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Chemical Synthesis of 18-Hydroxydeoxycorticoster- ‘3

| - one and Some Aspects of its Biological Activities

A simple synthesis of 18-0H-DOC (20,21-d£hydroxy—18,20-epoxy-l\a-"
: ~

pregnen —3~one) via 18-hydroxyprogesterone was accomplished. An improved

. Y

| procedure for the preparation of 18-hydroxyprogesterone starting from .

o .
| deoxycorticosterope acetate was developed, The conversion of 18-0H prog-
~

| esterone to 18-OH-DOC was achieved by a new,ttwo-step synthesis. Several

— ”»

| ’ sterofds with 18,20-cyclohemiketal and 18,20-cyclobutanol structures were

o o~ *
’ v ~ A

‘ isolated and identified, and their mass spectra analyzed.

| 18-0H-DOC was found té be : hype{tensive agent equipoteant with s
deoxycorticosterone in the unilaterally nephrectomized ra; maintained on
saline, in the adrenalectomized rat, u§-OH-DOC caused sodium retention,

affected potassium excretion only at a high dose, and the ratio of the

7 retention of water to sodium was greater than observed with deoxycorti-

e

L 4
costerone, 18-0OH-DOC did not exert a negative feedback effect upon the

‘ - . ™
‘ ﬁLLtharx adrenal axis Bf rat but, rather, caused an increased corticos-

“

i teroid output, It reduced carrageenan-induced edema in the rat paﬁ.

A derivative of metopirone, 2-methyl-1,2-bis(3'-pyridyl)-l-pro-

panol was synthesized from metopirone and wgs found to ééqpe a three fold

@
e enhancement of the biotransformation of deoxycorticpsterone to 18-0H-DOC
| f

by the rat adrenal in vitra, - .

< . - ~£
L 8
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s

Synthése Chimique de la gﬁ-ﬁydroxydéoxycorticostér-

n

one et Quelques Aspects de son Activité Biologique

LS

- w
Une synthése simple du 18-0H-DOC '(20,21-dihydroxy-18,20-époxy-

a

z;a-prégnén~3-one) via la 18 hydroxypregestérone fut ac;omplig.’ Un pro- -

-

cedé ameliore pour la préparation de la:iS-hydroxyprogestérone a partir

’ rs d 14 ’, ’ ’ )
de 1'acetate de deoxycorticosterone a ete developpe. La conversion \

¥

de la 18-OH progestérone en 18-OH-DOC fut effectuee par une nouvelle
synthése comprenant deux étapes. Plusieurs steroldes ayént la structure
18,20-cyclohémicétal et 18,20-cyclobutano]l furent isoles et identifids,
et leurs spectres de masseanalysés. | V

Le 18-0H-DOC s'est avére un agent p{ovoquént 1'hyper tension

.

au m&mq titre que la déoxycorticostérone chez le rat ayant subi une
4 . ¢ 4
nephrectoniie unilaterale et maintenu avec du serum physiologique. Dans

’ ° ’ U
le cas des rats dont les glandes adrenales avaient ete enlevees, 18-0OH-
rd

, .
DOC a cause une retention du sodium, affectant 1'excretion du potassium
N 3 ‘ \
seulemght a forte dose; le rapport de la retention de 1l'eau a celle

Ea

du sodium fut supé}ieur au rapport observe avec la déoxycorticostérone.
» ’ !
4 .
18-0H-DOC n'a pas exercé de "feedback" negatif sur 1'axe pituitaire-adre-
! ; 3 ‘ -

3
- LS
«

nale du rat mails pljiﬁi/g‘ taux de production accru de corticosteroildes.

[
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PURPOSE OF THE INVESTIGATION ‘

18-0H-DOC (20,21-dihydroxy-18,20~epoxy- A%-pregnen-3-one)

A%

was identified in 1961 as a major naturally occurring mineralocorti-
~ -

coid in the rat by B.mingham and Ward and independently by Péron.

It has now been gstablished that 18-OH-DOC is a natural secretory

2 e

product of the human adrenal cortex as well, 1In the adtenalectghized

rat, 18-OH-DOC has antidiuretic action and sodium-retaining properties.

The nature and extent of the physiological activity of 18-0H-DOC

4
have not been well studied., 1In rats and in man, 18-OH-DOC has been

implicated in the etiology of hypertension. However, direct assess-

ment of the hypertensive effect of 18-OH-DOC by injection into the
rat had not been performed, because of the uQavaifhbtlity of the com-
pound in quaqtities largg enough for this type of assay. 1t was the
purpose of the work described here to find a simple method for the
synthesis of 18-0OH-DOC for adequate exploration of its possible

biological activity,
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PART I: ADRENAL 18-0H-DOC L

o
Introduction and Literature Rewview

1. General consideration of the adrenal gland: @

In higher vertebrates the adrenal gland is a composite of
two endocrine ftructures. The finner region or medulla consists of

celis of neu?ll origin, whegeaé the outetr region, or cortex, 1is de-

rived from mesodermal glandular tissue., The nature of the secretory

¢

products and their phystological effects are distinct for each of these

two sections of the adrenal,

whereas those of the medulla are catecholamines.

'

as opposed to the adrenal medulla, is essential to life.

The adrenal cortex,

The steroid

The hormones of the cortex are steroids,

hormones of the adrenal cortex exert effects on the-metabolism of electro- -_

——

lytes and thus on water metabolism; and on the metabolism of proteins,

carbohydratés, and fats. The steroids produced by the'adrenals are

secreted into the blood stream and carried to the tissues where they

'

o s e

per form their functions. I# various tissues, but mainly in the

liver, the steroids. are metabolized or canuga:eduso inactive forms

¢ PR S ‘
- T
pg

which are then excreted by the kidney.
Histological studies have revealed. that the cells of the
adrenal cortex are arranged into three layers (1). The -outer layer,

which is the thinnest, is_cailed the zona glomerulosa. The middle

layer is called the zona fasciculata; this region is the widest of

v



-

the layers, The innermost layer is called the zona reticularis.

Histochemical examination of the adrenal cortex has provided some ~

information about the physiélogy of the adrenal gland. Admigistra-
I ~ "
tion of deoxycorticosterone to hypophysectomized rats, was sh

by Greep and~9eane—1n 1949 (2) to depress the activity of the cell

t

in tﬁe zona glomerulosa, as indicated by decreasing nuzij;S\gf lipid
droplets in this zone, The cells in the zona fasciculata, on
the other hand, remaineduﬁqgltéred. Deane and Seligman in 1953 (3),

demonstrated that the administration of adrenocor ticotropic hormone

— .

resulted in stimulation of cellular activity in the zona fasciculata

of t@e rat, as evidenced by the accumulation of lipid droplets and

v

the broadening of this zone. The cells in the zona glomerulosa

remained normal. These authors suggested that the zonan§}tmerulosa

might be the source of hormones responsible for sodium reteﬁti?n and -
that the zona fasciculata might be the source of the hormoﬁés res-~

ponsible fot‘chénges”fn”tsrbohydrate and protein imetabolism, Giroud,

Stachenko, and Venning combared the steroid production by rat (4) and

by beef (5) adremal capsules with that of the carresponﬁing decap-

-

s ‘sulated glands 1ncubated in vitro and suggestéd that spepific path-

fr® o

. ? .
ways of Sorticoid biosynthesis occur within different zones of the \

e, Mo - -
adrenal cortex. This would explain how it is possible for the cortical
’ 3%‘, .

_cells from different zones to synthesize different kinds of steroids



from an identical precursor, -~

2. Characterization of adrenal corticosteroids: —

(a) Isolation and identification: ’ . ¢

In 1927, Rogoff aéd Stewart (6) Aemonstrated that the
survival period of adrenalectomized dogs was.prolonged by injection
of saline extract of whole adreﬂal glands., An gdrenal extract, made with
organic solvents, which proloqged the life of adrenalectomized cats was
described by Hartman and Brownell (7) in 1939, I; i§36, Mason, Myers, and

Kendall (8), Wintersteiner and Pfiffner (9), and Reichstein (10) isolated

crystalllne corticosteroids with marked adrenocortical activity from

adrenal extracts. In 1937, Steiger and Reichstein (11) synthesized deoxy-

-

)

corticosterone acetate from stigmasterol, and déoxycorticosterOne was later

shown by Reichstein and von Euw (12) to 'be present in minute amounts in

“

adrenal gland Yextracts. In 1952, Tait, Simpson, and Grundy (13, 14) iso-

lated from bee§ adrenal extract an amorphong residue possespingva far more

potent sodium-retaining activity than deoxycorticosterone. Simpson and
Tajt, in collaboration with Wettstein, Neher, von Euw, Schindler and Reich-

stein i{n 1954 (15) were able to elucidate the chemical structure of this

{

amorphous residue as the 18-aldehyde of corticosterone, later renamed al-
. . , L

dosterone. By 1960, about fifty steroids had been obtained from the cor- _

@
-

tical component of the adrenal gland (16). The compounds that were shown to

exhibit glucocorticoid or mineralocorticoid activity are depicted in Fig. A.
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e
11-Deoxycorticosterone 11-Deaxy~-17x~hydroxycorticoster~
(DOC) (1l-deoxycortisol) ot
HOH
c=o ‘
CA "
o
11-Dehydrocorticbsterone Corticosterone
GHioH
Cortisong™ . Cortisol J’

Aldosterone

Fig. A Some biologically active C21 adrenal cortical steroids (16)
g .
{ &



The biosynthetic derivation of these steroids from cholesterol
is outlined in a later section, as illustrated in Fig. C.
The mineralocorticoid 1B-OH-DOC was isolated from rat

adrenals in 1961 (17, 18) and from human adrenals in 1970 (19, 20)

and will be dealt with in a separate section.

(b) Relationship between structure andAphysiotpgicai action

of adrenal steroids: {

The relationship between the structure and properties of

ab

adrenal corticoids was reviewed by Heard in 1948 (21). Three strugctural
features appear to be esgsential for adrenocortical activity witklkgz}ect

to life maintenance and salt and water metabolism: a A4-3-—ketone

function, the a-ketol group in the sidechain, and the beta c&ﬁfiguration

o
5

of the sidechain at C-17. Adrenocortical steroids beafihg an oxygen atom
at the C-11 position, either as an hydroxyl or a ketone group, exert their
principal activity on carbohydrate metabolism and have only minor effects
on electrolyte and water metabolism, The former effect is classified as
glucocSrticoid activity (;3)"and is intensified by the presence of an
hydroxyl group at the C-17 position (21, 22), The most important gluco-
corticoids are cortisol, ‘cortisone, corticosterone, and ll-dehydrocorti-

costerone (16, 21, 22). Adrenal steroids bearing no oxygen atom at the

C-11 position exert potent effects on electrolyte and water metabolism
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while the actions on carbohydrate metabolism are markedly diminished

(21, 22). Deokycorticosterone and ll-deoxycortisol belong to this
. . 3
- ”

class, (16, 21, 22).and are termed mineralocorticoids (23). Aldoster-

1
, e . -

one, the most pofent electrblytg*regplating,steroid of the adrenal,

\
is an exception; it contains an a}deﬁ&de group at the C-18

position in addition tp a hydroxyl function ?t the C-11
!
2 .

N S
L Avy R ©
> .

position. >

1
»
<

L

Kagawa and Pappo in 1962 (87) studied the structure-
activity relationships of some synthetic 18~hydroxy and 18-deoxy

steroids and found that 18-0H-DOC-2l-acetate was less effective

as a mineralocorticfid than DOC ace;afé. 18-0H P}pgesteroﬁe, lacking |

an hydroxyl group a ? 21 position (present in 18-OH~DOC), was

L

shown to be less effectdv® as a mineralocorticoid than 18-OH-DOC.




The unusual chemical feature of the mineralocorticoid

18-0OH-DOC among the adrenal steroids is the masking of, the 20-

-

ketone by the formatiofh of an 18;20-éyclohemiketa1. This cyclic

hemiketal structure has been shown so far to occur in only two

other A?-B-ketonic adrenal steroids, 18-hydro£%corticosterone

and 18-hydroxy—11-dehydr9éorticosterone, both of unknown biological

function (85, 86, 55).

\

o HOH

OH
Ho

18-Hydroxycor ticosterane

The biological activity of 18&-OH-DOC will be discusged in a

separate section.

I

e,

3. The influence of corticotropin (ACTH) on adrenal

steroid production:

: Y

Haynes and Berthet in 1957 (24

S' Kpropogdl

§ .
4 theory for the

"mechanism of action of ACTH in\sﬁimulatiné adrenal dqteroid biosynthesis.

In short, ta quote from Hilf (25), that ACTH stimuldtes the formation

Y

.." it
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of cyclié adenosine-3',5'-monophesphate (3',5'-AMP), which in turn
,activates phosphorylase, by the conversion of the inactive form

of this enzyme t6"the active form. Active phosphorylase can then
mediate the conversion of glycogen to glucose-l-phosphake (G-1-P),
the G-1-P can be converted to glucose-6-phosphate (G-6-P) via
phosphoglucomutase, and G-6-P can then be metabolized via the hexose

monophosphate shunt, The metabolism of G-6-P by this pathway

results in the production of reduced NADP (NADPH), as G-6-P is L

converted to ribulose-5-phosphate by G-6-P dehydrogenase and
6-phosphogluconate dehydrogenase. Ultimately, the production of

NADPH furnishes the necessary co-factor for several steps of steroido-

‘I 3
genesis, thus enabling the adrenal gland”to synthesize steroids at -

L

an increased rate., A summary of the metabolic pathways associated

with the action of ACTH on the adrenal cortex, as reported id a
t

review by Hilf in 1965 (ZSf;,is depicted in Fig. B, The studies
by Grahame-Smith, Butcher, Ney and Sutherland in 1967 (26) with rat

adrenals, showed that ACTH increases the concentration of 3',5"-

AMP 1in adrenal quarters in vitro, fn intaetadrenals in vivo, and

- .

in adrenal homogenates. These authors suggested that ACTH acts
)
by stimulating adenyl cyclase activity. Recéntly, Grower agpd
i

Bransome (27) proposed’that 3',5'-AMP activates the formatio% of a

-

protein coﬁtrolling steroid biosynthesis,

¢




ATP

adenyl
cyclase

&— ACTH

v

Glycogen : 3',5'-AMP —=——) 5'-AMP

)

' o - o ) o 3

€— Phosphorylase a 6-!—— Phosphorylase b
(active) . (inactive)

B 4
f
G-1-P
phosphogluconutase -
G-6-P 6-phasphogluconate
dehydrogenase 4 dehydrogenase
G-6-P % 6-Phosphogluconate »Ribulose-5-P

Fructose-6-P

1A
= »

DA

Ribose-5~P

. R

v
Pyruvate NADPH
cofactor for steroid hydroxylationms
v

Citric acid cycle <Cholesterol—) Corticosteroids

ACTH

R

Fig., B Metabolic pathways assoctated with the action of

upon the adrenal cortex, as adopted from Hilf(25)
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4, A brief outline of the biosynthesis 6f adrenal corticosterolds

I
< o

from cholesterol /
v E f
The biosynthetic patBways leading to the formation of

¥,

.,

adrenal steroids from cholesterol, as outlined by Dorfman and Sharma
in 1965 (28), are represented in Fig. C.
Much rpmains to be elucidated with regard to alternative

N

route# and specific enzyme systems that affect the biosynthesis of

_adrenal corticosteroids (29). A key step in the pathway of tadrenal

steroid biosynthesis is the cleavage of the cholesterol sidechain

leading to fhe formation of pregnenolone, known to be one, if not the

only, principal precursor of adrenal steroid formation (29). - In 1956,

14

Solomon et al. (30, 31) obtained 208~ hydroxycholesterol &- C from

cow adrenal homogenates incubated with cholestérol 4-140 and proposed

MR At it e

that 208-hydroxycholesterol might be a possible biosynthetic inter-
mediate between cholesterol and pgegnenolone. Shimizu et al, in 1961
(32) reported t?e formation of isbcaproic acid, pregnenolone~7-3H,
and progesterone-7-3H when' synthetic 207-hydroxycholesterol-7—3H was
incubated wigh a superﬁatang-fraction of’bovfhe adrenal ;omogenates.
Similar finding; were reported by Constantopoulous and Tchen in 1961
(33), who showed that, by using a soluble enzyme fraction prepared

from beef adrenal homogenates in the‘ﬁresencg_of added NADPH, 20~

5
hydroxycholesterol-hx-3ﬂ was converted to pregnenolone-ﬁ1-3ﬂ. Tchen

L3

B
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17c¢-OH Proéésterone Cortisol

~

l11-Deoxycortisol

An outline of the biosyntheéis;of adrenal corticoids from

cholesterol, as adopted from Dorfman and Sharma (28).
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s N
\ fn 1968 (34) proposed that 20y, 22€-dihydroxycholesterol is ‘a

possible Lntermediate berween 20x-hydroxycholesterol and prégnenolone.

t [ - e

The author and his colleagues (35) obtained a 1abe11ed polagﬂgnmpéﬁﬁa

- %, & o

Lyt e T R

‘trom the mitochondrial fraction of beef adrenal. homogenates 1ncubated

' ‘ in theﬁpresence of NADPH with cholesterol-4-14¢c or cholest9r01=26-

144

- ~a —

3

This compound was identified as one of the isomers of 2(x,

-

.‘i »
22€#dihydroxychofésterol by lead tetraacetate oxiddtion to preg- -

/” nenolone and isocaproaldehyde, )

e

Je—

Thi

pregnenolone, progesterone,

f

5
1

LY / A J
ormation of 18-OH-DOC from steroid'precursors, cholesterol,

and deoxycorticosterone has been demonstrated

in in vitro studies with the impltcation thabﬂthe most {mmediate ~— -

«-t,.‘

¢ - AT e e

described further under a separate section,
@

5, Adrenal 18-0OH-DOC:

a
e

(a) Endogenous production of 18«0H-DOC:

—~

s
hemigetglmoﬁwL&rhydxoxy ~11= deoxycorticosterone.

T M i
i

precursor to 18~OH~DOC might be deoxycorticosterone.

‘ and Ward in 1961 (17) and by P&ron, in the same year (18)

-

This will be

N

18-0H-DOC was first isolated and identified as a naturally

occurring=stéroid from incubated sectioned rat adrenals by Birmingﬁém

It was

characterized by Birmingham and Ward (17) to be the 18 20-cyclo-

Part of the criteria

‘ for its identification were the oxidation with periodate to the 204]8-

lactone

P Y

N

of 18-hydroxyr3-keto-4-etien-20-oic acid, a negative test with . o

sy L




i -exogenous DOC and. other precursor'mhas been demonstrated in various —

obtained with the -rat adrenal, the biosynthesis of 18-0H-DOC from

tetrazolium chloride for the presence of the x-ketol group, and
I N -

- T s
- .
R

the absence of an infrared band characteristic for a saturated ketone

group. These authors showed that 18-OH-m\h-steroid containing no

»

17,2t=dihydroxy-20-ketone function nevertheless gave a typical__Pg;tet-

BN

Silber reaction (36), i.e,, it reacted slowly with dinitrophenyl- . >

Y
T s wmane)

hydrazine in aqueous sulfuric acid andethanol, to.form a compound \
¢ o= o - . \

absor biig light maximally at 400-410 nm. The in vivo secrition of
18-0H-DOC in rats was demonstrated by Cortés et al. fn 1963-(37),

[

who isolatgd the steroid from adrenal vein blood. The endogenous
e ¥ |
format{8n 0f-18<OHDOC has also been demonstrated in the cdmel by

g ﬁ"‘\*f:.»: - 3
Race and Wu'in 1964 (38), and in man by Melby and collaborators,

(19, 20), who isolated and identified 18-0H-DOC from hu@n adrendl vein AT om0

A ’
blood} by the adrenal vein catherization technique. Thsy obtained

3

g
levels c¢omparable to those of aldosterone and deoxycorticosterone ) .

in normal subjects, and elevated levels in patients guffering from

.

- m

var ious forms of hypertension, including (k)pghing's syndrome and "

- . ‘ - T P,

egsential hypertension. - "’

(b) Biotransformation to' 18-OH-DOC: . "

Although the conversion of DOC to 18-0H-DOC iz most readily

3

o

species. Xrat and Tamaoki in 1967 (39) reported the conversion of

-




- ho

poc-4-14¢c to 18-OH-DOC in vitro by the intrarenal tissue of the ;

rainbow trout (Salmon gairdneri). Kahnt, Neher, and Wettstein in

L M
R »,

1955 (40) 4isolated and identifigg‘lg-OH-DOC from homogenates of

et o o o0 4T - -

E..Jw—u~ e s @ g, et e R ~ ‘_
beef adrenals incubated with DOC, Conversion of DOC to 18-OH-DOC

\ > .t
T —

was shown to occur in &G;fEEFEa‘ffﬁg adrenal-by Kraulis and Birmingham

—a

in 1964 (41) aﬁd_gn,zabﬁlf';&renal tissue slices by Fazekas and Kokoi
- e ' - el
" in 1967 (42). Relatively large amounts of both IS-QS%CO;;Leosterone

./"/

e

and aldosterone and orly a trace of-18-0OH-DOC were obtained from

quartered mouse adrenals incubated with progesterone-a-lac, in the

- P ’

b A —

studies of Raman et al. in 1964-(43), De Nicola and Birmingham in

.

e

Incubation of sliced adrenals of the squirrel donﬁéy'tsaimiri —_—

sciureus) with DOC-&-lacwin the presence of nicotinamide resultea

in the formation of 18-OH-DOC in 0.5% yield, whereas no- conversion

to 18-0H-DOC was obtained with stumptail monkey (Maccaca speciosa)’
\

- [

~_adrenals. _—

Y
LR 2R 2N

o

With quartered rat adrena%g, Ward and‘gfrmidgham in 1962
¢ e - R L

r—

Y

(45) showed that DOC, progesterone, and I@-Oﬁ‘progesternne were convert- :

- 4

ed to 18-0H-DOC in 10, 4, and 67 yields, respectively. Vecsei et al,

in 1968 .(46) compared the conversion of DOC-1,2-3H and progester&ne-

14

4-""C to 18-0H-DOC by quartered rat adrena};‘and concluded that DOC

is a more effective precursor than progesterone. Conversion of

1976 (44) studied adrenal biosynthetic patterns in subhuman primates, . .

€ DAt

%"
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progesterone~17a-3H to 18-OH-DOC in good yield, when incubated "
) . ‘ . v g

w— =
y ¥

with ;éétidnéd rat adrenals in the presenE; of NADP and glucose-6-

! ol

phosphate, was demonstrated by P&ron in 1962 (47). Nakano et alj

in 1968 (48) isolatéd and identified 18-OH-DOC from rat adrenal

vy .«
homogenates incubated with progesterone in an atmosphere enriched
- 5 - . - i
y A,
with 1802;“ 18-0H-DOC was oxidized by periodic acid and the resulting j__

¢
20-118-lactone of 18-OH5DQQWEas‘subjected to mass spectrometry,

TQé incorporated 180 atom was located at the 18;20-epoxy group of

the steroid, by mass spectral fragmentation analysis, implying that

o

,~XL8-hyHroky1ation had occurred in the biotransformation, These

authors emphasized that the principle of locating tﬁe 18¢ atom in-

- X

éorpotated into a steroid molecule by mass spectrometry 1is a valuable
analytical technique for structural identification and eluciéation of
metabolites formed in oi&gen-rgquiring enzyme reactibns\sPch as

steroid hydroxylation. Levy et al. in 1965 (49) studied the sub-

14

stances formed from DOC-4-""C in beef adrenal perfusion lﬂ vitro and

isolated from the perfusate, by column chromatography on siliea gel,

a high-melting substance (not melted at 3009), These authors referred
to it as the "dimer" of 18-OH-DOC and remarked that it was probably an
artifact, arising by condensation of gwo molecules of 18-OH-DOC during
the work-up procesg. According to the;e investigators, this material

has an identical infrared spectrum with that of a substance obtained

=

o e cite e

3 =7
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by Pappo (97) from 18~OH-DOC by treating it with p-toluenesulfonic

acid in dioxane for a few minutes at room temperature. Pappo

v

: 14
assigned to this substance the structure shown below and gave it the

4

trivial name, 18-0H-DOC dimer. -

© .

18-OH-DOC dimer ~

-

3

The biotransformation of DQG:Z&FhAC to 18-0H-DOC by rat adrenal

homogenates was studied by Dominguez (50), who obtained evidence,

by paper chromatography, for the presence of two interconvertible

forms of 18-OH-DOC with differ ing polarity. The two forms of
18-0H-DOC, upon elution, gave ildentical spectra in the near-infrared»
region, According to Dominguez, synthetic 18-OH-DOC supplied by
Pappo, exhibited the same interconversion and behavior on paper
;bromatography. Dominguez suggests that the 18,20-cyclohemiketal

of 18-0H-DOC may exlist in two tautomeric forms. Lantos, Birmingham

and Traikov (51) showed that DOC-1,2-3H and progesterone-7-3H were
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conver ted by incubated quartered rat adrenals to corticosterone,:‘
18-0H-DOC, and a metabolite of corticosterone with properties of
allotetrahydrocorticosterone. In thf presence of exogenous ACTH
in the incubation nmdium they observed that the yields of corticosterone
and 18-OH-DOC were doubled but the fraction corresponding to allo-

tetrahydrocorticosterone was halved. The authors obtained evidence

A

that the increased yield of corticosterone was due to the inhibition .

by ACTH of the formation of the corticosterone metabolite, but did not

test the possibility that an analogous mechanism might account for the

-

increased yield of 18-OH-DOC, .
Evidence suggesting the conversion of progesterone-h-lac to
\ 18-0H-DOC by sliced human adrenal tissues was obtained by Car- .
. balleira and quning in_1964 (52). Raman et al. in 1965 (53) ;howed ?
that adrenal tumor homogenates from a patient with primary aldosteron- -
ism readily converted proges;erone-a-lac and DOC-1,2-3H to 18-0H

$

corticosterone and aldosterone but not to 18-0H-DOC, ?pe failure of
the tumor tié;ue to synthesize 18-0H-DOC froﬁ the labelled precursors
was interpreted by the authors to indicate substrate specificity of
the steroid 18-hydroxylase.

. Conversion of DOC-A-lac to 18-0H-DOC by the human adrenal

was first demonstrated unequivocally by de Nicola and Birmingham in

1968 (54) using sectioned adrenals from a patient with a prostatic

r A d
.

.

S )
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carcinoma. Subsequent experiments by these authors with sectioned
adrenals from four patiengh with breast carcinoma and a patient with
primary aldosteronism (55) showed that, in all cases, DOC-&-laC was

converted to three 18-oxygenated compounds, nameiy, 18-0OH corticosterone,

18-0H-DOC, and aldosterone with yields of 3.8 - 4,67, 1.0 - 1.4%, and

. 0,17 - 0,417, respectively., These metabolites were also formed from

1

progesterone-&-lac, but much lower yields were obtained, These
auth?fs contemplated the possible gignificance of 18-0H-DOC in the

4

case of patients with primary aldosteronism in which DOC-4-14¢ yielded

6 times as mucﬁl18—OH-DOC as aldosterone. Recently, Lucis and Lucis

in 1971 (56) reported that both the incubated minced adr:anal and
adenoma tissues from a patient with primary aldosteronism were

capable of transforming progesterone-a-lac to 18-0H-DOC, suggesting

the preserce of an 18-hydroxylase capable of forming 18-OH-DOC in .

both types of tissues. T

{c) Factors influencing the biosynthesis of IB-BH-DOC:

(i) ACTH Previous investigations by Birmingham and Kurlents '/’“\\
-~ /» -
in 1958 (57) demonstrated that a brief contact (5 minutes) of

quar'tered rat adrenal tissue with an- ACTH-containing solution result
in an increase pf corticosteroid production and a concomitant decreas

of ACTH activity in the solution which had been in contact with the

—

tissue for a short period, These observations were explained by the

¥

a
—
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authors as indicative of the binding of ACTH by the.adrenal tissue.

i

Subsequent studies showed that AC%H incubated wiéﬁ rat adrenals
causes the formation oﬁ two major stétoiq end products, namely

corticosté;bne, present in greateét quantityz and 18-OH-DPC, the
second most abundant steroid (58, 59, 17). Similar results were

,)‘bbtained in rat adrenals incubated by Péron (60). In corroboration
" ' . '
éf‘fhe/ig~01tro work, Cortés, Péron and Dorfman’(3f) demonstrated
s
that the secretion of corticosterone and 18-OH-DOC in the adrena}

[

vein blood of hypophysectomized rats {s increased 5- to 20-fold by "

A}
\\A administration of ACTH. Recently, Melby et al. (20) found that the ~

' o

|

! i2

{ basal secretion rate of 18-OH-DOC (determined by the excretion rate
|

|

|

of urinary 18-OH-TH-DOC) in five healthy adults was increased 10-

-

to 20-fold by ACTH gel given intramuscularly, 2,

i

- Lucis, Dyrenfurth, and Venning in 1961 (61) studied the
in vitro secretion of corticosteroids by rat adrenal capsules and

decapsulatéd adrenal glands. The authors showeéd that the capsule,

consisting mainly of the zgna glomerulosa, secreted primarily aldos-

-

s terone with small amounts of corticosterone. The decapsulated tissue, .

