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Ph.D. • EXier ime,ntal Medicine 

~ . 
ABSTRACT 

by 

Ming P. Li 

Chemical Synthesi$ of lB-Hydroxydeoxycortieoster-

one and Sorne Aspeet8 of its Biologieal Activities 
,-
\ 

A stmple synthesis of l8-0H-DOC (20,2l-dihydro~y-lB,20-epoxy-â4-. " 
pregnen -J-one) via lB-hydroxyprogesterone was aeeomplished. An improved 

. 
procedure for the preparation of IB-hydroxyprogesterone starting from 

u 

deo~ycorticostero~e acetate was developed. The conversion of lB-OH prog­
.." 

, "' 
\ , 

esterone to lB-OH-DOC was aehieved by a new, two-step synthesis. Several 

sterofds with l8,20-cyclohemiketal ~nd l8,ZO-cyclobutanol structures were ------- - ~ , \ 

isolated and identified, and their mass spectra analyzed. 
" 

, ! 

18-0H-DOC ~as found to be a hypertensive agent equipotent with J • 
j!-

deoxycorticosterone in the unilaterally nephrectomized rat maintained on 

saline. In the adrenalectomized rat, ~-OH-DOC caused sodium retention, 

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

'.J retention of water to sod ium waB greater than observed with deoxycor t i-

, , 
.. 

eosterone. IB-OH-DOC did not exert a negative feedback effect upon the 

" ,. ,,~ 

wLt~itar~ adrenal axis of rat bUL, rather, caused an inereased cortieos-

teroid output. It reduced c~rageenan-induced edema in the rat pa~. ' 

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

-
panol was synthesized from metopirone and was found to eau~e a three fold 

enhaneement of the bi'otransformation of deoxycorticpsterone to lB-OH-DOC 

f 
by the rat adrenal in viÙ!o; -

.' 
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AB STRAC T 

by, 
1 

Ming P. Li . 

'-- . 
,'~perimental Medicine 

. , 

'- ~I , , #, 
Synthe se Chimique de la Il -Hydroxydeoxycorticoster-

one ~t Quelques Aspects de son Activité Biologique 
w 

Une synthèse simple d-u 18-0~-DOC '(20,21-dihydroxy-18,20-époxy-
_ J 

~4-prégnèn-3-one) via la 18 hydroxyprsgestérone fut ac~ompli~. Un PIo-

... --
cédé amelioré pour la préparation de la' l8-hydroxyproges t~rone ~ par,nr 

de l'acétate de d~oxycorticostérone a ete développé. La conversion 

'" de la l8-0H progesterone en l8-0H-DOC fut effect~ee par une nouvell~ 

-
~ ~ 

synthese comprenant deux etapes. Plusieurs st~roides ayant la structure .. 
lB~20-cyclohémicétal et l8,20-cyclo~utanol furent isol~s et identifi~s, 

1 

et leurs spectres de masse ana~yses. 

Le l8~OH-DOC siest avér~ un agenç provoquant l'hypertension 
\)0 

" ' au même titre que la deoxycorticostf:rone chez le rat ,ayant suhi l!ne 
<', 

1 If' J 
nephrect~mie unilaterale et maintenu avec du serum physiologique. Dans 

ç , , , 1 

le cas des rats dont les glandes adrenales avaient ete enlevees, lB-OH­
p 

1,' 1 

DOC a cause une retention du sodium, affectant l'excretion au potassium , 
'- l , \ 

ssulemeht a forte dose; le rapport de la retention de l'eau a celle 
r_ 

,1' , 
du sodium fut superieur au rapport observe avec la deoxycorticosterone. 

1 1 J 1 

lB-OH-DOC n'a pas exerce de '~feedbackl1 nega~f sur 1 t axe pituita'ir_~-adre-
--' . • J "" ... ~~ 

nale du rat mais Pl? 
, , 

" 

taux de production accru de corti,costerdi.des. 

a 
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1~ a r~duit l'oedème.pr~qué P?r la'carrageen dans la patte der:) 
Un 

, , • / f , 
derive de la meti"irone, le 2-methyl-l,2-bfs(3 -pyridyl) 

;' 1 1 \. 1 " ... 
fut:synthet~se a partir de la metopirone et a cause, dans -l-propanol, 

1 la glande ad~enale de rat, in vitro, une biotransfor 

>. ~, 0 1 ~ 
~ deoxycort icosterone au' 18:",OH-DOC tr<>is, fois superieure. 
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PURPOSE OF THE ItWESTIGATION 

l8-0H-DOC (20,21-dihydroxy-18,20-epoxy- A4 .pregnen-3-one) 

was identified in 1961 as a major naturally occurring mineralocorti-.. . 
coid in the rat by B~mingham and Ward and independently by P:ron. 

It has now been 1stablished that l8-0H-DOC is a natural secretory 

product of the hu~n adrenal cortex as welle 
" ,. 

In the adrenalectomi~ed 

r'at, lB-OH-DOC has snt idiure t ie set ion and sodium-retaining proper ties. 

The nature and extent of the physiologieal activity of l8-0H-DOC 
( 

h~ve not been weIl stodied. ln rats and in man, l8-0H-DOC has been 

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

ment of the hypertensive effect of lB-OH-DOC by injection into the 

rat had not been performed, because of the unavailability of the com-

pound in quantities large enough for this type of assay. It was the 

p~rpose of the work desc~ibed here ta find a simple method for the 

synthesis of l8-0H-DOC for adequate exploration of its possible 

hiologiçsl activity. 
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Introduction and Literature Re~lew 

1. General consideration of the adrenal gland: 

In higher vertebrates the adre~al gland is ft composite of 

two endocr ine l'tructures. The lnner region or medulla consists of 

cells of a~l origin, whe~ea8 the-9.yter region, or cortex, is de-

rived from mesodermal glandular tissue. The nature of the secretory 
~I .... ".inI"I .... ".... .... 

products and thelr physiological ef~ect8 ~re distinct for each of these 

-
two sections of the adrenal. The hormones of the cortex are steroids, 

~hereas those of the medulla are catecholamines. The adrenal cortex, 

as opposed to the adrenal medulla, la essential to life. The steroid 

, ' 

hormones of the adrenal cortex exert effects on th~abolism of electro- _ -- ........... -

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

carbohydratès, and fats. The steroida produced by' the'adrenals are < ~' 

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

perform their functions. ~ttvarious tissues, but mainly in the 

liver. the st~roid8. are metabollzed or c~njugat~d.~o inactive farms 

which are then excreted by the kidney. 

