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I. OBJECTIVES

Prolonged base treatment of 15-dehydro-prostaglandin Bl, 1a,
results in the conversion to a complex mixture termed FPGBx. A
number of unique in vitre and in vivo activities have been des-
cribed for PGBx which appear to indicate an ability to prevent or
restore damage on a cellular level resulting from oxygen depriva-
tion. The detailed structural characteristics of the PGBx mix-
ture remain unclear in spite of the efforts of a number of re-
search groups.

The objective of contract NO0O014-80-C-0117 for the periad
covered by Technical Report No. 3 remains the elucidation of the
complex structural aspects of the PGBx mixture and the chemical
pathway aof formation. Detailed structural information is essen-
tial to the determination of mode of action leading to the unique
in vitro and in vivo activities observed for this complex mi:x-
ture. Knowledge of the reaction pathway leading to PGBx forma-
tion is required for the design of modified prostaglandin precur-
sors for the preparation of less complicated mixtures that would
be more suitable as the basis of a therapeutic agent.

I1. SUMMARY

We have previously demonstrated that the oligomerization of
the structurally less complicated 15-dehydro-PGB1l analog 2 under
mild conditions results in the formation of a lower molecular
weight oligomeric mixture containing dimer through octamer com-
ponents. Through the isolation and characterization of individ-
ual dimer components, it was established that the initial oligo-
mer forming reaction was taking place via a Michael addition
pathway invalving multiple reaction sites. As a consequence of
such a reaction pathway, the resulting oligomeric mixtures
rapidly become very complex as each additional unit of analog 2
is incorporated into the oligomeric chain. Additional support
far the operation of this pathway has been provided by investiga-
tion of the complex trimer and tetramer components of the
oligomerization mixture.
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An investigation of the oligomerization pathway of 15-dehy-
dro-PGB1, 1, was also undertaken to insure that a similar re-
action pathway was operable. This investigation has confirmed
that the oligomerization of 15-dehydro-PGBl also proceeds through
a Michael addition pathway involving multiple reaction sites in a
manner analogous to the analog 2. As a result of this investiga-
tion, we are convinced that the direct isolation and elucidation
of individual active components of the complex mixture termed .
PGBx is not a feasible approach and that a complete characteriza-
tion of PGBx in the classical sense is not possible.

I 54 DD

Having established the basis for the exceedingly complex
nature of the PGBx mixture, our investigations became focused on
the development of structurally less complicated oligomeric miux-—
tures retaining the unique Iin vitro and Iin vivo activities of
PGBx. Our initial approach incorporated the mild oligomerization
conditions developed from the previous mechanistic investigations
to prepare low molecular weight oligomeric mixtures (principally
dimer—tetramer). With the precursor 15-dehydro-PGBEl methyl es-
ter, such mixtures were inactive since the methyl ester function-
ality was retained in the oligomer under the very mild conditions
of oligomerization. This problem was circumvented by the prepa-
ration of 15-dehydro-PGBl free acid, 1b, as the precursor for use
under the mild oligomerization conditions. Under mild con-
ditions, the free acid 1b could be converted into low maolecular
weight mixtures which were readily separable into oligomeric
components such as dimers, trimers, etc. by size exclusion chrom-—
atography. Although the dimer component proved inactive, the
trimer and tetramer components exhibited in vitro activities in
the mitrochondrial assay on the same order or higher than "stan-
dard PGBx". This provided for the first time low molecular
weight oligomer components as small as trimers that exhibited in
vitro mitochondrial activity comparable to that of PGBx.

Attempts to isolate individual active trimer components
proved less successful. The initial separtion of the single
addition (Type 1) and the double addition (Type 2) trimers was
readily accomplished by reverse phase HPLC. The isolation of
pure individual Type I and Type 2 trimers in any significant
amounts proved considerably more difficult. During the course of
the isolation, the level of complexity, due to stereaochemical
factors, of even the trimer component was becoming evident from
the parallel analog studies. Since this level of complexity
precluded the direct isolation of the individual trimers in pure
form, this approach was abandoned. Instead, the introduction of
structural modifications into the precursor was undertaken in
order to limit the number of possible reaction sites.
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The "C-16 blocked" analog 3 was designed as a precursor with
a reduced number of reaction sites. Since the C-16 carbon in I
is fully substituted, enolate formation is not possible at that
site. This eliminates the formation of all Type 2 (double addi-
tion) oligomer formation. In addition, the increased steric bulk
at C-16 from the additional substitution was expected to favor
oligomer formation at C-13 over C-14. Finally the use of the
mild oligomerization conditions was expected to provide l1ow mo-
lecular weight, i.e. principally dimer-tetramer, oligomeric mix-—
tures.

The reaction of the blaocked analog 3 under mild conditions
resulted in the conversion to an oligomeric mixture that could
readily be separated into dimers, trimers, tetramers and some
higher oligomers. The success of this approach was immediately
evident upon examination of the dimer component. Only three
dimers were present and, when characterized, indicateds 1) the
absence of any C-16 enolate derived oligomer from Type 2 addition
and 2) the attack of the C-10 enolate was preferentially taking
place at the less hindered C-13 acceptor site. The oligomeriza-
tion of the "blocked" analog 3 indicated the realization of our
major goals: the formation of a lower molecular weight oligameric
mixture in which on: of the nucleophilic reaction pathways was
eliminated completel, while a differential reactivity in the
acceptor sites was silmultaneously introduced.