., consisting mainly of the-zona fasciculata, secreted corticosterone and

»

18-0H-DOC and the gecretion rate of these two steroids was significantly

Voo

increased when ACTH was added, However, no aldosterone could be

[ (5%

detected in the decapsulated tissues. Sheppard et al. in 1963 (62)




o

]

demonstrated titat 18-OH-DOC was largely derived from the zona
fasciculata whereas only very small amounts were derived from the
zona glomerulosa of the rat adrenal cortex. They showed that

progescerone-A-lac was converted to 18-OH-DOC to a greater
extent by the decapsulated (faaciculgté”predominantly), as

opposed to the capsular (glomerulésa predominantly) portion of the
T

adrenal cortex in vitro and that this conyversion was stimulated by

the addition of ACTH. Stachenko, Laplante, and Giroud in 1964 (63)

v

demonstrated that 18-0H-DOC and corticosterone was produced in vitro

by the decapsulated portion of the rat adrenal which contains the

e
L

cells of the zona fasciculata-reticularis, whereas aldosterone,
corticosterone and 18-0OH corticosterone were found in the

capsular portion which contains the cells of the zona glomerulosa.

(i1) 3',5'-AMP and NADPH Haynes, Koritz, and Péron in 1959 (64)

showed that 3' ,5'-AMP is more effective than ACTH in stimulating the

¢
a

steroid production by isolated rat adrenal glands, BirmingﬁZm et al.
in }960 (65) showed that 33,5'-AMP stimulates corticosteroid production
3-fold in qu;rtered rat adrenals incubated in the absence of both
glucose and calcium, This response is fur€her increased by the
presence of calcium, whereas glucose has only a small effect, In-
creased endogenous production of 18-OH-DOC upon incubation of sectioned

w

rat adrenals in the presence of maximal amounts of 3',5'-AMP or NADPH J&

-

\ :
{\ ’ /i
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was demonstrated by P&ron in 1961 (60). The author further

P

<

shoged that cholesterol-a-lée-and pregngno}one-kz-3ﬂ were con-
verted to 18-0H-DOC by rat adrenal homogenates maximally stimulated
with NADPH.

. (1i1) Calcium and glucose Previous studies by Birmingham,

4

Elliott, and valére in 1953 (66) and by Schonbaum, Birmingham, and

Saffran in 1956 (67) demonstrated that ACTH maximally stimulates the

)

biosynthesis of cotrticosteroids by rat adrenals in vitro only if

calcium and plucos® are present in the medium. These authors

suggested that calcium might play a role as a cofactor in one of

a

“ the reactions along the pathways leading to the synthes{s of steroids

-

from endogenous precursors, or that calcium might enhance the access
of ACTH to cellular sites involved in steroid synthesis. Péron and
Roritz inm 1960 (68) showed, with particulate preparations from rat

adrenal homogenates, that the conwversion of endogenous precursors to

.. A

corticosteroids is stimulated ih’ghé presence of calcium, The authors
. IO
suggested that one locus of ‘calcium action might be the reactions

between cholesterol and pregnékolone. According to Kraulis and

L

Birmingham in 1968 (69), the conversion of DOC to 18-OH-DOC by

sectioned rat adreégls proceeds equally well in the absence as in the

“~

presence of calcium in contrast to the conversion of DOC to corticds-

terone, The rate of the conversion to either egd~product 1s better

‘
,.

»
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¢
maintained with time if glucose is present in the medlum.

-

(1v) SU-4885 (metopirone or 2-methyl-~1,2-bis(3~-pyridyl)-l-
igrbganonez SU-4885 as a specific inhibitor of 11B-hydroxy-
lation of steroids (70) has become a useful agent for the evgiuation

of pituitary function as; well as for the studies of steroid piosynthesis.

~—

I

—C
&, ~

Su-4885 K

v

The inhibitory properties of this drug are, however, not

restricted to 118-hydroxylation; 1t affects hydroxylations at various

¢

other sites of the steroid molecule ;s well, including 18-hydroxylation,

In vivo studies in rats by Kahnt and Neher (71) showed that the intra-
. 3 .
venous injection of a low concentration of SU-4885 greatly decreases

’

aldosterone and 18-OH-DOC levels. aKraulis and Birmingﬁam in 1965
(72) showed that atilowlﬁqaes_SU-4885 inhibits the formation of 18-0OH-

DOC from exogenous DOC or progesterone, as well as from endogenous

precursors in incubated rat adrenal sections, The authors suggested

that SU-4885 probably exerts a dtreccflnhibitory effect on the 18-

> .

hydroxylation of DOC to 18-0OH-DOC in the rat since this transformation

was shown to be almost completely suppressed by the drug,

-
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The exact mechanism of action by which SU-4885 acts is
L] 4
not completely understood., Interference with the availability of
NADPH required for steroid hydroxylation has been suggested by

Ertel and Ungar (73), who found that the conversion of progesterone-

4-140 to corticosgerohg by quartered mouse adrenals was blocked by

low concéntrations of SU-4885. There 1is evidence that SU~4885

o

interferes with steroid hydroxylation by binding to mitochondrial

11B8-hydroxylase, Wifliamson and 0'Donnell (74) observed that the
14

.

transformation of DOC-4-""C to corticosterone by the mitochondrial

fraction of beef adrenal homogqutqé was inhibited by low con-
i

centrations of SU-4885. Wilson et al. (75) ldentified(cytochrome
P-450 in mitochondria isolated from human adrenals and showed that
this hemoprotein was involved in the oxygen-acti&ation required for
11B-hydriﬁz&g&igg~g£w¥lfdcoxycort1301-4-IQQ-tg cortisol, The

iy

authors obtained evidence by the ultraviolet spectral method that
this transformation % blocked by the addition of SU-4885 in low

concentrations and concluded that SU-4885 probably interferes with 11p-
"'{» T N e T e 4

hydroxylation by competitive inhibition of the binding of the steroid

substrate to cytochrome P-450,
!

(v) Angiotensin ! 18-OH-DOC is a minétalogorticoid (69, 87) and

bl

its secretion in man, as in the rat; is under’ the “influence of ACTH.

Thefe is evidence that 18-0H-DOC is formed, at least in the rat,

-~

largely in the zona fasciculata of the adrenal cortex. On the other

wE
1%

Ir
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‘hand, aldosterone, the most potent mineralocortico

24

—

the adrefial-in-man, is believed to be formed exclusively i
zong glomerulosa of the adrenai cortex and its sEEﬁfZlon is re-

latively independent of ACTH'(76). Angiotensth, a peptide formed

in blood by the action of renin, has been shown by the studies of
Genest (77), Laragh (78), and Davis (79) and co-workers to stimulate

aldosterone secretion in man. A posslﬁte‘mecﬁanism by which the
' :{L. ,u',"{

kidney modulates aldosterone secretion has been proposed by
these authors, Thelr hypothesis suggests that a decrease in renal

blood flow activates the juxtaglomerular cells to cause the secretion of

renin resulting in the formation of angiotenFin 11, which éhen stimulates

aldosterone secretion, Aldosterone, in‘CUrnl causes the retention of

sodium by the renal tubular cells with a resultant increase in blood

volume, blood pressure, anquéhal Hlohd_ﬁlow; the increased sodium and

1

1
1 Y d
s \

bload flow act as a negative;Eeedback upon'the juxtaglomerular cells to

\

reduce the sécre;ion of renin. A diagrammatic summary of the mechanism

for the interaction between aldosterone secretion and angiotensin

activity proposed by the authors is illustrated below.

£l

. ' Volemia < ‘ — Sodium balance

'S
Aldosterone -
R
q - *
Renin P Angioterisin II

o B

-,
g R
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amot
— Meiby et al, (19, 20) found that 18-OH-DOC concentration

in human adrenal vein blood remained unchanged after angiotensin

A 4
[ 3

infusions, However, the authors noted that in some hypertensive

Sta s,
# onyn

patients with elevated secretion of 18-OH-DOC, suppréssed pla;ma
renin activity, and low or normal aldosterone secretion rates, blood

pressure was greatly reduced after administration.of spironolactoge,

L)
.

a known antagonist of aldosterone, #

“~sha,

Spironélactone

.

L3 =

(d), Formatién of 18-OH-DOC by reggenerating rat adrenal glands:

PRUNWENY

{In ‘1955 Skelton (80)'obser6ed a syndrome of hypértensibn

e L S

= o

associated with cardibvascular-renal lesions-in uni-nephrectomized,

— T o -

salt—¢reated young, female rats during regeneration of the enucleated

adrenal cortex, Enucleation was performed by making an ogeniné in

ftﬁs‘capsqie of the adrenal gland through which the mass of glandular

tissue was digcharged by compressing the gland with forceps. The

cortical Qissue'of the adrenal gland was restored.by sﬁ;}ulaf prolifer-
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ation and hypertension developed as the gland regenefrated. The

medulla does pot régﬁﬁbiaée. Skelton obséfVéd”that vascular disease

|l‘

. . . . )
deyeloped during adrenal regeneration,~and noted enlargement of the

> - A a5

0

heart and kidney with damage in the blood vessels of these organs. -

I e . - No significant change in the serum levels of sodium, chloride or .:

Ed
potassium was qbserved by this author. The regenerating rat adrenal

5

gland appeared to be under the regulatfbﬂ of ACTH (81). Adrenal -

regeneration was prevented by removal of the pityitary or by suppression

o : e L
wnmen T of ACTH production by steréid hormones., Skelton in his review of
1 1959 (81) suggested four -mechanisms that might be responsible for h

the hypertensive state in rats bearing a regenerating adrenal-cortex:

. z1 — s vy

(1) increased secretion of glucocorticoids; (2)}-inbalance_ begtween:

Lo . - >
secretion of corticosterone amnd~stdosterone, (3) secretion of an e

. o
unknown éﬁ?roid, and (4) hypersensitivity to adrenal corticoids. |

Birmingham, Rochefort, and Traikov in 1965 (82) reﬁbféé&

~1

A0

that there was an increased grdductioﬁ in vitro of 18-0H-DOC. and

~ e A

corticosterone in response to added ACTH,“and a'decreased formation

- —

of material with the mobility, on paﬁzf'cgromatogranhy; of 18-0OH

/ corticosteroné and aldosterone by bilaterally regenerated adrenal

- R

glands of femgle rats, three weeks-after adrenal enucleationm, R

The authors sugges%gdvgbat 18-0H-DOC and corticosterone may be de-..

”
B

rivedi@éjﬁjyjf;um“tﬁenaqng“fasc1cu1ata=féticulariséof the regenerated

a3y

x > W .
‘ glands since- tge production of these two steroids is increased greatly

£y

JRUUE e
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G

in responge_to;ACTH. With homogenates prepared from regenerated

rat adéenal glands, Brownie and Skelton in 1965 (83) obtained a

B " &« decreased conversion of progesterone~4~lac«bo 18-OH-DOC and corti-

T - - ~

) ifu' : costerone and an accumulation of DOC. They proposed that the impaired ~
utilization of DOC, a known hypertensive agent, by the regenerating
adrenals might be the cause téﬁugypgrtension associated with adrenal

regeneration, Vecsei et al. in 1966 (84) studied the biotrans-

14

formation of DOC-1,2—3H and progesterone-4-""C by regenerating

quartered rat adrenal glands and found, by contrast, that the forma- -

- P

tion of 18-OH-DOC and corticosterone from both labelled precursors was

L4 ¢

increased, whereas the formation of 18-0H céitlcbsterqne and aldoster-

. wdaavr

oo Y one ‘Was considerably reduced. ~ Increased conversion in vitro of both

EN

DOC-1,2-3H and progesterone-4-14C to 18-0H-DOC and cbrticosterdhe,

- . - N : i
and impaired conversion to 18-OH corticosterone 'and aldosterone by

- ~
¢ g R e
-

regenerating adrenalsféf rats before and after onset of the syndrome "
; ‘

e N

of adrenal regeneration hypertension was also reported by de Nicola,

» -t
Oliver, and Birmingham in 1968 (85) and in 1969 (86), The authors

suggested that excess secrefion of 18-OH-DOC by regeneraéﬂng adrenals.

hv“‘"}“—‘")l‘)’l nrmr R
b | - % rrrrsh TER AL s g an -

“ mighi playya role in the etiology of adrenal regeneration hypertension,
_—_—-.-t:p P b -
. wd -~
. in view of the sodium-retaining and antidiuretic properties exhibited

ath

by this steroid (87, 69). De Nicola, Oliver, and Birmingham in 1969
, : { )

o

El ] {
, (88) found no significant changes in the conversion of progesterone-

. ©° 4-Y%¢ to 18-0H-DOC by quartered adrenals of rats with spontaneeus
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hfor susceptibility and resistance to the hypertensive effects of
t

- weeks,

~
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/

‘hypertension and suggested that the adrenal cortex is probably- - e

not involved in the etiology of this form of hypertemsion. Rapp in

1370 (89) found no elevation of 18-0H-DOC in the peripheral plasma

of rats with adrenal regeneration hypertension. Rapp and Dghl fa —— - —

1971 (90) compared the_édrenal steroid production:-in female rats bred

v

“, ..

® =

salts, - The animals were on a low salt diet (0.4% NaCl)--for thirteen
The authors measured 18-OH-DOC levels in adrenal vein blood

and {in peripheral blood and concluded that. the susceptible rats pro-

/
duced twice as much 18-OH-DOC as the resistant rats,

(e) Metabolism of 18-0H-DOC: T

Little is known gboGE the metabolism of adrenal 18:OH-DOC. . ;

