps) NPht
1. BnOH, BulLi CBzHN op HO” >""OH NHCbz
2. 0g, PPh, J PPTS OHC '
3. K,COs OHC / (AN
> OHC NPht (86%) O
\
i NPht
PhtN NPht
OPg OPg
KMnO,, |, NHCbz EDC, DMAP, |, NHCbz
'‘BUOH/H,O _ HO,C, ~ CO thiopyridine N-ox _ Cl., ~ O
(100%) O (76%) 0
10:1 dr f
PhtN NPht PhtN NPht

Ledford, B. E.; Carreira, E. M.; J. Am. Chem. Soc. 2000, 117, 11811-11812




Baran Synthesis of (+/-)-Axinellamine

- Synthesis of cyclopentane core

OTIPS

Me mCOZMe

Me CO,Me

Single Diasteromer
from [4+2], 95%

. 1.0
LuAb, P g ot
2. Ms AN i :
N )
RN jOV s PrNEt, NBS
4. TBAF  Me N3
5. PMBCI
(64%)
- . -
05-Q SOCl; (5 eq),
o) _ 2,6-Lutidine
Br N (43%)
L O ca |
or bis-sulfonate
ester

HO
Br

Cl

Yamaguchi, J. Seiple, I. B. Young, I|. S.; O’'Malley, D. P.; Maue, M.; Baran, P. S. Angew. Chem. Int. Ed. 2008, 47,3578-3580




Baran Synthesis of (+/-)-Axinellamine

- Installation of bis-guanidines

Cl N3 R R
, 1. NaBH,, CeCl, HN Cl Ng ' RClI N3
Br 2. DBU, 1 Bx  HN__N J
B =N S s
- = . —— N~
N3 NH 1 HN (70%) N N
J R N3 : 3
RHN” “NHR 0=
R = Boc HO Cl —\—Cl
(55%) 1.3/1 dr
Br
R Cl N3 -
1.2, RoN. N |l 1. PhgP, 3 ; cl
2. BOC,0 T~ | 2. TFA _ Br
> N N - ’
= HO,C B
RHN™ "NH |/\N 2O~ / : ar
R = Boc RN~ f\NH o
° Br HN\( TFA™
(33%) | NR; (41%)
l NH.

(+/-)-Axinellamine ( 1,9-Didexoy-pre-axinellamine '

Yamaguchi, J. Seiple, I. B. Young, I|. S.; O’'Malley, D. P.; Maue, M.; Baran, P. S. Angew. Chem. Int. Ed. 2008, 47,3578-3580




Baran Synthesis of (+/-)-Axinellamine

« Completion of Synthesis

ol 1. TFA B 7 - -
N3 .~‘\JN\R 2. DMDO,H,0,
Ny .. = then TFA N
3N B N NR2 >
RN
—~NH
RoN
¢l OH 1. 1,3-propane- R
N thi oH
H,0, 4 ' '\f;_NH dithiol, NEtz, MeOH }—NH Cl
- 7=NH, 2 RcoCCl ‘
g | N ) > “NH
' N R._N_ . >\ 2
N \f Br \n/ ~» H\"
1 © N < NH R= U I N
\« HN 2/
NH; Br \f\\lH
(409 3:1dr ,
O ? 45%, Axinellamine A (-OH)

- Overall yield is 0.004 % 24%, Axinellamine B (a-OH)

« Most complicated pyrrole-imidazole alkaloid synthesized to date
O’Malley, D. P; Yamaguchi, J;. Young, I. S.; Seiple, |. S.; Baran, P. S. Angew. Chem. Int. Ed. 2008, 47,3581-3583




Conclusions

- Nature has designed a simple building block able to access extremely
complex architectures

Br

/<NH2

° Complex ? .

4 \» H 4 N= —> e <«—  Synthetic

Br JNj\;( N M NH —— Pyrrzlﬁ(;:g:ggzole =~ Chemistry
H

5 3 1

O Oroidin

- Important lessons to be learned from biosynthesis in regards to future
synthetic efforts
» Structure elucidation of palau’amine
> Large structural implications
for switching configuration at C12
> Qriginal isolation and characterization
was very close (cis may have originally been
favored b/c trans is so strained)
> Always double check the data
> Will this pave the road to new
syntheses?
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Backup Slides: Nakamura chemistry

Scheme |
. BusSn . O
R X-"Ng, ARG —= a0
-Bu;SnBr
1: R=Ph 2
BuaSnH BusSnH OH
/\/\ -
Bu38n R OOH R OH R)\/
4 (80%) 5 (14%)
Scheme I1
/I~FR | Bysn . ga’ SnH
KLSn
x\/\ —_— X/\(\R ------- - X/\/\R
AI -BuzSnl N N
0 | ¢
R H
zB SnH B H
O T T o
| ] = ¥ 1 7
B
D
X=Q,CH;

Table I. Reductive Oxygenation of Organic Halides®

OH
T CeHe ™ N8 T N Non T GH,
80% 14%
Br
CeHsCHO CeHsCH,0 OH CgHsCHQ I
2 - + gs:
H
1% 10%
Br OH
3 . ogoB A 52:48
81%
4 Br OH
\/\)\’\cococm3 55% V\/]V“\coocm
5 oleyl iodide —_ oley! alcohol
70%
| OH
6 —_—
70%
O
- o—f Qf-(o

Nakuamura E. et. al. J. Am. Chem. Soc. 1991, 113, 8980




