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5-F-Isoprostane, A Human Hormone?

Douglass F. Taber,* Kazuo Kanai, and Richard Pina

Contribution from the Department of Chemistry and Biochemistrypélsity of Delaware,
Newark, Delaware 19716

Receied March 17, 1999

Abstract: Syntheses of the four enantiomerically pure diastereomers efiSdprostane3—8) are described.
The key step is the lipase-catalyzed chemo-enzymatic resolution of the racemé&Odmlgive the mono-
acetategll and42. The enantiomerically pure diastereomers of,bioprostanes) may be human hormones.

Introduction

In 1990, prostaglandin (PG).fike compounds were dis-

covered to be produced in abundance in vivo by free radical-

induced peroxidation of arachidonic acitl),(independent of
the cyclooxygenase enzyme®ecause these compounds are
isomeric to the PGk, derived by the action of cyclooxygenase,
they were named Fisoprostaned.Subsequently, it was dem-
onstrated that RPisoprostanes and jEsoprostanes are also
produced in vivo as products of this pathwialfour different

regioisomers of each of these classes of isoprostanes are formed

(e.g., 8-krisoprostan, 12-Frisoprostan®®, 15-F-isoprostane

4, 5-F,-isoprostané). 15-F,-Isoprostaned), prepared by total
synthesis 11 has been shown to have hormonal activity, with
a receptor in the kidney vasculatifeTo investigate the
biological activity* of the other isoprostanes, it will be necessary
to devise synthetic routes to them. We report herein the first
preparation of each of the four enantiomerically pure isomers
of 5-Fyrisoprostane §—8).
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The 5-isoprostanes are produced in vivo as racemic mixtures
of C-5 diastereomers. Rather than design an independent
synthesis of each of the four enantiomerically pure diastereomers
of a particular isoprostane, it seemed more sensible to develop
a stereodivergent synthesis that would lead to each of the four
from a common intermediate.

We proposed (Scheme 1) to prepare Jsisoprostane §),
5-epi-5-krisoprostanef), ent5-Fyrisoprostaned), and 5-epi-
ent5-Fy-isoprostane ) by aldol condensation of the diazo-
ketone 9 with the aldehydelO, followed by cyclization of
the silyloxy ketonell The relative configuration of the alkyl
side chains on the ring would then be established by kinetic
opening of the activated cyclopropane of the bicyclic ketone
12 with thiophenol and BEOEt. A key question was whether
the cyclization of the diazoketon&l, having a trans,cis
conjugated side chain, would give the desired bicyclic ketone
12 efficiently.
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The diazoketon® was prepared (Scheme 2) by homologa-
tion!3 of the chloro alcoholl4 with butylmagnesium bromide,
to give the alcoholl5. Alkylation of benzoylacetone with the
derived bromidel6 gave the diketond7. Diketone 17 was
smoothly converted to the diazoketor$e on exposure to
p-nitrobenzenesulfonyl azidgNBSA) and DBU*

The requisite Z,E)-conjugated dienall0 (Scheme 3) was
prepared by a modification of the method of Kobayd&hittig
reaction of the phosphonium saB and ethyl 5-oxopentanodfe
with one molar equialent of KHMDSproceeded smoothly to
give dienol19 (Z,E/E,E = >95:<5). Oxidation of19 with MnO,
furnished the dienal0.'”

To be sure of the geometry df9, we also prepared the
isomeric dienols20—22 (Table 1). Dienol20 was prepared
by oxidation of 19 with PCC followed by reduction with
NaBH,;. A inseparable mixture oR1 and 22 was prepared
by condensation of the phosphonium salt derived frin

with ethyl 4-oxopentanoate. The geometry of the conjugated

dienes was easily assigned by comparison of #ie NMR
chemical shifts of the C-4 and C-9 methyleA&sThe 13C
chemical shift of the C-4 methylenes of compourgfsand
22, having an E)-double bond next to the C-4 methylene,
are downfield compared to th&)fisomers19 and 21. The
13C chemical shifts for the C-9 methylenes of compounds

(13) Taber, D. F.; Louey, J. Hetrahedron1995 51, 4495.
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references therein.
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a2 Reagents and conditions: (2)HsMgBr, ELO, 0°C ~ rt; (b) CBry,
PhP, CHCI,, 0 °C ~rt; (c) benzoylacetone, #COs, "BusNBr, toluene,
90— 40 °C; (d) p-NBSA, DBU, CHClI,, 0 °C.