Several other advantages that were derived from the use of
the blocked analog 3 became evident during the course of the
investigation of the dimer component. An increased ease in the
HPLC separation of the individual dimer components was readily
apparent due to the decreased number of components. With this
increased availability, the individual dimers becaome attractive
as intermediates of "known structure"” for conversion to higher
oligomers. Based on this availability, methods for the conver-
sion of individual isolated dimers to trimer and tetramer mix-
tures of considerably lower complexity were developed.
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x : In addition, the substituents introduced for purposes of

- blocking the C—-16 enolate formation provided a marked increase in
the crystallinity of the oligomers. As a result, the Type 1
dimers could be obtained in crystalline form and the crystal
structures were determined in collaboration with Dr. George
DeTitta of the Buffalo Medical Foundation. This information
permits the previously unavailable correlation of proton and 4
carbon—13 NMR spectral parameters with actual stereochemistry in
the Type 1 dimers. This correlation provides the foundation for
a full stereochemical assignment of the structurally more complex

trimers.
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" As the patential of the "blocked" analog 3 became evident, a

{: program was undertaken to develop a synthetic route to the cor-

: respaonding “"blocked" prostaglandin, 16,16-dimethyl-15-dehydro-
PGBt 4. The initial synthesis was successful and provided enough
material for a preliminary evaluation of the chemistry and activ-
ity of oligomeric mixtures derived from this "blocked" 15-dehy-
dro-PGB1 derivative. The oligomerization of 4 was carried out

- under mild conditions and resulted in oligomeric mixtures similar

@ to those obtained from the “blocked" analog 3. The dimer, trimer
and tetramer components were readily separated by size exclusion
chromatography. Analysis of the dimer component indicated a
similarity in pathway to that of the blocked analog 3 although
there may be an even greater enhancement of the reactivity of the
C-13 over the C-14 acceptor site due to a greater steric hinder-
ance in the approach to C-14 in the "blocked" prostaglandin
derivative. The preliminary evaluation of mitochondrial activity
by Dr. T. Devlin of Hahnemann Medical College indicated an activ-
ity comparable to that of PGBx and the structurally more compli-
cated oligomeric components derived from 15-dehydro-PGBl free
acid 1b.
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II1I. CONCLUSIONS

Based on studies of model systems, a “blocked" prostaglandin b
precursor has been developed that can be converted to oligomeric .
mixtures that are significantly less complicated than those de-
rived fraom the PGBx precursor 15-dehydro—-PGEl. The oligomeric
mixtures derived from the "blocked" prostaglandin analog 4 retain
a comparable level of activity in the protection of oxidative
phosphorylation. The generation of less complicated mixtures was
accomplished by modification of 15-dehydro-FPGEl in such a way
that the formation of C-16 enolate derived Type 2 oligomer is
completely eliminated. The structural modifications also result
in a significant enhancement of the reactivity of the C-13 accep-
tor site over that of the C-14 site. The net result is a major
< reduction in the complexity of the resulting oligomeric mixture
Al due to the reduction in the number of multiple reaction sites

operable in the Michael addition pathway leading to oligomer
chain formation. Furthermore, the investigation of the oligomer-
ization of the "blocked" analog 3 has resulted in the establish-
- ment of a critical relationship between stereochemistry and the
- proton and carbon—-13 nmr parameters for the single addition Type
A 1 dimers. This relationship, coupled with the development of
x procedures for the conversion of dimers of known structure into
trimer and tetramer mixtures of considerably lower complexity,
provides the greatest patential opportunity in the history of the
PGBx program to provide mixtures of greatly reduced complexity in
- which componants as low in molecular weight as trimers exhibit
: mitochondrial activities comparable to or greater than PGBx.

IV. PROJECTED INVESTIGATIONS

. The synthestic route to the "C-16 blocked" praostaglandin

~ derivative, 16,16-dimethyl-15~dehydro-PGBl1, 4, will be refined to
N allow the preparation of 4 in amounts sufficient for both chemi-
cal and biological investigations. Structural studies of trimers
and possibly tetramers derived from 3 and 4 will be carried out
to provide individual oligomers of established structure for a
full range of biological evaluation by Dr. T. Devlin of Hahnemann
Medical College. These collaborative investigations may provide
the first real insight into the mechanism on a molecular level
leading to an understanding of the unique in vitro and in vivoe
activities attributed to a range of prostaglandin derived oligo-
mers. As in the rast, parillel investigations will be carried
out in an effort 3 prav’ 2 a structurally simple non-prostaglan-
din precursor for caor ve, .,ion to oligomeric mixtures of lower
complexity that stiii retain the unique in vitro and iIin vivo
biological activities associated with prostaglandin oligomers.
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V. BACKGROUND

The term PGBx (i.e. an unknown "X" derived from a prosta-
glandin B, "PGB") has been rather loosely applied to the reaction
mixtures derived from extensive base (hydroxide) treatment of a
variety of prostaglandin B precursarsl. On some occasions, the
term PGBx refers to the crude reaction product while at other
times to the most active fraction derived from size exclusion
chromatagraphy of the crude reaction product. Over the last few
years, the term PGBx has come to dencte a complex mixture derived
from treatment of 15—-dehydro-prostaglandin Bl (15-dehydro-FGB1)
methyl ester, la, with 1 N ethanolic potassium hydroxidez. In
the discussion that follows, the term "PGBx" will refer to the
reaction mixture that results from the treatment of 15-dehydro-
PGBl methyl ester, la, with 1 N ethanolic potassium hydroxide for
4 hours at 80 degrees. The term "standard PGBx" will refer to
the most active fraction derived from size exclusion chromato-
graphy of the crude reaction mixture.

