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The invention relates to the preparation of compounds of formula (I), wherein R means a straight or branched chain

C,.¢ alkyl group optionally substituted by a cyclopentyl or cyclohexyl group; or a cyclopentyl or cyclohexyl group; and R!
stands for a C,4 alkyl group. The invention relates also to the new intermediates of formula (II), formula (III), formula

(IV) and formula (V).
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NOVEL PROSfAGLANDIN INTERMEDIATES MODIFIED IN THE
(> -CHAIN AND PROCESS FOR PREPARING SAME

This invention relates to novel prostaglandin
intermediates. According to an other aspect of the
invention, there is provided a process for the prepa-

ration of these compounds.
It is known that several prostaglandin-E

(PGE) derivatives exert a remarkable gastric secre-
tion-inhibiting and cytoprotective effect, Such
compounds are e.g. misoprostol of the formula (viiz)

(viII)

(1x)

[Drugs of the Future 2, 817 (1877); ibid. 10, 207

(1gss)].
The above compounds are prepared in a way

known from the literature [Tetrahedron Lett. 48, 4217
(1975): as well as US-PS No. 4,132,738] according

to the Scheme A)
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via a conjugate addition of a cyclopent-l-enealkane-

carboxylic acid ester of the formula (x1)

5
d—vchOth | (x1)
10 O |
THP
or cyclopent-l-enealcohol of the formula (XII)
15
0 - (XII)
L_L o CHOTHP
20 Y
OTHP

protected by tetrahydropyranyl (THP) group, with the
25 vinyl cuprate reagent of the formula (XIII)

Li®
30 @

CU/’//\/ — (XIII)
RN FHMP

OSiMe, AMP

35
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The preparation of the vinylrcuprate of the
formula (XIII) is known from the literature [J. Med.

Chem. 20, 1152 (1977); as well as BE-PS No. 827,127
and US-PS No, 4,087,447] as shown in Scheme B).

- 5 Scheme B-
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According to Scheme B) the trimethylsilyl-
-protected 4-methyl-l-octine-4(RS)=ol of the formula

(4)

which can be obtained by reacting 2-hexanone with
propargylmagnesium bromide in a Grignard reaction
followed by trimethylsilylation, is transformed through
stereoselective hydroboration, hydroalumination or
hydrostannation to the corresponding trans-vinylborane,

—alane or -stannare compounds of the formula (5),
(8) or (7), respectively

A
5o
\Q(OJS?M eJO . (8)

Nfo[Q

CSiMe, (6)

j"‘SﬂBUa

/\%OSJMe

(7)
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from which the corresponding trans-iodoalkene of the
formula (8) : » 7 ’

(8).
—1

OSiMe

is obtained with elementary iodine., From the thus
obtained iodoalkene of the formula (8) or vinylstannane

of the formula (7), the appropriate trans-vinyllithium

compound of the formula (9)

L

0SiMe, '

is prepared by transmetalation carried out with n-
-butyllithium, The vinyl cuprate reagent of the formula
(XIII) is obtained by reacting a tetrahydrofuran
solution of the vinyllithium compound of the formula
(9) with an ethereal solution of copper(I)pentyne

'solvated with hexamethylphosphoric acid triamide (HMP).

In addition to the complicateness, the carrying out

of these reactions requires very high accuracy, '
pérticular conditions, extreme purity and anhydrousness
of the reagents and solvents., A more recent synthesis
of the compounds of formulae (VIII), (IX) and (x1IV)
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- 0
5 . ' N/\/\/\/

(X1V)

_C0o0But
OH .

may be achieved in such a way that the 2 ~-chain is
“10 built up by reacting the compound of the formula (xv)

0 t
Q/\/\/\/COOBU
15 CHO (Xv)
or formula (XVI)
0
20 ~nrCOOCH, L)
’ CHO
OThp
25
with the phosphorane of the formula (1a)
€
CL{ (1a)
30 D LH CH T‘M
OLi -

35
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in'a'trans-seléctive Witting reaction [Tetrahedron
Lett. 23, (10) 1067 (1982)]. ‘
The phosphorane of the formula (Ia) may be

prepared according to Scheme C)