Scheme 3
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aReagents and conditions: (a) KHMDS; ethyl 5-oxopentanoate,
THF, =78 ~0 °C; (b) MnQ,, CH,Cl,, rt.

Table 1. ¥C Chemical Shifts of C-4 and C-9 Methylenes

Chemical Shift? ( ppm )

Compounds
c-4 c-9
9 _ 4
HO > N=""""C0,Et 26.8 63.0
19
HO AN COE 31.8 61.9
20
HO S N CO2E 26.5 58.3
21
HO =" ""C0,Et 31.9 58.4
22
2|n CDCl.

19 and 20, having an E)-double bond next to the C-9 meth-
ylene, are also downfield compared to tlg-isomers21 and
22.

With the requisite componen®sand10in hand, we embarked
on the preparation of the four enantiomerically pure diastere-
omers of 5-Brisoprostane (Scheme 4). Aldol condensaitfon
of the potassium enolate of the diazoket@with the dienal
10 in the presence of triethylchlorosilane (TESCI) in toluene
gave the TES-protected ald®B together with a small amount
of the free aldoR4 (hydrolysis on work up) in good yield. The
TES group of23 does not survive under the conditions for
cyclopropane ring opening with thiophenol andsBBEb, so it
was necessary to change the protecting group from TESto
butyldiphenylsilyl (TBDPS). The diazoketontl was then
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Scheme 4 Table 2. 3C Chemical Shifts of C-8 and C-12 Methines
o Q N, Compounds? Chemical Shifts ( ppm )°
a —\
)j\r(t/\/\/ _— szt 27 459 50.4
N2
9 23: R = TES (68%) 28 50.5 51.2
(91%) E
24:R=H (16%) 29 488 50.2
(99%) [
11: R =TBDPS 30 50.3 53.1
o) o)
d /~ — + N=" 31 50.6 51.3
— \:/\/\ """ —
CO,Et ="""C0,Et
32 50.7 51.4
OTBDPS 4 (s55%) OTBDPS 26 (40%)
8
NN """C0,Et
e | ' 2 50.3 51.4
| } R=TBDPS 12T
A Q RO " gpn 335
NN —
+ (0]
i: "'l/\r'"\/\cozet ”"Wcozet = CO,Et
RO spp RO gph ] 50.0 53.0
N
27: (2)-olefin (79% ) 29: (2)-olefin (6% ) RO 5
28: (E)-olefin ( 4% ) 30: (E)-olefin (9% ) SPh 34%

f'(75%)

o) = CO,Et
50.6 51.6
OIS Cu-Sal SN s = p
u-Salen cat. = cu RO OH 357
PN COE o/,
RO OH

25 SN N
31: a-OH b — CO,Et
32: B-OH \ _ 53.4 54.0
aReagents and conditions: (a) KHMDS, toluene78 °C; 10, RO OH 367
TESCI, toluene~78 °C; (b) TBAF, NH,CI (solid), THF, 0°C; (c)
TBDPSCI, imidazole, 4-DMAP, CKCl,, rt; (d) Cu-Salen cat., toluene, R = TBDPS
100°C; (e) PhSH, BE-OEL, CH,Cl,, —30 °C; (f) mCPBA, CHCl,,
—78°C; (MeOYP, EtOH,—78 °C ~rt. aReferences? In CDCls.