«

~~~~~

Nicolis and UIick in 1965 (91) studied the metabolism of DOC-1,2-3H

4 -
and 18-0H-DOC (ﬁandomly labelled with tritium) by bull frog adrenal

[ AP P RS 7 S
slices and found that there was only a small conversion of 18-OH-DOC

- e -
e

to aldosterone as compared with the conversion of DOC, The authors

e

attributed the poor conve¥sion of 18-0H-DOC to a resistance of 18,20 -wn

cyclohemiketal structure to .enzymatic oxidat{on, De Nicola and Bir-

-

. . 'S
mingham in 1970 (Qé)ure?arted::hat in sliced adrenals of the stumptail
H’r‘ " -~

4

monkey, 18-0H-~DOC-4-L4C was converted to 18-OH corticosterone in 0.6%

" and to aldosteiong in 5% yield, Very recently, Melby et alh,G}é;‘EO)

JER T Sy 72
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Rl ,deoxycorticosterone), a ring A reduced metabolite of 18-OH-DOC,

after intravénous injection of radioactive 18-OH-DOC, from the

!

?} urine of healéhy sub jects a8 well as from patients with hypér-
‘T tensive disorders, -7
o ' The biosynthetic and metabolic transformation reactions |

A for 18~0H-DOC discussed in the preceding sections are summar ized

diagrammatically in Figure D, along with the apﬁ?dbfiﬁfé’feféf@neeawﬂﬂw»L

- —_—

-

6. Mineralocorticoid activity of synthetic 18-0H-DOC-3l-acetate:

The nature and extent of the physiological :%iiéity of

18-0OH-DOC have not been well studied. 1In 1960, Ward and Birmingham ) .

RS

' ] (59) obtained a purified lipid fraction with properties of the

[y

18,20-cyclohemiketal form of 18-OH-DOC from incubated quaftered rat

adrenals. This material was shown to have sodium-retaining activity,

In three separate assays on adrenalectomized rats, using 2.5, 5,

and 5 pg doses per rat, this compound gave effects équivalent to
- 1.9, 2,2, and 0.5 nug, respectively, of DOC acetate, on urinary-Na/K
ratios. This lipid fraction was subsequently identified chemically

- " as 18-0H-DOC by the same authors in 1961 (17). Kagawa and Pappo

n N
s T
’

in 1962 (87) found that 18-OH-DOC-2l-acetate possessed abdut 107% of.

s e

R T

. the mineralocortico{d potency of DOC acetate by the criteria of sqdium.

P

retention, potassium loss, and reduction of the Na/K ratjo in the
il [
. - urine of adrenalectomized rats. Birmingham, MacDonald;—and Rochefort

w
)
- e - (.

N - \
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X
!

in 1968 (69) reported that, using adrenalectomized ratg, 18-0H~
DOC-2l-acetate had a sodium-retaining effect equalling that of
DOC acetate at a dose of 10 ug per rat, but was legg effective
than DOC acetate at higher doses. Uniquely, 1810H-DOC-21-

acetate did not increase the urinary éSE;:;TGm excretion at any of
the doses tested (5, 10, éb, and 40 pg per rat), whereas DOC

acetate stimulated the excretion of potassium at 10 pg but not

at 20 ug. The authors also found’that 18-0H-DOC-21-acetate

'

had a dose-depen&ent antidfuretic action in the adrenalectomized
rat that was significant at a dose as low as 5 ug per rat,

whereas with DOC a;etate no statisticélly significant reduction

in urine volume was obtained with doses of 10 and 20 yg. Porter
and Kimsey in 1971 (92) reported th;t 18-0H-DOC has about one
seventh the potency of_aldosterone and one fifth the potency of DOC

on sodium transport in the isolated urinary bladder of the toad.

s e

L TRT Y]
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Cholesterol ~8£ / Pregngnolone
/
/

OH |/ /
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/ /
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b
Progesterone ‘5&5&9

18-0H Progesterone

Aldosterone

Ho o
18-0OH~-TH=-DOC ) o

w

! -

Fig D Summary of biosynthetic and metabolic transformation reactions
for 18-0H-DOC. Dotted arrows indicate intermediate steps.
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PART II: SYNTHESIS OF 18-OH-DOC

Introduction and Literature Review

&

The isolation and identification in 1961 of 18-0H-DOC

(20,21-dihydroxy-18,ZO-epoxy-‘Aa-pregnen—3-one) (17, 18) presented
the first proof of the existence of a naturally occurring 21~hydroxy,
11~deoxy-corticosteroid with an’1§,20-cyclohemiketa1 linkage,

The biosynthesis of 18-OH-DOC fggm endogenous precursor(s) as

well as from exogenous steroid substrate(s) by adrenals has been
demonstrated in animal species and in man, as has been described in S
the preceding section. At present, the physiological significance
of.iS-OH-DOC is not well understood. It is justifiable to
investigate the chemical reactivity, physical properties, and
possible biological activity of 18-0H-DOC in view of its structural
similarity to aldosterone, the most potent mineralocorticold in man.
The }solation of 18-OH-DOC from adrenal preparations is tedious

and the yield is so limited that the chemical synthesis of this

w3

compound was attempted. L
’ EY

v e

Yo
s 3
“

A

1. Introduction of an oxygen function at position C-18 of scé;oids:

B RN T,

The isolation and elucidation of the structure of aldos-

~

terone in 1952-54 (13, 14, 15) provided the stimulus to sthdy the

chemical synthesis of this steroid. This resulted in active research

~ \ - ) I3
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2

i
@ i
1n?o the methods for the introduction of an oxygen funct%on in place

@

o

of*a“hydrogen at the C-18 methyl group. .

| -
Two useful methods are known: first, by the degradation

0

of':naturally occurring steroidal-alkaloids with C~-18 appropriately
functionalized; second, by the direct introduction of an oxygen at
C-18 in steroids lacking a subatituen; at this posltign. The
literature pertinent to the synthesis of 18-OH progesterone and

!

IBJOH-DOC by the application of these methods {s reviewed below.

(a) Method one: \

t

|
' The degradation of a steroidal alkaloid, which ilready is ‘/
substituted at C-18, to an 18-oxygenated, nitrogen-fre; steroid.
18-0OH Progesterane (20-hydroxy-18,20-epoxy- Al‘~pregnen-
3-one) was synthesized from the alkaloid conessine by Buzzetti et
al, in 1959~(93). by Hora and gernf in 1961 (94) and by Goutarel
et al. in 1969 (95). It was also synthesized from the alkaloid
holarrhimine by Libler and Sorm in 1960 (96).

CHy -
N

18-0H Progesterone

Holarrhimine
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- These synthefic‘paghways leading to 18-0H progesterone have one feature

=,
rd
L
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X <

in common: the replacement of each amino group in the molecule by an

Braun's demethylation \g ~CHj3 ;__)\g +H ], followed by Ruschig's
Vi -N v P "N\H .

deaminat “g ¥ .
eaminati (} -NSy —>c-nG 30 = m—)c = o>

o

+
4“1

N CHj3

:gxygen~containing function via a sequence which i8 based upon the wvon

tation of -‘this method may be illustrated by Buzzetti's (93) synthesis

h) o
of 18-OH priogesterone from-conedasine, The sequence of reactions is
depicted in Scheme A, ‘ )
CHy |
Hs N
(1) CNBn N
(2) CH;0K, HO, & 4
' C
a H?N
(1) ﬁ“ H y (11)
N N
R (111) M G (IV)O
=0
b
o
()
Scheme A Synthesis of 18-OH progesterone (V) from conessine (1) #

by Buzzetti et al. (93)

One represen-

Cgs
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-

von Braun's demethylation of conessine (I) with cyanogen bromide

removed two N-methyl groups and gave II, which was converted by

Ruschig's deamination with N-chlorosuccinimfde into the N,N'-dichloro

derivatiYe&(III). Treatment of III with aqueous alcoholic potassium
-

hydroxide eliminated two equivalents of hydrogen chloride and

effected hydrolysis at C-3 to yield the A %-3-ketone derivative

s Lt

> -

o ¢ \ x
(1IV). Hydrolytic fission of"ring F and degradation of the amino

w L
group with nitrous acid gaveKYhe nitrogen-free product 18-0H proges-
° e ™ s TRt B R
¥ o 3 s

terone (V). The overall yield from I was about 16%, .« - % 4?3‘4w e

.. by
vy, e

Alternate routes for the synthesis of some 18-oxygenated
atégoids from conessine have been developed by Pappo. These are
described in greater detai{l below,

' The synthesis of 18-OH-DOC (XIII; Scheme B) has so
far beenfées?ribed by Pappo in 1959 only in a preliminary
communication (97) and fn U.S. Patents (98). It &nvolves a

fifteen-step syntheﬁis starting from the alkaloid conessine (I).

!
This long but ingenious synthesis leads not only to 18-OH

progesterone (XII) But also to 18-OH§DOC (XIII). The synthetic
“ﬂk

sequence 1is depicted iﬁéScheme B.

Conessine (I) was first converted to the 6-ketone (IT)
N ’ /
by hydroboration with sodium borohydride in the presence of aluminum

14
chloride fn diglyme, followed by chromic¢ acid oxidation of the re-

\
v -

gulting 6-boroi intermediate. The 6-kebon€”(¥x§ ya; converted, by

P

’
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o NeBH, ald;, &
(2) GO, ,CH;F-BH

—

€0 CH;T

u{t-BUOH,
o 1 —onk .

m Ts
(2) HENECHY),

v

N er
Onidatiow

O

(XII) (X1) L (X111) X
g
Scheme B Synthesis of 18~0H-DOC (XXII) from' conessine (I) by Papgo (97, 98)

’
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reaction with methyl iodide, into thé;blsquartérnary meqpiodide,~ - ]

which on reaction with potassium t-butoxide in boiling t-butansl L -

under“weng Hofmann depgradation &t C-20 and aimu;taneous 3, 5 trans-

& 4

elimination.to-give the 3.S-cyclosterq;d'(r11).: &hta'intermediate

(I1I) was quaternized with methyl p-toluenesulfonate and the N

—_— Rtk . ) ;"r 1‘. ..
resulting methotosylate was then hydroxylated with a ueous ’
r q

potassium chlorate catalyzed by osmium tetroxide to give a mﬂxture
of 20-epimeric diol (IV). Trentmépt of I w?th potassium t-bptoxide
gave the' nftrogen-free product 18,20 B-oxide (V). The 21-toa;1ate of
V was converted to the 2l-dimethylamino derivative (VI) with dimethyl-
amine, The 6rketo groupiin VI Qas reduced by lithium aluminé&ihydride
to a mixture-of 6-alcohols (VII),. The 3,5-cyclosteroid (VII) was
isomerized to the‘correaponding A§-3a-ol der ivative (VIII) using
formic acid. Oppenauer oxidation of VII] yielded the £§4-3-ketone
(1X). Dimethylhydro%ylamine was ;liminated from thé corresponding
N-oxide (X) by refluxing in t-butylbénz;ne, giving the enol ether
(XI)' Hydration of XI with dilute acyid yielded the 18,20-cyclo- f
- hemiketal form of 18-OH progesterone (XII), whereas hydroxylation
of XI with osmium tetrgxide in pyridine gave the 18,20«cyclohemiketal
form of 18-0H-DOC (XIII).

By following Pappo's procedure, all attempts to achieve a

cyclization reaction from the 20-epimeric di&l (IV) to the 18,208~

oxide (V) were unsuccessful in this laboratory. Alternative routes

-«
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to 18-0OH progesterone and 18-OH-DOC were therefore sought by tpe

more convenient photochemical method and are described later in .a ,

3 ~ t
o
.

separate section,
(b) Method two: -

The direct introduction of an oxygen function at the 18-
unsubstitute§fynthxl group by intramolecular radical processes.

‘e

v, 3
Idtramolecular free-radical reactions are of practical
¢

importance in steroid chemistry 1n'conneé§;pn with functionalization

»r -
at non-activated carbon atoms, 'The most important, feature of this re-

action is the need for favorable proximity of the groups involved. -The
R'J/ 4

-
—

i *
intramolecular radical reactions can generally be represented by Scheme
@ e T,

C, according to the hypothetical principle of Barton et al. {99).," "7 ™*
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The important reactions described tx'gte are those in which (}g) .= 0 and

(Y) = Tor N = 0. The reactive radical (X) may be generated by}harml

H
*

. —or-phetelytie homolysis of the X-YTond in (A). The resulting free

radical or similar reactive species (B) is in a favorable position for
B . 4 ~

the tranafer of the hydrogen atom via a six-membered,L cyclic éransition -
Vi /
state (C}. The hydrogen transfer leads to 'a -CH, radfcal (D), which may

react with a suitable species from the solution, with another free -

' -

radical, or with a reactive intramolecular site. By suitnbk_l?a\choice of
kJ:. ‘r::?;:g
steroid substrate, this type of reaction has been used to introduce an

oxygen atom into C-18, .

For the oxygenation of the angular methyl group at C-18 in

. steroids three methods involving intramolecular I:adical reactions are

known: (a) oxidation of 20-alcohols with lead tetraacetate in the presence

- of iodine (the "hypoiodite reaction") (100), (b)(_ptgocOLysisv of 20-nitrite " e

esters (99, 101), and (c¢) photolysis of 2l-acetate —20~ketones (102, 103).

0f these,--the last;‘rxg_t_hgdwa.npgars ;to‘ be the simplest and most efficient,
Method; (a) and (c) share a common advantage: ;he 20~alcohol and 20- :ii ‘
#
ketone can be used directly as starting material. Method (b), on the
-
othgt hand, requires an addith;nal step for the formation of a reactive
% -

nitrite derivative before homolysis. ) -~
K'd
Wettstein et al. in 1962 (100) first reported the syn-

*

theéis, of 18 -progesterone (VI; Scheme D) from progesterone (1)




by treatment of the 20-p-hydroxyprogesterone derivative (III) with

- it) g lead tetraacetate and iodine in boiliné cyclohexane in the presence - - -

of calcium carbonate, e : e .

MAGOAc, CHOH

OOy
EEEE— 12) CHy-B-oH
' . veew ‘0 Scheme '}Synthe'sié ¥ 18-0H progesterone (VI) from progesterone
~ 7 1l (1) by Wettstein et al. (100D

=~ A
\ | d

} -
\ - &
| -— - The 1p}£ial rcaction%‘has been rationalized to be the homolytic

b ) - Py
|
|

— cleavage of the presumed inieﬁnediat:e Zb-hypoiodite (I11-a) :}gpding

. }Sto the formation of the ZO-Iézoxy-radical (I1I-b)., This oxygen

o a
‘ /F.l'
~
>
’
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_ (111-a) . (111-b) . (1II-¢)
. > a ) o ,

-

radical (III-}) may abstract a hydrogen from the C-18 methyl

group four carbons away to form the 18-iodo-20-hydroxy derivative (IV).
r

Chromic acid oxidation of IV gave 18-iodo-20-ketone (2).mqhich'wa

RN 4 < L R SSL TU

. . - i
hydrolyzed with silver acetate in methapolgfollowed by acetic acid—

@

to afford 18-OH progesterone (VI) in 20% overall yield from II,

Reactions with lead tetragcetate and iodine are frequently com-

v - o

plicated by further attack at C-18 leading to IV (sge Scheme E) (100). _~a
Barton et al. in 1960 (99) reported the syufﬁ;sts of IV

(see Scheme F) wvia {irradiation of the 208-nitrite ester (II) of the

Zoé-hgggg;yl steroid (1). This reaction is now known as Barton's.

-

nitrite photolysis.

Ny ‘ 4
o IO ~

Oo - NO ©
Hw /H \ o H\w/ \ A

/CJ c ——) H/C —
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N
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Scheme E  Synthesis of 36-‘acetoxy-18'-hydroxy-18,ZOB—epoxy-Sa-pregnane (1Iv)
___from 3p-acetoxy-20p-hydroxy-5x¢~pregnane (I) by'Wettstein et al,

i ’ (100) \ ///
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|
) The reaction involves photolysis of a nitrite ester (a), leading ‘to the

intramolecular exchange of the N = 0 group with a hyérogen atom four car-

°

~bons away. The nitroso intermediate (b) is formed in the reaction mix-

oy

——

ture,’ The eventual product is an oxime, which yields the aldehyde group

) n - i e
upon hydrolysis. Barton's discovery has provided another verdatile method
; -~ ' S
. k) - )m' —_ - ~——~————-—:w-?~5:‘.mzz
ﬁ? for activating the C-18 methyl group. i .

Scheme F Synthesis of 35~acetoxy-lS-hydroxy-lS,206-epoxy-5a—bregnane (1IV)
from 3p-acetoxy~20f-hydroxy-5xy-pregnane (1) by Barton et al. (99)

361acetoxy-Zoa-hydroxy-&z-pfegnane (I) was converted to the correspon-
ding 20p-nitrite ester (II) with nitrosyl chloride in pyridine. Photo-

. lysis of II in benzene solution allowed the selective introduction of
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e

an oxygen function at C-18 affording the ;inksg\if-aldehyde (IV) after

<
acid hydrolysis of the 18-oxime {(III). The overall”yield was about

P . ~

33% starting from I.‘

...........

giﬁ The thres-aﬂep synthesis of aldosterone (IV) in 157 yield
5oy ; L

from corticosterone (I) (Scheme G) via the photdlysis of the

r

\

nitrite estéi (I1) by Barton and Beaton in 1960 (101) is another appli,

cation of the free-radical induced intramolecular hydrogen abstraction

reactions. PR

I1I - v
. N\ o MEBAE

Scheme G  Synthesis of aldosterone-zjlacetate (IV) from corticosterone~
-21-acetate (I) by Barton and Beaton (101).
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An unusual reaction which permits direct introduction of a
C-18 oxygen function has been observed by Jeger and co-workers in 1960
(102, 103) in the photolysis of 3,3-ethylenedioxy-20-one-21-acetoxy-

Fa\ S-pl:'egnem(l) in ethanol (Scheme H), - - -
S<HOAC ¥r
. . c=0

o) ‘a\(, CGHsOH, 4-h.

(2) sslunn Chromatography

ather {ractions » Patroleum ether-benzene { ackiows
’ ° 19 %
Column
16y, ; omztograPhy
RORC Chromatyt™o Hy :
Column 2 ! ~ .
¢hromatograghy OH oCH;
Iv i1 —
o] O Al . <
4/o k/o/ 2% mCM,-Z-oH,C:,oH, H,0,4
K,(0g,CH;0H, H,0 (@) Columm Chrematogra phy
~loo-l,
H‘OH
e ) (o]
\Y
0
©
&
_ Scheme H Jeget's (102, 103) photochemical reaction of deoxycorti- -
costerone acetate derivative (1) . "

4
Al

‘ ) s

»
b
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In addition to the expected 18,20-cyclobutanol derivative (IV), an

ethyl- (ITI) having the i8,20-cyclohemiketal structure was obtained. '

The formation of Ii; which differs substantially from the usual intra-

1
4

molecular hydrogen transfer proceagq(see Scheme C), has been"postulated by

Jeger to be proceeding through the following mechanism:

?c
)\,
CH Cl:\;l

-

' %
The intermediate of the reaction is the enol ether (II') which was
converted by the solvent to II, Acid hydrolysis of the ethyl ketal

”(II) gave the parent compound 18-0H progEEterone (111). "

-
L]

-We adopted Jeger's method for the preparation of 18-OH

__progesterone because of its simplicity and convenience.

<



PART III: SYNTHESIS OF 18-0H-DOC, RESULTS AND DISCUSSION

1., Attempted conversion of 2l-acetoxy pregnenolone (I) to 18-OH-DOC
)
3
acetate (VI) by reaction with lead tetraacetate and iodine:
4 :

In exploratory exper imenta, we examined a possible method

o
for the synthesis of 18-OH-DOC acetate (VI) from 2l-acetoxy prernenolone
(I) by application of ‘the “hypoiodite reaction" pubdished by Wettstein
and co-workers (100). THe.approach to)this synthesis is 1llustrated
by the following sequence of reactions (Scheme 1),
CH ORc CHORC! - ~:
c=0 -
’3 _Q ! pO(g” o° Y
® v
H C'H,oﬂc I\/Oj'o CHOAC

I Ho-C-H 11 :r'b\ '..H

o ASORC ' CH;OH
A0, () CHy Y- oM
(3)0pP¢‘mmer
O gxidaﬁoN
o° .
\Y VI

Scheme 1 Proposed route to the synthesis of 18-0H-DOC acetate (VI)
from 2l-acetoxy pregnenolone (I)

. &
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21-Acetoxy pregnendloné (I, m.p. 165-1700) fﬁﬂchlsroform
lwas converted to the correspon@}ng tetrahydropyran ether (11, m.p.

115-1200) in quantitative yield by treatment with 2,3-dihydropyran - ‘

and'a%catalytic amount of phosphorous oxychloride at 09 for 1.5 h. I

The yield was 807 when p-toluenesulfénic acid monohydrate was used)
;s a catalyst. . | ,
The spectral data were in aecord with the structure II.

The infrared spectrum of 11 showed the absence of hydroxyl absorption

ne;r 3560 cm-l,‘but hFd strong bands at 1756 cm~1 (C=0) and 1228 em™1

- (C-0) attributable to the-2l-acetate group, and at 1723 (C=0) ascrible

to the 20—keton; moiety. The N.,M.R. spectrum of II indicated the C-6

" vinyl proton at ‘T 4.59 (1H, &road'singlet), ;he 21-methy1ene otons as//

‘ T5.32 (2H, AB quartet, AB = 19 c¢.p.s.), the 21- acetate protor}\\a&/ ry,
‘T 7.80,(3H, singlet), the C-19 amethyl protons at- T 8.95 (3H, singlet),

. \

o~
Y

- \
and the C-18 methyl protons at ‘¥ 9.27 (3H, singlet)., -The mass spectrum

of IT was devoid of the molecular fon (m/e = 458), but showed a base

ion at m/e = 356 which proﬁably arose by, the following fragmentation:

_+




. Reduction of the 20-ketone (II) to the corresponding |
\

i , f
20-alcohol (III. m.p. 125-128°) in quantitative yield was effected

PPN i

‘>using”1ithium aluminum tri»t-butexyhydride in tetrahydrofuran at 0°

}
for 1.5 h,. The infrared spectrum of 1II showed the reappearance of

1

» hyg}oxyl'bands at 3460, 3598, and 3680 em & and the disapﬁearagge

of the band at 1723 cm'1 for the 20-ketone, The continued presence
e

L

>

of the 21l-acetate carbonyl group was denofed by the band at 1735 cm'l.

The presence of anhydroxyl gsroup in III was further supported by the

N.M.R, peak atT7.63 (1H, singlet) and this signal discharged upon

[

addition of D70 to the sample. The mass spectrum of LT was devoid of
the molecular ion (m/e = %460), but showed a base iom at m/e = 358

' > .
(460" - (:)vﬂ)' In preliminary experiments, we found that the reduction /

- - —_

by sodium borohydride of the 20-keto~2i-acetate (11) in methanol at 0 o
for 2 -~ 3 h, (104) gave the 20,21-dfol derivative as the principal /K\Q)
product due to the concomitapt base-cg-alyzed hydrolysis of the 21-
| acetate moiety., Reduction of 20-ke;o-21-acetqte (1II) uging sodium
borohydride in dry dimeth;lformamide or 1n.801 aqueous dimethx}formamide ,
% —

at 0° for 3 h (105) gave approximately equal amounts of the reduction

product 20-o0l-21-acetate (IIT) and the starting material (II).

x -
v

:2”( o ‘Reaction of 20-0l-2l-acetate (III) with lead tetrdacetate
SR ) ‘ \
’ and iodine (one equtvalent) (100) for 2.5 h in boiK{ng benzene under »

) , \
reflux gave a complex mixture of productp which were ‘separated by pre-
5

v AY
- ) - /
- v
«
.




parative TLC, Three non-crystallige ﬁ;}ctions were igolated in low

ylelds and the individua] fractions were analyzed by infrared and

F~

mass spectrometry.h The- infrared spectra of these fractions showed
similar abéorpéion patterhs and the disappearance of the hydroxyl bands

4 “hear 3400 - 3500 gp'l. The continued presence of the 2l-acetate
carbonyl moiety was indicated by the band at 1738 cm'l. Bands in the
region (1270 - 1000 cm'l) corresponding‘to C-0 stretching vibrations
were also observed. The mass specéra of these fraétions showed strong Peaks
in the high mass region (m/e = 500-600) suggesting %he presence of fodo
substituted compounds; however, no definite structural inforbation could be

’

deduced from these fragment ions. It i8 possible that an 18y20-epoxy der-

B
Ty

ivative, as depicted in the postulated structural formula below, might

have been formed, according to the view of Wettstein et al, (100).

[}
-

H,0R¢c

H

- ! .,
However, no further identification was attempted on these compounds because

of the low yield and the fact that the reaction products could be resolved

ek ¥,
. | N i s’“ -
) - 1
> LR .
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. by chromatographic means only with great diff{culty.

1

1
|
| ' 2. An outline of the synthesis of 18-OH-DOC from deoxycorticosterone
|
acetate: 4
The synthetic pathway for 18-OH-DOC developed in this

‘“{aboratory is represented by the following scheme. -

L R CH,0RC B c0Ac
_ deo

f

#
n CHy-CoH H0 s

w,v  @KC0op CH0H HO
15-239 O

“:Ckklﬁiincjz,g{\

X1 (2) Nd lw.: KzCo,, H,O;
~ [00% O~ i q4°l‘

f . .

<"
~ B s
e - -

Scheme.Z,ysynthesis o 8:Q§:ESS\%XII) from deoxycorticosterone acetate (I} ~

J o
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. L L’

As the immediate precursor for the syncﬁesis of 18-OH-

o ! -

- DOC (XII1), we chose the structurally similar steroid 18-OH° / B

-t

-~ - . progesterone (VI). 1t possesses the 134-3-ketone as well as
ke
- the 18,20-cyclohemiketal which can be modified to 18-OH-DOC

by functionalizing the 2I-methyl grou;.

4

' ' 18-OH Progesterone (VI) was prepareqffrod the readily 4
, -

il
N
i

t
»

avalilable deox&corticosterone acetate (I) byvt%e photochemical

method developed by Jegef et al, (102, 103). The aanntage

. \
of this method is its simplicity and convenienF;. Thus, 18-0H

¢ .- e

progesterone can be obtained in'a three-step process. Having - -
obtained the intermediate 18-OH progesterone (V1), the next

task was the elaboration of the 21-hydroxyl group. Briefly,

this was accomplished by converting 18-OH progesterone (VI)

§

L,;: - ‘D
inte the enol ether (XI) followed by hydroxylatign of XI into
the desired I8-0H-DOC (XII). The twerali-yield for the sequence - , |
) cf reactions baged on deoxycorticosterone acetate (I) is 15%. i
" ’/dﬂ
Ji . e -
“a’ h —
t -
- . -~ « b et
o .
el T
” 2, o
i gt
—~—
= . ) ) ) )
¢ 5,

[——
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2 ‘ :
3. Preparation of 18-OH progesterone and identificdtion of .photoproducts:

(a) Preparation of 113-ethy1enedtoxy-20-onq521-acetox1:4:?-pregnene ’

: |
o (11), the starting material:

N ,“t“"‘
L , Ketalization of’deoxycorticosterone acetate (I) in benzene’
i ) - -
%r- w;th ethylene glycol and pyridine hydrochloride (0.5 mol equivalent)
f "e as the acid catalyst gave purgfcrystalliﬁe 3-ethylene ketal (I1; m.p.

194:196°, [l }IZ)S = + 76,45 10 96% yield.

.r‘

[
- A ‘“\é“\“‘ﬂh

e o f
N

®

ey

“The mass spectrum showed an intense molecular ion at m/e=416

t

corresponding to the molecular weight of II. The presence of the

L )

¢

- . ) 1
20-ketone function was corroborated by the infrared band at 1730 cm .
4 ,;f,\" . @ i,-—-fﬁ

-y
-

- K l/
The absence of the a,B?unJaturgEed ketone group was verified by 'the-

disappearance of infrared absorption at 1668 cm™} Lnd also the lack
#
{ of ultraviolet 'absorption at 240 -nm. The strong infrared band negr

DY

1097 et may be ascribed to the C-0 stretching vibrations of ethylene

.
‘_‘- ~ ) . .



” - et )

. . + _ 1 .
at m/e = 99 ( 0 54 ~3 in the mass spectrum (132).
L ‘ AY & A v

"7~ ——bond from the Aa- to the As-positio_n/c/;ccurred:

group; such effects have been shown with other steroids (106).

- %

- l.k, . .
‘ketals (106). The presence of ethylene ketal was also supported

by the N.M.R. signal at%5.92 (4H, singlet) andjy the base peak >
e presence

t {

. i | _
of the 2l-acetoxy group was, imdicated by infrared nbsorrtion at 1748cm 1

(C = 0) and by the leﬁ.R. peaks at T 5.25 (2H, AB quartet, ;T!;B = 20 C.p.8.)

for the 2l-methylene protons and at T 7.72 (3H, singlet) for. the

¥

acétyl me thyl prot,oons. The N/M.R. spectrum also showed C-19 ‘methyl

—

<

protons at T 8.84 (3H; éinglet) and C-18 methyl protons at:'C\\Q.19 (34,
T

singlet)., The vin)'tl proton exhibited a broad singlet near 4.61.

This is in agreement with structure 1I where migration of the double

LI

v - L4

[

nan xaataxy -

The 'non-reactivity of the 20-ketone group in this reaction

may be ascribed to the steric effects of the neighboring 21-acetoxy

» = ~e

Pyridi;; hydrochloride appears to be a useful acid c¢atalyst for the

>
Ll

ketalization of I. Bernstein et‘al. (107) prepared Mie 3-ethylene kf};;ﬁl

ps

(1I1I) from I in 36% yield by the usual procedure employing pstoluene-

sulfontit acid as the catalyst, ‘ " /

(b) Photolysis of 3,3-ethjlenedloxy-ZQ—one-g;L-acetoxy-Qj regnene
v

R Sapssrinn

(II) in absoluté ether:

e
(i) 3,3-Ethylenedioxy-18,20-epoxy~-20~hydroxy- As-pregnew(lu) Jegér et

o -
1. reported in a patent literature (103)- that the enol ether (II1') was iso-

lated in 217 yield from the photolysis of II in absolui:e ether, The exact -7

L)



ek g

nature othhis substance was not disclosed.

-t ¢ - ¥ -
v

yorbrm _sr ~r

L "

It was hoped that III' would be converted to 18-OH-DOC

e
u

by hydroxylation of the emol ether function followed by acid: egeﬁera-
b Yo = . -

