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COMPOSITION AND PROCESS 

This application is a continuation-in-part of Ser. No. 
135,055, ?led Mar. 28, 1980, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to novel compositions 
of matter and novel processes for preparing these com 
positions of matter. Moreover, there are provided novel 
methods by which certain of these novel compositions 
of matter are employed for pharmacologically useful 
purposes. Further there are provided novel chemical 
intermediates for preparing these compositions‘ of mat 
ter. 

The present invention is speci?cally concerned with 
novel analogs of prostacyclin or PGIZ. Speci?cally, the 
present invention is concerned with analogs of carbacy 
clin modi?ed at the OS or G9 position, e.g., C-S inter 

5 

phenylene analogs of carbacyclin, 5-?uoro analogs of 20 
carbacyclin, 9B-alkyl analogs of carbacyclin, C-6a,9 
tricyclic (cyclopropyl) analogs of carbacyclin, and 
combinations thereof as well as novel benzidene analogs 
thereof. 

Prostacyclin is an endogenously produced compound 
in mammalian species, being structurally and biosyn 
thetically related to the prostaglandins (PG’s). In partic 
ular, prostacyclin exhibits the structure and carbon 
atom numbering of formula I when the C-5,6 positions 
are unsaturated. For convenience, prostacyclin is often 
referred to simply as “PGlz”. Carbacyclin, 6a-carba 
PGIZ, exhibits the structure and carbon atom number 
ing indicated in formula II when the C-5,6 positions are 
unsaturated. Likewise, for convenience, carbacyclin is 
referred to simply as “CBA2”. 
A stable partially saturated derivative of P61; is 

PGIl or 5,6-diliydro-PGI2 when the C-5,6 positions are 
saturated, depicted with carbon atom numbering in 
formula II when the C-5,6 positions are saturated. The 
corresponding 5,6-dihydro-CBAZ is CBA1, depicted in 
formula II. 
As is apparent from inspection of formulas I and II, 

prostacyclin and carbacyclin may be trivially named as 

25 
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derivatives of PGF-type compounds, e.g., PGFga of 45 
formula III. Accordingly, prostacyclin is trivially 
named 9-deoxy-6,9a-epoxy-(5Z)-5,6-didehydro-PGF1 
and carbacyclin is named 9-deoxy-6,9a-methano-(5E) 
5,6-didehydro-PGF1. For description of prostacyclin 
and its structural identi?cation, see Johnson, et al., Pros 
taglandins 12:915 (1976). 
For convenience, the novel prostacyclin or carbacy 

clin analogs will be referred to by the trivial, art-recog 
nized system of nomenclature described by N. A. Nel 
son, J. Med. Chem. 17:911 (1974) for prostaglandins. 
Accordingly, all of the novel prostacyclin derivatives 
herein will be named as 9-deoxy-PGF1-type com 
pounds, PGIZ derivatives, or preferably as CBA1 or 
CBAZ derivatives. 

In the formulas herein, broken line attachments to a 
ring indicate substituents in the “alpha” ((1) con?gura 
tion, i.e., below the plane of said ring. Heavy solid line 
attachments to a ring indicate substituents in the “beta” 
([3) con?guration, i.e., above the plane of said ring. The 
use of wavy lines (~) herein will represent attachment 
of substituents in the alpha or beta con?guration or 
attached in a mixture of alpha and beta con?gurations. 
Alternatively wavy lines will represent either an E or Z 
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2 
geometric isomeric con?guration or the mixture 
thereof. 
A side chain hydroxy at C-l5 in the formulas herein 

is in the S or R con?guration as determined by the 
Cahn-Ingold-Prelog sequence rules, J. Chem. Ed. 41:16 
(1964). See also Nature 212:38 (1966') for discussion of 
the stereochemistry of the prostaglandins which discus 
sion applies to the novel prostacyclin or carbacyclin 
analogs herein. Molecules of prostacyclin and carbacy 
clin each have several centers of asymmetry and there 
fore can exist in optically inactive form or in either of 
two enantiomeric (optically active) forms, i.e., the dex 
trorotatory and laveorotatory forms. As drawn, the 
formula for PGI; corresponds to that endogenously 
produced in the mammalian species. In particular, refer 
to the stereochemical con?guration at C-8 ((1), C-9 ((1), 
C-ll (a) and 012 (B) of endogenously produced pros 
tacyclin. The mirror image of the above formula for 
prostacyclin represents the other enantiomer. The race 
mic form of prostacyclin contains equal numbers of 
both enantiomeric molecules. 
For convenience, reference to prostacyclin and car 

bacyclin will refer to the optically active form thereof. 
Thus, with reference to prostacyclin, reference is made 
to the form thereof with the same absolute con?gura 
tion as that obtained from the mammalian species. 
The term “prostacyclin-type” product, as used 

herein, refers to any cyclopentane derivative herein 
which is ‘useful for at least one of the same pharmaco 
logical purposes for which prostacyclin is employed. A 
formula as drawn herein which depicts a prostacyclin 
type product or an intermediate useful in the prepara 
tion thereof, represents that particular stereoisomer of 
the prostacyclin-type product which is of the same 
relative stereochemical con?guration as prostacyclin 
obtained from mammalian tissues or the particular ste 
reoisomer of the intermediate which is useful in prepar 
ing the above stereoisomer of the prostacyclin type 
product. . 

The term “prostacyclin analog” or “carbacyclin ana 
log” represents that stereoisomer of a prostacyclin-type 
product which is of the same relative stereochemical 
con?guration as prostacyclin obtained from mammalian 
tissues or a mixture comprising stereoisomer and the 
enantiomers thereof. In particular, where a formula is 
used to depict a prostacyclin type product herein, the 
term “prostacyclin analog” or “carbacyclin analog” 
refers to the compound of that formula or a mixture 
comprising that compound and the enantiomer thereof. 

PRIOR ART 

Carbacyclin and closely related compounds are 
known in the art. See Japanese Kokia 63,059 and 63,060, 
also abstracted respectively as Derwent Farmdoc CPI 
Numbers 48l54B/26 and 48l55B/26. See also British 
published speci?cations 2,012,265 and German Offen 
lungsschrift 2,900,352, abstracted as Derwent Farrndoc 
CPI Number 54825B/30. See also British published 
application Nos. 2,017,699, 2,014,143 and 2,013,661. 
The synthesis of carbacyclin and related compounds 

is also reported in the chemical literature, as follows: 
Morton, D. R., et al., J. Organic Chemistry, 44:2880 
(1979); Shibasaki, M., et al. Tetrahedron Letters, 
433-436 (1979); Kojima, K., et al., Tetrahedron Letters, 
3743-3746 (1978); Nicolaou, K. C., et al., J. Chem. Soc., 
Chemical Communications, 1067-1068 (1978); Sugie, 
A., et al., Tetrahedron Letters 2607-2610 (1979); 
Shibasaki, M., Chemistry Letters, 1299-1300 (1979), 
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and Hayashi, M., Chem. Lett. 1437-1440 (1979); and Li, 
Tsung-tee, “A Facile Synthesis of 9(O)-Methano-prosta 
cyclin”, Abstract No. 378, (Organic Chemistry), and P. 
A. Aristoff, “Synthesis of 6a-Car'baprostacyclin 12”, 
Abstract No. 236 (Organic Chemistry) both at Abstract 
of Papers (Part ‘11) Second Congress of the North 
American Continent, San Francisco, California (Las 
Vegas, Nevada), USA, 24-29 August 1980. 
7-Oxo and 7-hydroxy-CBA2 compounds are appar 

ently disclosed in US. Pat. No, 4,192,891. l9-Hydroxy 
CBA; compounds are disclosed in US. Ser. No. 54,811, 
?led 5 July 1979. CBAZ aromatic esters are disclosed in 
US. Pat. No. 4,180,657. ll-Deoxy-Alo- or AH-CBAZ 
compounds are described in Japanese Kokai No. 
77/24,865, published 24 Feb. 1979. 

SUMMARY OF THE INVENTION 

The present speci?cation particular by provides: 
(a) a carbacyclin intermediate of formula IV, V, VI, 

VII, VIII, or IX; and 
(b) a carbacyclin analog of formula X or XI; 
wherein g is 0, 1, 2, or 3; 
wherein n is one or 2; 

wherein L1 is a-R3z?-R4, a-R4:,8-R3, or a mixture of 
a-R3z?-R4 and a-R4:B-R3, wherein R3 and R4 are hy 
drogen, methyl, or ?uoro, being the same or different, 
with the proviso that one of R3 and R4 isfluoro only 
when the other is hydrogen or fluoro; 

wherein M1 is a-OH:B-R5 or a-R5:B-OH, wherein R5 
is hydrogen or methyl; 

wherein M6 is oL-OR10:B-R5 or a—R5:,B-OR10, wherein 
R5 is hydrogen or methyl and R10 is an acid hydrolyz 
able protective group; 

wherein R7 is 
(1) —CmH2m——CH3, wherein m is an integer from 
one to 5, inclusive, 

(2) phenoxy optionally substituted by one, two or 
threechloro, fluoro, trifluoromethyl, (C1—C3)alkyl, 
or (C1—C3)alkoxy, with the proviso that not more 
than two substituents are other than alkyl, with the 
proviso that R7 is phenoxy or substituted phenoxy, 
only when R3 and R4 are hydrogen or methyl, 
being the same or different, 

(3) phenyl, benzyl, phenylethyl, or phenylpropyl 
optionally substituted on the aromatic ring by one, 
two or three chloro, ?uoro, tri?uoromethyl, 
(C1—C3)alkyl, or (C1—C3)alkoxy, with the proviso 
that not more than two substituents are other than 
alkyl, 

wherein —C(L1)-R7 taken together is 
(l) (C4—C7)cyc1oalkyl optionally substituted by one 

to 3 (C1-C5) alkyl; 
(2) 2-(2-furyl)ethyl, 
(3) 2-(3-thienyl)ethoxy, or 
(4) 3-thienyloxymethyl; 
wherein R3 is hydroxy, hydroxymethyl, or hydrogen; 
wherein R15 is hydrogen or ?uoro; 
wherein R16 is hydrogen or R16 and R17 taken to 

gether are —CH2— or R16 and R47 taken together form 
a second valence bond between C-6a and C-9 or are 

—CH2—; 
wherein R17 is as de?ned above or is 
(1) hydrogen, or 
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4 
wherein R18 is hydrogen, hydroxy, hydroxymethyl, 

--—OR]() or —CHZOR](), wherein R10 is an acid-hydro 
lyzable protective group; wherein 

(1) R20, R31, R22, R23, and R24 are all hydrogen with 
R22 being either a-hydrogen or B-hydrogen, 

(2) R20 is hydrogen, R21 and R22 taken together form 
a second valence bond between C-9 and C-6a, and 
R23 and R24 taken together form a second valence 
bond between C-8 and G9 or are both hydrogen, 
or 

(3) R22, R23, and R24 are all hydrogen, with R22 being 
either a-hydrogen or ,B-hydrogen, and 
(a) R20 and R21 taken together are 0x0, or 
(b) R20 is hydrogen and R21 is hydroxy, being a 
hydroxy or B-hydroxy; 

wherein R27 is the same as R7 except that -—(CH2 

wherein R32 is hydrogen or R31, wherein R31 is a 
hydroxyl hydrogen replacing group; 

wherein R33 is —CHO or ——CH2OR3z, wherein R32 is 
as de?ned above; 

wherein R47 is as de?ned above or is 
(l) (C1—C4)alkyl, or 
(2) —CH2OH; 
wherein X1 is 
(1) —~COOR1, wherein R1 is 

(a) hydrogen, 

(c) (C3—C10)Cycloalkyl, 

(e) phenyl, optionally substituted with one, 2 or 3 
chloro or (C1—C3)alky1, 

(f) phenyl substituted in the para position by 

(ii) —CO—R26, 

(iv) —CH:N—NH—CO—NH2 wherein R25 is 
methyl, phenyl, acetamidophenyl, ben 
zamidophenyl, or —NH;; R26 is methyl, 
phenyl, -—_NH2, or methoxy; and R54 is phenyl 
or acetamidophenyl; inclusive, or 

(g) a pharmacologically acceptable cation; 
(2) —CH1OH, 
(3) —COL4, wherein L4 is 

(a) amino of the formula —-NR51R52, wherein R5] 
and R52 are 
(i) hydrogen, 
(ii) (C1—Ci2)alky1, 
(iii) (C3-C10)cyc1oalkyl, 
(iv) (C7—C12)aralkyl, 
(v) phenyl, optionally substituted with one, 2 or 

3 chloro, (C1—C3)alkyl, hydroxy, carboxy, 
(C2-C5)alkoxycarbonyl, or nitro, 

(vi) (C2—C5)carboxyalkyl, 
(vii) (C2—C5)carbamoylalkyl, 
(viii) (C2—C5)cyanoalkyl, 

(x) (C7—C11)benzoalky1, optionally substituted by 
one, 2 or 3 chloro, (C1-C3)alkyl, hydroxy, 
(C1—C3)alkoxy, carboxy, (C2-C5)alkoxycarbo 
nyl, or nitro, . 

(xi) pyridyl, optionally substituted by one, 2 or 3 
chloro, (C1—C3)alkyl, or (C1—C3)alkoxy, 

(xii) (C6—C9)pyridylalkyl optionally substituted 
by one, 2 or 3 chloro, (C1—C3)a1kyl, hydroxy, 
or (C1-C3)alkyl, 

(xiii) (C1—C4)hydroxyalkyl, 
(xiv) (C1—C4)dihydroxyalkyl, 
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(xv) (C1-C4)trihydroxyalkyl,‘ 
vith the further proviso that not more‘ than one of R51 
ind R52 is other than hydrogen‘or alkyl, 

(b) ‘cycloamino Selected from the group consisting , 
of pyrolidino, lpiperidino; morpholino, pipera 
zino, h‘e'xa'methylene‘imino, pyrrolino, ‘or 3,4 
didehydropiperidinyl optionally substituted by 
one or 2 (C14C12)alkyl*of-'one' to v12 carbon 
atoms, inclusive, ‘» ‘ -» ~ . . 

(c) carbonylamino of the formula —NR53COR51, 
wherein R23 is hydrogen or (C1—C4)alkyl and 
R51 is other than hydrogen, but otherwise as 
de?ned above, ‘ ' ' 

(d) sulfonylamino of the formula ——NR53SO2R51, 
' wherein R21 and R13 are as de?ned in.(c), 

(4) —CH2NL2L3, wherein L2 and L3 are hydrogen or > 
(C1—C4)a1kyl, being the same or different, or-the 
pharmacologically acceptable acid addition salts 
thereof when X] is —CH2NL2L3, . > 

wherein Z1 is 
(l) —CH2——(CH2)f—C(R2)2, wherein R2 is 

or ?uoro and f is zero, one, 2, or'3; 
(2) trans—CH2—CH:CH—, I 
(3) —(Ph)-(CH2)g—, wherein (Ph) is l,2-, 1,3-,-or 

1,4-phenylene and g is zero, one, 2, or 3; - 

20 

hydrogen 
25 - 

is as de?ned above; 
with the overall proviso that 

30 

(1) R15, R16, and R17are all hydrogen only when Z1 
is —(Ph)-'-‘(CH2)g—‘, and . 

(2) Z1 is —-(Ph)—(Cl-I2)g+ only when R15 is 

With regard to the divalent substituents described 
above (e.g., L1 and M1),‘these divalent radicals are de 
fined as a-Riz?-Rj, wherein R; represents the substituent 
of the ‘divalent moiety in the alpha con?guration with 

hydro 

“ respect to the plane of the C-8 to C-12 cyclopentane 
ring and‘ R] represents the substituent of the divalent 
moiety in the beta con?guration with respect to the‘ 
plane of 'the ring. Accordingly, when M] is de?ned as‘ 
a-OI-I:B-R5, the hydroxy of the M1 moiety is in the 
alpha con?guration, i.e., as in PGIZ above, and the R5 
substituent is in the betacon?guration. 
The carbon atom content of various hydrocarbon- ' 

containing moieties is indicated by a pre?x designating 
the minimum and maximum number of carbon atoms in 
the moiety, i.e., the pre?x (Ci-Cj) indicates a moiety of 
the integer “i” to the integer “j” carbon atoms, inclu~ 
sive. Thus (C1—C3)alkyl refers to alkyl of one to 3 car 
bon atoms, inclusive, or methyl, ethyl, propyl, and iso 
propyl. 
‘Certain novel prostacyclin analogs herein, i.e., for 

mula X compounds, are all-named as CBA'1 or CBA; 
compounds, respectively, by virtue of the substitution 
of methylene for oxa in the heterocyclic ring‘of prosta 
cyclin and the substitution. CBA; compounds are those 
exhibiting the ole?nic double bond at C-5,6, while 
CBA] compounds are those saturated at C-5,6.'Formula 
XI compounds are named'as PGE1 or PGF] derivatives 
as hereinafter described. ‘ F - 

Novel compounds wherein - Z1 is (Ph)'(CH2)g are 
designated inter-0;, inter-m5 or inter-p-phenylene de 
pending on whether the attachment between C-5 andv 

moiety is ortho, meta, or 'para,'respec 

35 
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6 
For‘those compounds wherein g is zero, one, 2 or 3, 

the carbacyclin analogs so described are further charac 
terized as 2,3,4-trinor-, 3,4-dinor-, or 4-nor, since in this 
event the Xi-terminated side chain contains (not includ 
ing the phenylene) 2, 3, or 4 carbon atoms, respectively, 
in place of the ?ve carbon atoms contained in F612. 
The missing carbon atom or atoms are considered to be 
at the O4‘ to C-2‘positions such that the phenylene is 
connected to the C-5 and C-1 to 03 positions. Accord 
ingly these compounds are named as 1,5- 2,5-, 3,5-, and 
4,5-inter-phenylene CBA compounds when g is zero, 
one, 2, or 3, respectively. 
Those CBA analogs wherein Z1 is —CH2——(CH2. 