Histological studies, have revealed,that the cells of the 

adrenal cortex are arranged into three layera (1). The-outer layer, 
c 

which is the thinnest, ia-called the zona glomerulosa. The middle 

lAyer 18 called the zona fasciculata; this region ie the wideat of 



'. 

\ 

2 - (--

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

Histochemicai examination of the adr~nal cortex has provided sorne 

information about the physiology of the adrenal gland. Admi 

tion of deoxycortic08terone to hypophysectomized rats, 

by Greep anà~ane in 1949 (2) to depress the activity of the 

in the zona glomerulosa, as indicated by decreasing nu~S'~f 

droplets in this zone. The cells in the zona fasciculata, on 

. , . 
the other hand, remained"un.altéred. Deo/'e and Seligman in 1953 (3), 

demonstrated that the administration of adrenocorticotropic hormone 
-... 

resulted in stimulation of cellular activity in the zona fasciculata 

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

the broadenlng of this zone. The cells in the zona glomerulosa 
'1 ......... 

remained normal. These authors suggested that the zona glomerulosa 
+ .... _ .. _ ..... 

might be the source of hormones responsible for sodium ret,eri't ion and 
, ".;-

that the zona fascicu1ata might be the source of the hormones res-

ponsible for" changeB"-rn-'c4t'bohydrate and protéin fuêtaDol~sm. Giroud, 

Stachenko, and Venning compared the steroid prod'ûction by rat (4) and 

by beef (5) adrenal capsules with that of the c~rr~~ondlng decap-
,.---

"\;' sulated glands incubated in vitro and suggestèd that sp~c Hic path-
f., ~.... ,'" - --- ~ ___ ~ __ ... ~+-"" 

,). ~ . .:.., .". 

ways of 5,or~icoid biosynthesis occur within different zones of the 
. '~~ .",.. .... r _--:_ 

adrenal corte'x. This wbuld explain how it is possible for the cortical 

cells from different zo~es to ~ynthesize different kinds of steroids 

\ 
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from an identical precursor. 

2. Characterization of adrenal corticosteroids:-

Ca) Isolation and identification: 

In 1927, Rogoff and Stewart (6) demonstrated that the 

"," sutvival per iod of adrenalectomized dogs was pro10nged by injèct ion 

~ 

1 

of saline extract of who1e adrenal glands. An ~drenal extract, made with 

organic solvents~ which prolonged the life of adrenalectomized cats was 
.. 

described by H,rtman and Browné11 (7) in 1939. In 19J6, Mason, Myers, and 

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

, -
crystall ine cor t icostero Ids with marked adrenocort ical act,ivity from 

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

corticosterone Acetate from stigmasterol, and d~~~ycorticosterone was Iater 

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

xtracts. In 1952, Tait, Simpson, and Grundy (13, 14) iso-

lated from bee adrenal extract an amorphoo8 residue possessing 'Oa 'far more 
4. t-

potent,sodium-retaining activity than deoxycorticosterone. Simpson and 

Tait, in collaboration with Wettstein, Neher, von Euw, Schindler and Reich-

stein in 1954 (15) were able to etucidate the chemical structure of this 

amorphous residue as the l8-aldehyde of corticQs~rone, later renamed al-
• 

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

tica1 component of the adrenal gland (~6). The compounds that were shown to 

exhibit g1ucocorticoid, or mineralocorticoid activity are depicted in Fig. A. 

) 
~ ".!:_,/" ~-' ~-:-"> '''/'; .... '~ .. ~ ~~ ... ~ ~~ ...... ~, ""'="""'~-~~_-._-.... .. _-----_._ .. _-----_._ •• 
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Il-Deoxycorticosterone 
(DOC) 

Il-Dehydrocorticbsterone 

1 -.. ~ , C:HaOK 
J 

4 

/ 

Aldosterone 

11-DeQ~y-17a-hydroxycorticoster­

(ll-deoxycortisol) ode 

'-

Cor ticosterone 

ÇN.oH 

Cortisol 

Fig. A Some biologically active C2l adrenal cortical steroids (16) 
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The biosynthetic derivation of the se steroids from cholesterol 

is outlined in a later section, as illustrated in Fig. C. 

The mineralocorticoid lA-OH-DOC was isolated from rat 

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

and $'ii11 ~'~deait with in a \eparate section. 

(b) Relationship between structure and physio'lcgica'l action 
• 

of adrenal steroids: 

The ~elationshiP between the structure and propertie~f 

adrenal corticoids was reviewed hy Heard in 194~ (1). Three str\tural 

features appear to be essent ial for adrenocor t ieal act'ivity with Yec t 

to life maintenance and salt and water metabolism: a Il 4-3-ketone 

function, th~ a-ketol group in the sidechain, And the heta co~figuration 
. 

of the sidechain at C-17. Adrenocor'tieal steroids beating an oxyg~n atom 

at the C-ll position, either as am hydroxyl or a ketoné group, exert their 

principal activity on carbohydrate metabolism and have only minor effects 

on electrolyte and water metabolism. The former effect ls classified as 

glucocorticoid activlty (23)~and is intensified by tije presence of an 

hydroxyl group at the C-17 position (21, 22). The most important gluco-

corticoids are cortisol, 'cortisone, cort icosterone , arld l1-dehydrocorti-

I~ costerone (16, 21, 22). Adrena1 steroids besring no oxygen atom ~t the 
"j' 

C-ll position exett pote nt effects on electrolyte and water metabo1ism 

'\ 



" 

: 

~ .. ; J' .... 