cyclized® with the Cu-Salen catalys252in toluene to provide ~ COnverting botfi27and28to the allylic alcohols31 and32. On
the bicyclic ketoned2 and 26. the basis of the data in Table*2both 31 and 32 have side

chains cis to each other on the ring. These observations support
the structures 027, 28, 29, and 30 depicted in Scheme 4. In

each case, we have assumed that the opening with thiophenol
proceeded with inversion at the reacting center, as we have

The structures of the bicyclic ketong2 and26 were assigned
by comparing the'H and 13C NMR spectra to those for the
analogous bicyclic ketones that are intermediates in the synthesis
of the 15-Rrisoprostanesin particular, the oxygenated methine .
of 12 (18C 6 69.3,1H 6 4.46, d,J = 4.9 Hz) is almost exactly ~ Previously observed. o
congruent with the analogous 15-4&oprostane precursd? Reduction of the ketonE? produced.the eplmerlc.alcohols
(13C 6 69.6,1H 6 4.41, d), while the oxygenated methine2sf 317 and38 (Scheme 5). Again, the relative configurations3af
ferent. (*H .NMR 0 4.44, dt,J = 3.6, 6.6 H;, 1H; .4.08, m, 1H? were
Difficulties were initially encountered in the kinetic cyclo- assigned by analogy 1o the ch'em|ca'1l shifts of the H's at C-9
propane ring opening df2. We eventually found that treatment _and C-11 in the corresponding dlastereomers of the 15-
of 12 with an excess of thiophenol and BPEL in CH.Cl, isoprostane precursor${ NN_IR 0 4.64, m, 1dH’ 4.24, m, .lH)
(0.4 M concentration) at-30 °C for 4 h gave the desired and (H NMR ¢ 4.38, m, 1H; 3.99, m, 1Hy:! The undesired

; . : . : alcohol 37 was recycled by oxidation with Des$artin
thioether27in 79% yield, accompanied by three other isomers I . . .
(28, 29, and30). 13CyNMR has p[r)oven toybe an effective tool perlodlnane?? followed by reductlo_n with NaBl DeS|IyIa_l-
for the assignment of the relative configuration of the isopros- tion of the 8-alcohol 38 with TBAF in THF afforded the diol

tanes (Table 23! The ring methines (C-8 and C-12) are 13At first, ft ted the ch i | Aot
particularly distinctive. Ketone28 and 30 could easily be Irst, we attémpted the chemo-enzymatic reso

assigned on the basis of these correlations. We confirmed thatélh'sI igage Uniortunlc';ltetljy #nderﬂthev\(;ondltlons \:jv?hsg?;r&ed the
the side chains of keton27 were cis one to another by 10l Lowas not resolved efliciently. VVe reasoned tha N

chain might be presenting too much steric bulk to be accom-

(19) With Rh(OAc)s, Rhy(oct), and RR(piv)s, the unstable tetraene  modated easily in the binding site of the lipase. We therefore
resulting fromg-hydride elimination was the major product.

(20) (a) Charles, R. GJ. Org. Chem1957, 22, 677. (b) Sacconi, L.; (22) (a) Dess, D. B.; Martin, J. Gl. Org. Chem 1983 48, 4155. (b)
Ciampolini, M. J. Chem. Socl964 276. (c) Corey, E. J.; Myers, A. G. Ireland, R. E.; Liu, L.J. Org. Chem1993 58, 2899.
Tetrahedron Lett1984 25, 3559. (23) Wong, C.-H.; Whitesides, G. MEnzymes in Synthetic Organic

