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"Has it ever occurred to you that medicinal chemists
are just like compulsive gamblers: the next compound
*

will be the real winner."

%

R. L. Clark at the 16th National
Medicinal Chemistry Symposium,
June, 1978.
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Preface

The reception accorded "Organic Chemistry of Drug
Synthesis" seems to us to indicate widespread interest
in the organic chemistry involved in the search for
new pharmaceutical agents. We are only too aware of
the fact that the book deals with a limited segment
of the field; the earlier volume cannot be considered
either comprehensive or completely up to date.
Because the earlier book did, however, 1lay the
groundwork for many of the structural classes or
organic compounds that have proven useful in the
clinic, it forms a natural base for a series that
will, in fact, be comprehensive and up to date.
This second volume fills some of the gaps left by
the earlier work and describes developments in the
field up to the end of 1976. More specifically, we
have included literature and patent preparations for
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those compounds granted a USAN* generic name prior
to and including 1976 that did not appear in Volume
I.

In assembling the first volume, we faced an
apparently staggering mass of material. It seemed
at the time that attempts to be inclusive would lead
to an undigestible compendium. In order to keep the
reader's interest, we chose instead to be selective
about material to be included. Specifically, the
first volume deals predominantly with organic
compounds actually used in the clinic. 1It is, of
course, well known that many compounds die in various
stages of clinical trials, either from lack of
effect, lack of superiority over existing drugs, or
the presence of disqualifying side effects.
Particularly since 1962, sponsoring companies have
become much more demanding in the standards to be
met by a drug before undertaking the cost involved
in the clinical work leading to an NDA.T For that
reason, this period has seen a large increase in the
number of compounds that have been granted generic
names but have failed to achieve clinical use. Many
such failed analogues were omitted from the previous
volume. Since we now intend to make the series
comprehensive, and since those analogues do have
heuristic value, we have chosen to violate chronology
and include them in the present volume. Volume 2
thus goes beyond simple updating.

*
United States Adopted Name
TNew Drug Application



The organization of the material by chemical
classes used earlier has been retained since it
provided a convenient method for lending coherence
to the subject matter. However, changes in emphasis
of research in medicinal chemistry have led us to
change the organization of the individual chapters.
The small amount of new work devoted to some
structural types (e.g., phenothiazines) that formed
large units in the earlier book failed to provide
sufficient material to constitute a chapter here;
what material was available has simply been included
under some broader new heading. As was the case
previously, syntheses have been taken back to commonly
available starting materials as far as possible. An
exception to this rule will be found in the section
on steroids. Many of the compounds described are
corticoids, that are the products of intricate
multistep syntheses. In the earlier volume, we
described the preparation of some quite highly
elaborated corticoids using plant sterols as start-
ing materials. Many of these corticoids are used
for preparation of compounds in this volume. Since
there seems little point in simply reiterating those
sections, a starting material is judged to be readily
available if its preparation is described in the
first volume. The reference will be to that book
rather than to the original literature.

We have endeavored, too, to approach biological
activity in the same fashion as we did earlier. The
first time some therapeutic indication occurs will
be the oc¢ccasion for a concise simplified discussion
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of the disease state and the rationale for the
specific method of drug therapy. Biological
activities are noted for each generic compound at
the same time as its preparation. It will be
emphasized again that the activities quoted are
those given by the authors; this book is not intended
as a critical text in pharmacology.

"Organic Chemistry of Drug Synthesis, Volume 2"
is addressed to the same audience as was Volume 1:
graduate students in medicinal and organic¢ chemistry,
as well as practitioners in the two fields. This
book also assumes that the reader will have a good
understanding of synthetic organic chemistry and at
least a rudimentary knowledge of biology.

Finally, we express our sincere appreciation to
several individuals who contributed time and talent
to this project. Ms. Carolyn Kelly patiently typed
the many versions of the manhuscript, including the
final camera-ready copy, in the midst of the press
of her daily responsibilities. Sheila Newland drew
the structural formulae, and John Swayze read the
entire manuscript and made several useful suggestions
to help clarify the text and reduce the number of
typos. Ken McCracken and Peggy Williams were extremely
helpful in guiding us through the intricacies of the
IBM "Office System 6".

Daniel Lednicer Evansville, Indiana
Lester A. Mitscher Lawrence, Kansas
January, 1980
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1

Monocyclic and Acyclic
Aliphatic Compounds

1. CYCLOPENTANES

a. Prostaglandins
When realistic quantities of the natural prostagland-
ins became available, their extreme potency and
wide-ranging biological activities were discovered
and visions of therapeutic application in the regula-
tion of fertility, control of ulcers, blood pressure,
bronchial asthma, and many other conditions led to a
torrent of chemical and biological studies which
currently measures about four papers daily, and at
least one a week dealing with synthesis alone.
Initial chemical emphasis lay in developing efficient
syntheses of the natural substances to solve the
supply problem. Presently, the emphasis has shifted
to preparation of analogues which are intended to be
less expensive, more selective in their action, and
longer lasting. The five drug candidates in this



2 Aliphatic Compounds

section are significant representatives of the
hundreds of such analogues available.

The naturally occurring prostaglandins, El' E2
and A, have potent antisecretory activity when
given parenterally and have been suggested for use
in treatment of gastric ulcers. Unfortunately,
these natural compounds have relatively poor oral
activity and rapid metabolism makes their action
short-lived. Molecular manipulation proved that an
oxygen atom at C,, was not necessary for bioactivity
but these compounds also lacked the desired oral
activity. This problem was solved by a study of the
metabolizing enzymes and by borrowing an artifice
from steroid chemistry (viz-methyl testosterone,
Volume I). The most rapid metabolic deactivating

reaction is oxidation to the bioinert C 0X0 prosta-

glandins. Converting the latter to a tiitiary
methyl carbinol led to the desired orally active
gastric antisecretory agents.

Starting with 2-carbomethoxycyclopentanone (1),
t-BuOK catalyzed alkylation of methyl w-bromohepta-
noate gave diester 2 which was then hydrolyzed and
decarboxylated. The conjugated double bond was then
introduced by a bromination-dehydrobromination
sequence to give versatile prostaglandin synthon 3.
Esterification to 4 was followed by conjugate addition
of sodio nitromethane to give 5. Nitroketone 5 was
converted to the sodium salt of the corresponding
nitronic acid with sodium in methanol and this was
2804 to ketoaldehyde
6. This sequence is the Nef reaction. Wittig

hydrolyzed with icecold dilute H
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reaction of this sodio dimethyl-2-ketoheptyl phosphon-

ate gave 7.1'2

Ester hydrolysis to 8 followed by
careful reaction with methyl magnesium bromide
produced the orally active bronchiodilator, doxaprost
(9).2 Doxaprost, at least as originally prepared,

is conformationally undefined at C and is probably

15
a mixture of R and S isomers.

7 CO,CHs (02CHs
C
ol (e geonery S
I————— "
@) (2) (3) R=H
(4) R=CHz
0
(CH2) 6CO,CH3 1 (CHy)¢CO,R
PR = —— (CHp) 4CHz
R
(5) R=CH,NO, R!

6) R=CHO
(6) (7) R=CHz, R'=0

(8) R=H, R' =0
(9) R=H, R' =CHz, OH

Enzymic studies demonstrated that the 15~
dehydrogenase was also inhibited by saturation of
the Ci3 double bond and deprostil (12) embodies this

chemical feature as well.3

Catalytic hydrogenation
of 7 produced 10 which was hydrolyzed to 11 and
reacted with methyl magnesium bromide in ether. As
above, careful control of conditions allowed the

organometallic reagent to add selectively to the
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less hindered side chain carbonyl to produce the
orally active potent gastric antisecretory agent,
deprostil (12). Interestingly, studies with resolved

12 showed that the unnatural epimer at C was more

15
potent.

@ (CHp)4CO,R

(CHy) 4CH

R )

(10) R=CHz, R'=0
(11) R=H, R' =0
(12) R=H, R'=CH3, OH

Introduction of an allene function in place of
an olefinic double bond is not commonly employed by
medicinal chemists, although such derivatives are
occasionally used as progestational steroids. It is
interesting, therefore, that the presence of this
synthetic feature is consistent with typical prosta-
glandin biopotency.4 In this case, the well-known
Corey-lactol synthon, 13, was reacted with dilithio
pent-4-yn-1-0l to give acetylenic carbinol 14 which
was protected by esterification with acetyl chloride
to give 15. Treatment of 15 with LiMeZCu led to
allene 16. The mechanism of this curious reaction
is not clear. Possibly the reagent forms an organo-
metallic derivative of the acetylene moiety with
expulsion of the acetate group and double bond
migration as a consequence. When this sequence was
applied in earlier papers to terminal acetylenes
(e.g., J. Am. Chem. Soc., 91, 3289 (1969)), terminal



Aliphatic Comwounds 5

OH
OR
0 L OR
. - ————-O\/(&/(CHz)él(:H:s
(CH2) 4CHy . .
. : Othp Othp
éthp éthp
(14) R=H
(13) (15) R = COCH3
OH
K . COoH
ococHs (CH2) 50COCH 3 NS TN
N = — O\/—\;(CH e
- O\/\/(CHZMC% : : 24
: : OH OH
Othp Othp

(16)

methylation accompanied allene formation and loss of
the acetoxy group. Careful alkaline hydrolysis of
allene 16 preferentially cleaved the terminal primary
ester. The resulting alcohol was then oxidized to
the carboxylic acid with Jones' reagent. Saponifica-
tion under more strenuous conditions removed the
remaining acetate group and acid treatment removed
the thp ethers. There is thus obtained prostalene
(17), which has been described as a bronchodilator
and hypotensive agent.

Animal husbandry requires the careful selection
and management of breeding stock and a prize stud is
an economically valuable asset. The expensive
service fee makes it very important that the female
be in estrus at the time of mating. 1In order to
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optimize the breeding process, two prostaglandin
analogues have recently been marketed which are
potent luteolytic agents used to regularize or
synchronize estrus in horses. The inclusion of an
aryloxy residue in place of the last three carbons
of the aliphatic moiety at the methyl terminus of
the prostaglandins greatly increases activity and
apparently decreases metabolic deactivation.

The synthesis begins with 18, a well-known
prostaglandin synthon first developed by Corey.5
This is condensed with the appropriate phosphonate
yvlide reagents (19 or 20) which are themselves
prepared by reaction of the appropriate ester or
acid chloride of an aryloxyacetic acid with the
anion of the dimethyl methylphosphonate. The result-
ing trans-eneone (21 or 22) is reduced with zinc
borohydride, the p-phenylphenylester serving to give
preferential reduction to the 15a-o0ls. The ester is
then hydrolyzed with K2CO3/MeOH and the two alcoholic
functions are protected as the tetrahydropyranyl
ethers. Reduction with diisobutylaluminum hydride
\at -78°C produces lactols 23 and 24 and their Cis
epimers. Reaction with the wittig reagent from 5-
triphenylphosphonopentanoic acid and acid catalyzed
removal of the protecting groups followed by chrom-
atography gives fluprostenol (25) and cloprostenol
(26),6 respectively. These compounds are several
hundred times more potent by injection than prosta-
glandin Fyy 85 luteolytic agents, although striking
species differences are observed.
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Y 0

o jol A

O\C + R/T\o R —-——O\/\(\ ,@\
M HO . 0 R
ocopp 0copd

(19) R= (CH30),PO, R! =CF3

(29) R= (CH:0),P0O, R'=Cl
1 i 3V FY,

(18) (21) R=CF
(22) R=C1

OH

(23) R=CF4 (25) R=CFq4
(24) R=C1 (26) R=C1

b. Other Cyclopentanoids
Clinical success with the monoamine oxidase inhibitor
and amphetamine analogue tranylcypromine (27) led to
an exploration of the effect of ring size on activ-
ity.7 It was found that an interesting dissociation
of properties could be achieved and the best of the
series, cypenamine (30), is an antidepressant without
significant MAO inhibitory activity. One of the
more convenient syntheses8 makesg use of the finding
that hydroxylamine-O-sulfonic acid is soluble in
diglyme and therefore is suitable for conversion of
organoboranes from hindered and unhindered olefins

into the corresponding amines. l1-Phenylcyclopentene
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.+NH?7

/
(28) (29) R=B

AN
(30) R=NH;

(28) is hydroborated to 29 in the usual way with
borohydride and BF3. Addition of H2NOSO3H followed
by acid hydrolysis completes the synthesis of cypen-
amine (30) with excellent regio and stereospecificity.
The reaction sequence is a net cis anti-Markownikoff
addition of the elements of NH3 to 28.

2. CYCLOHEXANES

a. Cyclohexane and Cyclohexene Carboxylic
Acids This subgroup is classified strictly for
chemical convenience because their pharmacological
properties are unrelated to one another.

Clotting of blood is, of course, one of the
more significant ways in which the body protects
itself from excessive blood loss after injury.

After the healing takes place, the clot, which is a
three-dimensional polypeptide, is broken down by
proteolytic enzymes such as fibrinolysin or plasmin.
In some pathological states, fibrinolysis is hyper-
active and inhibitors have a hemostatic value.

Plasmin does not occur in free form but is
generated as needed from an inactive precursor,
plasminogen. The active of plasminogen to plasmin
is a proteolytic event and can be inhibited by w-
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aminocarboxylic acids having a structural or spatial
resemblance to lysine. One such agent is p-amino-
methylbenzoic acid (33) and its reduction product
tranexamic acid (34).9 First p-cyanotoluene (31) is
oxidized to the carboxylic acid (32) with Crog; then
reduction of the nitrile group with Raney cobalt in
the presence of liquid ammonia produces p-aminomethyl-
benzoic acid (33). Reduction of the aromatic ring of

CN CHNH2 CHaNH,
R COzH COzH
(31) R=CH3 (33) (34)

(32) R=COH

33 with a platinum catalyst produces mainly the cis
isomer. Upon heating under nitrogen at 315-325°,
isomerization occurs to the trans-analogue (34)
which possesses all of the hemostatic activity.

Many substances other than estrone possess
estrogenic activity and some of these bear only
little formal resemblance to the natural hormone.
Many years ago, doisynolic acid (39), a steroid
degradation product, was shown to have such activity.
Over the years many simple compounds have been
synthesized following the idea of molecular dis-
section. One of these is fenestrel (38).10 Hageman's
ester (35) is alkylated to 36 by t-BuOK and ethyl-
bromide. The regioselectivity observed is generally
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2"s
CHx CHs C2Hs

CO,CoHg CO,H o
2

(35) R=H (37) (38)
(36) R=CaHg

CH3 H
€Oz CN " CO,CH,CH,N(CoHs) 5
CHs © . — -
CH30

(40) (431) R=CN
(39) o (42) R=COzH

regarded to be a consequence of the greater reactiv-
ity of the enolate at C, over the other possible
enolates (at C4 and C6). The double bond is reduced
with hydrogen and a palladium catalyst and saponifica-
tion produces 37 of unspecified stereochemistry.
Treatment with phenyl magnesium bromide followed by
dehydration with tosic acid in acetic acid leads to
the estrogen, fenestrel (38). Presumably, the

double bond remains tri- rather than tetrasubstituted
in this case because of the steric interactions this
latter case would engender between the ethyl and
phenyl groups. The stereochemistry of fenestrel is
complex so formula 38 implies no stereochemical
meaning.
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A smooth muscle relaxant apparently of the
antimuscarinic type whose actions, therefore, are
somewhat reminiscent of atropine, is isomylamine
(43).11 Its synthesis begins with the sodamide
catalyzed alkylation of cyclohexyl nitrile (40) with
l-bromo-3-methylbutane and the resulting nitrile
(41) is hydrolyzed to the acid (42) with HBr in
acetic acid. Alkylation of the sodium salt of this
acid using p-chloroethyldiethylamine leads to the
desired 43.

Coughing is a useful physiologic device utilized
to clear the respiratory tract of foreign substances
and excessive secretions. Coughing, however, does
not always serve a useful purpose but can rob the
patient of sleep. A number of agents are available
to suppress this. Many of these are narcotic and
have an undesirable abuse potential. One of the
agents available which is claimed to be nonnarcotic

is amicibone (45).12

The synthesis involves
base-catalyzed alkylation of benzyl cyclohexan-
ecarboxylate (44) with p-hexamethyleneiminoethyl
chloride a reaction which may go through an

aziridinium intermediate.

PCH0C0 @_\ N; )
0

A —
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b. Cyclohexylamines
Although substantial strides have been made toward
the chemotherapeutic control of cancer, much remains
to be accomplished with respect to broadening of
activity spectrum, decreasing host toxicity, increas-
ing remission time, etc., of the various chemothera-
peutic agents available. Lacking an all-encompassing
rationale upon which to build a drug design program,
many potentially useful leads have emerged from
directed screening efforts. The nitrosoureas carmust-
ine (BCNU, 48), lomustine (CCNU, 58) and semustine
(MeCCNU, 56) are cases in point belonging to the
group of cytotoxic alkylating agents.

Cell multiplication requires the rapid synthesis
of functional DNA. Those cells which are dividing
most rapidly, for example, cancer cells, are part-
icularly sensitive to agents which disrupt this
process. The alkylating agents alkylate the purine
and pyrimidine bases and so convert them to unnatural
compounds. This has the consequence of stopping DNA
synthesis and/or inhibiting transcription of the
genetic code from DNA. Normal host cells generally
spend time in a resting stage where they are less
damaged by these cytotoxic agents. Tumor cells, by
contrast, are almost always in an active phase of
the cell cycle. Following up a lead discovered at
the Cancer Chemotherapy National Service Center, it
was ultimately shown that unsymmetrical N-nitro-
soureas are quite potent alkylating agents and

several are now in clinical trial.
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BCNU is synthesizedl3:14

with ethyleneimine without the addition of a base to
take up the HCl liberated. Reaction of the inter-
mediate urea (46) in situ with hydrogen chloride

by treating phosgene

serves to open the aziridine rings to afford sym-
bis-2-chlorethylurea (47). This is nitrosated with
sodium nitrite in formic acid to give BCNU (48).

N=0
I
D\‘H + COCI ) =t DN -8‘ Iﬂ——-(Cl((?llz)zN)zC — C1CHPCHPNCONHCH,CH,C1

(46) (47) (48)

On standing in water under various conditions,
two main modes of degradation occur and these are
rationalized as follows.

The nonnitrosated nitrogen of 49 supplies
electrons for an intromolecular displacement of Cl
to give intermediate imino ether 50 which collapses
to isocyanate 51 and highly reactive 52 which latter
fragments, ejecting nitrogen and capturing OH to
produce acetaldehyde, after enolization. 1In the
second mode, a cyclic fragmentation process (53)
leads to isocyanate 51 and N-hydroxy-2-chloroethyl-
azine (54) which undergoes fragmentation, losing
nitrogen and capturing OH (to give 2-chloroethanol)
or NH3 (to give 2-chloroethylamine). As 2-chloroethyl-
amine is a known source of aziridine, this substance
has potential alkylating activity. Also, ejection
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, 0
S e ~ +Ho0 ~
a1 D) (:!)‘/ —_— (K-N L RN-C=0 + CH=CHN=NOH

H+

o) hol (31) HOZ
49
52
50) (52)
CH3CHO + N2 + Hj0
H<OH
&)
C1 ~
|\/|_)(| ——————=  CICHCH2N=NOH + (51)
N +
\“’N\\R B:’) \u—H
0
(53) (20

ClCHzCHzB + Ny + Hp0
B=0OH; NHj

of nitrogen from 52 to 54 leads to electron deficient
species which react with nucleophiles. The iso-
cyanate (51) also adds nucleophiles. Thus, it is

not certain at this stage which of these is the most
responsible agent for the bicactivity or whether the
antitumor properties are a blend of these.



Aliphatic Compounds 15

The reader has noted that unsymmetrical ureas
can nitrosate on either nitrogen and that these
decomposition modes enable one to assign structure
to the products. This, in fact, also has preparative
significance and both Iomustine (CCNU, 58) and its
methyl analogue semustine (MeCCNU, 56) are made in
this way.14 In the semustine synthesis, BCNU (48)
is decomposed in the presence of two equivalents of
trans-4-methylcyclohexylamine to give an 84% vyield
of unsymmetrical urea 55--probably via the trapping
of intermediate isocyanate 51 (R = CH2CH2C1).
Nitrosation with NaNOZ/HCOZH produces semustine (56)
contaminated with some of the alternate nitroso
analogue. Use of cyclohexylamine in this reaction
sequence leads to Iomustine (58) instead. There is
some evidence to suggest that in vivo 4-hydroxylation
to 59 may be of great importance in the activity of
lomustine.