A number of unique in vitro and Iin viveo activities have been
demonstrated for certain fractions ,i.e. standard PGBx, of the
complex mixture derived by ethanolic potassium hydroxide treat-
ment of 15-dehydro-PGBl1. Standard PGBx protects against the loss
of phosphorylating activity during aging in vitro of rat liver
mitochondrias—4 and functions as a potent "water soluble" iono-
phoreS=7 which stimulates the release of Catt from sarcoplasmic
reticulum and heart mitochondriaS. In vivo, standard PGBx facil-
itates and significantly increases survival after what otherwise
would be lethal episodes of myocardial ischemia in monkeysB and
restores nervaous system function in dogs after otherwise fatal
hypaxiaq'lo. Standard PGBx also provides a significant measure
of protection against the severest forms of cardiac ischemia in
various isolated segments of canine heartl! and protects isoclated
anoxic rat heartl2, PpGBx appears to represent a class of struc-
tures which possess a unique ability to prevent or restore damage
on a cellular level due to oxygen deprivation although the mech-
anism of this action remains unclear. Such unique properties
strongly suggest potential future application in treatment of
incidents of cerebral and myocardial ischemia and as a therapeu-
tic agent for hemmorrhagic traumatized combat casualties.

At the start of our investigation, relatively little from a
chemical viewpoint had been conclusively established concerning
the structural details of PGBx or the chemistry involved in the
formation of the active site(s). Earlier descriptions of FGBx
as a stable free-radical prost glandin polymer3 ar even as a
polymer derivative of prostaglandin B have been demonstrated to
be incorrect upon closer inspectian1v13“14. PGBx has been gen-
erally chracterized on the basis of spectral data as a complex




mixture of claosely related oligomers formed by an initial re-

action at the 13,14-unsaturation of 15-dehydro-PGBl1 with the

retention of the overall prostaglandin skeletonl. Recent at- .
tempts by a number of research groups to resolve this comple:

oligomeric mixture into individual components retaining activity

have proven unsuccessful precluding a more definitive structural
assignment. The lack of any definitive structural detail has

hindered the development of a more detailed understanding of the

unique biological properties associated with this material. -

As an alternative approach to the direct structural elucida-
tion of PGEx, our present program (NO0OQO14-80-C-0117) was under-—
taken in an effort to define the chemical pathway of oligomer-—
ization. Our initial investigation was based on structurally
simpler analogs of 15—-dehydro—-PGBl, the precursor to PGBx. -

V. RESULTS AND DISCUSSION

Many of the problems associated with the direct structural
elucidation of the complex mixture termed FGBx appeared to be -
related to the inherent complexity of oligomeric mixtures in
which the unit is a 20-carbon prostaglandin.

The analog 2 contains substantially fewer carbons than 15-
dehydro-FGEl, 1, the PGEx precursor, but the essential conjugated
cyclopentenone functionality of 1 is retained in 2 leading to the
expectation of similar reaction pathways.

| & B

Model Studies Related To Analog 2.

= Treatment of the analog 2 with ethanolic potassium hydrox-

- ide under very mild conditions resulted in the conversion to an

¢ oligomeric mixture containing dimer through octamer components.
The individual oligomer components, i.e. dimers, trimers, etc.,
were separated by size exclusion chromatography. The dimer com-
ponent was further separated by HPLC into six individual dimers
referred to as Dimers 1-6 in the following discussion. The
structural assignments of the individual dimers, based on a .
detailed consideration of spectroscopic data, are given in Figure 3
1. -
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Figure 1

The assignment of the dimer structures provides for the
first time an insight into the chemical pathway of oligomer-
ization and an understanding of the exceptional complexity of the
oligomeric mixture that results. Dimers 1-6 are formed by base
L catalyzed Michael addition in which two nucleophilic (C-10 and C-
"3 16) and two acceptor (C-13 and C-14) sites of the analog 2 are
active (Figure 1). The presence of multiple reaction sites
coupled with the farmation of two new chiral centers for each new
bond formed results in the formation of a complicated mixture of
structural isomers further complicated by the presence of closely
related sterecisomers. Dimers 1-4, derived from C-10 enolate
addition, retain a residual 13,14-unsaturation through which
5 further oligomerization can proceed in a similar manner. Dimers
- S and 6, resulting from C-16 enclate initiated double addition,