whi1e the actions on carbohydrate metabolism are--m8rked~ p!minished 

(21, 22). Deoxycorticosterone and ll-deoxycottiso1 ~e1onR to this 
l ~ 

cla.~ (16, 21, ~2)oand are termed mineralocorticoids (23). Aldoster­
,:1> 

1 -~ ... 

one, the most po€ent electr~lyt~~~e&ulating ,steroid of the adrenal, 
", 
~. 

i8 an exception; it contains an Aldehyde group at the C-18 
o' }f' 

position in add,ttion ~a hydroxyl function at the C-ll 
1 

" position. l~.l t\~ \. ... , 
~ 

< 

1 ~-; 

Kaga~a and Pappo in 1962 (87} studied the structul'e-

aet ivity l'e1at Lon,ships of sorne' synthet le 18-hydl"oxy and 18-deoxy 

stel'oids and found that' 18-0H-DOC-21-acetate was 1ees effective 

as a mineraloc'ortic id. than DOC acetat'é. lB-OH Pr.ogesterorie, 1acking. 

an hydroxy1 21 posi~ion (present iq 18-0~rDOC), was 

" shown to he 1ess as a minera1ocorticoid than 18-0H-DOC. 

18-0H-DOC 

. ' 

1 

...... ' 1,,, "';'" '" 
* .-, 

'" 
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The unusual ehemieal featur~ of the mineraloeortieoid 

IB-OH-DOC among the adrenal steroids is, the masking of
l 

the 20-

ke tone by th~ format ion of an l8,20-cyelohemike,tal. This eyel ie ' 

h~miketal structure has been shown so far to oeeur in only two 

4 D other E. -3-ketonic adrenal steroids. l8-hydroxyeortieosterone 

and '18-hydroxy-U-dehydrqeorticosterone, both of unknown biologiesl 

function (85. 86, 55). 

lB-Hydroxycorticosterone l8-Hydroxy-ll-dehydroeorticosterone 

-. " 

The biologiesl activity of IB-OH-DOC will be discus ed in s 

separate section. 

~~ ~ 

3. The influence of corticotropirl (AC~H) ~n adrenal Is,.roid production: 
1 t, ,i . 

Harnes ând Berthet in 1957 ('24)' 1>ropo'd a theory for the 
• 1 

mechaoism .". action of ~CTH 10· stimul~tln~ adrenal .1terold blosynthesis. 

In short~ tQ quote from Hilf (25), that ACTH stimul t-es the formatioh .. 

(1 
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, 

" , 

of cyc1ic adenosine-3',5',-monophQaphate O',5'-AMP), which in turn 

,act ivates phosphory1ase, by t·he conver s ion of the lnact ive form 

of th h enzyme tô''''the act ive form. Act ive phosphory1ase can then 

mediate the conversion of glycogen to glucose-l-phosphate (G-I-P), 

the G-1-P can be converted to glucose-6-phosphate (G-6-P) via 

1 
phosphoglucomutase, and G-6-P can then be metabo1ized via the hexose 

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

resufts in the production of reduced NADP (NADPH), as G-6-p is 
y 
converted to ribulose-5-phosphate by G-6-p dehydrogenase and 

6-phosphogluconate dehydrogenase. Ultlmately, the production of 

" 

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

1 
genesis, thus ena.p,ling the adrenal gland" to synthesize steroids at"\ 

" 

an increased rate. A summary of the metabolie pathways associated 

with the action of ACTH on the adrenal cortex, 8S reported in a 

review by HUf in 1965 (25 f, ,is depicted in Fig. B. ,The studies 

by Grahame-Smith, ~utcher, Ney and Sutherland in 1967 (26) with rat 

adrenals, showed that ACTH increases the coneent~ation of 3',5'-

AMP in adrenal quarters ~ vitro, in inta~a~r:nals in vivo, and 

in adrena1 homogenates. These authors suggeated that ACTH aets 

~ 
by stimu1atin~ adenyl cyclase activity. Reéent1y, Grower a9d 

f 

Bransome (27) proposed that }',5' -AMP activates the formatiorl of a 

protein eontrol1ing steroid biosynthesis. 

, " 

, , - , 

.J 

1 
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ATP 

8deny~ l~ ACTH 
cyclase 

/' 

Glycogen 

~ Phosphorylase 
(active) 

G-I-P 

, 

3' ,S' -AMP --)~ S'-AMP 

-l 
8~(~- Phosphorylase b 

,. (inactive) 

PhOSPhoglucomutase ~ 
G-6-P 6-phQ$phogluconate 

dehydrogenase dehydrogenase 
G-6-P ) 6-Phosphogluconate-------~., Ribulose-5-P 

l 
Fructose-6-P 

l '.\" ~ ", 
~. 

Ribose-S"P 

" 

\ 

l 
/0 ~.:..-- .. : ........ "JU._.--~,..- .. -....-~. 

, < -
, 

< ... ~ , 

Pyruvate NAD PH 

1 leDfactor for 'aterDid hydrDxylatlona 

Citric acid cycl~ ~hole8terol~ Corticosteroids 

Fig. B Metabolic pathways aS80ciated with the action of 
ACTH upon the adrenal cortex, 8S adopted fro~_Hilf(25) 
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4. A brief out1ine of the biosynthesis of adrenal eorticosteroids 

irom _cholesterol: 
1 

The biosynthetie 
\ / 

pat1t.ays· i~ading. to the formation of 

'f' . 

• 
~ .... 

-
adrenal steroids from cholesterol, a8 outlined by Dorfman and Sharma 

in 1965 (2,8), are represented in Fig. C. 