)f—CF1—- ‘are characterized as “2,2-di?uoro‘” com- > 
pounds. For those compounds wherein fis zero, 2, or 3, 
the carbacyclin analogs so described are further charac 
terized as 2-nor, 2a-homo, or 2a,2b-dihomo, since in this 
event the X1-terminated side chain contains 4, 6, or 7 
carbon atoms, respectively, in place of the ?ve carbon 
atoms contained in CBAZ. The missing carbon atom is 
considered to beat the 02 position such that the C-1 
carbon atoms‘ is connected to the C-3 position. The 
additional carbon atom or atoms are considered as 
though they were inserted between the C-2 and 03 
positions. Accordingly these additional carbon atoms 
are referred to as C-2a and C-2b, counting from the C-2 
to the C-3 position. I 
Those CBA analogs wherein Z1 is trans—CH 

2—CH:CH— are described as “trans-2,3-didehydro 
CBA” compounds. t 
Those novel compounds where n is 2 are further 

characterized as 7a-horno-CBA compounds by virtue of . 
the-cyclohexyl ring replacing the heterocyclic ring of 
prostacyclin. . > 

Further, the novel compounds are named as 9B-alkyl 
CBA compounds when R17 is alkyl. 
When R16 and R17 taken together are —CH2—( 

methylene), the novel . compounds so described are 
“6aB,9B-methano-CBA” compounds by virtue of the 
methylene bridge between C-6a and C-9. 
When R15 is fluoro, “S-fluoro-CBA” compounds are 

described. - 

The formula XI CBA analogs wherein R20, R21, R22, 
R23,‘ and R24 are all hydrogen with R22 being ,B-hydro 
gen are characterized as "9-deoxy-2‘,9a-methano-3-oxa- ‘ 
4,5,6~trinor-3,7-(l',3’-inter-phenylene)-PGF1” com 
pounds. Corresponding compounds wherein R22 is a 
hydrogen are characterized as “9-deoxy-2',9B-methano 
3-oxa-4,5,6-trinor-3,7-(l',3’—inter-phenylene)-PGF1” 
compounds. CBA analogs wherein R20, R23, and R24 
are all hydrogen and R21 and R22 taken together form a 
valence bond between C-9 and C-6a are characterized 
as "9-deoxo-2',9—metheno-3-oxo-3,4,5-trinor-3,7-(1',3' 
inter-phenylene)-PGF1” compounds. CBA analogs 
wherein Rzotis hydrogen and R21 and R22 taken together 
form a second valence bond between C-9 and C-6a and 
R23 and R24 taken together form a second valence bond 
between‘ C-7 and G8 are characterized as “9-deoxo: 

2',9-metheno-3-oxa-3,4,5-trinor-3,7-(l',3’-inter 
phenylene)-7,8-didehydro-PGE1” compounds. The for 
mula XI CBA analogs wherein R22, R23, and R24 are all 
hydrogen and R20 and R21 taken together are oxo are 
characterized as "6a-oxo-9-deoxy-2’,9a-methano-3-oxa 
4,5,6-trinor-3,7-(1’,3’-inter-phenylene)-PGF1” or “6a 
oxo-9-deoxy-2',9B-methano-3-oxa-4,5,6-trinor-3,7 
(1’,3’-inter-phenylene)-PGF1” depending on whether 
R22 is a-hydrogen or B-hydrogen, respectively. For 
mula XI CBA‘ analogs wherein R20, R22, R23, and R24 
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are all hydrogen and R21 is a-hydroxy are characterized 
as “6aa-hydroxy-9-deoxy-2’,9a-methano-3-oxa-4,5,6 
trinor-3,7-(l ’,3'-inter-phenylene)-PGF 1 ” or “62101 
hydroxy-9-deoxy-2’,9B-methano-3-oxa-4,5,6-trinor-3,7 
(l’,3’-inter-phenylene)-PGF1” compounds depending 
on whether R22 is a-hydrogen or B-hydrogen, respec 
tively. Finally, formula XI TXA analogs wherein R20, 
R22, R23, and R24 are all hydrogen and R21 is ,B-hydroxy 
are characterized as "6aB-hydroxy-9-deoxy-2’,9B 
methano-3-oxa-4,5,6-trinor-3,7-(1',3’-inter-phenylene) 
PGF1” or “6aB-hydroxy-9-deoxy-2’,9a-methano-3-oxa 
4,5,6-trinor-3,7-( l ‘,3'-inter-phenylene)-PGF1” com 
pounds depending on whether R22 is a-hydrogen or 
,B-hydrogen, respectively. When Z4 is -—(CH2)f-—CF2 
and f is zero, the formula XI CBA analogs are addition 
ally characterized as “2,2-di?uoro” compounds. When f 
is one, 2, or 3, such compounds are additionally charac 
terized as “Za-homo”, “2a,2b-dihomo” or “2a,2b,2c 
trihomo” compounds. 
When R5 is methyl, the carbacyclin analogs are all 

named as “IS-methyl-CBA” compounds. Further, ex 
cept for compounds wherein Y1 is cis—CH:CI-I—, 
compounds wherein the M1 moiety contains an hy 
droxyl in the beta con?guration are additionally named 
as “l5-epi-CBA” compounds. 
For the compounds wherein Y1 is cis—-CH:CH—-, 

then compounds wherein the M1 moiety contains an 
hydroxyl in the alpha con?guration are named as “15 
epi-CBA” compounds. For a description of this conven 
tion of nomenclature for identifying C-15 epimers, see 
U.S. Pat. No. 4,016,184, issued 5 Apr. 1977, particularly 
columns 24-27 thereof. 
The novel carbacyclin analogs herein which contain 

—(CH2)2—, cis—CH:CH—, or —-CEC-— as the Y; 
moiety, are accordingly referred to as “13,14-dihydro”, 
“cis-l3”, or “13,14-didehydro” compounds, respec 
tively. 
When R7 is straight chained -—C,,,H2m-CH3, 

wherein m is as de?ned above, the compounds so de 
scribed are named as “19,20-dinor”, “20-nor”, “20 
methyl” or “20-ethyl” compounds when m is one, 2, 4 
or 5, respectively. When R7 is branched chain —CmH 
2,,,—CH3, then the compounds so described are “17-, 
18-, 19-, or 20-alkyl” or “17,17-, 17,18-, -17,l9-, 17,20-, 
18,18-, 18,19-, 18,20-, 19,19-, or 19,20-dialkyl” com 
pounds when m is 4 or 5 and the unbranched portion of 
the chain is at least n-butyl, e.g., “17,20-dimethyl” com 
pounds are described when m is 5 (l-methylpentyl). 
When R7 is phenyl and neither R3 and R4 is methyl, 

the compounds so described are named as “l6-phenyl 
17,18,19,20-tetranor” compounds. When R7 is substi 
tuted phenyl, the corresponding compounds are named 
as “l6-(substituted phenyl)-l7,18,19,20-tetranor” com 
pounds. When o'ne and only one of R3 and R4 is methyl 
or both R3 and R4 are methyl, then the corresponding 
compounds wherein R7 is as de?ned in this paragraph 
are named as “l6-phenyl or l6-(substituted phenyl) 
l8,l9,20-trinor” compounds or “l6-methyl-l6-phenyl 
or l6-(substituted phenyl)-18,19,20-trinor” compounds 
respectively. 
When R7 is benzyl, the compounds so described are 

named as “l7-phenyl-l8,19,20-trinor” compounds. 
When R7 is substituted benzyl, the corresponding com 
pounds are named as “l7-(substituted phenyl)-l8,19,20 
trinor” compounds. 
When R7 is phenylethyl, the compounds so described 

are named as “l8-phenyl-l9,20-dinor” compounds. 
When R7 is substituted phenylethyl, the corresponding 
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8 
compounds are named as “IS-(substituted phenyl) 
l9,20-dinor” compounds. 
When R7 is phenylpropyl, the compounds so de 

scribed are .named as “l9-phenyl-20-nor" compounds. 
When R7 is substituted phenylpropyl the corresponding 
compounds are named as “l9-(substituted phenyl)-20 
nor” compounds. 
When R7 is phenoxy and neither R3 nor R4 is methyl, 

the compounds so described are named as “l6-phenoxy 
l7,l8,l9,20-tetranor” compounds. When R7 is substi 
tuted phenoxy, the corresponding compounds are 
named as “l6-(substituted phenoxy)-l7,l8,l9,20 
tetranor” compounds. When one and only one of R3 and 
R4 is methyl or both R3 and R4 are methyl, then the 
corresponding compounds wherein R7 is as de?ned in 
this paragraph are named as “l6-phenoxy or l6-(sub 
stituted phenoxy)-18,19,20-trinor” compounds or “16 
methyl-l6-phenoxy- or l6-(substituted phenox 
y) l 8, 19,20-trinor” compounds, respectively. 
When R7 is cis—CH:CI-I—CH2CH3, the com 

pounds so described are named as “cis-17,l8-didehy 
dro” compounds. 
When R7 is —(CH2)2-—CH(OH)—CH3, the com 

pounds so described are named as “19-hydroxy” com 
pounds. 
When R7 is ——(CH2)3—CH:C(CH3)2, the com 

pounds so described are named as “20-isopropylidene” 
compounds. 
When ——C(L1)-R7 is optionally substituted cycloal 

kyl, 2-(2-furyl)ethyl, 2-(3-thienyl)ethyl, or 3-thienylox 
ymethyl, the compounds so described are respectively 
15-cycloalkyl-16,l7,18,19,20-pentanor compounds, 17 
(2-furyl)-18,19,20-trinor-CBA compounds, 17-(3 
thienyl)-l8,l9,20-trinor compounds, or 16-(3-thienyl 
)oxy-17,18,19,20-tetranor compounds. 
When at least one of R3 and R4 is not hydrogen then 

(except for the l6-phenoxy or l6-phenyl compounds 
discussed above) there are described the “l6-methyl” 
(one and only one of R3 and R4 is methyl), “16,16 
dimethyl” (R3 and R4are both methyl), “l6-fluoro” (R3 
or R4 is ?uoro), “16,16-di?uoro” (R3 and R4 are both 
fluoro) compounds. For those compounds wherein R3 
and R4 are different, the prostaglandin analogs so repre 
sented contain an asymmetric carbon atom at C-l6. 
Accordingly, two epimeric con?gurations are possible: 
“(16S)” and “(16R)”. Further, there is described by this 
invention the C-l6 epimeric mixture: “(16RS)”. 
When X1 is —CH2OH, the compounds so described 

are named as "2-decarboxy-Z-hydroxymethyl” com 
pounds. 
When X] is —CH2NL2L3, the compounds so de 

scribed are named as "Z-decarboxy-2-aminomethyl” or 
“Z-(substituted amino)methyl” compounds. 
When X1 is —-COL4, the novel compounds herein are 

named as CBA-type amides. Further, when X1 is 
—COOR1, the novel compounds herein are named as 
CBA-type esters and CBA-type salts. 
Examples of phenyl esters substituted in the para 

position (i.e., X1 is --COOR1, R1 is p-substituted 
phenyl)‘ include p-acetamidophenyl ester, p-ben 
zamidophenyl ester, p-(p-acetamidobenzarnido)phenyl 
ester, p-(p-benzamidobenzamido)phenyl ester, p 
aminocarbonylaminophenyl ester, p-acetylphenyl ester, 
p-benzylphenyl ester, p-amidocarbonylphenyl ester, 
p-methoxycarbonylphenyl ester, p-benzoyloxyphenyl 
ester, p-(p-acetamidobenzoyloxy)phenyl ester, and p 
hydroxybenzaldehyde semicarbazone ester. 
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Examples of novel amides herein (i.e., X1 is ——COL4) 

include the following: 
(1) Amides within the scope of alkylamino groups of 

the formula-NR51R5Z are methylamide, ethylamide, 
n-propylamide, n-butylamide, n-pentylamide, n-hexyla 
mide, n-heptylamide, n-octylamide, n-nonylamide, n 
decylamide, n-undecylamide, and n-dodecylamide, and 
isomeric forms thereof. Further examples are dime 
thylamide, diethylamide, dim-propylamide, di-n-butyla 
mide, methylethylamide, methylpropylamide, methyl 
butylamide, ethylpropylamide, ethylbutylamide, and 
propylbutylamide. Amides within the scope of cy 
cloalkylamino are cyclopropylamide, cyclobutylamide, 
cyclopentylamide, 2,3-dimethylcyclopentylamide, 2,2 
dimethylcyclopentylamide, Z-methylcyclopentylamide, 
3-tert-butylcyclopentyl amide, cyclohexylamide, 4-tert 
butylcyclohexylamide, 3-isopropylcyclohexylamide, 
2,2-dimethylcyclohexylamide, cycloheptylamide, cy 
clooctylamide, cyclononylamide, cyclodecylamide, 
N-methyl-N-cyclobutylamide, N-methyl-N-cyclopen 
tylamide, N-methyl-N-cyclohexylamide, N-ethyl-N 
cyclopentylamide, and N-ethyl-Ncyclohexylamide. 
Amides within the scope of aralkylamino are benzyla 
mide, Z-phenylethylamide, and N-methyl-N benzyl 
amide. Amides within the scope nf substituted phenyla 
mide are p-chloroanilide, m-chloroanilide, 2,4 
dichloroanilide, 2,4,6-trichlor0anilide, m-nitroanilide, 
p-nitroanilide, p-methoxyanilide, 3,4-dimethoxyanilide, 
3,4,5-trimethoxyanilide, p-hydroxymethylanilide, p 
methylanilide, m-methyl anilide, p-ethylanilide, t 
butylanilide, p-carboxyanilide, p-methoxycarbonyl ani 
lide, p-carboxyanilide and o-hydroxyanilide. Amides 
within the scope of carboxyalkylamino are carboxye 
thylamide, carboxypropylamide and carboxymethyla 
mide, carboxybutylamide. Amides within the scope of 
carbamoylakylamino are carbamoylmethylamide, car 
bamoylethylamide, carbamoylpropylamide, and car 
bamoylbutylamide. Amides within the scope of cya 
noalkylamino are cyanomethylamide, cyanoethyla 
mide, cyanopropylamide, and cyanobutylamide. Am 
ides withn the scope of acetylalkylamino are acetylme 
thylamide, acetylethylamide, acetylpropylamide, and 
acetylbutylamide. Amides within the scope of ben 
zoylalkylamino are benzoylmethylamide, benzoyle 
thylamide, benzoylpropylamide, and benzoylbutyla 
mide. Amides within the scope of substituted ben 
zoylalkylamino are p-chlorobenzoylmethylamide, m 
chlorobenzoylmethylamide, 2,4-dichlorobenz0ylme 
thylamide, 2,4,6-trichlorobenzoylmethylamide, m 
nitrobenzoylmethylamide, p-nitrobenzoylmethylamide, 
p-methoxybenzoylmethylamide, 2,4-dimethoxy ben 
zoylmethylamide, 3,4,5-trimethoxybenzoylmethyla 
mide, p-hydroxyrnethylbenzoylmethylamide, p-methyl 
benzoylmethylamide, m-methylbenzoylmethylamide, 
p-ethylbenzoylmethylamide, t-butylbenzoylmethyla 
mide, p-carboxybenzoylmethylamide, m-methoxycar~ 
bonylbenzoylmethylamide, o-carboxybenzoylmethyla 
mide, o-hydroxybenzoylmethylamide, p-chloroben 
zoylethylamide, m-chlorobenzoylethylamide, 2,4 
dichlorobenzoylethylamide, 2,4,6-trichlorobenzoyle 
thylamide, m-nitrobenzoylethylamide, p-nitrobenzoyle 
thylamide, p-methoxybenzoylethylamide, p-methox 
ybenzoylethylamide, 2,4-dimethoxybenzoylethylamide, 
3,4,5trimethoxybenzoylethylamide, p-hydroxymethyl 
benzoylethylamide, p-methylbenzoylethylamide, m 
methylbenzoylethylamide, p-ethylbenzoylethylamide, 
t-butylbenzoylethylamide, p-carboxybenzoylethyla 
mide, m~methoxycarbonylbenzoylethylamide, o-car 
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boxybenzoylethylamide, o-hydroxybenzoylethylamide, 
p-chlorobenzoylpropylamide, m-chlorobenzoyl 
propylamide, 2,4-dichlorobenzoylpropylamide, 2,4,6 
trichlorobenzoylpropylamide, m-nitrobenzoylpropyla 
mide, p-nitrobenzoylpropylamide, p-methoxybenzoyl 
propylamide, 2,4-dimethoxybenzoylpropylamide, 3,4,5 
trimethoxybenzoylpropylamide, p-hydroxymethylben 
zoylpropylamide, p-methylbenzoylpropylamide, m 
methylbenzoylpropylamide, p-ethylbenzoylpropyla 
mide, t-butylbenzoylpropylamide, p-carboxybenzoyl 
propylamide, m-methoxycarbonylbenzoylpropylamide, 
o~carboxybenzoylpropylamide, o-hydroxybenzoyl 
propylamide, p-chlorobenzoylbutylamide, m 
chlorobenzoylbutylamide, 2,4-dichlorobenzoylbutyla 
mide, 2,4,6-trichlorobenzoylbutylamide, m-nitroben 
zoylmethylamide, p-nitrobenzoylbutylamide, p 
methoxybenzoylbutylamine, 2,4-dimethoxybenz0ylbu 
tyl-amide, 3,4,5-trimeth0xybenzoylbutylamide, p 
hydroxymethylbenzoylbutyl-amide, p-methylbenzoyl 
butyamide, m-methylbenzoylbutylamide, p-ethyl-ben 
zoylbutylamide, m-methylbenzoylbutylamide, p-ethyl 
benzoylbutyl-amide, t-butylbenzoylbutylamide, p-car 
boxybenzoylbutylamide, m-methoxycarbonylbenzoyl 
butylamide, o-carboxybenzoylbutylamide, o-hydrox 
ybenzoylmethylamide. Amides within the scope of 
pyridylamino are a-pyridylamide, ,B-pyridylamide, and 
y-pyridylamide. Amides within the scope of substituted 
pyridylamino are 4-methyl-a-pyridylamide, 4-methy1 
B-pyridylamide, 4-chloro-a-pyridylamide, and 4 
chloro-B-pyridylamide. Amides within the scope of 
pyridylalkylamino are a-pyridylmethylarnide, B 
pyridylmethylamide, 'y-pyridylmethylamide, a 
pyridylethylamide, ,B-pyridylethylamide, y-pyridyle 
thylamide, a-pyridylpropylamide, B-pyridylpropyla 
mide, 'y-pyridylpropylamide, a-pyridylbutylamide, B 
pyridylbutylamide, and 'y-pyridylbutylamide. Amides 
within the scope of substituted pyridylalkylamido are 
4-methyl-a-pyridylmethylamide, 4-rnethyl-B-pyridyl 
methylamide, 4-chloro-a-pyridylmethylamide, -4 
chloro-B-pyridylmethylamide, 4-methyl-a-pyridyl 
propylamide, 4-methyl-,B-pyridylpropylamide, 4 
chloro-a-pyridylpropylamide, 4-chlor0-B-pyridyl 
propylamide, 4-methyl-a-pyridylbutylamide, 4-methyl 
B-pyridylbutylamide, 4-chloro-a-pyridylbutylamide, 
4-ch1oro-B-pyridylbutylamide, 4-chloro-y-pyridylbu 
tyl-amide. Amides within the scope of hydroxyalk 
ylamino are hydroxymethylamide, B-hydroxyethyla 
mide, B-hydroxypropylamide, 'y-hydroxypropylamide, 
l-(hydroxymethyl)ethyl-amide, l-(hydroxymethyD 
propylamide, (2-hydr0xymethyl)propylamide, and a,a 
dimethyl-hydroxyethylamide. Amides within the scope 
of dihydroxyalkylamino are dihydroxymethylamide, 
,8,y-dihydroxypropylamide, l-(hydroxymethyDZ 
hydroxymethylamide, B/Y-dihydroxybutylamide, [3,8 
dihydroxybutyl-amide, 7,5-dihydroxybuty1amide, and 
1,1-bis(hydroxymethyl)ethylamide. Amides within the 
scope of trihydroxyalkylamino are tris(hydroxy 
methyl)methylamide and l,3-dihydroxy-2-hydr0xyrne 
thylpropylamide. _ 