(21) Taber, D. F.; Kanai, KJ. Org. Chem1998 63, 6607. Chemistry Pergamon Press: Oxford, U.K., 1994; and references therein.
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Z CO,Et( 85%) '/\n/\/\COzEf ’/Y\/\COzEt 2 COLE
HO OH HO le) R0 Rz Rj R,0 Rz Rs
39 40
# Reagents and conditions: (a) NaBileOH, 0°C; (b) Dess-Martin 43:R, =H, Ry = OH, Rg=H 46: Ry = H, Ry = OM, Ry = H
periodinane, CkCly, rt; (c) TBAF, THF, rt; (d) mCPBA, CHCI,, —78 c c
°C; (MeO)P, EtOH,—78 °C ~rt; (e) DDQ, 1,4-dioxane- CHxCl,, 44: Ry =H,R,=H, R3 =0H 47: Ry =H, Ry,=H, R3 = OH
40°C. L [
45:R;=Bz,Ry=H,R;=0Bz ~48:R,=Bz Ry=H, R3= 0Bz

decided to change the substrate of the enzyme reaction. To this a Reagents and conditions: (a) Amano lipase AK, vinyl acetate, rt;
end, we effected oxidation and Mislow rearranger?feott the (b) NaBH;, MeOH, 0°C, (43, 37%, 44, 44%;46, 42%,47, 51%); (c)
thioether13 to give the allylic alcohol39, which on further BzCl, EtN, 4-DMAP, CHCI, (45, 89%, >98% ee#48, 99%, 91% ee).
treatment with DD@*54.25n 1,4-dioxane-ChCl, (1:1) afforded
the enon&l0. Scheme 7

After some exploration, we found (Scheme 6) that the pseudo- HO.__

HO
meso enond0 was effectively resolved by Amano lipase AK = b/ =
in neat vinyl acetate, to furnish the monoacetatésand 42. o
, o : , ) TTNF (66%) ¥ NF
Reduction of the enantiomerically enriched encetewith RO o COE RO o COEt

NaBH,; gave the alcohold3 and44, which were separable by

TLC. Racemic44 and47 were prepared fromd3 (Scheme 5) a 46 +47:R=Ac c 40a:R=H
by acetylation followed by oxidation and Mislow rearrangement.  (81% )|: 39a+39b: R = H (88% )|: 42a: R = Ac
After separation o3 and 44 by silica gel chromatography,

alcohol44 was converted to the dibenzoa® The dibenzoate

48 was also prepared in the same way. The ee’s of the R10,
dibenzoateg5 and48 were determined to be 98% and 91%, d / —
respectively, by chiral HPLC analysis. mﬂ
To investigate the biological activity of the isoprostanes, it AcO Ry Rs 2
is necessary to prepare each of these in high enantiomeric excess.
Therefore, the enantiomerically enriched aceti&éonly 91% 46a: Ry =H, Ry =OH, R3=H (44%))
ee), after conversion (_Scheme 7) to the dibh by redl_Jctic_)n 47a: R, = H, Ry = H, Ry = OH ( 55% )
of the enone, hydrolysis of the acetyl group, and oxidation of e |:
the allylic alcohol with DD@@254.25yas again subjected to the (99%)_ 4ga; Ry =Bz, Ry =H, R3= 0Bz (>99% ee)
enzymatic resolutiof to give the monoaceta#?a Reduction aReagents and conditions: (ay®0s;, EtOAc, MS 4A, EtOH, 50

of the enoned2awith NaBH, gave the epimeric alcoho#ta °C; (b) DDQ, 1,4-dioxane- CH.Cl,, 40 °C; (c) amano lipase AK,
and47a Diol 47awas converted to the dibenzoai8a, the ee vinyl acetate, rt; (d) NaBh} MeOH, 0°C; (e) BzCl, EtN, 4-DMAP,
of which was determined to be-99% by chiral HPLC CHC, rt.

analysis®® defined dibenzoatd5b (Scheme 8). This dibenzoa#sh was
The absolute configuration of the enzymatically resolved prepared by acetylation of the racemic alcoB8Ito give the

compounds was determined by comparison of the chiral HPLC acetatet9, which was then subjected to oxidation and Mislow

retention time of the dibenzoat with that of the Structually rearrangeme?ﬁ to give the alcohobO. After oxidation of the
(24) (a) Bickart, P.; Carson, F. W.; Jacobus, J.; Miller, E. J.; Mislow, K. alcohol with Des&Ma_rtin pe_riOdinané’z the enone51_v_vas

