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Thank you for visiting our website. Our laboratories are situated in the picturesque town of
La Jolla, California, and our research is focused on the chemistry, biology, and medicine of natural and designed
molecules. The structures below this text represent some of the most intriguing naturally occurring molecules
synthesized in our laboratories in recent years. More can be found in the accomplishments section and in the
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generation of men and women in the chemical sciences. The group has published several instructive books,
including the advanced and widely used textbooks Classics in Total Synthesis (K.C. Nicolaou and Erik J.
Sorensen, Wiley-VCH, 1996) and Classics in Total Synthesis II (K.C. Nicolaou and Scott A. Snyder, Wiley-VCH,
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7 < 5y BIOMIMETIC TOTAL SYNTHESIS OF ENDIANDRIC ACIDS A-G[1982]
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TOTAL SYNTHESIS OF EFROTOMYCIN [1984]

. Isolated from 4 MeO Me ® Antibiotic with
OH rowth promoting properties
streptomyces &é/o'\"e g
oy . 0\ Me .
goldiniensis HO y OMe Efrotomycin Me Higher
e - -
Me g OHH 0 y OMeH . H I\/Ieo oligosaccharides
M oA~ N _ |
e ST 2“2~
®21 me OH O Me Me(ﬁ) OH O OH
H
Stereocenters ® The two-stage activation procedure for %Q\(\
.4e°
I\/IeOOC ﬁ/
Ponepox:de 6°°G
openlngs
AQC\O, -
2" stage A
TBS Z s SnC\,
.0. o
""‘] S 1s‘stage
i Activation Glycosyl
MeOOC j [ : fluoride

RO % SPh Deprotection ’ HO& sph
Phenylthioglycoside



% 4 : ’. TOTAL SYNTHESIS OF AMPHOTERICIN B [1987] [
wid Q Isolated from AmphOter icin B e e
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® Antifungal agent
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® Potent ® /solated from
anticancer agent Micromonospora
cleaving DNA via chinospora ssp

Bergman cycloaromatization calichensis

[Bergman cycloaromatization]
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0 “e2 Double strand
cuts
S Ny ® Designed enediynes with

® Elucidation of chemical and biological highly potent DNA cleaving and
properties of cyclic enediynes HO antitumor properties
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TOTAL SYNTHESIS OF TAXOL™ [1994]

, McMURRY Couping
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s 4\ |l OTAL SYNTHESIS OF BREVETOXINS B AND A [1982-1998]

® Marine neurotoxins isolated
from the algae Gymnodinium brevis  HQ
associated with the “red tide” phenomenon

Brevetoxin B [1995]

Brevetoxin A [1998] 1°
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%6 4y CHEMICAL SYNTHESIS AND BIOLOGY OF EPOTHILONES [1996-2003] 7
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CHEMISTRY ENABLING DRUG DISCOVERY
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Review: Current Developments in HIV Chemotherapy
' Concept: The Hit-to-lead Process
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& ® Antibiotic of ® Vancomycin &
last resort combinatorial @o* o
libraries & ¢
® /solated from Vancomyc,n 0
the Actinomycete
amycolatopsis
orientalis

® Clinically used
antibiotic active
against drug-
resistant bacteria

- OH

OH
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LD H3N disulfide formation
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® Development of triazene-driven dimers with highly potent activity agamst

bisaryl ether formation vancomycin-resistant bacteria [MIC 0.25 ug/mL]



TOTAL SYNTHESIS OF SANGLIFEHRIN A [1999]
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7 < 5 4\ BIOMIMETIC TOTAL SYNTHESIS OF BISORBICILLINOIDS [1999] }
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7. o¥. OPTICALLY ENCODED COMBINATORIAL CHEMISTRY:
) BENZOPYRANS[2000]

{d" . >4000 natural products
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| - Isolated from
an unidentified

fungus by o
Pfizer scientists
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® Inhibits squalene
synthase and RAS
farnesyl transferase

TOTAL SYNTHESIS OF THE CP MOLECULES [1999]