(2) Amides within the scope of cycloamino groups 
described above are pyrrolidylamide, piperidylamide, 
morpholinylamide, hexamethyleneiminylamide, 
piperazinylamide, pyrrolinylarnide, and 3,4-didehy-4 
dropiperidinylamide. 

(3) Amides within the scope of carbonylamino of the 
formula —NR53COR51 are methylcarbonylamide, 
ethylcarbonylamide, phenylcarbonylamide, and benzyl 
carbonylamide. 
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(4) Amides within the scope of sulfonylamino of the 
formula —NR53SO2R51 are methylsulfonylamide, 
ethylsufonylamide, phenylsulfonylamide, p-tolylsul 
fonylamide, benzylsulfonylamide. ' 
Examples of alkyl of one to 12 carbon atoms, inclu 

sive, are methyl, ethyl, propyl, butyl, pentyl, hexyl, 
heptyl, octyl, nonyl, decyl, undecyl, .dodecyl, isomeric 
forms thereof. ‘ ~ 

Examples of (C3—C10)cycloalkyl which includes al 
kyl-substituted cycloalkyl, are cyclopropyl, 2-methyl 
cyclopropyl, 2,2-dimethylcyclopropyl,' 2,3-diethylcy 
clopropyl, Z-butylcyclopropyl, cyclobutyl, Z-methylcy 
clobutyl, 3-propylcyclobutyl, 2,3,4-triethylcyclobutyl, 
cyclopentyl, 2,2-dimethylcyclopentyl, Z-pentylcyclo 
pentyl, 3-tert-butylcyclopentyl, cyclohexyl, 
butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethyl 
cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, and 

v cyclodecyl. 

Examples of (C7—C12)aralkyl are benzyl, 2 
phenylethyl, l-phenylethyl, Z-phenylpropyl, 4-phenyl 
butyl, 3~phenylbutyl, Z-(I-naphthylethyl), and l-(2 
naphthylmethyl). 
Examples of phenyl substituted by one to 3 chloro or 

alkyl of one to 4 carbon atoms, inclusive, are p 
chlorophenyl, m—chlorophenyl, 2,4-dichlorophenyl, 
2,4,6-trichlorophenyl, p-tolyl, m-tolyl, o-tolyl, p-ethyl 
phenyl, p-tert-butylphenyl, 2,5~dimethylphenyl, 4 
chloro-Z-methylphenyl, and 2,4-dichloro-3~methylphe 
nyl. 
Examples of (C5—C7)cycloalkyl optionally substituted 

by (C1—C4)alkyl are cyclobutyl, l-propylcyclobutyl, 
l-butylcyclobutyl, l-pentylcyclobutyl, Z-methylcy 
clobutyl, 2-propylcyclobutyl, 3-ethylcyclobutyl, 3 
propylcyclobutyl, 2,3,4-triethylcyclobutyl, cyclopen 
tyl, 2,2-dimethylcyclopentyl, 3-ethylcyclopentyl, 3 
propylcyclopentyl, 3-butylcyclopentyl, 3-tert-butylcy 
clopentyl, l-methyl~3-propylcyclopentyl, 2-methyl-3 
propylcyclopentyl, 2-methyl~4-propylcyclopentyl, cy 
clohexyl,: 3-ethylcyclohexyl, 3-isopropylcyclohexyl, 
4-methylcyclohexyl, 4-ethylcyclohexyl, 4-propylcy 
clohexyl, 4-butylcyclohexyl, 4-tert-butylcyclohexyl, 
2,6-dimethylcyclohexyl, 2,2-dimethylcyclohexyl, 2,6 
dimethyl-4-propylcyclohexyl, and cycloheptyl. 
Examples of substituted phenoxy, phenylmethyl, 

phenylethyl, or phenylpropyl of the R7 moiety are (0-, 
m-, or p-)tolyl, (o-, m-, or p-)ethylphenyl, 4-ethyl-o 
tolyl, S-ethyl-m-tolyl, (o-, m-, or p-)-propylphenyl, 2 
propyl-(m- or p-)tolyl, 4-isopropyl-2,6-xylyl, 3-propyl 
4-ethylphenyl, (2,3,4~, 2,3,5—, 2,3,6-, or 2,4,5-)trimethyl 
phenyl, (o-, m-, or p-)?uorophenyl, 2,-fluoro-(m- or 
p-)tolyl, 4-?uoro-2,5-xylyl, (2,4-, 2,5-, 2,6-, 3,4-, or 3,5 
)difluorophenyl, (o-, m-, or p-)chlorophenyl, 2-chloro 
p-tolyl, (3-, 4-, 5-, or 6-)-chloro-o-tolyl, 4-chloro-2 
propylphenyl, 2-isopropyl-4-chlorophenyl, 4-chloro 
3,5-xylyl, (2,3-, 2,4-, 2,5-, 2,6-, 3,4-, or 3,5-)dichlorophe 
nyl, 4-chloro-3-iluorophenyl, (3- or 4-)chloro-2 
?uorophenyl, (o-, m-, or p-)trifluoromethylphenyl, (o-, 
m-, or p-)methoxyphenyl, (o-, m-, or p-)ethoxyphenyl, 
(4- or 5-)chloro-2-methoxyphenyl, 2,4-dichloro-(4- or 
6-)methylphenyl, (o-, m-, or p-)tolyloxy, (o-, m-, or 
p-)ethylphenyloxy, 4-ethyl-o-tolyloxy, S-ethyl-m 
tolyloxy, (o-, m-, or p-)propylphenoxy, 2-propyl-(m- or 
p-)tolyloxy, 4-isopropyl-2,6-xylyloxy, 3-propyl-4~ethyl 
phenyloxy, (2,3,4-, 2,3,5-, 2,3,6-, or 2,4,5-)-trimethyl 
phenoxy, (o-, m-, or p-)fluorophenoxy, 2-?uoro-(m- or 
p-)-tolyloxy, 4—fluoro-2,5-xylyloxy, (2,4-, 2,5-, 2,6-, 3,4-, 
or 3,5-)-di?uorophenoxy, (o-, m-, or p-)-chlorophenoxy, 
2-chloro-p-tolyloxy, (3, 4, 5, or 6-)chloro-o-tolyloxy, 
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12 
4-chloro-2-propylphenoxy, 2-isopropyl-4-chloro 
phenoxy, 4-chloro-3,5-xylyloxy, (2,3-, 2,4-, 2,5-, 2,6-, 
3,4-, or 3,5-)dichlorophenyloxy, 4-chloro-3-fluoro 
phenoxy, (3-or 4-)chloro-2-?uorophenoxy, (o-, m-, or 
p-)tritluoromethylphenoxy, (o-, m-, or p-)methoxy 
phenoxy, (o-, m-, or p-)ethoxyphenoxy, (4- or 5-)chloro 
Z-methoxyphenoxy, 2,4-dichloro-(5- or 6-)methyl 
phenoxy, (o-, m-, or p-)tolylmethyl, (o-, m-, or p-)ethyl 
phenyl methyl, 4-ethyl-o-tolylmethyl, S-ethyl-m-tolyl 
methyl, (o-, m-, or p-)propylphenylmethyl, 2-propyl 
(m-, or p-)tolylmethyl, 4-isopropyl-2,6-xylylmethyl, 
3-propyl-4-ethylphenylmethyl, (2,3,4-, 2,3,5~, 2,3,6-, or 
2,4,5-)trimethylphenylmethyl, (o-, m-, or p-)fluoro 
phenylmethyl, 2-fluoro-(m- or p-)tolylmethyl, 4-fluoro 
2,5-xylylmethyl, (2,4-, 2,5-, 2,6-, 3,4-, or 3,5-)di 
?uorophenyl, (o-, m-, or p-)chlorophenylmethyl, 2 
chloro-p-tolylmethyl, (3, 4, 5, or 6-)chloro-o-tolyl 
methyl, 4-chloro-2-propylphenylmethyl, 2-isopropyl-4 
chlorophenylmethyl, 4-chloro-3,5-xylylmethyl, (2,3-, 
2,4-, 2,5-, 2,6-, 3,4-, or 3,5-)dichlorophenylmethyl, 4 
chloro-3-?uorophenylmethyl, (3- or 4-)chloro-2-fluoro 
phenylmethyl, (o-, m-, or p-)tri?uoromethylphenyl 
methyl, (o-, m-, or p-)methoxyphenylmethyl, (o-, m-, or 
p-)ethoxyphenylmethyl, (4- or 5-)chloro-2-methoxy 
phenylmethyl, and 2,4-dichloro-(4- or 6-)methoxy 
phenylmethyl. 
The novel CBA analogs disclosed herein produce 

certain prostacyclin-like pharmacological responses. 
Accordingly, the novel formula X and XI CBA ana 

logs are used as agents in the study, prevention, control, 
and treatment of diseases, and other undesirable physio~ 
logical conditions, in mammals, particularly humans, 
valuable domestic animals, pets, zoological specimens, 
and laboratory animals (e.g., mice, rats, rabbits and 
monkeys). In particular, these compounds have useful 
application as antithrombotic agents, anti-ulcer agents, 
and anti-asthma agents, as indicated below. 

(a) Platelet Aggregation Inhibition 
These novel CBA analogs disclosed herein are useful 

whenever it is desired to inhibit platelet aggregation, to 
reduce the adhesive character of platelets, or to remove 
or prevent the formation of thrombi in mammals, in 
cluding man. For example, these compounds are useful 
in the treatment and prevention of myocardial infarcts, 
to treat and prevent post-operative thrombosis, to pro 
mote patency of vascular grafts following surgery, to 
treat peripheral vascular diseases, and to treat condi 
tions such as atherosclerosis, arteriosclerosis, blood 
clotting defects due to lipemia, and other clinical condi 
tions in which the underlying etiology is associated with 
lipid imbalance or hyperlipidemia. Other in vivo appli 
cations include geriatric patients to prevent cerebral 
ischemic attacks and long term prophylaxis following 
myocardial infarcts and strokes. For these purposes, 
these compounds are administered systemically, e.g., 
intravenously, subcutaneously, intramuscularly, and in 
the form of sterile implants for prolonged action. For 
rapid response, especially in emergency situations, the 
intravenous route of administration is preferred. Doses 
in the range about 0.01 to about 10 mg per kg of body 
weight 'per day are used, the exact dose depending on 
the age, weight, and condition of the patient or animal, 
and on the frequency and route of administration. 
The preferred dosage form for these compounds is 

oral, although other non-parenteral routes (e.g., buccal, 
rectal, sublingual) are likewise employed in preference 
to parenteral routes. Oral dosage forms are convention 
ally formulated (tablets, capsules, et cetera) and admin 
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istered 2-4 times daily. Doses in the range of about 0.05 
to 100 mg per kg of body weight per day are effective. 
The addition of these compounds to whole blood 

provides in vitro applications such as storage of whole 
blood to be used in heart-lung machines. Additionally 
whole blood containing these compounds can be circu 
lated through organs, e.g., heart and kidneys, which 
have been removed from a donor prior to transplant. 
They are also useful in preparing ‘platelet rich concen 
trates for use in treating thrombocytopenia, chemother 
apy, and radiation therapy. In vitro applications utilize 
a dose of 0.00l—l.0 pg per ml of whole blood. For treat 
ment of peripheral vascular diseases, see U.S. Pat. No. 
4,103,026. 

(b) Gastric Secretion Reduction 
These novel CBA analogs disclosed herein are also 

useful in mammals, including man and certain useful 
animals, e.g., dogs and pigs, to reduce and control gas 
tric secretion, thereby to reduce or avoid gastrointesti 
nal ulcer formation, and accelerate the healing of such 
ulcers already present in the gastrointestinal tract. For 
this purpose, these compounds are injected or infused 
intravenously, subcutaneously, or intramuscularly in an 
infusion dose range about 0.1 pg to about 20 pg per kg 
of body weight per minute, or in a total daily dose by 
injection or infusion in the range about 0.01 to about 10 
mg per kg of body weight per day, the exact dose de 
pending on the age, weight, and condition of the patient 
or animal, and on the frequency and route of administra 
tion. ' . 

Preferably, however, these novel compounds are 
administered orally or by other non-parenteral routes. 
As employed orally, one to 6 administrations daily in a 
dosage range of about 1.0 to 100 mg per kg of body 
weight per day is employed. Once healing of the ulcers 
has been accomplished the maintenance dosage re 
quired to prevent recurrence is adjusted downward so 
long as the patient or animals remains asymptomatic. 

(c) NOSAC-Induced Lesion Inhibition 
These novel CBA analogs disclosed herein are also 

useful in reducing the undesirable gastrointestinal ef 
fects resulting from systemic administration of anti-in 
flammatory prostaglandin synthetase inhibitors, and are 
useful for that purpose by concomitant administration 
of the prostaglandin derivative and the anti-in?amma 
tory prostaglandin synthetase inhibitor. See Partridge, 
et al., U.S. Pat. No. 3,781,429, for a disclosure that the 
ulcerogenic effect induced by certain non-steroidal 
anti-in?ammatory agents in rats is inhibited by concom 
itant oral administration of certain prostaglandins. Ac 
cordingly these novel CBA analogs herein are useful, 
for example, in reducing the undesirable gastrointestinal 
effects resulting from systemic administration of indo 
methacin, phenylbutazone, and aspirin. These are sub 
stances speci?cally mentioned in Partridge, et a1. as 
non-steroidal, anti-inflammatory agents. These are also 
known to be prostaglandin synthetase inhibitors. 
The anti-in?ammatory synthetase inhibitor, for exam 

ple, indomethacin, aspirin, or phenylbutazone is admin 
istered in any of the ways known in the art to alleviate 
an in?ammatory conditions, for example, in any dosage 
regimen and by any of the known routes of systemic 
administration. 