(55) R=CH3 (56) R=CHsz
(57) R=H (58) R=H
(59) R=0H

A more complex cyclohexylamine, tiletamine
(65), is a useful anesthetic in that injection leads
to loss of consciousness without an untoward decrease
in blood pressure or heart rate and without undue
respiratory depression. Its synthesis15 begins with
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N
(Br
S S
i —
- 0
(60) R=H
(61) R=3Br (62)
+
:NH,CoHg CNHCZHS
S S
0 _ 307
(63a) (63b)
H 0
( HC4H
CoHg 25
J'S .
J s
(65)
(64)

bromination of a-thienylcyclopentylketone (60) to
give 61. Reaction with ethylamine appears to involve
carbonyl addition to 62 followed by epoxy formation
(63ab) and then rearrangement to ethylimine 64 after
proton loss. It is, of course, apparent that bromide
61 could not undergo a Favorskii rearrangement.
Thermolysis of 64 results in a ring expansion and
formation of tiletamine (65). The close structural
relationship between tiletamine and ketamine16 is

probably not coincidental.
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Cc. Miscellaneous
The molecular dissection embodied in the morphine
rule (66) has served as a useful empirical guide for
the synthesis of analgesic agents even though a
number of significant agents fit the rule poorly.
Briefly, the morphine rule suggests that substances
containing an aromatic ring attached to a quaternary
carbon which is in turn separated from a tertiary
amine by two carbons might be active. One such is
tramadol (69). 1t is synthesized17 by reacting the
Grignard reagent prepared from m-methoxybromobenzene
(67) with 2-dimethylaminomethylenecyclohexanone
(68), itself obtained by Mannich reaction on cyclo-
hexanone, to give tramadol (69). The isomers are
separated by fractional crystallization of the HC1

salts.
CH,N (CHy) ,
| / Br CH2N(CHz) 2 He
~C-C-C-N .
' \ + ——— OH
OCH
(66) ;
OCH
(67) (68) 3
(69)

A closely related analgesic which does not fit
into the morphine rule is nexeridine (73). 1In this
case,18 2-phenylcyclohexanone (70) is reacted with
the lithium salt of N,N-dimethylpropionamide (71) to
give tertiary alcohol 72. Reduction of the latter

with lithium aluminum hydride gives nexeridine (73).
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49
+ CH3CHL1C N,
0 \NMez oH
CHCHz
(71) N
— CN(CH3)
(70) N
(72) X=0
(Z_3_) X=Hj

3. ADAMANTANES
The adamantane moiety is of medicinal chemical
interest because of its inertness, compactness
relative to lipid solubilizing character, and sym-
metry. Considerable interest, therefore, was en-
gendered by the finding that amantadine (78) was
active for the chemoprophylaxis of influenza A in
man. There are not many useful chemotherapeutic
agents available for the treatment of communicable
viral infections, so this finding led to considerable
molecular manipulation. The recent abrupt end of the
National Influenza Immunization program of 1976
prompted a new look at the nonvaccine means for
prophylaxis or treatment of respiratory tract in-
fections due to influenza A, especially in that the
well-known antigenic shift or drift of the virus
obviates usefulness of the vaccine but not amantadine.

The synthesis19 begins with the halogenation of
adamantane (74) with bromine to give 76 or chlorine
and A1C13 to give 75. The four bridgehead positions
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are identical and surprisingly reactive. Reaction

NHR

~1
-

(77) R = COCHx
(78) R=H

—_—
~
w

~1
(=)}
o~ oD
oo

WO T
N
=|3

l

of 76 with acetonitrile in sulfuric acid leads
through an apparent SN1 reaction to amide 77 which
is hydrolyzed by base to give amantadine (78). A
similar antiviral agent, rimantadine (83), is also
useful for treatment of respiratory diseases due to
type A influenza virus. It is synthesized20 from

s r——
HCHBr C==CH

(79) (80)
D ———

ﬁCH3

1 CHCH

NH
(81) x=0 (83)

(82) X =NoH
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adamantyl bromide (76) by AlBr3 catalyzed addition
of vinylbromide to give 79 which is then dehydro-
halogenated by heating with KOH to give acetylene
80. Hydration to methyl ketone 81 is achieved by
HgO-catalyzed reaction with sulfuric acid. After
oxime formation (82) lithium aluminum hydride reduc-
tion leads to rimantidine (83).

The high lipophilicity of adamantyl moieties
suggests that drugs containing them might pass into
tissues of high lipid content or cross the blood-
brain barrier. Indeed carmantadine (85) is active
against the spasms associated with Parkinson's
disease. Amantadine (78) reacts21 with methyl 2,4-
dibromobutyrate to give ester 84 which can be hydro-
lyzed with aqueous barium hydroxide to complete the
synthesis of carmantidine (85).

CO9R
(78)

(84) R=(CH3
(85) R=1I

4. NONCYCLIC ALIPHATICS
Many of the biguanides have oral hypoglycemic
activity, and metformin (87) is such an antidiabetic
agent. Cyanamide has a highly reactive nitrile
function because of the electropositive NH, group
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attached and at pH 8-9 self-adds to form "dicyanamide"
(86, for which cyanoguanidine would be a better
name). Fusion with dimethylamine22 leads efficiently
to metformin (87) by addition to the nitrile function.
Metformin is closely related to buformin.23
The discovery and clinical acceptance of
meprobamate, and the relative chemical accessibility
of this group of compounds has led to intensive

exploration of 1,3-biscarbamates. It was found that

\H NH NH
2 NHyCN ———e NCNHCNH; ~—————= (CHj) ,NCNHCNH,

(86) (87)

substitution of one of the NH hydrogens by an alkyl
group changed the emphasis of the biological response
from muscle relaxant and anticonvulsant to centrally
acting muscle relaxant whose action differs somewhat
from meprobamate. Carisoprodol was the best member
of one of these series and lorbamate (92) is its
cyclopropyl analogue. The chief synthetic problem to
be overcome was the differentiation of the two
primary alcohol groups of 89, readily accessible by
lithium aluminum hydride reduction of the appropriate
di-substituted malonate (88). This was solved24 by
an ester exchange reaction with diethylcarbonate to
give 90 which produced carbamate 91 on reaction with
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cyclopropylamine. Ester exchange of 91 with ethyl
carbamate led efficiently to Iorbamate (92), a
useful muscle relaxant.

CH CHZOH CH3\\\ /=0
CH3\\\ //COZCH3 N/ ¢ =0
c R c\\ — / \—o0
/ . / CH3(CH2)2
CH3(CH3) 5 CO2CH3  CH3(CHp)2 CHz0H
(88) (89) G

CH CHZOCONH<::]
CH CH20CONH<<:] N/
N/ c

C

CHz(CH CH,0CONH
CH3(CHy) 5 CH 20H 3(CH2) 2

(91) (92)

Relatively simple variants of this basic scheme
led to the minor tranquilizers nisobamate (93)25 and
tybamate (94).26

CH3\\\ ///CHZOCONHZ CH3 ‘//,CHZOCONHZ
C \\\
C
CH, CONHCH (CHz)
CH3CH 2 3 CH2OCONH (CH7) 3CH3
CH3(CHZ) 2
CaHs

(93) (94)
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Derivatives of Benzyl
and Benzhydryl
Alcohols and Amines

As will become apparent in a perusal of this book,
organic molecules owe their biological activity to a
variety of structural features. Sometimes a set of
activities is associated with the structural backbone
of a molecule. For example, most prostanoids share
certain biological properties despite some changes

in functionality; the same will be noted later for
steroids. Some biological activities are associated
with a specific arrangement of structural subunits;
e.g., B-adrenergic blocking agents tend to be deriva-
tives of aryloxypropanolamines. Some activities are
quite directly associated with a specific function-
ality; no better example of this exists than the

host of guanidine-containing sympathetic blocking
agents. Sometimes, however, no such discernable

26
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relationship can be detected between activity and
structure. Such classes are often marked by widely
divergent activities. Derivatives of benzyl- and
benzhydrylamines and alcohols fall into this latter
category.

1. Derivatives of Benzylamine
In the course of some work aimed at delineation of
the structure-activity relationships of the anti-
depressant monoamine oxidase (MAO) inhibiting drug
pargyline (1), it was noted that activity was con-
sistent with quite wide modification of the substitu-
tion on nitrogen. One of the best drugs to emerge
from this study is encyprate (4). Hydrogenation of
the Shiff base from benzaldehyde and cyclopropylamine
(2) gave the secondary amine (3). Treatment of this
with ethyl chloroformate afforded the MAO inhibitor
encyprate (4)

CHZNCH3 Cli=N ﬂ
©/ CHpC==CH ©/

CHloNH—<] CnZN_<]
©/ > —()CZH;

(3) (4)
A derivative of benzylhydrazine, procarbazine
(8), exhibits antineoplastic activity. In an inter-
esting insertion-type sequence, reaction of the p-
toluamide (5) with ethyl azodicarboxylate leads
directly to the substituted hydrazine (6). It is

not unlikely that the first mole of the diazo compound
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oxidizes the benzylic methyl group to an anion or
radical anion; addition of that to a second mole of
diazo compound would give the observed product (6).
Methylation by means of sodium hydride and methyl
iodide proceeded at the less hindered amide to give
(7). Acid hydrolysis of the carbethoxy groups leads
finally to (8).3

CHz ﬁ Cit3

/CHNHC CHz + C2H50)CN=NCO»Clly i /CHNHC‘@‘—CHzliI—NHCOZCZHS

CH3 ) s C07Cyli

-
< i T P
/CHNHC CH2NINHCH3 -— /CHNHC cuzril--Ncozczus
CHs CHy C02CyHg

(8) (D

An important feature of the antibiotic chloram-
phenicol (9) is the presence of the dichloroacetamide
function. Inclusion of this amide in a simpler
molecule, teclozan (15), leads to a compound with
antiamebic activity. Wwhether this is cause and
effect or fortuitous is unclear. The synthesis
begins with alkylation of the alkoxide derived from
ethanolamine (10) with ethyl iodide to give the
aminoether (11). Reaction of «,a'-dibromo-p-xylene
(12) with 2-nitropropane in the presence of base
leads to dialdehyde (13). The reaction probably
proceeds by O-alkylation on the nitropropyl anion



Benzyl and Benzhydryl Derivatives 29

followed by bond reorganization and subseqguent
hydrolysis of the resulting enol ether. Reductive
alkylation of the dialdehyde with aminoether (11)
gives diamine (I4). Acylation by means of dichloro-
acetyl chloride affords teclozan (15).4

The presence of the dichloroacetamide grouping
is apparently not an absolute requirement for anti-

OH

|
02N —Q—CTCHCHon H 2NCH 2CH 2 OH—=H ;NCH2CH 20C2Hs

NHCOCHC1 ,
&N (10 (11)
TN
BrCHZ‘Q-CHzBr + ('JHNOZ — O=C—©—c=0
CH

(12) (13) \

0

| f
C1,CHC fCHCIZ
N e
C,H50CH; CHyNCH; H;NCH,CH,0C;Hs  C,HgOCH,CHHNCH CH,NHCH, CH,0C;Hg

(15) (14)

amebic activity. 1In one pertinent example, reductive
alkylation of dialdehyde (16) with n-hexylamine
affords 17a and Eschweiler-Clark methylation of 17a
by heating with formaldehyde in formic acid then
leads to the antiamebic drug symetine (17b).5



30 Benzyl and Benzhydryl Derivatives

O=C©—ocu ZCHZO—Q—CHO — RNcHrQ—OCH 2C”20—-©—CH 2b|1R

CH3 ( Hz)s (CH;) 5CH3

(16) (174) R=H
(17h) R=cChy

2. Benzhydrylamine Derivatives
Attachment of piperazine nitrogen directly to a
benzhydryl carbon leads to a pair of compounds which
show vasodilator activity, and which should be
useful in disease states marked by impaired blood
circulation. Reaction of piperonyl chloride (18)
with a mixture of piperazine and piperazine dihydro-
chloride leads to the monoalkylation product (19).
(It may be supposed that the mixture of free base
and salt equilibrates to the monobasic salt, thus
making the second amine less nucleophilic.) Alkyl-
ation of 19 by means of benzhydryl chloride then
affords the coronary vasodilator medibazine (20).6

N\ I\ /ﬂ::j
cH,C1 CHaN  NH CH,N  N-CH
- — 1T
0
18)

(19 (20)
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In an analogous sequence, condensation of
piperazine with 4,4'-difluorobenzhydryl chloride
gives the monoalkylation product (22). Reaction of
22 with cinnamyl bromide affords flunarizine (23).7
Flunarizine is also a coronary vasodilator.

F F

§-Fogo—o

IZ
F F F
(21) (22) (23)

3. Benzyhydrol Derivatives
Cyprolidol (26), a highly modified benzhydrol deriva-
tive, is reported to exhibit antidepressant activity;
it is of note that this agent bears little structural
relation to either the MAO inhibitors or tricyclic
antidepressants. Addition of the carbene from

@-—CH=CH2 + NyCHCO,C Hg—w= ND—V—COzCsz
(24) / (25)

D42

(26)
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decomposition of ethyl diazoacetate to 4-vinyl-
pyridine gives the cyclopropane (25) (stereochemistry
unspecified). Condensation of the ester with phenyl-
magnesium bromide affords cyprolidol (26).8

Basic ethers of benzhydrols are among some of
the better known antihistaminic compounds. The
earlier volume describes well over a dozen of these
drugs. However, research in the area of allergy has
recently shifted away from compounds which antagonize
the action of histamine to drugs that intervene in
earlier stages of the allergic reaction. The basic
ethers are therefore represented here by but a few
entries. 1In the preparation of rotoxamine (28),
reaction of pyridine-2-carboxaldehyde with the
Grignard reagent formed from p-bromochlorobenzene
gives the carbinol (27); alkylation with N,N-dimethyl-
chloroethylamine and optical resolution gives rotox-
amine (28), the levorotatory form of carbinoxamine.9

A slightly more complex scheme is required for
preparation of an antihistaminic agent bearing a
secondary amine, e.g., tofenacin (32). 1In the
synthesis of tofenacin, alkylation of the benzhydrol
(29) with ethyl bromoacetate affords the alkoxy
ester (30); saponification followed by conversion to
the methylamide gives (31), which is reduced with
lithium aluminum hydride to complete the synthesis
of 32.10

Antihistaminic properties are well known to be
preserved even when nitrogen is included in a ring,
such as in clemastine (36). Synthesis of 36 is
begun by reaction of 4-chlorobenzophenone (33) with



Benzyl and Benzhydryl Derivatives 33

CL
CHOH : LCHOCH,CH7N(CH3)
(28)

Q.

52
.
8P

CH3

q
b

CHOH @Cliocllz( R T : CHOCHCH )NHCH 3
(30) R=0CH
(29) ) ze (32)
(31) R =NHCHy
OH C1CH,CH; OCH ,CH; T
° CHs C 3 CHj CH
—r

C
C1 c1 (35) 1

(33) (34)

methyl magnesium bromide to give the carbinol (34).
Alkylation of 34 with the chloroethyl pyrrolidine
(35) then yields clemastine (36).ll

Arrhythmias, that is, disturbances in the
regular timed beating of the heart, often result in
life-threatening situations, since the pumping
efficiency of the heart is directly related to its
rhythmic synchronous contractions. Much activity has
thus been expended in searching for drugs which
abolish irregularities of the beat without compromis-
ing other aspects of cardiac function. One apparently
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N
N
OH
O -
N (38) N

-
r e
A 0 Ar OH
Ar_ _O t .
AT
Ar — AT P ——
‘9
Ar OH

Ar, OH Ar OH
= AT
et at= A
Ar T
Ar Ar o
Ar OH 0 o
- -

quite complex compound which exhibits such activity
is, in fact, the product of a relatively simple
reaction: condensation of cyclopentadiene with
bis(2-pyridyl )ketone (37) in the presence of base
affords directly pyrinoline (38).12 The condensation
can be rationalized by a scheme such as that shown.
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Phenylethyl and
Phenylpropylamines

1. PHENYLETHYL AND PHENYLPROPYLAMINES

a. Those With a Free ArOH Group
The autonomic nervous system controls tissues and
organs whose functions are largely automatic, i.e.,
not requiring conscious effort for activation.
Norepinephrine is the accepted neurotransmitter at
the nerve endings and the motor endplate in the
sympathetic branch of the autonomic nervous systen.
Administration of norepinephrine (1) mimics the
effect of stimulation of these nerves, causing
responses such as vasoconstriction, increased heart
rate, relaxation of the ileum, contraction of the
uterus in pregnant animals, and relaxation of the
lung and bronchial muscles. Synthetic substances
eliciting some of these responses are called sympatho-
mimetic agents, and a wide variety are known. More
recently, adrenergic agents (another synonym for
36
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sympathomimetic agents) have been functionally
divided into those acting at a-receptors-- those
mainly associated with excitatory processes such as
vasoconstriction--and at p-receptors--those mainly
associated with inhibitory processes such as vaso-
dilatation. Pharmacological agents which block each
of these receptor groups (antagonists) are pre-
dominantly used in classifying the drugs. A finer
subdivision of the p-receptors into ﬂl**which are
involved in certain heart muscle and intestinal
smooth muscle responses--and ﬂz*—which are involved
in certain other smooth muscles such as bronchi,
uterus and blood vessels--has been found extremely
useful. Isoproterenol (2) is the archetypal g~
agonist, having strong activity against both ﬂl and
ﬁz receptors. Generally, the R-configuration at the
benzylic carbon is required for maximal potency
amongst the agonists and antagonists of this type.

CHNII, CHNIICII (Cll5) 5 CHNHCH 3

H—-oll 11— OH )
oH OH Ot

OH 0 ot
(3)

H
) (2)

One can infer correctly from the foregoing that
increased bulk on the nitrogen generally increases
selectivity toward the B-receptors. Further, a
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catechol ring or a system electronically equivalent
to it is needed for optimum activity, especially at
the B-receptors, while alkyl branching in the ethanol-
amine side chain generally decreases potency.

The chemistry of most of the drugs in this
family is quite simple, accounting in part for the
very large number of analogues which have been made.
The foundation for the chemistry in this series was
laid long ago by Stolz1 in his classic synthesis of
the ophthalmic agent adrenalone (3) in which he
reacted catechol with chlorocacetyl chloride and then
displaced the reactive chlorine atom with methylamine
to complete the synthesis. Borohydride reduction
would have given epinephrine (adrenaline).

This process, or simple variants of it, is used
to prepare many drugs. For example, one method for
the synthesis of fenoterol (6), a bronchodilator,
starts with sidechain bromination of m-diacetoxy-

0 CH2CgHg

AcO COCHz  AcQ ﬁ
el B .
CHs OCH3
[o 0Ac

A

(4 R (8) OH
CH
3 oH Ho NHCH (CH3) ,
OH (6)

(1)



Phenylethyl and Phenylpropylamines 39

acetophenone (4) and then displacement of halogen by
1-(p~methoxyphenyl )~-2-N-benzylaminopropane to give
5.2 Hydrogenation removes the benzyl group, whose
function was to prevent overalkylation. Next, HBr
cleaves the ether and ester groups, and either
catalytic or hydride reduction completes the syn-
thesis of 6. Separation of diastereoisomers was
achieved by fractional crystallization.

Analogous methods are used to prepare the
ophthalmic agent deterenol (7);3 the bronchodilators
clorprenaline (8)4 and isoetharine (9);5 the vaso-
dilators bamethan (10)6 and ifenprodil (11);7 and
the smooth muscle relaxant ritodrine (12).8

0

Cl oOH H H OH
N (
CH(CHz)
C-H 372 NH (CH,) 5CH
NHCH(CH3) , HO 215 HO

OH

Direct alkylation of the appropriate aryl-
ethanolamine is, of course, widely used as, for
example, in treatment of ephedrine (13a) with ethyl
iodide to give the adrenergic agent, etafedrine
(13b),9 or with cinnamyl chloride to give the muscle

10

relaxant, cinnamedrine (14). Likewise, alkylation
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of B-hydroxyphenethylamine with 2-chloropyrimidine
gives fenyripol (15), also a muscle relaxant.

The Mannich reaction can also be used to add an
alkyl group in the condensation of 2-norephedrine
(16) with formaldehyde and m-methoxyacetophenone to
give oxyrfedrine (17), a coronary vasodilator.12

Cell
o R OH '/%/65 ol

. NS
CH:S CH3
CHz Cl~ HN

N
(13a) R=H \NFJ
— (14) (15)

(13b) R=CyHg

A departure from the catechol pattern of the
natural neurotransmitters was achieved following
application of the fact that arylsulfonamido hydrogens
are nearly as acidic as phenolic OH groups. Nitration
of p-benzyloxyacetophenone gave I8 which was reduced
to 19 with Raney nickel and hydrazine, and in turn
reacted with mesyl chloride to give sulfonamide 20.
Methanesulfonate 20 was then transformed to soterenol
(21), a clinically useful bronchodilator, in the
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usual way.13

The analogue mesuprine (22) was made
by a slight variation in this scheme.13 The -
blockers sotalol (23) and metalol (24)14 are made in
essentially the same fashion. These agents (23 and
24) owe their activity to their capacity to occupy

B-adrenergic receptors without triggering the normal

OH OH

| I
OCH3 CHCH,NHCH(CH3)) CH(':HNHCHZCHZ-Q—OCH3
CgHsCH0

3
HO HO
NHSO,CH 5 NHSQ;CH3

(21) (22)

NR

) R=02

) R=H,

) R=H,50,CH;

Iz 1=

(1
(1
(2

=]

H OH OH

| |
CHCH)NHCH (CH3); CH?HNHCHz HCHNHCH
O ’©/ oHs

CH3S0,NH CH3S0,NH
NHSO,CH3

(23) (24) (25)

physiological response. The resemblance of 23 and
24 to the normal agonist helps them serve as ant-
agonists. Greater coverage of p-blockers will be
found in Chapter 5.

Amidephrine (25), an adrenergic agent very
closely related to metalol, finds use as a broncho-
dilator.15

is made by reacting 3-amino-4-benzyloxyacetophenone

Carbuterol (27), another bronchodilator,

with phosgene to give isocyanate 26. Subsequent
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treatment of 26 with ammonia produces a urea deriv-
ative, which is converted to carbuterol by the
familiar bromination, amine displacement and reduct-
ion sequence.

™ OH
OCN COCH3 CHCH ;NHCH (CH3) ; LHCH ,NHC (CHy )
g —
CeHsCH,0 HO HO
NHCONH ; CH,S02CH3

(26) (27) (28

It is evident that some leeway is available in
the substituents tolerable in the m-position. The
bronchodilator sulfonterol (28) is descended from
16 Chloromethylanisole (29) is
reacted with methylmercaptan to give 30, and the

this observation.

newly introduced group is oxidized to the methyl-
sulfonyl moiety of 31 with hydrogen peroxide. Ether
cleavage, acetylation and Fries rearrangement of the
phenolic acetate produces 32, which is next brominated
with pyrrolidinone hydrobromide tribromide and then
oxidized to the glyoxal (33) with dimethyl sulfoxide.