- 5 - o Scheme-p}
B GRS i | ) CH% , I
Me S| D-BuLi_ ~M AN/
3o ' >S=CH, ——
CH, ‘
10 :
Ph Ph. ,
N &Br®
Ph—P—CH, DBuLi Ph>P=CH X
15 Ph | Ph/
| Ph . P
——»Ph—P HBULI Ph—P =
* - pn” J%‘\A pr” 7oL
Ia
- 28
30
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wherein all the intermediates of the reaction series
are unisolable reactive substances whereby any way
of purification is excluded.,

It is obvious that the known solutions

5 involve important drawbacks from the viewpoint of an

industrial realization, 7
In order to eliminate these disadvantages, a
novel method has been sought for preparing the inter=-

mediates of the formula (I)
10
:_134
P =CHH~CH,~C~OL
\ R (1)

@

15 <o

20
and (Ia),

Surprisingly, it has been found that the
intermediates of the formula (I) can be obtained by
reacting an oxo compound of the formula (viz),

25

30
4 &—/R (VII)

35



WO 88/07537 - - o ' PCT/HUS8/00016

10

15

20

25

30

- 10 -

wherein 7

R means a straight or branched chain C alkyl
group optionally substituted by a cycIopentyl
or cyclohexyl group; or a cyclopentyl or

: cyclohexyl group; and
rT - means a Cy_4 alkyl group,
with aC alkyl bromoacetate and zinc powder (Re=-

1-6
formatskii synthesis}; then reacting the thus obtained

compound of the formula (VI),

(vi)

NCH; C-0-CH,~CH,
0

wherein R and Rl'are the same as defined abbve, with

a metal hydride; reacting the thus prepared compound

~of the formula (V ),

CH~CH-OH )

wherein R and‘Rl are the same as defined above, with
triphenylphosphine and carbon tetrabromide; then trans-

forming the obtained compound of the .formula (IV),



WO 88/07537 PCT/HUS88/00016

10

15

20

25

30

35

- 11 -
wherein R and Rl are the same as defined above, with

an inorganic iodine compound; reacting the thus obtained

compound of the formula (III),

- OH

R-C—R
NPy el —
CH~CH—I

(z11) i

wherein RAand Rl are the same as defined above, with
triphenylphosphine; and transforming the thus prepared
novel phosphonium salt of the formula (II)

@\ ®Jo R (11)
2%%;;;P—CH;CH;Q:OH

with 2 molar equivalents of an alkyllithium or lithium
alkylamide type compound in one step to give the
intermediate of the formula (I).

A preferred embodiment of the process of
the invention is as follows.

A compound of the formula (VII) is reacted
with zinc metal and ethyl bromoacetate or an other
Cl-6 alkyl bromoacetate in tetrehydrofuran or in an
other solvent commonly used in the Reformatskii
synthesis. The resulting compound of the formula (VI)

is reduced by a complex metal hydride, preferably by
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‘lithium aluminium hydride (LAH) in tetrahydrofuran or

in an other solvent, commonly used in the metal hydride

reductions, Thereafter, the primary hydroxyl group of

the resulting compound of formula (V) is replaced by
bromine by‘using a system consisting of carbon tetra-
bromide and triphenylphosphine in acetonitrile solvent,
whereafter bromine in the thus prepared compound of '
the formula (IV) is replacedibf iodine by using an '
alkaliné metal iodide, preferably sodium iodide in
acetone medium to give a compound of the formula (III)
which in turn is refluxed with 10 to 15 molar equivalens
of triphenylphosphine in acetonitrile to give a
phosphonium salt of the formula (II). ,

The compounds of the formulae (VI), (V)
(1v), (1I1) and (II) premred according to our invention
are stable and can be isolated thus, their purification
can advantageously be achieved. The compounds of the
formulae (III) to (VI) may be 5urified by distillation
or chromatography whereas the salt-like compounds of

the formula (II) are purified by chromatography or

recrystallization.

The compounds of the formulae (II) to (V)
prepared according to our invention are novel.

