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Bicyclic systems are highly attractive prostaglandin synthons because
their inherent locked stereochemistry may be used to define the stereo-
chemistry of prostanoids. To these bicyclic electrophiles belong also
bicyclic epoxides. The main idea of this approach is as follows

The stereochemistry of hydroxy functions as well as the side chains
are defined by the initial stereochemistry of bicyclic epoxide.

In this report I deal with some aspects and results obtained
in the laboratory of prostanoid chemistry using cuprate and lithium
alkynide-BF 3 reagents in the synthesis of prostanoid intermediates from
the following bicyclic epoxides

Bicyclic epoxide was first used in prostaglandin synthesis by
E. J. Corey and R. Noyori j4 ]. They have shown that bicyclic epoxide (ö)
is a useful prostaglandin synthon (Fig. 3).
* Lecture held at the symposium “Synthesis and Research of Prostaglandins”. Tallinn,
October, 1986.
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Thus epoxide (3) was opened by 1,3-bis (methylthio) allyllithium at
a ratio of sa/5b 3 : 4. Later the Gilman reagent was used as being more
regioselective for the epoxide opening [2 ], The addition of the whole
(о-chain by the cuprate reagent appeared to be impossible [3 ].

Starting from milestone works of Salford group [ 4] epoxybicyclo[3.2.o]-
heptane-6-one ethylene ketale gained great importance in the synthesis of
prostaglandin intermediates. Different metallo-organic nucleophiles are
used as an epoxide opening reagent in this synthon.
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As can be seen from Table 1, the Corey reagent opens the epoxide
function in synthon (1) more regioselectively than in lactolepoxide
synthon (3) demonstrated above. From the point of view of the prostanoid
synthesis, cuprate and alanate reagents are more perspective. The contra-
diction of the results in [ 6] and [7] is probably due to the complicity of
alane/alanate reagents.

As a compliment to these well-known facts, some results of oxirane
opening in epoxide (1) by cuprate reagents obtained in our laboratory
are given in Table 2.

As is known, the epoxide opening with cuprate (7a) has a serious
disadvantage: it completely lacks stereoselectivity towards the Cl 5 hydr-
oxyl function. This disadvantage can be overcome by using ketale cuprate
(7b) which leads to ketoenones (9a) and (9b) at a 4/1 ratio. The keto-
enone (9a) is easily oxidized into the corresponding lactone which can
be reduced in a stereoselective manner into lactonediol by known
methods. It should also be mentioned that (9a) and (9b) are easily
separable by simple crystallization. For these reasons ketale cuprate (7b)
can be used as a valuable tool in prostaglandin chemistry.

The reaction of m-Cl-phenoxy-substituted cuprate (7c) with epoxide(l)
was also studied in our laboratory. We observed the same ratio, 4: 1, for
regioisomers as well as the lack of stereoselectivity towards Cls. Only
the yield of addition was considerably lower than for two previous
cuprates [B].

All these intermediates have been converted into prostanoids by known
methods.

As to lactone epoxide (2), its unreactivity towards cuprates was
demonstrated by E. J. Corey. Surprisingly enough, the epoxide (4) was
also unreactive towards cuprates under usual conditions [ 9 j. Though being
short and flexible, the cuprate synthesis suffers from several dis-
advantages. First, a large amount of co-chain is required, the co-chain pre-
cursor cannot be recovered from the unreacted cuprate. The second dis-
advantage is the long reaction time (usually 10—24 h) at uncomfortable
temperature (20 30 °C). The most unfavourable disadvantage, from
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our point of view, is its unreactivity towards epoxide (4). Therefore we
searched for some other nucleophiles for the epoxide opening in prostanoid
synthesis. Recently, M. Yamaguchi and I. Hirao have reported the epoxide
opening by lithium alkynide-BF 3 reagent [ lo]. They postulated the struc-
ture of the reagent as (11). Later H. C. Brown and coworkers verified the
complex (12) on the basis of H 1 NMR studies [ п ]. However, the problem
of the initial reactive substance in the reaction medium is not clear yet
and no suffcient data about the reaction mechanism is available. For
these reasons we do not specify here the reagent structure derived from
lithium alkynide and BF 3 etherate, but mark it simply as lithium
alkynide • BF3 reagent (12a).