tion of the £;4-3Jketoqg moi%ty. To our diSappoid;ment, attempted .
£ :fu::: * ) . s ) N '

repetition ot the experiment 6f Jeger, did not lead to the isolation \ .

vy
LI

L

-

of 1II' (see below). 1In afﬁﬁfferent approach, the crude reaction \ -

. . - 777 mixture (photoS;zate& was; without deliberate isolation of IIT',

- - o .

LEM
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directly hydroxylated with osmium tetroxide in benzene containing
- [ S b
sy

P
‘ ‘:pyri.dine followed by txl'ea%;ment: of the reaction mixture with warm

w

- - : — aqueous methanolic acetic acid. The crud‘e~resldue wasyresolved by

.

preparative TLC (Silica Gel G) .into five non-crysg:failine fractions. .

re

. Direct comparison of their infrared spectra, mass spectral fragment"a-:_

! » / -
tion patterns, and mobilities on TLC and paper chromatograms with Do
; -
) ".— those of an authentic specimen failed to reveal any 18-0H-DOC.
- Column chromatography of the photolyzate on neutral T e Ll

-t . = ) R
- - [N 4R
- alumina (activity II) resulted in the isclation of seven compounds S
. : 4 T

— - N
- - -

as amorphous residue,:, Infrared and mass\'spectral analyses indicated

—— -

| - that nane of these products were Jeger's enol ether (III'). One of

L
| ‘ PR - v

the products (Fractions. $4;54) was identified as III. The Temaining

. i g /f i VAR ,
) k compounds were not further investigated but their spectral properties ;:’"

Are reported in the Experimental section: ,
) ) N

v’ Compound ITT (m.p. 137-140°) was eluted with a mixture of
| P

] " . P
petzf'oleum ether and benzene in 237 yleld, The structure waa as/bignedj

as Hi on the basis of the following evidence: -

-
-

The infrared spectrum showed hydroxyl absorption at 3680,

3590, and 3450 cm~1 but no band due to a ketone group. The absence

0 L.

[ A—

L ‘of the absorption maximum near 240 nm in the ultraviolet'spectrum ~and
- ]
- ‘ 1

T - - rF“a band near 1660 cm-l’\’ivn' the infrared spectrum indicated the absence - -~ ‘
- ' ) 7 -
ven wa of an o¢,B-unsaturated ketone moiety. The“ustrgng infrared band near 1695 -cm™l
. ’ g - o LT Ve
- - " ‘v ’ -
4 " B e N ot we
. hd

. ety T R ~
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v
~J
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is ascribed, at leggt in part, to the C-0O strgtching vibrhtiongﬁgf,ﬂwﬁﬁ_x
; “/
the ethylene ketal group. This was corroborated 'by the signal at

- ) -
-~

s

! T 5.93 (4H, sharp singlet) in the N;M.R. spectrum and by the base
T
3
ion a}:,m/g = 99 ([OM in the mass spectrum, ' The N.M,R. spectrum
showed a peak indicating a C-f@ methyl group at ‘C 8.87 (3H, singlet)

and & broad signal at ‘T 4.58 (1H) due to thé vinyl proton of the 155

rA .o o
i .double bond?' The absence of .the méthyl peak at ‘T 9.19 (present in
/
the starting material_Il)’ig“lndicative of the participation of the

C-18 methyl group in the photochemical reactiong The molecular

- - *

formula, Cy3H;3,0,, was assigned for III on the basis of ¢lémental P

1 analysis and wds sibatantiated by the molecular weight 374.2457‘(ca1cd:
- T : L

374.2457) determination.by high resolution mass-spectrometry. The mass

“spectral fragmentatidh pﬁttern can be rationglized on the basis of stryc-

) t?re 111 (see Part IV, p. 127). -

—

The identity of III was confirmed by H§arolysis of III to 18-0H

“progesrérone V1, m.p. 140°) with warm aqueous methanolic acetic acid, 'The

) . s 1 -
‘, s A

yield, following .pérification by greparative TLC (Silica Gel G), was about
l"‘ R} — a5

10%. - Thei complete chatacterization of 18-0H progeqﬂgrone Q'29)] di?l be

discussed 1p a later sectian (see p. 72). ]

) There have apparently been no prior reports on the isolation of III

e e
- o
v

- = ... from thé phoé6iysia of II, It is possible that II1 may be formed‘by hydra-

L - -

- }

tion of Jeger's enol ether (III‘) during the isolation procedure. As indi-
s -
- cated by osmium tetnoxi?e experiment efforts to hydthylate ‘T11' in situ

- —

¥ rwere not successful, : 4

f
s -
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. s

(c) Photolysis of 3,3-echxleﬁedioxz-20~6ne-21~acetoxy-4§5-g;egggne

—

[ - _ (1I) in absolute ethgnol: N o
Photolysis of II was then carried out fin Absolute éthanol. '
Chromatograph?*ég‘the p@&tolyzace on a neutral aludina (activity II)
R ./
column led to the isolation of two crystallinercompounds, v (Fracttonq//

2-65,and V (Fractions 30-81), and a straw-colored residue (Fract&ons,/ |

-

83-86) whith was not identified, IV appears to be an fkomer of V and

4

both compounds can bjﬁpydrolyzed with acid to 18-OH progﬁﬁterone (Vl).

v

. (1) Compound IV (fractions 2-6): Epimer A of 3,3-ethylenedioxy- -

t

! - 18, 20-époxy-20-ethoxy -l&s-prgggene Elution with a mixture o

1

of petroleum ether and benzene afforded IV (m.p, 155-1580.[OL] SS = 4+24,49)

in’'18% yield, / I

>

On the basis of elemental analysis, IV was assigned the empirical

¥
- ’ :
| .
\ ¢ <
| ' ’

- ‘

«

\




o

formu%awggsﬂ380a which requires a tétracyclic structure in IV, This ' .
was éupporCed by the molecular ion at m/e = 402 in themass spectrum,

. .
The infrared spectrum showed no evidence of hydroxyl (ca. 3000-4000

Irugegas e

cm'l) and carbonyl (éa.x1680-1740 cm'l) absorptip The absence of

v

k4

ZSA-J-keéone group was also verified by the complete lack of absorption
-~ {

-~

—_— \

in the ultraviolet ()Lmax = 240 nm) spectrum, The strong infrared bands

near 1105, 1065, and 1024 cm™’ might be ascribed, at least in part, to

v

the C-0 stretching vibrations of the ethylene ketal moiety., This

interpretation was supported by the base ion at m/e = 99 in the mass
n B ) t

r e g

spectrum. The mass sp%ctral fragmentation pattern was consistent with

structure IV, "

5 &

Additional evidence for structure IV Las obtained by {ts %
hydrolysis with aqueous 307 acetic acid (15 min at 60°) to 18-0H progesterone.
;~(VI) as colorless crystals in 967 ytéld. The identity of VI was confirmed
by mixed TLC, and comparison of the infrared and mass spectra with

those of authentic 18-OH progesterone. F

2

D

' L2



m/e = 356 (57‘:/0_)

.~
bk 3

|e
|

R WY oy )




-

H . v - da & R . B —
ISR ’ : ‘ 3 < - N - ) ’ s &
T . / N \ o . - } . ~
/ 7 \ - . R . Y )
/ B B ) ‘- ) )
/ . - ! . T )
! . . :‘ - ° ) .
\ d r = d . . R S s
5 N g . i - 5 ) o ) .
b3 - R -
}‘ a J T : L S
,‘ 3 IV: Epfmer A of 3,3}-et{Ly1enedioxyfg«8,20-epoxy-20-et§oxy-A ~-pregnene
ve T Y, , ,
| 13 ) ¢ 30 6" 2
% )
. 60 70 €90 L L
.

v r
v o
X . . P | . . l ' b X
. . M3 B - f i l 2 1 v i\' ‘ | ie. i . , \ .
; e ] } _® : N YL U R i
-

. .
. . . S I ! 3 L . L L
N 3500 3000 2500 TR0 18 1600 1400 1200 1000 T e
¥ > WAVENUMBER ICM Y N e . L WAJRRRRTR )

=

. - N




S

| = ad
i
.

L .
; - N - 2
! \ - " ~F .
| ¢ N . . -,
: B ) . l . . : .
- ) - . E ) .
- I1.R.(CHCl3): Compound IV: Epimer A of 3,3-=ethy1enedioxy-18,20-epoxy-20-ethoxy-A5-pregnene
n'.l. -{ {5 B . -
= : ":v - Fl = %’ “
- N o : ’ 4 - S 3 .
. = 1 . - IR\ -
. - Lat ! h . N
30 - 3 40 50 MCFPONS 60 O S 80 20 10 ”n
:ﬁ 1 B T )] 1 ) P 1 1 [SNE VRN SN PV WY DU S T S0 U S TN A W | RN DY W W IV DA SN S GENG WN WU I U U N [ SRR S N N N Y NS R LS " L 1 Ao
— : —— .L..;_:,_‘-_w;, [P ACERENENE SN SR S S —! ;Il S 1 £ .

—_—— e ———
B “Wey 4.
- wavENUL e

b
P —
o .
Vo - :
& .
- L]
‘ )
.
¢ B -
“
.
- -7 )
.




64

’

'
‘l’ ’ _ / N i
! Tt
* Ty

(11i) Compound V (fractions 30-8l): Epimer B of 3,3-ethylened10xy~

18,ZO*epoxy-ZO-ethoxya4§$jgregnene Further elution with the

;ame solvent, a mixture of petroleum ether and benzene, gave V (m.p. -
| 187-193°, [ab]és = <22,3°) 1n 17% yleld.

P

The lack of infrared absorption near y960-1680cm'1 and of an

r 1
ultraviolet absorption ma)imum at 240 nm confirmed the absence of an
0 \\

o — ———

a,6 insaturated ketone moiety. The strong infrared band near 1090 em™!

-might be attributed, at least in part, to the C-0 stretching vibrations
/ ’

) ~ %

of the ethylene ketal group. This was supported by the. base ioﬁ at
> . . .
m/e = 99 in the mass spectrum, The infrared spectrum showed no ab- 9

-

sorption due to a ketone (ca; 1680-1730 cm-l) function buz\had an
1

unexpected band near 3500 cm-1 for hydroxyl group., Good délemental

analysis could not be obtained however, possibly due to-the instability

of V. Paitial hydrolysis of V to 18-0OH progesterone occurred Gbon
’ k
recrystallization from so%ventwcacetone—hegane) or on standing at
- L » A\

room temperature. This probébly explains the anomglous hydroxyl

-
i
/
[ |

— ‘

N

absorption shown in the infrared sRéctrum. The stability of V on re-,
. - N a M- o

s “ ) ' N . L 4 N -
crystallizatiog can be improved by incorporation of a trace of pyridine

-

into the solvent and.by keeping the compound ‘in a desiccator undernan
]

- s

—
.

atmosphetre of pyridine‘r The mass spectrum showed a moleghlar ion-at n/e =
. T v :
‘-“*ﬁﬁZ’%bfféhbonding to the moleculat; weight of V. Thf'ﬁass 'spectral
. — ¢ ‘ g ¢
( .
fragmentation patter& could be interpreted on the basis of structure V: -~
f . @ ?

{ K]
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p) v e - 1
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" . The identity of V was confirmed by hydrolysis (0.5 N hydro-g
; chloric agtd in: dioxane ad solvent; 2 h at 60°) to’ 18-0H progesterone

(VI) {n 20% ,;yieldf;ftér sepmy ;oiﬁ&m chtomategraphy or/x,_neucral

'Iﬁ. -

\ . = 2 ‘ ' e " , ¢ .
| 1 . ,»:»'{ alumina., VI (m.p. 55-160°) was identified by comparison .of its physical
N ) . - ' - ’ . ’ s w ‘4
constants (infrared s.pvtrum, mass spe¢tral fragmentation pattern, and
[ -

¢ 7z -
9 o
. :
A
- M 0 13
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. i
mobility on TLC) with those of authentic 18-OH progesterone. By

. a similar procedure, Jeger et al. ﬂ(f(SLB) isolated from the pheokolyzate

) cay b ) ' . -
- a compound of m.p. .187—‘1889\bnt with an optical rotation of [cL]D = +1°9,
,m‘ - T — T e
. - which was converted to 18-QH progestergitte (VI).
- ", ! - —
1=t " - B :, ‘. ‘-: Lt . e .
—~ The physical char‘ae\g:e'irg,zation of TV indicated a close re-

lationship to V; the infraredl (C)HC13)' and mass spectral characteristics

were similar, and both formen;i 18-0H progesterone upod acid h);drolysis. ki
The bossibilf_ity that IV may be tﬁq C-20 epimer of V {% suggested.
" , . v Yo - .
- " 'The_pasgibility of ct;?rqtalline modifications can be ruled,out in view : -
, " ' e : ’ ) ’
7 of the different optical rgta‘fions~ (IV,[S(,] x2)5 = +24,40; _V_,[o(,] 12)5 - -22,3%, ‘
. £ o ‘ te
. ' It is possible therefore'that Jeger's compound may be a mixture of
. Tl v L »
. . IV and V. A vigoroys assignment of the stereochemistry at c=-20 I
. “ ] \, ; R
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(d) An improved-fmethod for the preparation of 18+0H progesterone:
~ . P f '
Lo The last procedure allowed us to obtain IV and V in reasonable . -
- ; N

N e gty [

- «
yield. However, very high losség were encountered in thé subsequent oy

P

conversion to 18-0OH progesterone which entailed acid hydrolysis and

column chromatography., Jeger reported a 5% overall yield which was |
M

, ‘ e |
substaﬁtiated'by us, We attempted«kp-igprove the yieldﬁof 18-0H pro-
—— v T~ ’ . -

-....gedterone by hydrolysing the photolyzsate directly: However,.it was i
- v - : . - o _
t » e
o found that under these conditions, another product IX" was obtained
{ et . . . h LT
N . 4 o - ; ’C L
- ;'\“_ l:‘ Hz-OH
i H

- -

“

-~ - - @ I ' .
which had nearly the same polarity as 18-OH progesterone and could
<5 . .

P - Ps o _

£ only be separated with difficulties. We therefbreA}gcofpprated
. y = P')’ <
- another hydrolytic step under alkaline conditions. This resulted iﬁ A

"fﬁe conversion of IX' to-the-diol (IX), which can be sepathed easily - ¢

- . i . vl . .
- L ~- from 18-0H pébgesterone. - —_— . . -

4 B R R,

s

¢ In the modified procedure (see Scheme 2 for"ﬁhmmaqy, p. 21) oo
v - , A B — =l g}h'f\;"‘."\_

’ . L . . . .
. " -IV and V were nat isolated and the‘pho”t/ol"yu{:e obtained from the photo-
|

o e R R B -t B o N B 3 s



PSR ’

. 1ysf§"ofy11 in absolute ethkanol was:directly,hydtolyzed with warm

~ e e

' ‘ ~— <

' aqueous acetic acid (withq t addition of methanol, as distinct

-~ — | . T

) . Lo ;
. ...from Jeger's method) followed by treatment of the acid hydroly-

/}/ - - s
° zate with aqueous' methanodic potassium carbonate. The products

Y

‘ including 18-OH progesterone were isolated froem the hydrolyzate

~ #

T ° > , . o
by column chromatography on neutral alumina (activity I) (see
o ’ . ) ’ ' - " ) o » L
. . e 3
Table on next page). 18-0OH Progesterone was obtained.in -
t A . Ky ks
15-247, overall yield figm Il. .
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\ E Table 4 - ?rgduép/rso/la;d }3}' Alumina Column Chromatography of ;the Hydrolyzed. Ethanolic Photolyz;ate of }I )
A ~ - R Ny 1 ’ co = .
. action | Solvernt of elution| Average % yigléd| m.p. (< [o(,] %S(CHC13). ; " Structure of c¢ompound
J ) 1 5
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\We report here th& struotu al characterization of P &
#" v

thesge pr?dﬁcts, The photo#Jsis and {solation procedure are re-

/

ported in the Experimental section,

s
e

““““““ (i) .18-0i Progeakerone {18,20-efoxy-20- hydroxy- A%-pregnen-3-

: " is

. ne) (VI)- L&-efrmgeacerone (vx, m.p. I50-155°, [ao]

4

3

i ) - .

+152.8%9) wae eluted with a m}xture of benzene and ether in 15-247 yield.

‘ <

w1 e

‘ - id o . -

: The mo}gcular foriula,
: { “”’ﬁ"ﬁ' B ' {
infrared sFESprum showed- hydroxyl absgorp-

C. H % 1 i
21H3003, was assigned on the/bas s

-

t  tion near 3420‘cm-1- The reéence‘?f the 15413;ketgpeymoiety was

indicated by the Infrared bands at 16J5 cm™} (Cw0) and 1620 i - (C=C)
| 1 I ®

and was ‘supported by the absorption maximum at 24inm (€ = 15,000)1in

the ultraviolet spdctrum.. The infrared baﬁEE\§E’11z1 1Q67 1043, 1255,

o

and 1240 em ! are/;ttributed to a combination of the c-0 st;etching

o /".‘ »" (r’(,
@
vibrafions “of the ether and atpohpi groﬁps and the bands at 860 and

"‘\ e =.
-5 s
\ﬁm“:n by / , .

o ! b + »
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835 Fm'l, in conjunction with the one at 1620 cm-l, are ascribed to
s :

the olefinic (C=C-H) group. The mass spectral fragmentation pattern

can be rationalized onﬂthe basis of strﬁgg;;g VI (see Part-IV, p. 110).

o

Direct comparison of VI with an authentic sample of 1B8-OH progesterone

established that infrared and mass spectra as well as mobility on TLC

% P

a

of the two compounds were identical, §

s The fact that the infrared spectrum (KBr, CHC1,) "does not
show absorption in the region 1700-1730 cm™! for a 20-ketone group

indlcat%sﬁthat 18-0H progesterone (VI) exists entirely in:the 18,20;

7

cyclohemiketal form. This interpretation is supported by the mass

spectral-fragmentation paiﬂkrn of VI (see Part Iﬁ,‘ﬁ. 1186).

v
KJ
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A - . ‘3‘

s % ~
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(11) 18,ZO-ch10-201Eydr0§y-Z}a-prqggen-3-ong>(VIIU 18,20~ -
T : A ) 3 p

Cyclobutanol (VIII, m.p. 195-197°, [ab]gs = + 138.1%) was eluted with -

benzene and benzene in ether in 2-47 yield,

% . tL

~ B
’ The infrareé/spectrum showed strong bands -at 3425 <:m-1 {0-H)

and near 1120-1230 cm_l (C-0) due to an alcohol group. The presence

of the a,B-unsaturated ketoné function was verified by the absorption

maximum at 242 nm (€ =18,000) in the ultraviolet spectrum and by the
‘“

. . 4
Bands at 1642 cm"1 (C=0) and 1602 el (C=C) {n the infrared spectrum,

1 1

The infrared absorption at 870 cm ~, together with the one at 1602 cm ", -
18 indicative of the presence of the olefinic (C=C-H) group. On the
basis of elemental analysis, VIII was assigned the molecular formula
C21H300,. In agreement, Epe“mofecular weight, determined by mass

spectrometry, was 314.2163‘}éqjcd.'31453?46). The “mass ‘spectral frag-

mentation pattern was'consistent with structure VIII (see Part IV, p. 131),
" /( ’
} - S : } ¢




¢
LY .
The formation of VIII in the photolysis of II {8 sur-

i

prising since 2l-unsubstituted 18,20-cyclobuta§ol der ivatives are

generally formed by photolysis of the correspo#ding 20-ketone- . =
pregnane derivacive;K}see below). It is not clear how V;II was 7
forped in our photolytjic reaction because the C-21 was acetylated in

the starting material II., However, VIII was formed only in small

i
amounts and it may be an artifact. We have not explored further

i .
on the origin of VIII. N Q\
Jeger et al. in 1959 (108) reported the formation of single
0
. isomeric 18,20-cyclo-20-hydroxyl steroids (C) with m.p. 191-192 ,

Bi]n; +130° from the photolysis of 20-ketone steroids (A):

s
¢*0

-~

(A) (C) g (B)



¥
A

“ -

- .

These authors propod?é that the reaction probably proceeds by
1

9 ’

the following mechaq&Sm:w‘
~ "
"\ . . v

W n(‘\ - ;i

34
s; T
2¢
&
F
&

§

Yang and Yang 1in\1960 (109) repoxted that two isomeric. 18,20- .-
cyclo~-20~hydrox$1 ste;oids (C) with m,p. 204-205° and 163-165°

(ere obtained from the photolysis of pregnenolone (B).
q
.~ ﬁ”’ ©

et

v A\
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~ I.R.(KBr): 18,20-Cyclo-EOéhydroxy-Aé—pregnen—B-one (VII1)

R 2HK 20
VWAVE V303000 ) | | WAVENUL BER (M)
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(111} 18,20-Cyclo-20,21-dihydroxy-A“ pregnen-3-one (1X) 20,21-

N 25
Dihydrexy-cyclobutanol (IX, m.p. 183-1870, [OLJD = + 128,8°) was eluted

wit}\ ether ‘in 17-22% yield.

L2

H,0H

The! infra}'ed speqtrum ghowed bands due to alcohol absorption
. ,..pw ‘

at 3410 cm L (0-H) "and near 1016-1278 cm™* (C-0). The band at 870 cm™t,

~
together with the one at 1610 cm"l, ‘i%! ascribed to an olefinic (C = C-H)

-

proup. The ultraviolet absorption maximum at 242 nm ( €°‘= 16,940f and

{afrared bands at 1650 cm” (e=01 and 1610 cm”! (€=C) indicated the
- L o ‘bf

presence ofthe- Aa-lzkatngrHL The molecular formula, C21H3003,

was assigned on the basis of elemental analysis. This was supported
by the molecular weight, 330,2154 ﬁ:alcd. 330.2194), determination

3
by mass spectrometry. The mass spectral fragmentation pattern can

.
- - M e

be rationalized on the. basis of structure IX '('see"i’art*IV,—p; -139),



" ) )
Evidence of structure IX is further supported by the report of Jeger

et al. (103) who isolated IX as its 3-ethylene ketal-Zl-aceéate from

the photolysis of Il (see Scheme H, p, 45).

yzpon repeated recrystallization from acetone-hexane the
¥

: o
melting poirt of IX gradually changed to 160-165 , Ei{]gs = +117,8°,

(3]

The behavior 1is most likely due to crystalline modifications. The '

two forms of crystal had a similar mass spectral fragmentation
¢ ‘,]a

pattérn, infrared spectrum in chlﬁfcform, mobility on TLC, and

« ', . j

opticalqrotation. The “only .apparent change was the absence of an

infrared (KBr) band near 1109 em™! in the low-melting form,

L) ",
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A4,13(18).,15 ’

-~androstrien-3-one (X) Compound

(iv) 17-Nor-1y},17-seco-
Y

X (m.p. 103+105°, [@] 2% = +102.9°) was eluted with benzene tp 4% yield,

L

1]

The elemental analysis and mass spectrum (M" m/e = 256) 6f .
X established the molecular formula C18h240. Thé presence of the’

1S
,B-unsaturated ketone group was indicated by infrared absorption at
iéés em” L (C=0) and 1610 c:m-1 (C=C), and was supported by the ab-
sorption maximum' at .241 nm (€ =16,500) in the ultraviolet spectrum,
J

The infrared spectrum sliowed bands at 1637 cm'1 and 860 em~L assign-

able to a vinylidine type of unsaturations (110).
, /

The mode of photochemical formation of X from II in the
present study may be similar to that described by Jeger et al. (108)
who iscolated X (m.p. 1090) from the photolysis of 20-ketone-pregnane
derivatives and p;oposed the following sequence df reactions to

account for the formation of X:

liad
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(e) 18.20—Epoxy-20-metﬁbxy-£&4-pregnen-3-one (VII):
Hydrolysis'of the ethanolic photolyzate of 11 with warm

aqueous acetic acid in the presence of methanol, followed by treatment

witd aqueous methanolic pofassium carbonate-and separation of the pro-

"~ ducts by neutral alumina (activity I) column chromatography yielded,

in addition to the products already described, the 20-methoxy derivative -

VII (m.p. 130-1340) upon elution with benzene, in 6 - 87 yield,

VII

el

The absorption maximum at 240 nm (€ =15,000) in the ultra-

-’

Yiolet sp;ctrum and bands at 1668 cm'l (C=0) and 1602 cm=~l (C=~C) in the
infrared spectrum indicated the presence of an n,ﬁ-unsaturaﬁﬁd carbonyl
group, The infrared spectrum showed no absorption A the region 1700-

1730 cm-l due to an unconjugated keto;e function, “%Pe mg8s spectrum had

a molecular ion at m/e=344 corresponding to the molecular. weight

1

of VII. The mass spectral fragmentation pattern may be interpreted on

the basis of structure VII: ° ’
~., | | \\

#
AN

?
v

4 P “

]
wd



»

c
.

m/e = 344, M" (17%)

. . -+CHjy
‘ m/e = 255 (base ion) ¥

. s i m/e = 269 (17%)
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Compound VII was characterized by conversion into 18-OH

a

progesterone (VI, m.p: 140-145%) in quantitative yield with aqueous

70% acetic acid (1 h at 60°). On the other hand, 18-OH progﬁstgrone

(VI) could be quantitatively converted into VII, as detecteénﬁy TLC,
on treatment with aqueous 707, acetic:apid in the presence of "me thanol . .

(1 h at 40°). The results indicated that the.18,20~cyclohemiketal

! ’

grouptng undergoes acid catalyzed reaction with methanol, a reaction

characteristic of hemiketal (111). i

b) \}” ,' 3
-« v \

Compound VII is propablyllu artifact formed by methoxyla-

tion of 18-0H progesterone dqéing the hydrolysis of the photolyzate
: A
with aqueous methardolic acetic acid since VII was not isolated when* ?a

¥

me thanol was omitted. Formation of VII in the sapofiification step could

.4

by discounted since & sample of 18 K.progesterone was recovered unchanged
& y -

‘ on treatment with aqueous methangblic potassium carbonate under the sa

X |
condition that was used for thé work-up of the photolyzate,
<o, «
o

§ s
P
’ J - ~
/
J S/
4 . /




’ -

Compound VII was shown to be vefy unstable. It was

-~

v .o ‘ 3, -
converted completely Anto 18-OH progesterone tpoa recrystallization_ .
) from acetone-hexané, as indicated by TLC. The stability of VII could
. / //
/Q

be improved by Addition of a trace of pyridine in the solvent

thé compound under an atmosphere of pyridine in a

‘desiccatoy. ,
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4, Conversgion of 18-OH<progesteroﬁg to 18-0H-D0&q
v 2 g N

Having prepared 18-0H brogesterone (VI), the remaining task

-

~

was to convert this compound to enol ether (XI) by dehydration, thence

to the title compound 18-OH-DOC (XII) by hydroxylation.

~ 100 %

X11

VI

(a) Preparation of 18,20-epoxy-£§4’201prg&nadien-3-one (X1):

Although the dehydration of an alcohol in steroids is normally

a commonplace reaction, the dehydration of the cyclohemiketal alcohol

VI is a more pgoblematical case owing to the instability of tbe product
X1. A suitable gehydration agent wasigbﬁght. Agents which were examtnéd
and found to bf unsuitable included p-toluenesulfonylﬂéiloride, DBN (1,5L
diazabicyclo [3.4.0)-nonene-5) with methanesulfonyl chloride, p-toluene-

sulfonic acid, acélic anhydride, methanesulfonyl chloride, oxalyl chloride,

sulfur trioxide-pyridine, and thionyl chloride, The reactions were per-



formed in dry benzene solution under a variety of conditions from

room temperature to reflux with or without pyridine as a base.

It turned out that phosphorous oxychloridé with triethyl-

e 5

anine were the reageﬁts of choicggfor achieving the dehydration .
B ‘ .

¢

" reaction in quantftattve yield.%,mhis was accomplished by treatment
of a solution of 18-OH progesterone (VI) in dry benzen® and tri-
ethylamine under anhydrous conditions at room temperatur ith a

calculated amount of ﬁﬁosphdfod;‘oxychIOtide f?”&%&:equivalent)

P
* )

added -at hourly”intervals until the dehydratton‘fqgction was completed

o \

4
b ]

(2 to 4 h), The reaction was followed by TLC from the disappearance of "“j
V1 and the formation of a less polar compound XI. The latter could

be hydrolyzed back to VI with aqueous acid.

N h 2 h 3 h Hydrolysis

WMWW

o

- , 2 , , R

(A) (B) (c) . (D)
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i 1 )
® o
1 = 18-OH progesterone (VI); R¢'= 0.52

2= 18,2O-epoxy-¢34'ZO-pregnadien-J-one (X1); Rga= 0.70

(A)AB) = progress of dehydration of VI ; s

-

(C) = end of reaction
(D) = acid hydgolists of XI to VI .
Solvent system: Benzeﬁé-ethyl acetate (2:8)
) TLC = neutral alumina (Woelm Co.)
The ¢énol ether (XI) could be obtained as a homogeneous (TLC) colorless

gum from the reaqtion mixture.

o

3 P

p The reaction conditions are extremely critical for the
e ’

PR

d h§aration to be successful (see Experimental sectioni. It is

}tiél that reagents used should be dried just prior to use and

e M

moiq&pre»ﬁe excluded from the reaction. Incomplete dehydration was
U \ ) /"

observed when the reaction was performed at elevated temperature

(60-80°)a Benzene, a non-polar solvent, was found to be a more

0 .
suitable medium than polar solvent (ether) for carrying out the
L]

-

reaction and for extraction of the product’

-

The present reaction probably proceeds via the phosphate

'

ester intermediate (a-XI); a mechanism analogous to the dehydration

of an ordinary alcohol, The elimination regction may be p¥omoted
‘s

by participation of the ethereal oxygen (a'—bXI).

-~

? - )é") S)

| .




- The dehydration reaction of the 18,20-cyclohemiketal of

18-0H progesterone (VI) 1is without precedent, although another method

of preparation of the enol ether (XI) from conessine has been reported
L .
by Pappo (97). Jeger et al.(103) claimed to have isolated a 3,3-

_ethylenedioxy“der ivative of XI from a mixturé obtained by photolysis

Mok ?
hs » o

of deoxycogticosterone acetate 3-ethylene ketal (II) in ether solution

J

see p, 55: )




. ) £

o b
The enol ether (XI) was too unstable to permit extensive

chemical characterization, It may be hydrolyzed to 18-OH progesterone

A
/

(VI), as detected by TLC, with aqueous 107, acetic acid in a few minutes .

e

at room temperature., The enol ethéf'(XI) was therefore oaﬁylated

\> as soon as possible in the next step of synthesis.

ot

. (b) Preparation of 18-OH-DOC (XIIi:

1

3
e
Oty ’:\

v A previous communication (112) from this laboratory has

described the preparation of 18-0OH~DOC (XII) in situ from the enol

\

ether (XI), a compound in turn prepared from 18-OH progesterone (VI)
+r 1In 207 overall yield. Since then we were able to isolate pure enol
ether (XI) in high yileld which was smoothly converted to 18-OH-DOC

(X11) in almést quantitative yield. We report herein thig improved

method of synthesis.
A ]

Y 4

When a benzene solution of XI was treated with a solution !
of osmium tetroxide (l.1 mol equivalent) in the presence of pyridihe
at 0° under nitrogen, a rapid reaction (complete in 1 h) occurred.

Hydrolysis of the reaction mixture containing the osmate esters under

. L . .
A *

ot mild conditions at room temperature for 1 h with a mixture of aqueous

~

gsodium sulfite and potassium carbonate gave pure, colorless crystalline o

