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SYNTHESIS OF BENZODIOXANE PROSTACYCLIN ANALOGUE
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Abstract — Benzodioxane prostacyclin analogue ((£}-1) was synthesized via
stereocontrolled construction of cyclopentanobenzadioxane (17) {7, R2 = MCM)
utilizing the Mitsunobu reaction, and subsequent introduction of the propenyl

group into 17 by radical C-C coupling leading to 19 (8, RZ = MOM).

Much effort has been devoted to the syntheses of stable prostacyclin analogues! to overcome the

instability of natural prostacydin (2} caused by the inherent labile enol ether-linkage and get better

therapeutic efficacy.

In the course of these studies, it has been shown that, in spite of their noticeable structural deviations from

natural 2, benzopyran- and benzindene prostagtandins {322 and 42) are strong prostacyclin-like inhibitors

of platelet aggregation, and that 4 is cytoprotective as well. In these compounds, the central ring systems,

together with the benzene ring, seemed to play an impartant role for the spatial arrangement required

for the biological activities, and we were interested in modulating this part. In this paper, we report the

synthesis of a new stable benzodioxane prostacyclin analogue ({1)-1).
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The outline of our synthetic plan is shown in Scheme 1. The construction of the functionalized cis-fused

cyclopentanobenzodioxane (7) and introduction of a carbon synthon to 12 (PG numbering) of 7, both in a

completely stereocontrolled manner, constitute the core of our synthesis.

We envisioned that the configuration in epoxy alcohol {6} carrying four contiguous stereogenic centers,

could be securely transferred into 7 by a series of reactions, namely, condensation with differentially

— 1189 —



OH MeOQ MeOZCvo
MeO o o
+ = H v
Hoj;) ‘}: 7 o S L
OR? OR? Q; qé\
R20 RS y

7 R3=0H 9
8 R%=~na

Scheme 1

protected pyrogallol (5) using the Mitsunobu reaction,3a removal of the protecting group R1 and dioxane-
ring formation with concomitant epoxide-ring opening. For introduction of a carban synthon to Cq3, we
relied on an approach of trapping the radical derived from the thionocarbonate of alcohol (7) with
allyltributyltin.4 Finally, further extension of a- and w-side chains via g,p-unsaturated aldehyde (9) was
expected to afford the desired benzodioxane prostacyciin analogue (( £)-1) (Scheme 1). The feasibility of

our plan was established as follows (Scheme 2).

1) Synthesis of the functionalized cis-fused cyclopentanobenzodioxane (17) (7, R2 = MOM)}

One of the components of 17, 1,3-di-O-protected pyrogallol (11), was obtained in 63% overall yield from
2,6-dimethoxyphenol (10} by a sequence of protection-deprotection procedures consisting of mesylation,
selective monodemethylation with BBrz, protection with SEM group and demesylation with n-Buli, while
the other component, 2,3-epoxy alcohol (15), was prepared in 67% overall yield from the known allylic
sulfide (12)5 in a stereochemically unambiguous way. Thus, the sulfoxide (13) obtained from 12 was
subjected to suHfoxide-sulfenate rearrangement5 to give allylic alcohol (14), which was further oxidized to
15. The most crucial condensation of these two bulky components was effected by the Mitsunobu
reaction3b {11 1eq., 15 1.2 eq,, DEAD 1.5 eq., Ph3P 1.7 eq./THF, room temperature, 3 days, 87% from 11) to
give seco-compound (16) with inversion. To our satisfaction, treatment of 16 with n-BuaNF in THF at 55°C

brought about not only removal of the SEM group, but also cyclization to the desired 17 (93%).