RCH, COCH COCHO 9 0/CH3
—_— —— ArC(i‘H—O—S\
CH3z0" H CgHgCH, 0 H CHj3

0
(29) R=Cl CH,50,CH3 CH,S0,CH3

(30) R=SCHj )
(31) R=50,CHs (32) (33) (33a)
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The last reaction perhaps involves an intermediate
such as 33a which expells a proton and dimethyl
sulfide. Formation of the Schiff's base with t-
butylamine, reduction with sodium borohydride and
hydrogenolysis of the benzyl ether produces
sulfonterol (28). Despite the fact that the methylene
hydrogen of sulfonterol must be much less acidic
than of the corresponding urea proton on carbuterol
or the sulfonamide proton on soterenol, good bio-
activity is retained.

That even further leeway is possible is shown
by the utility of the saligenin analogue albuterol
(36) as a bronchodilator.17 One of the several
syntheses starts by Fries rearrangement of aspirin
followed by esterification to 34 which is then
brominated and reacted with benzyl t-butylamine to
give 35. Hydride reduction reduces both carbonyls,
and hydrogenolysis of the benzyl group completes the
synthesis. Presumably, chelation, believed to be
significant in the molecular mode of action of the
catecholamines, can still take place with albuterol.

?H2C6H5
COCH 3 COCHzNC(CH3)3
— —_—
HO HO
CO,CH CO,CH;
(34) (35
OH
CHCH zNHC (CH3) 3

HO
CHOH  (36)
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b. Those Agents With An Acylated or Alkylated
ArOH Group
Once again we come upon a chemical classification
that has no pharmacological significance. The three
drugs in this small group cause widely different
biological responses.

Reaction of the Grignard reagent prepared from
m-trifluoromethylbromobenzene (37) with methyl-
1,2-dibromoethylether leads to alkoxy bromide 38,
which is then reacted with methylamine to give the

anorexic agent fludorex (39).18
petis OCOC6H
B
r C“C“ZR CHCHZN(CZHS)Z
— g4
CFy
(37) (g@ R—Br (40)
(39) R =NHCH3
ow3 PeHs R
CHCHZR CgHCH NCHZCHZC-Q
(41) R=Br (43) R=0
(44) R=H,0H

/ N\
(42) rR=N NH
—/

The gastric anticholinergic agent, elucaine
(20), is synthesized by reaction of styrene oxide _
with diethylamine, followed by esterification with

benzoyl chloride.19 In a similar fashion, eprozinol
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(44), a bronchodilator, is synthesized by adding the
elements of CH3OBr to styrene, by reaction with
t~-butylhypobromite in methanol, to give 41. This is
next reacted with piperazine to give 42. A Mannich
reaction with formaldehyde and acetophenone leads to
ketone 43, and reduction with borohydride completes

the synthesis of eprozinol.20

2. 1-PHENYL-2-AMINOPROPANEDIOLS
Chloramphenicol was the first orally active, broad-
spectrum antibiotic to be used in the clinic, and
remains the only antibiotic which is marketed in
totally synthetic form. Its initial popularity was
dampened, and its utilization plummeted when it was
found that some patients developed an irreversible
aplastic anemia from use of the drug. Of the hundreds
of analogues synthesized, none are significantly
more potent or certain to be safer than chlor-
amphenicol itself. Two analogues have been given
genéric names and fall into this chemical classi-
fication. It was found early in the game that
activity was retained with p-substituents, and that
electron withdrawing substituents were best. The

synthesis of thiamphenic0121

(50) begins with p-
thiomethylacetophenone (45), which is brominated and
then reacted with hexamethylenetetramine to give 46,
which is in turn converted to amide 47 by reaction
with dichloroacetyl chloride. Reaction with formal-
dehyde and bicarbonate introduces the hydroxymethyl
function of 48, and subsequent Meerwein-Pondorff-

Verley reduction with aluminum isopropoxide gives
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49. The p-SCH, function was oxidized to the methyl-
sulfonyl group of racemic thiamphenicol (50) with
peracetic acid. The drug has been resolved by
saponification of 49, treatment with an optically
active acid, reamidation and oxidation. Closely
related cetophenicol (52) is synthesized from the
p-cyano analogue 51 by reaction with methyl lithium

followed by amide exchange to give 52,22
COCH,R CH0H
rorr———
/@ i NHCOCHC1
CH3S CH=zS
(45) R=H (48) R=0
(46) R = NH, (49) R=H,OH
(47) R =NHCOCHC1,
on  OH OH OH
— NHCOCHC1, NHCOCH 3
R NC
(50) R=CH350; (51)

(52) R =CH3CO



Phenylethyl and Phenylpropylamines 47

3. PHENYLETHYLAMINES
Phenylethylamines lacking the B-hydroxy group of
norepinephrine (1) and related neurotransmitters are
much more lipophilic. They exert a much more pro-
nounced central--as opposed to peripheral--sympatho-
mimetic effect. Their action is, however, not
direct. It is generally accepted that these agents
function at least in part by liberating endogenous
catecholamines from storage sites. These, then,
exert their characteristic actions. It will be
recalled that amphetamine is used clinically for
appetite suppression, as an euphoriant-antidepressant,
as a nasal decongestant, to improve psychomotor
performance, to treat drug depression, in treating
children with minimal brain dysfunction (hyper-
kinesis) and so on. Insomnia, anxiety and, especial-
ly with large doses, occasionally psychotomimetic
activity are undesirable side effects. Removal of
side effects or greater selectivity of action is, as
usual, the objective of molecular manipulation in
this drug class.

Amphetamine (53) is the prototype drug in this
group. One significant objective of molecular mani-
pulation in this group is to retain the appetite
depressant activity without significant central
stimulation. This is as yet unrealized. Some of the
drugs prepared with this purpose in mind are discussed
in this section. Reductive alkylation of the nitrogen
atom of amphetamine with pg-chloropropionaldehyde

produces the anorexic agent mefenorex (54).23 The
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Schiff's base of amphetamine with chloral, amphecloral
(55), is a single molecule combination of a stimulant
-anorexic and a sedative.24 Presumably, Iin vivo

hydrolysis releases the sedative, chloral, to combat
the excitant action of amphetamine with the intended

retention of the anorexic action.

CHz CHz CH

H—C—NHz —C—NHCHzCHzCH201 H—C—N=CHCC13
I

CHZ b,
ﬁ:tD E:tﬂ

(53) (54) (55)

The psychotropic (stimulant) action of
amphetaminil (57) may be intrinsic or due to in vivo
hydrolysis of the a-aminonitrile function--akin to a
cyanohydrin--to liberate amphetamine itself. It is
synthesized by forming the Schiff's base of amphe-
tamine with benzaldehyde to give 56, and then nucleo-
philic attack on the latter with cyanide anion to
form amphetaminil (57).25

fH3 CHy
H-?-N:CHC()HS H_(IZ—NH('ZHC(,HS
CH2 CHy CN
carseree———

(56) (57)

The alkyl terminus of the side chain need not
be methyl for retention of activity. Aletamine (59)
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is such an agent. It is prepared by the Hofmann
rearrangement of ao-allyl-f-phenylpropionamide (58).26

szCH=CH2 szCH=CHz
H—c —CONH —C—NHz

@——*@1
(58) (59)

The action of monoamine oxidase in terminating
the biocactivity of primary amines in this class is
inhibited by their conversion to secondary amines,
which are not substrates for this enzyme. Greater
selectivity of action, for reasons that are obscure,
is often seen when a trimethoxyphenyl moiety is
present in the drug. Such considerations may have
played a role in the design of trimoxamine (66), an

antihypertensive agent.27

The synthesis starts with
trimethoxybenzyl chloride (60), which is alkylated
with the anion from ethyl allylacetoacetate and NaH
to give 61, which is cleaved to ester 62 with sodium
ethoxide via a retro-Claisen reaction. Saponification
to acid 63 is followed by conversion to a mixed
anhydride by means of ethyl chlorocarbonate. Treat-
ment with ammonia gives amide 64. Hoffman rearrange-
ment with NaOBr gives 65, which is converted to the
secondary amine 66 by reaction with ethyl chloro-
carbonate, followed by lithium aluminum hydride
reduction.
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CH2CH=CH,
R—f—COZCZHS
CH,C1 (Ha
rte——— e
CH30 OCH+ CH30 OCH 5
(61) R = COCH
(60) pret
H2CH=CH, (82) R=H
CHCOR
Hz CHz0 CHz?HCHzCH=CH2
CH+0
CH30 OCHz 3 -
OCHx 3
(63) R=OH (65) R=H
(64) R=NH; (66) R=CH3

Drugs most often react with biopolymers called
receptors in order to exert their pharmacological
effects and the receptors are optically asymmetric
and should therefore require a most favorable con-
figuration and conformation for maximal activity.
Thus, there has been much interest in preparation of
rigid analogues both for their utility in mapping
receptors and because it was felt that an intrin-
sically correct fit would maximize intrinsic potency.
One drug designed with these considerations in mind
is rolicyprine (68), an antidepreSSant.28 This drug
is most probably a latentiated form (prodrug) of the
free amine, tranylcypromine (67). Restriction of
the primary amino group into a rigid ring system
decreases its conformational possibilities enormously.
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Use of the relatively small cyclopropane ring drastic-
ally reduces the potential for deleterious steric
bulk effects and adds only a relatively small lipo-
philic increment to the partition coefficient of the
drug. One of the clever elements of the rolicyprine
synthesis itself is the reaction of d4,l-tranyl-
cypromine (67) with L-5-pyrrolidone-2-carboxylic
acid (derived from glutamic acid) to form a highly
crystalline diastereomeric salt, thereby effecting
resolution. Addition of dicyclohexylcarbodiimide
activates the carboxyl group to nucleophilic attack
by the primary amine thus forming the amide roli-
cyprine (68).

Dopamine (69) is a well-known neurotransmitter
which interacts with many receptors in the central

(e7) (68)

CH,CHNH, CHCH,NHCO

OH

OH OH

(69) R=H
(ﬂ)‘) R=C02H
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nervous system. In Parkinsonism, a fine tremor and
muscular rigidity is present which finds its bio-
chemical basis in low levels of dopamine in certain
regions of the CNS. Administration of dopamine
itself is insufficient to overcome this defect, as
it cannot efficiently penetrate the blood-brain

barrier. Before the discovery that the corresponding amino

acid, DoPA (70), which efficiently entered the
brain, was converted enzymatically to dopamine, and
thereby constituted effective therapy, various means
were eﬁployed to attempt such central delivery. One
of these used the lipophilicity of adamantoyl
analogues. Dopamine was reacted with the acid
chloride of adamantane-l-carboxylic acid to give
dopamantine (71), an anti-Parkinsonian agent.29
A relatively old compound, p-chlorophenylalanine
(74), is able to penetrate the blood-brain barrier
into the CNS and serves as a serotonin inhibitor.
Interestingly, it increases copulatory behavior in

NH, CH,CHCO,H H=CHCOCHz H

}'1 OH
e .

H

C1 C1 0CH3 (! 2

(73) R=Br (75) 'Hz

(Z2) (74) R=NH, - L
?H~CH3

i

CH»

(76)

OH



Phenylethyl and Phenylpropylamines 53

experimental animals, as does testosterone, and has
achieved some notoriety on this ground. One of the
syntheses begins by diazotization of p-chloroaniline
(72), followed by Meerwein reaction with cuprous
bromide and acrylic acid to give 2-bromopchloro-
hydrocinnamic acid (73); which is then reacted with
ammonia to give p-chlorophenylalanine (74).30
Dobutamine (76), on the other hand, is a dopamine
derivative which does not act centrally, but is of
interest because of its coronary vasodilator
properties. Such drugs are potentially of value in
treatment of angina pectoralis. Further, it is now
undergoing extensive clinical trials as an inotropic
agent for use in heart failure. Its synthesis is
effected by Raney nickel catalyzed reduction of
methyl p-methoxyvinylphenylketone (75) to its dihydro
analog followed by reductive alkylation with g-
(3,4-dimethoxyphenyl )ethylamine. The ether groups
are3ileaved with HBr to complete the synthesis of
76.

CH
§0Na CO(CHpI 4R 3

—_— * NHCH g
CH+0 CH30 CH30

OCH; OCH3 (89)
(78) R=C1

(77) (79) R=1

OCHz

se
CHZ?HNCHZCHZCHZCHZOC OCH3
— /J:::]r/ CH3

CH30 (81)
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Mebeverine (81), a smooth muscle relaxant, is
prepared, i.a., by reacting sodium 3,4-dimethoxy-
benzoate (77) with 1,4-dichlorobutane to form chloro-
ester 78 which is in turn transformed to the cor-
responding iodide (79) on heating with Nal in methyl-
ethyl ketone. Alkylation of 2-ethylamino-3-p-methoxy-
phenylpropane (80) with 79 leads to mebeverine
(81).32

Mixidine (84), an amidine related to dopamine
(84), has coronary vasodilator properties. It is
prepared by reaction of g-(3,4-dimethoxy)phenethyl-
amine (82) with the ethylimino derivative of N-
methyl-2-pyrrolidone (83) in an apparent addition-

elimination sequence.33

H
Hz (Ir;3

CH2CHZNH? C,H50 i CH2CH2N=<¥:]
. 6 ) —e

CH30 CH30
OCH

(82) (83) (84)

b. Miscellaneous
Xylamidine (87) is an amidine which serves as a
serotonin inhibitor. This agent is prepared by
alkylation of m-methoxyphenol with a-~chloropropio-
nitrile, KI and potassium carbonate in methylethyl
ketone to give 85, which is in turn reduced with
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lithium aluminum hydride to give the primary amine
86. When 86 is treated with m-tolylacetonitrile in
the presence of anhydrous HCl, the synthesis is

completed.34

Alternately, one can react primary
amine 86 with m-tolylacetamidine under acid catalysis

to produce xylamidine.

CHCH JNH CCHz—Q
O — 0 — "
OCHy  CH30

OCHz

(85) R=CN (87)
(86) R =CH,NH; ‘

4. PHENYLPROPYLAMINES
The drugs of this group also have widely different
pharmacological properties, indicating the general
absence of a common pharmacophoric moiety in the
group.

Alverine (88) is an anticholinergic agent
prepared by reductive alkylation of ethylamine with
two equivalents of phenylpropionaldehyde.35

Alkylation of cyclohexylidinephenylacetonitrile
(89) with 2-chloroethyldimethylamine, using NaH as
base, gives nitrile 90. Note that the product
results from alkylation of the enolate which results
in a double bond shift. This product (90) is trans-

formed to unsaturated amine 91 on heating with HC1.
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Catalytic hydrogenation of the double bond then

produces gamfexine (92), an antidepressant.36

C2H5
(CH2)3N(CH2)3

O/ \© CN CHCH2N(CH3) 2

—_—— R

(88) —_—
(89) (90) R=CN
y(CHs)z
c
CHZ CH2CH2N(CH3)2
s O
(91) (92)
('ZH3 Hy
CH,C=0 CH,CHNHC (CH3) 5
nnr———
(94)

Reductive amination of methyl 2,2-diphenylethyl
ketone (93) with t-butylamine in formic acid leads
to terodiline (94), a coronary vasodilator.37

The relationship between serum cholesterol
levels and cardiovascular disease remains suggestive,
despite intensive research into the subject. In any
case, agents which can lower serum cholesterol

levels are of therapeutic interest. Beloxamide (98),
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an N-benzyloxyacetamido derivative, is such an hypo-
cholesterolemic agent. It is synthesized by alkyl-
ating N-carbethoxyhydroxylamine with benzyl bromide,
using sodium ethoxide. The resulting carbamoyl
ester (95) is alkylated again, this time with 3~
phenylpropyl bromide and sodium ethoxide to give 96,
which is then cleaved to the alkylated O-benzyl~-
hydroxylamine derivative 97. Reaction with acetyl
chloride completes the synthesis of beloxaml'de.38

R
y L
C,H SOCONHOCHZ‘O — O‘CH2CHZCH2NOCH2

(96) R=c0,C;Hg (CH2)370CH2
(95) (97) R=H (9g) COCH3

A propoxyphene-like analgesic which obeys the
empirical morphine rule is pyrroliphene (101). A
Mannich reaction involving pyrrolidine, formaldehyde
and propiophenone gave amino ketone 99, which was
converted to tertiary carbinol 100 by reaction with
benzyl magnesium chloride; reaction with acetyl

CH;
.
CHCH,N
cogncnzﬁ:::]
———l
O/ ¢y 0COCH 3 /
CHCH,N
(99) AN
CH3

(100) R=H (102
(101) R = COCH3
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chloride completed the synthesis.34 It is gratifying
that pyrroliphene (101) retained the desired bio-
activity as its synthesis was apparently impelled by
the observation that the initial target compounds
(e.g., 102) were not very stable chemically.

A somewhat related analgesic, noracymethadol

(108), is an active metabolite of acetylmethadol.
fl CHy
CH3CHCHN ——
CHzCgH s N ey . N CHs
103
(103) fHN\CH o CHCH N e
2CeHs H
C,Hs CHz 24615
(104) (105)
9
CN e com
CH 2Ms o
CH2 CHN CH,CHN
CH,CgH
~CHw~CH
0COCH CH3 ~Cil-Ci 10 e 1°
CHC,H N'® CH3CH,CH=NCH;
/7 N
CH
CHz?HNHCH3 CHs CH, CgH s 2C6Hs
CHy
(109)

(108)

(110)
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It can be synthesized from methyl benzyl 2-chloro-
propylamine (103) by sodium amide induced alkylation
of 2,2-diphenylacetonitrile to give a mixture of
amines 104, 105 and 106. Amines 105 and 106 are the
expected products of nucleophilic attack on the
presumed intermediate asymmetric aziridinium 109.
Amine 104 can be rationalized by assuming dehydro-
halogenation and rearrangement of the resulting
enamine to the charged iminium ion (110) which would
rapidly add the nucleophile to give the observed
product. 1In any event, treatment of nitrile 106

with ethyl magnesium bromide, followed by hydrolysis,
produced intermediate ketone 107. This was reduced
to the secondary carbinol with lithium aluminum
hydride and acetylated before catalytic debenzylation
of the amine using palladium on carbon catalyst.40
Given the nature of the initial alkylation reaction,
it is doubtful that this is a practical synthesis.
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Arylalkanoic Acids
and Their Derivatives

1. ANTIINFLAMMATORY ARYLACETIC ACIDS
Inflammation is an intimate part of every organism's
apparatus for dealing with injuries imposed by the
environment. Under normal circumstances, the complex
sequence of events characterizing inflammation
ceases soon after the environmental challenge stops.
Not infrequently, however, the inflammatory process,
once started, continues despite the fact that the
original triggering event has passed. The incident
swelling and pain is familiar to all. Treatment of
chronic or persistant inflammation has gone through
some clearly recognizable cycles. From about the
turn of the century, the standard drug therapy for
treatment of this syndrome has consisted of aspirin
or another of the simpler aromatics, such as
antipyrine and acetaminophen. The layman chooses

these materials for self-administration. Use of
63
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these drugs for severe conditions is, however,

limited by their relatively low activity--particularly
in treatment of the inflammation due to arthritis--and
the incidence of side effects when used at higher
doses. The discovery of the antiinflammatory activity
of cortisone and related corticosteroids quickly led
to common prescription of these potent drugs for a
wide variety of inflammatory conditions. This
widespread use uncovered the host of endocrine

effects the corticoids elicit upon chronic administra-
tion. This phenomenon required the more selective

use of these compounds.

Quite recently, a series of arylacetic acid
derivatives has come into clinical use as potent
antiinflammatory agents. In general, these compounds
show profiles of activity quite similar to aspirin,
and though as a rule they are more active and are
less likely to cause or exacerbate gastric ulcers.
Many of these compounds have been shown to be effec-
tive in the treatment of arthritis. Since they
apparently work by a mechanism different from that
of the corticosteroids and are structurally unrelated,
they have no corresponding endocrine effects.

An interesting example of this class of non-
steroidal antiinflammatory agents is ketoprofen (5).
It is synthesized by reaction of the diazonium salt
from amine I with potassium ethyl xanthate, followed
by alkaline hydrolysis to afford thiophenol 2.
Reaction of the sodium salt of 2 with 2-iodobenzoic
acid results in formation of the corresponding bis-
arylsulfide via nucleophilic aromatic substitution.
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Friedel-Crafts cyclization of the dibasic acid gives
thiaxanthone 4. Note that the symmetry of this
intermediate assures formation of a single product.
Desulfurization by means of Raney nickel leads,

finally, to the antiinflammatory agent, ketoprofen
1
(5).

s o s
CHCOZH CHCOZH CO2H CHCO2H
— O - O
H,N HS s
(1) (2) / (3
CH CH
0 I 2 i s
CHCO 1 CHCO,H
——ee
s
(%) (4

Quite a different route is employed to prepare
heterocyclic analogues of 5. For example, acylation
of thiophene with p-fluorobenzoyl chloride (6)
affords ketone 7. Nucleophilic aromatic substitution
with the enolate from diethyl methylmalonate gives
the diester 8. ’Saponification, followed by decar-
boxylation, gives suprofen (9).2'3 A similar sequence
starting with the more highly substituted acid
chloride (10) affords cliprofen (13).2'3

Structure-activity studies in the phenylacetic
acid antiinflammatory series have shown that inclusion
of a methyl group on the benzylic carbon usually
leads to maximal activity. It is of note that this
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(6) X=H (7) X=H X
(10) X=C1 (11) x=cC1
CO,CoHg
CH=zCH
CO02C2Hg
O
CHCOH [—LI——Q-CCOZCZHS
(8) X=H

(5) X=H
(13) X=C1

(12) x=1c¢1
group can be replaced, in at least one case, by
chlorine. Acylation of phenylcyclohexane with ethyl
oxalyl chloride affords the glyoxylic ester 14.
Chlorination proceeds meta to the carbonyl group to
give 15.4 Reduction of the keto moiety gives the
corresponding mandelate 16, which reacts in turn
with thionyl chloride to replace the hydroxyl group
by chlorine to give 17; ester hydrolysis affords
fenclorac (18).5

In a similar vein, the keto bridge in 5 can be
replaced by oxygen with retention of activity.
Reduction of acetophenone derivative 19 by means of
sodium borohydride leads to the corresponding alcohol
(20). Reaction with phosphorus tribromide gives 21.
Displacement of the halide with cyanide gives
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(14)
|
CCO2CoHs e CHCO2CyHg  rmmamtien
Cl C1
(15) (16) X =OH
(17) x=c1
c1
CHCO,H
cl
(18)

substituted acetonitrile 22, whose saponification
affords the antiinflammatory acid, fenoprofen (23).6

@\/O
: 0~ : @CH3 0 ?HCH;

(19) (20) X = OH
(21) X=Br
©\0/©\CHCH ©\ CHCH3
COzH



68 Arylalkanoic Acids

Alclofenac (26)7 represents one of the more
extreme simplifications in this class of anti-
inflammatory agents. The general method for prepara-
tion of related compounds8 starts with acylation of
ochlorophenol to give 24. Alkylation of the phenolic
group of 24 with allyl bromide affords the corre-
sponding ether (25). Willgerodt reaction on the
acetophenone results in transposition of the side
chain and oxidation to the acid to give alclofenac
(26).

