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(2) Prostaglandins from Sugars (Stork)
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G. Storkand S. Raucher J. Am. Chem. Soc. 1976, 98, 1583
G. Stork, T. Takahashi, |. Kawamoto, and T. Suzuki J. Am. Chem. Soc. 1978, 100, 8272

For discussions of the use of chiral natural products as starting materials for the synthesis of complex molecules, see
(1) S. Hanessian "Total Synthesis of Natural Products: The 'Chiron Approach' ", Pergamon Press: Oxford, 1983.
(2) T.-L. Ho "Enantioselective Synthesis: Natural Products from Chiral Terpenes", Wiley Interscience: New York, 1992.
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Chiral Synthesis of Pr landins from Carbohyd:
Synthesis of [+ )15+ S)-Prostaglandin A,

Sir:

Traditional syntheses of matural prostaglanding' involve
at least ome resolution. We have been devoting some effort

Total Synthesis of Prostaglandin Fy, by
Chirality Transfer from D-Glucose’?
Sir:
We describe herein the successful construction of prasta-
glandin PGF;, (1) from D-glucase.

10 to1al syntheses of these substances which would not re- tno
quire separation of enantiomers, and now record the first o
1otal synthesis of a natural prostaglandin, PGA; (1)* from a “—
simple sugar. The specific route we chase features the use of
two Claisen rearrangements: one to produce the necessary
trans geometry of a double bond (3 — 4) and the other as
the means of tramsferring the chirality of a carbon-axygen nthet inw 2 i -
bond tothat of a nonadjacent carbon-<arbon bond (8 7). Rt kv o ot ouk B it A sl
of type 2 should in turn result from C-O — C-C chirality
trapsfer from 3. It is this molecule which thus became our
initial synthetic target.
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The Nobel Prize in Physiology or Medicine 1982

“for their discaveries concerning prostaglandins and related biologically active
substances"

OH [
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Prostaglandin A,

% Install C-8 side chain by enolate alkylation
% Thermodynamic control of stereochemistry at C-8
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(2) Prostaglandins from Sugars : .g\\\\:/\/\wz“
(Gilbert Stork) 1\ B
D »

Prostaglandin F,

* Install C-8 side chain by enolate alkylation
% Thermodynamic control of stereochemistry at C-8
* [For PGF, ] C-9 stereochemistry by steric approach substrate control

HO
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* Form cyclopentanone from

Prostaglandin F,

acyclic precursor by nucleophilic cyclization

0 0
X @/
> Ewe O RZ  or X R?
& 12
N umpolun
12 R! RO R p g

(RZ) COQR
Subtargets  ro,c NN
OR

X

CO,R

AN AT

OR OR
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(2) Prostaglandins from Sugars
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* The “sugar connection”: requires

Prostaglandin F,

translation of C-OH stereogenic centers into C-C centers

(R?) CO,R (R?) CO,R
New /\L A /\L A
Subtargets  ro,c N xR
OR OR OR
HO (l)H OH
|::> —Clr— Sugars as
H starting materials
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Prostaglandin F,,

* Set C-12 stereochemistry by
chirality transfer via [3,3] sigmatropic rearrangement

(RZ) COZR (RZ) C02R
Subtargets /\”:(/ /\iL
? RO,C A X AT
OR OR OR

z
R \‘éo —> (R)\)\o —> OH
B~~~ \)

Retron for [3,3] sigmatropic shift: y,6-unsaturated carbonyl compound
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(2) Prostaglandins from Sugars .é»\\:/\/\wz“
(Gilbert Stork) 1\ B

e B M ETIN

Prostaglandin F,

* Set C-12 stereochemistry by

chirality transfer via [3,3] sigmatropic rearrangement

002R (RZ) COZR

(R?)
Previous /\:(/ A:v[/
A A I:>
subtargets RO,C 12 /\/ " X~ Y2 /\/ "
OR OR OR

OH OH

New 12\/k/ Am 12\/'\/Am
ROZC/\/\ - X/\E/\ -

Subtargets : :
OR OR OR
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* Set C-12 stereochemistry by
chirality transfer via [3,3] sigmatropic rearrangement

top face
attack

OH
R1/\AR2

bottom face _~coz
attack %\ M z R2
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(2) Prostaglandins from Sugars : B\:/\/\ O,H
(Gilbert Stork) 1\ B
D »

