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Polycavernoside A

Australia

» Isolated by Yasumoto from the edible red alga Polycavernosa
tsudai in Guam in 1991.

 Responsible for sudden and fatal human intoxication in Guam
in 1991 and in the Philippines in 2002.

«  Symptoms: gastrointestinal (vomiting, diarrhea) and
neurological (scratching, muscle spasms, paralysis) disorders.

«  Cyanobacterial origin speculated.
»  Group of macrolides with:

— structurally unique 13-membered central lactone ring

— disaccharide and trienyl side chains. E@Z

PA2 triene  OH

PA triene OMe OH

OH

PA3 triene OMe OMe
PB diene OAc OMe

. . R3 PB2 diene OH OMe
« Polycavernoside A analogs also isolated:
« Estimated LDq in mice (ip) of PA and PB: 200-400 ug/kg. Polycavernosides C
SAR: macrocyclic core and /Pr-polyene side chain required
for high toxicity.
R R R
«  Hydrolysis of the disaccharide in the stomach would deliver h ? ’
the aglycone bioactive form. . PC  dene OAc OMe
. . . N PC2 triene OMe OMe
« Postulated mechanism of action: triggers an initial = RgN—RX A  mmmeememoooet :
extracellular calcium entry into the cytosol, resulting in o diene W\ :
membrane depolarization. e i /\/\/\)\ |
RS e riene XX :

_______________________

Yotsu-Yamashita, M.; Haddock, R. L.; Yasumoto, T. J. Am. Chem. Soc. 1993, 115, 1147. Yotsu-Yamashita, M.; Yasumoto, T.; Yamada, S.; Bajarias,

F.F.

A.; Formeloza, M. A.; Romero, M. L.; Fukuyo, Y. Chem. Res. Toxicol. 2004, 17, 1265. Yotsu-Yamashita, M.; Seki, T.; Paul, V. J.; Naoki, H.; Yasumoto, T.

Tetrahedron Lett. 1995, 36, 5563. Yotsu-Yamashita, M.; Abe, K.; Seki, T.; Fujiwara, K.; Yasumoto, T. Tetrahedron Lett. 2007, 48, 2255. Barriault, L.;
Boulet, S. L.; Fujiwara, K.; Murai, A.; Paquette, L. A.; Yotsu-Yamashita, M. Bioorg. Med. Chem. Lett. 1999, 9, 2069. Cagide, E.; Louzao, M. C.; Ares,
Vieytes, M. R.; Yotsu-Yamashita, M.; Paquette, L. A.; Yasumoto, T. Cell. Phys. Biochem. 2007, 19, 185.
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Polycavernoside A: Structure Determination & Synthesis

«  Yasumoto (1993): determination (1D/2D NMR) of the partial relative structure of:
— each sugar component,

— bottom (C1-C8) and upper (C9-C15) halves of the macrolactone part.

Murai (1995): determination (synthetically) of the relative configuration of the sequence of the
fucose-xylose bottom half of the macrolactone.

«  Murai (1998): 1st total synthesis & determination of the absolute configuration.

Cross-coupling /M
\\/\/\)\ |::> M

/b\ Yamaguchi { Murai, 1998

> X
HOuNa(O 0
1 macrolactonization | Paquette, 1999

A 0. White, 2001
% HO O
— Intramolecular Lee. 2010 Hm
“«,  Prins macrocyclization ’ @ OH OH
MeOg O "0 D-xylose

o
" OMe — Glycosidation |:'> Meom/s
Q/ ome
OMe

Ph OH
OMe
(-)-Polycavernoside A BnoCMe HoOH
L-fucose

Yotsu-Yamashita, M.; Haddock, R. L.; Yasumoto, T. J. Am. Chem. Soc. 1993, 115, 1147. Fujiwara, K.; Amano, S.; Murai, A. Chem. Lett. 1995, 855.
Fujiwara, K.; Murai, A.; Yotsu-Yamashita, M.; Yasumoto, T. J. Am. Chem. Soc. 1998, 120, 10770. Paquette, L. A.; Barriault, L.; Pissarnitski, D. J. Am.
Chem. Soc. 1999, 121, 4542. Paquette, L. A.; Barriault, L.; Pissarnitski, D.; Johnston, J. N. J. Am. Chem. Soc. 2000, 122, 619. White, J. D ;
Blakemore, P. R.; Browder, C. C.; Hong, J.; Lincoln, C. M.; Nagornyy, P. A.; Robarge, L. A.; Wardrop, D. J. J. Am. Chem. Soc. 2001, 123, 8593.
Blakemore, P. R.; Browder, C. C.; Hong, J.; Lincoln, C. M.; Nagornyy, P. A.; Robarge, L. A.; Wardrop, D. J.; White, J. D. J. Org. Chem. 2005, 70, 5449.
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(—)-Polycavernoside A:

Stereoselective intramol.