0
o - I
CCH3 ———= (H=CHCH,0 COCH
HO c1

C1

(24) (25)

CH2=CHCH20—Q-CH2C02H

C1
(26)

Inclusion of basic nitrogen in the p-position
is also compatible with antiinflammatory activity in
this series. Nitration of phenylacetic acid (27)
affords 28. Methyl iodide alkylation of the enolate
prepared from 28 using two equivalents of sodium
hydride gives 29. This appears to involve an Ivanov
intermediate (28a). Catalytic reduction of the
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nitro group leads to the corresponding aniline (30).
Acetylation to 31, followed by reaction with chlorine,
serves to introduce the desired aryl halogen atom.
Removal of the acetyl group, followed by cyclo-
alkylation of the primary aniline (33) with
1,4-dibromo~2~butene affords pirprofen (34).9

, P
@-CHZCOZH OZNQCH2C02H —— OZN—Q—CHCOZH
(0 (28) l (29)
- - »
[]:/\N CHCOH e RNHQCHCOZH -——RNH—Q-CHCOZH
cl 1
(34) (32) R=COCH3 (30) R=H
o (33) R=H (31) R = COCH3

Anthranilic acid derivatives, such as flufenamic
acid (35), constitute another effective series of
non-steroidal antiinflammatory agents. Homologation
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of the acid function in that series would of course
lead to the arylacetic acid series. It is of note
that one such hybrid compound, diclofenac (40), does
in fact exhibit antiinflammatory activity. 1In an
interesting synthesis, the diphenylamine 36 is first
condensed with oxalyl chloride to give the oxanilic
acid chloride 37. Friedel-Crafts cyclization under
quite mild conditions gives the isatin 38. Reduction
of the keto group by means of the Wolff-Kishner
reaction gives lactam 39, whose hydrolysis affords
diclofenac (40).10

CO2H ©\ Icoc1
@i O A0
NH NH ——= N
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2. DIARYL AND ARYLALKYL ACETIC ACIDS: ANTI-
CHOLINERGIC AGENTS

Acetylcholine is the neurotransmitter amine of the
parasympathetic autonomic nervous system. A host of
bodily responses, such as gastric secretion, intest-
inal motility, and constriction of the bronchi,
depend on cholinergic transmission. Quite some time
ago it was discovered that responses due to activation
of the cholinergic system can be antagnoized by
atropine (41). EXxperience with this natural product
foreshadowed the shortcomings of most subsequent
anticholinergic drugs. That is, these agents, as a
class, show little selectivity for a given organ
system. They tend to ablate all responses mediated
by the parasympathetic nervous system. This lack of
selectivity leads to a set of side effects, such as
dryness of the mouth, blurred vision, and CNS effects,
which are quite predictable as extensions of the
pharmacology. As has been detailed elsewhere,
numerous SAR studies have reduced the requirements
for anticholinergic activity to an ester of a benzilic
acid with an alcohol related to ethanolamine; esters
of cyclic aminoalcohols tend to be more active than
the acyclic counterparts.

Clinical trials of some of the more potent
tertiary amines revealed these to exhibit marked
psychotomimetic activity.11 Much subsequent work
thus dealt with the quaternary salts which do not
reach the central nervous system. Many of the uses
of anticholinergic drugs involve "topical" application
(e.g., interior of the stomach, intestine or bronchi);
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the drugs could thus in principle show a clinically
useful effect without first being absorbed parenteral-
ly. In addition, quaternization, while greatly
inhibiting absorption, should assure that the drug
will not cross the blood-brain barrier.

Preparation of the quaternary anticholinergic
agent benzilonium bromide (47) is begun by conjugate
addition of ethylamine to methylacrylate, giving
aminoester 42. Alkylation of 42 with methyl bromo-
acetate leads to diester 43, which is transformed
into pyrrolidone 44 by Dieckmann cyclization, follow-
ed by decarboxylation. Reduction of 44 by lithium
aluminum hydride leads to the corresponding amino-
alcohol (45). Transesterification of alcohol 45
with methyl benzilate leads to 46. Benzilonium
bromide (47) is obtained by alkylation of ester 46
with ethyl bromide.12

In a similar sequence, reaction of ketoester 52
with 2-thienylmagnesium bromide gives a modest yield
of the benzilic ester 53. Transesterification of
this with aminoalcohol 51, prepared analogously to
45 by starting with methylamine, gives, after quater-
nization with methyl bromide, heteronium bromide
(5¢). 12

Similarly, lactam formation of diethyl glutamate
(55) leads to ethyl pyroglutamate (56). Reduction
by means of lithium aluminum hydride gives the
aminoalcohol 57, which is then N-methylated to give
58. Treatment with thionyl chloride leads to the
chloroamine 59 and displacement of halogen (possibly
via an aziridinium intermediate) with sodium benzilate
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R
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affords poldine (60).13 Alkylation of 60 with
dimethyl sulfate gives poldine methylsulfate (61),
in which the two-carbon bridge between quaternary N
and O is preserved by placing a methylene in the -
position of the pyrrolidine nucleus.

e 0 e

C2Hg 0, CCICH  CH, €O, Cl
S I CoHs02c” "N HOCH?,

Nit,

(55) (56)

0 OH0
H
" ) o LD LD
C-—COCH) N% —— (—COCH ; N -———ClCH
/N | 2

CHz CHy CHj CH3
CH3504 ©

(61) (89)

Benzilate esters of piperidinols, as well as
those of acyclic aminoalcohols, show similar anti-
cholinergic activity. For example, ester interchange
between methyl benzilate and N-methyl-4-piperidinol,
followed by quaternization of the resulting ester
with methyl bromide, gives parapenzolate bromide
(62).1%
between methyl benzilate and N-ethyl-N-n-propyl-

In analogous fashion, ester interchange

ethanolamine yields benapryzine (63).15
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OH OH CH2CH3

o]
| M3 o | l
C—Co N® C—COCH;CHyNCHCHCH3
AN
CHz

(62) (63)

Biological activity in this series shows con-
siderable tolerance for modification in the ester
moiety as well. Esters in which one of the aromatic
rings is fully reduced still show good anticholinergic
activity. One such agent, propenzolate (66), is
prepared by displacement of halogen from N-methyl-
3*C?éoropiperidine (64) by the sodium salt of acid
65.

(l)H (l)H
N-CHz + @—ccozn —_— @-ccoz—o
N
c1

\
CHs

(64) (65) (66)

In yet a further variation on this scheme, the
basic center in the molecule can be present as an
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amidine. In the synthesis of oxyphencyclimine (69),
reaction of chloroacetonitrile with methanol and
hydrogen chloride leads to the corresponding imino-
ether 67. Condensation of 67 with N-methyl propyle-
nediamine gives the corresponding tetrahydropyrimi-
dine (68). Displacement of the halogen with the
sodium salt of 65 affords oxyphencyclimine (69).17

N
ClCHZC/’ )
/OCH3 \N

C1CH,CN ~—= C1CHC —_— |
’ S CH
NH 3
(67)
(68)
OH
|9 Nj
i @—C—COCHZC
N
|
CH3
(69)

Omission of the hydroxyl group and one of the
cyclic hydrocarbons from the acid moiety is apparent-
ly not inconsistent with biological activity. Thus,
the ester from 2-phenylbutyryl chloride and diethyl-
aminoethoxyethanol, butamirate (71), shows anti-
spasmodic activity. In analogous fashion, reaction
of the acid chloride from 72 with N-methyl-4-
piperidinol, followed by quaternization, gives
pentapiperium methylsulfate (73).18

Apparently, minor chemical modifications of the
benzilcarboxylic acid containing molecules led to a
compound which shows surprising analgesic activity.
Condensation of N-methylphenethylamine 74 with
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CH3CHCHCOC] ~———#= CH3CH,CHCO,CH2CH)OCHCH,NCoH s

CoHs
(70) (71)
CH3 fH:S /CH3
! HCH, CHCHCO N'® CH3504°
CH3CH,CHCHCO H ——am C113CH2 2 Nen 3
3
(72) (73)

ethylene oxide gives aminoalcohol 75; which is then

Gty
CH3NHCHCH — XCHZCHZNCHZCHZ—O —
(0) (75) x- on
(76) X=C1

CH3NHCH2CH2NCH2CH2—© —— Q
(77 ClCCNCHzCHzNCHzCHz‘Q

CH3

(78)

CHy

0
il |
—_—— CH3CH20CCTCH2CH2NCH2CH2—®

CHz

(79)
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converted to the halide (76) by means of thionyl
chloride. Reaction with methylamine leads to the
key diamine 77. Acylation of the diamine with
chlorodiphenylacetyl chloride (to 78), followed by
displacement of the benzylic halogen by sodium
ethoxide, affords the analgesic agent carbiphene
(79). 19

3. MISCELLANEOUS ARYLALKANOIC ACIDS
It has been known for some time that thyroxine, and
related compounds such as Iiothyronine (88) are
effective in lowering serum cholesterol. The normal
metabolic activity of this class of thyroid active
compounds has precluded their use as hypocholesterol-
emic agents.
0N I

i R
RO CH,C0CyHs  + CH300ﬂH — CI]Z)OOOOCHZCOZCZ”S
R

02N (80) R=H

(81) R = p-CH3CeH450;
I 1
CH30-©' @C}QCOZCHZCHZNCZHS - CH30~©*0@~CH2C02R'
1

CoHsg

(82) (83) R=NO;
(§_‘}_) R= N”2

(87) (85) R’ = CaHs

(86) R' - H
I I
Yol

(88)



Arylalkanoic Acids 79

A program aimed at preparation of analogues of
thyroxine which would maximize their effect on
lipids resulted in the preparation of thyromedan
(87). This agent, interestingly, proves also to
have good thyromimetic activity. 1In the synthesis
of 87, reaction of the substituted phenylacetate 80
with tosyl chloride leads to the corresponding
tosylate (81). Reaction of that intermediate with
the salt from phenol 82 results in aromatic nucleo-
philic displacement of the highly activated tosylate
to afford the diphenyl ether 83. The nitro groups
are then reduced catalytically to give diamine 84.
Diazotization, followed by Sandmeyer reaction with
sodium iodide, affords the desired triiodo inter-
mediate 85. Saponification affords the acid (86),
and reaction of the sodium salt of the acid with
2~chlorotriethylamine gives thyromedan (87).20

A highly-substituted phenylacetic acid de-
rivative shows activity as a shortacting narcotic
and as an injectable general anesthetic. This
agent, propanidid (90), is obtained by alkylation of

phenol 89 with N,N--diethylchloroacetamide.21
OCH3 OCHz
B i !
CH3zCH2CH20CCH OH ——= CH3CH,CH,0CCH, OCH,CNCH g
N\

CoHg
(89) (90)

Clofibrate (91) has been in clinical use for
several years as a serum triglyceride lowering
agent. This drug is an important hypocholesteremic
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agent also, blocking cholesterol biosynthesis.
Appearance of this agent on the market occasioned
intensive work in many laboratories aimed at discover-
ing additional compounds with this activity. A
distantly related analogue, halofenate (98), was, in
fact, found to be effective. 1In addition, however,
clinical trials revealed this analogue to have

marked concomitant uricosuric activity; that is, the
drug promotes excretion of uric acid. In order to
synthesize halofenate, acid 92 is first converted to
the acid chloride by means of thionyl chloride;
bromination affords the a-halo derivative 93. This

is then allowed to react with methanol to give the
corresponding methyl ester (94). Displacement of
bromine with the anion from meta-trifluoromethylphenol
leads to ester 95. The ester is then hydrolyzed and

P
CI—O-OCCOZCZHS Cl"@‘CHZCOZH —_— CI-Q—('ZHCOR
CHs

Br

(91) (92) (93) R=C1
(94) R=OCH3

C1—®—CHCOZCH2CH2NHCOCH3 —-—— Cl“@"fHCOR
| o
0

CF3
(98) (95) R=OCH3
(96) R=OH
(97) R=C1
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the product (96) is converted to the acid chloride
(97). Acylation of N-acetylethanolamine with 97
vields halofenate (98).22

A disubstituted butyramide, disopyramide,
distantly related to some acyclic narcotics inter-
estingly shows good antiarrhythmic activity. Alkyl-
ation of the anion from phenylacetonitrile with 2-
bromopyridine yields 99. Alkylation of the anion
from the latter with N,N-diisopropyl-2-chloroethyl-
amine leads to the amine 100. Hydration of the

nitrile in sulfuric acid affords disopyramide (101).23

N BT CHCN
. O — ¢
CH2CN

(99)
(CH3) 2CH (CH3) 2CH\_ ;

NCHzCH,CCONH,  =a——— NCH CH,CCN

(CH3)2CH/ (CHz) 2CH/ @

(101) (100)

Finally, reaction of the half acid chloride of

malonate 102 with N,N-diethylethylenediamine gives

the muscle relaxant fenalamide (103).24
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CoH H
|2 5 CoHs C,He
coc1 CONHCH9CH4N
/ Vs AN
c\ — c\ CaHs
CO2CoHs COCoHs
(102) (103)
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Monocyclic Aromatic
Compounds

The benzene ring per se does not impart any particular
pharmacological response to a drug. It is widely
held that its planarity, its ability to bind to

tissue receptors by Van der Waals and charge transfer
mechanisms, and, particularly, its ability to serve

as a conductor of electrons within a substance serve
as modulators, enhancing or diminishing the intensity
of response to a molecule that is otherwise inherently
bioactive.

1. DERIVATIVES OF BENZOIC ACID

a. Acids
Salicylic acid analogues are often active as non-
steroidal antiinflammatory agents because they inter-
fere with biosynthesis of prostaglandins. Diflunisal
(3) appears to be such an agent. It is synthesized
from the nitrobiphenyl 1 by catalytic reduction to

85



86 Monocyclic Aromatic Compounds

F F
e —————
F NO2 F OH
(D (2)
F F
CO2H
CO2H
F
F OH NH;

4
(3) 4

the aniline, diazotization, and heating in aqueous
acid to give phenol 2. This is carboxylated using
K2CO3 and carbon dioxide to give diflunisal.l
Alternatively, the corresponding anthranilic acid
derivative ¢ is diazotized, then hydroxylated by

heating in dilute sulfuric acid to give diflunisa1.2

i
—
c1 C1 c1

$0,C1 SO,NH3
(%) (6)

CO,H

H2N COzH CHz (CH,) 5HN COzH

0 ;0

(7 (8)
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Many benzenesulfonamides have diuretic properties,
particularly those having two such functions situated
meta to one another. To some extent a carboxyl group
can serve in place of one of the sulfonamido groups.
Bumetanide (8) is such a substance. Chlorosulfonation
of p-chlorobenzoic acid leads to 5, which is nitrated,
and then converted to sulfonamide 6 with ammonia.

The chloro group of 6 is now highly activated toward
nucleophilic aromatic substitution, facilitating
reaction with phenoxide. Subsequent catalytic
reduction in the presence of LiOH produces amino acid
7. Next, treatment with butanol and sulfuric acid

not only forms the butyl ester but monoalkylates the
amino function. Saponification of the ester group
leads to bumetanide (8), a diuretic agent possessing
40-fold greater activity in healthy adults than
furosemide.3

Tibric acid (10), interestingly, has the m-
carboxysulfonamido functionality but its activity is
expressed, instead, as suppression of serum trigly-
ceride levels. 1In its reported preparation, chloro-
sulfonic acid treatment converts 2-chlorobenzoic acid
to chlorosulfonate 9, which readily forms the hypo-
lipidemic agent tibric acid (10) on reaction with

3,5--dimethy1piperidine.4

C1502 CO2H
CO2H
— NSO3
C1

(9) (10)
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b. Anthranilic Acid and Derivatives
N-Aryl anthranilic acids are frequently found to have
antiinflammatory activity and have been studied
extensively to maximize potency and decrease side
effects (gastric irritation, ulcers, etc.). These
compounds are often synthesized by reacting an ortho-
halobenzoate salt with a suitably substituted aniline.
This procedure failed, perhaps because of steric
hindrance, in attempting to synthesize meclofenamic
acid (16).5 The successful synthesis begins by

Ccl

C1
o OH y
e
CH3\’(© C1 c1
0 CHsz CH3z

(11) (12) (13)

CH3

—_— CO2H

Cc1 c1 CHz q

0

N/L\o H
— ] C1
i C1 C1 c1 ¢
N 0
CH

CHz

-
|

(@]
—

3
CY (15) (16)
(14) CH3

treating 2-methyl-4-hydroxy acetophenone (11) with
NaoOCl, which both ortho-chlorinates adjacent to the
phenolic OH and effects a haloform reaction. Decarboxy-
lation leads to the chlorinated meta cresol 12. When
12 is converted to its sodium salt with NaH in DMF
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and then treated with 2,4-dichloroquinazoline (13),

two molecules of the phenol react with the heterocycle
to give the nucleophilic aromatic substitution product
14. Wwhen heated, 14 undergoes an O to N~aryl rearrange-
ment (Chapman Rearrangement) to give 15. Upon saponifi-
cation, carbon dioxide and 2,5-dichloro-3-methylaniline
are lost and meclofenamic acid (16) results. Reaction
of sodium meclofenamate with ethylchloromethyl ether

in acetone gives etoclofene (17), which is also

active as an antiinflammatory agent. Etoclofene
reportedly causes less gastrointestinal irritation

than meclofenamic acid to which it is presumably
converted after passage through the stomach.6

CO02CH20C2Hg
CO,R CO2CeHs
v 0 — QX

c1 c1 0N OH H2N OH
CH3 (20)

(18) R=H
(17) (19) R=CeHs

One of the mainstays in the treatment of tuber-
culosis is paraaminosalicylic acid (PAS). 1t is not,
however, a plea§ant drug to take. Phenyl amino-
salicylate (20) was synthesized from 4-nitrosalicylic
acid (18) by esterification of its acid chloride with
phenol to give 19, which is converted to the desired
product (20) by reduction with Raney nickel catalyst.7
Phenyl aminosalicylate was intended to be more accept-
able to patients than PAS.

Unquestionably, the most frequently used analgesic
is aspirin. The reader will recall that aspirin is
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regarded as a latentiated form of salicylic acid and
is intended to minimize as far as possible the irrita-
tion of the gastrointestinal tract that salicylic

acid would otherwise cause. Salsalate (24) represents
another approach to this problem in which self-
esterification has been used to serve the same purpose.
Direct self-condensation is difficult to control,
although low temperature treatment of salicylic acid
with PCl3 does work. A more stepwise procedure
involves the condensation of benzyl salicylate (21)
with the acid chloride of salicylate benzyl ether 22
to produce protected dimer 23. Catalytic hydro-
genolysis removes the benzyl groups and completes the
preparation of salsalate (24).8

CoC1

CO7CHy
X - X T

(21) (22)

Esterification of certain aromatic acids with
p~aminoethanol and propanol derivatives frequently
results in molecules that show local anesthetic
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activity; and some of these derivatives also have an
antiarrythmic action on the heart. Amoproxan (27) is
such an agent. It can be synthesized by reacting
epichlorohydrin with 3-methylbutanol and BF, to give
epoxide 25. This, then, is reacted with morpholine
to give alcohol 26, which is then reacted with 3,4,5-
trimethoxybenzoyl chloride to complete the synthesis
of amoproxan (27).9

CH3 0\ CH3 (I)H
CH(CH72)20CH2CH=—CH2 ——tm CH(CHy) 20CH2CHCH2N 0
/ \/
CH3z CHs
(25) (29)
OCH3
CH=0 OCH3
—_ c 0C=0
H
N

CH3
(27)

Risocaine (28) manages to retain local anesthetic
activity even without having a "basic ester" moiety.10
Its synthesis follows classic lines involving esterifi-
cation of p-nitrobenzoic acid with thionyl chloride

followed by reaction with propanol, and then catalytic

reduction to complete the scheme.
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I
CO2CHzCHzCH3  CH30 CO(CHy) 32
/@r CH30 ——
H2N
OCH3
(28) (29)
OCH7
OCH
R CH= Hz ﬁ 3
CH=z0 CO(CH2) 3N(CH2)2N(CH?)30C
OCH3z
CHz0 (30)

OCH3

Vasodilators may be of value in the treatment of
conditions resulting from insufficient blood flow
through tissues. One such agent incorporating a bis-
basic ester moiety is prepared by reacting 3,4,5-tri-
methoxybenzoyl chloride with 3-~chloropropanol to give
29, and condensing two molar equivalents of this with
N,N'-dimethylethanediamine to give hexobendine (30).11

c. Amides
As one would anticipate, the time honored Schotten-
Baumann reaction and its variants are the key steps
in putting this group of substances together. Their
intrinsic interest to the medicinal chemist depends
upon their pharmacological properties and, in some
cases, preparation of some of the less common benzoic
acid analogues.