In Fig. 6 there are presented some results of using lithium
alkynide - BF 3 reagent in the oxirane opening reaction with epoxides (1)
(4) in prostanoid synthesis [ 9> 12- 13].

Epoxide (1) reacts readily with lithium alkynide • BF 3 reagent affording
after deblocking ketone diols (13a) and (13b) in the ratio of 56:44. The
reaction proceeds at —7B °C in 10—30 minutes. This reaction shows
a complete lack of stereoselectivity towards Cl 5 hydroxyl function. These
regioisomers are easily separable on silica gel but 15ot/15(3-isomers for
compound (13a) are inseparable [ l4 ]. For regioisomers (13b), a/(3-isomers
are separable. The ratio of 15a/15|3-isomers was separately determined by
HPLC after the reduction of 13—14 triple bond yielding easily separable
allylic alcohols [ l4]. Epoxide (3) reacts also with lithium alkynide • BF 3
reagent, but in this case there is no regioselectivity as well as no stereo-
selectivity towards Cl 5 hydroxyl function.
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It can be stressed that epoxide (4) which is relatively unreactive
towards cuprate reagent, readily reacts with lithium alkynide- BF3 reagent
affording lactonediols (15a) and (15b) at the ratio of 1:1. In this way,
synthon (4) can be used in carbacyclin synthesis, giving one of the
simplest and shortest way to carbacyclins [ 9],

Epoxide (2), which is unreactive towards cuprate reagents, reacts with
lithium alkynide • BF 3 reagents yielding a complex mixture. Using the
model lithium octynide • BF 3 reagent, we were able to establish that the
addition reaction proceeds mainly in a 1,2-manner with a lactone carbonyl
function. Enynol (16) was separated from the reaction mixture in 35%
yield. The desired lactonol (17) was found to be present only in trace
amounts.

Summarizing the results obtained by us using lithium alkynide • BF3,
reagents in the synthesis of prostanoid intermediates, it can be said that
regardless of the low regioselectivity of the reagent towards epoxide (1)
and of the lack of regioselectivity towards epoxides (3) and (4), the
lithium alkynide • BF 3 reagent serves as a simple and convenient tool for
the synthesis of several prostanoid intermediates. It can also be mentioned
that lithium alkynide • BF 3 reagent is useful for the synthesis of both
regioisomeric ketonediols. As is known, in some cases both isomers are
valuable. Moreover, this approach enables us to recover unconsumed
initial acetylene and use it repeatedly.

In Fig. 7 there are demonstrated some ways of converting the above-
mentioned bicyclic intermediates into prostanoids [ l2 ].

As can be seen, the most universal intermediate is ketonediol (13a)
from which all the other intermediates can be synthesized. In some cases,
however, direct synthesis of the proper intermediate from the correspond-
ing epoxide is more favourable, for example in the case of ketonediol
(15a).

The same transformations shown in the present paper were also carried
out starting from the corresponding regioisomers.
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Fig. 7

The synthesized prostanoids were identified by 13 C NMR spectra at the
Institute of Chemical Physics and Biophysics by T. Välimäe and tested
for antiaggregative activity on human and rabbit blood platelets by
A. Lopp at the Institute of Chemistry and by the group of Prof. R. Tee-
salu at Tartu State University.

This work was carried out in the laboratory of prostanoid chemistry
under the supervision of Prof. Ü. Lille.
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MÕNINGAID VÕIMALUSI PROSTANOID IDE SÜNTEESIKS BITSÜKLILISTEST
EPOKSIIDSÜNTONITEST LÄHTUDES

NING KASUTADES KUPRAATE JA LIITIUMALKÜNIID • BF 3 REAGENTE
Prostanoidide sünteesil on kasutatud süntonitena bitsüklilisi epoksiide (1) —(4) ning

oksiraanringi avamisreagentidena kupraate (7a) —(7c) ja liitiurnalküniid • BF3 reagente
(12a). On leitud, et reagendid (12a) on epoksiidi avamisreaktsioonis kupraatidest reakt-
sioonivõimelisemad, samal ajal aga kupraadid on asendiselektiivsemad. Reaktsioonides
saadud bitsüklilised prostanoidide sünteesi vaheühendid on muundatud prostaglandiini-deks F 2a ja I 2 ning nende arvukateks karbo- ja heteroanaloogideks.