18-OH-DOC (XII, m.p. 154-156°). An analytical sample had m.p. 165-168°,

-~
<&
1]

v [“l 55 = +110.30. o ! ‘ ’l": . :‘”

‘ The infrared spectrum (KBr) showed hydf%&yl absorption near

-~
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f@ -

1

3420 cm -, The presence of bands at 1660 cm”! (C=0) and 1618 cm” !

" .(C=C) in the infrared spectrum and of an absorption maximum at 241 nm

lg =15,200) in the ultraviolet spectrum verified the presence of the

.- - 1

a,B-unsaturated ketone moiety. The infrared bands in the region

1 1

1000-1100 cm™ "~ centered at 1060 cm”

are attributed to a combination AP

of the CT-0 stretehing vibrations of alcohols and-ethers: -The band at - .,

-

1

872 cm -, in conjunction with the one at 1618 cm'l, indicated the o

pregence of ethylenic (C=C-H) group. The molecular Ybrded}‘CEideO&,’

v was assigned on the basis of elemental analysis. This was supported
by the peak at m/e = 328 (346-H,0) in the mass spectrum. The mass

spectral fragmentation pattern can be interﬁreted on the basis of 0

structure XI1I (see Part IV, p. 119), .

Q

The absence of an infrared band near 1700-1730 cm'l character-

istic for an unconjugateé{carbonyl group and a negative reaction with

- -
.

Lheblue tatrazolium test for an a-ketol gide chain implied that 18-OH-

Dég {X11) existed in its 18,20~cyclohemiketal form. Support for this /

”

_view was forthcoming from mass spectrometry (see Part IV, p. 124).

«rhe ease of reaction of ﬁﬂe enol ether (Xf) with osmium
tetroxide 18 not unexpected. Because of the presence of ethereal

oxygen, the 77 bond is activated and thereby increases the overall

reaction raterelative to a simple olefin (113).



.
.

— -

.S

Osmium tetroxide would be expected to attack the enol ether (XI)

on the a-facg Tless hindrance side) (114) and the reaction is known

to be a stereogpecific cis-addition (115). As the hydrolysis

results in the cleavage of the osmium-oxygen and not the oxygen-

- »

carbon bonds in XI', no inversion of eonf;guratién can take place «

Yy %

_at the carbon atoms (115)hgnd ;hemZOuﬁl-diol XII produced must,

like the cyclic osmate ester its;lf, be cis, e.g., the 20-hydroxyl group
would have the a-configuration, However, because of the ready
epimerization at C-20 of XII, it is plausible that 18-OH-DOC (XII)
exists in two possible diastereoisomfric forms as a mixture, In the
present study, only one férm of XII was isolated. Neverthelqu, 18-0H-

DOC‘(XII) was shown to be, by paper chromatography but not by TLC,

a mixture of two closely situated spots. A sample of XII and of ‘
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|
. ) ¢ . i

18-OH-DOC obtained from Pappo (97) were chromatographed on paper as
‘ single substance or admixture. FEach sample resolved inte two ultra-
e violet absorbing compounds, The Re values of the two fractions con-

tained in XIT were the gsame as those contained in the authentic sample.

We have noted during the isolation procedure that 18-OH-DOC

1

&

(X11) is rapidly converted to a hiéh-melting méterial (ca. 285°, decom-

posed). Its infrared spectrum (KBr) relative to yé:gg:ggc (XI1) showed

- ————— e — —

y significant reduction of hydroxyl absorption near 3420 cm-¥ and changes
in intensfly (reduced) and position of—;ands near 1000-1300 cm”1 region,
TLC analysis indicated two spots! one with Rf corresponding to XII
and one with a greater Re.  Specific rotation as well as ultraviolet
absorption and mass spectra of the high-melting material were similar
to those obtained with XII. The molecular weight, as determined by

the Rast.méthod,,was in the range of 520-645 approaching to a calculated

value for a dimer of 18-0H-DOC,




i o

with dark brown extraneous matter, presumably due to osmium salts.

It is possible that this high-melt{hg faterial might be the 18-0H-POC

"dimer", arising from the ;cid~cata1yzed cdndensation of two molecules °
of 18-OH-DOC through thé 20}2defgi 1inkage, as described by Levy et

al. (49). It can be said that 18-OH-DOC is an unstable compound

A

especially in the presence of acid and extreme care must be exercised
in handling this material, ( :

The reaction of osmium tetroxide with the enol ether (XI) in
benzene as the solvent gave a much cleaner reaction than that in dioxane
or ether.,' Hydrolysis of the osmate esters with hydrogen sulfide (116)
or with mannitol in aqueous potassium hydroxide (117) led to unidenti-
fiable products. 1Isolation of product from the weaction mixture by

1

extraction with solvent, including chloroform, methylene chloride,

ethyl acetate, dioxane and ether, gave amorphous 18-0H-DOC contaminated

Solvent recrystallization or treatment with Celite or carbon black

(Norite) failed to remove the impurities. Purification of product
z}*‘m"".. \ ’

was. more successful by column chromatography on Sephadex LH-20, Florisil
or by preparative TL 109-7, Baker Co.). Filtration on neutral or

basic alumina (Woélm .) column led eith o low recovery or prodyct des-

truction. A crucial pgint in obtaining guality 18-OH-DOC in high yield is

to evaporate the reaction mixture under reduced pressure at room temperature

to total dryness followed/by ether extraction of the crude residue.

18-OH-DOC (XII) so obtained was identical with an authentic
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samplé from Pappo (97) by the following criteria: identity of the .

infrared spectra and the fragmentation patterns of the mass spectra;

identical Rf valwes on TLC and paper chromatogfams{ 18-0H-DOC ﬁ%}l) v

P
H
K3 -

was further characterized by the imobility on paper chromatogram,
. & ot .
positive reaction with the Porter-Silber test, negative reaction with

-

the blue tetrazolium test, and mass spectral comparisons with ‘the 18-

OH-DOC obtained by incubation with %ﬁt adrenals.
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PART IV: THE MASS SPECTRA OF SOME 18,20-CYCLOHEMIKETAL AND 18.20-

CYCLOBUTANOL STEROIDS

a
1, Introduction:

The comprehensive: critical review of Budzikiewicz.
Djerassi, and wtliiama in 1964 (118, 119) established mass spectrometry
as an important technique for the identification and structural

Py ' »

elucidation of steroid molecules., The most valuable nspgcgf of this
;nalyt}cal technique are: (1) the molecular weight of the~gaéple can
be deduced from a Q;ss spectrum, (2) useful information with';espect
to the arrangement of\the functional grou;s in the steréid skeleton
may be gained by aﬁalysie of the mass spectral fragmentation patterns, 1
and (3) the amount of sample required fo; a mass spectral determination
is less than a fraction of a milligram. In practice. mass spectrometry
is best used in conjunction with other analytical techniques available

i
to provide complementary structural information.

-
by

\

|

\

l

\

2! Nature of steroids studied: 1
In the course of the synthesis of 18-0OH-DOC, two types of ! ‘
compounds, namely 18,20tcyclohemiketal and 18,20-cyc10butanolcderiva- ‘
tives of the\pfegnané ;eries, were obtained. %he relative paucity of i

publications dealing with the mass spectral behaviour of 18,20-

cycl;hemiketal (120, 126) and 18.20-cyclobutanol steroid derivatives

has led us to examine a few of these compounds., Our main interest at
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this at;ge is to correlat®, the mass spectral fragmentation patterns
with structure of the steroid. We recognize that, without labelling
exper iments our evidence is insufficient to fylly substantiate these
interpretations. Nevertheless, high reaolution mass measurements
and metastable peaks were used wherevetnpossible to lend support
to the proposed f;agmentations. The mass sp:ctra of progesterone
described by Peterson (124), of A [‘-andro;ten-il-one described by
Shapiro and Djerassi (125), and of cortisone acetate 3}-ethylene
ketal described by Pelah, Williams, Budzfﬁiewicz, and Djerassi ) .
(132) were also taken }i references, R
A brief outline of the fragmentation pathways proposed
to rationalize the possible origin of some majot fragment ions
present 1in the mass spectra of 18,20-cyc10hemtkd§gi (de{ignated as
Type 1 steroids) and 18.20-cyclobuta;ol (designated as Type {I
steroids) steroid derivatives is depicted schematically in the
following structural formulae, It may serve as a guide «for the

understanding of the significance of some of the results discussed

in the subsequent text.




-

Type I-A steroids

~

18-0H Progesterone (I; RI-RZ-Hln Lo

18-0H-DOC (II; Ry=OH, RomH)

Ma jor fragmentation possibilities:

(1) Loss of water; (I) Ry=Ro=H, (II) Rl-OH. Ry=H

. (2) Cleavage of the hydroxylated C-C bond; (ITI) Ry=OH, Rop=H

(5) Cleavage of the 18,20-cyclohemiketal bridge; (I) Rl-Rz-H,

.

(II) Ry=OH, Ry=H .. .
’1: ﬁ

(4) Loss of ketene from ring A; (1) R =Rp=H .

P i
-

(5) Extensive cleavage of ring A; (I) Rl-Rz-r
- A
/
(6) Cleavage of ring P with transfer of one hydrogen atom to ring A;

(1) thRZ-H

(7) Cleavage of ring B with transfer of two h;drogen atoms to ring A:

(I) RI-RZ-H

o~



Typ;a I-B stertid

3,3-Ethylenedioxy-18, 20»€poxy=-20-hydroxy- As-pregnen (II1)
, Y

Major fragmentation possibilities:

(1) Loss of et}gy_L_enei ketal

(2) Loss of water | '

—_—
<« -

PR,



i
P
(o]
O
»

%
*» s

,
a4

Type II steroids

18,20-Cyclo-20-hydroxy-zﬁa-pregnen-3-one(IV; R=R)- o

18,20-byclo-20,21-dlhydroxy-zs“-pregnen-3-one(v; R=0H)

"

S T s

(5) ‘

APRAAANAANAN N OH
(4)

(1

Ma jor ff;.mentation;ponsibilitiea:

(1) Loss of water; (IV) R=H, (V) R=OH /
(2) Cleavage of the hydroxylated C-C bond; (V) R=0OH

. i
(3) Cleavage.of the 18,20-cyclobutanol moiety; (IV) R=H, (V) R=OH
Py , ¥

) (4) Loss of ketene from ring A; (IV) R=H, (V) R=OH ’

. (55 Extensive cleavage of ring A; (IV) R=H, (V) R=OH
’{'\

(6) CYeavage of ring B with transfer of one hydrogen atom to ring

A; (IV) ReH, (V) ReOH,

‘ i

r oy

(7) Cleavage of ring B thh'transfer of two hydrogen atoms to ring A;
|

'(IV)L R=H, (V) R=OH . ‘
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3. Mass spectrum of 18-OH progesterone (1; Fig. 1, Scheme 1):
The mass spectrum of Buzzetti's (93) synthetic 18-OH

progesterone has appeared in the report of Tschesche et al. (120).

o

P . the nass spectra of Sorm's (96) and of Goutarel's (95) synthetic

"

18-0H progesterone were recorded in thf: laboratory as a reference
¢ » '
-standard, 18-0H Progesterone was also prepgred by us and its mass

spectrum shows ion peaks of relative intensities comparable with those /

. LIS <
of the reference spectra. .

Fragment ion m/e =" 312,2073 (b, 100%), (ab) . ~

The mass Spectruﬁ?was’devoid of the molecular ifon (m/e =
330) (a), but has a basejbeak at m/e = 312 (b) corresponding to the

¢

loss of a molecule of qhter from the molecular ion (M+-18). High

]
¥

resolution mass measuréments show the composition of the m/e = ‘

312 (b) ion to be Cppipg0y (calcd. 312.2089).

[




/

Ié 1s possible that thg dehydration process (a-b) is a thermal one
(1,2-elimination of water), since the sample was introduced at a
relatively high fon source temperature (165-200°), However, the

process is similar to.the toss of water for alcohols under electron impact

(119). } - R

Fragment ion m/e = 313 (c, 33%), (a-—x)

§

This peak probably arises from the loss of an hydroxyl radical -

from (a), (330-HO.), giving an oxonium ion (c).

’»

B’] CH,
OoH

(330-Ho. )
>

o
(a) m/e = 330 0

. (c) m/e = 313
/: -

Loss of hydroxyl and hydroxylmethyl groups at the alpha carbons of the

tetrghydrofuran ring in the mass spectrum of a/sugar derivative,
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>

o

have been observed by'De Jong and Biemann (121).

Fragment ions m/e = 270,1926 (d, 22%), (a-d)

m/e = 269 (e, 4%), (a—d—e) - ;

High resolution mass memsurements of t.he m/e = 270 (d) ion gave

composition CygHpg0 (calcd. 270.1983). The origin of the peaks at m/e=270

, " (d) and m/e = 269 (e) can bast be explained as being the result of exten-

sive cleavage of the 18,20-cyclohemiketal moiety in (a), as indicated below.

4?{5 CHy

\/] a~C-C fission .

(a) m/e = 330

(d) m/e = 270 (e) m/e = 269
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S This fragmentation process may be viewed in an analogous
" o

manner to that of the mass spectrum of tetrahydrofuran described by

Djerassi and co-workers ( 122) and later by Smakman and de Boer ( 123),

e H + -
) \\‘\ ~CHy=Q,
-~ i [~
jf“ (a) (B) (C)
. ) They concluded by deuteriam labelling experiments that the loss of

formaldehyde containing an -methylene group from the molecular ion (A)

leads to the formation of a cyclopropane ion radical (B) as the base

ion, which in turn loses a hydrogen atom to form a cyclopropyl {fon (C).
Alternatively, the ion at m/e = 270 (f) may be consider;d

to arise as a result of further fragmentation of the base ion (b)

in the following way:

270 O~z O~ch,

(312-CHy0)

> + o !
. O mk = 233.6
(b) m/e = 312 (£) m/e = 270




A

\
\

This fragmentation is supported by the occurrence of a metastable

transition at m* = 233,6 (233,65 = L%%glz ). h

Similar fragmentation..for progesterone and L;“-a drosten-

3-one has been reported by Peterson (124) and by Shapiro and Djerassi

IS
[ ¥

o

(121/}, respectively,

) . ya :
The ion at m/e = 227 (g) appears to be formed from the

Fragment jon m/e = 227,1498 (g, 27%), (b-g)

ENp—, '

base fon (b) by the following cleavage process, :

?
o
)
'

(b) m/e = 312 (8) m/e = 227

High resolution mass measurements show the composition of this

O (caled, 227.1436), corresponding

ion at m/e = 227 (8) Eg'be C16H19

to the loss of 85 mass units from the base ion at m/e = 312 (b)

composition CyjHyg0y. This fragmentation process is analogous

that of|£;4¥androeten—3-one, in which the appearance of a "M'-83§"

ion has been reported by Shapiro and Djerassi (125 ). The authoks

®
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have shown, by deuterium labelling, that C-1, c-2, G-3, C-10, and
C-19 as well as the hydrogen at C-8 and at C-14 are lost, whereas
c-4, Cc-6, C-7, C-11, and C-17 are retained in the charged fragment,

Fragment ifon m/e = 189 (h, 10%), (b-h)

The ion at m/e = 189 (h) is probably due to the further
fragmentation of the base ion (b) by fission of thé C-6, 7 and C-9, .
5
10 bonds accompanied by the transfer of one hydrogen atom from C-8,

Shapiro and Djerassi ( 125 ) has substantiated this mode of frag-

mentation for Al‘-androstend-one .

’

(h) m/e = 189

. (b) m/e = 312

Fragment ion m/e = 124 (1, 9%), (b—si) " \

The formation of the m/e = 124 (i) ion by the cleavage

(b) » (1) with the transfer of two hydrogens appears to be a general
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Additional comments . \

The presence of peaks at m/e = 312 (b) and m/e = 313‘(c)“ and
the absence of an ion at m/e = 287 (correspénding to the loss of the whole

178-stide cha&ﬂ ﬁtpg the molecular ion) support an 18,20-cyclohemiketal ¢

structure for 18-OH progestgrone (I).

287

4 "
o

A summary of the major fragmentation pathways of 18-0H

progesterone (1) is shown in Scheme 1.
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Scheme 1 Major Fragmentations in the Maspg Spectrum
of 18-0H Progesterone (1),
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|

4. Mass spectrum of 18-OH-DOC (II; Fig. 2, Scheme 2):

sone

Recently the mgthxspectrum of Pappo's (97) synthetic 18-
OH-DOCih;s been reported by Genard et al (126 ). The mass
spectrum of our synthetic 18-OH-DOC and that of Pappo's are in good
agreement, The prinicple features of these spectra are the absence
of the molecular ion (m/e = 346) and the presence of three prominent
peaks in the order of incre;sing intengity at m/e = 328, 315, and
¥

299, with the last mentioned fragment ion being the base peak.
G

No metastable peak was found in these spectra.

4
Fragment ion m/e = 328.2044 (b or b', 11%), (a-b or b')"'

3
The molecular ion (m/e = 346) (a) was not observed. The

ion at m/e = 328 (F or b') corresponds to the loss of water from the

! +
molecular ion (a), (M'T-18). Y A )h_]
. v
j
- 3
| O Nl ©
5 OH
or +

(346-H,0)

(a) m/e = 346

o
/E>> (b') /e = 328

»
-




of the m/e = 328 fon to be CyjH

120

] ‘ e
High resolution mass measurements established the composition
28O3 (calcd. 328,2038).

The transformation of ethylene glycol to the corresponding
carbonyl compound may be considered as a dehydration for which there
are ample photochemical precedents ( 127, 128 ),

On the other hand, Djerassi et al., ( 129) ;eported that
the loss of water from the molecular ion occurred in the mass spectra
GéwSUbstituted aliphatic 1,2-g1ycole%(pinacol A), fpr example) and

the resultant species was formulated as an epokide ion (B) on the

basis of deuterium,experiments,

. 3

. CIDH E'DH n /O\
CHy /CH; 10 -CHp~ _ACH,
CH C \CH, CH™ ¢ :\C

(A) - . (B)

Fragment ion m/e = 299,2021 (c, 100%), (b-c)

The formation of the base peak at m/e = 299 (c) may be due to

further fragmentation of the (M'-H,0) ion at m/e ="328 (b) by loss of

~

a CHO fragment (an ¢-cleavage process).



Aad

2
T
=z
O+

(328-CHO)

v

~
-

(b) m/e = 328 —_ () m/e = 299

<\ “ &

High resolution’mass measurements established the composition

I 2

- "

CooHy709 (caled. 299.2011) for the ‘m/e = 299 (c) ion. "

S
t

The mode of cleavage (bac) may be similar to that o%“.,4‘
the mass spectra of aliphatic a-keto ethers described by Butler

(130), (e.g. A = B).
' +

CH I

CH,\ CH
Q z —-O ~CH + CHyCs
CH/ f<c——CH CH; =0

(A) (B) » ' € - )

-}
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Fragment ion m/e = 315.1974 (d, 26%), (a-d)

The prominant ion at m/e = 315—(d) is regarded as being

derived from the molecular ion (m/e = 346) (a) by ax-cleavage of the
/
C20-C2]1 carbon-carbon bond.

i

tt

(a?/;/e =346 (d) m/e = 315

L y .

High resolution mass measurements showed the compositiggs/of the

m/e = 315 (d) ion to be CyoHp703 (caled. 315.1960).

In the masg spectra of al&phatic 1,2-glycols, the cleavage
t
of the carbon-carbon bond joining thé twe hydroxyl groups has been °

-

reported by Djerassi et al, ( 129) and by Long and Pritchard ( 131).

{

Fragment ions m/e = 270 (e, 5%), (a—e)
/
TN mfe = 269 (F, 11%), (ae-f) .
. ' ~_"
The peaks at m/e = 270 (e) and m/e = 269 (f); albelt of

. .

K
low intensity, may be formed from the molecular ion (a) as a resul

:




@ |

| . of the cleavage of the 18,20-cyclohemiketal moiety in the same
’ " < Z, ) §
way as described in 18-OH progesterone (I) (see p. 112). .

' N T~ |
’ 1
a H
1 L4
l/ /' ;
|
- . P
! e
';.:ﬁ * oy -
& b - s
. '?r:" ‘
L \
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| Fragment ion m/e = 124 (13%)

(a) or the base ion (m/e = 299)
feature in the mass spectrum of 18-0H-DOC (I).
42" (loss of kéte

ring A) peaks are

ring ( see Scheme 2, F) 126).

Additional comments

cyclohemiketal structure for 18-OH-DOC (I-I).

(II) is-shown im Scheme 2.

The fragmentation triggered by the x,f-unsaturated ketone
, moiety in the A ring (125 ) of either the molecular ion (m/e = 346)

(c) 'appears not to be an important

ne from ring A) and "M*-85" (extensive cleavage of
v{:tually absent. However, the spectyum shows a peak

-
at m/e = 124" of 137% relatf/e intensity iti\flicating cleavage of the B

The presence of peaks at m/e = 328 (b or b'), 315 (d),
and 299 (c) and the®absence of an ion at m/e = 287 (corresponding

to the loss of the whole 17B8-side chain) strongly favors an 18,20-

~

A sumary of the major fragmentation pathways of 18-OH-DOC

/
29
'

Thé characteristic "M'-
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Scheme 2 Major Fragmentétions in the Mass Spectrumof. 18-0H~DOC (I1)
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5. Mass spectrum of 3,3-ethylenedipxy-18,20-epoxy-20-hydroxy- 135-

pregnene(III; Fig. 3, Scheme 3):

Compound III, the ethylene ketal derivative of 18-OH proges-
' e
terone (1), shows a fragmentation pattern less complex than that of its
parent compound,

Fragment ifons m/e = 374,2457 (a, 10%), (M)

m/e = 356,2356 (b, 24%). (ab)

The mass spectrum shows a molecular ion at m/e = 374 (a)

»>
with a relative intensity of 10%, High resolution mass measurements
established the composition of this ion to be 023H3404 (calecdy
-374.,2457).

The abundant ion at m/e = 356 (b) appesrs to be formed by

loss of a molecule of water (M+-H20).

-+

(]
</ (a) m/e = 374

ot
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N .
High resolution mass measurements confirmed the composition C23H320§f2 )

(calcd. 356,2351), |

Fragment ion m/e = 99 (c, 100%), (a—xc)

&)

In keeping with the results reported by Djerassi et al.

( 132) on 3,3-ethylenedioxy steroids, the base ion at m/e = 99 (¢)

is regarded as being derived from the molecular ion (a) by loss of the

hed

ethylene ketal moiety.

(a) m/e = 374

(c) m/e = 99

{u
Djerasgi et al. ( 132) reported the appearance of a base peak

at m/e = 99 in the mass spectrum of cortisone acetate J-ethylene ketal
and suggested that the formation of this ion requires the cleavage of

both the allylic activated C-3,4 and C-1,10 bonds with migration of

-

a hydrogen atom, The proposed hydrogen transfer ;asasupported by .

appropriate deuterium labelling.

A summary of the major fragmentation pathways of II1 is shown

in Scheme 3,

]
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", Scheme 3 Major Fragmentations in the Mass Spectrum of 3,3-Ethyl-

enedioxy1;8,ZO-gpoxy-20—%ydroxy-[§5-pfegnene (I11)
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6. Mass spectrym of(lB,20-cyc10-20-hydroxy-Al'-pregnen-3-one (1Iv;

-

.

Fig. 4, Scheme 4):

Fragment ions m/e = 314,2162 (a, 36%), (M*)

m/e = 296 (b or b', 117), (asb or ab')

The spectrum gives a molecular ion at d/e = 314 (é)ﬁﬁith a re-

» , R . [ . 1
lative intensity of 36%. The elemental composition of this ion was verified

¢

by high regolution mass nwaéuré&enps to be Co3H3002 (calc. 314.2246).

The peak at m/e = 296 (b or'b') cor}esponds to the loss of

water from melecular ion (M+-H20).

N

{
. (a) mfe =314 | (A
4 0

(b') m/e = 296

~+

o4



.
S N
.
. '
s
¢ .
L] ~ w

Similar fragmentation also occurs in the mass spectrum of l-methylcyclo-

L 4

E butanol under electron impact ( 133).
- ‘\ ;
Fragment ion m/e = 299 (c, 7%), (a-x) -
~ :

The appearance of the ion at m/e = 299 (c), albeit of low
intensity, suggests its formation from the molecular ion (a)dby an’

¢-cleavage of the C-21 methyl group.

7 +.l-l J
\/ (O cHy) g \/
'Y . g
(a) m/e = 314 (c) m/e = 299

This process might be viewed as analogous to the mass spectrum of

l-methylcyclobutanol, in which loss of the alpha ﬁethyl radical from
\

4

the molecular ion has been reported ( 133).

Fragment fons m/e = 272.2085 (d, 37%), (ad)

m/e = 229 (e, 19%), (asf)

m/e = 191 (£, 28%), (a-g)

m/e = 124 (g, 92%), (a-h)

, .
¢ 1
. \
4 - \
>




These intense peaks corresponﬁ to characteristic cleavages ini-

g

ion (a), (124,125). The decompoaitlon pathways leading to the observed

ions are illustrated below.

v

19
|
272
“' (o)
124
(a) m/e

[ 4
tiated by the a,B-unsaturated ketone moiety in the A ring of the molecular

191

Hy
- H
) "N .
(d) m/e = 272
CH3
H
(e) m/e = 229
Hz

~
+

— -t
-
-

(f) m/e = 191 -

(g) m/e =



High resolution mass measurements confirmed the composition C19H280

(caled. 272.2140) for the peak at m/e = 272 (d). ‘gﬁéimtlar loss

of ketene in the mass spectrum of 18-OH progesterone (1) has been described

previously (see p. 113).

iy

¥1\ ¢

Fragment ion m/e = 256,1797 (h, 100%),. (a-sh)

The mass spectrum shows a base peak at m/e = 256 (h)

(M+-C3H60). High regplution mass measurements proved the composition

of the m/e = 256 (h) ion to be CygHy40 (calcd. 256,1827),

.

~—/AC?—~~ OH

‘ \/ (M+-C3H60) \/

(a) mle = 314

———

Y
®)

(h) m/e = 256

’

Ausloos and Rebbert -( 133 ) -suggested and substantiatea by high

resolution mass measurements and deuterium labelling experiments that 1-

L]

methylcyclobutanol suffers a similarwfragmentation under electron impact.

CH
/3

4/

/]

\

\

" I
NoH ———  CH=CH,+ CH;C=CH,

/
}

/

+o
OH

ot




i

135

.

L

» Fragment m/e = 238,1740 (i',_l@l),‘:{'ﬁ—*i)

: /
One ma‘jor fragmentation reaction of the base ion at m/e = 256

J
(h) leads td.an intense ion &t m/e = 238 (1) by. loss of 18 mass units,

~

AN

presumably corresponding to ‘:ﬁe losg of a molecule of water (256 - HZO).

This fragmentation is supported by the appearﬁnce of a metastable peak at

2
wk = 221.4 ((-g-g-) ). High resolution mass measurements verified the compo-
Y

s‘ition\ of the m/e % 238 (1) ioh to be Ci8Hpp (calcd. 238.1722). However,

the mode of its formation and the possible fonic structure of the re-

PR . (hy m/e

Fragment ions m/e

sulting hydrocarbon fragment ﬁ:n are uncertain,

+

X

i

(256-H50)

256

214 (3, 17%), (i)

m/e = 171 (k, 26‘7(:}', (h—k)
' m/e = 133 (1, 50%), (b-l) )
- ‘ m/e = 124 (g', 92%), (hg') A
The base ion at.m/e = 256 (h) ptlobably undergoes further dec.:i!jmp}'-%’;‘i o
.x . osi'tions to give ions at m/e = 214 (j), 171 (k), 133 (1), and 124 (g'), |
}

m*=221,4

L 4

(1) m/e = 238

"~

-
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ter

v
» 43
1 -
‘ .
f

which correspond to the- fragmentations triggeredg by the ¢,f-unsaturated
' 3

O
ketone function in the A ring (124, 125).
M
y N
- (j) m/e = 214
{
1Tl
(k) m/e = 171
(h) m/e = 256 \/
\\\
+!
N '
(1) m/e = 133
¥
A} ’ : . 'rc>,
(g') m/e = 124
. A summar of the major fragmentation pathways of IV is
shown in Scheme 4, ut



'Fig. 4: Mass spectrum of 18,20-cyclo-20-hydroxy-A4-pregnen-—3-one (1Iv)
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(&) n/e = 229 (19%) (a) mfe = 314 (), (36%) +
Hs ~H70 Ht_]

oH

Y

~
~ .
<
f
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Scheme 4 Major Fragmentations in the Mass Spectrum of
18,20-Cyclo-20—hydroxy-A4-pregnen-3-one (v
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B ’: ’ / ’

* 7. Mass spectrum of 18,20-cyclo-20,21-dihydroxy- Aﬁ-pregnen-B-one

(V; Fig. %, Scheme 5):

v

The mass spectrum of V indicates a fragmentation pattern
. very similar to that of IV (Fig. 4, Scheme 4).

Fragment ions m/e = 330.2154 (a, 36%), (M)

m/e = 312 (b or b', 9%), (a4 or ab')

The spectrum has a peak for the molecular ion at m/e = 330 (a)
with a relative intensity of 36%. High resolution mass measurements,

establighed the composition of this ion to be 021H (caled, 330.2194),

30%3
The ion at m/e = 312 (b or b'j with a relative intensity of 9%

may be considered to. arise as a result of the loss of water from the molecu-
"

. ’ lar ion, (M?L-HZO) in a fashion analogous to that described for the mass
spectrum of“18-OH-DOC (II) (see p., 119), t
5k,d* *
H

(a) m/e

330 N oo -



Fragment ion m/e = 299 (c, 9%), (a—c)

The fon at m/e = 299 (c) appears fo be formed from<the molecular
{§n4at m/e = 330 (a) by loss of 31 mass units, which corresponds to the
cleav;ge of the CZO‘C21 carbon-carbon bond (129, 131) givingﬂkhe

oxonium{ion (¢).

\OH
OH
\/(M+-CH20H) ’
o , o
X (a) m/e = 330 (c) m/e = 299
P

£

g

A similar’fragment was observed in 18-OH-DOC (II) and confirmed by

high resolution mass measurements,

Fragment ions m/e = 288 (d, 71), (a—d)

[y
A

m/e = 124 (e, 48%), (a—e)

The appearance of peaks at m/e = 288 (d) and m/e = 124 (e)
may be indicative of decompositiogs initiated by the ¢,B-unsaturated

ketone moiety in the A ring of the molecular ion (a), (124, 125).