Much r,mains to be elucidated wlth regard to alternative 

'" 
routes' and specifie enzyme systems that affect the biosynthesis of 

adreoal corticosteroids (29). A key step in the pathway oftadrenal • 

steroid biosynthesis is the cleavage of the cholesterol sidechain 

leadin~ to the formation of 'pregnenolàne, known to be one, if nDt -the-

only, principal preeursor of '4drenal steroid formation (29). - In 19~6, 

Solomon et al. (30, 31) obtaine~~Q6~hydroxycholesterol-4-l4c from 
J • 

cow adrenal homogenatés incubated with 'cholestJrol-4~14c and proposed 
J 

that 20~-hydroxycholesterol might be a possible biosynthetic inter-

mediate between cholesterol and pregnenolone. Shimizu et al. in lq61 
i 

(2) repor ted the formation of isbcaproic acid, pregnenolone-7-3H, 

and progesterone-7- 3H when ' synthetic 2~-hydroxycholesterol-7-3H was 

. . 
incubated with a supernatant- fraction of bovine adrenal homogenates. 

Similar findings were reported by Constantopoulous and Tchen in 1961 

(33), who showed that, by using a soluble enzyme fraction ~repared 

from beef adrenal homogenates in the'presenc~ of added NADPH, 20a-

1. 

hydroxycholesterol-7a-3H was converted to pregnenolone-7a·3H. Tchen 

t, 

~~ 

\~, , 

'. 
l' <. 

/ 
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Cholesterol 

( 1 

Pregnenolone 

CH, 
1 cS() 

ll~-OH Progesterone 

11 

. .. 

Progesterone 

11~,17a-dihydroxy-Progesterone 

~ 
" 

" 

DeOXY][rtico'terone 

) 

o 

Cor t icosterone 

l 

Aldosterone 

"" ' '. 
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.' . 

l7q-OH Progesterone Cortisol 

o 
Il-Deoxycor t 1801 

, 
ÀTl' outline of the biosynthesis':of ,adrenal corticoids from 
cholesterol, as adopte<l..fr.om-Dorfman and S,harma (28). 
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':\ 
1n 1968 (34) proposed that 20l, 22€:~hydroxycholesterol is ~ 

, < 

possible Intermediate ~etweeQ 2OX-hydroxycholesterol and piègnenolone. 
• r~" ,j'" .... ~'J~_~ '"'lr 

The author and his col1eagues (35) obtained a label1ed po1~~~~oûôa 
-t, ,Il lo .~ '., 

~",\,\",\""",,''<l'~) ... ~ 

from the mitochondria1 fraction of ~~~f adrenal· homogenat6s inc~bat.d 

in the "presence of NADPH with cholesterol-4- 14C or cholest~rol~26-

14C• This compound vas identified as one of the isomera of 201, 

~ ,,:l <}o> 

,22E':-dihydroxycholèsterol by lead tetraacetate O1c,idacion to preg- , 

nenolone and isocaproaldehyde. - -------; . ! ror mat ion of,. llI"01Î-no;:fr~~ ~tero id' prêëur 80r 8, cho I.e 8 tero 1, 

pregnenolone, progesterone, and deoxyèorticostérone has been demonstrated 

in in vitro etudies with 'tlle implication that--~ the most imme'diate---- .' 
- ,1 "'_: ;". ~ ( __ ~_J,'J.t.r.. ,..... .. .., 

t • Mt"" dI..,. 0. .~ 

precursor to l8-0H-DOC might be deoxycorticosterone. This will be 

descr ibed fur ther under a se-par ate sect ion'. 

5. Adrenal l8-0H-DOC: 
'\1-.. ___ _ 

(a) Endogenous production of l8-0H-DOC: 

l8-0H-DOC was first isolated and identified as a naturally 

-
occurring~tèroid from incubated aecttoned rat adrenals by Birmingham 

and Ward in 1961 (17) and by P~ron, in the sarne year (18). It was 

----èharacter {zed by Birmingham and Ward (17) to be 'th~- is, 20-cyclo-
~ , 

hemi~etaL,of,Ciut~bydrQxy-l,l,"7.de~_~:y~()rt icosterone. Part of the cr Uer ia 
~ 1 ~ .. "'" ...................... ...1:") <Jo 

for its identification were the oxldation wlth perlodate ta the 2~lA-

lactone of 18-hydroxy~3-keto-4-etien-20-o1c acid, a negaEiv~ test ~ith 
y 

-- --- ~ 

.. . ~. 

\ . 
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:tl3 :,-~'" ~,-< ...... ,,' , 

tetrazolium chloride for the presence of the a-kètol group, an4 
/ 

l, 

the absence of an infrared band charactetistic for a saturated ketone 

'--. group. Th~se authors sh9wed that l8-0H-~ k-steroid containing no 

17;21-·.:dihydroxy-20-ketone function never'theless gave a typical Porter-

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

."'bydraz!ne in aqueous sulfuric acid al\dethanol, to ,fôrm. a compound 
--,-

absorb~g lignt- maximally at ~OO-410 nm. The in vivo secr.tion of 

18-0H-DOC in rats was demonètrated by Cortes et al. rn 1963-(37) .. 

l' 

who isolatéd the steroid from adrenal vein blood. The endogenaus 
-, ~ " 

forma·tiQn:of.--UhOH~boc has also been demonstrated in the cg~i 
........ .;:.. 

-'" \'"~t' ~ 

Race and Wu'ln 1964 (38)" and in. màn by Melby and collaborators, 

_ It~"'''''''.'''''' 

\ 
\ 

(19, 20). who isolated and idéntified IB~DH-Dbc from human adren~l vein 

.1 .' 
blQod~ by the adrenal vein catherization technique. They obtained 

'1 

~ ..... 
levels 60mparable to those of aldosterone and deoxycorticosterone 

in normal subjects, and elevated levels in patients suffering from 

0"" " 
various forms of hypertension, including SU~hing's syndrome and ~ 

essential hypertension. 

(b) Biotransformation to'18-0H~DOC~ 

A~Lhough the conversion of DOC to 19·OH-DOC i8 most readily 
" 

pbtained with the-·t'at adrenal, the biosynthes18 of lB-OH-DOC from 

:. 
J' ~ ___ .., ... .-.... .... ) 

"exogenou8 DOC and,other precursors,has been demonstrated in va~iou~ ~._--

species. Aral and Tamaoki ln 1967 (39) reported ,the conversion of 

t 
_\ , . ' 

)! 