An additional and unexpected advantage of the
reaction route of the invention consists in that the
compounds of the formula (V) are most easy to
selectively brominate in a nearly quantitative yield
while the tertiary hydroxyl group remains unchanged.

As mentioned hereinbefore, the compounds of
the formula (II) can be transformed to compounds of

the formula (I) by using 2 molzx equivalents of an alkyl-

lithium or lithium alkylamide type compound . Lithium

iodide arising as a side product in this reaction
increases the trans-selectivity of the Wittig reaction
of the compounds of formulae (XV), (XVI) or (XVII) with

-~
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the compound of the farmula (I) [Tetrahedron Lett. 26,
(3) 311 (1985); J. Am. Chem, Soc. 103, 2823 (1981);
as well as Liebigs Ann., Chem., 708, 1 (1967) ].

The process of the invention is illustrated
in detail by the following non-limiting Examples.

Example 1 4 |

EEhyl 3(R,S)-hydréxy—3-methylheptanoate

27.5 mL of ethyl bromoacetate and 35 ml of 2--
-hexanone are simultaneously portionwise added to ay
suspension ot 17.5 g of dry zinc powder in L50 ml ot
abs. tetrahydrofuran at the boiling temperature within
30 minutes (the reaction is exothermic). After the
addition,the reaction mixture is refluxed for additional
90 minutes, then cooled to room temperature anrd de-
composed by adding a mixture of 100 ml of water and 20
ml of acetic acid at suck a rate that the temperature
does not exceed 30 °C. After the decomposition, the
phases are separated and the aqueous phase is extracted
3 times with 80 ml of ethyl acetate each. After that
the solvent is removed from the combined organic phases,
which are then subjected to fractional distillation to
give 35.2 g (76%) of the title compound, b.p: 68-7C °C
at 2 Hgmm.
lH-NMR (CDC13, with TMS as internal standard, &0 ppm) :

0.9 t (3H); 1-1,5 m (L1H); 2.5 s (3H); 3.5 s

(1H); 4.2 q (2H).

Example 2

2(R,S) ~Hydroxy-2=(2=hydroxyethyl) hexane

2 g of lithium aluminium hydride are carefully
added in little portions to a solution of 8 g of ethyl
3(R,8)~hydroxy-3-methylheptanocate in 50 ml of abs.
tetrahydrofuran at room temperature, then the temperature
is increased to 40 °C and the reaction is followed by

chromatography [with a developing system of a 4:1 vol./

% /vol. mixture of hexane and ethyl acetate or a Kieselgel
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&0 Fq54 (Merck) cheet, by detecting with aﬁ 5% ethanolic
phosphomolybderic acid solution with heating to 150 c;

the Rf
title product is 0.1]. When no starting material may be

value of the starting material is 0.4, that of the

5 observed in the reaction mixture, the reaction mixture,

' the excess lithium aluminium hydride is decomposed ty
adding 10 ml of ethyl acetate and then diluted (care-
fully) with 50 ml of water. The precipitated lithium and
aluminium salts are filtered off and the phases of the

10 mother liquor are separated. The aGueous phase is
extracted 3 times with 20 ml of ethyl acetate each, the
organic phases are combined and the solvent is removed.
The residue is purified by column chromatography to give
5.7 g (82%) of the title compound.

15 lH-uncoupled 13C-f\MR (CDCl with TMS as internal standard,

§ ppm): 14.1; 23.3; 26.3; 265 41.4; 42.3; 55.4; 73.4;
73 .8, A '
Example 3 7
2-(2-Bromoethyl)-2(R,S) -hydroxyhexane

20 4,7 g of triphenylphosphine are added to a
solution of 2.4 g of 2(R,S)-hydroxy-(2-hydroxyethyl)-
hexane in 10 ml of acetonitrile., Then, 5.1 g of carbon
tetrabromide are portionwise added to the suspension -
obtained at room temperature, the reaction solution is

o5 . stirred fof 3 hours. The reaction is followed by
chromatography (under the same conditions as described
in Example 2, the Re value of the title compound is
0.5). At the end of the reaction, the sclvent is removed
and the residue is purified by column chromatography

30 with a column of 2 cm in diameter, with a charge height
of 20 cm of Kieselgel 60 F -, (Merck); a 4:1 vol./vol.
mixture of hexare and ethyl acetate is used as eluent

‘under a pressure of 2 bar. Thus 3.3 g (97%) of the
title compound are cbtained.