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(a) m/e = 330, - ’ 10 :
o § 4
o ) {
w~<:\\/,_/ o (e) mfe = 124
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1
’ q”/ - ] '
1 M 2 *
. : o .
: Fragment ion m/e = 256,1834 (f, .100%), (a—f) " e
3 . A N S
’ ( ¢ The base peak at m/e = 256 (f) may be formed as a result
of ‘the loss 'of a C3AH602 fragment of 74 mass units from the molecular
- 1pn (a). High resolution mass measurements established the composition |
L]

i
.. CygHyu0 (caled. 256.1827) for the m/e = 256 (f) ion,

] ~+
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J H,_OH ﬂ d g N
¥ - ‘F“\})/"“ -&—t ,

. (M"-C3Hg0,)

>
. -~
o
¥
(a) m/e = 330 - (f) m/e = 256

- ‘ 5 - o
. The similar mode of fragmentation apparently occurs:in the molecular

ion of IV (see p, 134), N

t

Fragment ion m/e = 238.1740 (g, 42%), (f-g)

The intense ion at m/e = 238 (g) appears to be formed from the

A

-base peak at m/e = 256 (f) by loss of 18 mass units, presumably correspond-

ing to the loss of water (256-H20). This transition was confirmed by the )
A ot
-
appearance of the metastable peak at m* = 221,3 (221.27 = L%%El_—). High

v ‘t ¢

resolution mass measurements showed the composition of the m/e = 238" (g)

ion to be C18H22 (calc.‘2}§.1722). Nevertheless, the mode of its form-
. ) \ ' i
ation is uncertain (see also p. 135).
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: 1
* ]

~ (256-H,0)

) (g) m/e = 238

2 4
- m*x = 221.3 . H
o)
|
(f) m/e = 256
r
Fragment ions m/e,= 214 (h, 17%), (f-h)
m/e = 171 (i, 25%), (f-i)
m/e = 133 (j, 48%), (f-i)
) T 4
m/e = 124 (e!, 48%), (f—e') !
o R IR
The base ion at m/e = 256 (f) appears t%fundergo fur ther
A Iy

fragmentation giving ions at m/e = 214 (h), 171 (i), 133 (j), and
124 (e'j; which correspond to the decompositions initiated by the
a, B-unsaturated ketone moiety in the A ring (124, 125). The mode

of cleavages is illustrated on the next page.
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/ .
N '
-t
/ ' (h) mfe = 214
N ]
4 R
7! . ‘
214
\/ \/ ///\
o (i) m/e = 171
®
3 ’, ‘
1zh |
¢ " ; |
(£),m/e = 256 !
1y ;‘2
‘ (1) m/e[ = 133
+0
« c (e') m/e = 124

Additionaifcomments

0

It is notewogihy that the characteristié peak at m/e = 256 of

both V and IV is not found in the spectra of 18-OH progesterone (I; Fig. 1)

AN
1

and 18-0H-50C (11, Fig., 2) despite the fact that the cleavage of the 18,20-

- | \

l
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»r -

cyclohemiketal moiety of I and II might possibly follow a similar

codurse, . .-

(1) R=H
(11) R = OH

) (V) R = H
(V) R = OH
<
4 A summary of the major fragmentation pathways of V 1is shown

in Scheme 5,

‘l’ L
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8. Conclusion:

. The mass spectra of three 18,20-cyclohemiketal and two
18,20-cyclobutanol steroid derivatives have been recorded and discussed.

Three main types of fragmentation mode are observed for the

compounds studied. 18-0H Progesterone (I) and 18-OH-DOC (II) predominant-
ly give fragmentations initiated by the 18,20:cyc10hem;ketal grouping.
The compounds IV and V show fragmentatioq patterns initiatgd by both the
18,20-cyclobutanol and the 134-3-ketone moieties. dbépbund 111, a
3,3-ethylenedioxy derivative of 18-OH progestero;e (1I1), shows
prominent cleavages triggered by theethylene ketal function. “

One fragmentation pathway which distinguishes the Type I

steroids from the Type II steroids is summed up in the follodtng ? ’

1

scheme: M

(1) R
Yy (11) R

H l SR m/e = 270
OH. '

; ~ "

(V) R-= H m/e = 256 °
(V) R =OH O v




Preface to Experimental T

PART V: EXPERIMENTAL .

§

r

Melting points - Melting points weré determined on a Kofler hot-

Btage microscope and are uncorrecﬁé@.

Infrared (I.R.), ultraviolet (U;V.) afnd nuclear magnetic resonance

. AR
(N.M.R.,) spectra - I.R. spectra were recorded on a Perkin-Elmer

Model-257 and/or Model-337 grating iqfrared spectrophotometer. In ¢
reporting these spectra'theAfoliowing abbreviations are used:
vs = very strong
s = strong
m = medium
w = weak

Absorption bands reported in em L

-

b -
U.V. spectra were measured with a Unicam SP-800 spectrophotometer
1

using methanol as the solvent, unless otherwise stated. The N.M.R.

4

spectra in deuterochloroform using tetramethylsilane (TMS) as the
¥

external standard were determined on Varian T-60 or A-60 spectrometers.
Chemical shifts are reported in 7 units relative to TMS. The spectral
peaks reported are those of special significance only. ’ ‘?

:
|

Optical rotations - Unless stated otherwise, samples were determined

in chloroform with a Perkin-Elmer Model-141 polarimeter using a 1 dm

- )

microcell at the-sodium D line. <ij/\
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Mass spectra (M.S.) - Mass spectra were obtained on an AEI MS-902

4

mass spectrométer by a direct probe method at minimum temperatures

(165-200°) necessary to vaporize the sample, The ionizing energy

was kept at 70 eV and the ionizing current at 500 yA. High resolution

mass measurements were made by the peak-matching method using a per-,
fluorokerosene reference, A molecular ion is indicated as M'., The

metastable ion for a particular process'is repregented by m*, Per-.

centage relative intensity (% relative abundance) is given in brackets .
after each m/e value and refers to the intensity of the ion relative
to the base peak as 1007, Peaks equal go or greater than 47, of the
most intense peak are reported, The fragmént ions'interprated are
those of special significance only.

1

Chromatography - If not otherwise stated, thin layer chromatography

(TLC) was carried out routinely using neutral aluminum oxide (Woelm

Co.). Silica gel refers to 5i0,-G according to Stahl (E. Merck Co.),

to $i09-7 (Baker Chemical Co.), to SiO-film (Eastman Kodak Co.) ﬁ;d

"I

to Florisil-~-TLC (Flori&in Co.) and was used for TLC and for ‘preparative
layer chromatography (20 x 20 cm glass plate coated with 75-y thick ,lky

layer of adsorbent). The TLC plates were viewed under U.,V. light and/or

< *

sprayed with concentrated sulfuric acid™@nd then heated. Column

chromatography was carried out using neutral aluminum oxide (Woelm Co.).




Whenever possible dry ether, benzene and petroleum ether were used

for elutions. Papér chromatography was kindly performed by Mrs.
H. Traikov at the Allan Memorial Institute of Psychiatry, McGill
University. Proportions indicated for solvent mixtures were by
volume,

Elemental analysis - The microanalyses were made by Scandanavian

Microanalytical Laboratories, Herlev, Denmark, and by Dr. C,
Daessi® of Organic Microanalyses, Montreal.

Chemicals and reagents - 2l-acetoxy pregnenolone and deoxyw-
C e

corticosterone acetate were purchased from Searle Chemicals Inc.,

-

Chicago. Lead tetraacetate was dried in a vacuum desicator over 7

potassium hydroxide. Petroleum ether refers to the fraction of

boiling point 30-60° and was dried over sod{um wire. Phosphorous

oxychloride and 2,3-dihydropyrane were redistilled just prior to use.

wh"

~th}tetnqhydrofuran;’ether and benzene were obtained by distilla-

tion over lithium aluminum hydride or sodium wire. Pyridine
and triethylamine were freshly distilled from potassium hydroxide

pellets. Solvents were usually removed by rotary evaporation under

vacuum at a water-bath temperatyre of approximately 400. AlT
A Y

compounds reported were purified until no impuritiés could be

»

detected by TLC analysis:
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1. Attempted conversion of 2l-acetoxy pregnenolone (I) to 18-0H-DOC

acetate (IV) by reaction with lead tetraacetate and iodine (Scheme 1):

v

v " (a) Conversion of 21 acetoxy pregnenolone (1) to 3,2'-tetrahydro-

pyranyl-2l-acetoxy pregnenolone (II):

To a solution of 21-~acetoxy pregnenolone (I, 1.88 g, m.p.
165-170°) 1in chloroform (15 ml), 2,3—dihydfdpran (3 ml) and phos-
phorous oxychloride (2 drops) were added, ';he'holution was magnetically
stirred under anhydrous conditions at ice-water bath temperature for
1.5 h. The mixture was diluted with chloroform (10 ml) and quickly
washed with 57 aqueous sodium ca;bonate‘(A ml x 3) followed by
water (5 ml x 3), The organic layer was dried over Fnhydrous sodium
sulfate and filteréé.: The filtrate was evaporated to give a colorless

‘crystalline product IT of m.p. 105°. TLC (S10-G) in benzene-ethyl
s acetate (5:5) showed that the crude product 1I was homogeneous
(Rf = (0,.90) and ffee of the starting material I (R¢ = 0.70). The
yield obtained was 2,51 g (PQ0%). Recrystallization twice from

petroleum ether raised the melting point to 115-1200.

I.R. (CHCl3) spectrum: v

A ~
3000 (m, shoulder), 2940 (s8), \
1750 (s; acetate C=0), 1723 (s; ketone C=0), R
1435 (m), 1375 (m), 1228 (s; acgtate c-0),

1138 (m), 11i6 (m), 107¢ (m), 1060 (m);

N\



Fama

T

¢

© B

1030 (m; C-0), 979 (w), 930 (w), 914 (w),.. ‘
820 (w; C=C-H), 810 em”t (w).

N.M.R. spectrum:

Q:j 4,59 (1H, bfoad singlet; 6~vinyl prqu?)
© 5,32 (2H, AB quartet, Jap=19 c.p.s.; 21-;ethy1ene protons)
n7.80 (3H, singlet; acetate methyl protons)
8.32 (p;ltiplet, broad; ring protons) L ‘ ‘ S\
8.95 (3H, singlet; C:19 methyl protons)

9.27 (3H, Qinglet; C-18 methyl protons) ¥

5 ?

Mass spectrum: ' p

e R .- ( ‘ ! .
The molecﬁ;ar'ion (m/e = 458) was not observed. '
b a ' C, “)

m/e = 356 (base iop; 458 - Q\o}ﬁ)- ’

(b)' Reduction of II to 3,2'-tetrahydropyranyl-2l-acetoxy-20-

[

hydroxy~ A7-pregnene L(III): . , ) /

!

To a solution of I1 (0.}83 B 1.£, mmole) in tetrahydrofuran

-~ (8 ml) was addeija solution of lithium aluminum tri-t-butoxyhydride (0.89%4

g, 3.5 mible) in tetrahydrofuran (5 mI). The mixture Qas magnéfically
: , ' \

'

A}
23

Aatirred una;;\hﬁii?gen At ice-water bath temﬁera;ure. The reaction wa
) . . ) \ ; bl

f ~f 'S .
completed in,1,5 h, as monitored by TLC. The excess hydride was de-
composed by dropwise addition of 5% aqueous aceéic acid;(S ml) over a

«

period of.10 min, After addition of wdter (10 ml), the resulting -

N

.

mixture was repeatedli extracted.with chloroform (10€m1 x 8). The e
. A : .
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-

1

combined extracts were washed_&itﬁ water (5 ml x 4), The organic °

-1

o .
layer was dried over anhydroug sodium sulfate and evaporated to
. ., 57 . . - , E
yield a colorfg?ﬁﬂg;ystalline solid TII. TLC (S1i02-G) in benzene-
ethyl acetate (8:2) showed fhat the product was homogeneous
> ’ b}

(Rg = 0.40) and free of the Btarting material I (R, = 0.70). The

yield obtaine;\§a§‘9417 g (100%). Recrystallization twice from ether

gave 11I with m,p. 125-1g8°.

)

=
I.R. (CHClq) snectrdh:

1

\\

1
3

L]
.

-4
'

3680, 3598, 3460 (mw;‘O-H),“2948 (8)," .

7

1735\(82 acetate C=0), 1601 (w; C=C), "
1435 (m, broad), 1375 (m), 1220 (m; acetate C=0), co
1130 (m), 1113 (m), 1074 (m; C-0), 1020 (m; C-0),

975 (m), 910 (m), 870 cm™ ' (w; C=C-H). o

N.M.R. spectrum: N . .

[N
[y

'Z-.4.59 (1H, broad singlet; 6-vinyl protoﬁ)\ l

]

7.63 (1H, singlet; O-H, signal disappeared upon addition of Dzd

~to the sample) ;
7.87 (3H,;sing1e£; acetate methyl protons) :
8.3? (multiplét, brohdé ring protons),

8.94 (3H, siﬁglet; G:1§*methy1 protons)

9.17 (34, singlet; C-18 methyl protons)
N L ot

2

.
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i ' 1
’ v / ¢
.
.
°

Mass spectrum:

-
The molecular ion (m/e = 460) was not obseryed, \
" & v '
m/e = 358 (base ion; 460 -| ) ). :
H 4
o e (c) Reaction of 3,2'-tetrahjﬁropyranyl;Zl-acefoxy-ZO-hydroxy-

' ' £§5-pfegnéne {1I1) with lead tetraacetate and iodine;

e
Lead tetraacetate (198 mg) and iodine (28 mg, one mole
T

,
.~ equivalengt) were added to a solution of III (51 mg) in benzene
nf

L.

(10 ml), The ﬁikture was magnetically ‘stirred ‘and heated to boiling

under reflux for 2.5 h. The reaction mixture was cooled to ropom

1

temperature, The precipitate was removed by filtrationggnd thoroughly

-~

washed with benzene (25 ml). The bepzenﬁgfiltrate was washed with 5%

° ' '

-aqueous sodium thiosulfate (5 ml x 2) and then with water Qj ml x 4).

The organic layer was dried over anhydrous so@ium.sulfate and evaporated

{_. . ‘o
to give a yellow crude residug (54 mg). TLC.revealed that the crude

v

residue consisted of a complex mixture of pro&ucts. .Separation by -

T

preparative TLC,(SiOZ-G) with benzene-ethyl acetate (8:2) gazf

o .
4hree major bands, at R¢ 0.49; '0.24 and 0.14. Ether extraction gave

< .
32.2, 3.3 and 3 mg of yellowish gum from the respective band.

- 9 . ! ‘s

I.l{L (CHC11) spectra: *

+

The infrared spectra of these three fractions showed similar absorption ;

¢

., patterns in the folloping-aspects: the absence of hydroxyl absorption ) Lo

- near 3400 - 3600 cm , the presenze of A strong acetate carbényliband

.
. . . . ,
- - A f ' * =
.
| . . ' K
’
. . .

- . g

B \ ~ .S

.

.
.
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<3

7Y
~

at 1738 em}

, and the occurrence\bf bands corgesponding to C-0
stretching vitrations at 1275 (broad), 1125 (m), 1077 (m), and
1020 cm” ! (m).

Mass qpectraf

Only strong fragment peaks observed in the high mass region are ‘ ,

[

reported. -

Fraction of Ry = 0.49 : m/e = 594, 482, 356

Fraction of Re = 0424 : m/e = 628, 596, 487, 408

Fraction of R

0.14 : m/e = 596, 486, 408, 356"

r

2.§ﬁeparaqion of 18-OH progesterone and identification of photoproducts:

(a) Preparation of 3,3lethy1enedioxy-20-one-21-acethy—zﬁs-pregnene

(11), the starting material: | S
< - ' |

|
A solution of deoxycorticosterone acetate (I, 15.0 g, 40.3

:
[}

mmol), ethylene glycol (126.3 g) and pyridine hydrochloride (2.25 g,

0.5 mol equivalent) in dry benzene (BSOj%I) was refluxed and megnetically_

!

-

stirred for:31 h. The water formed during!the regction was removed by
a Dean-Stark moisture trap packed with 10-15 g of anhydrous sodium

Ead a

sulfate., -Dry benzgneuwas‘ﬁgggs‘::\intervals to maintain the starting
volume, The process of ketalizatlion was followed by I.R. (cohmplete
disappearance of thg band at 1668 cm-l), by U.V. (complete disappearance

1
1 .

of the absorption maximum at 24befm) , and by TLC (the disappearance of

- . o
.
St L Al
. ] Y
v TR -
o
.

"

Y]

-

N -
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» ~
<

>
4 v

the starting material I with R¢ 0,35 and the formation of ;he<;roduct ¢

Y

with R¢ 0.55) in benzene-ethyl acetate (8:2),” The reaction mixture -

was cooled to room temperature. The excess ethylene glycol was separated
[} . ©
(separatory funnel) and was back-extracted with benzene (20 ml x 3). The
4
¢ ) ¢ 7‘1 R
combined benzene solutions were washed with 107 sodium cafponate solution

(10 ml x 2), water (20 ml x 6), and dried over anhydroﬁs sodium sulfate,

A
S

The solvent was evaporated to give pure crystalline II “(m.p. 185-1909) 1m‘96%
¢ . ’ )

yield (15.9 g). Recrystallization twice from hot acetone containing a trace
of pyridine gave I1 with m.p. 194-196° (1it. (107}, 206-208° (acétone)),

[« 35 = +76.4% (c = 0.25, CHCly), (1it, (107), k¢ §°= +42,5 (CHC1,)).

I.R. (KBr) spectrum:

2941ﬂ(ms), 1748 (vs, sharp; acetate C=0) .

{
1730 (vs, sharp; ketone 6;0), 1427 (mw, doublet), - )
1385 (s), 1280 (w, shoulderj, 1242 (vs, sharp; acetate C-0),
. ¢
1208 (w, shoulder), 1118 (w), 1097 (s, sharp; ethylengvketal c-0),
1090 (w), 1068 (w), 1054 (w), 1029 {w), 1004 (w), 962 (mw, doublet), ;
. o
915 (w), 878 (w), 858 (w), 832 (W), 808 (w), 777 (;), 741:£:3$;ngﬁcq§} (3>:ﬁ“ﬁt' %
I.R. (CHClllispectrum: . ﬂ 1T, fﬂx“‘ g
2895 (ésl, 1757 (s; ;cetate C=0), 1733 (s; ket;ne C=0), ' f‘ ﬂ N
1378 (ms), 1095 (s; ethylene ketal C-0), 948 ca”l (mw) .
U.v, s;gctrum: ‘ ‘ ' | ; ‘ ! \
transéd?bnt/abqve 210 am . . “ ‘ =
- SR o | : ‘

i
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- N,M.R. spectrumy

\
T T= 4,61 (1H, broad; vinyl proton)

5.25 (24, AB quartet, JABHZO c.p.s.; 2l-methylene protons)

-

" 5.92 (4H, singlet; ethylene ketal protons)

K

. 7.72 (3H, singlet&%

o o, i

acetate methyl protons)

8.84 (3H, singlet; C-19 methyl protons)

) 9.19 (3H, singlet; C-18 methyl'protons) ‘ 3 ;

Mass spectrum: T

+ al.
m/e = 416 (M), m/e = 99 (base ion; [:;ZY‘§).,

) /\
) ' — qAn apparatus similar- to that previously deécribed by Jeger

-
LY

' et al, (103) was used. The ligﬁt source was a Hanovia 450-Watt high-

b y

(b) General procedure_for photolysis:

by

- { o
A e presdure mercury lamp (Model 679—At3g)\and was fitted with a Corex

-

“ Eilter cylinder (1 mm thick; Harfiova Model 513-27-114), The 1amp,§as '
0 f2

| \
t

+ . placed in a water-cooled quartz immersion apparatus which was.sub- ;

8

-
Yo

merged in the {rradiation solution. The sample in the appropriate

solvent solution was plééed in a three-necked flask. The solution was )

t iy / . *
.flushed with dry nitrogen for 30 min prior Ebfirra%iql&on and during’ .
> — B - ‘d\ .
R

+ " N

the irradiation the solutlon\was agitated witlh a magne ic\étgfrer’and

a8 slow nitgogen flush., The irradiation was performed at room tempera-
) / \v ’ \’J' "~

ture for 4 h, The solvent 9f the irradgated material was reh&bedwﬁﬁder

—— ) :l! .
- - \ ]
. LL reduced pressure, The residue was dried under vacuum at room temperature

® b v .
P ., . 8 o
, for 2-3 h,

-, .\.-( - B . - - .
B
N

\*
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Absolute ether was prepared by distillation of anhydrous
‘x(
grade ether over lithiuﬁgaluminum hydride just prior to useé. Absolute
ethanol was prepared by distillation of anhydrous grade ethanol
~oyer calcium oxide lumps (furnace dried) one day prior to use (L.J.
Fieser, Experiments in Organic Chemistry, D.C{ Heath Co., Boston,

p. 285). |

AR

(¢) PhotoLysis‘of 3,3-ethy1enedio;y-2059ne-21-acetoxy-l&s-pfkgnene : @

i

(I1) in absolute ether: '

A solution of IT (1084 g) in absolute ether (450 ml) was

¢ H

-photolyzed. The crude residue (photolyzate) was obtained as a
colorless thick syrup (1.14d~g). The photolyzate showed a complex

mixture of products by TLC (Silica Gel G) in benzene-ethyl agetete

. ° ST

(8:2), but no starting material II (R¢ = 0.38). It also exhibied no
s & '

h R é »
absorptian for an (,B~unsaturat

1&ketoﬁe chromophore in'the I.R. (1668

cm-l) and U.V. fh-mai/- 240 nm)Jspectra. -

L

(1) Treatment of the photolyzate with osmium tetroxide To an aliquot.

- N n—
¥ s -
of 95 mg of photolyzate (freshly irradiated) in dry benzene (4 ml) con~ S
: Z v J
taining dry pyridine (1 ml), osmium tetroxide (1.1 mol equivalent, 76 /;G'fk
- N 3

mg) was agded. .The solution was stirred under anhydrous conditions fr" Wt
YR 4

4
L)

(calcium chloride drying tpb?) at room temperature for 1.2-h, The

reaction mixture was treated.with a solution of .sodium bisulfite (190 mg)
) N . 3

-

) ;in water (3 ml) and pyridine (2 ml) and the resulting mixture stirred

-
+

1
f
§ L.
. .
ot

an



%)
E~

.
:
N
LS
‘ 2 - . . -
Vs N A

. . . - ; L
at room temperature for 5 h. The brownish mixture waﬁ’extractgd N

with chloroform (15 ml x 7), washed with water (8 ml x 3), dried \ \\\
\ +

over anhyﬁrous sodium sulfate, and evaporated. The brown gummy ’

-

3 ' s \

residue (111 mg) was treated with a mixture of acetic acid (5 ml), \\\

methanol (3 ml), and water (0.5 ml). The solution was:ﬁeated with -

t 9 4

- gtirring at 60° for 5 h. The cooled reaction mixture-was neutralized -
with saturated sodium carbogate solution, extracted with chloroform 7
ki
},w

'.(15 ml x 4), washed with water (10 ml x 5), dried over anhyd;ous

: \
sodium sulfate, and the chloroform was evaporated. The brown,

- -~

glassy residue *(61 mg) was separated bywprepaiatiye\TLC (Silica Gel

G) developed in ethyl acetate-benzene (8 3 2), 'The bands with Rf ca.

[#)

0.68, 0.58, 0.41, 0.26, and 0.10 were re eatedly.gxlracted with ether

to give 2,2, 6,3, 6.7, 4.4, and 1,7 mg, respectively, of brown gum W

with the following common’'physical properties:
SR

Ultraviolet spedtra showg& an absorption maximum ‘near
. 2,

b » .
! P - .
240 nm for the d,B-unsatﬂ}ated ketone moiety, ° . - «
Infrared gpectra in chloroform showed strong‘§bs§;ption \ K
R .

near 3500-3400 cm™! (0-H), 1730 el (unconjugated carbanyl), 166071680
£ »

3
A
£ R

cm (- A%-3-kefbne), and 1100 em”! (C-0). ,

<,
Paper chromatography! R
aéolﬁenf system: toluene—propylene’glyco}o(Awl) . _ R

. 4
Filter paper: Whatman No, 42
v »

Running time: %ﬁgh. T . R ;
- k™ . . -
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All compounds migrated at a faster rate than authentic

+

18-0H-DOC. - S

Mass spectra:;

g 3 -

The fragmentation patterns wer;‘not comparable to that of“authentic 18-

% ‘ ’ ‘
OH-DOC. On the basis of the physical data, these proaucts were not
18-0H-DOC. ' f : iy Vool

f‘ ’ L .I . i \ J

(11) Isolation of photoproducts Photolyzate (1.048 g) was dissolved

= * ¢ ! ° ) ~ e

in a minimum volume of benzene and chrothtograpned on a Jblumn'(jyh theh,
G \ o

0.D.) of neutral alumina (36 g, Woelm activity II) made up 6f petroleum

ether-benzene (9:1), Fractions of 50 ml each were collected and the

progress of chromatography was followed by TLC (Silica'dél G) in benzene-

ethyl acetate (8:2) and by crys%allization of each fraction. Seven
a ‘ 7

compounds were isolated from the photolyzate. Fractions 44454 was“
iden§§ffed as III The remaining compounds were not further -

1nvesc£§ated but their apectral data are recorded .in this section, .
v

Fractions 5»29 (Rf = (0,57) )

Eultion with petroleum ether-benzene (9:1) gave 119 mg (11% by weight) S o=

-

of colorless gum,,

rl

1.R. (CH013) spectrumy » - Lo e

- ,,"‘l'r )
3680 (w}kO-H), 2900 (s), 1645 (w), 1604 (w), 1440 (m), 1368. (m, sharp),

\
1135 (w), 1092 (s, C 0), 1030° (m), 952 (w, sharp), 920 (w), 902 cm'l(g, sharp).
: |

-

U.V. spectrum:

Inflexion dt 240 nm ¢

-

L




162

e -

Mass spectrum:
ﬂJ

“

Major fragment ions were observed at m/e = 328,.316, 314, 300, 272,

+
257, 99 (base ion;[[o3N). .
)’ 2

P4
)

Fractions 21-24 (R¢ = 0,52)

Elution with petroleum ether-benzene (9:1) ga&e 8 mg (0.8% by
weight) of colorless gum,

I.Re (CHCl,) gpectrum:

. _‘1’
3680 (w; O-H), 2930 (s), 1602 (w), 1430 (m, broad), 1370 (m), 1095 (s;

- ‘

¢-0), 1030 (w, broad), 950 (w), 928 cm™} (w).

1

e : Fractions 25-36 (R¢ = 0,46) g -
Elution with petroleum ether-benzene (9:1), (7:3) gave 65 mg (67 by -
s : ’ —é: ’

weight) of tolorless gum,
© e. L“‘f‘

1.R. (CHC13)§2gctfum:»

" 3678 (w; OwH), 2930 (s), 1605 (w), 1430 (m, broad), 1375 (m), 1260 (w, .
rd

broad), 1100 (s, broad; C-0), 1018 (s, broad), 951 (w), 925 (w), 869 cm’l

§ .ot AR ‘\;‘

3 \ " ?
(w). F I T
- ' . h
U.vV \
.V. spectrum: . : ~ \
v P v o o ]
Inflexions at 224 and 240 nm. ) w' ?
¢ “ II
- . ' “~ /
- §

Fractions 40-41 (Rf = 0,33)

.
- 3

N 1]

-’

. - ] e
Elution with petroleum ether-benzene (7:3) gave 84 mg- (8% by weight)

of colprless residue (m.p. 160-165°), ,

¥-




L)
PO

=3

g 4

3%

)

r’
\ ¥

I.R. (CHCl,) spectrum: -

PEEN [~
. 3678 (w; 0-H), 2930 (s), 1604 (w), 1430 (m, broad), 1375 (m), 1095 (s;

C-0), 1040.(w, broad), 954 (w), 928 (w), 880 em™ b (w).

17
U.V. spectrum: .

a - 4
Inflexions at 240 nm

\
>

Fractions 44-54 (Re = 0.28)

3,3-Ethylenedioxy-18,20~-epoxy=~20~hydroxy- AS -Eregnene‘ (IID

Elution with petroleum ether -benzene (2:8) and .benzene gave amorphous

‘s0lid III (m.p. 120-126") in 237% yield (260 mg). Recrystallization of

el

IIT from acetone raised the melting point to 137_1400 with Rf-0.71+ on

TLC (Si_].i»‘ca Gel G) in benzene-ethyl acetate (5:5).
. ‘(\‘ i l ’ \
I.R. (Cﬂgﬁ) spectrum:
LR

3680, 3590, 3450 (mw; 0-H), 2932 (s), 1605 (w; C=C), 1430 (m, broad),

= ) " . T
1375 (m, doublet), 1095 (s; C-0), 1026 (w, broad), 951 (w), 925r(w),
892 cm”! (w; ,C=C-H) . | ¢

U.V. spectrum:

\l_,’: ’
Transparent above 210 nm -

N.M.R, spectrum: \

Q

T= 4,58 (1H, broad; vinyl proton) / ’
S ,
5.93 (%4H, sharp singlet; ethylene keltfal protons)
‘ N\ «
. 6,12 (1H, broad; might be an hydroxyl proton)

T : N R ;

. ?\HQ/S‘.SJ (3H, singlet; C-19 methyl protons) N
o 0 v - f\. ]
) 88 gpectrum: . K ( -

.

See Part 1V, p. 127, ~ '




Elemental analysis for CpqH3,0,:

Found: C, 73.86; H, ‘9,02
Talcd.7e,. 73,76; H, 9415

Molecular weight for Cp3H3404: ) PR PR

Found (mags spectrometry): 374.2457
e

Caled.: 374.2457

a Y . .
Fractions 55-58" (Rg = 0.19) '

Elution with benzene-ether (5:5) and ether gave a colorless residue
(51 mg, 5% by weight) of m.p. 55-650. . o

I.R. (CHCl3) spectrum:

.

3680, 3597, 3440 (mw; O-H), 2930 (s), 1735 (s; unconjugated carbonyl), -

1666 (inflexion), 1604 (w), 1430 (m, broad), 1368 (m), 1187 (w, broad),

-

1090 (s; C-0), 10307(w), 950 (mw) 928. (am), 878’;m’* (w).

1

U.,V, spectrum: =

Inflexio;s at 227 and 240 nm

©

-

“5 3 =

i >

Fraétions 59 (Rg = 0.11)

e ——

Elution with methanol gave a residue (60 mg, 67 by weight) of ‘m.p. .
;?' -

70-75°.
— )

I;R. (CHC13S spectrum; e

o]

3680, 3593, 3435 (mv; OrH), 2930 (s), 1735 (inflexion), 1668 (inflexion),

1605 (w), 1430 (w, broad), 1370 (w), 1185 (w), 1096 (ms), 1030 (w),

1

950 (w), 928 (w), 880 cm L (w). S .

~

\ - . s
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U.V. BbéCtrum: A . '
> ‘ N
High~inteﬁsity absorpt{on at 241 nm.

{
. - b
(1ii1) Hydrolysis of IIT to 18-OH progesterone (VI) A solution of II}

(27 mg) in a mixture of methanol (2 ml), acetic acid (2 ml)ﬂland water -
g %

(0.3 ml) was heated under reflux for 10 h. The cooled reaction miiture

was neutralized with 2N sodium hydroxide (15 ml), extracted with ether
- N [ ‘
(10 ml x 8), washed with water - (5 ml x 4), dried over anhydrous
o ' ‘4

s6dium sulfate, and evapor?ted. The product as colorless éum (22 mg)

‘was purified by preparativé TLC (Silica Gel () ia ethyl acetate-benzené
)

(5:5). The band with R 0.26 was extracted wlth ether to give 4 mg -

\

|

\

|

|

|

i

\

i

L_.’ (10%.) of 18-0OH progesterocne (VI, m.p. 1400) which had propertiés (I1.R.,
| .

‘v&‘ P

mags spectrum, apd mobility on TLC) identical with those of authentic

e e

sample, ‘ T B
Voa

i : (d) Photolysis of 3,3-ethylenedtoxy-20-one-21-acethy—¢§§-§regpene

L3 ’ o ~
(I1) in absolute %thanolz Lt — ,
’ r . - -

. ' § ‘ {
) N A solution of I1 (2.01 g) in absolute ethanol (1.85 {iiiS) \
)

b

. p -
The crude residue was obtained-as a color}ess thick \

a

- by TLC AWoelm meutral aluminé) in benzene-ethyl ijtate (8:2), but no

- starting material II,{BEif’O.59). It also exhibited no absorption due .

. to an of,B-unsatutated ketone méiety by I.R. (1668 cm'l) and U.V, (7Lmax'-'

o

d% C. 240 nm) ‘spectroscopy. ° '
. . 1 ) .- ’ >
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(i) Isolation of photoproducts Photolyzate (2.04 g) was dissolved >

-

in a minimum volume of benzene and chromatographed on a column (21 mm ,

iy
1.D.) of neutral alumina (50 g, Woelm actiVity II) made up of petroggum

r

ether-benzene (9:1). Fractions of 100-150 ml each were collected and

-3
1

the progress of chromatography was followed by TLC and by crystalliza- ' -

tion of each fraction. '
&
l’i l”“l

Compound IV (Fractions 2-6) :

¥

y.l R : Ce i

~
Epimer A of‘3,3-ethy1eﬂedioxy-18120-epox1-20;ethoxy- [ks-pregnene
Elution with petroleum eter-benzene (9:1) gave a colorless crystalline
solid (368 mg, 18%) with Q.p.-140-145°. Repeated recrystailizatiOn )
“from benzene- et;anol gave IV ‘m.p. 155- 158° E%];S = +é§.40 (¢=0.39, (
CHC13), SR o . : :
I1.R. (KBr) spectrué: ) L ™
2930,(s), 2870 (s), 1428 (m), 1370 (n'{h, doublet), 1308 (&.),\1290 (w), .