• 
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DOC-4- 14C to lB-OH-DOC in vitro by the intrarena1 tissue of the } 

rainbow trout SSalmon gairdneri). Kahnt, Neher, and Wettstein in 

1955 (40) isolated and identi.Ued 1B-OH-DOC frOnt homogenates of --..._-•.. _._.- -
~ .... .-{ , .. o.L~ ~ _ "-'~ 

beef--;d;;;~âîs" rncubatèd with DOC. Conversion of DOC to l8-0H-DOC 
.. '" ..... 

_._-~~~ -

was shawn to oecur in quartered frog ~dr_ena{-bY Krau1is and Birmingham 

l " ~-

in 1964 (41) and l1l-x-abtrfi adrena1 tissue sUces by Fazekas and KokoC" 
__ --- __ - t _ ~ 

in 1967 (42)., Re lat ive ly large amount a of ':::-~ ~or ~i,c".terone 
and aldosterone and only a tracé of~~-OH~DoC were obtained from 

quartered mouse adrenals incubated with progesterone-4- 14C, in the 
, -' 

etudies of Raman et al. in 1964-(43). De Nic~la an~ Birmingham in 

1970 (44) studied adrenal biosyntheti.c patterns in subhuman primates~ 

Iryeubation of sliced adrenals of the squirrél monkëy· tSaimiri. _ 

sciureus) with DOC_4_l4C in the presence of nicotinamide resulted 
-, - -

, .... --in the formation of l8-0H-DOC in 0.5% yield, whereas no-conversion 

to l8-0H-DOC was obtained with stumptail monkey (Maccaca speciosa)} 
•• ,.. 1 

--adTena1s. 

With quartered rat, .adre.~~~s, ~ard an~ ~~~.in_in~am in 1962 
rT---- - 1 

(45) showed that DOC, progesterone, and 18-o~- progesterune were convert- ~ 

ed to 18-0H-D~C ~~lo, 4,' and 6% yields, respective1y. Vecsel et al. " 

in 1968.(46) compared the c~nYersion of DOC-l,2- 3H and progesterone-

14 ~ 
4- C to lB-OH-DOC by quartered rat adrenals and cpncluded that DOC 

i.s a more effective precursor th an p~oge8terone. Conversion of 
,\ 

----
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progesterone-17a-3H to lB-OH-DOC in good yield, when incubated 
l ? ~ .. " 

~ ...... ~ 
~ ,J ~ ""'-

with sectionea rat adrenals in the presence of NADP and gl~eose-6-

phosphate, was demonstrated by Piron in 1962 (47). Nakano et al. 

in 1968 (48) i~olatéd and identified 18-0H-DOC from rat adrena1 
""'-

homogenates incubated with progesterone in an atmosphere enriched 

18 - '\ 
with Or. - lB-OH-DOC was oxidized by per iodie acid and the result ing 

2~18-lactone of IB-OH-DOC wa9 subjected to mass spectrometry. 
... ' " .. \01'.1 .. 

TlJe incorporated' iso atom was located at the 18;20-~poxy group of 

the steroid, by mass speetrÀl fragmentation analysie, implying that 

18-hyaroiylatton had occurred in the biotransformation. These 

authors emphasized that the principl~ of locating the IBo atom in-
1 • 

corporated into a steroid molecule by mass spectrometry is a valuable 

analytical technique for structural identification and eluci~ation of 

metabo1ites formed in o~gen-requiring enzyme reactions such as 

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

stances formed from DOC_4_ 14C in be!!f adrenal perfusion ~ v,itro and 

isolated from the perfusate, by column chrbmatognfphy on sili-èa gel, . 

a high-melting substance (not melted at 3000 ). These authors referred 

to it as the "d imer" of 18-0H-DOC and remarked that it was probahly an 

artifaet, arising by condensatiôn of two molecu1es of l8-0H-DOC during 

the work-up process. According to these investigators, this materia1 

has an identical infrared spectrum wlth that of a substance obtained 

, 
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by Pappo (97) from lB-OH-DOC by treating it with p-toluenesulfonic 

acià in dioxane (or a few minutes at room te~~f~t~~e. Pappo 

COl 

assigned to this substance the structure shawn below and gave it the 

tr ivial name, lB-OH-DOC d imer. 

lB-OH-DOC dimer 

The biotransformat ion of DQ<;:-:.~~.::14C to l8-0H-DOC by rat adrenal , 

homogenates was s-tudied by Dominguez (50), w~9 obtained evidence t 

by paper chromatography, for the presence of two interconvertible 

forms of l8-0H-DOC with differing polarity. The two forms of 

l8-0H-DOC, upon elution, gave identical spectra in the near-infrared 

regfon. According ~o Dominguez, synthetic lB-OH-DOC supplied by 

Pappo, exhibited ~he same interconversion and behavior on paper 

chromatography. Dominguez suggests that the IB,20-cyc10hemiketal 

of 1B-OH-DOC may exist in two tautomeric forms. tantos, Birmingham 

and Traikov (51) showed that DOC-1,2- l H and progesterone-7-3H were 

r , 

r' 



17 

J 
converted by incubated quartered rat adrenals to corticosterone, , 

lB-OH-DOC, and a me~abolite of corticosterone with properties of 

a11otetrahydrocorticosterone. In the presence of exogenous ACTH 
--.. 

in the incubation medium they observed that the yields of corticosterone 

and lB-OH-DOC were doubled but the fraction corresponding to ~llo-

tetrahydrocorticosterone was ha1ved. The authors obtained, evidence 

that' the increased yield of çorticosterone was due to the inhibition 

"-

by ACTH of the formation ~f the corticosterone metabo1ite, but did not 

test the possibility that an analogous mechanism might acco~nt fof' the 

increased yield of l8-0H-DOC. 