Prostaglandin F,

* Set C-12 stereochemistry by

chirality transfer via [3,3] sigmatropic rearrangement

RZ) COZ
/\1/ Am

O,R

RZ) C
Previous /A\:iI://
subtargets RO,C 12

OH OH

New 12\/k/ Am 12\/'\/Am
ROZC/\/\ - X/\E/\ -

Subtargets : : :
OR OR OR
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For PGA2 Prostaglandin A,
OH 3,3] OR? OR?
Am . Am /k/ Am
Rozc/\/v\8 : —> /ﬁ\(k/ C—> oHe :
OR OH OR! OR!
OH OR2? Bu,CulLi
/'\A /'\/\+
OHC 5 OH 1 OHC”! E OTs
= - 1
L-erythrose ol OR
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(2) Prostaglandins from Sugars %
(Gilbert Stork) O
Prostaglandin Fj,
For PGF,,
OH OH OR
= ROV\/'V "
oR 6R 6rR on o on o

(both a or B)
1,2-deoxygenation R'O Y : OR?

OR' OH OR!

OH OH

OH
D-Glycero-D-guloheptono-1,4-lactone e

One step from D-glucose OH ©
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Total Synthesis of PGA,

OH
Prostaglandin A,
HO° HsC=CHMgCI
M’Q THF-CH,Cl, CICOoMe
- . o4h _ Py 80-0° -30—0°
6)/: 96 o 0OCO,Me
10 eq CH3C(OMe);
cat EtCO,H
140° 72 h
OH 25% aq ACOH o—~.,
\/k/\ 120° 1h
-
Me0,c” >N 0CO,Me Me0,c” >N " oco,Me
oH 83% 0O
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(2) Prostaglandins from Sugars (Stork)

Total Synthesis of PGA,

OH
Prostaglandin A,
H
1 eq EtsN \)0\/\
CH.Cl, rt 1h
= MeOzc/\/\ 0CO,Me
Ji oH
OH
Meozc/\/\/'\__/\o
"~
0o
0.1 eq KxCO3 MeO,C._1:1
MeOH = CO,Me
5 xyl 160° 1 h 1t 30 min H
eq - = !
59% overall MeO,C P /\;/\OH
(MeO);C z

OH
CO,Me
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Total Synthesis of PGA,

1) Hy, Pd-BaSO,
MeOH
MeO,C_1:1 2) TsCl, pyr
= CO,Me -20° 7d
H 3) EVE
MeO,C H Z>"0H
OH
Q 10 eq KOt-Bu
NS 0.5 N NaOH THE
2]\/ CO-H A 10 min rt 45 min
/\/Am

H 77%
OCH(Me)OEt

OCH(Me)OEt 799,

5 eq Bu,Culi
Et,0
-40° 2h
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(2) Prostaglandins from Sugars (Stork) Q&iw
Total Synthesis of PGA, OH ,
Prostaglandin A,
? 4 eqNalO ]
zj:/E/\/\cozH R MeoH zj:/E/\/\cozu
3 eq PhSeCl rt HzO*
/\/Am L > > /\:/Am
6CH(Me)0Et OH
Prostaglandin A,

16 steps in the longest
linear sequence
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(2) Prostaglandins from Sugars (Stork) %i/\/v
HO' P N