7 4 ;,’,i TOTAL SYNTHESIS OF COLOMBIASIN A [2001 ] L
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";“ ; TOTAL SYNTHESIS OF HYBOCARPONE [2001] |
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g’i”:ﬁ, TOTAL SYNTHESIS OF APOPTOLIDIN [2001] |
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?3 ﬁ TOTAL SYNTHESIS OF COLEOPHOMONES B AND C [2002]
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Sml,-DMA;
FmocValOH, EDC, HOBt

® Hetero pinacol
macrocyclization

Me

® Suzuki coupling

1. NCS 4. H,, Pd(OH),/q
2. BCl3; NaOH || 5. EDC, HOBt
3. DIBAL-H Me:(:"re

® Oxidation

® Oxazole
formation

® Macro-
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® Wacker-type oxidation
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m TOTAL SYNTHESIS OF 1-O-METHYL LATERIFLORONE [2003]
i
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cascade Me

Diels-Alder Me
ﬁ
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7 iag \i SPIRACID-1: PROPOSED STRUCTURE (
gﬁ? CARBOXYLIC TRIOXADISPIROKETAL
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AZASPIROKETAL  “~—__*
® Architecturally complex marine neurotoxin. 2,9-DIOXACYCLO[3.3.1][NONANE

® Azaspiracid syndrome declared in 1998.

® Isolated from mussels Mytilus edulis cultivated in Killary Harbour, Ireland.

® People in Netherlands became ill after ingestion, symptoms included vomiting, severe diarrhea.
® Unprecedented molecular framework with nine rings and twenty stereocenters.

® The absolute stereochemistry and relative stereochemistry between the ABCDE and FGHI

domains remain unknown.

Satake, M.; Ofuji, K.; Naoki, H.; James, K.J.; Furey, A.; McMahon, T.; Silke, J.; Yasumoto, T. J. Am. Chem.
Soc. 1998. 120. 9967.
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International Edition C emie

2004—43/3

3rd January Issue

NMR Spectroscopy of Biomolecules
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Drug-Delivery Systems
R. Haag www.angewandte.org

Enantioselective Addition
D. J. Ramén, M. Yus

ACIEFS 43 (3) 261-380 (2004) - ISSN 1433-7851 - Vol. 43 - No. 3 January 5, 2004 (_ )Wl LEY V 5




TMSOTf, -90 °C

[ca 75 % yield]

7@ OTBDPS
e Cascade Polycyclization
1= 155
DS mor e « Olefin Metathesis e Horie
e Dithiane Technology l l
* Stille Coupling R,
H -

Me

e Azaspiracid-1: R' = H, R? = Me R?=H or Me
e Azaspiracid-2: R' = R? = Me elsolated from the mussels Mytilus edulis
e Azaspiracid-3: R'=R?=H ePotent neurotoxins
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TON: SYNTHES/S OF DEHYDROPIPERIDINE MOIETY [2002] Lt
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;:45‘5 /, TOTAL SYNTHESIS OF THIOSTREPTON [2004]
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TOTAL SYNTHESIS OF ABYSSOMICIN C AND ATROP-ABYSSOMICIN C

(:/ 4 '° a’r
ifai

PhS—,

——

\

Me MeO
y/, Me

@ atrop-Abyssomicin C
® MIC against MRSA =

® Acid-catalyzed isomerization ® Deprotection [PhI(OTFA), ]

® [ ewis-acid O H
templated
Diels-Alder

—>

OH

Q¢ s |
o

MeMgBr

i

o PhS—

Me

® Abyssomicin C

W
\“‘_

[o-bond ® MIC against MRSA

3.5 ugmL"

rotation] =5.2 g mL"
® From Verrucosispora
Me OH AB 18-032, collected
from the Sea of Japan
Me Me