Evidence suggesting the conversion of progesterone-4- l4c to 

IB-OH-DOC by sliced human adrenal tissues was obtained by Car- _ 

balleira and V~nning in 1964 (52). Raman et al. in 1965 (53) showed 

that 'àdrenal tumor homoge.nates from a patient with "primary a1dosteron- " 

ism readily converted prog~sterone-4-l4C and DOC-1,2-3H to lB-OH - , 
corticosterone and aldosterone but not to lR-OH-DOC. The failure of 

the tumor tissue to synthesize lB-OH-DOC from the labe1led precursors 

was interpreted hy the author_s_~to indicate substrate specificity of 

the steroid l8-hydroxylase. 

Conversion of DOC-4- l4C ta l8-0H-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 

" 
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carcinoma. Subsequent experiments by these authors with sectioned 

adrenals from four patients with breast carcinoma and a patient with 

primary aldosteronism (55) showed that, in aIl csses, DOC_4_l4c was 

. 
converted to three l8-oxygenated compounds, namely, l8-0H corticosterone, 

lB-OH-POC~ and aldosterone with yields of 3.8 - 4.6%, 1.0 - 1.47., and 
'l, 

0.17 - 0.41%. respectively. These Metabolites were also formed from 

proges~erone-4-14c. but much lower yields were obtained. These 
( 

authors contemplated the possible significance of lB-aH-DOC in the 
6 

case of patients with primary aldosteronism in wh,ich DOC-4- l4C yielded 

6 times as much ,lB-OH-DOC as aldoaterone. Recently, Lucia and Lucia 

in 1971 (56) reported that both the incubated minced sdrenal and 

adenoma tissues from a pat ient ",ith pr imary ~~dosteronism were 

capable of transforming progesterone-4- 14c to IR-aH-DOC. suggesting 

the presarl~e of an lB-hydroxylase capable of forming l8-0H-DOC in 

both types of tissues. 

,7 

(c) Factors influencing the biosynthesis of l8-0H-DOC: 
r 

0) ACTH previou~ investigations by Birminghain and Kurlen~~ __ J~~\ 

in 1958 (57') demonstrated that a brief contact (5 minutes) of 

quartered rat adrenal tissue with )aIl" ACTH-containing solution 

in an increase pf 'corticosteroid production and a concomitaqt 

of ACTH activity in the solution which had been in contact with the 
r .---' 

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

" 

, .' 



\~ 

19 

authors as indicative of the blndlng of ACTH by the.adrenal tissue. 

Subsequent studies showed that ACTH incubated with rat adrenals 

causes the formStion of two major st~oid end products. namely 

cor t icostéfone , present in greatest quantity, and IB-OH-Dpe, the 

second most abundant steroid (58, 59, 17). Similar results were 

;'obtained in rat adrenals incubated by p{ron (60). In co~roboration 

~t' the -:!-.E.~vitro work, Cortés, Péron and Dorfman' 07> demonst'rsted 

that the secretion of corticosterone and IR-OH-DOC in the adrenaf 
~ 

vein blood of hypophysectomized rats ia incressed 5- to 2ü-fold by 

/ " .. 
administration of ACTH. Recently, Melby et al. (20) found that the 

, 
basal secretion rate of 18-0H-DOC~etermined by the e~cr~tion,rate 

of urinary I8-0K-TH-DOC) in five healthy a~ult$ was increas~d 10-

to 2ü-fold by ACTH gel given intramuscularly. 

Luci~J Dyrenfurth, and Vennin~ in lq6l (61) studied the 

in vitro secretion of corticostero~ds by rat adrenal capsules and 

" decapsulated ad!enal glands. The authors showéd that the capsule, 
,< 

consisting ~ainly of the zQna glomerulosa, secreted,primarily aldos-

terone with small amounts of corticosterone. The decapsulated tis8~e, 

consisting mainl; of th~'zona' fasciculata, secreted corticosterone and 
JO 

lR-OH-DOC ànd the ~ecretion rate of these two steroids was significantly 
" 

'" 
increased when ACTH was added. However, no aldosterone cou Id be 

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

Q 

.cr .. _ .. ,_ .... ______________ . __ _ 

. ' 
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1. 
demonstrated t~at IR-OH-DOC was largely derived from the zona 

fasciculata whereas only very small amounts were derived from the 

zona glomerulosa of the rat adr:,enal cor tex. They showed that 

14 progesterone-4- C was converted to IR-OH-DOC to a greater 

extent by the decapsulated (fascic~l~ta'predominantly), as 

. 
opposed to the capsular (glomerulosa predominantly) portion of the 

adrenal cortex in vitro and that this conversion was stimulated by 

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

demonstrated that IR-OH-DOC and corticosterone was produced in vitro 

by the decapsulated portion of the rat adrenal which contains the 

• e, cella of the zona fascTculata-reticularis, whereas aldosteroyW, 

corticosterone and 18-0H corticosterone were found in the 

capsular portion which contains the cells of the zona glomerulosa. 

(ii) 3'pS'-AMP and NADPH Haynes, Koritz, and Péron in IQS9 (64) 

showed that 3' ,S'-AMP is more effective than ACTH in st1mu~ting the 

o 
steroid production hy isolated_ rat adrenal glands. Birmingham et al. 

in 1960 (6S) showed that 3' ~S'-AMP stimulates corticosceroid produ~tion 

3-fold in quartered rat adrenals incubated in the absence Qf both 

glucose and calcium. This response is fur(her increased by the 

presence of calcium, whereas glucose has only a small effect. 1n-

creased endog~nou8 production of l8-0H-OOC_ upon incubation of sectioned 

rat adrenals in the presence of maximal amounts of 3',S'-AMP or NADPH 

,e '. 

/ 
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was demotlstrated by Piron in 1961 (60). The author further 

/"-" " 
• u 14 

sho~ed ~hat cholesterol-4- C-and pregn~no~one-7a-3H were eon-

verted to l8-0H-DOC by rat adrenal homogenates maximally stimulated 

with NADPH. 