Anticholinergic agents play a role in management
of ulcers by decreasing the secretion of gastric acid
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mediated by the neurohormone acetyl choline. Prog-
lumide (32) is synthesized from the benzoyl amide of

glutamic anhydride derivative 31 by reaction of the
12

(CH2) 2CH3

more activated carbonyl with dipropylamine.

\(CHZ)ZCh3

N
H

31) (32)

The diuretic clopamide (35) is synthesized from
p-chlorobenzoic acid (33) by chlorosulfonation and
subsequent ammonia treatment to give 34. This is
converted to its acid chloride with thionyl chloride
and reacted with the desired hydrazine derivative

c1
SO2NHZ SO2NH3
(33) (34) (35)
CONHCH s
CONHN
CONH
c1
SOZNHCH3z Cc1 S02NH2
SO02NH2

(36) (37) (38)

(itself prepared by lithium aluminum hydride reduction
of N-nitroso-2,6-dimethyl piperidine) in a
13 The

related diuretics diapamide (36),14 xipamide (37),15

Schotten-~Baumann reaction to give clopamide.
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and alipamide (38)16 are made by simple variants on

this schene.

Q

CH30 CH30
N/ﬁ\j NHCH 2CN (C3H
‘\/0 Z8 (CaH5) 2 N(CyHs5),
CH30 CH30 1o
OCH3 OCH5 OCH3
(39) (40) (41)
H CH3C0
CH3 0 cl 1
H NH
- O QL
éZHS C1 NO» 1 Cl
SO,NH
4 (43) (44)

The sedatives trimetozine (39),17 and tricetamide

(40),18 the CNS stimulants ethamivan (41),19 and
sulpiride (42),20 the antihelmintic agents niclosamide
(43),21 clioxanide (44),22 and bromoxanide (45),23

the coccidiostat alkomide (46),24 and the antiarrhyth-
mic agent capobenic acid (47)25 are all made from the
corresponding benzoic acids in obvious ways.

0
0N CF3 CH30
NH NH; NH(CH;) 5COyH
CH30
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2. DERIVATIVES OF ANILINE
The clinical success of hindered acetanilide deriva-
tives, such as lidocaine, of course, resulted in the
synthesis of many analogues. Branching in the acid
moiety is consistent with activity as demonstrated by
the local anesthetic properties of etidocaine (48)26
and a formally cyclized analogue, dexivacaine (49).27
Etidocaine is prepared from 2,6-dimethylaniline by
sequential reactions with 2-bromobutyryl chloride and
ethylpropylamine. The preparation of dexivacaine
follows the same pattern. However, in this case,
resolution by crystallization of its quinic acid salt
was carried out, whereupon it was found that the S~
enantiomer was the longer acting.

CH3 CoHg CH3

| H H
NHECHNCsz N N NO2 HCOCH+
o (':H | B
=7 ey CH3

CH3 F (CH3) 3CO

(48) (49) (50) (51

Acetanilide is a well-established analgesic
agent. It is perhaps not suprising then that butacetin
(51) has such activity; however, it appears to have
been synthesized while searching for antitubercular
agents. The synthesis proceeds from 4-fluoronitro-
benzene (50) via a nucleophilic aromatic displacement
reaction with potassium tert-butoxide, followed by

Raney nickel reduction and acetylation.28
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A molecular dissection of the alkaloid vasicine
(52) ultimately resulted in the expectorant and
mucolytic agent bromhexine (54).29 The synthesis
starts with displacement of halogen on 2-nitrobenzyl-
bromide (53) by N-methyl cyclohexylamine, followed by
Raney nickel and hydrazine reduction of the nitro
group. Bromination in acetic acid then affords
bromhexine.

07 H2N 5

ap o™ —"Pr0

(52) (53) N (54)

Serotonin (55) is a putative neurotransmitter,
especially in the central nervous system, and has a
number of peripheral effects as well. There have
been numerous attempts to associate disturbances in
serotonin catabolism and anabolism with mental disease,
and antagonists have been prepared as an aid to
investigation of these theories and as potential
therapeutic agents. BAS (56) is one such inhibitor
and its structural similarity to 55 makes it under-
standable that it should be such. On the other hand,
cinanserin (58) is 157 times more potent as a serotonin
inhibitor than 56, and its structural relationship to
either 55 or 56 is much less obvious. This under-
scores one of the more frustrating features of deli-
berate drug design--that the best analogues occasion-
ally differ strikingly in structure from the lead
molecule so that success requires an unsatisfying
amount of semirandom molecular manipulation and a
very close liason with the pharmacologist into whose
hands the drugs are placed for evaluation. In any
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CH30 NH;
Oy, O
N CH
N NH; |

H CH2CgHs

NH,
X S
—
SH s

HNCOCH=CHCgH g

(

(57)
(58)

event, cinanserin is synthesized from 2-aminothio-
benzene (57) by S-alkylation using N,N-dimethyl-3-
chloropropylamine and NaOCH3, followed by reaction
with cinnamoyl chloride to give 58.30

A

I
NCOCl et NCSCH2CHN(C2Hsg) 2

N
: / “NCH2CH2N (CH3) 2

59 CF3
(39) (60) (61)

(o]

TOzCsz

o=

Phencarbamide (60)31 is a structural analogue of
acetylcholine which acts as an anticholinergic agent,
possibly by serving as a false agonist. It is made
by reacting N,N-diphenylcarbamoyl chloride (59) with
2-mercapto-N,N~diethylethamine.
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Flubanilate (61) has central nervous stimulating
activity and is synthesized conveniently from N-
(2-dimethylamino)ethyl~3~trifluoromethylaniline by
reaction with ethylchlorocarbonate.32

A number of aminobenzophenone derivatives possess
nonsteroidal antiinflammatory activity. Illustrative
is diflumidone (63). 1Its synthesis involves treatment
of 3-aminobenzophenone (62) with difluoromethane-
sulfonic anhydride in the presence of triethylamine.

0
NH27 NHSO 2CHF
E—

(62)

33

(63)

0 CO2C2Hg

NSO2CF3

(64)

The closely related antiinflammatory agent triflumidate
(64) can be prepared by abstracting the now acidic NH
proton of the trifluoromethyl analogue of 63 with
sodium hydroxide and reacting the resulting anion

with ethyl chlorocarbonate to give 64.34

3. DERIVATIVES OF PHENOL

a. Basic Ethers
The chemical fragment, OCCN=, occurs very frequently
in drugs, perhaps deriving some inspiration from
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acetyl choline. The fact that drugs containing this
unit do not possess some common pharmacological
property suggests that the function is involved in
transport rather than being a pharmacophore. Several
agents containing this moiety are described in this

section. Boxidine (69) has hypolipidemic properties.35

(67) R=CH3

(68) R=H
(66) - / S
- (_6_9_) R = CH;CH,-N

It was synthesized from p-iodoanisole (65) by copper-
catalyzed coupling with p-trifluoromethyliodobenzene
(66) to give the expected statistical mixture from
which unsymmetrical product 67 could be separated.
Ether cleavage with HBr aﬁd HOAc gave 68; this was
then alkylated with the aziridinium ion derived from
N-(2-chloroethyl )pyrrolidine, using NaH as base, to
complete the synthesis of boxidine (69).

The quaternary ammonium salt 73, thenium
closylate, is an anthelmintic agent. Many substances
of this general type are effective by interfering
with nervous conduction, and thereby muscle tone, of
intestinal worms. This allows their expulsion, not
always in the dead state. The synthesis36 proceeds
from 2-thienylamine (70) by monoalkylation with 2-
phenoxyethyl bromide (71) to give secondary amine 72.
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This is converted by methyl iodide to the quaternary
salt which is converted to the p-chlorobenzene sulfon-
ate salt (73) for pharmacological purposes.

O, - O — vy
; * — Y
CHzNHz

when 1, 2-dichloropropane is reacted with o-benzyl-
phenoxide ion (74), halide 75 results, which is then
converted to the antitussive agent benproperine (76)

on treatment with piperidine.37

0® - OCHEHCH; —mm OCHZEHC'“
c1 N
(75)

(74) (76)

Guanethidine (77) was the first of a series of
antihypertensive agents which act by interfering with
adrenergic transmission. It was subsequently found
that simple substitution of the guanidine function
onto a nucleus with appropriate lipophilicity almost
invariably affords such sympathetic inhibitors.
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NH

I} NH
//CH2CH2NHCNH2

[
0
\\’/~\EH2NH2 0(CH2)zNHCNH
—i

(77) (78) (79)

i [ (CH,) ,NHNH
0 (CH ~CNH
0(CH,),R 2’2 2
—— NH
c1
c1

(80) R=Br (82)
(81) R = NHNIH,

Thus, for example, guanidine analogues guanoxyfen
(79) and guanochlor (82) also possess antihypertensive

activity. Guanoxyfen is synthesized38

by base-
catalyzed condensation of phenol with chloroaceto-
nitrile, followed by hydride reduction to amine 78.
The guanido function is introduced by reaction with
S-methylthiourea to give guanoxyfen (79). When 2-
(2,6-dichlorophenoxy)ethyl bromide (80) is reacted
with hydrazine to give 81, and this is reacted with

S-methylthiourea, guanochlor (82) results.39

b. Phenoxyacetic Acids
The clinical success of clofibrate has naturally led
to the synthesis of numerous analogues intended for
use as hypocholesterolemic agents. One of these,
clofenpyride (84), is synthesized readily from p-
chlorophenoxy-2,2-dimethylacetic acid (83) by conver-
nion to the acid chloride and reaction with 3-hydroxy-

methylpyridine.40 Substitution of a single aromatic
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N
0><C02H OXCOZCHZ—Q
/©/CH3 cHy T /@Hs CHs
c1

(83) (84)

C1

ring in the place of the gem-dimethyl groups of 84 is
compatible with activity. Interestingly, the resulting
molecule, halofenate (90) is also reported to show
uricosuric activity. Conversion of p-chlorophenyl-
acetic acid (85) to its acid chloride (86) activates
the benzylic methylene group to bromination with
molecular bromine, and the resulting mixed dihalide
(87) is reacted with methanol to give ester 88.
Nucleophilic halide displacement with the sodium salt
of m-trifluoromethylphenol gives intermediate 89,
which is saponified with KOH, converted to the acid

L

i ; 0
O CHCOR! CF3 1
e /©/ CHCOMe
rrrr——
Cl C1 /I:::H/
(85) (86) R=H, R' =1 c1
(87) R=Br, R' =C(1 (89)

(88) R=Br, R’ = OCH4

CF3

0

|
CHﬁO(CHz) 2NHCOCH;
IR
(99)

C1
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chloride with thionyl chloride, and then esterified
with N-acetylethanolamine to give halofenate (90).41
Insertion of a second aryl ether oxygen function
is also consistent with hypocholesterolemic activity.
Burger et al. have published an early and apparently

general synthesis of such compounds.42

In the specific
case of lifibrate (92), bis-(4-chlorophenoxy) acetic
acid (91) is converted to the acid chloride with
thionyl chloride, and then reacted with N-methyl

piperidine-4-0l to give the desired basic ester 92.

c1
Cl
” A QY QN
[OF |
N\ ‘f 0 NCH3
+ CHCO,H —_— Q CHg o
7/ }HCOzH

—— |
0
Cl /@0
Cl Cl
(91) (82)

A seemingly simple variation on these structures
results in central stimulant activity instead.
p~Methoxyphenyloxyacetic acid (93) is reacted with
N,N-diethylethanolamine via the acid chloride to give

mefexamide (94).43

OCH,CO,H CH,CNH(CH,),N(CyHg)
CH30 :

CH30
(93) (94)

The diuretic properties of ethacrynic acid (95)
were at one time attributed to its role as a Michael
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acceptor. The enone was believed to react with SH
groups on enzymes in the kidney. This interesting
view was weakened by the discovery that some related
molecules which do not possess this structural feature

CH3, OCH»CO,H
CH» Cl
O 0
(95)
H
OCH3 0C 3
. —
c1 $7 “coc1 S C1
C1 0 C1

(96) (97)

OCHCOZH
el
S c1
C1

(98)

still possess marked diuretic activity. An analogue

of ethacrynic acid is synthesized by condensing 2,3~
dichloromethoxybenzene (96) with the acid chloride of
thiophene a-carboxylic acid to give 97. Ether cleavage
with A1C13, followed by sodium salt formation, etheri-
fication with ethyl chloroacetate, and then saponifi-

cation gives ticrynafen (98).44
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c. Ethers of l-Aminopropane-2,3-diol
There has been enormous interest recently in the
pharmacological properties of selective B-adrenergic
blocking agents following the clinical success of
propranolol. That the many pharmacological responses
elicited by norepinephrine and epinephrine in various
tissues are the consequence of macromolecular recep-
tor substances of slightly different specificities
has been known for some time. Such differences are
often most conveniently demonstrated through use of
selective inhibitors, and functional classifications
of such receptors are usually made on that basis.
Ahlquist devised a system of receptor classification
based largely upon whether excitatory or inhibitory
responses followed administration of adrenergic
agents.45 The a-receptor was associated generally
with excitatory responses (vasoconstriction, uterine
and nictating membrane stimulation) while the
p-receptor was associated with inhibitory responses
(vasodilation, inhibition of uterine muscle).

While the physiological responses following
B-receptor stimulation are many, those most prominent
are those on the cardiovascular system and on the
smooth muscles of the bronchial tree. Subsequently,
a lack of faithful parallelism between the cardiac
and bronchial effects led Lands et 21.46 to propose a
further subdivision of the p-receptors into By which
stimulates cardiac muscle and lipolysis, and ﬁz,
which relaxes bronchioles and influences the vascula-
ture and shows metabolic effects. Epinephrine (99)
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is an archetypal adrenergic agent stimulating a, ﬁl,
and ﬁz receptors.

OH

(O3]
N CH-S ©/y
n 3]

HO (100) NHCIH(C5) )

(99) (101)

" o1l

OCI, CHCH ,NICHEl ), ::: :OC”ZC”C”ZN”GC”sk
- :: (Y

CH3CONII L o
(102) (103) NOCH 3 CIICH INIIC ( €113 ) 3

(103a)

9]
on "

OCH X CHCHNICI(C )

Ho NHCHMe 5
OH
(1o4) (105)

Some specific antagonists of interest in
classifying receptors are tolazoline (100, a-receptor
antagonist), dichloroisoproterenol (101, B-receptor
antagonist), practolol (102, ﬁlreceptor antagonist),
and bunitrolol (103, B,receptor antagonist). Recently
described compound 103a departs from the previous
structural norm and possesses strong ﬂzreceptor
blocking selectivity. These classifications are
rendered somewhat difficult because few of these
agents are completely selective and may have addi-
tional pharmacological properties, such as varying
degrees of intrinsic sympathomimetic agonist action.
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Isoproterenol (104) is an important agent for classi-
fication because of its selective B~receptor agonist
activity. It is of special interest that its chrono-
tropic (increase in heart rate) and inotropic (increase
in force of contraction) effects exceed that of
epinephrine; it is also used in the management of

mild to moderate asthma due to its bronchodilating
effect, resulting in increased vital capacity of the
lungs.

It is in this context that propranolol (105) and
its myriad analogues need to be judged. Administration
of 105 leads to a decrease in heart rate, cardiac
contractile force and myocardial oxygen consumption.
These drugs often have some intrinsic adrenergic
sympathomimetic activity which leads, i.a., to an
increase in airway resistance of little consequence
to most patients but of potential danger to asthmatics.
Another factor of interest is a direct action on cell
membranes, affecting their responsiveness to electrical
stimulation and, in isolated atria, decreasing spon-
taneous frequency, maximal driving frequency,
contractility and increasing the electrical threshold.
In contrast to the B-blocking action, these "local
anesthetic" actions are nonstereospecific. Whether
these local anesthetic actions are important in
antiarrhythmic action is being debated.

The therapeutic use of these agents is in control
of cardiac arrhythmias, angina pectoris, and in
essential and renovascular hypertension. The various
ancillary activities lead to side effects and much
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effort has been expended to refine out these extra-
neous responses. It is not universally agreed whether
some intrinsic sympathetic activity (I.S.A.) is
desirable or not and, if so, how much a drug should

have.

CH 0$0
Z 2‘@" CHZO-Q—NH(?OC}I3
l —

'F_T'- ::><:: H=— C—0
CH20 CH3 (LIIZOX

(106) (107)

CHZO—O—NHCOCH:;
| CHzCHCHzNHCH(CH3)2
H—C\O - /@O
| /
09)

CHy CH3COIIN

(108)

OCH2CH=CH2 OCH,CH=CH}
I OH
A\ |
OCHCH—CH2 OCHZCHCH2NHCH(Cl3) 2

(110) (111)

The means used to prepare these agents can be
illustrated by the following examples. Practolol
(109)47 gives less clinical bronchoconstriction in
some patients than propranolol because its receptor
action is more selective. Serious occasional toxicity
not related to B-blockade has led to its withdrawal
from clinical use. A synthesis is available which
relates the absolute configuration of the more potent
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optical isomer to (+)-lactic acid. The glycerol
derivative 106 is available from D-mannitol and
retains the optical activity as the two primary
alcohol functions are differentially protected.
Displacement with sodium p-acetamidophenoxide gives
107 which is deblocked with dilute acid, selectively
reacts at the primary alcohol function with one molar
equivalent of tosyl chloride and pyridine, then
treated with NaOH in dimethylsulfoxide to yield
epoxide 108. Epoxide opening with isopropylamine
leads to optically active practolol (109), showing
that the l-compounds are related to R-(-)-epinephrine.
The synthesis of oxprenolol (111) follows a
similar course.49 Epoxide 110, readily synthesized
by reaction of the sodium salt of pyrocatechol mono-
allylether with epichlorohydrin, is reacted either
with isopropylamine or with HCl (to form the inter-
mediate halohydrin) followed by isopropylamine.

Cliz0(CHy) CH3(CH2)2ﬁN COCH
\E::]\ ?i o ?H
0CH2CHCH2NHCH(CH3f2 OCH2 CHCH)NHCH (CH3)

(112) (113)

H)NCCH OCH3
g OH OH
. |
OCH, CHCH, NHCH (CH3) ; OCH; CHCH)NHCH(CH3) ,

(114) (115)

Metoprolol (112),50 acebutolol (113),51 atenolol
(114),52 and moprolol (115)23 are all closely related
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and made by this basic route or simple variations of

it.
cN
oo, ;
07" CHCH,NHC (CH3)
OCH ,CHCH,NHC (CH3) 3 2 303

(116)

OH OH
0
OCHCHCH,NHC(CHz) 5 OCH,CHCHyNHC(CH3)3
(118) (119)
OH OH
OCH,CHCH,NHC(CH<) < OCH2CHCH2NHC (CH3) 3

D
L
(120) (121)

Replacement of isopropylamine by tert-butyl
amino often results in an increase in potency. This
substitution is used in the p-blockers bunitrolol
bufuralol (117),55 bunolol (118),56 nadolol
(119),57 and phenbutalol (120).58 Tazolol (121)59
whose structure is similar, is not a good f-blocker,
possessing substantial ISA.59

Substitution of groups other than i-propyl or
t-butyl on nitrogen also leads to active compounds.
Primary amine 122 is reacted with p-(p-chloroethoxy)-
benzamide (123) to give the B-blocker, tolamolol
(124). 50
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CHz
@ (l)H CONH,
+
OCH2CHCH2NH 7 /©/ ’
C1(CH2) 20

CHz
A
OCH CHCHNHCH2 CH20

(124)

4. ARYLSULFONES AND SULFONAMIDES

a. Sulfones
Until the development of the antibacterial sulfones,
Hanson's Disease (leprosy) remained a potentially
horrible affliction, treated with largely ineffective
ancient remedies. The antibacterial sulfonamides do
not do well against this disease and, interestingly,
the. sulfones which are effective, are not very useful

0% /0
: : : NHCH2CO2H
(125) (126)

o\ 20

CH3CONH” : : ~

(127)

NHCOCH3
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against most other bacterial infections. Dapsone
(125) is such an agent. It is somewhat inconvenient
to administer to patients because of its rather low
water solubility. 1In the search for more easily
administered drugs, 125 was reacted with bromoacetic
acid to give acediasulfone (126) which can be
administered as a water soluble salt.61

Acedapsone (127), which is conveniently prepared
by acetylation of dapsone, was intended to be a

prodrug.62

Leprous patients being treated with
dapsone were observed to have a lower incidence of
malaria and acedapsone was made to capitalize on this
observation. 1It, indeed, has both antileprotic and

antimalarial activity.

b. Sulfonamides
Because of bacterial resistance and unacceptable side
effects in some patients, the antibacterial sulfon-
amides no longer enjoy the clinical vogue they once
had. Still, their cheapness, undeniable efficacy in
susceptible infections, and the hope of overcoming
their deficiencies leads to a continuing interest
despite thousands having been synthesized to date.
Some of the more significant agents not included in
Volume I of this work follow.