i , lack a 13,14-unsaturation required for further oligomerization
- and represent terminal reaction products. The formation of high-
er oligomers, e.g. dimers to trimers, proceeds in a stepwise
fashion by enolate addition to a residual 13,14-unsaturation.
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The reaction pathway for oligomer chain formation, as de-
rived from the dimer studies of analog 2, has major implications
concerning the structural complexity of FGBx. This is evident
when considering the sequence: dimers —e trimers —e tetramers.
Trimers are produced from both C-10 and C-146 enolate addition to
either C-13’' or C~14° of the residual 13,14-unsaturation of
Dimers 1-4 as illustrated in Figure 2 in the case of Dimers | and
2. The addition of the C—-10 enolate of 2 to either C-13° or C-
14° of Dimers I and 2 gives rise to two structurally isameric
trimers, each having 4 chiral centers. Such trimers, hereafter
referred to as Type 1 trimers, retain a residual 13,14-unsatura-
tion which is required for enolate addition to form the next
higher oligomer. In contrast, the C-16 enclate addition to
either C-13’' or C-14’ of Dimers 1 and 2 by the double addition
pathway leads to two structurally isomeric trimers, each having 6
chiral centers (Figure 2). Such trimers, referred to as Type 2
trimers in the following discussion, lack the residual 13,14-
unsaturation necessary for further chain growth.

Via €-10 enclsw
addition

o
(-]
0:':; Vig C-16 encisw o)
! sddition
L 3
\
Type 2 Trimers o

Figure 2
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It is when the complexity arising from multiple reaction
sites is considered along with the stereochemical consequences of
the formation of two new chiral centers for each unit added to
the oligomeric chain, that the complexity of a mixture such as
PGBx becomes fully evident. Considering only the formation of
Type 1 oligomers, i.e. those retaining a residual 13,14-unsatura-
tion required for further chain growth, the expected complexity
increases exponentially with each new unit added to the oligomer
chain. For example, the single addition dimers (Dimers 1-4, Type
1) could be converted to 4 structurally isomeric trimers, each
having 4 chiral centers. Each of the structurally isomeric Type
1 trimers could exist as 8 pairs (24 possible stereoisomers) of
enantiomers. The Type 1 trimers in turn could lead to 8 struc-
turally isomeric Type 1 tetramers, each having & chiral centers.
Each of the structurally isomeric tetramers could exist as 32
pairs (26 possible stereocisomers) of enantiomers. The Type 1
tetramer in turn could be converted to 16 structurally isomeric
Type 1 pentamers, each having 8 chiral centers. - Each of the
structurally isomeric pentamers could possibly exist as 128 pairs
(28 possible stereoisomers) of enantiomers. In summary, con-—
sidering only oligomer chain formation by C-10 enolate addition
to either the C-13 or-C-14 acceptor sites coupled with the crea-
tion of two new chiral centers for each unit added, analog 2
could lead to 4 pairs (2 x 22) of Type 1 enantiomeric dimers, the
dimers to 32 pairs (4 24) of Type 1 enantiomeric tetramers, the
tetramers to 2048 pairs (16 x 28) of Type 1 enantiomeric penta-
mers, the pentamers to 16,384 pairs (32 x 210) of Type 1 enantio-
meric hexamers, etc. (Figure 3).

N BRI |

"

Higher Oligomers

Consequences of multiple reaction sites: (SINGLE ADDITION ONLY)

Ethyl Anclog  ————p § Dimers  —————p- 32 Trimers =i 256 Tetramers

(2 x 22) (4 n 2% |8 x 26)
— 2048 Pentomers o=t 16384 Hexamers  ———x otc.
(16 x 29) (32 x 210)

PGBX: Estimated to be in the hexamer - octamer range

Figure 3
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The actual reaction mixture would be considerably more
complex due to the presence of the Type 2 (double addition)
oligomers derived from the C-16 enolate addition to either C-13
or C-14. A similar analysis of the possible number of Type 2 C-
16 enolate derived stereocisomers reveals a similar level of
camplexity; 2 x 24 dimers, 4 x 2° trimers, 8 x 28 tetramers, 16 x
210 hexamers, etc. It becomes evident when considering this |
level of potential complexity that even if only a fraction of the
possible sterecisomers are formed in appreciable yields, the l
direct structural elucidation of PGBx, estimated to be in the

hexamer—octamer rangoz, does not represent a feasible approach.

Oligomerization of 15-Dehydro-PGB1 )

An investigation of the oligomerization pathway of 15—-dehy- {
dro—PGB;, 1, was also undertaken to ensure that a similar re— :
action pathway was operable. A mild oligomerization of 1S5-

¥ dehydro-PGB1 (1) has been carried out to give an oligomeric

- mixture similar to that derived from analog 2. The lower molec- ]

ular weight ocligomers such as dimers, trimers, and tetramers were

. separated by size exclusion chromatography. The dimer fraction

e was separated into 6 individual dimers which corresponded struct-

i urally to Dimers 1-4 derived from analog 2 indicating a similar
reaction pathway in dimer formation (Figure 4).