(d) Bronchodilation (Anti-asthma) 
These novel analogs disclosed herein are also useful 

in the treatment of asthma. For example, these com 
pounds are useful as bronchodilators or as inhibitors of 
mediator-induced bronchoconstriction, such as SRS-A, 
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14 
and histamine which are released from cells activated 
by an antigen-antibody complex. Thus, these com 
pounds control spasm and facilitate breathing in condi 
tions such as bronchial bronchitis, bronchiectasis, pneu 
monia and emphysema. For these purposes, these com 
pounds are administered in a variety of dosage forms, 
e.g., orally in the form of tablets, capsules, or liquids; 
rectally in the form of suppositories, parenterally, sub 
cutaneously, or intramuscularly, with intravenous ad 
ministration being preferred in emergency situations; by 
inhalation in the form of aerosols or solutions for nebu 
lizers; or by insuf?ation in the form of powder. Doses in 
the range of about 0.01 to 5 mg per kg of body weight 
are used 1 to 4 times a day, the exact dose depending on 
the age, weight, and condition of the patient and on the 
frequency and route of administration. For the above 
use these CBA analogs can be combined advanta 
geously with other anti-asthmatic agents, such as sym 
pathomimetics (isoproterenol, phenylephrine, ephed 
rine, etc.); xanthine derivatives (theophylline and ami 
nophylline); and corticosteroids (ACTH and predniso 
lone). 
These compounds are effectively administered to 

human asthma patients by oral inhalation. For adminis 
tration by the oral inhalation route with conventional 
nebulizers or by oxygen aerosolization it is convenient 
to provide the instant active ingredient in dilute solu 
tion, preferably at concentrations of about one part of 
medicament to from about 100 to 200 parts by weight of 
total solution. Entirely conventional additives may be 
employed to stabilize these solutions or to provide iso 
tonic media, for example, sodium chloride, sodium ci 
trate, citric acid, sodium bisul?te, and the like can be 
employed. For administration as a self-propelled dosage 
unit for administering the active ingredient in aerosol 
form suitable for inhalation thereapy the composition 
can comprise the active ingredient suspended in an inert 
propellant (such as a mixture of dichlorodifluorometh 
ane and dichlorotetrafluoroethane) together with a co 
solvent, such as ethanol, flavoring materials and stabiliz 
ers. Suitable means to employ the aerosol inhalation 
therapy technique are described fully in U.S. Pat. No. 
3,868,691, for example. d 
When X1 is —COOR1, the novel CBA analogs so 

described are used for the purposes described above in 
the free acid form, in ester form, or in pharmacologi 
cally acceptable salt form. When the ester form is used, 
the ester is any of those within the above de?nition of 
R1. However, it is preferred that the ester be alkyl of 
one to 12 carbon atoms, inclusive. Of the alkyl esters, 
methyl and ethyl are especially preferred for optimum 
absorption of the compound by the body or experimen 
tal animal system; and straight-chain octyl, nonyl, 
decyl, undecyl, and dodecyl are especially preferred for 
prolonged activity. 

Pharmacologically acceptable salts of the novel pros 
taglandin analogs of this invention for the purposes 
described above are those with pharmacologically ac. 
ceptable metal cations, ammonia, amine cations, or qua 
ternary ammonium cations. I 

Especially preferred metal cations are those derived 
from the alkali metals, e.g., lithium, sodium, and potas— 
sium, and from the alkaline earth metals, e.g., magne 
sium and calcium, although cationic forms of other 
metals, e.g., aluminum, zinc, and iron are within the 
scope of this invention. 

Pharmacologically acceptable amine cations are 
those derived from primary, secondary, and tertiary 
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amines. Example of suitable amines are methylamine, 
dimethylamine, trimethylamine, ethylamine, dibutyl 
amine, triisopropylamine, N-methylhexylamine, decyl 
amine, dodecylamine, allylamine, crotylamine, cy 
clopentylamine, dicyclohexylamine, benzylamine, 
dibenzylamine, a-phenylethylamine, ,B-phenylethyla 
mine, ethylenediamine, diethylenetriamine, adaman 
tylamine, and the like aliphatic, cycloaliphatic, arali 
phatic amines containing up to and including about 18 
carbon atoms, as well as heterocyclic amines, e.g., pi 
peridine, morpholine, pyrrolidine, piperazine, and low 
er-alkyl derivatives thereto, e.g., l-methylpiperidine, 
4-ethy1morpholine, l-isopropylpyrrolidine, 2-methyl 
pyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperi 
dine, and the like as well as amines containing water-' 
solubilizing or hydrophilic groups, e.g., mono-, di-, and 
triethanolamine, ethyldiethanolamine, N-butylethanola 
mine, 2-amino-l-butanol, 2-amino-2-ethyl,-l,3 
propanediol, 2-amino-2-methyl-l-propanol, tris(hydrox 
ymethyl) aminomethane, N-phenylethanolamine, N-(p_ 
tert-amylphenyl)-diethanolamine, galactamine, N 
methylglycamine, N-methylglucosamine, ephedrine, 
phenylephrine, epinephrine, procaine, and the like. Fur 
ther useful amine salts of the basic amino acid salts, e.g., 
lysine and arginine. 
Examples of suitable pharmacologically acceptable 

quaternary ammonium cations are tetramethylammo 
nium, tetraethylammonium, benzyltrimethylam 
monium, phenyltriethylammonium, and the like. 
When X1 is —-CH2NL2L3, the novel CBA analogs so 

described are used for the purposes described in either 
free base or pharmacologically acceptable acid addition 
salt form. 
The acid addition salts of the 2-decarboxy-2 

aminomethyl- or Z-(substituted aminomethyl)-CBA 
analogs provided by this invention are the hydrochlo 
rides, hydrobromides, hydriodides, sulfates, phosphates, 
cyclohexanesulfamates, methanesulfonates, ethanesul 
fonates, benzenesulfonates, toluenesulfonates and the 
like, prepared by reacting the CBA analog with the 
stoichiometric amount of the acid corresponding to the 
pharmacologically acceptable acid addition salt. 
To obtain the optimum combination of biological 

response speci?city, potency, and duration of activity, 
certain compounds within the scope of this invention 
are preferred. 

It is preferred that in the Xl-terminated side chain for 
inter-p-phenylene‘CBA compounds, g be zero, for in 
ter-m-phenylene-CBA compounds g be zero or one 
(especially zero), and for inter-o-phenylene CBA com 
pounds g be zero, one, or 2 (especially one). Inter-o- and 
inter-m-phenylene-CBA compounds, especially inter 
m~phenylene-CBA compounds are preferred. More 
over when Z1 is ——CH2—(CH2)f——C(R 2);, f is prefera 
bly one and R2 is preferably hydrogen. When R17 is 
(C|—C4)-alkyl, R17 is preferably methyl. Further, when 
the G12 side chain contains —C,,,H2,,,—CH3, it is pre 
ferred that m be 3, 4, or 5, most preferably 3. When In 
is 5, more straight chain isomeric forms are preferred, 
especially methyl-substituted butyl. Further, it is pre 
ferred that, when R7 is aromatic, R7 be phenoxy, 
phenyl, or benzyl, including substituted forms thereof. 
For those compounds wherein R7 is substituted phe 
noxy or phenylalkyl, it is preferred there be only one or 

15 

25 

30 

35 

40 

45 

55 

60 

2 substituents selected from the group consisting of 65 
chloro, fluoro, or trifluoromethyl. Further, for those 
compounds wherein R7 is aromatic, it is preferred that 
R3 and R4 both be hydrogen. 

16 
Most expecially preferred to biological potency are 

formula X CBA; analogs exhibiting the same C-5 iso 
meric con?guration as CBA; itself. 

Especially preferred are those compounds which 
satisfy two or more of the above preferences. Further, 
the above preferences are expressly intended to de 
scribe the preferred compounds within the scope of any 
generic formula of novel CBA analogs disclosed herein. 
Those protective groups within the scope of R10 are 

any group which replaces a hydroxy hydrogen and is 
neither attacked by nor is reactive to the reagents used 
in the transformations used herein as a hydroxy is and 
which is subsequently replaceable by acid hydrolysis 
with hydrogen in the preparation of the prostaglandin 
type compounds. Several such protective groups are 
known in the art, e.g., tetrahydropyranyl and substi 
tuted tetrahydropyranyl. See for reference E. J. Corey, 
Proceedings of the Robert A. Welch Foundation Con~ 
ferences on Chemical Research, XII Organic Synthesis, 
pgs. 51-79 (1969). Those blocking groups which have 
been found useful include: 

(a) tetrahydropyranyl; 
(b) tetrahydrofuranyl; 
(c) a group of the formula -—C(OR11)(R1. 

2)—_CH(R13)(R14), wherein R11 is alkyl of one to 18 
carbon atoms, inclusive, cycloalkyl of 3 to 10 carbon 
atoms, inclusive, aralkyl of 7 to 12 carbon atoms, inclu 
sive, phenyl or phenyl substituted with one to 3 alkyl of 
one to 4 carbon atoms, inclusive, wherein R12 and R13 
are alkyl of one to 4. carbon atoms, inclusive, phenyl, 
phenyl substituted with one, 2 or 3 alkyl of one to 4 
carbon atoms, inclusive, or when R12 and R13 are taken 
together —(CH2)a— or when R12 are R13 are taken 
together —(CH2)1,—O—(CH2)¢, wherein a is 3, 4, or 5 
and b is one, 2, or 3, and c is one, 2, or 3, with the 
proviso that b plus c is 2, 3, or 4, with the further pro 
viso that R12 and R13 may be the same or different, and 
wherein R14 is hydrogen or phenyl; and 

(d) silyl groups according to R28, as quali?ed herein 
after. 
When the protective group R10 is tetrahydropyranyl, 

the tetrahydropyranyl ether derivative of any hydroxy 
moieties of the CBA-type intermediates herein is ob 
tained by reaction of the hydroxy-containing compound 
with 2,3-dihydropyran in an inert solvent, e.g., dichlo 
romethane, in the presence of an acid condensing agent 
such as p-toluenesulfonic acid or pyridine hydrochlo 
ride. The dihydropyran is used in large stoichiometric 
excess, preferably 4 to 100 times the stoichiometric 
amount. The reaction is normally complete in less than 
an hour at 20°—50° C. 
When the protective group is tetrahydrofuranyl, 2,3 

dihydrofuran is used, as described in the preceding 
paragraph, in place of the 2,3-dihydropyran. 
When the protective group is of the formula —C 

(0R11)(R12)—CH(R13)(R14), wherein R11, R12, R13, 
and R14 are as de?ned above; a vinyl ether or an unsatu 
rated cyclic or heterocyclic compound, e. g., 1 
cyclohexen-l-yl methyl ether, or 5,6-dihydro-4 
methoxy-ZH-pyran is employed. See C. B. Reese, et al., 
J. American Chemical Society 89, 3366 (1967). The 
reaction conditions for such vinyl ethers and unsatu 
rated compounds are similar to those for dihydropyran 
above. 

R23 is a silyl protective group of the formula 
—Si(G1)3. In some cases, such silylations are general, in 
that they silylate all hydroxyls of a molecule, while in 
other cases they are selective, in that while one or more 
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hydroxyls are silylated at least one other hydroxyl re 
mains unaffected. For any of these silylations, silyl 
groups within the scope of ——Si(G1)3 include trimethyl 
silyl, dimethylphenylsilyl, triphenylsilyl, t-butyldime 
thylsilyl, or methylphenylbenzylsilyl. With regard to 
G1, examples of alkyl are methyl, ethyl, propyl, isobu 
tyl, butyl, sec-butyl, tert-butyl, pentyl, and the like. 
Examples of aralkyl are benzyl, phenethyl, a 
phenylethyl, 3-phenyl propyl, a-naphthylmethyl, and 
Z-(a-naphthyDethyl. Examples of phenyl substituted 
with halo or alkyl are p-chlorophenyl, m-?uorophenyl, 
o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, 4 
chloro-2-methylpheny1, and 2,4-dichloro-3-methylphe 
nyl. 
These silyl groups are known in the art. See for exam 

ple, Pierce “Silylation of Organic Compounds,” Pierce 
Chemical Company, Rockford, Ill. (1968). When sily 
lated products of the charts below are intended to be 
subjected to chromatographic puri?cation, then the use 
of silyl groups known to be unstable to chromatography 
(e.g. trimethylsilyl) is to be avoided. Further, when silyl 
groups are to be introduced selectively, silylating agents 
which are readily available and known to be useful in 
selective silylations are employed. For example, t-butyl 
dimethylsilyl groups are employed when selective in 
troduction is required. Further, when silyl groups are to 
be selectively hydrolyzed in the presence of protective 
groups according to R10 or acyl protective groups, then 
the use of silyl groups which are readily available and 
known to be easily hydrolyzable with tetra-n-butylam 
monium ?uoride are employed. A particularly useful 
silyl group for this purpose is t-butyldimethylsilyl, 

>while other silyl groups (e.g. trimethylsilyl) are not 
employed when selective introduction and/or hydroly 
sis is required. 
The protective groups as de?ned by R10 are other 

wise removed by mild acidic hydrolysis. For example, 
by reaction with (l) hydrochloric acid in methanol; (2) 
a mixture of acetic acid, water, and tetrahydrofuran, or 
(3) aqueous citric acid or aqueous phosphoric acid in 
tetrahydrofuran, at temperatures below 55° C., hydro 
lysis of the blocking group is achieved. 

R31 is a hydroxy-hydrogen protective group, as indi 
cated above. As such, R31 may be an acyl protective 
group according to R9, an acid hydrolyzable protective 
group according to R10, a silyl protective group accord 
ing to R23, or an arylmethyl hydroxy hydrogen replac 
ing group according to R34. 
Acyl protective groups according to R9 include: 
(a) benzoyl; 
(b) benzoyl substituted with one to 5 alkyl of one to 4 

carbon atoms, inclusive, or phenylalkyl of 7 to 12 car 
bon atoms, inclusive, or nitro, with the proviso that not 
more than two substituents are other than alkyl, and 
that the total number of carbon atoms in the substituents 
does not exceed 10 carbon atoms, with the further pro 
viso that the substituents are the same or different; 

(c) benzoyl substituted with alkoxycarbonyl of 2 to 5 
carbon atoms, inclusive; 

(d) naphthoyl; 
(e) naphthoyl substituted with one to 9, inclusive, 

alkyl of one to 4 carbon atoms, inclusive, phenylalkyl of 
7 to 10 carbon atoms, inclusive, or nitro, with the pro 
viso that not more than two substituents on either of the 
fused aromatic rings are other than alkyl and that the 
total number of carbon atoms in the substituents on 
either of the fused aromatic rings does not exceed 10 
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carbon atoms, with the further proviso that the various 
substituents are the same or different; or 

(f) alkanoyl of 2 to 12 carbon atoms, inclusive. 
In preparing these acyl derivatives of a hydroxy-con 

taining compound herein, methods generally known in 
the art are employed. Thus, for example, an aromatic 
acid of the formula R9OH, wherein R9 is as de?ned 
above (e.g., benzoic acid), is reacted with the hydroxy 
containing compound in the presence of a dehydrating 
agent, e.g. p-toluensulfonyl chloride or dicyclohexyl 
carbodiimide; or alternatively an anhydride of the aro 
matic acid of the formula (R9)OH, e.g., benzoic anhy 
dride, is used. 

Preferably, however, the process described in the 
above paragraph proceeds by use of the appropriate 
acyl halide, e.g., R9Hal, wherein Hal is chloro, bromo, 
or iodo. For example, benzoyl chloride is reacted with 
the hydroxyl-containing compound in the presence of a 
hydrogen chloride scavenger, e.g. a tertiary amine such 
as pyridine, triethylamine or the like. The reaction is 
carried out under a variety of conditions, using proce 
dures generally known in the art. Generally mild condi 
tions are employed: O°—60° C., contacting the reactants 
in a liquid medium (e.g., excess pyridine or an inert 
solvent such as benzene, toluene, or chloroform). The 
acylating agent is used either in stoichiometric amount 
or in substantial stoichiometric excess. 
As examples of R9, the following compounds are 

available as acids (R9OH), (R9)2O, or acyl chlorides 
(RgCl): benzoyl; substituted benzoyl, e.g., (2-, 3-, or 
4-)methylbenzoyl, (2-, 3-, or 4-) ethylbenzoyl, (2-, 3-, or 
4-)isopropylbenzoyl, (2-, 3-, or 4-)tert-butylbenzoyl, 
2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl, 2-isopropyl 
toluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl, 
phenyl(2-, 3-, or 4-)toluyl, (2-, 3-, or 4-)phenethylbenz 
oyl, (2-, 3-, or4-)nitrobenzoyl, (2,4, 2,5-, or 2,3-)dinitro 
benzoyl, 2,3-dimethyl-2-nitrobenzoyl, 4,5-dimethyl-2 
nitrobenzoyl, 2-nitro-6-phenylethylbenzoyl, 3-nitro-2 
phenethylbenzoyl, 2-nitro-6-phenethylbenzoyl, 3-nit-ro 
Z-phenethylbenzoyl; mono esteri?ed phthaloyl, isoph 
thaloyl, or terephthaloyl; 1- or Z-naphthoyl; substituted 
naphthoyl, e.g., (2-, 3-, 4-, 5-, 6-, or 7-)methyl-l-naphth 
oyl, (2- or 4-)ethyl-l-naphthoyl, 2-isopropyl-l-naphth 
oyl, 4,5-dimethyl-l-naphthoyl, 6-isopropyl-4-methyl-l 
naphthoyl, 8-benzyl-l-naphthoyl, (3-, 4-, 5-, or 8-)-nitro 
l-naphthoyl, 4,5-dinitro-l-naphthoyl, (3-, 4-, 6-, 7-, or 
8-)-methyl-l-naphthoyl, 4-ethyl-2-napthoyl, and (5- or 
8-)nitro-2-naphthoyl and acetyl. 
There may be employed, therefore, benzoyl chloride, 

4-nitrobenzoyl chloride, 3,5-dinitrobenzoyl chloride, or 
the like, i.e. R9Cl compounds corresponding to the 
above R9 groups. If the acyl chloride is not available, it 
is prepared from the corresponding acid and phospho 
rus pentachloride as is known in the art. It is preferred 
that the RgOH, (R9)2O, or R9Cl reactant does not have 
bulky hindering substituents, e.g. tert-butyl on both of 
the ring carbon atoms adjacent to the carbonyl attach 
ing site. 
The acyl protective groups, according to R9, are 

removed by deacylation. Alkali metal carbonate or 
hydroxide are employed effectively at ambient tempera 
ture for this purpose. For example, potassium carbonate 
or hydroxide in aqueous methanol at about 25° C. is 
advantageously employed. 
R34 is de?ned as any arylmethyl group which re 

places the hydroxy hydrogen of the intermediates in the 
preparation of the various CBA analogs herein which is 
subsequently replaceable by hydrogen in the processes 