14 steps OH OBn
O, — :
L2 _oH —= A
OH =

(R)-(+)-Glycidol

N

HO
OMe
/\%C/\L\\“ O
PMBO .
Y OH "
1. Swern - OBn
2. PMB cleavage
3. Pinnick .
Yamaguchi

4. ClzPhCOCI, EtsN;
DMAP; >75%

macrolactonization

1. Dihydroxylation

3. PG manipulation

2. Oxidative cleavage HO;,.

4. Takai iodovinylation
5. TFA/H,O/THF, >95%

Michael cyclization
t-BuOK
—_—

COMe  91%

HO 8 /
BnO — CO,Me

TsOH,
MeOH/(MeO);CH

65-68%

- Thio/sulfinyl gps removal
- TBS cleavage
- Cyclic Me acetal formation

U

0]
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Acid-mediated acetal

OH

PMBO OTBS®

‘
’,
‘r

33%

1. Glycosidation
2. Bn cleavage
3. Cross-coupling

SEt

rearrangement
1. TsCl CpoZrCly
2. NaNH, LiEtsBH;
ZIE sep. 2
> X >

HF

Fujiwara, K.; Murai, A.; Yotsu-Yamashita, M.; Yasumoto, T. J. Am. Chem. Soc. 1998, 120, 10770.
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Murai's synthesis (1998)

(0]
|
CO,Me  EtS_ _SEt oTBS )(/
7 steps HO OH
—_— O
. l l 17 steps
OBn IO
Sulfoxide LDA; then W
anion addition PMBO OTBS-
TB
OH TBSO OH SO
+

Z -
PMBO  OTBS®EtS SEt

‘r
’
‘

O
OBn 46% OBn

m

@)
35 steps
", (longest
MeO 0 linear
%O sequence)

07 ome
(-)-Polycavernoside A
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(—)-Polycavernoside A: Paquette's synthesis (1999)

SO,Ph . S 1. TES cl
= 1. n-BuLi; 3 . cleavage
10steps QTBDPS g steps then aldehyde ~ PMBO 2. Dihydroxylation
HO C/YCOZH — 00 —» o 2. Dess-Martin OTBDPS 3. Oxidative cleavage
2 — — 3 -, OTES 4. Pinnick
; OH. i K 75% (2 steps) 5. CIsPhCOCI, Et3N;
L-Malic acid DMAP; 82%
OH OBn O >
Stereocenter C3 set by Grignard Sulfonyl
addition/lactol reduction anion addition Yamaguchi
13 steps B 5 steps B ’ macrolactonization
OH . N {5 OBn
—>_ PIVO Y —> o~ : OTBDPS
5 OPMB PMBO OTES )
(R)-(=)-Pantolactone Stereocenter C15 set by

asymmetric dihydroxylation

o
OTBDPS Y | 30 st

" : steps
1. TBDPS cleavage HO.) 1. Glycosidation I P t
2. Dess-Martin 0 2. Deprotection 0, ( QngeS
3. Takai iodovinylation- 3. Stille coupling MeO 'e) linear

. g g o= o sequence)
4. Oxidative OMe
desulfonylation /\/\)\ 0 OMe
5. DDQ oxidation, 73%
° OH BuzSn” N HoCMe (-)-Polycavernoside A

OBn Cyclic acetal formation

Paquette, L. A.; Barriault, L.; Pissarnitski, D. J. Am. Chem. Soc. 1999, 121, 4542.
Paquette, L. A.; Barriault, L.; Pissarnitski, D.; Johnston, J. N. J. Am. Chem. Soc. 2000, 122, 619.
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(—)-Polycavernoside A: White's synthesis (2001)

3t SO,Ph  Julia coupling Stereocenter C13 set by asymmetric reduction
CO,Me °SPS 1. n-BuLi: then Nozaki-Hiyama-Kishi coupling
HO/Y — \ aldehyde “a, X Osteps
TBDPSO > —_— “
/" 2. Dess-Martin OT%DPS?PMB > 0% x crol
WOH 6 steps 3. Sml, reductive 2

i HO
- X cleavage NiCl, (cat.)
O — |l
o) O OPMB 90% (3 steps) > 0% >

(S)-(+)-Pantolactone Br

Stereocenter C7 set by Brown asymmetric allylation CO,Me 11dr. OTIPS
8 steps TBSO  OTIPS 4 steps O
~ —_—
TBSO™ "0 —_, TBSO NN — ", 1. Separation
= CO-Me Intramol. Michael 2. Acetonide cleavage
ARG 2 oyclization OTIPS 3. Saponification
St ters C4/C5 set by E Idol 4. ClsPhCOCI, Et3N;
ereocenters set by Evans aldo DRIAP. 75%
p 5. Silylation
Yamaguchi
macrolactonization Y

| 1. Ozonolysis

it : 2. Takai iodovinylation
1. Glycosidation

2 Deyprotlecticl)n HO/.\) 3. C10 TES cleavage

3. Stille coupling O o ‘51 BE?;;/MEQ(I)Z TESO

/
’
Iy, .