‘/10. R} = (CHy)scOM
' R? = (CHa)3cHy

% RI = (CMy)sCO,CHy

y S
T
R Rz (cHp)scHy
& R! = CHicm
oy R? -CH:C 3
20-6 and Ja-¢ ]

Figure 4
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The trimer fractions from both 15-denydro-FGB1 and analog 2

were analyzed and, although very complex. coula be separated into
a mixture of Type 1 and Type 2 trimers. A similar observation of
both Type 1 and Type 2 tetramers was made for the more complex

o tetramer fractions. Of major significance, mitochondrial activ-

K ities in the protection of oxidative phosphorylation comparable
to or even higher than PGBx were cbserved for oligomers, as low in

. molecular weight as trimers, derived from the mild oligomeriza-

3f tion of 15-dehydro-PGB1.

Less Complicated Oligomeric Mixtures

Recaognizing the extremely complex nature of FGBx, alterna-
tive approaches to less complicated oligomeric mixtures that
retained the activity characteristics associated with PGEx were
X explored. The investigations were designed to take advantage of
il two critical pieces of information derived from the analog
studies: 1) the oligomerization reaction is very rapid but can be
controlled by use of very mild oligomerization conditions and 2)
the oligomerization reaction precedes by Michael addition theraough
nj multiple nucleophilic and acceptor sites.

Oligomerization of {S5-Dehydro-PGBl1 Under Mild Conditions

. The initial approach to the formation ot less complicated
-~ oligomeric mixtures from 15—-dehydro-FGE!l methyl ester involved
the use of the mild reaction conditions developed for the analag
2. The oligomerization took place under mild conditions to give
oligomeric mixtures consisting of principally dimer—-tetramer
components. However, under such mild conditions, the ester func-
tionality was retained in the oligomeric mixture resulting, as
. would be anticipated from earlier workl, in a product that was
o inactive in the protection of oxidative phosphorylation. In an
effort to avoid the problem completely, an alternative synthesis
of 1S5-dehydro~-FGEBl1 free acid 1b was developed.
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: The oligomerization of 15-dehydro-FGEl as the free acid

“ under mild conditions resulted in the conversion to an oligomeric
mixture consisting primarily of dimer—-tetramer components formed
as the free acid. Separation of the mixture by size exclusion
chromatography followed by analysis of the oligomer components by
T. Devlin of Hahnemann Medical College indicated that, although
the dimers had somewhat lower activity, trimer and higher com-
ponents exhibited activities on the same order or higher than
FPGBx. Attention was then focused on the trimer component which
was separated into Type 1 and Type 2 (cf. above) trimer frac-
tions. Initial work indicated that the Type 1 trimer was the
major component and appeared to generally exhibit higher activ-
ity. The Type 1 trimer mixture was further fractionated and the
. initial assay results appeared to indicate that activity was

- distributed throughout and did not reside with a particular
stereoisomer or structure type. An attempt was made to separate
this Type 1 trimer fraction into individual components but this
proved to be very difficult as would be anticipated from a con-
sideration of the predicted complexity of the Type 1 trimer
fraction based on the analog studies. At this stage of the
investigation the results of a parallel study of a "blocked"
analog became known and led to a shift of focus to the investiga-—-
tion of "blocked" 15S—-dehydro-FGEl derivatives.

Model Studies of Blocked Prostaglandin Derivatives

In a parallel investigation, the goal of less complicated
oligomeric mixtures was approached by attempting to reduce the
o number of available reaction sites in the Michael addition path-
- way. The initial approach involved the complete elimination of
o the C-16 enolate pathway while simultaneously introducing some
: degree of reactivity differential in the acceptor sites. This
. approach is illustrated in the use of the "C-16 blocked" analog
3. Since the C-16 carbon in analog 3 is fully substituted,
enolate formation is not possible at that site so that all oligo-
mers previausly derived fraom C-146 enolate addition in analog 2
. are eliminated. Silmultaneously, the increased steric demand of
the C~146 site serves to provide an increased steric hinderance to
- the approach of the sterically demanding C-10 enolate at the C-14 -
Y acceptor site. The use of the previously developed mild oligo-
merization conditions was expected to provide low molecul ar
weight, i.e. principally dimer—tetramer, oligomeric mixtures.




The reaction of the "blocked" analog 3 under mild conditions
resulted in the conversion to an cligomeric mixture that could
readily be separated into dimers, trimers, etc. The success of
this approach was immediately evident upon examination of the
dimer component. Only three dimers were present and, when char-
acterized, indicated:; 1) the absence of any C-16 enolate derived
product aof the Type 2 and 2) the attack of the C-10 enolate was
preferentially taking place at the less hindered C-13 acceptor
site. The oligomerization of the “"blocked" analog 3 indicated
the realization of our major goals: the formation of a lower
molecular weight oligomeric mixture in which one of the nucleo-
philic pathways was eliminated completely while a differential
reactivity in the acceptor sites was simul tanecusly introduced.

Several other advantages that were derived from the use of
the blocked analog 3 became evident during the course of the
investigation of the dimer component. AN increased ease in the
HPLC separation of the individual dimer components was readily
apparent due to the decreased number of isomers formed; i.e.
three dimers rather than the six obtained from the analog 2.