J. Am. Chem. S0d.968 90, 4869. (b) Tang, R.; Mislow, KJ. Am. Chem. reduced enantioselectively witB){BINAL-H under conditions

Soc215.970 982' 2k100.H b Bk A Alder E.J. Ora. Chem 1080 45 already reportef:62.6c89.10.11.2f give the alcohol§2 and53
155(;6_)(8‘)Tssguiir’ M- Kanar K - keino K. Rakinoe =0T Hon%a % as an inseparable mixture. Desilylation followed by acid
Org. Chem 1992 57, 2930. o T ' treatment gave the diok4b and 46b, which were separated.

(26) The ee’s were determined by HPLC analyses with a CHIRALCEL  Diol 44bwas converted to the dibenzoasb, the ee of which
OD column (Daicel Chemical Industries Ltd.): detector, UV (254 nm);
flow rate, 1 mL/min; mobile phase, hexane/2-Pré&t+95/5 for45 and45b, (27) Noyori, R.; Tomino, |.; Tanimoto, Y.; Nishizawa, M. Am. Chem.
hexane/2-PrOH= 99/1 for 48 and48a Soc 1984 106, 6709.
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Scheme 8 Scheme 9
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,,,,, I/:\/\/COZEt (97%) ""'/>',/\/\COZEt ""’WCOQEK ;j""'WCozH
Rgo SPh R1O R2 ’HS HO R1 Rz HO R1 Rg
[33: Ry =H, R, = TBDPS 50: Ry = TBDPS, R, = H, 43:Ry=0H, R =H 6: Ry = OH, Ry = H (90%)
a Rz =OH
49: Ry = Ac, R, = TBDPS °|: ? 44: Ry =H, R, = OH 5:Ry=H, Ry = OH (91%)
51: Ry =TBDPS, R,=R3=0
AcO HO HO
m/ 52: R = TBDPS m/ a _
\ F 46b:R=H (18%) : 2 CO,Et 3 Z CO,H
d $ : COREt AcO Ry R HO Ry 2
(78%) RO OH 1 Re o 1 Ry
+
o ACO 46: R, =OH, Ry = H 8: Ry = OH, R, = H (93%)
\\\\\ RS P 53: R = TBDPS 47:Ry=H, Ry = OH 7:Ry=H, Ry = OH (86%)
,,,,, WoozEt 44b:R=H (27%) a2 Reagents and conditions: (a) LIGHO, THF — H,O (1:1), rt.
RO OH Forisoprostane®), 5-Fyr-isoprostanes), ent5-epiFy-isopros-
f J (99%) tane @), andent5-Fy-isoprostane®).
AcQ Conclusion
\\\\ W/
We have developed a practical synthesis of the potential
""" W i i i
: CO,Et human hormone&—8 using the chemo-enzymatic resolution
B20 OBz  45b (43% ee) of the pseudo-meso diod0 as a key step. We have also
2Reagents and conditions: (a) A% Py, 4-DMAP, CHCl,, rt, established what should be a general strategy for the assignment
(99%); (b) MCPBA, CHClp, —78 °C; (MeO)P, EtOH,~78 °C ~rt; of relative configurations in this series. This synthesis will make
(C(i:) Desiél\zl\%rtl_lr_al:nqdlnane, , I(f‘(‘r;ﬁ); (Fﬁ)(BBlNé’TLéHNTZ'E’MjA? 5—8 available in sufficient quantity to allow the detailed
ch (gl) T » 16 cat. BSQ, EOH, rt; (f) BzCl, BN, 4- ' assessment of their physiological activity.
212, TL
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The acetated3, 44, 46, and47 were separately hydrolyzed
(Scheme 9) with LiOH in THFH,O (1:1) to furnish 5epk JA990859K
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compounds. This material is available free of charge via the
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