Total Synthesis of PGF,, OH

OH OH OH O

HO o 0, - 1';3/5:450 acetone
HO HCN HO 22 I : aq b HaSO4 H*
HO o OH 0O gy 90% 75%
D-glucose

commercially available
NaBH,
MeOH
10°C 1.5h

D-Glycero-D-guloheptono-1,4-lactone

Ac,0, pyr
CH,Cl,
-7°C 18h

|
|

OH 1) KzCO3, MeOH o0/
\/k/\ S G " 1) MeoNCH(OMe),
3) CuSO,, aq MeOH 2) Ac,0, A
Ho/\i/\ B [o} <A— o/\,/\ Y OAc 42— o] : T
OH o 4)PhH, A : H E :
)‘./O 0 40% overall );/0 OH \3

(o]

OAc
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(2) Prostaglandins from Sugars (Stork) %i/\/v
HO' P N

Total Synthesis of PGF,, OH

OH

HO/\_/\)\,/\O
oH a%
acetone o

cat H,SO,

OH CHy(OMe)3 CO,Me 1) K2CO3, MeOH
\/V\/\ cat EtCO,H 2) TsCl, pyr
o/\-/\ o A v 3) EVE . /\i/\OTs

1) 10 eq Bu,Culi
o o Et,0, -40°C 2h

- LiHMDS 2) aq H,80,
o = 0OSit-BuPh, RBr THF, 1t 15h
THF-HMPA EVE [}
RO = Am - -«—————
Y HO. = Am

OR  OR = OC(H)MeOEt 1%

35% overall

OH
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(2) Prostaglandins from Sugars (Stork) %i/\/v
HO' 12 TN

Total Synthesis of PGF,, OH

o

' HCN OH
07 NN N OSiEBUPh, EtOH  50% aq AcOH Ne osin
DIBAL 10°C_ THF,35°C HO NN S Ss
RO = Am
H HO = Am
OR I
OR = OC(H)MeOEt OH

1.5eq TsCl
pyr, -15 °C

NC_ OR NC_ OH

6 eq KHMDS
SN N\ 0SitBuPh, benzene SN~ -OSiRs
) — A5h EVE HQ : —
-—
- = Am TsO % Am
RO v 72% :

OR OH 37% overall
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SN~
(2) Prostaglandins from Sugars (Stork) %i/\/v
HO' 12 TN

13 15
Total Synthesis of PGF, OH ,
Prostaglandin F,
NC. OR
SN~ OSitBuPh,
HO‘\“‘ = . Am
OR OR = OC(H)MeOEt
1) TBAF, THF 31 steps in the longest
2) Collins Ox .
3) AGNOg, KOH linear sequence
aq EtOH
Nc OR ACOH OH
NS HO-THF Lis-BugBH NN NN
N COH  45:Cc 5h  THF,-78°C 15h Q/\_/\/\fm
A 3
RO" ~ Y " 73% HO" B
Or OH
Prostaglandin Fy,,
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[1,3] O—C Chirality Transfer

oM CO.R
3 * 2 * 1 2
R1/\ 1 R —_—> H1 3 R
2 -, 2 2
XY XY
[1,3] O—N Chirality Transfer
OH NR,
3 * 2 * 1 2
R1/\2 ? R — - y R
X Y X Y

Review of chirality transfer via sigmatropic rearrangements

Hill, R. K. In Asymmetric Synthesis; Morrison, J. D., Ed.; Academic Press: Orlando, 1984; Vol. 3, pp 503-572

Strategies for Stereocontrolled Synthesis

310N | L f o
- . 1 - > 1
Chirality Transfer | ™ ' F R /K
Overman Rearrangement
of Allylic Trihaloacetimidates
KH, CCI;CN 140 °C
E'[203 BnO/\/\‘/ xylene BnO 7

Bno/\/\‘/

OH

HNY

(o)

CCl,

1) DBU, CCI;CN
CH,Cl,

Bu
\‘/\/\osm3

OH benzene, rt

2) 1% PdCly(PhCN),

L
>

72%

Review: Overman, L. E.; Carpenter, N. E. Org. React. 2005, 66, 1

45% overall

Bu\/

NHCOCCl;

HNT
(o}

OSiR,

ccl,