With this increased availability, the individual dimers become
attractive as intermediates of "known structure"” for conversion
to higher cligomers, Based on this availability, methods tor the
conversion of individual dimers into trimer and tetramer mixtures
of much lower complexity were developed. In addition, the sub-
stituents introduced for purposes of blocking the C-16 enolate
formation provided a marked increase in the crystallinity of the
dimers. As a result, the Type 1 dimers could be obtained in :
crystalline form and the crystal structures were determined in s
collaboration with Dr. George DeTitta of the Buffalo Medical ;
Foundation. This information permits the previously unavailable
correlation of proton and carbon-13 NMR parameters with estab-
lished stereochemistry in the Type 1| dimers. This correlation
provides the foundation for a full stereochemical assignment of
the structurally more complex trimers.
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Investigation of Blocked Prostaglandin Derivatives

As the potential of the "blocked" analog 3 became evident, a
program was undertaken to develop a synthetic route to the cor-
responding "blocked" prostaglandin 16,16-dimethyl-15-dehydro-PGEL
(4, Figure 3). The initial synthesis was successful and provided
enough material for a preliminary evaluation of the chemistry and
activity of oligomeric mixtures derived from this "blocked" 13-
dehydro-FGBl derivative. The oligomerization of the "blocked"
prostaglandin derivative 4 was carried out under mild conditions
and resulted in oligomeric mixtures similar to those obtained
from the "blocked" analog 3. The dimer, trimer and tetramer
components were readily separated from the oligomeric mixture by
size exclusion chromatography. Analysis of the dimer component
indicated a similarity in pathway to that of the "blocked analog"”
3 although there appears to be an even greater enhancesment of the
reactivity of the C-13 acceptor site relative to the C-14 due an
increased steric hinderance in the approach to C-14 in the
"blocked" prostaglandin 4. The preliminary evaluation of mito-
chondrial activity by Dr. T. Devlin indicated an activity com-
parable to that of PGBx and the corresponding structurally more
complicated oligomeric component derived from ocligomerization of
15-dehydro-FGB1 free acid (1b) under mild conditions.
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- VI. EXPERIMENTAL

- A. Synthesis

o The synthesis of the "blocked" analog 3 was accomplished by
modification of the synthetic sequence previouslg developed in
our laboratory for the preparation of analog 2.1 HFLC separa-
tions were developed using normal phase chromatography.

The "blocked" prostaglandin 4 was prepared by modification
of the synthetic sequence previously developed for 1S~dehydro-
PGE1 free acid (1a).2 HPLC separations were carried out using
reverse phase chromatography.

B. Oligomerization of 15-Dehydro-PGB1 (1) Under Mild Conditions:
Dimer Formation.

Treatment of la with 0.05 M ethanolic kOH (8.3 mg/ml) for 90
minutes gave a crude reaction product from which the dimer com-
ponent was separated by chromatography on Sephadex LH-20
(CH30H) .15  Aster treatment with diazomethane, the dimer fraction
was separated by HFPLC on two 10 mm x 25 cm LiChrosorb columns in
series (35-457% EtOAc/CgHy2) into six components.l® A molecular
- formula of CqpHu40g, i.e. (Co2yH3204)2, was determined for each
component by HRMS measurement of the molecular ion.l1l7

X Two distinctly different dimer types were indicated by the
spectral data. Dimers 2b-5b exhibited UVmax at 296 and 238 nm
and conjugated C=C IR absorptions at 1585 and 1640 cm~! whereas
dimers &b and 7b had a single UVmax at 238 nm and a conjugated IR
e absorption at 1640 cm~1.18 pimers 2b-5Sb exhibited a strong

"
o~ fragment ion at m/e 348, i.e. CpiH3204, while only a weak m/e 348
) fragment ion was present in dimers &b and 7b.1!7 The structural
> assignments of the individual dimers follow from the previously

established structures of the dimers derived from the analog 1ic
and are given in Figure 1.14  This correspondence is evident from
a comparison of 13C and !H chemical shifts of dimers derived from
o ia and ic listed in Tables 1 and 2.20,21




T T Y T T e T T T T e T T e T T T T T T T T T T

. Dimers 2a-7a are derived from la via Michael addition 1in
) which two nucleophilic (C—-10 and C-16) and two acceptor (C-13 and
e C-14) sites are active as indicated in Figure 4. Dimers 2a and
T 3a, a diastereomeric pair, are formed by the addition of the C-~10
- enolate of la to C~-14° of a second unit of ta. Dimers 4a and Sa,
L a second diastereomeric pair, arise from the addition of the C-10
; enolate of 1la to C-13’ of a second unit. Dimer 6&6a arises from
) the initial addition of the C-16 enolate of la to C-13° of a
54 second unit leading to a new enolate which internally cyclizes by
addition of C—-14° to C-14 resulting in the formation of a cyclo-
pentanone ring with linkages at 16-13’' and 14-14°. In a similar
. manner, dimer 7a results from the initial addition of the C-16
E - enclate to C-14° followed by the internal cyclization by addition
- of C-13’ to C-14 giving rise to a cyclopentanone ring with 16-14°
. and 14-13’ linkages. The single addition dimers 2a-J5a retain a
... residual 13,14-unsaturation while dimers &a and 7a, resulting
X from double addition, lack the residual 13,14-unsaturation neces-
- sary tor further oligomerization.