25 steps

(longest ~
Meogv&/o linear /\/\)\
OMe sequence) [ BusSn” XX

Cyclic acetal formation

OH

(-)-Polycavernoside A

White, J. D.; Blakemore, P. R.; Browder, C. C.; Hong, J.; Lincoln, C. M.; Nagornyy, P. A.; Robarge, L. A.; Wardrop, D. J. J. Am. Chem. Soc. 2001,

123, 8593. Blakemore, P. R.; Browder, C. C.; Hong, J.; Lincoln, C. M.; Nagornyy, P. A.; Robarge, L. A.; Wardrop, D. J.; White, J. D. J. Org.
Chem. 2005, 70, 5449.
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The Prins Reaction

Prins cyclization vs competing oxonia-Cope rearrangement Cyclization of (E)- and (Z)-Homoallylic Alcohols

' ‘Nu Nu

Prins cyclization
/E\ R'CHO J\/\ & nucleophilic capture ﬁ OH EtCHO, EtAICI, o
Lewis acid g R = DCM o,

OTBS Cl  OTBS

N
oxonia- Cope\ / 38% (40% r.s.m.)
rearrangement /j\ : OH OTBS
U EtCHO, EtA|C|2
Racemization: = DeM

- elevated temperature :
- polar solvent 9:1 ZIE OTBS OTBS
- unsubstituted alkene : 1:3 (36%)

- R/R": electron-donating

.
------------------------------------------------------------------------------------------------------------------------------ F e n NN S NN N RN RN AN AN R AN AN NN A AN AN AN NN AN NN AN NN AN AN AN N A AN N AN N AN NN REEEEREEEREEE

Stereochemical outcome for Prins cyclizations

R R N R
@2 R 2 R /‘ u 2 R
OH  1.RCHO, TFA, DCM ~__O._R O._R A =— — &ji/
2 K,CO3 MeOH . Ry~ R1 Ri Nu
yZ > R3 Rs © H Rs
39-97% L L L tetrahydropyranyl cation intermediate
OMe OMe OMe
91 ElZ ca. 93:7 Selectivity of nucleophilic capture at C4 dependent on reactivity:

- Highly reactive nucleophile (e.g.: Br) and electrophile: axial attack
- Less reactive nucleophile (e.g.: AcO-, TFA") and electrophile:
equatorial attack

Excellent stereocontrol.
All the substituents in the equatorial position.

Crosby, S. R.; Harding, J. R.; King, C. D.; Parker, G. D.;Willis, C. L. Org. Lett. 2002, 4, 577. Barry, C. S. J.; Crosby, S. R.; Harding, J. R.; Hughes,
R. A.; King, C. D.; Parker, G. D.; Willis, C. L. Org. Lett. 2003, 5, 2429. Jasti, R.; Anderson, C. D.; Rychnovsky, S. D. J. Am. Chem. Soc. 2005,
127, 9939. Jasti, R.; Rychnovsky, S. D. J. Am. Chem. Soc. 2006, 128, 13640.
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The Prins Reaction: Application in Total Synthesis

«  Application in the total synthesis of (—)-Blepharocalyxin D (Lee, 2007)
— Optimization of the conditions of Willis & coworkers

OMe
(1.2 equiv.)
MeO )
TESOTTf (4.0 equiv.)
WOH CHO TMSOACc (1.0 equiv.) e

AcOH (40 equiv.)
OAc rt, 1 h, 60%
single diastereomer

>

OAc

(-)-Blepharocalyxin D

OH

*  Application of the intramolecular Prins macrocyclization in the total synthesis of (+)-Neopeltolide
(Lee, 2008)

OMe 1. TESOTf (20 equiv.) (+)-Neopeltolide

TMSOAC (30 equiv.)
o AcOH (0.01 M), rt, 30 min
2. K2003, MeOH

1. TESOTF (20 equiv.)

TMSOAC (30 equiv.)

. AcOH (0.01 M), rt, 30 min  O.__O
2. K,CO3, MeOH

00O

EtO TBSO,,,

I_|N\<0Me
(6]

o}
)

Ko, H. M.; Lee, D. G.; Kim, M. A.; Kim, H. J.; Park, J.; Lah, M. S.; Lee, E. Org. Lett. 2007, 9, 141.
Ko, H. M.; Lee, D. G.; Kim, M. A.; Kim, H. J.; Park, J.; Lah, M. S.; Lee, E. Tetrahedron 2007, 63, 5797.
Woo, S. K.; Kwon, M. S.; Lee, E. Angew. Chem., Int. Ed. 2008, 47, 3242.