WATSON LABORATORIES, INC. , IPR2017-01621, Ex. 1019, p. 10 of 54



4,306,075 
19 

herein for preparation of these respective prostacyclin 
analogs, being stable with respect to the various reac 
tions to which R34-containing compounds are subjected 
and being introduced and subsequently removed by 
hydrogenolysis under conditions which yield substan 
tially quantitative yields of desired products. ' ‘ 
Examples of arylmethyl hydroxy-hydrogen replacing 

groups are ' ~ ‘ 

(a) benzyl; ' 
(b) benzyl substituted by one to 5v alkyl of one to 4 

carbon atoms, inclusive, chloro, bromo, iodo, fluoro, 
nitro, phenylalkyl of 7 to 12 carbon atoms, inclusive, 
with the further proviso that the various substituents are 
the same or different; 

(c) benzhydryl; 
(d) benzhydryl substituted by one to .10 alkyl of one 

to 4 carbon atoms, inclusive, chloro, bromo, iodo, 
fluoro, nitro, phenylalkyl of 7 to 12 carbon atoms, inclu 
sive, with the further proviso that the various substitu 
ents are the same or different on each of the aromatic 
rings; 

(e) trityl; 
(f) trityl substituted by one to 15 alkyl of one to 4 

carbon atoms, inclusive, chloro, bromo, iodo, fluoro, 
nitro, phenylalkyl of 7 to 12 carbon atoms, inclusive, 
with the further proviso that the various substituents are 
the same or different on each of the aromatic rings. 
The introduction of such ether linkages to the hy~ 

droxy-containing compounds herein, particularly the 
benzyl or substituted benzyl ether proceeds by methods 
known in the art, for example by reaction of the hy 
droxy-containing compound with the benzyl or substi 
tuted benzyl halide (chloride, bromide, or iodide) corre 
sponding to the desired ether. This reaction proceeds in 
the presence of an appropriate condensing agent (e.g., 
silver oxide). The mixture is stirred and heated to 
50°—80° C. Reaction times of 4 to 20 hours are ordinarily 
suf?cient. 
The Charts herein describe the methods whereby the 

novel intermediates and end products of the present 
speci?cation are prepared by the novel processes 
herein. With respect to these charts, g, n, L1, M1, M6, 
R7, R8, R10, R15, R16, R17, R18, R20, R21, R22, R23, and 
R24, R28, R31, X1, Y1, Z1, and Z4 are as de?ned above. 
R37 is the same as R47, but other than —CHZOH. R33 is 
—OR31, hydrogen, or —CH2OR31, wherein R31 is de 
?ned as above. R27 is same as R7 except that —(CH2 
)2—CH(OH)—CH3 is —(CH2)2——CH(OR10)—CH3. 
R37 is the same as R17, buth other than hydrogen. Ac is 
acetyl. Z2 is the same as Z1 but not —(Ph)—(CH2)g—-. 
Z3 is the same as 2], but not trans—CH2—CH:CH~. 
With respect to Chart A, a method is provided 

whereby the known formula XXI bicyclic lactone is 
transformed to the carbacyclin intermediate of formula 
XXV useful in the preparation of formula X CBA com 
pounds wherein R17 is alkyl or R16 and R17 taken to 
gether are methano or a second valence bond between 
C-6a and C-9. With respect to Chart A, the formula 
XXI compound is transformed to the formula XXII 
compound by treatment with the anion of dimethyl 
methylphosphonate. Methods for such a reaction are 
known in the art. See Dauben, W. G., et al., JACS, 
97:4973 (1975), describing a reaction of this type. 
The formula XXII lactol is transformed to the for 

mula XXIII diketone by oxidation methods known in 
the art. For example, Collins reagent or Jones reagent is 
employed in this oxidative transformation. 
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20 
The formula XXIII diketone is cyclized to the for 

mula XXIV compound by an intramolecular I-Iorner 
Emmons reaction. The chemical methodology for anal 
ogous transformations is known in the art. See Piers, E., 
et al., Tetrahedron Letters, 3279 (1979) and Clark, R. 
D., et al., Synthetic Communications 5:1 (1975). 
The formula XXIV compound is transformed to the 

novel formula XXV compound wherein R16 is hydro 
gen and R37 is alkyl by treatment with lithium dialkyl 
cuprate. The lithium dialkyl cuprate is prepared by 
conventional means, e.g., reaction of anhydrous copper 
iodide in diethyl ether with an alkyllithium in diethyl 
ether, and thereafter reacted with the formula XXIV 
compounds, e.g., in diethyl ether. 
The formula XXIV compound is transferred to the 

novel formula XXV compound wherein R16 and R37 
taken together are methylene (—CH2—) by one of two 
methods. By the ?rst method, the formula XXV com 
pound is prepared by treatment of the formula XXIV 
compound with the anion of trimethyloxosulfonium 
iodide. See for reference E. J. Corey, et al., JACS 
87:1353 (1965). By this method, the anion is conve 
niently generated by treatment of trimethyloxosul 
fonium iodide in sodium hydride. 
By a second method, the formula XXIV compound is 

converted to the formula XXV compound wherein R16 
and R37 taken together are methylene by ?rst convert 
ing the formula XXIV compound to the corresponding 
formula XXVI hydroxymethyl compound by photo 
chemical addition of methanol (e.g., see G. L. Bundy, 
Tetr. Lett. 1957, 1975), thereafter treating the resulting 
hydroxymethyl compound with an excess (e.g., two 
equivalents) of p-toluenesulfonyl chloride in a tertiary 
amine base to yield the corresponding formula XXVII 
tosylate, and ?nally treating the resulting formula 
XXVII tosylate with base (e. g., potassium t-butoxide) to 
yield the formula XXV cyclopropyl compound. 
With respect to Chart B, a method is provided 

whereby the formula XXXI compound prepared in 
accordance with methods of Chart A is transformed to 
the novel CBA; analogs of formula XXXVI. 
The formula XXXI compound is transformed to the 

formula XXXVI compound by methods known in the 
art for preparing carbacyclin. See for example, British 
published applications referred to above. Alternatively, 
the formula XXXI compound is reacted with formula 
XXXII compound and thereby successively trans 
formed to the formula XXXIII, formula XXXIV and 
formula XXXV compounds. 
The reaction of the formula XXXI compound em 

ploying the formula XXXII compound is accomplished 
by methods known in the art. See Moersch, G. W., J. 
Organic Chemistry, 36:1149 (1971) and Mulzer, J. et al., 
Tetrahedron Letters, 2949 (1978). The formula XXXII 
reactants are known in the art or are prepared by meth 
ods known in the art. See Example 4 describing one 
such method of preparation of a formula XXXII com 
pound. 
The formula XXXIII compound is then transformed 

to the formula XXXIV compound by decarboxylative 
dehydration. Procedures for this reaction are known in 
the art. See Eschenmoser, A., et al., Helv. Chim. Acta. 
58:1450 (1975), Hara, S., et al., Tetrahedron Letters, 
1545 (1975) and Mulzer, J ., et al., Tetrahedron Letters, 
2953 (1978) and 1909 (1979). 

Finally, the formula XXXV compound is prepared 
from formula XXXIV compound by selective desilyla 
tion. Such procedures are known in the art and typi 
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cally employ the use of tetra-n-butyl ammonium ?uo 
ride and tetrahydrofuran. See Corey, E. J ., et al., JACS 
94:6190 (1972). 
The formula XXXV compound is transformed to 

various acids, esters, amides, ‘and amines of a formula 
XXXVI by methods known in the art. Particularly 
useful in this regard are methods described in the afore 
mentioned British published speci?cations describing 
the preparation of carbacyclin analogs. 
The preparation of formula XXXVI compounds from 

the formula XXXV compounds proceeds by, for exam 
ple, oxidation to the corresponding carboxylic acid, 
followed by hydrolysis of any protective groups at the 
Oil or C-l5 position of the molecule. Such carboxylic 
acids are then esteri?ed by conventional means or ami 
dized by conventional means. Such amides may, for 
example, then be reduced to corresponding amines (X1 
is —CH2NL2L3 by reduction by lithium aluminum hy 
dride. See US. Pat. No. 4,073,808. In a preparation of 
the primary alcohols according to formula XXXVI 
from the formula XXXV compound, hydrolysis of any 
protective groups at C-ll or C-lS yields such products 
directly. Hydrolysis is accomplished by prodcedures 
described above, e. g., mild acidic conditions at elevated 
temperatures. I 

Chart C provides a method whereby the known for 
mula XLI compounds are transformed to the formula 
XLIV aidehydes employed in Chart D in the prepara 
tion of inter-phenylene-CBAZ compounds therein. 
With respect to Chart C, the formula XLII com 

pound is prepared from the formula XLI compounds by 
reduction. Conventional methods known in the art for 
the transformation of carboxylic acids to corresponding 
primary alcohols are employed. For example, one ex 
tremely useful conventional means for this reduction is 
employing lithium aluminum hydride as a reducing 
agent. 
The formula XLIII compound is then prepared from 

the formula XLII compound by monosilylation. Partic 
ularly, formula XLIII compounds are prepared wherein 
R23 represents a relatively stable silyl group, most pref 
erably being t-butyldimethylsilyl or phenyldimethylsi 
lyl. Other silyl groups, particularly trimethyl-silyl 
(TMS) are not preferred for use in connection with the 
methods of Chart C. 
The formula XLIII monosilyl derivatives are pre 

pared-from the formula XLII compound by reacting the 
formula XLII compounds with about an equal molar 
amount of the silylating agent. For example, when R23 
is t-butyldimethylsilyl, a single equivalent of t-butyl~ 
dimethylsilyl chloride is employed in the transforma 
tion. Accordingly, there are prepared both monosilyl 
derivatives of the formula XLII compound as well as 
the bis-silyl derivatives corresponding to formula XLII. 
From this mixture of products, the formula XLIII com 
pound is recovered by conventional means, e.g., col 
umn chromatography. Otherwise, the silylation pro 
ceeds under conditions conventionally employed for 
silylating hydroxyl groups. Refer to the discussion here 
inabove. 
The formula XLIV compound is then prepared ‘from 

the formula XLIII compound by oxidation of the for 
mula XLIII alcohol to the corresponding aldehyde. 
Conventional oxidizing agents are employed, e.g., man 
ganese dioxide. ' 

Chart D provides a method ,whereby the known for 
mula LI ketones are transformed to the formula LX 
inter-phenylene CBAZ analogs disclosed herein. 
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In accordance with Chart D the formula LII com 

pound is prepared from the formula LI compound by 
reduction of the formula LI ketone to the correspond 
ing secondary alcohol. This reduction proceeds by con 
ventional means, employing readily available reducing 
agents. Accordingly, sodium, potassium, or lithium 
borohydride is conveniently employed in this reduc 
tion. 

Thereafter, the formula LII alcohol is transformed to 
the corresponding mesylate (methanesulfonate). Con 
ventional methods for the transformation of alcohols to 
corresponding mesylates are employed. Thus, the for 
mula LII alcohol is reacted with methane-sulfonyl chlo 
ride in the presence of a tertiary amine (e. g., tri-ethyla 
mine) in the preparation of the formula LIII compound. 
Other sulfonyl derivatives corresponding to the for 

mula LII alcohol may be employed in place of the for 
mula LIII compound in the transformations of Chart D. 
These other sulfonyl derivatives are preferably those 
derived from readily available sulfonylating reagents, 
i.e., the corresponding sulfonyl chlorides. One espe 
cially important alternative to the formula LIII com 
pound is the tosylate (toluenesulfonate) corresponding 
to the formula LII compound. 
The formula LIII compound, or an alternate sulfo 

nate corresponding thereto, is transformed to the for 
mula LIV compound by treatment with sodium lithium 
or potassium thiophenoxide. The thiophenoxide is con 
veniently prepared just prior to the transformaton by 
mixing approximately equal molar amounts of thio 
phenol and base, e.g., potassium t-butoxide. 

This formula LIV compound is then oxidized to the 
corresponding formula LV compound by oxidation 
with a readily available oxidizing agent such as m 
chloroperbenzoic acid. 
The formula LV compound‘ is then condensed with 

the formula XLIV compound prepared according to 
Chart C by ?rst treatment of the formula LV compound 
with a strong base, e.g., n-butyllithium, to generate the 
anion corresponding to the formula LV compound, 
treatment of the corresponding anion with the aldehyde 
of formula XLIV and ?nally treating the resulting ad 
duct with acetic anhydride to yield the formula LVI 
acetyl compound. 
The formula LVI compound is then transformed to 

the formula LVII compound by reaction with a sodium 
amalgam. Methods by which the formula LVII ole?n is 
formed form the formula LV compound are analogous 
to known methods described by Kocienski, P. J ., et al., 
“Scope and Stereochemistry of an Ole?n Synthesis 
from B-Hydroxysulphones”, JCS Perkin I, 829-834 
(1978). a 

The formula LVII compound is then transformed to 
the formula LVIII compound by selective hydrolysis of 
the silyl group according to R28. Conventional means 
for this hydrolysis are employed, e.g., tetra-n-butyl 
ammonium ?uoride. Refer to the discussion above for a 
description of this hydrolysis. _ 
The formula LVIII C-5 diastereomers thusly pre 

pared are conveniently puri?ed into (S-E) and (S-Z) 
isomeric forms. This transformation proceeds by con 
ventional means, e.g., column chromatography. 

Thereafter either the (SE) or (SZ) isomer of formula 
LVIII is transformed to the formula LIX carboxylic 
acid or ester by conventional oxidation, followed by 
optional esteri?cation. One especially convenient means 
of oxidation is employing the Jones reagent, although 
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other oxidizing agents are employed. Esterification then 
proceeds by methods hereinafter described. 

Finally, the formula LX products are prepared from 
the formula LIX compound by ?rst hydrolyzing the 
protective groups under acidic conditions, e.g., mix 
tures of water, tetrahydrofuran, and acetic acid. There 
after, the formula LIX acids and esters are transformed 
to various other C-l derivatives by methods hereinafter 
described. 
One especially convenient means of preparing the 

formula LX compound as a free carboxylic acid (X1 is 
——COOH), is by puri?cation of the corresponding 
methyl ester, followed by saponi?cation under basic 
conditions (e.g., the treatment with potassium carbonate 
or sodium or potassium hydroxide). 
Charg B provides a method whereby the known 

formula LXI compound is transformed into formula 
LXIII intermediate useful in the preparation of the 
novel CBA2 analogs. 
The procedures for the transformation of the formula 

LXI compound to the formula LXIII compound are 
analogous to those describing the transformation in 
Charts A, B, and D of the formula XXI compound to 
the formula XXXVI and LX compounds (i.e., corre 
sponding to the transformation of formula LXI com 
pound to the formula LXII compound is the transfor 
mation in Chart A of the formula XXI compound to the 
formula XXV compound and corresponding to the 
transformation of the formula LXII compound to the 
formula LXIII compound is the transformation in Chart 
D of the formula LI compound to the formula LX 
compound). For convenience, the protective groups 
R31 and R38 may be the same or different, although 
preferably such protective groups are diffent, whereby 
the hydrolysis of a protective group according to R31 is 
accomplished in the presence of a protective group 
according to R38. 

Chart F then provides a method whereby the formula 
LXXI compound prepared according to Chart E is 
transformed to the formula LXXII carbacyclin analog 
in accordance with the present invention. With respect 
to Chart F, the formula LXXI compound is trans 
formed to the formula LXXII compound by selective 
hydrolysis of the protective group according to R3]. 
Thereafter, the formula LXXII compound is trans 
formed to formula LXXIII compound by methods 
known in the art, e. g., oxidation of the formula LXXII 
primary alcohol to the corresponding aldehyde, Wittig 
oxylacylating the aldehyde, and reduction of the result 
ing ketone to the secondary or tertiary alcohol corre 
sponding to M]. For an example of the various transfor 
mations employed according to Chart F, see Chart A 
(part VI) of US. Pat. No. 4,107,427, issued Aug. 15 
1978. 
Chart G provides a method whereby the novel for 

mula LXXXI intermediate, prepared according to 
Chart A, is transformed to the formula LXXXVIII and 
LXXXIX isomers of the novel C-6a- and /or C-9-sub 
stituted CBA2 analogs. 
With respect to Chart G, the formula LXXXIII com 

pound is prepared from the formula LXXXI ketone by 
a Wittig w-carboxyalkylation employing a formula 
LXXXII triphenylphosphonium compound. The Wittig 
reaction is undertaken under conventional reaction 
conditions for preparing prostaglandin-type substances. 
The formula LXXXIII compound is then optionally 
hydrolyzed to yield the formula X carboxylic acid 
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24 
products or employed in the further transformations of 
Chart G in ester form. 
The formula LXXXIII compound thusly prepared is 

thereafter preferably separated directly into C-S iso 
mers of formulas LXXXVIII and LXXXIX (e.g., by 
chromatographic means followed by hydrolysis of and 
protective groups at C-ll or 015 position of the mole 
cule), or is alternatively transformed to the formula 
LXXXIV ester by conventional esteri?cation tech 
niques, e.g., ethereal diazomethane treatment or treat 
ment with methyl iodide. The formula LXXXIV ester is 
then reduced to the corresponding primary alcohol by 
reduction with a suitable reducing agent, e.g., lithium 
aluminum hydride, by methods known in the art for 
preparing prostaglandin-type primary alcohols from 
corresponding prostaglandin esters. 
The formula LXXXV compound represents an espe 

cially convenient intermediate for the facile separation 
of the C-5 diastereomers. Accordingly, the formula 
LXXXV compound may be separated by conventional 
means of separation of diastereomeric mixtures, e.g., 
column chromatography, whereby the formula 
LXXXVI and formula LXXXVII compounds are pre 
pared in isomerically pure form. These primary alco 
hols are then conveniently transformed to the formula 
LXXXVIII and LXXXIX products by methods de 
scribed above. Refer to the transformations of the for 
mula XXXV compound to the formula XXXVI com 
pound in Chart B. 