1253 (m, doublet)a i226 (w, sharp), 1210 (w', sharp), 1195 (w, sh Y, "
. 1132 (w), 1105 (s; C-N), 1065 (m), 1024 (m), 922 (m), ;46 (8), 905 (m}, )
‘865 (s, sharp, c=C-1), 820 (m, sharp), 798 (; Qharp), 7”7 (w, tharp), o~
732 (w, shatp), 692 cm » (w, shazp). o . .
JI.R. (CHCl4) spectrum: :
. . ¢ e Ce
2858 (*rs), 1660 (vw), 1430 , Abublet) ,~ 1315 (w), 1097°
(s, broad; c-0), 950 (m), 910. (), 863 W. Y Y
) ‘ % ) " \ a
U.V. spectrum: . Cos - X
,Tranpp;rent above 210 nm . 3 P . 4
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Mass spegtrum* Major fragment ions were obferved at

nfe = 402 (M%), 387, 372, 358, 357, 356, 99 (base ion)

Elemézéél analysis for C25H3804’ "

Found: C, 74.73; H, 9.52

Caled.: C, 74.59; H, 9,52

TLC:
Al
\ R¢ = 0.69 in benzene-ethyl acetate (8:2) n
{
0.71 - (5:5)
i/
[ Compdﬂﬁd Vi (Fractions 30-81) :

o
\\\Kpimer B of 3L3-ethy1enediox1—A8,20-epoxy-20-ethoxy- Z&S-pregnene
. Further elution with petroleum ether-benzene (75:25), (50:50), (25:75),
K gave a colorless residue (307 mg, 177Z). Repeated recrystallization
from acetone~hexane contgining a trace of pyfidine-afforded a crystalline
N solid V with m.p. f§3—193° (iit. (103), m.p. }87-1880'(ether-methanol)), .
o [00]35 = -22.3% (c=0.3, CHCly) (1it, (103)[06]D = +1°, cHCly),

Q

I.R. (KBr) spectrum:

3430 (m; 0-H), 2940 G(s), 2880 (w, shoulder), 1420 (m;'broad), 1361 (m),
- {
1305 (w, doublet), 1263 (m), 1201 (m), 1130 (w, shoulder), 1090 (s;

C-0), 1028 (w), 1002 (w), ‘1030 (w), 950 (w), 930 (w, doublet), 860 (w),

o

»

818 (w), 797 (w), 780 (w), 742 (w), 720 (w), 695 cm™ b (w).

I.R. (CHCl3) spectrum: » &

. 3420 (vw), 2860 (s), 1430 (mw, broad), 1365 (mw), 1090 (s; C-0), 992 (w),

952 cm~l (w), |
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U,V. spectrum:

Transparent above 210 nm Y

Mass spectrum: Major fragment ionﬁ were qbserved at
PESR ' '
n/e = 402 (MY), 387, 358, 99 (base ion)

5

Elemental analysis® for C25H3804: o

Found: C, 76.60; H, 9.72

Caled,: C, 74.59; H, 9.52

TLC: ?\
Re = 0.31 in benzene-ethyl acetate (8:2)

0.53 . (5:5)

Fractions 83-86

Further elution with ether gave a straw colored residue (95 mg ,

5% by welght) which was not identified, ’

rL
’
r

(i1) Hydrolysis of IV to 18-0H proges?erone (VD) A mixture of IV

1

)

i
(8 mg)s acetic acid (1 ml) and water (3 ml) was heafed at 60°/f6r 15

min., The cooled reaction mixture was taken up in ether (15 ml),
T -t
neutralized with O0,1N sodium carbonate solution (10 ml), washed
4 )

with water (5 ml x 4), dried over anhydrous sodium sulfate, and evaporated.
The colorless residue (7 mg, 96%) was homogene;us%by TLC, Recrystallization
twice from acetone-hexane gave crystalline 18-OH progesterone (VI, m.p. 140-

/ , R ¢ .
1450). The identity of VI was confirmed by mixed TLC, and comparisons of
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W ~
t 0
¢ v

the infraredbapd;mass spectra with those of authentic 18-OH progesterone.
q) v

(iii) §g§r§?;sis of V to 18-0Huprogesterone (VI) A solution of V
(415 mg) in Mdi;x;m‘a (20 m1) was heated with stirring at 60° for.2 h
with 0.5 N hydrochlo;ic acid (8.5 ml). The process of hydrolysis was
followed byggic (the disappearance of the starting material V with
Rg 0.53 adé the formation of a new spot with R¢ 6.21 for 18-OH proges-
terone) in benzene-ethyl acetate (5:5). The cooled reacgion mixture
was taken up in ether (60 ml), neutralized with 0.1 N sodium car-
bonate solution (25 ml), washed with water (10 ml x 4), dried over
anhydrous sodium sulfate, and evaporated. The ye{lowish gummny product
(308 mg) was dissolved in a minimum volume of bemzZene and chromatographed
on a column (1,5 em 0,D,) of neutral alumina (12 g, Woelm activity II).
Fractiong of 25-50 ml each were collected and the progress o%’chroma-
tography was.followed by TLC and by crystallization of each fraction.
. P ’
18-0H Progesterone (VI) was eluted with benzene-ether (98:2), (90:10):
"as colorkéas residue (65 mg, 20%). Recrystallization three times ffom
acetone-hexane gave a crystalline solid VI with m.p. 155-160°.  The :

mobility on TLC, and the infrared and mags spectra of VI were identical

with those of authentic 18-0H progesterone,

(e) An imptoved method for the preparation of 18-OH progesterone:

3

The original wérk-up,procedure of Jeger et al. (103) was
» ' -

modified with the aim of improving the yield of 18-0H proéesterone.
!
; .

The photolyzate, which was obtained from the photolysis of II in abso-,

'
Y . N
l e o P . Sy (s ———
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o

!

L4 « [ ]
ethanol, was directly subjected to acid hydrolysis followed by

treatment of the acid hydrolyzate with alkali. The crude hydrolyzate

was separated by ™lumn chromatography.

Typical experiment:

A solution of II (2.08-2.09 g), in absolute ethanol (1.85 liter) was

§
photolyzed., The photolyzate (2,10-2.20 g) in aqueous 70% acetic acid

(25 ml) was heated with stirring at 80-90° for & h under an atmosphere

of nitrogen. The hydrolysis was followed by infrared (the appearance

of a strong band near 1680‘cm-1 for the a,B~unsaturated ketone group)

and by ultraviolet (the appearance of an absorption maximum nehr 240

nm) spectroscopy. The solvent was evaporated under reduced pressyre

v

by rotary evaporation. .For the removal of small amounts of acetic
acid, the evaporation was repeated gfter addition of Qenzene (15 ml

x 15). The acid hydrolyzate (clear reddish syrup) was further dried
under vaéuum for 2-3 h at room temperature, The product (2,50-2,53 g)

was then treated with a mixture of methanol (13 ml), potassium carbonate

N

(1.41 g) and water (13 ml), The resulting solution was stirred under

nitrogen at room temperature for 12 h, The process of hydrolysis was

i
y

followed by infrgred spectroscopy (the disappearance of a band near

.

s

-1
1740 cm = for the acetate group). The solvent was removed by azeotropic

distillation with benzene (15 ml x 15), as described above. The brown

gummy product was taken up in methylene chloride (250 ml), washed with

)




"

water (5 ml x 4), dried over anhydrous sodium sulfate, and the solvent

evapérated. The residue was further dried under vacuum for 2-3 h

at room temperature, The brown,glaésy product (1.50-1,52 é) was

d;ssolved in a minimum volume of benzene and chromatographed over a ,

column (2.5 cm I.D.) of neutral alumina (60 g, Woelm activity I)

made up of petroleum ether. Fractions of 100-150 ml each were collected
~

and the progress of chrdmatography was followed by TLC and by crysgalliza-

tion of each fraction.

(1) Isolation of photoproducts (also see Table 4, p. 71).

r

18-0H Progesterone (18120-ep0xy-20-hydroxx;j54-pregnen~3-one) (VD)

:

Elution with benzene-ether (85:15) afforded a colorless crystalline solid
VI of m.p. 143°. The product weighed 0.793 g (247 on the basis of 4.20
g If). Recrystallization twice from acetone~hexane gave VI, m.p. 150-1540,

[o(; SS = +152.8° (c=0.5323 CHC1l3) (1lit, (103), [ob]D = +1599).

I.R.(KBr) spectrum:

3420 (s: 0-H), 2932 (s), 2878 (s, shoulder), 1665 (s3 C=0 for A*-3-ketone),
1620 (m; C=C), 1437 (m, triplet), 1381 (m), 1366 (w), 1339 (mw), 1285 (m,
doublet), 1240 (m, doublet), 1208 (m), 1189 (m), 1172 (w), 1121 (s; C-0),
1095 (wj, 1067 (m), 1043 (s; C-0), 960 (w), 938 (m, sharp), 900 (m, sharp),
888 (w, sh;ufder),_870 (m; C=C-H), 860~fms; C=C-H), 855 {(w), 790 (w),

1

778 (w), 750 (w), 694 cm = (w).

]
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"

I.R. (CHClj) spectrum:

4

[}

3658 (w; 0-H), 3578 (m, sharp; O-H), 3420 (w, broad; O-H), 2930 (s),

4
@ s .
2860 (w, shoulder), 1660 (s, C=0 for A*-3-ketone), 1612 (w, shoulder;

.~

C=C), 1425 (m, broad), 1382 (m), 1358 (m), 1328 (m), 1300 (w), 1220 (broad),

1895 (m, doublet; 0y, 1012 (w), 995 (w), 920 (w), 884 cm™> (m; C=C-H).

U.V. spectrum:

Nnde = 241 nm (€ = 14,980)
Masjkgﬁgzz:lg:

~ /

See Part IV, p. 110,

b
Elemental analysis for C21H3003; - ,
Found: C, 75.85; H, 9.07
Caled.: C, 76.32; H, 9.15 -
TLC: ¢
2
Re = 0.50 in benzene—ethy%facetate (5-5), (Silica-Gel G).
|
0.40 R (Silica Gel Eastman)
) 0.29 ’ f// _— (Alumina Eastman) ! ’

The identity of VI was confirmed by mixed TLC, and comparisons of
the infrared and mass spectra with those of authentic 18-0H progesterone.
The following is a summary of the melting point arnd specific rotation

i

of 18-0H progesterone as reported in the literature:
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Author Precursor
¢
Pappo(98) Conessine
i

v

Buzze({ti(93) Conessine

]
i

Labler (96) Holarrhimine
Pora(94) Conessine
Wettstein(1l00) Progesterone

Goutarel(95) Conessine

A

Jeger (103) Qsoxycorticosterone
acetate

present work Deoxycorticosterone
acetate

18-0OH Progesterone

m.p.

17$3182°
(butanone)

159-160°
(acetone-petroleum ether)

16%-165°
(acetone-hexane)

169-176°
(acetone-hexare)

154-157°
(CHCl,-ether)

173-177°
(ether) .

1785180°
(acetone-hexane)

?
150-154°
(acetone-hexane)

Y
‘“7 +159

Blpcacly)

o

+157°

+157°

+1120

+159°

+152,89

18,20-Cyclo-20-hydroxy- A*-pregnen-3-one (VIII)

r

Vs

Elution with benzene and benzene-ether (90:10), (85:15), gave a colorless

crystalline product (26 mg, 2% on the basis of 2.08 g II).

Recrystallization

twice from acetone-hexane gave VIII with m.p. 195-197° (1it. (108), m.p.

191-192°), 9“155 # +138.1° (c=0.51, CHCl,) (lit. (108),[0‘]D = +130°),

I.R. (KBr) spectrum:

@&

3425 (s; 0-H), 2910l(s), 2840 (w, shoulder), 1642 (s; C=0 for ZFIfJ-ketone),

N




a ‘ *
“; &
1602 (w; C=C), 1440 (s), 1368 ﬁ;), 1333 (w, shoulder), 1300 (w),

1273 (s; €-0), 1230 (m, doublet; C-0), 1195 (m, doublet; c-0), 1¥s0

- . \?:D, 1121 (m; C-0), 1092 (w), 1077 (w), 1041 (w), 1007 (w), 983 (w),
\ .
) sfé\
o 973 (s), ?22 (g), 885°(w), 870 (s; C=C-H), 860 (w, shoulder), 848 (w),
829 (w), 783 (w), 757 (w), 690 cm™ ! (w). _ -
U.V. spectrum: ]
7 , . ~
:K.max = 242 nm (€ a 18,000)
" Mass spectrum- - ’ . -
{ .
HXA See Part IV, p. 131,
: - s
\( Elemental analysis for SILETF \\V”W X e
"
Caleed.: C, 80,215 H, 9,62 -
Mol culatfzsight for Cy1H3007: — )
N y
Found (mass spectrometry): 314,2162 ¢

Caled,: 314.2246 /

TLC: //// .

Rg = 0.29 in benzene-ethyl acetate.(S:S).

4,20 g 11). Recrystallization twice from acetonefhexane gave IX as crysta- K

Lline solid with m.p. 183-187°, []2> = +128.8°/(c=0.51, cHCly).



1.R. (KBr) spectrum:

~

3410 (s; 0-H), 2918 (s), 2841 (w, shoulder), 1650 (s; C=0 for A*-3-ketome),
1610~¢w; C=C), 1436 (m), 1420 (w, shoulder), 1359 (m), 1330 (w), 1305

(w), 1&78 (m; T-0), 1238 {m{ C-0), 1221 (w), 1190 (m; C-0), 1146 (w),

4

Y

1109 (m): 1045 (m;°C-0), 1016 (m; C-0), 980 (w), 955 (mw), 920 (w),
870 (m, sharp; C=C-H), 858 (w), 785 (w), 695 cm™l (w).

I.R. (CHCl3) spectrum:

ta

3560 (ms; 0-H), 3400 (ms; O-H), 2880 (s), 1660 (s; Cm0- for A%-3-ketone),

L 4

1610 (mw; C=C), 1430 (mw, broad), 1353 (w), 1325(w), 1230 (mw, broad;

c-0), 1205 (w), 1005 (mw), 950 (w), 870 cm™L (w).

"U.V. spectrum:

v

lrnax = 242 nm (e = 16 ,940) .. Wi’

Mass spectrum: L
See Part IV, p. 139,

Elemental.analyéis for C91H3003;

Found: C, 76,20; H, 9,28

C‘EZd.: c, 76.32; H, 9.15

Molecular weight for C21Hy405:

Found (mass spectrometry): 330.2154

Calc*:: 330,2194
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17-Nor-13,17-seco- A4’13(18)’ -androstrien-3-one (X) .

Elution with benzene gave a colorless residue (57 mg, 4% on the basis

- L] I3
of 2.08 ¢ "). Crystallization from acetone-hexane, X had m.p. 103-105° (lit.
(108), m.p. 1090),@]35 =+102,.9(c=0.,51, $HC13) (1it.(l()8),[d]D = +1109).

I.R. (KBr) spectrum:

3420 (vw), 3058 (vw), 2920 (s), 1665 (s; C=0 for8'-3-ketone), 1637 (w;

:c=c:ﬁ), 1610 (w; C=C), 1430 (m, multiplet), 1375 (w), 1353 (w), 1326 (w),
g

1268 (w), 1238 (w), 1218 (m), 1200 (w), 1184 (w), 1003 (w), 950 (w), 938

(w), 905 (s, doublet; c=cZll), 860 (ms, doublet;jc=c:3), 840 (w), 780 (wY,

~i

[

750" (w), 679 em™} (w).

U.V. spectrum: ) ’

N max = 241 nm (€ = 16,500)

Mass spectrum: Major fragment 1ons were observed at m/e = 256 (M*, base ion),

241 (8%), 238 (16%), 214 (13%), 199 (10%), 171 (10%), 163 (16%), 149 (23%),

148 (21%), 147 (13%), 145 (13%), 134 (18%), 133 (53%), 132 (33%), 131
(19%), 124 (22%), 119 (19%), 117 (23%), 107 (22%), 105 (29%), 93 (24%),

91 (57%), 79 (52%), 77 (34%).

Elemental analysis for C18H240: f

Found: C, 84.29; H, 9.53

Caled,: C, 84,32; H, 9,44

TLC:

Reg= 0,61 in benzene-ethyl acetate (8:2),

(f) 18,20-Epoxy-20-methoxy-AAa—pregnen-3—one (VID:

Hydrolysis of the ethanolic photolyzate of II with warm
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aqueous acetic acid in the presence of &ethanol, follgwed by treatment
with aqueous methanolic potassium carbonate gnd separation of the
prod%cts by neutral alumina (activity 1) column chromatography yiglde&,
in addition to the produytg/alréady descyibed in the preceding section,
the 20-methoxy derivati@eA(VII) upon elution with benzene in 87 yield
(127 mg, on the basis of 2.08 g II). Recrystallization twice from
8cetone-he£ane cont;ining a trace of pyridine gave VII with m.p. 130-

134°, | .

-

I.R. (KBr) spectrum:

3430 (vw), 2916 (s), 1668 (s; C=0 for A*-3-ketone), 16u2 (m; CsC),
'y & \\

1440 (my, 1370 (m), 1322 (mw), 1260 (m), 1230 (ma), 1167 (mw),
1100 (s; C-0), 1075 (mw), 1030 {m), 1000 (w), 944 (m), 912 (mw),
849 (s; C=C-H), 818 (), 775 (w), 743 cn”! (w).

U.V, spectrum:

N max = 240 nm (& = 15,000)

Mass spectrum: Major fragment ions were observed at

m/e = 344 (MY), 313, 312, 270, 269, 255 (base ion), 214,

TLC-

Rf = 0,59 in benzene-ethyl acetate (4:6)

" (1) Hydrolysis of VII to 18-OH progesterone (VI) A solution of VII
(10 mg) in aqueous“7di acetic acid (3 ml) was heated with stirring at
60° for 1 h. The solvent was removed by azeotropic distillation with
benzen; (3 ml x 10), The residue was taken up in ether (30 ml), washed

s
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1
with water (3 ml x 5), dried over anhydrous sodium sulfate, 7hd the v
solvent was évaporated.” A-cotorless crystalline compound was obtained __ﬂg‘! _

in yfeld of 8 &%. TLC in benzene-ethyl acetate (4:6) indicated that
the material was homogeneous (Rf = (0,21) and free of the 20-metho§3

derivative (VII) which had an Rf value 0,59. Recry\\stallization

‘twice from acetone-hexarne gave VI, m.p. 145-150° The identity of L

B!

VI was confirmed by mjixed TLC, and comparisons of the infrared and v

L

A
mass spectra with thos f authentic 18-0OH progesterone,

3. Conversion of 18-0OH progesterone to 18-0OH-DOC:

’

(a) Preparation of 18)20-epoxy~£§A'ZO—Pregnadien—3-one (XI):

All glass-ware was thoroughly cleaned, oven-dried, and stored

o

.in a desiccator prior to use. Phosphorous oxychloride, triethylamine,

b

pyridine, and benzene were freshly gedistilled.

]

In a 25 ml three-necked flask fitted with a calcium

chloridegiube and nitrogen~-inlet tube was placed 51 mg of 18-OH pro- o
gesterone (VI, 0.51 mmol), 14 ml of benzene, and 0.9 ml triethylamine,

;\ *
The ?f&sk was capped with a rubber-septon, The solution was stirred

at room témper;ture and 46 mg of phosphorous oxychloride (2 mol eézivalent)
was added with a micro-syringe through tge rﬁbber-sebtoﬁ. The addition
was repeated ;t intervals of one hour until the/éehydration reaction

was completed, The progress of the reaction was followed by TLC from

the disappearance of VI to the formation of a less polar compound XI

which could be hydrolyzed back to VI with aqueous 107 acetic acid in

t e o
>
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4 k g

a few minutes at room temperature, \Jﬂ//__ﬂ_m*
‘Y

The reaction was interrupted after 3.£:£jla total of

138 mg of phosphorous oxychloride had been added), The reaction
¢
mixture was immediately taken up in benzene (250 ml) containirig ¢

pyridine (1.5 ml), rapidly washed with cold 10% sodium carbonate
%

soiution (5 ml x 1), cold water (6 ml x 7), and dried over

anhydrous sodium sulfate, The dried benzene solution was then care-

Fl

fully concentrated to a small volume (5 to 10 ml), but never to dryness,

“

with a rotary evaporator under reduced pressure at room temper;ﬁure.

The excess of triethylamine was removed at ‘this stage, The deﬁgqra*

tion producquI was homogeneous and free of the starting material VI

by TLC analysigj '
l z
18-0ll progestérone (V1), enol ether (X1); benzene-ethyl acetate
- Rf = 0,13 Rf f 0.57 (8:2)
Reg = 0.52 Re = 0.70 - -F?:B) . .
It is essential that the enol ether (XI) obtained¥be ‘
osmylated without delay in the next step of synthesis, 7~
» - N \\~_.._—--——""/—/
(b) Prepdration of 18-0H-DOC (XII): v

‘ A solution of the enol ether (XI, ca. 50 mg) in benzeﬁé (8 ml) .
|

was added dropwise with stirring at ®° under nitrogen a solution of
osmium tetroxide (1.1 mol equivalent, 45 mg) in benzene (1 ml) containing

Y,
pyridine (5 drops). The oxidizing reagent was delivered with a syringe

througﬁ the rubber-septon. The reaction was completed {ii~l h as indi-




cated by TLC (the disappearance of XY and the formation of a prominent

dark spot on the base line). The mixturé was stirred for an additional

hour. The brown solution was treated with a solution of sodfum sulfite
v LY

(195 mg) and potassium carbonate (310 mg) in water (2 ml), and the

¥
5 -

,repultiﬁg mixture stirred at room temperaéure for 2 h, The hydrolysis

was egsentially completed in first hour as indicated by TLC (the appear-
ance of a single apot . with thé Rf of X1I). The dark brown reaction mix-

ture was evaporated at 30-40O under reduced pressure to total dryness
with a rotary evaporator. The dark brown residue was taéén up in a

small volume of water (10 ml) and repeatedly extracted with ether (20

ml x 10)., The ether extract was washed with cold water (5 ml x 3)

and dried over anhydrous sodium sulfate, A tr;;e of pyridine (1 drop)
was. added and the ether solution evaporated at’30-1¢’00 under reduced pres-
sure to afford colorless crystalline 18-0OH-DOC (XII, m.p. 15;-1580) in |
947 yield (50 mg). The crude product was homogeneous as 1nd1cgtgd by

TLC: R, = 0,23 (S109-G), 0.31 (Si0,-Eastman) in\benzene-ethyl acetate

f

(2:8). Recrystallizgtion twice from acetone-hexane containing a trace

of pyridine, gave XII, m.p. 165-168°, ExJ§5 = +110.3° (c=0.21, CHCl,) .
28 o

(lit. (50), [“]D = +121% (aqueous 707 methanol)).

I.R. (KBr) spectrum:

3420 (s; O-H), 2925 (s), 2860 (m), 1660 (s; C=0 for A*-3-ketone),
1618 (w; C=C), 1430 (m), 1358 (w), 1330 (w), 1280 (m), 1212 (ms; C-0),

1114 (w), 1060 (s; C-0), 1000 (mw), 955 (w, sharp),.920 (m, sharp),

[}

872 (m, sharp; €sC-H), 830 (w), 703 cm=1 (yy,

\)’




?”\

U.V., spectrum:

Amax = 241 nm (€ = 15,200)

Mass spectrum: ¥

See part IV, p. 119, . .

Elemental analysis for C,1HggOy:

©
' ‘ -

Found: C, 72.72; H, 8,68
calcd.: C, 72.80; H, 8.73

Paper chromatography:

L4

solvent systemyéboluene-pfbpylene glycol (4:1)

‘ kY
é
filter paper: Whatman No. 42 °
/
running time: 24 h )
< .

The infrared and mass Spectra)gf X11 were ident}cal with

those of an authentic sample of 18-0H-DOC obtained from Pappo (97)ﬂ_

The two‘samples showed identical mobility on TLC.and paper chrowﬁtogram.
Pappo (98) pointed out that the melting point of 18;Oé}DOC

can vary depending ongfhe solvent of crystallization:

mp, 18-OH-DOC* golvent of crystallization¥*

&
175-180° acetone-ethanol with a trace of Pyiidine
3 e )
191-195° y acetone
o H - ‘
186-190 . ethanol with a trace of pyridine
; .
175-176° ether

\

168-170° butanone with a trace -of pyridine

* R, Pappo U.S. Patent 2, 911, 404 (1959), (98)

. I D U S
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o
‘ (c) 18-0H-DOC "dimerﬁ:

Origin of sample: a high-melting material (ca. 285Q,

decomposed) was™ Formed upon recrystalifzation of 18-0H-DOC (X11,

m.p. 15&—1580) from acetone-hexane. This material has the follow-

/
ing physical properties:

3

Mass spectrum: ' f

-

) s
The fragmentation pattern resembled that of 18-OH<4DOC. .

U.V. spectrum:

Amax = 240°nm (€ = 18,860)

Moleculdr weight: v

"Found (Rast method): 520-645

{

Calcd.: 656 . R '

[o 12)5 = +330° (c=0.21, chely)

TLC (81i0p-Eastman):

Two spots with R¢ 0,31 and 0,47 in benzene-ethyl acetate (2:

1




PART VI: SOME BIOLOCICAL ACTIVITIES OF SYNTHETIC 18-OQH-DOC

1, A comparison of the effects of 18-OH-DOC, corticosterone, and

[
deoxycorticosterone on sodium, potassium and water excretion

in the adrenalectomized rat:
The "effect of synthetic 18-OH-DOC, after subcutaneous
administration, on sodium, potassium and water excretion, was
compared with that of deoxycorticosterone. It was found that -

18-0H-DOC caused a dose-dependent, retention of sodium, which was sig-

effect on potassium excretion occurred only at the hipghest dose. A

cdmparison of the effects of 18-OH-DOC and deoxycorticosterone on

¥

sodium and potassium excretion in the adrenalectomized rat {s riven
.

w €

o l
nificant at all doses tested, namely 5, 20 and-80 ug. By contrast, an ‘
|

in Table 1,

5

An antidiuretic action of synthetic IR-OH;DOC occurred only
at the higher two dose levels namely 20 and 8 g, At these levels,
the ratio of urfhe retained to ;odium retained was higher than that
found at all concentrations of deoxycorticosterone (Table 2),
Corticosterone was tested over the same dose range and :
caused no sodium or water retention, but {t.increased potassium ex-
cretion at 20 and 20 pyg. At the lowest dose. 5up, it significantly

increased sodium anéfﬁrine excreti&% (Table 3),

These results suggest that the. sodium-retaining and anti-

v ~
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A Comparison of the Effects of 18-0H-DOC and Deoxycorticoster-

bl -
Table 1 one on Sodium and Potassium Excretipon in the Adrenalectomized Rat
No. Na Excretion K Excretion -
Treatment | Anyne1s | Dose meq meq./liter meq. meq./liter Na/K
Control 8 - 0.80 % 0,06 87.5 + 4,10 0.14 * 0,004 15,7 * 0,99 5.71 + 0,40
18-0H-DOC 8 Sug 0.65 + 0.03 66.0 + 4,36 0.15 * 0,01 14,5 + 0.61 4,60 + 0,37
p<0.05 p<0.01 n. s. n. s, p<0.1>0.05
7 20ug 0.59 + 0.05 74.8 £ 3,72 | 0.13 * 0.009 17.3 + 1,21 4,47 + 0,39
p<0.02 p<0.05 n.s. n. 8. p<0.05
R 8 80ug 0.55 + 0,07 68,2 * 4,85 0.17 * 0.008 22.4 + 213 3.34 +-0,53
p<0.02 p<0.01 p<0.01 p<0. 02 p<0.01
DOC 8 © Sug 0.34 + 0.04 k6.5 + 4,97 0.16 + 0,008 18.9 + 0.68 | 2.12 + 0.21
" p<0.01 p<0.01 p<0.1>0.05 $<0.02 p<0.01
8 20ug 0.44 + 0,04 52.5 + 5,22 0.18 + 0.0 21.0 £ 1.29 2.63 +°0.40
- ) p<0.01 p<0.01 p<0.02 p%0.01 p<0.01
8 80ug 0.12 + 0.02 19.6 + 3,71 0.22 + 0.02 33.5 + 2,66 0.61 + 0,11
p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
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Table 2 - A Comparison of the Effects of 18-0H-DOC and Deoxycorticosté}one
on Retention of Water and Sodium in the Adrenalectomized Rat

\Treatment Dose A;ﬁﬁe NaA;:z:rg\iion wl Urine Retention
Retent{on(ml) meq. meq. Na Retention
18-0H-DOC }{g none ' 0.15 -
) 20ug 1.44 0.21 6.9
80ug 1.43 0.25 5.7
DOC Sug Ot 85 0.46 1.8
20ug 0.79 0.36 2.2 °
80ug 2.54 0.68 3.7
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Table 3 - A Comparison of the .Effects of Corticosterone and Deoxycorticoster-

one on Sodium and Potassium Excretion in the Adrenalectomized Rat

5

No. Na Excretion K Excretion

Treatment Animals | Dose meq. meq./1liter - meq. meq./1iter Na/K
Control 8 - 0.35 +* 0.03 39.2 + 1.9 0.090 + 0,008 10,20 * 0.86 4,06 + 0,42
Corticosterone 7 Sug 0.48 + 0,03 47.5 * 3.8 0.090 + 0.009 8,77 + 0.89 5.59 + 0.67

- . p<0.02 n.s. n.s. n.s. n.s,
8 20ug | 0.36 * 0,02 36.4 + 2.4 0.122 + 0,011 12,51 + 1,57 3.06 £ 0,22

4 n,s. n.s, 0.02<p<0. 05 n.s. n.s,
8 80ug | 0.40 * 0.04 42.6 * 3,3 0.156 + 0.009 | 15.94 + 1.07 | 2.76 + 0,27

n.s. n.s. p<0.01 ! p<0.01 p<0. 01
DOC 8 Sug 0.300 * 0.050 34,53 + 5,43 0.125 *+ 0.011 14,57 + 1,24 2,35 £ 0,35

n,s. n.s, p<0.02 p<0.02 p<0.01
8 20ug: | 0.103 + 0,016 12,97 + 1,94 ! 0.142 * 0,008 19.04 + 2,78 | 0.74 + 0.12°

p<0.01 p<0.01 p<0.01 p<0.01 p<0.01
8 80ug { 0.131 + 0,025 17.07 + 2,63 0.150 +#,014 | 20.08 + 0.82 | 0.87 + 0.15

* p<0.01 p<0.01 p<0.01 , p<0.01 p<0.01
Control : 10 - 0,42 + 0.04 44,61 + 2,92 0.10 ; 0.004 11.69 + 1.28 4.07 + 0,30

‘\ .
1y

Corticosterone 10 80ug 0.44 * 0.04 39.53 + 2,78 0.15 0.009 13.66 + 1.22 3.13 + 0.38

8 n.s. p<0.\01 ‘n.s. n.s..
20.39 + 1.96 0.19 2 0,013 21.08 + 1,15 0.99 + 0.12.

p<0.01 p<0.01 p<0.01

p<0.01

4,
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- A

diuretic activity of 18-OH-DOC {s lower than that of 18-OH-DOC-21-
acetate reported by Birmingham, MacDonald, and Rochefort (69). This
difference could denote an increased lability of the parent alcohol,

18-OH-DOC, compared to the monoacetate,

CHgCﬂ4 CD\\\K;f+t<D- -{“1‘
OH OH

18-0H-DOC 18-OH-DOC-21~acetate

The author wishes to thank Dr. M. Givener of Ayerst,
McKenna and Harrison Co, Ltd,, Montreal, and Dr. M.K. Birmingham
of the Allan Memorial Institute of Psychiatry, McGill University
for assaying this compound.

n

2. In vivo effect of 18-0H-DOC on rat adren&l function:

Y

MY
In the rat, ACTH has been showh to greach stimulate t;k\

!

the secretion of both corticosterone and 18-0H-DOC. Corticosterone -
is known to suppress ACTH setretion but a similar role for 18-OH-DOC has
not been established. The ef!ect of 18-OH~DOC on adrenal function

-

in the stressed rat was therefore studied, and compared with that of




@ |

‘ corticostérone and deoxycor ticosterone, Male rats, weighing 150 gm, 4
| £

<

were injected with steroid (1 mg/l00 gm) for-3 days and decapitated -
“ 4 h after the last %ﬁjection. Plasma corticosterone was measured by

acid fluorescence and adrenocortical activity by the in vitro pro- -

-

duction of ultraviolet absorbing, fluorescent ‘and Porter~Silber

ﬁ) ’ positive material, Corticosterone reduced circulating coréiggéterone

levels by 25 to 707, and reduced corticosterone levels by 40 to 85%.

-

.

An increase in plasma corttcosterone from 12 to 1407 was observed t
following treatment with 18-OH-DOC. The in vitro secretionrof
ultraviolet-absorbing, Porter-Silber positive and fluorescent steroids

was decreased to 507 of control values by both deoxycorticosterone an

corticosterone, whereas an increase in all fractions was observed o

i

with 18-0H-DOC. The in vitro response of adrenal tissue to administered
ACTH was not impaired following treatment with any of the steroids.
These findings indicate that 18-OH-DOC {s completely inactive in

suppressing ACTH secretion, and may, on the contrary, exert a positive

feedback effect,

The author wishes to thank Drs. I. Kraulis, M.K. Birmingham,

\ K\__and»Mrs. H, Traikov of the Allan Memorial Institute of Psychiatry,.

McGill University for carrying out this work, which has appeared in
\

abstract form (134).

=iy 3
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3. Antiphlogistic effect of 18-OH-DOC:

18-0H-DOC wasd found to have the ability to prevent
carrageenan-induced edems in the rat paw, Male Sprague Dawley rats,
weighing 115-160 gm were fasted for 16 hours, the volume of the hind
paw was measuredby mercury displacement and the animals were sub-

cutaneously injected with adrenal steroids. One hour later carrageenan

.
)

was administered by subplantar injection and the volume of the hind
paw was determined at hourly intervals foé 5 hours, 18-0H-DOC at ;
dgse of 15 mg/kg siggificantly inhibited paw edema one hour gfter
administration.of carrageenan, Corticosterone, 30 mg/kg, was active