Generally, Nl*acylsulfonamides are less effective
than those having a single Nl*aryl group. One such
acyl analogue, sulfabenzamide (130) is prepared
simply from sulfanilamide (128) by bisbenzamide
formation (to 129) using benzoyl chloride and pyridine,

followed by partial saponification.63
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0L O
e 0y 40
\N S
H2 /©/ NHCOCgHs
el
——
HaN CgH 5 COHN

N7
S\
Q/ NHCOCgH

(130)

(128) (129)

H2N

The classic syntheses of the antibacterial
sulfonamides involve reaction of the appropriate
arylamine with an acid addition salt of p-amino-
benzenesulfonyl chloride, or p-nitrobenzenesulfonyl
chloride followed by reduction. Chemical interest
largely resides in preparation of the corresponding
arylamines. For the synthesis of sulfacytine (134),
N-ethyl uracil (131) was converted to its thioamide
(132) by reaction with phosphorous pentasulfide. The
newly introduced sulfur is then displaced with ammonia
in methanol to give 133. Standard reactions complete

On 0
X F
ﬁr\ HZN\"/\ >N
> —_—
NC2Hs NTNCZHS HoN N_ _NC,li
2 2lis
Tor 0 \l(l)’
(131) X=0 (133) (134)
(132) X=8§ —
the synthesis of 134.64 Reaction of cyanoacetone
yn

(135) with phenylhydrazine gives the corresponding
pyrazole (136), which is then converted to sulfazamet
(137) in the usual way.65 An antibacterial agent
promoted for use in ulcerative colitis is made by
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diazotization of sulfapyridine (138) and coupling of
the diazonium salt (139) with salicylic acid to give
sulfasalazine (140).66

HzN\€¢x»/CH3 ‘k@¢9
NCCH2COCH3 — ——m — N
N—N Clly
C }l;/ W )
6H:
(135) (136) H2N /,N—N
CeHg

(137)

Mafenide (142) was synthesized in part to see
whether the p-amino group of the classical sulfonamides
had to be attached directly to the ring for efficacy
as an antibacterial agent. The answer is apparently

yes.67 Reduction of p-cyanobenzenesulfonamide (141)
produces mafenide, which is not a clinically useful

antibacterial agent.

0\\S¢0 O\\S¢O
o Jeg
N N
e

(138) R = NH, HO

139) R=N,® 140
(139) R=N, CO,H
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Coccidiosis is an economically significant
respiratory disease of fowl. During the course of
studies directed toward antimalarial agents, sulfani-
tran (143) was prepared and found to be a coccidiostat.
It is prepared conveniently by reaction of p-aceto-
amidobenzenesulfonyl chloride with p-nitroaniline in

acetic aciq.®®
0 0
§S¢
g
CHzCONH \Q
NO;,
(143)
CH7NH,
O0s 20 /
——e H - QS\N/——
HoN
CH,NH, z (146)
(145)
(144)

Benzenesulfonamides having two substituents on
Ny usually have poor antibacterial potency. Such is
the case with azabon (146). This central stimulant
is prepared in the usual fashion from 3-azabicyclo-
[2.2.2]nonane (145), which is itself prepared by
pyrolysis of aliphatic diamine 144.69
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c1
OYNm H)N Cl
— ———
HN
55 SO;NH > :<][
0

Y CH,=CHCH;NHS SO)NH )
4
(147) oo
- (148)
CH écn CH=N
= c1
3 2 CH3C¢\n [ H c1
—= b\ c1 NpY
CH2=CHCHNHS SO,NH, ~H RN
dY < SO2NH;
CH,=CHCH ;NS SO,NH; d

I
(150) (151)

(149)

Ambuside (149), a diuretic, is prepared from
cyclic urea derivative 147 by allylation of the more
acidic NH group with allyl bromide by means of NaH,
followed by hydrolytic ring opening to give 2-allyl-
sulfamyl-5-chloro-4-sulfamylaniline (148). This is
in turn treated in acid with 2-ketopropionaldehyde
dimethylacetal to give the Schiff base ambuside
(149).70 The enolanil form (150) of ambuside shows
some similarity to the open form of some of the
cyclic thiazide diuretics (151) which have been
speculated to be the active form of these molecules.

c. Sulfonylureas
Linear descendants of the antimicrobial sulfonamides,
the orally active sulfonylureas continue to be of
interest as alternatives to insulin injections in
patients with adult-onset diabetes. Tolpyrramide
(153) is synthesized from unsymmetrical O-methylurea
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derivative 152 and tosyl chloride, followed by mild
acid treatment to cleave the O-methyl group.71

OCH
&\l O\\S//0
< 7 H — \NHCONO

(152) (153)

Glyparamide (155) is made by displacement of the

best leaving group of unsymmetrical urea 154 with

72

sodio p~chlorobenzenesul fonamide. Glibornuride

(159) is an endo-endo derivative made from camphor-

0
“ O\ /O
(CgHs) ,NCNH >
\O\ —_— /©/ NHCONH
N({CHz) , C1 \©\

N(CH
(154) (155) 32

3-carboxamide (156) by borohydride reduction (exo
approach) (to 157), followed by a Hoffman reaction to
carbamate 158, followed by displacement with sodio-
tosylamide to give glibornuride.73 Glyoctamide (160)

is the tosylamide of cyclooctylurea.74

Glipizide

(163) is synthesized from 5-methylpyrazine-2-carboxylic
acid (161) and 4-(2-aminoethyl)benzene sulfonamide to
give sulfonamide 162, which forms glipizide (163) on
reaction with cyclohexylisocyanate and base in

acetone.75



:E Z=0 j\ z
> H H
CONH,

CONH
(156) (157) NHCQ;CH~
(158)
PRSI
H
NHCONHSO,
(159)
CH5
i
N COH N~ _-CNHCHCl1; —-@\
s
/CN]/ KN]/ SONIH
CHj Cs
(161) (162)
N
o 0 e
S ey
N
CNHCH CH;
CH3
(160) CHj
(163)

Jo

(164)

CH30CH,CH;0
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Though glymidine (164) does not contain a
sulfonylurea moiety, this function is probably
fulfilled by the aminopyrimidine nucleus, which can
be considered to be the cyclized equivalent. It is
formed simply by reaction of the corresponding

alkoxyaminopyrimidine with benzene sulfonyl chloride.76

5. FUNCTIONALIZED BENZENE DERIVATIVES

a. Alkyl Analogues
Parkinson's Disease has been fairly convincingly
demonstrated to be the manifestation of a deficit of
brain dopamine. Administration of this biogenic amine
is ineffective in alleviating the symptoms of this
disease since the drug fails to cross the blood-brain
barrier. Some success has been achieved by
administering the amino acid precursor of dopamine:
dihydroxyphenylalanine (DOPA). Though this last
substance does penetrate the brain, its activity is
limited by prior degradation-starting with decar-
boxylation in the periphery. A compound which would
inhibit the enzyme which catalyzes this first step,
DOPA decarboxylase, should permit more efficient
utilization of DOPA. A compound very closely related
structurally to the substrate for the enzyme fulfills
this function. Carbidopa 168 was designed for this
purpose. Carbidopa's synthesis begins with a modified
Strecker reaction using hydrazine and potassium
cyanide on arylacetone 165 to give 166. This is then
hydrolyzed with cold HCl to give carboxamide 167.
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. CH3 CH3 CH3
0 * X NHNH, T CO,H NHNH;
HO HO HO
OCH3 OCH3 OH
(165) (166) R=CN (168)

(167) R = CONII,

More vigorous hydrolysis with 48% HBr cleaves the
amide bond and the arylether group to produce carbidopa
(168).77 There is some evidence that carbidopa has
some anti-Parkinsonian activity in its own right. 1If
this is confirmed, then its mode of action will be
different from that for which the drug was designed
and prepared.

Another aminoacid-like drug is the antineoplastic
agent melphalan (173). Tumor cells spend less time
in resting phases than normal cells so at any given
time, they are more likely to be metabolically active
than most normal host cells. The rationale behind
incorporating an alkylating function in a molecule
resembling a primary cellular metabolite was to get a
greater safety margin by fooling tumor cells into
taking up the toxin preferentially. p-Nitrophenyl-
alanine (169) was converted to its phthalimide analogue
by heating with phthalic anhydride, and this was
converted to its ethyl ester (170). Catalytic
reduction produced the aniline (171). Heating in acid
with ethylene oxide led to 172, which was converted
to the bischloride with phosphorous oxychloride, and
the protecting groups were removed by heating in
hydrochloric acid to give melphalan (173).78
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CozH R o o
PR w——
NH>

0,N
(169)
— (170) R=0
(171) R=H,
(172) R = CH2CH0H
COyH
2 Z\N NHZ

C1CH,CH;

Baclofen (176), a muscle relaxant and hypnotic,
is synthesized from ethyl p-chlorocinnamate (174) via
the Triton B catalyzed Michael addition of nitro-
methane (to 175) followed by Raney nickel reduction
and saponification. Baclofen is formally a GABA

(gamma-aminobutyric acid) analogue.79
CH,NO, CH2NH;
CO2C2M5 COsEt CozH
e —li
€1 c1

C1
(174) (175) (176)

Reaction of p-chlorobenzylmagnesium chloride
with the Mannich product from 2-butanone (177)
produces the antitussive agent, clobutinol (178).80

The tranquilizer cintriamide (179) is prepared most
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conveniently by a simple Shotten-Baumann reaction of
the acid chloride.81 For reasons that are not very
clear, the 1,2,3-trimethoxybenzene moiety is frequently
associated with CNS activity.

NH,
C”3 Cli50

I
CH3COCHCH2N (CHz) 2 ——= ’/E:::]r/CH2CCHCH2N(CH3)2
CHgO

(177) 0Cl5

(179)

Very reactive nitrogen mustards and aziridine-
containing molecules are usually too toxic for general
therapeutic use, but find use in neoplastic disease.
Benzodepa (182) is such an agent. Treatment of ethyl
carbamate with phosphorous pentachloride leads to
cyanate 180 which readily adds benzyl alcohol to
produce carbamate 181. Displacement of the active

] i -
H2NCOC;Hg —t— C17PN=C=0  ——= C1,PNHCOCHCgH5  —=——tmr

(180) (181)

Clan ﬁ ﬁ
| N—)PNHCOCH2Cglls
ny”
7 2
(182)

chlorines with ethyleneimine leads to the very reactive
benzodepa (182).82 It was previously known that
carbamates and bisaziridininylphosphinyl agents had
antitumor properties, so it was natural to combine
both moieties in a single molecule to see if synergism
would develop.
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As noted above, guanido-containing drugs often
exhibit antihypertensive activity. Interposition of
an additional nitrogen atom is consistent with activity.
There is some evidence to suggest that these hydrazines
owe their activity to a mechanism different from the
guanidines. One such derivative was originally

synthesized to be a herbicide.83 Hydrazone formation
Ccl (o9}
NH
CHO P N— H,NNHC=NH
+ HpNNHC —— ~ —_—
~NH NHR SCH

C1 2 C1 3
(183) (184) R=H (186)
(185) R=0H -

between 2,6-dichlorobenzaldehyde and hydrazinyl
guanidine 183 leads efficiently to guanabenz (184).
The closely related analogue guanoxabenz (185) is
prepared in the analogous fashion using the hydrazinyl-
oxyguanidine derivative prepared by reacting thiomethyl-
imine 186 with hydroxylamine and then with 2,6~
dichlorobenzaldehyde.84
A group of arylalkylketones containing a basic
substituent in the side chain shows CNS activities.
Roletamide (190) is a hypnotic agent. It is prepared
from 3,4,5-trimethoxybenzaldehyde (187) by addition
of sodium acetylide (to give 188), followed by Jones
oxidation of ethynylarylketone 189. Michael addition
of pyrrolidine-3-ene leads to roletamide (190).85
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CH0 CHO CH3O CHz0
R C=CH ____
CH30 CH30::E:;:B/JL\ CH30
OCH3 OCH3 ocn3
(187) 190

Reaction of m-chlorobenzonitrile with ethyl
Grignard reagent produces ethylarylketone 191.
Bromination in methylene chloride followed by dis-
placement of the a-bromoketone moiety with t-butylamine
leads to the antidepressant agent bupropion (192).86
While the closely related central stimulant pyrova-
lerone (193) can also be made simply by reacting the
requisite a-haloaralkylketone with pyrrolidine, a

0
CCH,CH ccuc
2 s ccncuzcnzcn3
—
NH( (CHz) 3 /@/ b

Cllz
C1

(191) (192)
o (193)

more interesting synthesis goes through quaternary
amine 794 which undergoes a Stevens rearrangement on
treatment with base to provide intermediate 195,
which is hydrogenated to pyrovalerone.87 This mecha-
nistic interpretation is supported by studies with
unsymmetrical olefins wherein it is seen that the

double bond migrates on conversion of 194 to 195.
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0
Il
N c N
C\gH CH /@/ClHCHZCH CHp
r——
- @ @I\!?CHZ S N ]

——

Conversion of a ketone to a highly substituted imine
interestingly leads to a compound which shows
analgesic activity, anidoxime (197). Phenyl 2-di-
ethylaminoethyl ketone is converted to its oxime
(196) in the usual way, and this is converted to

anidoxime by reaction with p--methoxyphenylisocyanate.88

i
HO” N/OCNH—Q
CCH2CHN (C2H5) 2 i OCH
CCH,CHN(CpHg) 2
D el

(196) (197)

An arylamidine found subsequently to have anti-
arrythmic activity was actually synthesized in the
hope of producing a hypoglycemic agent. Iminochloride
198 is prepared from the corresponding benzamide and
the chlorine is displaced with n-amylpiperidine to

produce bucainide (199).89 To posit a similarity to
(CH2) 5CH3

N
m )
N
NCH,CH(CHz) 2

NCH2CH(CH3z) 2

(199)
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the well-established antiarrythmic benzamide procain-

amide and its congeners is perhaps not too fanciful.
While some arylaliphatic acids are established

as antiinflammatory agents, it is interesting to note

that some arylketones share this activity. Fenbufen

(200) is prepared simply by a Friedel-Crafts acylation

90

of biphenyl with succinic anhydride. The same

reaction using cyclohexylbenzene leads to 201.
0
I

|
CCII2CH2CO 21l
CCH,CH,COpH

(201) R=H

200)
(200 (202) R=¢C

Chlorination enhances activity and is accomplished by
treatment of 201 with chlorine in methylene chloride
catalyzed by aluminum chloride. The nonsteroidal

antiinflammatory agent bucloxic acid (202) results.91

b. Miscellaneous Derivatives
Reaction of 2,6-ditertiarybutyl-4-thiolphenol with
acetone leads to the dithioketal probucol (203) which
has hypolipidemic activity.92
c(cllz) 3 C(Clz) 3
HO OH

CH CHz
s<s

(203)

(CH3) 3C C(CH3) 2
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Some tumors are estrogen-dependent and the use
of an antiestrogen has therapeutic value. One such
antineoplastic agent appears to be patterned after
clomiphene. Complex aryl ketone 204 is treated with
phenyl magnesium chloride and the resulting tertiary

OCHCHN(CHz) OCH2CH2N (CH3) 2
Ql{_ﬁ
C ————
0

I

CH3/C”2 CH3/CH2

204
(204) (205)

carbinol is dehydrated. The resulting isomers are
separated to give tamoxifen (205). Structural
assignment amongst the isomers is performed by pmr

measurements.93
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6
Steroids

Early interest in steroid chemistry centered about
cholesterol, the bile acids, and the cardiotonic
glycosides, but a dramatic expansion took place in
the 1930s with the discovery of steroidal sex
hormones and the adrenal cortical hormones. As each
of the major steroid structures was elucidated,
efforts were bent toward developing synthetic methods
for their preparation. The impetus for this work was
variously to provide amounts of compound sufficient
for more detailed pharmacology and clinical appli-
cation, to prepare orally active analogues, to prepare
substances of intrinsic non-hormonal pharmacological
activity, and, in some cases, to provide compounds
that would antagonize the action of endogenous hormones.
The large number of entries outlined in this
chapter might mislead the casual reader into assuming

that these represent a correspondingly large number
135
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of drugs in actual clinical use. This is in fact not
so: the majority of commercial steroid drugs are to
be found in the first volume of this work. The
medicinal chemistry and pharmacology of synthetic
steroids was a field of intensive concentration for
the better part of two decades; numerous compounds
were thus produced which showed enough clinical
promise to be assigned a generic name, kut for one
reason or another, most failed to find a place on the
drugstore shelf. The fact that so many of these
compounds do have generic names indicates that they
have interesting activity in various animal assays,
and have shown sufficient clinical promise to merit
inclusion in this work.

The numbering system and normal stereochemistry
of the steroids of interest to this chapter are as
follows:

This stereochemical pattern is taken for granted in
the following structures with only departures being
detailed.

1. ESTRANES
The prototype for the estrane series is the female
sex hormone estradiol (I1). Estrogens have important
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applications as replacement therapy for hormone-
deficient states found in menopausal and post-
menopausal women for the treatment of menstrual
irregularities, failure of ovarian development, and
in treatment of prostatic carcinoma, etc. These
compounds also constitute an essential ingredient for
the oral contraceptives. It is important to recall
that when the synthetic work was done, the Pill was
as yet untainted by any shadow and was regarded as an
unmitigated boon. There seemed, in fact, to be good
reasons for developing new estrogens of greater
potency and specificity. It is only fairly recently
that there have been serious questions raised about
the safety of long-term treatment with exogenous
estrogenic compounds, resulting in a lessening

commercial interest in these agents.
0

@@Q@_@&j

(3) R=H

(2) (4) R = COCHs
Reaction of estrone (2) with an excess of the

lithium reagent from 3-iodofuran gives intermediate
diol 3. The stereochemical assignment follows from
the well-known propensity of steroids for attack from
the less-hindered backside (¢) of the molecule.
Acylation of 3 with acetic anhydride then affords the

estrogen estrofurate (4).1
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One of the routes for metabolism of the natural
estrogens involves oxidation at the 1l6-position. The
resulting compounds (estriols) show paradoxical
endocrine activities in animal models. Thus, although
these metabolites show estrogenic activity in their
own right, they can to some extent block the action
of concurrently administered estradiol. The unnatural
estriol analogue epimestrol (8) shows this kind of
activity.

One of the routes to epimestrol begins with
acylation of estradiol with benzoyl chloride to give
the dibenzoate 5. Pyrolysis of the ester leads to
formation of the 16,17-olefin. Hydroxylation by means
of osmium tetroxide affords the cis-diol 7 due to the
intermediacy of the cyclic osmate ester (6a); attack
of the reagents from the a side insures formation of
the 16,1701--di01.2 Saponification is followed by
alkylation of the phenolic hydroxyl group with di-
methyl sulfate in the presence of base to afford
epimestrol (8).3

02CCeH5
J@&b/
Cetl5CO2

CeH5CO7
(5) (6)

.ol
.0 20
. Sos?
‘OH . .()/ %0
RO

(7) R=H
(8) R=CHxg
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Replacement of a ring carbon by a heteroatom,
such as nitrogen, has proven a fruitful modification
in many classes of medicinal agents. The resulting
analogues often possess the same qualitative activity
as the parent compound. Although this strategy has
been applied extensively to the steroids, it has not
met with overwhelming success. Two cases of substi-
tution by N in which interesting activity was obtained
both contain the heteroatom at the 8-position. Such
derivatives are most conveniently prepared by total
synthesis. For example, condensation of the substi-
tuted phenethylamine 9 with 2-cyclopentanonepropionic
acid (10) affords directly the bicyclic lactam 12, as
a mixture of isomeric eneamides. Though the precise
order of the steps is not clear, the reaction can be
rationalized as proceeding via enamine 11; enamide
formation will then give the observed products.
Catalytic reduction affords the lactam with the
expected cis ring junction (13). Cyclization by means
of phosphorus oxychloride then gives the tetracyclic
quaternary salt (I4). Treatment with hydrobromic
acid serves both to cleave the methyl ether and to
replace the counterion by bromide. There is thus
obtained quinodinium bromide (15).4 This compound
interestingly exhibits antiarrhythmic rather than
hormonal activity, possibly in part because of lack
of D-ring functionality required for estrogen receptor
activation.
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)
+ 2NN

CHz0

(14) (15)

The scheme used to prepare the direct 8-aza-
analogue 21 of estrone bears at least formal simi-
larity to the Torgov-Smith steroid total synthesis
sequence. Acylation of the phenethylamine 9 with
acryloyl chloride gives amide 16. Michael addition of
dimethylamine followed by Bischler-Napieralski cyclo-
dehydration gives the dihydroisoquinoline, 17.
Reaction of the heterocycle with 2-methylcyclopentane-
1,3-dione in the presence of pyridine leads directly

to tetracyclic intermediate 20.°

The first step in
this transformation probably consists in formation of
the olefin 18 by elimination of dimethylamine.

Michael addition of the anion from the cyclopentane-

-
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dione gives a transient intermediate such as 19.
Reaction of the enamine nitrogen with one of the
carbonyl groups leads to the corresponding cyclized
dieneamine 20. Catalytic reduction leads to stereo-
selective introduction of hydrogen at both C-9 and

E N(CHz),
NH .
(9)  +  CH2=CHCOCl ~——em — N:
CH30

CH30

(16) (17)
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C-14 from the a face. It should be noted that except
for the methyl group at C-13, 20 is quite flat; it is
not unreasonable to assume that adsorption to the
catalyst will take place at the face opposite that
substituent, thus leading to the observed stereo-
chemistry. The product is, of course, racemic.
Reaction of 20 with lithium acetylide completes the
synthesis of estrazinol (22).6 It is of note that,
in contrast to 15, this compound shows activity as an
estrogen.

Reduction of the aromatic A ring of the estra-
trienes and appropriate substitution at the 17--
position leads to compounds that show either andro-
genic or progestational activity. These 19-nor
steroids tend to have much better oral activity than
their 19-methylated counterparts. Orally active
androgens have found some use both in replacement
therapy for androgen deficiency and as agents which
will reverse protein loss in various pathological
wasting diseases (as anabolic agents). Some contro-
versial use is also found in increasing the body mass
of professional athletes. By far the largest clinical
application for the orally active progestins is as a
component part of oral contraceptives.