Chart H provides a method whereby the formula 
XCVII 5-?uoro-CBA2 compounds are prepared from 
the formula XCIII CBAZ intermediates known in the 
art. See, for example, British Published Application No. 
2,014,143, especially the discussion relative to step (b) of 
Chart A therein. This formula XCI sulfoximine is trans 
formed to the formula XCII ?uorinated sulfoximine by 
?rst generating an anion of the formula XCII com 
pound, e.g., by treatment with n-butyllithium in hexane, 
and treating the resulting anion with a ?uorine source. 
Particulary preferred as a source of ?uorine is perchlo 
ryl ?uoride (FC103). 
The formula XCII compound thusly prepared and 

the known formula XCIII compound described above 
are then employed in the preparation of the formula 
XCIV compound by known methods. Refer again to 
step (b) of Chart A of British Published Application No. 
2,014,143. ' 

The formula XCIV compound thusly prepared is 
then transformed to the formula XCV primary alcohol 
by hydrolysis under mild acidic conditions (e.g., mix 
tures of acetic acid, water, and tetrahydrofuran) as is 
known in the art. Thereafter, the formula XCV primary 
alcohol is oxidized to the corresponding formula XCVI 
carboxylci acid employing conventional means. For 
example, treatment with oxygen and an aqueous suspen 
sion of platinum oxide hydrogenated at ambient temper 
ature and pressure yields the formula LXXVI carbox 
ylic acid. Thereafter, the formula XCVI compound is 
transformed into the various formula XCVII products 
by derivatization or transformation of the carboxyl 
group of the formula XCVI compound. 
The O5 isomers of the formula XCIV to formula 

XCVII compounds are conveniently separate at any 
step during the process of Chart H, but are most conve 
niently and preferably seperated from the formula 
XCIV diastereomeric mixture. Conventional means, 
e. g., column chromatography, are employed in the sep 
aration. 
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Chart I provides an optional method whereby the 
known formula CI compound is transformed to the 
formula CIII products herein. With respect to Chart I, 
the formula XCII is prepared from the formula XCI 
compound by the procedure described in Chart H for 
the preparation of the formula XCVII compound from 
the formula XCIII compound. This formula CII CBA; 
intermediate is then transformed to the formula CIII 
compound by the procedures described in Chart F for 
the transformation of the formula LXXI to the formula 
LXXIII compound. 

Chart J provides the preferred methods for preparing 
the formula X CBA analogs wherein Z1 is trans-CH 
2—CH=CH-—-. With respect to Chart J, R1 therein is 
other than hydrogen or a cation, preferably being 
lower alkyl. The formula CXIV is prepared from the 
formula CXI compound by ?rst preparing the a-phe 
nylselenyl derivative thereof, dehydrophenylselenizing, 
whereby the formula CXIII a,B-unsaturated ester is 
prepared. This ester is then transformed to the formula 
CXIV free acid (X1 is —COOH) by saponi?cation and 
this free acid is transformed to the various other formu 
la CXIV compounds as indicated in Chart H (refer to 
the transformation of the formula XCVI compound to 
the formula XCVII compound). 

Chart K provides the preferred method whereby the 
formula VI CBA intermediates wherein Z1 is tran 
s—CH2—CH:CH— are prepared. With respect to 
Chart K, the formula CXXI compound is transformed 
to the formula CXXIII compound by methods analo 
gous to those described’ in Chart J for the preparation of 
the formula CXIV compound from the formula CXI 
compound. 
For a detailed description of the methodology em 

ployed in Charts J-K, refer to the discussion in British 
Pat. No. 2,014,143, and references cited therein. 

Charts L-O provide methods whereby CBA; inter 
mediates and analogs are employed in the synthesis of 
corresponding CBA1 intermediates and analogs. 

Charts L provides the preferred method for prepar 
ing the formula VII CBA] intermediates wherein Z1 is 
trans—CH2—CH:CI-I—. With respect to Chart L the 
formula CXXXI compound, prepared as the formula 
CXXII compound of Chart K, is reduced to the formula 
CXXXII compound by conventional methods. For a 
discussion of such methods, and general methodologies 
for transforming CBA; intermediates and analogs to 
corresponding CBA1 intermediates and analogs, refer to 
British Published Application No. 2,017,699. For exam 
ple, catalytic hydrogenation with conventional cata 
lysts under atmospheric pressure is employed. 

Thereafter, this formula CXXXII compound is suc 
cessively transformed to the formula CXXXII] a,B 
unsaturated ester and the formula CXXXIV CBA] in 
termediate by methods described in Charts J —K (i.e., the 
transformation of the formula CXII compound to the 
corresponding formula CXIV compounds and the 
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transformation of the formula CXXII compound to the ' 
formula CXXIII compound). 

Otherwise, the formula VII CBA] intermediates are 
prepared according to the method of Chart M, wherein 
the formula CXLI compound, prepared above, is re 
duced to the formula CXLII intermediates by tech 
niques described in Chart L and references cited 
therein. 

Chart N describes the preparation of the various 
CBA] analogs from the formula CLI compounds pre 

60 
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pared in Charts L and M. Procedures employed in 
Chart N are those described in Chart F above. 

Finally, Chart 0 provides an alternative method for 
the preparation of the formula CLXII CBA1 analogs 
directly from formula CLXI CBA; analogs. This trans 
formation of Chart 0 proceeds by direct reduction of 
the formula CLXI compound by methods described in 
Chart M and references cited therein. Chart 0 is an 
especially convenient method for the preparation of 
CBA1 analogs wherein Y] is —CH2CH2-—~. 
The formula XI CBA analogs are prepared according 

to the methods described in Charts P~U. With respect 
to Chart P, the formula CLXXI compound is known in 
the art or prepared by methods known in the art. See 
US. Pat. No. 4,181,789. This compound is conveniently 
transformed to the corresponding formula CLXXII 
methylene and formula CLXXIII hydroxymethyl com 
pounds by methods known in the art. Such procedures 
are particularly and especially described in US. Pat. 
No. 4,012,467 and 4,060,534. 
The formula CLXXIII compound thusly prepared is 

thereafter converted to the formula CLXXIV mesylate 
by methods known in the art, e.g., reaction with me 
thancsulfonyl chloride in a tertiary amine base. Alterna 
tively, other sulfonated derivatives corresponding to 
the formula CLXXIV compound are prepared such as 
those described in connection with formula LIII in 
Chart D. 

Thereafter, the formula CLXXIV mesylate (or other 
sulfonate) is selectively hydrolyzed to yield the formula 
CLXXV phenol derivatives. Selective hydrolysis of 
R23 silyl ether groups in the presence of protected R18 
or M6 hydroxyl groups is accomplished by methods 
hereinabove described, i.e., the use of tetra-n-butyl am 
monium ?oride by methods known in the art and here 
inabove described. The formula CLXXV phenol deriv 
ative is then cyclized to yield the formula CLXXVI 
compounds. Cyclization proceeds most conveniently 
by treatment of the formula XVI compound with base 
at elevated temperatures. For example, n-butyllithium, 
sodium hydride, or potassium hydride are conveniently 
employed at re?ux temperatures in organic solvent such 
as tetrahydrofuran or glyme. 
The cyclized formula CLXXVI compound is then 

transformed to the formula CLXXVII compound by 
w-carboxyalkylation. Methods known in the art are 
employed, e.g., methods for preparing 3,7-inter-pheny 
lene-PGFa compounds and corresponding phenolic 
intermediates. For example, the preparation of the for 
mula CLXXVII compound proceeds by reaction of the 
formula CLXXVI compound with sodium hydride and 
the alkyl bromoalkanoate corresponding to the —Z 
4—COOR1 group to be introduced into the molecule. 
Thereafter, the formula CLXXVIII compound is pre 
pared by deprotection, i.e., hydrolysis under mild acidic 
conditions of the protective groups, followed by trans 
formation to various other C-l derivatives by methods 
hereinafter described. - 

Chart Q provides a method whereby further formula 
XI CBA analogs in accordance with the present inven 
tion are prepared. In particular, formula XI compounds 
wherein at least one of R20, R21, R23, or R24 is not hy 
drogen are prepared. In accordance with Chart Q, the 
formula CLXXXI compound, referred to above in the 
discussion pertaining to Chart P, is oxidized to the cor 
responding formula CLXXXII aldehyde by methods 
known in the art. For example, Collins reagent is em 
ployed in this oxidation. When conversion of one C-9 
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stereoisomer of formula CLXXXIII to the other is de 
scribed, refer to the procedure in Chart R. 

Thereafter the formula CLXXXII aldehyde is hydro 
lyzed to the corresponding formula CLXXXIII phenol 
derivative by methods described above for the prepara 
tion of the formula CLXXV compound from the for 
mula CLXXIV compound of Chart P. 

Thereafter, cyclization of the formula CLXXXIII to 
the corresponding formula CLXXXIV compound is 
accomplished by heating at re?ux in an organic solvent 
the phenoxide anion of the formula CLXXXIII com 
pound. See for reference Casiraghi, G., et al., J.C.S. 
Perkin I, 2027 (1979). The C-9 isomers of the formula 
CLXXXIV compound are conveniently separated by 
conventional techniques, e. g., column chromatographyf 
Thereafter, the formula CLXXXIV compound is trans 
formed to the formula CLXXXV compound by meth 
ods described in Chart P for the preparation of the 
formula CLXXVII compound from the formula 
CLXXVI compound. This alcohol is then oxidized to 
the corresponding formula CLXXXVI ketone (e.g., by 
methods described above for the preparation of the 
formula CLXXXII compound from the formula 
CLXXXI compound) or dehydrated to yield the for 
mula CLXXXVIII compound. Such dehydrations pro 
ceed by methods known in the art and include ?rst 
preparing the mesylate corresponding to the formula 
CLXXXV compound following by treatment with 
base. 

Thereafter, the formula CLXXXVI or CLXXXVIII 
compound is transformed, respectively, to the formula 
CLXXXVII or CLXXIX compound by methods here 
inafter described. 

Finally, the formula CLXXXIX compound thusly 
prepared is dehydrogenated to yield the formula CXC 
compound by conventional means, e.g., catalytic dehy 
drogenation (palladium-on-carbon catalyst) or treat 
ment with DDQ (2,3-dichloro-5,6-dicyano-1,4-ben 
zoquinone). 

Chart R provides a method whereby the C-9 epi 
meric forms of compounds prepared according to the 
Chart P are prepared. With respect to Chart R, the 
formula CXCI aldehyde, prepared as the formula 
CLXXXII compound of Chart Q is isomerized by treat 
ment under basic conditions (i.e., the use of an organic 
base such as l,S-diazobicyclo[5.4.0]-undec-7~ene in an 
organic solvent (e.g., methylene chloride». Thereafter 
this 9B-aldehyde is reduced to the corresponding for 
mula CXCIII alcohol by treatment with a suitable re 
ducing agent, such as a borohydride reducing agent. 
(e.g., sodium, lithium, or potassium borohydride). 
Thereafter, the formula CXCIII alcohol thusly pre 
pared is transformed to the corresponding 9B-CBA 
analogs by methods described in Chart P, e. g., the trans 
formation of the formula CLXXIII to the formula 
CLXXVIII compound. 

Optionally, the various formula XI CBA analogs 
prepared according to Charts P, Q, and R are prepared 
by the procedure of Chart S. The procedure of Chart S 
employs the formula CCI starting material described in 
chart P which is thereafter converted to the formula 
CCII compound prepared in accordance with methods 
described for the preparation of the formula 
CLXXVIII compound from the formula CLXXI com 
pound of Chart P, the formula CLXXXVII, formula 
CLXXXIX, formula CXC compounds from the for 
mula CLXXXI compound of Chart Q and the formula 
CXCIV compounds from the formula CXCI compound 
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of Chart R. The formula CCII compound thusly pre 
pared is then transformed to the formula CCIII com 
pounds by methods hereinabove described, e.g., the 
transformation of the formula LXXI compound to the 
formula LXXIII compound of Chart F. 

Chart T provides a preferred method whereby the 
9-deoxo-2’,9-metheno-3-oxa-4,5,6-trinor-3,7-(l,3-inter 
phenylene)-PGE1 compounds of formula CCXIII are 
prepared. In accordance with Chart T the formula 
CCXI compound, prepared as the formula CLXXXIII 
compound of Chart Q, is treated with a methyl Grign 
ard reagent, methyl magnesium bromide and heated at 
re?ux in an organic solvent (e.g., glyme). 
The formula CCXII thusly prepared is then trans 

formed to the formula CCXIII product by the method 
described in Chart P for the preparation of the formula 
CLXXVIII product from the formula CLXXVI phenol 
intermediate. 

Chart U provides a convenient method whereby 
formula XI compounds wherein Y] is trans—CH: 
CH—, the formula CCXXI compound of Chart U, are 
transformed to corresponding formula CCXXII alde 
hyde intermediates. This transformation is accom 
plished by ozonolysis by methods otherwise known in 
the art. 
The formula CCXXII intermediate is then conve 

niently transformed to various formula XI products (the 
Formula CCXXIII compound of Chart U) by methods 
described above, i.e., reaction of the formula CCXXII 
compound with the appropriate Wittig reagent fol 
lowed by reduction and hydrolysis. Accordingly by the 
procedure described in Chart U the C-12 side chains of 
the various formula CCXXI compounds is conveniently 
modi?ed by the formula CCXXII aldehyde intermedi 
ates. As discussed above, the processes herein described 
lead variously to carboxylic acids (X1 is —-COOR1 and 
R1 is hydrogen) or to esters or primary alcohols (X1 is 
--CH2OH). 
When the alkyl ester has been obtained and an acid is 

desired, saponi?cation procedures, as known in the art 
for PGF-type compounds are employed. 
When an acid has been prepared and an alkyl, cyclo 

alkyl, or aralkyl ester is desired, esteri?cation is advan 
tageously accomplished by interaction of the acid with 
appropriate diazohydrocarbon. For example, when 
diazomethane is used, the methyl ester is produced. 
Similar use of diazoethane, diazobutane, and l-diazo-2 
ethylhexane, and diazodecane, for example, gives the 
ethyl, butyl, and 2-ethylhexyl and decyl esters, respec 
tively. Similarly, diazocyclohexane and phenyl 
diazomethane yield cyclohexyl and benzyl esters, re 
spectively. 

Esteri?cation with diazohydrocarbons is carried out 
by mixing a solution of the diazohydrocarbon in a suit 
able inert solvent, preferably diethyl ether, with the 
acid reactant, advantageously in the same or a different 
inert diluent. After the esteri?cation reaction is com 
plete the solvent is removed by evaporation, and the 
ester puri?ed if desired by conventional methods, pref 
erably by chromatography. It is preferred that contact 
of the acid reactants with the diazohydrocarbon be no 
longer than necessary to effect the desired esteri?ca 
tion, preferably about one to about 10 min, to avoid 
undesired molecular changes. Diazohydrocarbons are 
known in the art or can be prepared by methods known 
in the art. See, for example, Organic Reactions, John 
Wiley and Sons, Inc., New York, N.Y., Vol. 8, pp. 
389-394 (1954). 
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An alternative method for alkyl, cycloalkyl or aralkyl 
esteri?cation of the carboxy moiety of the acid com 
pounds comprises transformation of the free acid to the 
corresponding substituted ammonium salt, followed by 
interaction of that salt with an alkyl iodide. Examples of 
suitable iodides are methyl iodide, ethyl iodide, butyl 
iodide, isobutyl iodide, tert-butyl iodide, cyclopropyl 
iodide, cyclopentyl iodide,‘ benzyl iodide, phenethyl 
iodide, and the like. 

Various methods are available for preparing phenyl 
or substituted phenyl esters within the‘ scope of the 
invention from corresponding aromatic alcohols and 
the free acid, differing as to yield and purity of product. 
With regard to the preparation of the phenyl, particu 

larly p-substituted phenyl esters disclosed herein (i.e., 
X1 is ——COOR1 and R1 is p-substituted phenyl), such 
compounds are prepared by the method described in 
US. Pat. No. 3,890,372. Accordingly, by the preferred 
method described therein, the p-substituted phenyl ester 
is prepared ?rst by forming a mixed anhydride, particu 
larly following the procedures described below for 
preparing such anhydrides as the ?rst step in the prepa 
ration of amido and cycloamido derivatives. 

This anhydride is then reacted with a solution of the 
phenol corresponding to the p-substituted phenyl ester 
to be prepared. This reaction proceeds preferably in the 
presence of a tertiary amine, such as pyridine. When the 
conversion is complete, the p-substituted phenyl ester 
has been recovered by conventional techniques. 
A preferred method for substituted phenyl esters-is 

that disclosed in US. Pat. No. 3,890,372 in which a 
mixed anhydride is reacted with an appropriate phenol 
or naphthol. The anhydride is formed from the acid 
with isobutylchloroformate in the presence of a tertiary 
amine. 