(i~i) Calcium and glucose Previous studies by Bttmingham, 

, ' Elliott, and Valere in 1953 (66) and by Schonbaum, Birmingham, and , 

Saffran ~n 1956 (67) demonstrated that ACTH maximally stimulates the 

biosynthesis of eotticosteroids by rat adrenals in vitro only if 

calcium and ~lucos~ are present in the med~um. TheBe authors 

" , sug~ested that calcium might ~lay a raIe as a cofaetor in one of 
, , 

the reactions along !=he pathways' leading ta the synthesiB of steroids .,. 

from endo~enous precursors. or that calcium mlght enhance the aceess 

of AC TH to cellular sites involved in steroid synthesis. Péron and 

Koritz in 1960 (68) showed, with particulate preparations from rat 

adrenal homogenates, that the -coTW~r s ion of en~genous precur sor s to 
, . . . 

corticosteroids ls stimulated t-n' ~he presence of calcium. The authors 

suggested that one locus of 'c.dcium action might be the reactions 
\ 

between chol~8terol and pre~nlnolone. According to Krauiis and 

Birmin~ham in 1968 (69), the conversion of DOC to 18-0H-DOC by 

~ sectioned rat adrenals proceeds equally weIl in the absence as in the 

"'" presence of calcium in contrast ta the conversion of DOC to corticôs-

terone. The rate of the conversion ta either eI).d product 19 b.~tter 

( 



• 

, 
t 

.) 

e 

/. 

22 

'\ 

maintained with time if glucose i8 present in the medium. 

(iv) SU·4885 (metopirone or 2-methyl~1.2-bis(3-pyridyl)-1-
,! 

'.pr·opanone) SU-4885 as a spec if lc inhlbitol" of llt3-hydroxy-

-lation of steroids (70) has become a useful agent for the eV,aluat ion 

., 
of pituitary function as~well as for the studies of steroid piosynthesis. 

SU-4885 

The inhibitory properçies of this drug are, however, not 

res tr ic.ted to llt3-hydroxylat ion; it affects hydroxylat ions at var ious 

, 
other sites of the steroid molecule as weIl, inciuding I8.hydroxylation. 

In vlvo studies in rats by Kahnt and Neher (71) showed that the intra-

venous injection of a low concentration of SU-4885 greatly decreases 

i 
ald08terone and lR-OH-DOC levels. Kraulis and Birmingham in 1965 

. / 

(72) showed t1,1at at ·-low,~d~es .SU-4885 lnhibits the formation of lB-OH-

DOC from exogenou8 DOC or progesterone, as weIl a~ from endogenous 
1 

precursors in incubated rat adrenal sections. The
7
authors suggested 

that SV-4885 pr_~!?ab ly exer ts a direct. "inhibitory effect on the 18-
• 

hydroxylation of DOC to lB-OH-DOC in the rat sinee this transformation 

was shown to be almost completely suppressed by the drug. 

, 
\ 
1 

'. 

) 

l" 
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The exact meehanism or aet ion by which SÙ-4885 aets is 

~ " 

not completely understood. Interference with the availabi11ty of 

NAD PH required for steroid hydroxylation has been suggested by 

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

4_ l4e to corticos~eroh~ by quartered mouse adienals was blocked by 

low coneéntrati9ns of SU-4885. Ther~ 1s evidence that 8U-4885 

Interferes with steroid hydroxylation by bi~ding to m1tochondrial 

ll~-hydroxylase. witliamson and O'Donnell (74) observed that the 

14 transformation of DOC-4- C to cortt~osterone by the mitochondrial 

fraction of beef adrenal homoge~~é was inhibited by low con-

1 
centrat ions of 8U-4885. Wilson et al. (75) 'identified cytochrome 

P-450 in mitoehondria isolated from human adrertals and showed that 

this hemoprotein was involved in the oxygen-activation required fer 
" 

ll~-hydr~xylation of 1l~deoxycortisol-4-14G· to cortisol. The 
~_-... ..-O:-------......~~_rr'.~ .. _-.,-r ~~ ~ " 

authors obtained evidence by the ultraviolet spectral method that 

this transformatfdn ta blocked by the addition of 5U-4885 in low 

concentrations and concluded that SU-4885 probably interferes with ll~-
{~ _~ ~ 4 __ "'--"_~ .. ~.1" 

hydroxylation by competitive inhibition of the binding of the steroid 

substrate to cytochrome P-450. 
1 

(v) Ang iotens in 1 lB-OH -DOC Is 'a minèr a lo,.yor t icoid (69. 87) and 
1 

, 1 

its secretion in man, as in the rat, is under'J the "{nfluence of ACTH .. 

'. 
There 1s eviderice that lB-OH-ODe is formed, at least in the rat, 

' .. 
largely in the zona fascieulata of the adrenal cortex. On the other 

j -
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'hand, Aldosterone, the most potent mlneralocortlco d by 

-----:--r--" <--
the adrena~-in~~n, ls believed to be formed excluslvely 1 the 

," 

.. 
--

zona glomerulosa of the adrenaÎ c~r tex and its sê-crfion 1& re-

latlvely inde pendent of ACTH (76). Anglotenslh, a peptide formed 

ln blood b~ the action of renin, has been shawn by the studles of 

Genest (77), Laragh (78), and Davis (79) and co-workers t~ et imulate 

Aldosterone secretion ln man. A pOS8i~t~.mechantsm by wh~ch the 
,..t... 7-

~ , ' .. 
kidney modulates Aldosterone secretion has been pr~po8ed by 

these authors. Their hypothesis sugg~sts that a decrease in renal 

blood flow aetivates the juxtaglomerular cella to cause the secretion of 

renin resulting ln the formation of angiot~nrin II, which then stimulates 

sldosterone secretion. Aldosterone, in 'turn~ causes the retention of 

sodium by the renal tubular cells'with a resulta~t Increase in blood 

'\ ' . 
volu!"e, blood pressure:, and.,'l!:e,nal lHooUlaw; the increased sodium and 

, . . , 
bloQd flow Act as a negative,feeâback upon the juxtaglomerular cells ta 

reduce the secretion of renin. A diagrammatic summary of the mechanism 

" 
f~r _the interaction between Aldosterone secretion and angiotensin 

.' ~ 

activity proposed by the authors is 11lustrated below. 