2) Introduction of the propenyl group to Ciz of cyclopentanobenzodioxane (17)

Thionocarbonate (18) prepared from alcohol (17) was irradiated with a high-pressure mercury lamp in the
presence of allyitributyltin to obtain 12p-propenyl-substituted compound {19, 75%) as a single isomer,
indicating that the approach of allyltin to the intermediary radical occurred exclusively from the less

hindered convex side.
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a) NaH, MsCI/DMF. b) BBr3 {1.05 eq.)/CH3Clz, -40°C, 2 h {a, b 68%). ¢} SEMCL, i-PraNEt/CH2Cl3. d)
n-Buli (1.53 eq.)/Et20, -78°C (¢, d 92%). e) MOMCI, i-PraNEt/CH,Cl2 (91%). f} mCPBA {(1.23
eq.)/CH3Clz, -78°C. g) PhaP (1.69 eq.)/MeOH-PhH, 50°C, 64 h (f, g 83%). h} mCPBA (1.3 eq.)/CHzClz,
room temperature, overnight (89%). i) 11 (1 eq.), 15 (1.2 eq.), DEAD (1.5 eq.}, Ph3P (1.7 eq.)/THF,
room temperature, 3 days (87% from 11). j} n-BusNF (3 eq.)/THF, 55°C, 17 h (93%). k) n-BuLi (1.1
eq.)/THF, -78°C; PhQCSCI (1.2 eq.), -78°C—0°C (92%). 1) n-BuzSnCHaCH = CH3 (3 eq./PhH, hy, 10 h
{75%). m) n-BuSLi/HMPA, 100°C, 30 min (99%). n) NaH/DME; BrCHCO;Me (90%). o} BF3-OEt,
Me3S/CH2Cl2, 0°C, 2 h {94%). p) &BuPh3SiCl, DMAP/DMF (97%). ¢} PhSeCl (1.1 eq.)/CCls, 0°C; Py,
30% H03, 0°C and then room temperature, 1.5 h (77%). r) CsOAc (3.0 eq.), 18-Crown-6 (1.0
eq.)/PhMe, reflux, 24 h (E-22, 80%). s) K2CO3/MeQH-CH2Clz, room temperature, 2 h; CHaNz-Et,0
{94%). t) PCC/CHCl2 (96%). u) n-CsHyMgBr (1.2 eq.)/THF, -78°C (total 71%}. v) n-BuaNF/THF;
CH2N2-Et20/MeOH (80%). w) aq. NaOH-MeQH-THF {(70%}.

Scheme 2
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3) Extension of side chains

Starting from 19, the a-side chain was built up by demethylation and subsequent alkylation using methyl
bromoacetate, which was followed by exchange of the MOM protecting group for TBDPS group to give 20
in 81% overall yield. Etaboration of the w-side chain commenced with conversion of 20 into allylic chloride
(21) (E/Z = 13/1, 77%) by consecutive treatment with phenylselenenyl chloride and hydrogen peroxide in
one pot. In the next step, by reaction with cesium acetate,b 21 was transformed into allylic acetate {22),
which was then purified, by single recrystaliization to obtain the pure E-isomer in 80% yieid. Further
conversion of E-22 to q,B-unsaturated aldehyde {23, 90%) was done by methanolysis and subsequent PCC
oxidation. In the last stage of extension, treatment of aldehyde {23) with n-pentylmagnesium bromide
(1.2 eq., -78°C) gave a mixture of alcohols, 15a-OH (2473, less polar, 48%) and 15B-OH {257b, more polar,
23%), together with recovered 23 (21%). Finally, stepwise deprotection by desilylation and hydrolysis
completed the synthesis of benzodioxane prostacyclin analogue ({*)-1a),8 along with its methyl ester
((+)-1b).

Compound (+)-1a and its methyl ester { * }-1b showed very weak platelet aggregation inhibitory activity
{ICsp = 1.35 pM and 4.58 uM, respectively, ADP, rabbit PRP), while the latter was cytoprotective against
HCI-EtOH-induced ulcer in rats (EDsg = 52 pg/kg). Thus compound (£)-1b has turned out to be a new lead
substance after which selective antiulcer prostacydin analogues can be modeled. Further studies in

modification of w-side chains and structure-activity relationship will be reported in the future.
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