Phenacyl-type esters are prepared from the acid using 
a phenacyl bromide, for example p-phenylphenacyl 
bromide, in the presence of a tertiary amine. See, for 
example, US. Pat. No. 3,984,454, German Offen 
legungsschrift No. 2,535,693, and Derwent Farmdoc 
No. 16828X. 
Carboxyamides (X1 is —COL4) arev prepared by one 

of several amidation methods known in the prior art. 
See, for example, U.S. Pat. No. 3,981,868, issued 21 
Sept. 1976 for a description of the preparation of the 
present amido and cycloamido derivatives of prosta 
glandin-type free acids and US. Pat. No. 3,954,741 
describing the preparation of carbonylamido and sul 
fonylamido derivatives of prostaglandin-type free acids. 
The preferred method by which the present amido 

and cycloamido derivatives of the acids are prepared is, 
?rst, by transformation of such free acids to corre 
sponding mixed acid anhydrides. By this procedure, the 
prostaglandin-type free acid is ?rst neutralized with an 
equivalent of an amide base, and thereafter reacted with 
a slight stoichiometric excess of a chloroformate corre 
sponding to the mixed anhydride to be prepared. 
The amine base preferred for neutralization is trieth 

ylamine, although other amines (e.g., pyridine, methyl 
diethylamine) are likewise employed. Further, a conve 
nient, readily available chloroformate for use in the 
mixed anhydride production is isobutyl chloroformate. 
The mixed anhydride formation proceeds by conven 

tional methods and accordingly the free acid is mixed 
with both the tertiary amine base and the chloroformate 
in a suitable solvent (e.g., aqueous tetrahydrofuran), 
allowing the reaction to proceed at — 10° C. to 20° C. 
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Thereafter, the mixed anhydride is converted to the 

corresponding amido or cycloamido derivatives by 
reaction with the amine corresponding to the amide to 
be prepared. In the case where the simple amide 
(—NH;) is‘to be prepared, the transformation proceeds 
by the addition of ammonia. Accordingly, the corre 
sponding amine '(or ammonia) is mixed with the mixed 
anhydride at or about —- 10° to + 10° C., until the reac 
tion is shown to be complete. 

Thereafter, the novel amido or cycloamido or cy 
cloamido derivative is recovered from the reaction 
mixture by conventional techniques. 
The carbonylamido and sulfonylamido derivative of 

the presently disclosed PG-type compounds are like 
wise prepared by known methods. See, for example, 
US. Pat. No. 3,954,741 for description of the methods 
by which such derivatives are prepared. By this known 
method the acid is reacted with a carboxyacyl or sulfo 
nyl isocyanate, corresponding to the carbonylamido or 
sulfonylamido derivative to be prepared. 
By another, more preferred method the sul 

fonylamido derivatives of the present compounds are 
prepared by ?rst generating the PG-type mixed anhy 
dride, employing the method described above for the 
preparation of the amido and cycloamido derivatives. 
Thereafter, the sodium salt of the corresponding sulfon 
amide is reacted with the mixed anhydride and hexame 
thylphosphoramide. The pure PG-type sulfonylamido 
derivative is then obtained from the resulting reaction 
mixture by conventional techniques. 
The sodium salt of the sulfonamide corresponding to 

the sulfonylamido derivative to be prepared is gener 
ated by reacting the sulfonamide with alcoholic sodium 
methoxide. Thus, by a preferred method methanolic 
sodium methoxide is reacted with an equal molar 
amount of the sulfonamide. The sulfonamide salt is then 
reacted, as described above, with the mixed anhydride, 
using about four equivalents of the sodium salt per 
equivalent of anhydride. Reaction temperatures at- or 
about 0° C. are employed. 
The compounds of this invention prepared by the 

processes of this invention, in free acid form, are trans 
formed to pharmacologically acceptable salts by neu 
tralization with appropriate amounts of the correspond 
ing inorganic or organic base, examples of which corre 
spond to the cations and amines listed hereinabove. 
These transformations are carried out by a variety of 
procedures known in the art to be generally useful for 
the preparation of inorganic, i.e., metal or ammonium 
salts. The choice of procedure depends in part upon the 
solubility characteristics of the particular salt to be 
prepared. In the case of the inorganic salts, it is usually 
suitable to dissolve an acid of this invention in water 
containing the stoichiometric amount of a hydroxide, 
carbonate, or bicarbonate corresponding to the inor 
ganic salt desired. For example, such use of sodium 
hydroxide, sodium carbonate, or sodium bicarbonate 
gives a solution of the sodium salt. Evaporation of the 
water or addition of a water-miscible solvent of moder 
ate polarity, for example, a lower alkanol or a lower 
alkanone, gives the solid inorganic salt if that form is 
desired. 
To produce an amine salt, an acid of this invention is 

dissolved in a suitable solvent of either moderate or low 
polarity. Examples of the former are ethanol, acetone, 
and ethyl acetate. Examples of the latter are diethyl 
ether and benzene. At least a stoichiometric amount of 
the amine corresponding to the desired cation is then 
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added to that solution. If the resulting salt does not 
precipitate, it is usually obtained in solid form by evapo 
ration. If the amine is relatively volatile, any excess can 
easily be removed by evaporation. It is preferred to use 
stoichiometric amounts of the less volatile amines. 

Salts wherein the cation is quaternary ammonium are 
produced by mixing an acid of this invention with the 
stoichiometric amount of the corresponding quaternary 
ammonium hydroxide in water solution, followed by 
evaporation of the water. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is more completely understood 
by the operation of the following examples: 

EXAMPLE 1 

3-oxo-7a-tetrahydropyran-2-yloxy-6B[(3'S)-3’-tetrahy 
dropyran-2-yloxy-trans- 1 ’-octenyl]-bicyclo[3 .3.0]-oct 

l-ene 

(Formula XXIV: R18 is tetrahydropyranyloxy; Y1 is 
trans—CH:CH—, M6is a-tetrahydropyranyloxyzB-H, 
L1 is a-I-IzB-H, R27 is n-butyl; and n is the integer one). 

Refer to Chart A. 
A. To a stirred solution of 19 ml (170 mmoles) di 

methyl methylphosphonate and 600 ml of dry tetrahy 
drofuran at —78° C. under an argon atmosphere is 
added dropwise over 5 min 110 ml (172 mmoles) of 1.56 
M n-butyllithium in hexane. The resulting solution is 
stirred for 30 min at —78° C., treated with 25.4 g of 
3a,5a-dihydroxy-2/3-(3a-hydroxy-trans-l-octenyl)-la 
cyclopentaneacetic acid, lactone, bis(tetrahy 
dropyranyl)ether, in 100 ml of dry tetrahydrofuran 
dropwise over one hr, and stirred for one hr at —78° C. 
and four hr at room temperature. The reaction is then 
quenched by addition of 10 ml glacial acetic acid, di 
luted with 700 ml of brine, and extracted with diethyl 
ether (3x700 ml). The combined ethereal layers are 
washed with 200 ml bicarb and 500 ml brine and dried 
over anhydrous sodium sulfate and concentrated under 
reduced pressure to yield 37 g of formula XXII com 
pound as oily white solid: 3—dimethylphosphonomethyl 
3—hydroxy-2-oxa-7a-tetrahydropyran-2—yloxy-6B[(3’S) 
3’—tetrahydropyran-Z-yloxy-trans- 1 '-octeny1]-bicy 
clo[3.3.0]octane. Crystallization of the crude product 
from hexane and ether yields 22.1 g of puri?ed formula 
XXII product. Silica gel TLC RfIS 0.22 in ethyl acetate. 
The melting range is 89°—93° C. NMR absorptions are 
observed at 3.72 (doublet, J=1l Hz) and 3.83 (doublet, 
J = 11 Hz)8. Characteristic infrared absorptions are 
3340, 1250, 1185, 1130, 1075, and 1030 cm—1. 

B. To a solution of 10.0 g of the product of Part A in 
75 ml acetone stirring under a nitrogen atmosphere at 
-— 10° C. is added over 30 min 9.0 ml of Jones reagent. 
The resulting suspension is stirred for 30 min at — 10° C. 
and then quenched with 4 ml 2-propanol. The solvents 
are decanted away from the green residue and most of 
the acetone removed at reduced pressure. The acetone 
concentrate is then taken up in ethyl acetate and washed 
with saturated aqueous sodium bicarbonate and then 
with brine and dried over anhydrous sodium sulfate. 
Concentration under reduced pressure yields 8.2 g of 
formula XXIII product: 2-decarboxy-6-desbutyl-6 
dimethylphosphonomethyl—6-keto-PGE1, 1 l,15-bis(tet 
rahydropyranyl ether). Chromatography of formula 
XXIII product on 600 g silica gel eluting with 20% 
acetone in methylene chloride yields 4.95 g of pure 
formula XXIII product. Silica gel TLC Rf (in 20% 
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32 
acetone in methylene chloride) is 0.22. Characteristic 
NMR absorptions are observed at 3.14 (doublet, J=23 
Hz) and 3.80 (doublet, J: 11 Hz), 5.4-5.8 (m)8. Charac 
teristic infrared absorptions are observed at 1745, 1715, 
1260, 1200, 1185, 1130, 1030, 970, 870 cm-1. 

C. A suspension of 5.37 g of the product of Example 
1 , Part B, 1.33 g anhydrous potassium carbonate, and 
5.37 g 18-Crown-6 ether in 200 ml toluene is heated at 
75° C. for six hr under a nitrogen atmosphere, cooled to 
0° C., and washed with 200 ml brine, 200 ml of 3:1 
waterzbrine, and 200 ml brine, and dried over anhy 
drous sodium sulfate. Most of the solvents are removed 
under reduced pressure and the residue is ?ltered 
through 50 g silica gel eluting with 250 ml ethyl acetate 
to give 3.9 g of formula XXIV product: 3-oxo-7a-tet 
rahydropyranyl-2-yloxy-6B[(3’S)-3’-tetrahydropyran 
Z-yl-trans-1'-octenyl]bicyclo[3.3.0]oct-l-ene. The crude 
product is chromatographed on 300 g silica gel eluting 
with 60:40 hexanezethyl acetate to give 2.39 g of pure 
title product. Silica gel TLC Rf is 0.22 in 60:40 hex 
ane:ethyl acetate. NMR absorptions are observed at 
5.18-5.86 (m) and 5.94 (broad singlet)‘o‘. Infrared absorp 
tions are observed at 1710 and 1632 cm-1. 

Following the procedure of Example 1, but employ 
ing the various 3a,5a-hydroxy-Z-substituted-1a 
cyclopentaneacetic acid ‘(i-lactones of formula XXI, 
there are prepared each of the various corresponding 
formula XXIV products wherein n is one. 

Further, following the procedure of Example 1, but 
employing each of the various 3a,5a-dihydroxy-2-sub 
stituted-1a-cyclopentanepriopionic acid, 6-lactones of 
formula XXI, there are prepared each of the various 
formula XXIV compounds wherein n is 2. 

Further, following the procedure of Example 1, but 
employing each of the various 5a-hydroxy-2-substitut 
ed-la-cyclopentanealkanoic acid lactones of formula 
XXI, there are prepared each of the various formula 
XXIV compounds wherein R18 is hydrogen. Finally, 
following the procedure of Example 1, but employing 
each of the various 3a-hydroxymethyl-Sa-hydroxy-Z 
substituted-la-cyclopentanealkanoic acid lactones of 
formula XXI, there are prepared each of the various 
formula XXIV compounds wherein R13 is —CHZORw. 

EXAMPLE 2 

(Formula XXIV: R18, Y1, M6, R7 are de?ned in Exam 
ple 1 and n is the integer 2). 

Refer to Chart A. 
A. A solution of 2.05 ml (18.9 mmoles) of dimethyl 

methylphosphonate and 100 ml of dry tetrahydrofuran 
is stirred at —78° C. under a nitrogen atmosphere and 
treated dropwise with 11.8 ml (18.9 mmoles) of 1.6 
molar n-butyllit'hium in hexane. After stirring for 30 min 
at —78° C., the resulting mixture is treated dropwise 
over 25 min with 4.25 g of 3a,5a-dihydroxy-2,B-(3a 
hydroxy-trans-l-octenyl) la-cyclopentane propionic 
acid, 6-lactone, 11,l5-bis(tetrahydropyranyl ether), in 
30 ml of dry tetrahydrofuran. The resulting mixture is 
then stirred for one hr at 78° C. The solution is then 
allowed to stir at ambient temperature for 2 hr and is 
quenched by addition of 1.2 ml of acetic acid. The mix 
ture is then added to 250 ml of brine and 200 ml of 
diethyl ether. The aqueous and organic layers are then 
separated and the aqueous layer extracted twice with 
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diethyl ether. The ethereal extracts are then washed 
with brine, dried over anhydrous sodium sulfate, and 
concentrated to yield 5.6 g of crude formula XXII com 
pound, as an oil: 3-(dimethylphosphonomethyl)-3 
hydroxy-2-oxo-8a-tetra-hydropyran-2-yl-oxy-7B[(3’S) 
3’-tetrahydropyran-2-yloxy-trans1’-octenyl]-bicy 
clo[4.3.0]nonane. Chromatography on silica gel eluting 
with 4:1 ethyl acetate:acetone yields 4.1 g of puri?ed 
formula XXII product. Characteristic NMR absorption 
is observed at 5.l5—5.65 (multiplet)6. Silica gel TLC Rf 10 
is 0.34 in 4:1 ethyl acetone:acetone. Characteristic infra 
red absorptions are observed at 3350, 1235, and 1030 
cm— 1. 

B. A suspension of 3.42 g of chromium trioxide and 
80 ml of methylene chloride is treated with 5.8 ml of 
pyridine, stirred at ambient temperature under a nitro 
gen atmosphere for 30 min, and combined with 3 scoops 
of dry diatomaceous earth. The resulting mixture is then 
treated with 3.25 g of the reaction product of Part A 
and 8 ml of dry dichloromethane, stirred for 30 min at 
ambient temperature under nitrogen, ?ltered through 
30 g of silica gel (eluting with 200 ml of ethylacetate and 
acetone, 2:1) and concentrated under reduced pressure. 
Chromatographing the residue (3.73 g) on 120 g of silica 
gel, eluting with ethyl acetate and acetone (4:1) yields 
2.07 g of formula XXIII product: Z-decarboxy-S 
despropyl-6-dimethylphosphonom ethy1-5-keto-PFE1, 
l 1,15-bis(tetrahydropyranyl ether). Characteristic infra 
red absorptions are observed at 1740 and 1715 cm—1. 

Characteristic NMR absorptions are observed at 3.1 
(doublet, J =23 Hz) and 3.8 (doublet, J =11 Hz)6. 

C. A suspension of 12 mg of 50% sodium hydride in 
mineral oil and 3 ml of diglyme is stirred at 0° C. under 
an argon atmosphere. The suspension is then treated 
with 150 mg of the product of Part B in 3 ml of diglyme. 
After 1 hr, the cooling bath is removed and the resulting 
solution is stirred at ambient temperature under argon. 
After a total of 20 hr from addition of the formula 
XXIII reactant, the resulting solution is then added to 
30 ml of water and extracted with 90 ml of diethyl ether. 
The ethereal extract is washed with brine (30 ml), dried 
over anhydrous sodium sulfate, concentrated under 
reduced pressure to a brown oil (110 mg) and chromato 
graphed on 10 g of silica gel eluting with hexane and 
ethyl acetate (1:1). There is accordingly prepared 15 mg 
of formula XXIV compound: 3-oxo-8a-tetrahydropy 
ran-2-yloxy-7B-[(3'S)-3’—tetrahydropyran-Z-yloxy 
trans-1'-octenyl]bicyclo[4.3.0]non-l-ene. NMR absorp 
tions are observed at 4.7 (broad singlet) and 5.3-6.0 
(multiplet)8. IR absorption is observed at 1670 cm"1. 

Alternatively, the formula XXIV compound above is 
prepared as follows: 
A solution of 150 mg of the product of Part B and 5 

ml of dry tetrahydrofuran at 0° C. under an argon atmo 
sphere is treated dropwise with 0.5 ml of 0.52 M potas 
sium hydride and 18-crown-6 ether (Aldrich Chemical 
Co. Catalog Handbook of Fine Chemicals 1979—1980, 
Milwaukee, Wisconsin, p. 133; Pedersen, J. C., JACS 
92:386 (1970) in tetrahydrofuran (prepared from 800 mg 
potassium hydride and 1.0 g l8-crown-6 ether in 8.7 ml 
of dry tetrahydrofuran). After stirring for one hr at 0° 
C. under argon, the mixture is added to 30 ml of water, 
extracted with 90 mg of diethyl ether and the ethereal 
extract is washed with brine, dried over anhydrous 
sodium sulfate, concentrated under reduced pressure, 
and chromatographed on 9 g of silica gel eluting with 
ethyl acetate and hexane. Formula XXIV product (40 
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mg) is thereby obtained. Silica gel TLC Rf is 0.30 in 
ethyl acetate and hexane (1:1). 

EXAMPLE 3 

lB-Methyl-3-oxo-7a-tetrahydropyran-2-yl-oxy-6,B~ 
[(3’S)-3'-tetrahydropyran-2-yloxy-trans-1’-octenyl] 

bicyclo-[3.3.0]octane 
(Formula XXV: R18, Y1, M6, n, L], R7 are as de?ned in 
Example 1, R16 is hydrogen and R37 is methyl). 