®11-Membered ring Z
® Inhibitor of
p-aminobenzoic acid oH O
biosynthesis

® Ring closing metathesis [Grubbs'll]] =

® Chemoselective oxidation [IBX] Me

OH



7is4\ SELECTED NATURALLY OCCURING BISANTHRAQUINONES
(oY ” -DNA INTERACTING CYTOTOXIC AGENTS
{A

R

la: R = OMe: (+)-cytoskyrin A lla: R = OMe: (+)-2,2'- epi-cytoskyrin A |1I: rugulin (also antibiotic)
Ib: R = Me: (+)-graciliformin lIb: R = Me: (+)-rugulosin (also anti-HIV)

OH O OH OH O OH
IV: deoxyrubroskyrin IV: flavoskyrin V: skyrin




POSSIBLE ORIENTATIONS OF ANTHRAQUINONE UNITS IN THE
DIMERIZATION STEP [FOR CYTOSKYRIN AND RUGULOSIN]

'( <
(‘AO/Q

il

O
A: endo-bottom arrangement

» Favored
orientation -
® Severe steric :
congestion ~ HO, Q OR’

@) O © -
ty - R D: exo-anti arrangement

C: exo-syn arrangement
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"% THE INTRIGUING STEREOCHEMICAL ASPECTS
i OF THE DIMERIZATION STEP

®(R)-enantiomer

_ . - = - (+)-cytoskyrin A
®(s)-enantiomer % (+)-graciliformin

(-)-cytoskyrin A
(-)-graciliformin

® (R)-enantiomer

- o o )
[PLANE] R'O

D: exo-anti arrangement

s ~OH O OR3
®(s)-enantiomer = = = >(')'2’2 -epi-cytoskyrin A

(+)-2,2"-epi-cytoskyrin A
(-)-rugulosin (+)-rugulosin
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;&;ﬁ THE CYTOSKYRIN CASCADE: MODEL SYSTEMS

O O OMe [Michael]
b =
© 4 ?ﬂge’ [Diels-Alder]
y V O OH OMe
: . [radical]

O
[cytoskyrin]
[2"d Michael]
S




TOTAL SYNTHESIS OF (+)- RUGULOSIN

&:A

O OH OR MnO,, 25 °C O O OR
‘ [OX|dat|on] _O
ROV ROV Me [enolization/
1. MnO,, 25—45 °C; then Et.N OH dimerization]
2. conc HC' 60 °C [elimination/ QH O OR
(49% overall) aromatization]
' OH O OR

2. conc HCI, 60 °C,
MeOH/THF

,\
1. Et,N [2"Michael]
R
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“é&ﬁ THE RUGULIN CASCADE: STRUCTURE PROVEN WRONG [2006]
| O OH OR

O R
MnO,, 25°C [ O
®* R=MOM
[oxidation]
W W [dOUble
o Me  MeO Me Michael]
OH o
Me

1. MnO,
2. Et,N OH O OR
(58%) FMe L

1. MnO 9)
>/ [oxidation] O "
ﬁ
M O \ 2. TFA
© /L [deprotection]
. " OH O OR
° e
[2n Mii:hael] — [oxidation]
e
~ 1 / 7‘ -
- — ‘) ® RUGULIN NMR
Me C \ SPECTRA DO NOT

REPORTED DATA
° OMe O OMe BY SEDMERA
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X-RAY STRUCTURE OF THE ALLEGED STRUCTURE OF RUGULIN
Me

OMe O
® ORTEP drawing of X-Ray structure
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3 VN |
Y v S Y S g S
o m— g e~ NP — /-
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+4 MECHANISTIC ASPECTS OF THE DIMERIZATION STEP-ISOLATION OF

o\
L 15" MICHAEL INTERMEDIATE

® Isolation of key intermediates —
® Reaction proceeds via two consecutive Michael reactionp

rather than a Diels-Alder reaction O‘O
O OH OMOM @) @) OMOM ¥

TBSO®Y & Me
‘ @ O [oxidation] ‘ m O [enolization] 7 O
TBSO™ Me  TBSOY Me SN
OH O
(5%)

MHOQ 5% . .
o5°C. 1h ® Bulky group allows isolation of ™ O OMOM

18t Michael intermediate - H —

OH O OMOM OH O =OMO . [elimination/
\ [1% Michael [ aromatization]
‘ reaction]

M
[2"d Michag g}
Me reaction] /TBSO" Me OH O OMOM

= G ] OO0
g > Me

on standing in oyétanding in o)

CDCI CDClI o

OH O OMOM 3 5 O\' OMOM 3 (45%)

(20%) 18]




DEOXYRUBROSKYRIN MODEL: A CASE OF BOND MIGRATION?