Reduction of 19-nortestosterone (23)7 with sodium
borohydride leads to a mixture of isomers consisting
largely of the 3p-alcohol (24); the lack of stereo-
specificity can be traced back to the relative
remoteness of that 3-position from chiral centers
which could direct the incoming reagent. Acylation
of diol 24 with acetic anhydride in the presence of
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sodium acetate affords the anabolic agent bolandiol
diacetate (25).8

OH OR

o (25) R=CH3CO

(26)

A fairly common strategy for converting a drug
to an agent which is excreted more slowly and may be
longer acting pharmacologically consists of the
preparation of a very lipophilic derivative. This is
then administered by subcutaneous or intramuscular
injection in an o0il solution. The drug or its hydro-
lysis product then slowly leaches out of that oily
depot to provide long-lasting levels in the blood.
Reaction of l9-nortestosterone with adamantoyl chloride
affords the longacting anabolic agent bolmantalate
(26).9 There is some evidence to suggest that this
ester is not a prodrug, but has hormonal activity in
its own right.

The presence of a 7a-methyl group has been found
to potentiate anabolic activity. Acetylation of 19-
nortestosterone affords the corresponding l7-acetate
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(27). Treatment of this compound with chloranil
results in dehydrogenation at C-6,7 and thus formation
of the 4,6-diene~3-one moiety. Reaction of 28 with
methyl Grignard reagent in the presence of cuprous
bromide leads to conjugate (1,6) addition from the
bottom face of the molecule with concomitant loss of
the ester function from C-17 to give the 7a-methyl
derivative (29). Oxidation of the alcohol at C-17
then affords diketone 30. Condensation of that

product with pyrrolidine leads, because of the highly hindered

nature of the ketone at C-17, to selective formation
of the 3-enamine (31). Addition of methylmagnesium
bromide followed by hydrolysis of the enamine function
gives mibolerone (32).10 This last has, interestingly,
recently been introduced as a canine oral contra-
ceptive.

OCOCH3 0COCH3

(23)  —— —

o 0

OH
(31) 29) R=7

(30) R=0
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The formal replacement of the methyl group at C-
17 by ethynyl leads, in the 19-nor series, from com-
pounds which show androgenic activity to agents active
as progestins. The prototype for this series, and in
fact the compound used most widely in oral contra-
ceptives, is norethindrone (33). It is of note that
the analogue missing the ketone at C~3 retains this
activity. Condensation of ethane dithiol with 19~
nor-testosterone affords the corresponding thioketal
(34). Desulfurization with sodium in liquid ammonia
affords 35. Oxidation affords the 17-ketone; reaction
with lithium acetylide gives the progestin cingestol
(37).11 A similar scheme on the isomeric deconjugated
ketone 38 (obtained by hydrolyzing the enol ether
product from the Birch reduction of estradiol methyl

ether under mild conditions) gives tigestol (39).12
OH
. OH (23) ——a ”
i ‘CE=CH
0
(33)
R
R e ]

/
(35) R=7

(36) R=0

OH OH

¢}
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An unusual variation on this theme involves a
compound containing both extended conjugation involv-
ing the bond connecting rings AC and a haloacetylene

13 with the anion

moiety. Reaction of ketone 40
obtained by treatment of cis 1,2-dichloroethylene
with methyl lithium affords chloroacetylene 41. This
reagent can be generated either by formation of the
organometallic agent by abstraction of a proton
followed by loss of hydrogen chloride from the adduct
or, more likely, by elimination of HCl from the
ethylene followed by formation of the lithium reagent
from the resulting acetylene. Hydrolysis of the enol
ether under mild conditions (acetic acid) affords the
unconjugated ketone 42. Treatment of that compound
in pyridine with bromine leads to the potent oral
progestin ethynerone (44).14 This last reaction can
be rationalized by assuming that the first step
consists of addition of bromine to the double bond at
C-5,10 (43); double dehydrohalogenation will give the
observed product. It is interesting to observe that
44 does not enolize to give an aromatic A ring.

on ol
L CRRCCl L--CERCC1

Chz0 CH30

(341 (43)
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The potentiation observed in the 19-nor androgens
by inclusion of a C~7 methyl group is observed even
in the presence of the 17-ethynyl function. Dehydro-
genation of testosterone propionate (45) by means of
chloranil gives the corresponding 4,6-diene (46).
Conjugate addition of methyl magnesium bromide leads
to the 7a-methyl derivative 47 along with the 7g-
epimer. Treatment of the major product with DDQ leads
in this case to the cross-conjugated 1,4-diene. It
is likely that the direction of this second dehydro-
genation is mandated by the presence of the methyl
group at C-7; this group may hinder the approach of
reagent to the center which would lead to the alter-
nate diene. The intermediate is then saponified and
alcohol at C-17 oxidized (48). Elimination of the
angular methyl group at C-19 with consequent aromati-
zation is achieved by treatment of the diene with
lithium in the presence of diphenyl;15 there is thus
obtained 7a-methyl estrone (49).16 Methylation of
the phenolic hydroxyl group followed by reduction of
the 17-ketone gives 50. Birch reduction affords the
corresponding 2,5(10)~diene (51). The hydroxyl at 17
is then oxidized by means of cyclohexanone and alu-
minum isopropoxide (Oppenauer oxidation) to give back
the 17-ketone (52). Addition of lithium acetylide
proceeds to give the l7a-~ethynyl derivative (53).
Hydrolysis of the enol ether under mild conditions
leads fo the unconjugated ketone. There is thus
obtained the anabolic agent tibolone (54).17



0COC;Hg

0COC7Hg
i
0 PUSREEF Y
0
(45) (46)
0COC,Hg Q
—ii
0
0 CHs CHz
(47) (48)
9
e ]
———
HO "'CHy
(49)
(50)
—_——
CHz0 “'CH3
OH
(51) R=7
(52) R=0™
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Inclusion of a methyl group at the difficultly
accessible ll-position also proves compatible with
oral progestational activity in the 19-nor series.
Preparation of an agent incorporating this feature
starts with the 1,4-diene (55), corresponding to

adrenosterone.18

Due to the sterically hindered
nature of the carbonyl at C-11 and the low reactivity
of that at C-3, ketalization proceeds selectively at
C-17 (56); reduction of the ll-keto group by means of
lithium tri-t-butoxyaluminum hydride gives intermediate
57. Aromatization by means of the lithium radical
anion from diphenyl gives intermediate 58.19
Methylation of the phenol (59) followed by oxidation
of the alcoholic hydroxyl at C-11 affords 60. Addition
of methyl Grignard reagent to that carbonyl group
serves to introduce the ll-methyl group (61). It is
of note that the corresponding reaction in the 19-
methylated (androstrane) series proceeds with extreme
reluctance. Deketalization gives the corresponding
17-ketone and acid catalyzed dehydration, followed by
catalytic reduction of the olefin (62), gives the
intermediate containing the 1llp-methyl group (63).
That molecule is then subjected to the standard
carbonyl reduction, Birch reaction, oxidation,
ethynylation and, finally, hydrolysis sequence (see

50 to 53). Hyd%olysis of the enol ether under more
strenuous conditions than was employed with 53 gives
the conjugated ketone 65. The carbonyl group is then
reduced to afford the corresponding 3g-alcohol (66).
Exhaustive acetylation affords the potent oral
progestin methynodiol diacetate (67).



(55) HO
= 56) R=
(29 R=0 ), (58)
(57) R= ‘
.
o {7 @]
CHs cny.| 0 R
-—,
—-—
CH30 CH40 chz0 o
(82 61) (59) R={”
l (60) R=0
0
CHy H 9 "
CH30
(83)
0COCl5
CHy  CamCl
1 —-——.
CH3CO,
(67)
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Elaboration of a commercially viable route for
total synthesis of 19-nor steroids led to the intro-
duction of the totally synthetic product norgestrel
(71) as the progestational component of an oral
contraceptive. As was observed in the "natural" 19-
nor-compounds, reduction of the 17-ethynyl group to 17-
ethyl affords compounds with androgenic/anabolic
activity. Oppenauer oxidation of the total synthesis
intermediate 6822 leads to the corresponding ketone.
Reaction with ethylmagnesium bromide gives the
expected condensation product. It is of note that
reaction is much slower than in the 13-methyl series.
Hydrolysis with strong acid affords norbolethone
(70).21 The same compound can be obtained by selective
reduction of the ethynyl moiety of norgestrel (71).

OH

!
_.CH2C”3
- - H \
Clz0 0
CH30
(68) (69) (70)
OCOCH5 I
OCOCH
C=CH c=cH ".C=CH
H H
-_—— -

HON 0
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In much the same vein, acetylation of optically
active d-norgestrel by means of acetic anhydride and
tosic acid gives the 17-acetate (72). Reaction with
hydroxylamine hydrochloride in pyridine affords the
orally active progestin dexnorgestrel acetime (73).23

The prevalence of 17-ethynyl carbinols among the
orally active 19-nor progestins can lead to the
impression that this is a necessary group for activity.
The good potency shown by a compound that possesses
the 17-hydroxy 17-acetyl moiety more characteristic of
the 19-methyl progestins indicates that the structure-
activity relationship is not quite that narrow. One
such compound, gestonorone caproate (85) is prepared
by oxidation of 1l6-hydropregnenolone (74)24 to afford
the conjugated ketone 75. This is then converted to
the aromatic A-ring phenol 77 by the standard dehydro-
genation-aromatization scheme (see 47 to 49).
Epoxidation of the double bond at C-16 by alkaline
peroxide gives the 16a,l7a-oxide 78. Methylation of
the phenol affords the corresponding ether (79).
Trans-diaxial opening of the oxide by means of hydro-
gen bromide gives the bromohydrin 80; halogen is then
removed reductively by means of zinc in acetic acid
(81). The carbonyl group at C-20 is next protected
against the reductive conditions of the subsequent
step by conversion to its ethylene ketal (82). Birch
reduction leads in the usual way to the enol ether
(83). Treatment with strong acid serves to remove
both the 20-ketal and the enol ether at C-3, leading
to conjugated ketone 84. Treatment of this last inter-
mediate with caproic anhydride and tosic acid affords
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gestonorone caproate (85).25 The caproate function

not only contributes lipophilicity but, presumably,
Newman-type hinderence to saponification.

0

0

Q:S:g
——di
0
(75)
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-
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Cliz0 =
3 l (80) X = Br (78) R=H

(81) X=1i M HO

]
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g A " *OH
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CH30 (&)
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(26)
(17)
0
.- OR
(84) R=H
8

(85) R=C(CHp)4CHs

2. ANDROSTANES
Additional unsaturation at C-1,2 is well known to
potentiate the action of both androgens and corticoids.
The former tend, however, to show poor oral activity
in the absence of an alkyl group at the 17-position.
Thus, they tend to be used mainly as injectable
agents. As mentioned above, esterification with a
fatty chain leads to agents with long duration of
action. Thus, esterification of 8626 with the acid
chloride from undec-10-enoic acid gives the injectable
anabolic agent boldenone 10-undecylenate (87).27 An
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enol ether, interestingly, can serve a similar
pharmacological purpose. Thus, acetal interchange of
86 with the diethyl acetal from cyclopentanone gives
88; pyrolysis leads to elimination of ethanol and
formation of gquinbolone (89).28

OH

OCO(CH,) gCH=Cl1, C2H50><j
0

(87) (86) 0

L

(88)

(8%

Neoplasms involving gonadal tissues are often
dependent on sex hormones for growth. Depriving the
cancerous growth of hormonal stimulation frequently
slows its development. The past few years have seen
considerable application of hormone antagonists as
antineoplastic agents for treatment of such hormone-
dependent cancers. Bolasterone (91) is known to be a
potent anabolic/androgenic agent; its 7g-isomer,
calusterone, has found some use in the treatment of
cancer. As originally prepared, conjugate addition of
methylmagnesium bromide to diene 90 affords a mixture
of 91 and 92 with the former predominating.
Calusterone (92) was separated by chromatography and
fractional crystallization.
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OH

(20) (1) (92)

Formal isomerization of the double bond of
testosterone to the l-position and methylation at the
2-position provides yet another anabolic/androgenic
agent. Mannich condensation of the fully saturated
androstane derivative 93 with formaldehyde and di-
methylamine gives aminoketone 94. A/B-trans steroids
normally enolize preferentially toward the 2-position,
explaining the regiospecificity of this reaction.
Catalytic reduction at elevated temperature affords
the 20-methyl isomer 95. It is not at all unlikely
that the reaction proceeds via the 2-methylene inter-
mediate. The observed stereochemistry is no doubt
attributable to the fact that the product represents
the more stable equatorial isomer. The initial
product would be expected to be the p-isomer but this
would experience a severe 1,3-diaxial non-bonded
interaction and epimerize via the enol. Bromination
of the ketone procéeds largely at the tertiary carbon
adjacent to the carbonyl (96). Dehydrohalogenation
by means of lithium carbonate in DMF affords stenbolone
acetate (97).30
from a number of by-products by the fact that it

This product is readily separable

forms a water-soluble bisulfite adduct.
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0COCHs
0COCH3
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L e

(97)

Contraction of the B-ring of the orally active
androgen l7-methyltestosterone, interestingly, leads
to a compound with antiandrogenic activity. The
general method for preparation of such ring contracted
analogues was first developed using cholesterol
acetate (98) as a model. Oxidation by means of
chromium trioxide affords keto acid 99 as the principal
product; this is then converted to the enol lactone
100 by means of acetic anhydride. Pyrolysis of that
enol lactone at 200°C gives the ring contracted

31 The analogous l7-ketone

condensation product 101.
102 is used as starting material for the antiandrogen.
Reaction with an excess of methylmagnesium bromide

affords the 17-methylcarbinol 103; Oppenauer oxidation

affords benorterone (104).32
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Fusion of a heterocyclic ring onto the A-ring of
ethynyltestosterone leads to a compound with hormone
antagonistic activity. Such agents find some use in
those cases where either the given hormone is present
in excessive amounts by malfunction of the particular
endocrine gland or where it is desirable to suppress
hormonal stimulation of some end organ. Condensation
of 17-ethynyl testosterone (105) with ethyl formate
in the presence of sodium methoxide gives the corres-
ponding 2-hydroxymethylene derivative (106). Reaction
of that intermediate with hydroxylamine leads to the
pituitary suppressant agent danazol (107).33
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H 1
.. CZ=CH
.. CERCH

(105)
(106) (107)

A somewhat related sequence leads to trilostane
(111), a compound that inhibits the adrenal gland;
more specifically the agent blocks some of the meta-
bolic responses elicited by the adrenal hormone ACTH
Reaction of the hydroxy-
obtained from testosterone,

in experimental animals.
methylene derivative 108,
with hydroxylamine gives the corresponding isoxazole
(109). oOxidation of the C-4,5 double bond by means

Oil
ol
OH

HO'

(11D) L2
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of mCPBA proceeds from the less hindered side to give
the a-~epoxide. Treatment of the intermediate 110 with
sodium methoxide leads to scission of the heterocycle
and formation of the corresponding cyanoketone 111.
It is of interest that the epoxide is apparently
inert to these conditions; the nitrile is of course
readily epimerized, and thus assumes the more stable
a (equatorial) conformation. There is thus obtained
trl’lostane.34 The ring opening can be rationalized
by assuming first formation of the anion 112; electro-
cyclic rearrangement as shown gives the enolate anion
of 111.

Fusion of a heterocyclic ring onto the A-ring of
a molecule which shows mainly progestational activity
leads to an antiinflammatory agent; this finding does
not seem to have been followed up to any extent.
Condensation of 17-ethynyl testosterone (113) with
ethyl formate in the presence of base gives the
corresponding 2-hydroxymethyl derivative (114).
Reaction of that with p-fluorophenylhydrazine affords

the antiinflammatory pyrazolone nivazol (115).35

¢
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The antineoplastic agent testolactone (121)
appears to be obtained commercially by microbiological
transformation of either testosterone or progesterone.
The compound can be obtained synthetically, albeit in
low yield, starting from dehydroepiandrosterone
(116a). Addition of bromine serves to protect the
double bond as the dibromide (117). Oxidation with
peracetic acid gives the Baeyer-Villiger product 118.
The unsaturation at 5,6 is then restored by treatment
of the dibromide with sodium iodide (119). This is
oxidized to the conjugated ketone 120 under Oppenauer
conditions. (A real source of confusion exists in
the fact that 120 bears the trivial chemical name
testolactone while the same generic name is used to
denote 121.) Previous work, particularly on cortical
steroids, had shown that inclusion of additional
unsaturation in the A ring at 1,2 leads to a signi-
ficant increase in potency. Selenium dioxide is a
fairly specific reagent for achieving this trans-
formation, and such treatment of 120 affords testo-
lactone (121).36

(121) (120) (119)
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It has been known for many years that elevated
levels of serum cholesterol are associated with
atherosclerosis, although the cause-effect relationship
remains unproven. A rather straightforward thera-
peutic regimen intended for prevention or arrest of
the progress of this disease involves lowering levels
of serum cholesterol in the high-risk population.
Since a good part of the physiological cholesterol
load is provided by endogenous synthesis, agents that
inhibit this process should lower cholesterol levels
in the serum as an adjunct to dietary precautions,
although a compensatory increase in endogenous syn-
thesis can combat this artifice. One approach to
this therapeutic goal consists in providing false
substrates for enzyme systems involved in cholesterol
biosynthesis. Substitution of hetercatoms for carbon
has served to provide such enzyme antagonists in
other fields. The strategy in the case at hand calls
for a cholesterol analogue containing nitrogen in the
side chain. Shiff base formation between dehydroepi-
androsterone acetate (116b) and 3-dimethylaminopropyl-
amine affords imine 122. Reduction (lithium aluminum
hydride) proceeds to give predominantly the B-amine
(123). Further methylation by means of formic acid
and formaldehyde (Eschweiler-Clark reaction) leads to
azacosterol (124).37 Though the compound does lower
serum cholesterol in experimental animals it is not
used clinically in man. The drug, not unexpectedly,
severely limits cholesterol availability in avian
species. Since egg formation in birds is dependent on
an abundant supply of cholesterol, azacosterol is, in
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fact, an effective avian chemosterilant. A glance at
the formula of cholesterol (124a) clearly shows the
bioisosterism used in the design of 124.

CH3\
N/\L
N(CH2) 3NCH3) 2 _CHz

|
C
(116h) —= —— Hs
HO
CH5C07 (123) R=H
22) (124) R=CH3
110
(124a)

The crude toxin curare, used by South American
Indians to lend authority to their blow gun darts,
proved, because of its neuromuscular blocking activity,
to be of interest to surgeons. Structural andlysis of
the mixture led to the erroneous conclusion that the
active agents possessed a pair of guaternary nitrogen
atoms with definite spacing because of the rigid
molecular framework. Following the rationale based
on this belief led to a number of curarelike synthetic
agents in which the spacing is provided by aliphatic
chains; it is readily apparent that the rigid network
provided by a steroid would provide more accurate
location of the charged centers. The synthesis of
one of these starts with conversion of 125 (probably
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obtained by dehydration of the corresponding 3-

hydroxy compound) to the enol acetate (126). Epoxi-
dation proceeds as expected from the a side to give

the bis epoxide (127). Both regio- and stereochemistry
of the subsequent reaction with piperidine are dictated
by the diaxial opening propensity of oxiranes; the
hemiacetal-like function left at C-17 spontaneously
reverts to the ketone to give 128. Reduction of that
ketone proceeds in the usual manner to afford 129.
Acetylation of the hydroxyl groups (130), followed by
quaterization with methyl bromide gives pancuronium

bromide (131).38
0COCH3 0COCH <

o P

(126) (127)

(129) R=H (128)
(130) R = COCH3
0COCH<
e )
CHz

CHzCO2 H (131)
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3. PREGNANES

a. 1ll-Desoxy Derivatives
Progesterone, 132, is, of course, the prototype
pregnane. This natural steroid plays an important
role in females in the intricate endocrine chain of
events involved in reproduction. In essence, pro-
gesterone is one of the steroid hormones directly
involved in the timing of ovulation. Very high
levels of progesterone are present in early pregnancy,
elaborated biosynthetically by a structure on the
ovary (the corpus luteum), and this inhibits ovulation

in the gravid female to prevent a superimposed preg-
nancy. It is this observation that gave initial
direction to the development of the oral contracep-
tives. As with the estrogens, much of the work
described below was carried out before a shadow fell
on this class of drugs. In addition, there was some
evidence from human trials that a potent progestin
could provide contraceptive activity in the absence
of added estrogen. Although the efficacy was somewhat
lower than for the combination Pill, the treatment
avoided the use of the suspect estrogenic component.
The finding that many potent progesting cause tumerous
lesions in the beagle on long-term administration
effectively laid this class of drugs to rest as far
as large-scale usage is concerned. It can be argued
quite reasonably that this effect is restricted to
the beagle, but expert opinion is divided and use has
subsided.