м. лопп
НЕКОТОРЫЕ возможности СИНТЕЗА ПРОСТАНОИДОВ из эпоксидных

БИЦИКЛИЧЕСКИХ СИНТОНОВ КУПРАТНЫМИ И
АЛКИНИДЛИТИЙ • ВЕз-РЕАГЕНТАМИ

В синтезе простаноидов использованы в качестве синтонов бициклические эпоксидыО) —(4), а в качестве реагентов раскрытия оксиранового кольца купратные (7а)(7с) и алкинидлитий • ВР3 -реагенты (12а). Установлено, что реакционная способностьреагентов (12а) по отношению к эпоксидам выше, а региоселективность их при рас-крытии оксиранов ниже, чем купратов (7а) (7с). Полученные при раскрытии разныебициклические интермедиаты превращены в простагландины F2a , 12 иих многочисленные
карбо- и гетероаналоги.
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	Рис. 1. Химическая и метаболическая лабильность простагландинов (ПГ). Пунктирной линией выделены лабильные структурные элементы. Указаны типы ПГ и тромбоксан (ТХ)А2 (в скобках время полужизни ПГ второй серии (мин) в водном буфере при pH около 7 и при 20 °С).
	Рис. 2. Расщепление полициклических интермедиатов на ключевые синтоны (подчеркнуты). Номера у стрелок означают количество стадий синтеза.
	Рис. 3. Бромгидрины в синтезе простагландинов. В скобках показан промежуточный экзобромониум-ион.
	Рис. 4. Развитие синтеза исходя из бициклогептанона.
	Рис. 5. Синтез простагландинов путем трехкомпонентного сочетания.
	Рис. 6. Биоспецифическая окислительная циклизация арахидоновой кислоты (слева) и циклизация синтетического предшественника в присутствии трибутилгидрида олова (справа); DO диоксигеназа, DH2 донор электронов, * предполагаемый интермедиат на пути к изо-ПГР2а.
	Рис. 7. Некоторые аналоги, используемые (или рекомендуемые к использованию) в медицинских препаратах (обозначения см. в тексте) [3. 16.25].
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	Fig. 7
	Fig. 1. Time course of [3H]-NMPB (56.7 nM) binding to muscarinic receptor from rat brain (10 mM HEPES buffer, pH 7.4, 25 °C). 1 total bound radioactivity; 2 nonspecifically bound radioactivity in presence of 10 p,M atropine.
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	Fig. 2. The dependence of the observed association rate constant (^obs) on concentration of the antagonist [3H]- NMPB, under pseudo first-order conditions. A 42 °C; В 25 °C; C 0 °C.
	Fig. 3. The Arrhenius plot of [aH]-NMPBreceptor complex dissociation constant kdiss (10 mM HEPES buffer, pH 7.4).
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	Fig. 5. Specific binding of [[3H]-NMPB] to rat brain membranes at different temperatures: O°C (#), 25 °C (Л), 42 °C (O). under equilibrium conditions in IOmM HEPES buffer, pH 7.4.
	Зависимость времени удерживания трео{l) и эритро-изомеров (2) от температуры анализа на 1-й колонке.
	Рис. 1. Концентрационная зависимость избыточных термодинамических функций в системе 1-октен(l)—l-бутанол (2) при 298,15 К' GE (/), не (2), TSE (J); о экспериментальные данные.
	Рис. 2. Графическая экстраполяция функции He/x\X2 на область бесконечного разбавления спирта (х2) при 298,15 К в системах: н-октан—l-пропанол (/), 1-октен—l-пропанол (2), 1-октин 1-пропанол (3).