only ;t the second hour and thz effect persisted until the £ifthhour.
Deoxycorticosterone, 45 mg/kg, was inactive at ail periods tested,
These findings suggested that 18-0H-DOC also ;ossesses properties
associated with glucocorticoids,

These experiments were conducted in collaboration wi?h
Dr. G.J. Possanza, J.T. Sliver, and Y. Langlois of Pharma-Research

Canada Ltd., Montreal and Dr. M.K. Birmingham of the Allan Memorial

Institute of Psychiatry, McGill University (135).
(. ’
4, In vitro effect of 18-0H-DOC on aerobic glycolysis by intact )

o

mouse adrenal glands:

Both aerobic glycolysis (measured by lactic acid production)-

t

* v l"
a.

.
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and steroid production by intact mouse adrenal glands in vitro

are stimulated by ACTH and cyclic 3',5'-AM¥. as shown by the studies

of Bartové, and Birmingham (136). These authors suggested that thel

two phenomena might be causally related: one such relation might be
i

a steroid-mediated stimulation of the lactic acid output.

Lactic acid production by intact.mouse adrenals in vitro

? A

in the presence of ACTH was ggeatly increased by corticosterone, f18~
hydroxyprogesterone, ngxycorticosterone and progesterone but not by
1g-OH progesterone or 1R-OH-DOC (137). Steroids not converted

to corticosterone by the glandlwere inactive. The lactic acid pro-
duction was significantly correlated with ‘the corticosterone content
of the gland in the adr;nals incubated with steroids. Bartova.
Tibagong, and Birmingham (137) suggested that ACTH-induced glycolysis
of intact mouse adrenal glands in vitro is mediated to a significant
extent, but not exclusivelly. by the glycolyfic action of 1increased
levels of tissue corticosterone,

4

I with to thank Drs. A. Bartova, M.K. Birmingham and

Miss M, Tibagohg of the Allan Memorial Institute of Psychiatry, MeCill

University for testing the action of 18-OH-DOC on adrenal glycolysis,

5. Hypertensive action of 18-0H-DOC:

~

18-0H-DOC was injected subcutaneously in a daily dose of

200 pg into a group of 10 unilaterally nephrectomized rats maintatnedﬁ
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on saline. Other>gréups received 200 pg deoxycorticosterone
acetate (DOCA), 200 pg corticosterone (B) and vehicle only 7
(cotton seed oi{l). Blood pressure was measured by the tail-cuff

ethod under 1light ether anesthesia at Pharma-Research Canada Ltd,

/
18-0H-DOC was effective in raising blood pressure aftqf'Z weeks

/
/

and waa\fquipotent with DOCA. - Corticosterone was without effect:

\\‘ Day 3. Dgy 10 Day 16 Day 17
Vehicle 141 + 3 142 + 4 137 + 5 143 + 4 @
18-4-1)0(: 143 + 4 151 + 3 155 + 3%% 160 + 2%%
DOCA ; | 134 s 3 153 + 4 150 + 4% 162 + 3F

B 145 + 140 + 5 140 + 4 148 + 4
The response was of,the same order as that reported by G;oss et al. (138)
for 250 ug of aldosterone. These findings strengthen the hypothesis
that iR-OH-DOC contributes to the etiology'o£/2§peLLension (139).

The wuthor 18 indebted to Drs., M.K. Birmingham and A,
Bartova of the Allan Memogia] Institute of Psychiatry, McCill Univ-
ersiéy, agd Drs, J.T. Oliver and P,B. Stewart of Pharma-Research

Canada 1L.td.,, Montreal, for’cogﬂact ng the bioassays and for the

interpretation of the results.
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PART VII: EFFECTS OF REDUCED SU-48R85 (Metopirol or 2-methyl-1,2<bis

(3'-pyridyl)-1-propanol) ON THE FORMATION OF 18-OH-DOC BY QUARTERED

RAT ADRENAL GLANDS

A metabolite of SU-4885 was isolated from the incubation

medium of rat adrenal, liver and kidney tissues and identified by

)
the author and collaborators (140) as reduced SU-4885, identical

with the Ciba product SU-5236, ’ &
Cl)H CIZH,
4 ’C“—C“"
N, L |

v

Reduced SU-4885

The exper iments indicated thaétthe carbonyl function of
SU-4885 1s reduced to the corresponding hydroxyl group by adrenal
and, more actively, by liver and kidney tissue in vitro, ACTH in -
g,
vitro caused a signifjicant inhibition in the reduction of SU-4&85 by

both adrenal and liver tissue. The mechanisms involved in the bio-

.

4

logical reduction.of BU-4885 and the {nhibit{on by ACTH of this pro-
cess remain to be, elucidated, \ ‘ o , v

Reduced SU-4885 (prepared in this’>laboratory by reductien

of SU-4885 with sodium borohydride in methanol).was"subséquently
0 /) . ¢

s SO

g e
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® |
shown by Traikov; de Nicola, and Birmingham in 1969 (141) to be

¢

an even more selective inhibitor of aldosterone biosynthesis than

o

SU-4885 in vitro. When added at a concentration of 2.2 x 10-4M to
3 ‘ o )

medium containing approximately 100 mg of quartered rat ddrenal

. % .
glands, it greatly inhibited the conversion of exogenous DOC-4-L4¢

- "o

to aldosterone and 18-0OH cort&costerone, did not affect the conver-
} 1

‘ sion to corticostétone and it caused a three-fold increase in the \

\. .
conversion to 18-0H-DOC,.
- - /q

The author wishes to thank Drs. M.K. Birmingham, I. Kraulis,

[

C.P. Lantos, A.F. de Nicola, and Mrs. H. Traikov of the AlTan'MemoriaT/

Institute of Psychiatry, McGill Upiversity, for testing ?he effects

° ~ "
of reduced SU-48R5 on the formation of 18-OH-DOC by rat adrenals.
-
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COMMENT
A five-gtep synthesis of 18-0H-DOC via 18+0H progesterone

was accomplished, starting from readily available deoxycorticosterone

acetate in 15% overall 'yield. The synthetic pathway is short, The pre=-

paration 'of 18-0OH prdgesterone from deoxycorticosterone acetate by

the photochemical reaction developed by feger and imprbved by us is

simple and convenient, The dehydration reaction of 18~0H progester-
one and the subsequent hydroxylation of the dehydration product to 18-
”

OH-DOC were performed under mild conditions with quantitative yield.

°

A definite advantage of this method is that 18-OH-DOC is obtainedcin
pure colorless crystalline form upon isolation, obviating the need for
extensive purification.

The mass spectra of several ;tsroids with 18,20-cyclohemi-

ketal and 18,20-cyclobutanol structures were analyzed and discussed,

u

Some characteristic features of the fragmentation patterns are recog-
nigsed and this may prove useful in the identification of naturally

occurring 18-hydroxy-18,20-epoxy steroid derivatives,
i
With respect #o the biological actions of 18-0OH-DOC, it is
}
of interest that this compound has‘lﬂ:only mineralocorticoid action

Y

but is also active in tests that are usually associated with gluco-

\
corticoid activity, Thus ¢arrageenan-induced edema was reduced, indi-

F
<

cating an antiinflammatory action, Fufthermore, a significant thymus
4

involution w&s obtained upon the injection of 18-0OH-DOC over a two



-
P ¢

Correction - td of page 195 (extra sheet inéerted%

" ‘ :"8

,.' Pl
.

»

week period. Even the short exposure of three days to

X
-

18-0H~-DOC, in the experiments designed to establichra feed-

. back effgct, resulted in some thymﬁs involution, although

this was not as marked as that found with corticosterone. . ’ .
&

7
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1

week period although this was not as marked as that found with corti¥
costerone, Even the short exposure of three days to 18-OH-DOC, in

the experiments designed to establish a feedback effect, resulted in

some thymus involution.
18-0OH-DOC was a potent hypertensive agent suggesting that

sodium retention and especially the sodium to potassium ratio is not
«
as reliable a guide with which to gauge hypertensive potency as one

1

might expect. Thus, the hypertensive potencies of 18-0H-DOC, deoxy- ,
corticosterone,” and aldosterone appeared to be of the same order, at
a low dose, whereas vast differences were displayed in the ability of

these steroids to alter the urinary sodium to potassium ratio.. Perhaps i
i
"

the fact thkt 18-0H-DOC appeared to exert an antidiuretic action out

1] -

of proportion to its sodium retaining action and had an anomalous effect

-

on potassium excretion is pertinent to the etiology of hypertension,

-

' Y
e The assays which established that 18.0H-DOC is a hypertensive

-t

steroid, and has antiinflammatory activity were gonducted on rats bear-
ing q?renal glands, It will be of interest to establish whether this
compound exerts hypertensive and antiinflammatory poteﬁcy also in the '
absence of the adrenal glands. . The experiments which indicated that .
ACTH seprgt@gn.is not inhibited by 18-OH-DOC but may be enhanced suggést
the possibility that some of the hiological actions of 18-OH-DOC require

'an intact pituitary-adrenal axis.

- N
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A

SUMMARY

o

(1) The\*iterature reTevant‘to the biological activity and the
organic synthesis of 18-0H-DOC has been reviewed.
A '

(2) 18-0H Progesterone was prepared according to the method of

Jeger. Modification of Jeger's procedure resulted in an improved yield

of 18-OH progesterone in 15 to 237 yield. 1In addition to 18-OH proges-

1
P

terone four other 18,20-cyclohemiketal, two 18,20-cyclobutanol derivatives,

’

and one as photodegradation product %ere isolated and characterized.
(3) A simple method for the organic synthesis of 18-0H-DOC was
established. Deoxycorticosterone acetate was converted into 18-OH prog-

esterone by photochemical reaction, 18-0H Progesterone was dehydrated

4,20

to the corresponding enol ether, 18,20-epoxy- A -pregnadien-3-one

in nearly quantitative yield with phosphorous oxychloride in triethyl-

amine. Hydroxxlaﬁion of the enol ether with osmium tetroxide in the

~

presence of pyridine gave, after hydrolysis of the osmate ester with sodium

sulfite in aqueous potassium carbonate, the desired 18-OH-DOC as the 18,

20-cyclohemiketal form of excellent purity fn almost quantitative yield,

The overall yield based on deoxycorticosterone acetate was about 15%.
(4) The mass spectra of several 18,20-cyclohemiketal and 18,20-

cyclobutanol steroid derivatives were determined and discussed.

Cg) 18-0OH-DOC prepared by organic synthesis was tested for biologiéal

action in various in vitro and in vivo systems with the following results:
. My .

(a) In the adrenalectomized rat it caused sodium retention




ik‘ ‘ . 197

in a dose range from 5 to 80 ug/rat, which was well within the physio-

Iogicaljrange for this animal, . It affected potassium excretion only
&

N

at the highest dose, 80 ug/rat. The ratio of the retention of water

a
to the retention of sodium was greater than that obtained with deoxy-
cortic?sterone. The free compound was not as active as the 21-monoacetate
previously assayed, indicating that the free compound may be more liable
to6 destruction when administered parenterally than the acetate,

(b) 18-0H-DOC did not cause an increase in aerobic glycolysis
but if anything {t had a slight inhibitor'y effect, as was ;180 the case
with atdgsterone; it thus differed from the action of corticosterone,
deoxycor{icosterone and’116—hydroxyprogesterong in the mouse adrenal
in vitFo. -

(;) 18-0OH~DOC had an antiphlogistic acgion that was anomalous
however,~in that the peak antiinflammatory effect occurred one hour after
injection rather than three hours which ié'typical for glucocorticoids,

(d) 18-OH-DNC was not able to exert a negative feedback
upon the pituitary-adrenal axis of the rat. Rather piasma levels were.

o
usually further elevated by the administrafion of 18-OH-DOC to stressed
animals.

(6) 18-0OH-DOC was a-potent hypertensive agent equipotent with
deoxycortiéosteroné and, 1if comgﬁrison with other euthorg' wor k ;siqg ’
the éa@e assay system is justified, equipotent with aldosterone per

N ‘v
unit masSa\
"

-,



Corrections: . - .
- the 5th line of pg. 198, should read - per rat for K 21 days,
not per rat for 22 days.

v
[

= the 6th line of pg. 198, should read - 140 ug on the 21st day,
not 140 ug on the 22nd day.
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Effects of deoxycorticosterone acetate (DOCA), 18-hydroxy-

» deoxycorticosterone (18-OH-DOC), and corticosterone (B) on the blood

pressure of unilaterally nephrectomized rats, salt-t;eatéd rats.

DOCA and B were administeréd daily subcutaneously at a dose of 200 ug
per rat for 22 days. The 18-OH-DOC treated animals received daily in-
jections of 200 ug-for 21 days and 140 ug ;n the 22nd day. Control
ra%i received 1nJectioHs of vehicle (cotton seed o0il) only. Each

group consisted of 10 rats. Blood pressure was determined by the

tail cuff method under light ether anesthesia. Vertical bars indicate

*
.

standard errors,

N {,
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(7 2-Methyl-1,2-bis(3'-pyridyl)-1l-propanol was prepared from
- metopirone by organic synthesis and tested for its effect on corticos-

teroidogenesis, Added to quartered rat adrenals at a concentration of

” .

4 M it inhibited the synthesis of aldosterone as effectively

2.7 x 10°

as metopirone, and caused a three fold increase in the conversion of

C - /
deoxycorticosterone to 18-OH-DOC, .

N
.

Y

™~
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o

f

e ) CONTRIBUTIONS TO KNOWLEDGE
A gimple synthesig of 18-OH-DOC starting from deoxy-
«corticosterone acetate via 18-OH progesterone was accomplished,

with an overall yield of about 15%. The synthesis of 18-OH prog-

esterone was performed by modification of a procedure described by

o
Jeger with improved yield. The conversion of 18-OH progesterone to
’ 18-0H-DOC was achieved by a novel} fwo-step, synthesis, in quantita;
/
' tive yield, )
- Several steroids‘with 18,20~cyclohemiketal and 18,20-cyclo-
butanol structures were isolated and identlfied, and thevfragmentation
. patterns of their mass spectra were analyzed,
. -

18-0H-DOG prepared by organic synthesis was tested for bio-’

+

logical action in ¢arious in vitro and in vivo systems with the follow-
ing results: 18-6H—DOC was found to be a hypertensive agent, equipotent
with deoxycorticosterone in the unilh;era}ly nephrectomized rat maikh-

tained on saline, In the adrehalectomized rat, 18-OH-DOC caused g dium
» x - . \ !
retention, affected potassium excretion only at a high dose, and caused

§ the retention of water out of proportion to the retention of sodium when
compared with the action of deoxycorticosterone. 18-0H-DOC did not exert

a negative feedback effect upon the pituitary-adrenal akis of the rat,

but instead usually enhanced pituitary-adrenal function. In contrast

fat

b to corticosterone and precursors of corticosterone, 18-0H-DOC did _pot

' increase aerobic glycolysis in mougse adrenal glands but was slightly

’



¢

5 . "
fnhibitory in thig respect. It reduced carrageenan-indiced edema of

the rat paw.
),

o

A derivative of metopirone was synthesized and‘characterized
as 2-methyl-1,2-bis(3'-pyridyd)~1-propanol, and tested-for its effect
on adrenal steroidogenesis., It caused a three fold enhancement of the

biotfansformation of deoxycorticosterone to 18-OH-DOC by rat adrenal

glands in vitro.




10,

11,

12.

13.

14.

15.

202

BIBLIOGRAPHY

L.J. Soffer, R,I., Dorfman, and J.L. Gabrilove, "The Human
Adrenal Cland'", Lea and Febiger, Philadelphia (1961),
Chapter 2, p. 13. .

R.0. Greep, and H.W, Deane, Ann. N.Y. Acad. Sei. 50, 596, 1949,

H.W. Deane, and A.M. Seligman, Vitamins and Hormones 11, 173, «
1953.

C.J.P. Giroud, J. Stachenko, and E.H. Venning, Proc, Soc.
Exptl. Biol. Med. 92, 154, 1956.

J. Stachenko, and C.J.P, Girpud, Endocr inology 64, 730, 1959.

J.M. Rogoff, and &(N. Stewart, Science 66, 327, 1927,

3,

A.F. Hartman, and KEA. Brownell, Science 72, 76, 1930.

“
Ea A

H,L. Mason, C.S. Myers, and E.C. Kendall, J. Biol. Chem. 116,

267, 1936,
0. Wintersteiner, and J.J, Pfiffner, J. Biol. Chem. 116, 291,

1936,
4

T. Reichstein, Helv. Chim, Acta 19, 1107, 1936,
\‘.«

M. Steiger, and T. Reichstein, ﬁglv. Chim, Acta 20, 1164, 1937, °
T. Reichstein, and J, von Euw, Helv, Chim. Acta 21, 1197, 1938.;
J.F. Tait, S.A. Simpson, and H.M. Grundy; Lancet 1, 122, 1952,
H.M. Grundy, and S.A. Simpson, Nature 169, 795, 1952,

S.A, Simpson, J.F. Tait, A, Wettstein, R. Neher, J. von Euw,

0. Schindler, and T. Reichstein, Experientia 10, 132, 1954,

-



16.

17.

18,

19.

20,

21,

22.

23.,

24,
.25,

26,

27.
28.

29,

203

E. Hefmann, and E. Mosettig, ''Biochemistry of Steroids",

Reinhold Publishing Corp., New York (1960), Chapter 8,

p. 111,

M.K. Birmtngham, and P.J. Ward, J. Biol., Chem. 236, 1661, 1961,

F.G. Péron,'ﬁindocrtnology 69, 39, }961.

J.C. Melby, T.E. Wilson, and S.Li Dale, J. Clin. Invest. 49,
64-a, 1970.

J.C. Melby, S.L. Dale, and T.E. Wils;n, Circ. Res. 28 and 29,
Suppl. 11, 143, 1971, .

R.D.H. Hggrd, "The Hormones'" (G, Pincus and K.V, Thlmann, eds.),
Vol. I, Academic Press Inc, Publishers, N;w York (1948),
Chapter. 13. ‘

H.C. Harriggn, and C,N.H. Long, Endocrinology 26, 309, 1940.

H. Selye, '"Textbook of Endocrinology", Acta Inc:, Montreal }1947).

R.C. Haynes, and L.B, Berthet, J. Biol. Chem. 225, 115, 1957,

R. Hilf, New Eng. J. Med. _2_7_3; '798,.%;65.

D.G. Crahame-Smith, R.W. Butcher, R.L. Ney, and E.W. Sutherlund,
J. Biol, Chem, 242, 5535, 1967..]

M.¥. Grower, and E.D. Bransome, Sclence 168, 483, 1570.

R.I. Dorfman, and D.C. Sharma, Stersids 6, 229, 1965,

L4 [

R.I. Dorfman, and F. Ungar, ‘''Metabolism of Steroid Hormones",

T

+ Academic Press, New York (1965), Chapter 3.

7



30, S. Solomon, P, Levitan, and S. Lieberman, Rev. Canad. Biol. 15,

282, 1956.
31, S. Sglomon, P. Levitan, and S. Lieberman, Proc. Can. Physiol.
Soc., Montreal (1956), p. 54,

Y

\ <
32. K. Shimizu, M. Hayano, M. Cut, and R.1. Dorfman, J., Biol. Chem,

P

¢
,

236, 695, 1961,
33. C. Constantopoulos, and T.T. Tchen, Biochem, Biophys. Res.
Comm. 4, 460, 1961.
34, T.T. Tchen, "Functions of the Adrenal Cértex" (K.W. McKerns,
‘ ed.), Apbleton-Century-Crofts, New ;ork (1968), Vol. I,
p. 3.

35. G. Constantopoulos, R.S, Satoh, and T.T, Tchen, Biochem,

: Biophys. Res. Comm. 8, 50, 1962, v
36, C.C. Porter, R,H. Silber, J. Biol. Chem. 185, 201, 1950, ' o
37. J.M. Cort&s, F.G. Péron, and R.I. Dorfman, Endocrinology 73,
. .———\\ I, ¢

713, 1963,
38, G.J. Race, and H.M. Wu, Cen. Comp. Endocrinol. 4, i99, 1964.
39. R. Arai, and B, Tamaoki, J. Endocrinol, 39, 453, 1967,
40, F. W, Kahnt, R. Neher, and A. Wettstein, Halv, Chim, A;ta
38, 1237, 1955.

41, 1. Kraulis, and M.K. Birmingham, Acta Endocrinol. (Kobenhgvn)

s
8

47, 76, 1964, - y !

3 <



©

42.

43,

44,

»7

45,

46.

47,

48,

49,

50.

51.

52.

53,

54,

205

L3

m

A.G. Fazekas, and K, Kokai, Europ, J. Steroids 2, 105, 1967.
P.B. Raman, R.J. Ertel, and F, Ungar, Endocrinolbgy 74, 865,

1964. 1 )

k)

A,F. de Nicola, and M.K. Birmingham, Canad. J. Biochem, 48,
85, 1970. Y

P.J. Ward, and M.K. Birmingham,. Acta Endocrinol, (Kobenhavn) 39,

“a

110, 1962. ~

P, Vecsei, D. Lommer, and H.P. Wolff, Experientia 24, 1199, 1968,

\
! |

F.C. P€ron, Endocrinology 70, 386, 1962, {

H. Nakano, ¢, Takemoto, H. Sat;, and B. Tamaoki, "Biogenesis and
Action of Steroid Hormones' (R.I, Dorfman, K, Yamasaki, and
M. Dorfm;n, eds.), Geron-X, Inc., Los Altos, California (1968),
P 252:

H. Levy, D.I. Targill, C.H. Cha, B, Hood, and J. Carlo, Steroids .

e

5, 131, 1965,

0.V. Dominguez, Steroids, Suppl. II, 29, 1965,

\

C.P. Lantos, M.K. Birmingham, and H..Traikov, Acta Physiologica :

Latino Americana 17, 42, 1967,
A. Carballeira, and E.H. Venning, Steroids 4, 329, 1964,

P.B. Raman, D.C. Sharma, R.I. Dorfman, and J.L. Gabrilove,

Biochemistry 4, 1376, 1965,

P

A.F. de Nicola, and M.K. Birmingham, 3. Clin, Endocrinol, Metab,

28, 1380, 1968.




55.

56,

57.

58,

Sq.

60.

62,

63.

64.

65.

6@.0

67,

. 206

e

A.F. de Nicola, H. Traikov, M.K, Birmingham, J.D. Palmer,

and D.W. Ruddick, J. Clin. Endocrinol. Metab. 30,

\
S

402, 1970.
0.J. Lucis, and R, Lucis, J. Steroid Biochem. 2, 19, 1971,
M.K. Birmingham, and ;. Kurlents, Endocrinolggy 62, 47, 1958,
M.K. Birmingham, and E, Kurlents, Canad. J. Biochem, Physiol.

7, 510, 1959. :

P.J. Ward, and M.K. Birmingham, Biochem. J, 76, 269, 1960,
F.G. Péron, J. Biol. Chem. 236, 1764, 1961,
0.J. Lucis, I. Dyrenfurth, and E.H., Venning, Canad, J, Blochem,

Physiol. 39, 901, 1961.

*r

H. Sheppard, R. Swenson, and T.F. Mowles, "Endocrinology 73, 825,
1963.

J. Stachenko, C. Laplante, and C.J.P, Ciroud, Canad, J.

k4

e !
Biochem, Physiol. 42, 1275, 1964, ot

»

R.C. Haynes, S.B, Koritz, and F.G. Péron, J, Biol. Chem. 234,

o

1421, 1959,
»

M.K. Birmingham, E, Kurlents, R, Lane, B, Muhlstock, and H. Traikov,
Canad. J. Biochem. Physiol. 38, 1077, "1960.

M.K. Birmingham, F.H. Elliott, and P.H.L. Valere, Endocrinology
/
A4, B

53, 687, 1953.

E. Schonbaum, M.K. Birmingham, and M. Saffran, Canad. J. Biochem.
X »

»

34, 527, 1956. - ‘ ‘f§




" 68,

69.

70,

71.

72.

73.

74,

75,

76,

77.

78.

79.

81,

207

F.G. Péron, and S.B. Koritz, J. Biol, Chem. 235, 1625, 1960,

M.K. Birmingham, M.L. MacDonald, and J.G. Rochefort,

"Function of the Adrenal Cortex" (K.W. McKerns, ed.),

Vol. 2, Appleton-Century-Crofts, New York (1968), p. 647.
J.J. gh;rt, H. Sheppard, M,J. Allen, W.L. Bencze, and R,
Gaunt,

Experientia 14, 151, 1958,

F.W. Kahnt, and R. Neher, Experientia 18, 499, 1962,

I, Kraulis, and M.K, Birmingham, Canad. J. Biochem., 43, 1471, 1965,

R.J. Ertel, and F. Ungar, Endocrinology 75, 949, 1964,

D.C., Williamson, and V.J. 0'Donnell, Canad. J. Blochem, 45,

153, 1967,

L.D. Wilson, S.B., Oldham, and B/AW. Harddyg, J. Clin. Endocrinol,

28, 1143, 1968,
J. Miller '"Regulation of Aldosterone Biosynthesis", Springer-

Ver lag, New York (1971), pp. 3 and 26.

J. Genest, Canad. Med. Assoc. J. §3, 403, 1961.

J.H. Laragh, P.J. Cannon, and R,P. Ames, Canad. Med. Assoc. J.
90, 248, 1964,

c.C.J. Carpenter, J.O. pav;s, and C,R, Ayers, J. Clin, Invest,
40, 2026, 1961,

F.R,

Skelton, Proe. Soc. Exptl, Biol, Med. 90, 342, 1955,

F.R, Skelton, Physiol., Rev. 39, 162, 1959,

[




208

82, M.K. Birmingham, G. Rochefort, and H. Traikov, Endocrinology
76, 819, 1965,

©

83, A.C. Brownle, and F.R., Skelton, Steroids 6, 47, 1965,

84, P. Vecsei, D. Lo;;er, H.G. Steinacker,YA. Vecsei-Gorgenyi,
and H.P. Wolff, Acta Endocrinol. (Kobenhavn) 53, 24, 1966,

85, A.F. de Nicgla, J.T. Oliver, and M.K. Birmingham, Endocrinology
83, 141, 1968,

86. A.F, de Nicola, J.T.JOliver, and M.K; Birmingham, Endocrinology
85, 1205, 1969. .

87. C.M. %agawa, and R. Pappo, Proc., Soc. Exptl. Biol. Med. 109,
982, 1962,

88, A.F, de Nicola, J.T, Oliver, and M.K. Birmingham, Experientia

25, 880, 1969,

89, J.P. Rapp, Endocrinolog& ﬁé; 668, 1970,

90. J.P. Rapp, and L.K. Dahl, E;docrinology'gﬁ, 52, 1971,

91. G.L. gicolis, and S. Ulick, Endocrinology 76, 514, 1965.

92, E.A. Porter, and J. Kimsey, Endocrinology 89, 353, 1971,

93. F. Buzzetti, W. Wicki, J. Kalvoda, and 0. Jeger, Helv. Chim,
Acta 42, 388, L959;

94, J. Hora, and V, Eernfﬂ Coll. Czech. Chem, Comm. 26, 2517, 1961.

95, > M, Leboeuf, A. Cavé, C. Conreur, K. Lusingchi, and R, Goutarel,

Ann, Pharm, Fr. 27, 289, 1969,

IR

oy,




96.

97{

98,

99,

100.

101,

102.
103.
104,

105,

106.

107.

108,

109.

110.

209

L. Lébler, and F. gorh, Coll. Czech, Chem. Comm, 25, 265, 1960,

R. Pappo, J. Am, Chem., Soc, 81, 1010, 1959..

R. Pappo, U.S. Patents 2, 891, 948, 1959, and 2, 911, 404, 1959.

D.H.R, Barton, J.M. Beaton, L.E. Geller, and M,M. Pechet, J. Am,
Chem. Soc. 82, 2640, 1960,

Ch. Meystre, K. Heusler, J. Kalvoda, P. Wieland, G. Anner, and A.
Wettstein, Helv, Chim. Acta, 45, 1317, 1962?

D.H.R. Barton, and J.M. Beaton, J. Am. Chem. Soc. 82, 2641, 1960,

A. Wehrli, M. Cereghetti, K. Schafgper, and O, Jeger, Helv, Chim,

. | -
Acta, 43, 367, 196Q.A h

I
N

0. Jeger, and K. Schaffnef, U.S. Patent 3, 131, 180, 1964,
J.K. Norymberski, and G.F, Woods, J, Chem, Soc, 3426, 1955,

. ¥
D. Taub, D, Hoffsommer, and N.L. Wender, J. Am., Chem, Soc. 81,

3291, 1959, ¢

W.S. Allen, and'S. Bernstein, J. Am. Chem. Soc. 77, 1028, 1955,

R. Antonucci, S, Bernstein, R, Lenhard, K.J. Sax, and ;.HJ Williams,
J. Org.IChem. 17, 1369, 1952, -

P. Buchschacher, M, Cereghetti, H. Wehrli, K. Schaffner, and O.

7

_ Jeger, Helv. Chim. Acta, 42, 2122, 1959. -
N.C. Yang, and D.H. Yang, Tetrahedron Lett. 10, 1960.

L.J. Bellamy, "Advances in Infrared Group Frequencies'", Methuen

Co., New Fetter Lane, E.C., 4 (1968), p. 24,



111.

112,

113.

114,

115.

116.

. 117,

1118,
¢

119,

120.

121,

122,

210

|

f’.

.. Labler, and F, §orm, Coll, Czech, Chem. Comm. 24, 2975, 1959.
M,P, Li, C,P, Lantos, H. Traikov, M.K. Birmingham, and T.H. Chan,

’

J. Steroid Biochem. 1, 259, 1970,

E.E. van Tamelen, M, Shamma, A.W. Burgstaglér, J.-WOlinsky, R. Tamm,
and P,E, Aldrich, J. Am, Chqﬁ; Soc. 91, 7315, 1969,

oy

L.F. Fieser, and M. Fieser, "Steroids", Reinﬁold Publighing Corp.,
New York, (1959), p. 14.

P. Sykes, "A Guidebook to Mechanism in Orgadic Chemigtry’, Longmans,
Green and Co.,“London W1, (1961), p. 132.

D.H.R. Barton, and D. Elad, J. Chém. Soc., 2085, 1956,

R. Criegee, B. Marchand, and H. Wannowius, Ann, Chem, 229,‘99, 1942, °

H. Budzikiewicz,xc.'DJer;ssi, and D.H, Williams in "Structure
Elucidation of Natural Products by Mass Spectromet;§" Vol. 11,
Holden-Day, Inc., San Francisco (1964), and references cited
gﬁerein.

H., Budzikiewicz, C. Djerassi, and D.H. Williams in '"Mass Spectro-
metry of Oréani; Compounds", Holden-Day, Inc., San Francisco
(1967), and references cited therein.

R. Tschescﬁe, I. Morner, and G. Snatzke, Ann. Der Chemie. 670,

103, 1963, ' . ‘

D.C. De Jongh, and K. Biemann, J. Am. Chem. Soc. 86, 67, 1964.

‘

AM. Duffield, H., Budzikiewicz, and C. Djerassi, J. Am. Chem./Soc.

87, 2920, 1965,



- o211

H

123, R. Smakman, and Th.J, de Boer, Org. Mass Spectrom. 1, 403, 1968.

124, L. Peterson, Anal. Chem. 34, 1781, 1962, .

125. R.H. Shapiro, and C. Djerassi, J. Am. Chem. Soc. 86, 2825, 1964,

126. P. Genard, M. Palem-Vliers, P. Coninx, and M. Margoulies, S;eroids
12, 7g3, 1968;

127, C.E. Burchill, and K.M. Perron, Can. J. Chem. 49, 238%, 1971. .

128, A.L. Buley, R.0.C. Norman, and R.J. P;}tchett, J. Chem. Soc. B, 849,
1966,

129, J. Kossanyi, J.P., Morizur, B, Furth, J. Wiemann, A.M. Duffield,

— and C, Djerassi, Org. Mass Spectrom. 1, 777, 1968,

*

130, /P.E. Butler, J. Org. Chem. 29, 3024, 1964,
- !

=

131. F.A. Long, and J.G. Pritchard, J. Am. Chem. Soc. 78, 2663, 1956,
-

132,. Z. Pelah, D.H. Williams, H. Budzikiewicz, and C, Djerassi,
J. Am, Chem. Soc. 86, 3722, 196&.

133. P. Ausloos, and R.E._Rebbert, J. Am. Chem, Soc. 83, 4897, 1961.

134, 1. Kraulis, H. Traikov, M. Li, and M.K. Birmingham, Physiology
Canada 3, 21, 1972 (abstract); full paper in press with J.
Steroid Biochem,, March, 1973,

135. G.J, Possanza, M.P. Li, J.T. Oliver, Y. Langlois, and M.K. Birmingham,
Fed. Prq;., 1973, abstract in press.

136. A. Bar;ové, and M.K. Birmingham, Endocrinology 88, 845, 1971,

137. A. Bartova, M. Tibagong, and M.K. Birmingham, Endocrinology 89,

‘ 1142, 1971,




139.

140,

—
-

F. Gross, P, Loustalot, and R. Meier, Acta Endocrinol. 26, 417,

1957.

-

\
M.K, Birmingham, J.T. Oliver, M, Li, T.,H. Chan, A, Bartov!, and

4

P.B. Stewart, Fed, Proc., 1973, abstract in press.

I. Kraulis, H. Traikov, M.P, Li, C.P. Lantos, and M.,K, Birmingham,

\

Canad. J. Biochem., 46, 463, 1968,

141. H. Traikov, A.F. de Nicola, and M.K. Birmingham, Sterojds 13,

457, 1969, . 7

-