As described earlier, oral activity can be
achieved in the progestins by either removing the 19-
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methyl group or inclusion of an acyloxy group at the
17-position. It is of interest that removal of the
oxygen function at C-3 is compatible with biological
activity in both series (see 37, 39, this Chapter).
Thus, the 3-desoxy analogue of medroxyprogesterone
acetate shows very similar activity to the parent
substance. Reaction of medroxyprogesterone (133)39
with ethanedithiol gives the corresponding thioketal
(134). Desulfurization by means of Raney nickel
leads to the 3-desoxy steroid (I135). Treatment with
acetic acid in the presence of trifluoroacetic an-

hydride completes the synthesis of angesterone acetate

(136). 40

clig 0

4]

(- *0COCH; . -OH

CHy  (136) o
3 - 3 (135)

Chlormadinone acetate (137),41

is an extremely
potent orally active progestin. Treatment of this
compound with basic sodium borohydride serves to
reduce the ketone at C~3 to the corresponding 3-

carbinol (138; the regioselectivity is presumably due
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to the more hindered environment about the 20-ketone).
Acetylation affords clogestone (139).42 Further
dehydrogenation of the A ring of chlormadinone by
means of selenium dioxide affords delmadinone acetate
(120).43

0

¢+ “OCOCi5 0 0
-+ *OCOCH3 - - -0COCH;
e
——
0]
[0)
C1
Cl

(138) R=H c1
(139) R = COCHs (137) (140)

Fusion of a cyclopropyl ring onto the 1,2-
position of chlormadinone gives a compound which,
interestingly, shows mainly antiandrogenic activity.
Preparation of cyproterone acetate (146) starts by
reaction of triene 141 (obtainable from l17-acetoxy-
progesterone44 by sequential dehydrogenations at C-
5,6 and C~1,2) with diazomethane affords the pyrazoline
(142). Pyrolysis leads to the cyclopropyl derivative
(143) by loss of nitrogen.45 Oxidation by means of
perbenzoic acid gives the C-6,7 epoxide (144).
Regioselectivity in this reaction is probably due to
conjugate addition of peracid from the a side followed
by electron backflow and ejection of benzoate as
shown in I143a. Reaction of that intermediate with
hydrogen chloride serves to open both the oxirane and
cyclopropyl rings. The intermediate chlorohydrin is
not observed as it undergoes spontaneous dehydration
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to 145. Treatment of the chloromethyl derivative

with collidine serves to reform the cyclopropyl ring;
the reaction very probably goes by internal alkylation
of the anion generated by the base at the 2-position.

There is thus obtained cyproterone acetate (146).46

OCOCH3
ococu;
ococH3
43)

ococn; Gy ococn;
ococn;

Gl (146)
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(143)

Inclusion of an additional fused cyclopropane
ring at C-16,17 gives a compound in which progesta-
tional activity is said to predominate. Sapon-
ification of the acetate in 143 gives the correspond-
ing 17-alcohol (147). Heating in refluxing quinoline
results in dehydration with formation of the
16,17-olefin (148). Reaction with diazomethane gives
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the pyrazoline (149), which on heating in acid affords
the biscyclopropyl derivative (150). This compound

is then taken on to the 6-chloro analogue by a sequence
identical to that used to prepare 146. There is thus

obtained the progestin gestaclone (151).47'48

S

{1s1)

Substitution by a methyl group at the lé6-position
is known to have a marked potentiating effect in the
corticosteroid series. Combination of such a group
with the unsaturated 6-chloro group in the progesterone
series affords an extremely potent progestin. One
route for preparation of the starting material for
this drug consists in first introducing the 17-
hydroxyl. Thus, the ketone at C-17 in the progesterone
derivative 152 (obtainable from the corresponding
pregnenolone 165) is converted to the enol acetate
(153). The next step in this so-called Gallagher
chemistry consists in conversion of the enol double
bond to the epoxide to give 154. Hydrolytic ring
opening gives initially the hydroxy hemiacetal acetate;
this quickly goes on to the hydroxy ketone (155).
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After protection of the C-20 keto group as the dioxo-
lane (156), the 3-acetyl group is saponified and the
resulting alcohol (157) is oxidized to the ketone
(158). Bromination (159) followed by dehydro-
bromination introduces the required 4-ene-3-one
functionality (160); removal of the ketal would then
afford the required starting material (161). Heating
of 161 in the presence of chloranil then introduces
the desired unsaturation at C-6,7. A sequence iden-
tical to that used to prepare 146 (epoxidation;
hydrogen chloride) is then used to introduce the 6~
chlorine atom°°
(164) results.

The analogue of 164 lacking unsaturation at C-6

and the progestin clomegestone acetate

and oxygen at C-17 unexpectedly shows antiestrogenic
rather than progestational activity. Pregnenolone

analogue 16549

is starting material for this analogue
as well. Chlorination of the double bond by means of
chlorine in pyridine affords the dihalo derivative
166. The stereochemistry is best rationalized by
assuming chloronium ion formation on the less-hindered
a~side followed by diaxial opening of that ring by
chloride ion. Oxidation of the alcohol (167) affords
the 3-keto derivative (168), and reaction of that with
sodium acetate leads to dehydrochlorination, yielding
the enone (169). Exposure of that intermediate to
mild acid isomerizes the halogen substituent to the
more stable equatorial 6a-position and produces
clometherone (170).51
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Yet another observation that carries over from
the corticoids to progestins is the potentiation
observed by formation of acetonides from the 16,17-
glycols. It is of note in this case that the parent
glycol itself fails to show activity in the standard
progestational assay. Treatment of the progesterone
derivative 172 (available by oxidation of l16-dehydro-
pregnenolone (171) with potassium permanganate) with
acetone affords the 16,17-cyclic acetal algestone
acetonide (173);52 in the same vein, reaction with
acetophenone yields algestone acetophenide (174).53
Although formation of the latter involves the creation
of a new chiral center, only one isomer is in fact
isolated from the reaction. Since acetal formation
is accomplished under thermodynamic conditions, the
more stable isomer involving the least steric crowding
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should prevail. It has been proposed that the config-
uration of 174 is that which carries the aromatic
ring oriented away from the steroid molecule (174a).
Earlier work had shown that the presence of the 17~
hydroxyl substituent is crucial for oral activity in
the 2l-carbon progestin series; progesterone itself

4] ()
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shows poor activity on oral administration. This key
group can be replaced by halogen with retention of
oral activity. Bromination of pregnenolone acetate
(175a) in acetic acid gives the tetrabromide 175b.
Treatment with sodium jiodide leads to both elimination
of the 5,6-dibromide grouping and displacement of the
a~-keto halide at C-21 by iodine; there is obtained
dihalide 176. Reduction of the haloketone with
bisulfite gives the methylketone 177;54
tivity is probably due to both the greater reactivity

the selec-

of iodine and the greater steric accessibility of
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that group. Saponification to 178 followed by treatment
with peracid gives the 5,6-oxide 179. Diaxial ring
opening of the oxirane with HF leads to the trans-
fluorohydrin 180. Oxidation of the hydroxyl at C-3

by means of Jones reagent then affords hydroxyketone
181. Treatment of this last with acid serves both to
generate the enone, by dehydration of the tertiary
carbinol, and to invert the fluoro group at C-6 to

the more stable equatorial, 6a-configuration. There

is thus obtained haloprogesterone (182).55

CH3C07
(175a)

B
(182)

Aldosterone (183) is one of the key steroid
hormones involved in regulation of the body's mineral
and fluid balance. Excess levels of this steroid
quickly lead to marked retention of sodium chloride,
water and, often as a consequence, hypertension. The
aldosterone antagonist spironolactone (184)56 has
proven of great clinical value in blocking the effects
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of hyperaldosteronism. 1In addition, the drug has
proven an effective diuretic and antihypertensive
agent even in those cases where no gross excesses of
aldosterone can be demonstrated. It is of note that
the immediate chemical precursor of spironolactone
(184), diene 185 was in fact found to be one of the
active metabolites of that drug in the body. The
diene, canrenone (185) now constitutes a drug in its
own right. Both this and the following aldosterone
antagonists are also available in the form of the
potassium salt of the ring-opened hydroxy acid; in
this case, potassium canrenoate (186).

OH
OH

0

(fjr ol
Qéjj | [ b
0 0 (186)

(187)

Cyclopropanation of the 4,6-diene function
proceeds selectively at the 5,6-double bond. Thus,

reaction of 185 with the ylide from trimethyl sulfonium

iodide and sodium hydride, in DMSO, affords predomi-
nantly the a-cyclopropyl compound (187) accompanied
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by traces of the B~isomer. The lactone constitutes
the diuretic-antihypertensive prorenone;57 the ring-
opened salt is known as potassium prorenoate.
Introduction of a carbomethoxy moiety at C-7
should afford a nonreversible counterpart of 184. To
effect this, addition of cyanide to the extended
conjugated system in 185 leads to addition of two
moles of the nucleophile; there is obtained the
unusual bicyclic intermediate 190. The reaction may
be rationalized by assuming that addition occurs
initially at the terminus of the system to give 188
as expected. This, however, under the reaction
conditions chosen, undergoes addition of the second
mole of cyanide which, of necessity, goes through
anion 189; reaction of the negative charge at C-4
with the nitrile at C-7 would lead to the observed
product (190). This can only happen following $-
addition of cyanide. Hydrolysis of the imine function
proceeds to give diketone 191. A conformational
drawing (I191a) shows that the molecule is by no means
as strained as the planar projection would suggest.
Reaction of 191 with methoxide reverses the formation
of the additional ring. The reaction sequence probably
starts by addition of methoxide to the carbonyl group
(192); collapse of the alkoxide anion gives the
intermediate anion 193, which neutralizes itself by
facile elimination of the excellent leaving group,
cyanide. There is thus finally obtained mexrenone

(194);58 the salt is known as potassium mexrenoate.
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b. 11-0Oxygenated Pregnanes
The story of the discovery of the utility of cortisone
as an antiinflammatory agent has been told often enough

59 In brief, cortisone

not to need full repetition here.
is one of the more important hormonal steroids elabor-
ated by the adrenal cortex; this steroid is intimately
involved in the regulation of a host of biological
processes such as, for example, regulation of glucose
utilization and mineral balance. Administration of

doses far in excess of those required for hormonal
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action were found to alleviate the symptoms of a
multitude of conditions marked by inflammation. When
used for this purpose, the normal hormonal effects
are undesirable. These side effects are, however,
seen to be natural extensions of the hormonal action.
Immediately following this discovery, an enormous
effort was mounted in the laboratories of the pharma-
ceutical industry aimed at separation of the anti-
inflammatory activity of these molecules from their
hormonal activities. The most visible outcome of
this work was a tremendous increase in the milligram
potency achieved by various structural modifications.
Drugs were produced that, in addition, had changed
hormonal spectra; some such steroids had more pro-
nounced effects on glucose metabolism ("gluco-
corticoids"), whereas others were more effective in
changing mineral balance ("mineralocorticoids").
Despite this, no steroid truly devoid of hormonal
activity rewarded these efforts. The full realization
of the clinical deficiencies of the corticoids,
coupled with the increasing availability of non-
steroidal antiinflammatory agents, has led to a great
decrease in routine use of these drugs in medical
practice. It is for that primary reason that the
compounds discussed next failed to have greater
medical and economic impact. It is of note that this
work represented an unparalleled effort on the part
of medicinal chemists, both as to the complexity of
the molecules involved and the length of the synthetic
schemes utilized. 1In some ways this foreshadowed the
current prostaglandin programs, both in the goal
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(splitting of activities) and in chemical sophisti-
cation (in fact, the same names often appear as
authors in the late steroid papers and early prosta-
glandin publications).

As has been mentioned, preparation of esters of
the C-17 hydroxyl group of selected progestins affords
compounds with prolonged action. Similar chemical
treatment of a corticoid would almost certainly lead
to an ester of the sterically more accessible primary
alcohol at C-21. 1In an interesting method for
achieving esterification of the more hindered and
less reactive tertiary 17-hydroxyl, prednisolone
(195)59 is converted to a mixture of the diasteromeric
cyclic ortho esters (196) by ester interchange with
trimethyl ortho-pentanocate. Acid-catalyzed dioxolane
ring opening proceeds by protonation of the more

ocllz
OH
HO 0

{ "OH =107 (cHy) 5ClIg

OH

HO 0
.+ +0CO(CH2) 3CHz
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sterically accessible oxygen attached to the 21~
position. There is thus obtained prednival (197).60
It is of interest that 197 rearranges to the 2l-ester
on heating, representing an O-to-0 acyl migration.

It was found quite early in the steroid effort
that inclusion of several groups, which singly poten-
tiated activity had an additive effect; for example,

a cortisone derivative that included both the unsatura-
tion at C-~1,2 and a methyl group at C-6 would be more
potent than the derivative that possessed either

group alone. Much of the chemical strategy thus
devolved on designing routes which would permit the
inclusion of combinations of potentiating groups.

Dehydration of cortisone (198) affords the diene
199. This is then converted to ketal 200. The selec-
tivity is due to hindrance about both the 11~ and
20-carbonyl groups. The shift of the double bond to
the 5,6-position is characteristic of that particular
enone. Treatment of protected diene 200 with osmium
tetroxide results in selective oxidation of the
conjugated double bond at C-16,17 to afford the cis-
diol (201). Reduction of the ketone at C-11 (202)
followed by hydgolysis of the ketal function gives
the intermediate 203.61a
found empirically to dehydrogenate such 3-keto-4-ene

Selenium dioxide has been

steroids to the corresponding 1,4-dienes. (See, for
example, 120-121 and 137-140.) Thus in the case at
hand, reaction of 203 with selenium dioxide gives the
diene 20¢.%1P
acetone forms the cyclic acetal and, thus, the corti-
coid desonide (205).62

Reaction of the cis-diol function with
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OH
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An analogous sequence starting with 6p-fluoro-
cortisone (206),63 but omitting the selenium dioxide
dehydrogenation, affords flurandrenolide (207).64

Microbiological oxidation has proven of enormous
value in steroid chemistry, often affording selective
means of functionalizing remote and chemically inacti-
vated positions. It will bear mentioning that the
ll-oxygen for all commercially available corticoids
is in fact introduced by such a reaction carried out
on plant scale. Preparation of the l-dehydro analogue
of 207 involves biooxidation to introduce the
16~hydroxyl. Incubation of 6a-fluoroprednisolone
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(208)63 with Streptomyces roseochromogenes effects
a~hydroxylation at the l6-position (209). Reaction
with acetone affords the corticoid flunisolide (210).65

OH

0

F

(208) (209) (210)

The 6-chloro-6-dehydro moiety apparently has a
similar potentiating effect on corticoids as it does
on progestins. One scheme for preparing the requisite
starting 6-chloro compound begins with the opening of
oxide 211 with hydrogen chloride to give halohydrin
212. Reduction of the 2l-ester function by means of
lithium aluminum Aydride, followed by acetylation,
gives 213. Transformation of the 17,20-o0lefin to the
requisite hydroxyketone grouping is achieved by a
combination of osmium tetroxide and N-morpholine
oxideperoxide (NMOP) treatments. The reaction sequence
presumably starts by hydroxylation of the olefin via
the osmate ester; the secondary alcohol at C-20 is
then further oxidized to the ketone by the NMOP. The
latter also served to reoxidize the osmium reagent
from the dioxide to the tetroxide, allowing that
expensive and toxic reagent to be used in catalytic
quantities. Deketalization (215) followed by acid
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gjb

HO 0
-0H

Cl1
(217) R=Ac
(218) R=H
catalyzed dehydration affords the conjugated ketone
(216).63 The remaining unsaturation at C-1 and C-6
is then introduced either by sequential treatment
with selenium dioxide and chloranil or under special
conditions with chloranil alone. Saponification of
the acetate affords the corticoid cloprednol (218).66
Although oxygenation at C-1l seems to be required
for activity in the corticoid series, the presence of
that function is not incompatible with progestational
activity.67 Thus, perhaps surprisingly in view of
some corticoids discussed below, mere lack of the
hydroxyl group at C-21 seems, in at least one case,
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to give a compound which exhibits progestational
activity. Microbiological oxidation of diketone
epoxide 219 by means of Rhizopus nigricans affords
the corresponding lla-hydroxy derivative (220).
Dehydration of this via the mesylate (221) gives the
9,11-0lefin (222). Ring opening of the oxirane moiety
by means of hydrogen iodide gives the halohydrin 223.
Treatment with zinc in acid serves to remove the
halogen reductively (224); the 17-hydroxy group is
then acetylated by means of acetic anhydride in the
presence of tosic acid to give 225. The 1llg-hydroxy-
9a-halo function is associated with most potent
corticoids; the manner of introduction used in this
case well illustrates the relatively standard sequence
used to incorporate this function. Addition of the
elements of HOBr to the double bond is usually
accomplished by N-bromosuccinimide in aqueous base.
Both regio- and stereospecificity are no doubt guided
by the initial formation of the 9a,lle-bromonium ion,
followed by nucleophilic diaxial opening to give 226.
Treatment of the bromohydrin with base leads to the
formation of the g-oxide (227) by intramolecular
displacement of halogen by the neighboring alkoxide
ion. Addition of hydrogen fluoride to the oxide pro-
ceeds with diaxial opening to afford the 9a-fluoro-
11g~hydroxy functional array. In the case at hand
there is formed the progestin flurogestone acetate
(228).69 This drug has been in use for controlling
the estrus cycle in domestic animals under the name
Equamate®.
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R=I, X=1

( )
(224) R=H, X=1
l (225) R=Ac¢c, X=11
HO

The presence of an additional carbon atom on the
dihydroxyacetone side chain is quite compatible with.
antiinflammatory activity. Oxidation of 9a-fluopred-
nisolone (229)70 by means of cupric acetate affords
the corresponding 21-aldehyde (230). Addition of
diazomethane to the aldehyde serves to lengthen the
side chain as the epoxide 231. Opening of the oxirane
ring with hydrogen bromide occurs regioselectively to
give the 22-bromo derivative (232). Heating of the
bromohydrin leads to loss of hydrogen bromide with
formation of the alpha diketone (233) (this reaction
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can be rationalized as loss of HBr to give the enol
followed by ketonization). Reduction of the side
chain diketo alcohol by means of yeast proceeds both
regio and stereospecifically to give the derivative
containing the 2la-hydroxyl group (234). Acetylation

under mild conditions then affords the antiinflam-
71

matory steroid fluperolone acetate (235).

235) R=(0CHz3

The potentiating effect of the 16-hydroxyl group
in the corticoid series has been mentioned previously.
The acetonide of such a steroid, triamcinolone (237),
is in fact one of the more widely used corticosteroids.
The nature of the group used to form a ketal apparently
has only relatively minor influence on biological
activity. Reaction of the 16,17-glycol 23672 with
3-butanone yields amcinafal (238);73 in the same vein
condensation with acetophenone leads to amcinafide
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(239).73 The ketal stereochemistry is not specified.
Unsaturation in the A ring has been usually assumed
to be necessary for biological activity; the reader
will have noted the high prevalence of 1,4-dienes.

It is interesting therefore to note that the analogue
possessing a fully saturated A ring is apparently
quite active in its own right. Thus, catalytic
reduction of 237 affords the corticoid drocinonide
(240).7%

) R-Clz =R (240)
238) R=Callg, R' =cClig

It is of interest that there exists a consi-
derable amount of flexibility as to the substituent
at C-21 in the acetonide series. For example,
formation of the acetonide from 24172 affords inter-
mediate 242. Reaction with methanesulfonyl chloride
gives the corresponding mesylate (243). Displacement
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of the ester with lithium chloride in DMF gives the
corticoid halcinonide (244).75

243) R=S0,CH3

The C-21 substituent can in fact be dispensed
with entirely. Perhaps because descinolone acetonide
(254) predates 244 by better than a decade, the
synthetic sequence reported for its preparation is
quite complex. Although descinolone (253) could in
principle be prepared in a few steps from some
currently available starting materials, such as 241,
the original synthesis is presented for its heuristic
value.

Epoxyketone 245 is readily available from 16~
dehydropregnenolone via several steps, including a
crucial microbiological lla-hydroxylation. Dehydration
of 245 gives the 9,11-olefin 246. The alcohol at
C-21 is then converted to the mesylate (247), and
this is reduced to give the methyl ketone (248). The
olefin is then converted to the 9a-fluoro-llg-hydroxy
array (250) by the standard sequence [addition of
HOBr, closure to the oxirane (249), opening with HF].
Note that the reactivity of the epoxides in 249 is
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(246) R=0Hh
(247) R=0S0,CHz
(248) R=1i

CH,CH;C1

(257)
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OAc

\. o<



Steroids 189

sufficiently different so that reaction occurs regio-
selectively at C-9,11. The remaining major trans-
formation is the establishment of the 16a,17a-~glycol
function; thig cannot be readily achieved from 250
since this would demand the cis-opening of an oxiranhe.
Deoxygenation of the epoxide with chromous chloride
gives back the 16,17-olefin (251). 1In effect the
epoxide has been used in this sequence as a protecting
group for an olefin. Hydroxylation with osmium
tetroxide gives the desired glycol (252); microbio-
logical dehydrogenation (using Nocardia corallina)
serves to introduce the double bond at C-1 (253).
Reaction with acetone finally affords descinolone
acetonide (254),76 an antiinflammatory agent.

Although the Vilsmeier reaction is known best in
aromatic systems, aliphatic olefins also undergo
formylation. Synthesis of formocortal (257) involves
such a step. Formation of the monoketal of 255
involves the 3-ketone function with the familiar
concomitant shift of the double bond to C-5,6.
Reaction of 256 with phosphorous oxychloride and DMF
involves first formylation at the 6-position; opening
of the ketal to the enol ether by the HC1l produced in
the Vilsmeier reaction would afford a hydroxyethyl
side chain at C-3. This is no doubt converted to a
chloroethyl group by excess oxychloride. There is
thus obtained the antiinflammatory agent formocortal
(257).77

As is the case with other classes of steroids,
inclusion of nitrogen atoms into corticoids has met
with only limited pharmacological success. Compounds
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containing a pyrazole ring fused onto the A ring
have, however, shown sufficient activity to merit
generic names. Synthesis of the requisite inter-
mediate for its incorporation starts with the protec-
tion of the dihydroxyacetone side chain. Reaction of
258 with formaldehyde gives the internal double
acetal 259. (This bismethylenedioxyether-protected
(259a) function is known as BMD for short.) Dehydro-
genation by means of chloroanil proceeds in the usual
way to give the 4,6-diene (260). Formylation with
ethyl formate and sodium hydride leads to 261.

OH
Hi 0 HO HO
.+ :OH
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"'CH3 1 3 R ...CH3
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(263) R=H (262)
(264) R= COCHj

(259a)
Condensation with phenylhydrazine results in phenyl-
pyrazole 262. The regiospecificity results from
intermediate phenylhydrazone formation of the more

-++CH3
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reacti