G)
m
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lH-NMR (CDCl3 with ™S as internal standard, d ppm) :
0.9 t (3H); 1.2 s (3H); 1,2-1.5 m (7H);
1,95-2.2 m (2H); 3.4-3.6 m (2H).
Example 4
2(R,S)-Hydroxy-2=-(2-iodcethyl)hexane
A solution containing 2.1 gof 2-(Z=bromoethyl-
-2(R,S)-hydroxy=hexane in 10 mifof:ébetone saturated with
sodium iodide is refluxed for 30 rinutes, then the
acetone is distilled off. The residue is taken up in
15 ml of n-hexane, filtered and the salts filtered out
are washed 2 times with 10 ml of n-hexane each. The
combined r-hexane phases are evsporated to give 2.3 g
(90 %) of the title compound.
lH-NMR (CDCl3 with TMS as internal standard, éﬂppm)é
0.92 t (3H); 1,17 g (3H); l.2-1.6 m (7H);
2.03-2.22 m (2H); 3.15-3.35 m (2H)
lH-uncoupled 136 nMR (CDCl3 with TMS as internal standard,
S ppm): =0.55; 14.0; 23.1; 25.0; 25.3; 41.6; 46.8;
74.,0.
Example E
3(R,S)-Hydroxy-3-methyl-l-heptyl-triphenyl-
phosphonium iodide
A mixture containing 2 g of 2(R,S)-hydroxy-
-2-(2-iodoethyl)hexane, 20 g of triphenylphosphine
and 20 ml of acetonitrile is refluxed for 8 hours,
then the disappearance of the starting material is
observed by chromatography (under the same conditions
as described in Example 2, the Re value of the starting
iodine compound is 0.5). At the erd of the reaction,
the mixture is cooled to room temperature, triphenyl-
phosphine is filtered off and washed twice with 20 ml
of acetonitrile each, The acetonitrile washings and
the mother liquor are ccmbined and the solvent is
removed. The residue is purified ty remcving the excess

triphenylphosghine with chromatography on the column
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ard under'conditiohs described in Example 3. Triphenyl-

phosphine is eluted by ethyl acetate then, the title

" product is eluted by a 2:1 vol,/vol., mixture of acetone

and ethyl acetate. Thereafter, the solvent is carefully
5 evaporated from the product under reduced pressure which

is then crystallized while stirring with hexane at roor

temperature. Thus 3.4 g (84%) of the title.compound are

obtained, m.p.; 128-130 °c.

lH-NMR (CDCl3 with TMS as internal standard, dAppm):.
10 0.85 t (3H); 1.3s (3H); 1.4-1.9 m (8H);

3.4-3.85 m (3H); 7.7-8 m (15 H)

1H-uncoupled'lschMR (CDCl3 with TMS as internal

‘standard, < ppm): 14.1 (C.); 17.5; 18.6 (C,):

' 23.0 (ce); 26,1; 25.2 (C methyl); 33.9;

15 34.0 (C,); 41.5 (Cg); 71.8; 72.3 (c3);
116.4; 119.8 (cl); 130.4; 130.8; 133.3; 133.7;
135.2 (C____ ).

aromatic
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Claims

1. A process for the preparation of compounds

of the formula (I), )
4

. R 7' . |
p—~CH-CH,~C~OLi )

10 <C::>jié;{ F2

wherein _
R means a straight or branched chain C;_¢ alkyl

group optionally substituted by a cyclopentyl
or cyclohexyl group; or a cyclopentyl or cyclo-
15 hexyl group; and
Rl stands for a Cl-4 alkyl group,
which comprises reacting a compound of the formula