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	Рис. 1. Характеристики диссоциации гидрофильных групп различного типа. +
	Рис. 2. Зависимость поверхностного натяжения 0,1%-ных растворов ПАВ с различными характеристиками диссоциации от pH среды при 16±1°С [B] (5 при 22 °С, измерена
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	СlС2= 1,341 А, С2СЗ= 1,491 А, СЗС7=I,497А, СIН6 = 1,114 А, СЗНB= 1,123 А, С7Нl4= 1,111 А, С7Нl5= 1,111 А; СIС2СЗ= 134,6°, СIС2НS= 116,3°, С7СЗС2-124,3°, СЗС7НIS= 115,1°, С2СЗН9= 106,3е; сг(С4СIС2СЗ) =o°; С2н, Hf=—63,68 кДж/моль.
	СlС2= 1,393 Ä, С2СЗ= 1,463 Ä, СЗС7= 1,497 Ä, СlН6= 1,116 Ä, СЗНB= 1,133 Ä, С7Нl4= 1,107 Ä, С7Нl5= 1,109 Ä; СIС2СЗ = 138,2°, СIС2НS = 109,8°, С7СЗС2 = 126,3°, СЗС7НIS = 113,5°, С2СЗН9= 108,1°; а(С4СIС2СЗ) =32,3°; С2, = 764,64 кДж/моль.
	С1 С2= 1,405 Ä, С2СЗ = 1,460 Ä, СЗС7=I,SOOА, СlН6= 1,113 Л, СЗНB= 1,132 Ä, С7НI4 = 1,109 Ä, С7Н 15=1,110 Ä; СIС2СЗ = 133,8°, СIС2НS= 113,3°, С7СЗС2= 125,9°, СЗС7НIS= 113,6°, С2СЗН9= 107,1°; гг(С4СIС2СЗ) = 151,1°; С2, Я/ = 765,51 кДж/моль.
	Рис. 1. Высшие занятые молекулярные орбитали цис и транс-2-бутенов и 3-гексенов.
	Рис. 2. Корреляционная диаграмма высших молекулярных орбиталей цис- и гранс-2-бутена.
	Рис 3. Корреляционная диаграмма высших молекулярных орбиталей цис- и транс-3-гексена
	Рис. 4. Корреляционная диаграмма электронных состояний цис- и транс-изомеров 2-бутена и 3-гексена.
	Рис. 5. Корреляционная диаграмма электронных состояний молекулярного иона цис- и тра«с-2-бутена.
	Рис. 6. Сечение поверхности потенциальной энергии вдоль координаты реакции quc-гранс-изомеризации двухзарядного иона 2-бутена.
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	Рис. 2. Ка//-кривые адсорбции азота на ln203 (I, 1) и (3-Ga2o3 (11, 2). Рис. 3. VJt-кривые адсорбции азота на a-Ga203 годичной выдержки {]), на свежеприготовленном и подвергнутом дегазации в течение 48 ч (2) и 24 ч (3).
	Рис. 1. Зависимость концентрации неполярных углеводородов от глубины горизонта донных отложений. Станции 8 (1), 9 (2), 6 (3) и 5 (4). Координаты станций см. в табл. 2.
	Рис. 2. Хроматограммы неполярных углеводородов, выделенных из донных осадков со станции 8 (57° 18'; 20°36'). Глубина: 0 2,5 (А), 2,5 5 (Б), 5 7,5 (В) и 7,5 10 см (Г). Номера над пиками означают число атомов углерода в молекулах н-алканов. Условия хроматографирования: стеклянный капилляр 20 м, неподвижная фаза OV-17, 2,5°/мин от 90 до 250°, газ-носнтель водород, пламенно-ионизационный детектор.
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	Fig. 4. Residual sum of squares 2z2 for different integer values of the Hill coefficient (H) in processing of data obtained at 25 °C (-0 and O°C (2).
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	Рис. 4. Рекомендуемая классификация ПАВ. Основные классы образованы на основе трех (С, A, N) типов гидрофильных групп, а подклассы— на основе пяти (С7, С, A 7, A, N) типов (по характеристикам диссоциации).
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