47%, 9:1 e.r. 68%, single enantiomer

OEt X

=> More efficient approach
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(—)-Polycavernoside A Total Synthesis: Title Paper

NaH; then

t-BuLi; then

" SOTBOPS 4 ey S
Nokami OTBDPS 2. TsCl NN OH OPMB
alcohol, 1< OH | | 3. TBSOTf | |
/\¢O p- -TsOH n-BuLi 4. Nal PMB
TsO —_— o~ - - OH _— OTBS OTBS
65% BF3‘Et20 80[%)
89% F (4 steps) G 93% =
Asymmetric Crotylation of Aldehyde with the Nokami Alcohol 1.45:1 d.r. synfanti
ol o 1. DMP
v THF (10 mor) ' 3. MegNBH(OA

- O/I\R - Mey (CAc)s

m 77% ~ OFt 67% (3 steps)

0) Nokaml alcohol
menthone = —"OH™ OEt
crotyl-donor CO,H
DCC, DMAP
-~
+"OH™ [3 3] 85%
B S
)\/\/ R O/\R
— menthone
more stable
Nokami, J.; Ohga, M.; Nakamoto, H.; Matsubara, T.; Hussain, |.; Kataoka, K. | ..
J. Am. Chem. Soc. 2001, 123, 9168. H 1. TBDPSCI. Im. i
: 2. LiBH, !
MeO.C 3. Swern ;
B 07 >""OTBDPS !
_________________________________________________________________________ ! H 87% (3 steps) = :
: i. p-TSOH, 1. n-BuLi i1 LCBry, Zn, PPhy (enantiomer)
. ’ : ii. n-BuLi NV
; WOH PMBOCNHCCI, WOPMB  MePPh,Br P X~ :
' ii. DIBALH 2. DMP X! ' 94% Y OTBDPS
. > _— 1 1 0 = 1
: O OPMB: | ;
! © 95% OH  70% (2 steps) ! 1 Kim, C. H.; An, H. J.; Shin, W. K.; Yu, W.; Woo, S. K.; Jung, !
| (S-(+)-Pantolactone 2dr. | 1 S.K;Lee, E. Angew. Chem., Int. Ed. 2006, 45,8019. |
Woo, S. K;; Lee, E. J. Am. Chem. Soc. 2010, 132, 4564.
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(—)-Polycavernoside A Total Synthesis: Title Paper

K “ %I\E/ISS%-l/:\fc - O CrCly
| 0 hoH 0 CHs_ Sy
OEt 85% mixture
OFt Prins .
6:1d.r. OAc

1. DMDO;
TESOTf (10 equiv) 7., PtOy, CO 7, PPTS, MeOH
TMSOAC (15 equiv) K,COg; 2. TPAP, NMO
AcOH 4 AMS 4 AMS
> —_— >
69% 72% (3 steps)
6-endo intramol.
Prins alkyne hydration
. OAc
55:14d.r. OAc
p
Fortuitous rearrangement 1.NBS, 4 A MS

upon prolonged exposure
to Takai conditions

MGOM/SPh

1.05;PPhy o OMe
2.CrCly, CHI3 P\ZOMG
3.KCO; g arOMe .
2.DDQ -
549 3. PdCIz/\/\)\
BusSn” XY
23% 97 ome
OMe

HO (-)-Polycavernoside A

Woo, S. K.; Lee, E. J. Am. Chem. Soc. 2010, 132, 4564.
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Conclusion and Perspectives

* Novel approach for the total synthesis of (-)-Polycavernoside A.
« Use of a Prins macrocyclization strategy to build chemical complexity in a single step:
— 2 newrings

— 3 new stereocenters

Total SynthGSiS ] Stille Coup”ng
22 steps (longest linear seq.)
1.2% overall yield

CE—

3 steps

Ring contraction
via fortuitous
rearrangement

Te0 P i

Formal synthesis
19 steps (longest linear seq.)
5.3% overall yield

— Intramolecular
“u,  Prins macrocyclization

o
MeOg %0

o OMe " Glycosidation
Macrocyclic core 0 OMe
OMe

HO (-)-Polycavernoside A
«  Comparison of synthetic routes to the macrocycle:
Murai Paquette White Lee
Longest linear sequence (steps) 32 29 22 19
Overall yield (%) 2.6 1.5 4.7 5.3

»  Perspectives: further applications of the Prins macrocyclization strategy in the synthesis of complex
natural products.
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