(VII), ,
o
20 R—C—R (V1)

wherein R and Rl are the same as defined above, with
zinc metal and a Cy_g¢ alkyl bromoacetate; then reacting
the thus obtained compound of the formula (VI)

25 _ 5
4 ~
R—C—nR
\CHy C-0-CH,~CH,
wherein R and R1 are the same as defined above, by a

30 metal hydride; reacting the thus prepared conpounds of the
formula (V), OH
3

R—C—R W
|
CH,~CH~OH

(VI)

35
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wherein R ard Rl are the same as defined above, with
‘triphenylphosphine ard carbon tetrabtromide; transforming
the obtained compound of the formula (IV),

[8)]

(1v)
i '
—~1

R —C\—R
CHZ—CHZ—Br
10 L
wherein R and R~ are the same as defined above, with an

‘inorganic iodine compound; bringing into reaction the

_thusrobtained iodine compounc of the formula (111),
s OH
» R_C_’R (II1)
\CH,~CH;! |

z0
wherein R and Rl are the same as defined above, with
triphenylphosphine; and reacting the thus preparec.
' phosphonium salt of the formula (II),

G, :

.\ ®Jo AS o
P—CH,~CH;~C~OH

(o ‘R

30

'whefeih'R and'Rl are the same as defined above, with an
alkyllithiur or s lithium alkylamide type compound
to give the cqmpound of the formula (I),

35 2. A process as claimed in claim 1, which
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compgrises reacting a compound of the formula (VII) with
ethyl bromcacetate and zinc metal in an anhycrous c¢rganic

solvent.
3. A process as claimed in claim 1, which

5 comprises using lithium aluminium hyaride as a metal
nydrids. | R
-4, A process as claimed in claim 1, which
cqmp?ises}reacting a compound of the formula (V) with
"triphenylphosphine and carbon tetrabromide in ar

1C. orgaric solvent, preferably in acetonitrile.
5. A process as claimed in claim 1, which

comprises using an alkaline metal iodide, preferatly
sodium iodide as sn iorganic iodine compound.
6. A process as claimed in claim 1, which
15 comprises transforming a compound of the formula (II)-
to a compound of the formula (I) by using an alkyllithi-

um compound containing a Cy _g alkyl group or a Cy_q,
lithium dialkylamide or cycloalkylalkylamide compound.
7. Compounds of the formula (V),

20
?H , (v)
R'—“CIZ —R
25 CHZ——CH;‘OH

wherein
R means a straight or branched chain C; o alkyl
30 group optionally substituted by 2 cyclopentyl
or cyclohexyl group; or a cyclopentyl or
) cyclohexyl group; and

R stards for a Cl—4 alkyl group.
8, Compounds of the formula (IV),
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R

10
Rl

15

20
.wherein
R

25
Rl

30
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OH
3 - ( 1v)
R—C—R |
NCH,~CH,Br

meansza etraight or branched chain Cl_6 alkyl
group optionally substituted by a2 cyclopertyl
or cyclohexyl group; or a cyclogpertyl or
cyclohexyl group; and

stands for a Cl-4 alkyl group.

9. Compounds of the formula (III),

OH
R-C—R |
N\CH,~CH;!

(111)

means a straight or branched chain Ci_g alkyl
group optionally substituted by a cyclo-
pentyl or cyclohexyl group; or a cyclo-
pentyl or cyclohexyl group; and

stands for a 01_4 alkyl group.
10. Compounds of the formula (II),

Q@\ 2jo R
—P—CH,~CH;~C~0H ()
(o)~ R

i

N
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wherein
R means a straight or brarched chain C; ¢ alkyl
group optionally substituted by o cyclopentyl
or cyclohexyl group; or a cyclopentyl or a
5 cyqléhexyl group; and
R stands for a C;_, alkyl group.
11. 2(R,S)-Hydroxy-2-(2-hydroxyethyl)hexane.
12. 2-(2-Bromoethyl)-2(R,S)-Hydroxyhexane.
13, 2(R,5)~-Hydroxy-2-(2-iodoethyl)hexane.
10 14. 3(R,S)-Hydroxy-3-methyl-l-heptyl-triphenyl-

phosphonium iodide.
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