‘&AA [ MISLEADING X-RAY STRUC TURE]
N
® SYMMETRICAL BY X-RAY /\ * %:Z_Ici1 space group
\ =
NN
/=TI~
® C9-C12’' =

C9’ -C12=2372A
® C14-C14' =156 A



% ia pd DEOXYRUBROSKYRIN MODEL: A CASE OF BOND MIGRATION

{ ‘” [MISLEADING X-RAY STRUCTURE]
N ® NON-SYMMETRICAL BY NMR
® SYMMETRICAL 7\

BY X-RAY \ \\>\ .
S NSO TN N\
e ST
- = PN N TN
N A
’ I o C“I\I\ ®C9-C12' =
& (516 spacs.aroup I C9-C12=2.372 A

Z=4 < ®c14-C14' =156 A




2Py THE DODECAHEDRANE CONUNDRUM: NMR SPECTROSCOPY
{798 VS X-RAY CRYSTALLOGRAPHY [MISLEADING X-RAY STRUCTURE]

® SYMMETICAL BY X-RAY
CRYSTALLOGRAPHY

® CYRSTALLOGRAPHIC DISORDER

® NON-SYMMETRICAL BY NMR H H
SPECTROSCOPY

® STRUCTURE AVERAGED OVER 30

® LAUE SYMMETRY m3 (T,) PREFERRED ORIENTATIONS DIFFERS
® CUBIC CRYSTAL SYSTEM g,ﬁ';{%%‘,%‘;ﬁf,.@%%’ﬂ,}é‘ AT OF SYMMET-

O-ERMER Angew-Gliont.IntEd. 1904, 231 L.A. PAQUETTE et al. J. Am. Chem. Soc. 1982,4503



iIVT"r,a
%48 PROPOSED STRUCTURE OF MAITOTOXIN

&A

® Most potent marine neurotoxm known - 4SO, r

_— , Me H Me_ |-|1 OH eo u K H H .
- B e D E i e oo
o OH

2 “OH

Na0zSQ éHH & How o M M (_oH
: H H
Me “OH OH HO:,. O
HO,,_ Me 7~ l;' U h?ﬂe l;' o |;l : 2 "
€./ 20 ‘OH
Me HoX S e Q H H
O
HO | Me o 2/(H o= U HE e e
\ W )— O Me
Mey_ - Me. Nkg O Me H

i H H H HY H @The Iar?est and most toxic non-proteinoic
product known to Man

O AL AN o H natura
eee@o : ®Produced by the dinoflagellate

Me  Me Me H Gambierdiscus toxicus
®C O..S,Na, [MW 3422 Da] ® LD,,=50ng/Kg, 1 mg can kill a million mice

164 256 ~ 68
® 32 rings, 98 stereogenic centers @ Activates voltage-dependent Ca ion channels
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Thank you for visiting our website. Our laboratories are situated in the picturesque town of
La Jolla, California, and our research is focused on the chemistry, biology, and medicine of natural
and designed molecules. The structures below this text represent some of the most intriguing

naturally occurring molecules synthesized in our laboratories in recent years. More can be found in

the accomplishments section and in the publications listed. In addition to research, we are deeply

committed to the education and training of a new generation of men and women in the chemical
sciences. The group has published several instructive books, including the advanced and widely used

textbooks Classics in Total Synthesis (K.C. Nicolaou and Erik J. Sorensen, Wiley-VCH, 1996) and
Classics in Total Synthesis II (K.C. Nicolaou and Scott A. Snyder, Wiley-VCH, 2003). Enjoy the tour of

our world.