Refer to Chart A. 
A suspension of 2.70 g of anhydrous copper iodide is 

stirred in 100 ml of anhydrous diethyl ether at —20° C. 
under an argon atmosphere and is treated dropwise 
with 20.0 ml of 1.4 M ethereal methyllithium. The re 
sulting solution is then stirred for 15 min at —20° C. and 
treated over 2.5 hr at —-20° C. with a solution of 2.00 g 
of the title product of Example 1 in 100 ml of anhydrous 
diethyl ether. Stirring is continued for an additional 1.5 
hr at ~20” C. and the resulting mixture added to 200 ml 
of 1 M aqueous ammonium chloride. The aqueous and 
organic layers are then separated and the aqueous layer 
extracted with diethylether (400 ml). The combined 
organic extracts are then washed with 200 ml of brine, 
dried over anhydrous sodium sulfate, concentrated 
under reduced pressure to yield 2.4 g of title product as 
a pale green oil. Chromatography on 25 g of silica gel 
eluting with hexane in ethyl acetate (3:1) yields 2.0 g of 
title product as a colorless oil. Characteristic NMR 
absorptions (CDCl3) are observed at 1.18, 3.20-4.43, 
4.70, and 5.2-5.96. Characteristic infrared absorptions 
are observed at 1745, 1665, 1200, 1130, 1110, 1075, 1035, 
1020, 980, and 870 cm-l. Silica gel Rfis 0.26 in ethyl 
acetate and hexane (1:3). 
By procedures known in the art, each of the various 

novel formula XXV intermediates is transformed to a 
9,8-methy1-CBA2 or CBA1 compound by methods ex 
ampli?ed hereinafter or known from British Published 
Speci?cation Nos. 2,013,661, 2,014,143, and 2,017,699. 

EXAMPLE 4 

S-Carboxypentanol, t-butyldimethylsilyl ether 
A solution of 4 g of sodium hydroxide in 100 ml of 

methanol and water (4:1) is treated with 10 ml of ca 
prolactone and stirred at ambient temperature under a 
nitrogen atmosphere. After 20 hr, solvent is evaporated 
following addition of toluene, yielding 15 g of solid, 
crude 5-carboxypentanol. 
The above solid is suspended in 300 ml of dimethyl 

formamide under a nitrogen atmosphere, cooled to 0° 
C., treated with 35 g of imidazole, stirred for 15 min at 
0° C. and 15 min at ambient temperature, cooled to 0" C. 
and treated with 39 g of t-butyldimethyl silylchloride. 
The resulting solution is then allowed to warm to ambi 
ent temperature under a nitrogen atmosphere. After 26 
hr, the resulting solution is treated with 8 g of sodium 
hydroxide in 40 ml of water and 40 ml of methanol, with 
stirring maintained under a nitrogen atmosphere. After 
13 hr, the suspension is acidi?ed to pH 4 with 500 ml of 
l N aqueous hydrogen chloride, then saturated with 
sodium chloride and extracted with ethyl acetate. The 
ethyl acetate extracts are then washed with 1 N aqueous 
sodium hydroxide. The basic extracts are then acidi?ed 
to pH 4 with concentrated hydrochloric acid, saturated 
with brine, and extracted with ethyl acetate. The ethyl 
acetate extracts are then washed with brine, dried over 
sodium sulfate, and concentrated under reduced pres 
sure to yield 22.6 g of a yellow liquid, i-carboxypen 
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tanol, t-butyldimethylsilyl ether. Chromatography on 
800 g of silica gel eluting with ethyl acetate and hexane 
(1:9 to 1:1) yields 14.8 g of 5-carboxypentanol, t-butyl 
dimethylsilyl ether. NMR absorptions are observed at 
0.05 (singlet) and 0.90 (singlet)6. Infrared absorptions 
are observed at 3000 (broad) and 1700 cm"1. 

Following the procedure of Example 4, but employ 
ing each of the various lactones corresponding to the 
w-carboxyalkanol compounds of formula XXXII there 
are prepared each of the various formula XXXII prod 
ucts. 

EXAMPLE 5 

Z-Decarboxy-Z-(t-butyldimethylsilyloxy)methyl-S-car- ' 

boxy-6-hydroxy-9B-methyl-CBA1, 
1 l,15-bis(tetrahydropyran)ether 

(Formula XXXIII: R28 is t-butyldimethylsilyl, Z2 is 
—(CI-I2)3—, n is l, and R16, R13, R37, M6, L1, and R4 are 
as de?ned in Example 3). 

Refer to Chart B. 
A solution of 0.58 ml of dry diisopropylamine and 20 

ml of dry tetrahydrofuran at 0° C. under an argon atmo 
sphere is treated with 2.6 ml of 1.56 M n-butyllithium in 
hexane, stirred for 5 to 10 min at 0° C., treated with 0.50 
g of the title product of Example 4 in 5 ml of tetrahy 
drofuran, stirred for 15 min at 0° C. and 1 hr at ambient 
temperature, cooled to 0° C., treated with 0.91 g of the 
title product of Example 3 in 5 ml of tetrahydrofuran, 
and allowed to slowly warm to ambient temperature 
under an argon atmosphere. Thereafter, 130 ml of water 
and 20 ml of brine are added and the mixture extracted 
with diethyl ether. The ethereal extracts are then 
washed with 4 m1 of l N aqueous hydrochloric acid and 
150 ml of brine and dried over sodium sulfate, and con 
centrated under reduced pressure to yield title product. 

Following the procedure of Example 5, but employ 
ing each of the various formula XXXI compounds de 
scribed following Example I, there are prepared each of 
the various formula XXXIII compounds wherein R23 
t-butyldimethylsilyl and Z2 is —(CH2)3—. 

EXAMPLE 6 

2-Decarboxy-2-(t-butyldimethylsilyloxy)methyl-9B 
methyl-CBAZ, 1 l,15-bis-(tetrahydropyranylether) 

(Formula XXXIV: R28, 2;, n, R13, Y1, M6, L1 and R7 
are as de?ned for Examples 1 and 5). 4 
The reaction product of Example 5 (1.37 g) and 16 ml 

of methylene chloride is treated with 2.9 ml of dimeth 
ylformamide dineopentyl acetal, stirred for 3 hr at ambi 
ent temperature under nitrogen, added to 160 ml of ice 
water and 40 ml of brine, and extracted with diethyl 
ether. The ethereal extracts are then washed with 150 
ml of sodium bicarbonate and 150 ml of brine, dried 
over sodium sulfate, and concentrated under reduced 
pressure to yield crude title product. Chromatography 
on 100 g of silica gel eluting with 10% ethyl acetate in 
hexane yields pure title product. 

Following the procedure of Example 6, but employ 
ing each of the various formula XXXIII compounds 
described following Example 5, there are prepared each 
of the various corresponding formula XXXIV products 
wherein R28 is t-butyldimethylsilyl and Z2 is —-(CH;. 
)3—— 
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EXAMPLE 7 

Z-Decarboxy-2-hydroxymethyl-9B-methyl-CBA2, 
l l, l5-bis(tetrahydropyranyl)ether 

(Formula XXXV: Z1, n, R16, R37, R13, Y1, M6, L1, and 
R7 are as de?ned in Examples 1 and 5). 

Refer to Chart B. 
A solution of 0.71 g of the title product of Example 6 

and 16 ml of dry tetrahydrofuran at 0° C. under a nitro 
gen atmosphere is treated with 3.2 ml of 0.75 molar 
tetra-n-butylammoniumfluoride and tetrahydrofuran. 
After allowing the reaction mixture to slowly warm to 
ambient temperature overnight with stirring, 150 ml of 
brine is added and the resulting mixture extracted with 
ethyl acetate. The ethyl acetate extracts are then 
washed with 0.5 N aqueous potassium bisulfate, 100 ml 
of sodium bicarbonate, and 100 ml of brine, dried over 
sodium sulfate, and concentrated under reduced pres 
sure to yield crude title product. Filtering through 25 g 
of silica gel with 200 ml of ethyl acetate and hexane 
yields 0.61 g of further puri?ed product. Chromatogra 
phy on silica gel eluting with 35% ethyl acetate in hex 
ane yields pure title product. , 

Following the procedure of Example 7, but employ 
ing each of the various formula XXXIV compounds 
described in and following Example 6, there are pre 
pared each of the various formula XXXV compounds 
wherein Z; is —(CH2)3—. 

Following the procedure of Examples 5, 6, and 7, and 
employing the various starting materials described in 
and following these examples and each of the various 
formula XXXII compounds described in and following 
Example 4, there are prepared each of the various for 
mula XXXV compounds. 

EXAMPLE 8 

2-Decarboxy-2-hydroxymethyl-9B-methyl-CBA2 
(Formula XXXVI: X1 is —-CH1OH, Z2 is —(CH2)3—, 
R8 is hydroxy, Y1 is trans—CH:CH—, M1 is a-0HzB 
H, L1 is a-I-IzB-H and R7 is n-butyl). 

Refer to Chart B. 
The title product of Example 7 (0.25 g) is combined 

with 9 ml of acetic acid, water and tetrahydrofuran 
(6:321) and heated to 37°—40° C. for two hr. Thereafter 
the resulting mixture is cooled and extracted with di 
ethyl ether. The ethereal extracts are then washed with 
brine, dried over sodium sulfate and concentrated to 
yield crude title product. Chromatography on silica gel 
yields pure title product. 

Following the procedure of Example 7, but employ 
ing each of the various formula XXXV primary alco 
hols described in and following Example 7 there are 
prepared each of the various corresponding formula 
XXXVI products wherein X1 is —CH3OH. 

EXAMPLE 9 

o-(t-Butyldimethylsilyloxyethyl)benzaldehyde 
(Formula XLIV: R23 is t-butyldimethylsilyloxy and g is 
one). 

Refer to Chart C. 
A. To a mixture of 7.6 g of lithium aluminum hydride 

and 400 ml of dry tetrahydrofuran under a nitrogen 
atmosphere is added dropwise with stirring 18 g of 
homophthalic acid (Aldrich Chemical Company) in 250 
ml of dry tetrahydrofuran. Dropwise addition rate is 
adjusted such that mild re?ux is maintained during the 
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course of the exothermic reaction. The resulting mix 
ture is then heated at re?ux for 5 hr, cooled to 0° C., and 
7.6 g of water in 50 m1 of tetrahydrofuran is added 
dropwise with stirring. Thereafter 27 ml of 10% aque 
ous sodium hydroxide is added and the resulting mix 
ture is stirred at ambient temperature for 20 min, ?l 
tered, and the ?lter solids washed with 150 ml of tetra 
hydrofuran. The ?ltrate and tetrahydrofuran wash are 
then concentrated under reduced pressure to yield 14.0 
g of crude formula XXXII diol, 2-(o-hydroxymethyl 
phenyl)ethanol. Chromatography on 1.2 kg of silica gel, , 
deactivated by addition of 240 ml of ethyl acetate, elut 
ing with ethyl acetate, yields 13.5 g of formula XLII 
product. Melting range is 41.5°—43° C. 

B. To a solution of 13.5 g of the reaction product of 
Part A in 50 ml of dry tetrahydrofuran under a nitrogen 
atmosphere is added with stirring 9.05 g of imidazole. 
The resulting solution is then cooled to -—5‘’ C. and 13.9 
g of t-butyldimethylsilyl chloride is added. The result 
ing mixture is then maintained for 20 min and thereafter 
allowed to warm to ambient temperature. After 1 hr, 
the resulting mixture is then shaken with 500 ml of 
hexane and diethylether (2:1) and 250 ml of water and 
brine (1 : 1). The organic layer is then washed with water 
and brine, dried over magnesium sulfate, and concen 
trated under reduced pressure to yield a crude mixture 
of mono- and bis-silyl ethers corresponding to the start 
ing material of Part A. This mixture of products is then 
chromatographed on 2 kg of silica gel, deactivated with 
400 ml of ethyl acetate and eluted with 25% ethyl ace 
tate and Skellysolve B to yield 6.82 g of formula XLIII 
product, o-(t-butyldimethylsilyloxyethyl)phenylme 
thanol. NMR absorptions are observed at 7.20-7.52, 
4.57, 3.91 (t, J 6.1), 2.93 (t, J 6.1), 0.82, and —0.086. 
Silica gel TLC Rfis 0.54 in 25% ethyl acetate and hex 
ane. 

C. A mixture of 5.0 g of the reaction product of Part 
B, 100 ml of trichloromethane, and 25 g of activated 
manganese dioxide (MnO2) is stirred at ambient temper 
ature for 4 hr. Chloroform (100 ml) is then added and 
the resulting mixture ?ltered through diatomaceous 
earth. After washing ?lter solids with 200 ml of trichlo 
romethane, the resulting ?ltrate and wash is then con 
centrated under reduced pressure to yield a residue 
containing title product. Chromatography on 400 g of 
silica gel, deactivated with 80 ml of ethyl acetate and 
elution with 25% ethyl acetate and hexane yields 2.93 g 
of pure title product. Silica gel TLC Rfis 0.74 in 25% 
ethyl acetate and hexane. NMR absorptions are ob 
served at 10.34, 7.25—8.00, 3.89 (t,_] 6.0), 3.27 (t, J 6.0), 
0.83 and —0.098. The mass spectrum exhibits a peak at 
265 (M+ 1) and other peaks of decreasing intensity at 
m/e 75, 207, 73, 133, 223, 208, 77, 177, 76 and 105. 
Following the procedure described in Chart C, but 

employing each of the various formula XXXI acids, 
there is prepared each of the various corresponding 
formula XXXIV aldehydes wherein R28 is t-butyldime 
thylsilyl. 

EXAMPLE l0 

m-(t-Butyldimethylsilyloxymethyl)benzaldehyde 
(Formula XLIV: g is zero and R23 is t-butyldimethylsi 
lyl). 

Refer to Chart C.‘ 
A. To a solution of 10.0 g of m-(hydroxymethyl) 

phenylmethanol in 40 ml of dry tetrahydrofuran under 
a nitrogen atmosphere is added with stirring 7.35 g 
imidazole. The resulting solution is then cooled to 0" C. 

5 
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and 11.3 g of t-butyldimethylsilyl is added. The result 
ing mixture is then stirred with cooling for 15 min and 
thereafter allowed to warm to ambient temperature. 
After 90 min, the resulting mixture is then shaken in 400 
ml of hexane and diethyl ether (2:1) and 200 ml of water 
and brine (1:1). The organic layer is then washed suc 
cessively with water and brine (1:1, 300 ml) and brine 
(150 ml), dried over magnesium sulfate and concen 
trated under reduced pressure to yield a mixture of 
mono- and bis-t-butyldimethylsilyloxy ether corre 
sponding to the formula XXXII compound. This mix 
ture of products is then chromatographed on 1.4 kg of 
silica gel, deactivated by addition of 280 ml of ethyl 
acetate and eluted with 25—40% ethyl acetate in hexane 
to yield 7.65 kg of pure formula XLIII product, m-(t 
butyldirnethylsilyloxymethyl)phenylmethanol. Silica 
gel TLC Rf is 0.46 in 25% ethyl acetate and hexane. 
NMR absorptions are observed at 7.25, 4.72, 4.60, 2.23, 
0.92, and 0.096. The mass spectrum exhibits a peak at 
251 (M+-1) and other peaks of decreasing intensity at 
m/e 235, 121, 195, 237, 105, 133, 75, 89, 236, and 119. 

B. A mixture of 5.0 g of the reaction product of Part 
A and 100 ml of trichloromethane and 25 g of activated 
manganese dioxide (MnOg) is stirred at ambient temper 
ature for 4 hr. Chloroform (100 ml) is then added and 
the resulting mixture ?ltered through diatomaceous 
earth. The ?lter solids are washed with 200 ml of t-ri 
chloromethane and the ?ltrate and trichloromethane 
wash are then concentrated under reduced pressure to 
yield 5.2 g of crude title product. Chromatography on 
400 g of silica gel, deactivated with 80 ml of ethyl ace 
tate and elution with ethyl acetate and hexane (1:3) 
yields 3.65 g of pure title product. Silica gel TLC Rfis 
0.46 in 10% ethyl acetate and hexane. NMR absorptions 
are observed at 10.00, 7.26~7.86, 4.81, 0.95, and 0.118. 

EXAMPLE ll 

3-Phenylsulfonyl-7a-tetrahydropyran-2-yloxy-6B 
[(3'S)-3’-tetrahydropyran-2-yloxy-trans- 1 ’-octeny1]' 

bicycle-[3 . 3.0]octane 

(Formula LV: n is the integer one, R18 is tetrahy 
dropyranyloxy, Y1 is trans—CH:CH-, M6 is ot-tet 
rahydropyranyloxy:B-hydrogen, L1 is a-hydrogenzB 
hydrogen, R16 and R17 are both hydrogen, and R27 is 
n-butyl). 

Refer to Chart D. 
A. Sodium borohydride (0.38 g) is added with stirring 

to a solution of 2.90 g of 3-oxo-7a-tetrahydropyran‘2 
yloxy-6B-[(3’S)~3’-tetrahydropyran—2~yloxy-trans-1’ 
octenyl]-bicyclo[3.3.0]octane in 25 ml of 95% aqueous 
ethanol. The resulting mixture is then stirred at ambient 
temperature for 20 min. Thereafter the resulting mix 
ture is shaken in 100 ml of brine and 200 ml of ethyl 
acetate. The organic layer is then immediately washed 
in brine, dried over magnesium sulfate, and concen 
trated under reduced pressure to yield 2.94 g of formula 
LII alcohol: (3RS)-3-hydroxy-7a-tetrahydropyran-Z 
yloxy-6B-[(3'S)-3’-tetrahydropyran-Z-yloxy-trans-1’ 
octenyl]bicyclo[3.3.0]-octane. Infrared absorptions are 
observed at 3600 and 3450 cm—1 and no carbonyl ab 
sorption. Silica gel TLC Rf is 0.63 and 0.67 in ethyl 
acetate and hexane ( 1:1). 

B. To a solution of 2.9 g of the reaction product of 
Part A in 25 ml of dry dichloromethane and 1.4 ml (1.02 
g) of triethylamine at 0° C. is added with stirring 0.57 ml 
of (0.848 g) of methanesulfonyl chloride over 5 min. 
The resulting is then stirred an additional 20 min and 
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