ViCCJO“’:Iﬂ s
o ‘:///,1xul,u R?
" 18, R! = (CHy)sCOM
' R? = (CHz)yCHy
e % R! = (CH,)§COLCH;
rt RI=(cHp)semy
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Figure 4

o L. . - . L
anbanihanth sinrdutingeh Bk i Py — WO TN S W 3 - AR SO S WO .




TR TR TR AW Y I W W e Y Y W W W W — R T T T Mo JRSR R e St St St e S L tn e S AeSrinds Bt SedEh iy
e Tal Y N ~ . Lt T A B .

Tabie 1. A Comperison of 13C NMR Chemical Shifts 8 of Dimers 2.7 derived from 15.Dshydro-PGB1 (13} and the Analog 1c. 10

ce 20 2¢ 3 3 4 4 Sb S¢ 6b ¢ ™ 7c

cs 1476 1489° 147.1°  140.4° 1476° 148.9* 147.4° 148.7° 142.2° 1438° 142.0° 1436°
cs 1425 143.7° 1429° 1441 1425 14338 142.0° 1434° 144.7*  1486° 145.0° 1488"
co 208.8* 207.8° 207.5* 208.2° 208.4* 208.3° 207.7° 208.0° 2086 2088* 209.0° 208.5°
cy 208.9° 208.9° 208.7° 200.7* 2088° 200.8° 208.7° 208.4° 207.9° 208.0° 200.1° 207.8*
c1o 489 a1 400°  asgt 480 sy 53?58 43 339 342
c12 199.6° 159.0° 159.3* 158.8° 1588* 1882 157.9° 157.4° 160.8° 185.6° 168.8° 1656°
c12 1888  1632° 1%8.2° 1672 1708° 1708* 1719 M2 1888* 1€3.3° 188.2* 187.7°
c13 133.2¢ 13344 13349 1332¢ 1333* 13399 133.3*  1332¢ 0t o 312 304"
cy 3714 3.0 37.2%  378° 8.2 482 469" a02*
c14 131.3¢  1310¢ 13124 13094 131.2¢ 13094 1308* 1306° 56.2% s8. 56.3* s78°
c14 49.8° a9.6* 49.1% 490 50.4* so.4¢ 51.3* 5074
c1s 199.6*  200.0° 199.7*  200.0* 199.5° 200.0° 199.8° 200.0* 248 2147 214.7°  2148°
cI1y 2107 M2 2107* 211.1° 2088° 2088° 2005° 209.1° 209.0° 209.3° 200.7*  2008°
c-18 49.0°  e9.0¢ 21 4127

2) The chemical shifts (& , CDC13} of aarbons directly invoived in dimer bond formation are undertined.

Table 2. A Comparison of TH NMR Chemical Shifts 8 of Dimers 27 derived from 15-dehydro-PGB1 (1a) and the Ansiog 1c.10

He 2 2 _» 3¢ 4 & ] Sc ] [ b/ ] Tc
H-10 282 286 E2 ~] 218 278 278 257 260
H-13° ar 3.70 352 3182 320 2.04 329 338
H-14° 343 34 3.50 352 2.08 2.9 3.04 3.00
LAl 3.12 3.20 2.58 268
H-18 240 240 .77 272

a)‘nnchomidmih|".CDC13)dmmwmamﬂmolmhdimbmhmlﬁonmmundin?ml

C. Mitochondrial Assays

Evaluation of the degree of protection and inhibition in the
restoration of oxidative phosphorylation in isclated mitochondria
was carried out by Dr. T. Devlin of Hahnemann Medical Colleqge,
Fhiladelphia, PA.
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AR 3 )

9
1
;
N
2

A’.‘.- .

PPIVOE |

nlecd oo o

-

T |




Pl AL SN JSTL SF Jyac Rete mnd SOVt ARt daer et Al . D s Sane Shoe Sane anse e Snsesusy Jew e Saey e M san s e o0 o ooy

VIII. ACKNOWLEDGEMENTS

The very capable technical assistance of the following Saint
Joseph ‘s University undergraduate students: Gregory Verdine, Jean
Chmielewski, Robert Marquis, Frank Volz, Nancy Mamo and Melville
Wyche III is gratefully acknowledged. It is a special pleasure
to acknowledge the ocutstanding experimental work of Mr. Gregory
Verdine which provided the basis for the structural elucidation
aof the individual dimer components of 15-dehydro-FGE1l.

The generous assistance we have received in obtaining spec-
troscopic data is also gratefully acknowledged. The field de-
sorption mass spectra of the lower molecular weight oligomeric
mixtures were determined by R. Cotter of the Middle Atlantic Mass
Spectrometry Laboratory, the Johns Hopkins University School of
Medicine, Baltimore, MD. The high resolution mass spectrometric
measurements were determined by D. T. Terwilliger and M. Davis of
the Mass Spectrometry Labaoratory, the University of Penneylvania,
Philadelphia, FA. The 13C NMR spectra were obtained at the NMR
Laboratory of the Chemistry Department of the University of
Pennsylvania with the assistance of Dr. George Furst. The 360
MHz lH NMR spectra were determined at the Middle Atlantic NMR
Facility, the University of Fennsylvania, with the assistanc# nf
Drs. 6. McDonald and D. Huang. The X-ray crystallographic s<cuac-
ture determinations were made by Dr. G. T. DeTitta, the Meaical
Foundation of Buffalo, Buffalo, NY.

I also wish to express my personal gratitude to Saint
Joseph 's University for a research sabbatical and to the De-
partment of Chemistry, the University oif Pennsylvania, for an
appointment as Visiting Frofessor and the generous access to the
instrumental facilities during this period. The financial sup-
port of this work by the Office of Naval Research under contract
NOO014-80-C-0117 is gratefully acknowledged.




—— b

]

S DISTRIBUTION LIST ;
- k
' Second Annual Report
L

Task No. 202-165 4

N

Distribution No. of Copies

DDC LI A SRR B N A A B I B A Y AU BN A BN AN Y B BU B B R R B B R B A B RN R A B R S S R NI SR RN N B RN

NRL (COde 2627) vveveonansoesoossanssssonsnsnassstnosnesnnnas
ONR (Code HU4) vuiiuievnueuoeroeonroooacsasosnsncesonnsessnensas
CO NAVMED R&D COMMAND, NAVMEDCEN +uvvevsvnvrrssnossssosnsonans
NAVMEDRESINST NAVMEDCEN (Tech Ref LibD) eevvevesrerronrensnnaes
ONR, Boston, MA seveceresnsvonnnsvsrososssssensoansasrocanssnnns
ONR, Chicag0, IL sseesncesetatsasesscncssosanasssssasosnssssans
:‘ ONR, Pasad.ena, CA 00 00 08B0 P00 0NN OIEOIPINEIIEOIENLEIOER OO ETSRS
.":‘ ' CONAVMEDRES' San Francisc:o’ CA S0 P P R B OO0 I EEEOERNE IO EIAYBAS
> CO NAVMEDRES, New YOork, NY sevevecceossessestooosssansnonennes
SUBMEDRESLAB, Groton, COMM. seeeesecssseeavensosensnssoesaanas
NAVAEROMEDRESINST (Scientific LABTary) seeesvecectssasencscnes
CO, NADC, Warminster, PA ceveveosressonasesavinssssnsessnsssons
DIR NAVBIOSCILAB, Oakland, CA .suveeevsvsoronssosssonsssencnnses
CO, ARMRESOFF, Research Triangle Park, NC seiivesevcrstoncnnns
AFOSCIRES (Directorate of Life Sciences) sessssesevesocosscess
. Operations Officer, US Army Sci & Tech Ctr, Far East Office .,
. ONR (Code 200) severrevenetnnrososasnssssnsncenenssasnennsanns

el e el e e e ol Y O SN Y SN




DISTRIBUTION LIST

Second Annual Report
Task No. 202-165

Distribution

DDC S 92 5 000800600 06000000 008800000 00800 00D TCEPOPESIECETFFIorso®sacsoesssies

NRL §c°de 2627) €6 0080000008088 8 8000808000008 000000 0Rs sa0bas
ONR COde m) 0.!.l..'..‘l.llll...lll....ot..l..t'.l“lll.‘!l.
CO NAVMED R&D COMMAND, NAVMEDCEN sevcecassccoansossnscsosscsnnaae
mmmsmm ..C.Ql......'....'l'..!!lt'....l...l.‘ll..l..l...
NAVMEDRESINST NAVMEDCEN (Tech Ref LAD) sevvvrecrrcvonasssonnss
ONR, Boston. HAco.on-ooo..coo.ooo.-uootlnoo.oocooooocooc-ocso
ONR' mimo' E..l...'.......l...ll....l.tl...l...l.l.l..ll.
ONR’ mea' CA Y EREEEREEEE N BN N N B B AR B N BCECE B NS N RN IR BN BN BN BB B B RN AN
CONAVWE' Smkmcisco. CA...l‘......ll..!l.!.....l‘....
Co NAva’ New York' NY T30 BE O B BN BN BN BN BN BN B B NE B BN DK BE BN BN NN BN BN BE BN BN BN NN 2R BN BN N BN A N}
summ. Groton' COnn. 9 8 000 0P 00 LEEOLIIOIRNBLOEONSINIONOLS
NAVAEROMEDRESINST (Scientific IABrary) ceveeescsccesscccconnns
CO, NADC' wmmster, PA 00900 0000800000 80080000000 TIORNCRROIDIODS
DmNAvBIoscm. ommd. CAt...l..l...l.'......'.'....Ol.l.
CO, ARMRESOFF, Research Triangle Park, NC .ecoivvecevasncrenns
AFOSCIRES (Directorate of lLife Sciences) v..ceeeseceesccoscnes
m' mmmn 'EEEEENEFNFENENINEN N NI EE A B N B R R B AN I S B AN N B N NI BN B R A I Y
Operations Officer, US Army Sci & Tech Ctr, Far East Office ..
ONR (M’ 200) A X EENEENERENNNENENN NN NN B NI NI N A I B B B R B R R B R A B BB N R B

No. of Copies

i o e e S TN S oSy i =

'

| CRFRRIARANCIRING o 3 SEINCINRICII