Volemia ~~~--~----------------___________ __ balance 

Aldosterone 

J 
~------------------------------~) Anglotertsln II 

--,. .. -........... :-, 

( 
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Méiby et al. (19, 20) found that lB-aH-DOC concentration 

in human adrena1 ve in bloocLremained uncltanged at'ter angioten8i~ 
') "" 1j ... ------· .. ··--~--... M--. --" 

infusions. However, the authors noted tnat in sorne hypertensive 

'""," 

pati~nts with elevated secretion of l8-OR-DOC, supprèsse~ plasma 

renin activity, and làw or normal Aldosterone secretion rates, blood 

pre"seure was greatly reduced after administration. of spirono1actoqe, 

a known antagontst of Aldosterone. 

r-f ...... 

Spironolactone 

(d). Formati6n of lB-aH-DOC by rçgenerating rat adren,!l glands: 

~'In '195~5- Skelton (80)' observed a syndrbme of hypêr1ënston 
!l. --~ .-.... ~.,..-"-"..,. _ .... \~ .... . . 

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

sal~~ted young, female rats during regeneration of the enu~leated 

adrena 1 cor tex. Enuc leat ion -was 0 per formed by maki,I}g a~ op'entng ih 
... _ .... v\ ... r=-,L.Jr,( -K 

- t~~· caps,ie of t~e adrenal -gland through which the mass of glandular 
~ .. - ~ . , 

tissue w~s d~ahar~ed by compressing the gland with forceps. The 

., 

cortical ~:f.~-;;;' of 'the adren"al gland was restored ... by ~.f1:1ul,ar· ~~li.f~~~ ___ o. __ 1' 

~ ,<._' ." ... ~.~:a .. ""~"'.t ~ ___ .-

~ __ _ 1 ' , 

.... '~ ... 
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-- '1' 
ation ànd hy~ertension developed as the gtand regenetated~ The 

medulJ~ doea pot régê?r~ate. Skelton obseivéo"that vascular diseasé , 
dey'~loped durinB adrenel reg~nerati~n,~~nd noted enlargement of the 

heart and kidney with damage 10 the blood vessels of these organs. 
, ~ ~.. '> " .. 

, , 
,,' ~o significant change i-n the serum levels of sodium, chloride or ',~ 

t) 

potassium was ~bserved by this author. The regenerating rat adrenal 

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

regeneration was preve»ted by removal of the pit~itary or by suppression 
1 .', ' 
\1 -~ .. .r 

~, , , ~ ~"1 -b 

of ACTH prod.uc-~ ioo by steroid hormones,. Ske l~on in his review of 

1959 (81), suggested four-mechaoisffis that might be responsible for 

the hyperte~~~ve' state in rats bearing a regenerating adrenal-~ortex: 

0) increased secreti~ of glucocorticoids, (-2-}·~{JlQalan.ce...bIDMn' 

" ., 
secretion of cortitosterone 8rrd'~a1.'-dosterone, 0) 'secretion of an , 

.' ,-rC_ • 
unknown ~rold, aed (4) hypersensitivi~y, ~o adrenal cortico..!ds. 

- - - ---------. 
Birmingham, Rochefort, and Traikov in 1~65 (82) reported 

that there was an increas,d p'roductiort in vitro of IB-OH-DOC,and 

corticosterone in response to added ACTH,~nd a~~ecreaaed formation 

of material with the mobilityl on ~aper' c~romatOgraR~Y~ of l8-0H 

cortico~5~roné and aldosterone by' bilaterally regenerated adrènal 
.. 

glands'of female rats, three weeks-after adrenal enuèleation. 

The authors suggested that l8-0H-DOC and corticosterone may be de-., -'. ,,-""-~-.,;, 

• 1 

- . -~ 

r ived~y_'f~om,"th8; • .z.QMo~~l~~ic\.llata-rêt ieular is~of the regenerated \~" 
7""' ........ 

glands ainee' t~e production of thes~ two steroids 'i8 increased greatly 

'--. -

~.\ ----_ ... --
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in re8pon~-:. t~J.C'l'H. With homogenates prep'ared from reg~nerated 

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

decreased conversion of pl'ogesterone""4-14c.·t-o 'l8-0H-DOC and' corti-

, 
costerone and an accumulation of DOC. They proposed that the impaired'" 

utilization of DOC, a known hypertensive agent, by the regenerating 
" \, 

J. 

~drenals might be the cause f.~rw~yp~rtension associated with adrenal 

reg~neration. Vecsei et al. in 1966 (84) studied the biotrans-

'3 4 format~o~ of DOC-l,2- H and progesterone-4- 1 C by regenerating 

qU~TteTed ra~ adl'enal glands and found, by_~ontrast, that the ~~~-

tion of l8-0H-DOC and corticosterone from both lab~lled precursoTs was 

• 
increased, whereas the formation of lB-OH cor-t!cOs~erçne and aldoster-

.. ~J .. .,.,.,"" j 

oné 'waé considerably reduced. - IlfCreased conversion in vitro of both 
~ --r-"'-' -

,;1 

DOC-l,2-)H and pragesterone-4- 14C to lB-aH-DOC and corticostero~e, 

~. ' 

and impaired 'conversion to l8-0H cQrttcosterone 'and aldosterone by 
';- . 

'" ,...--- =.-_ ~~4I't"""'~~ ~ 

regenerating adrenal.1Gf·rats before and after onset of the syndrome ~ 
; , -~, 

of adrena1 rege~e~ation hypertension was also reported by de Nicola, . 
-p --

Oliver, and Birmingham in 1968 (85) and in 1969 (86). The authors 

suggested that excess secr~ion of l8-0H-DOC by regeneraftng adrena'Is-' 
v .. ];,..... ......... J ... > ... ~".,,.,,.~,,,,,.JI.~,,.,r,,..',,,.,.,,i'!.illI'!,,II'!,.""',.,.l '" 

might play 'a l'ole in the et10logy of adr~nal regeneration hypertension, .. 
--t,.?,'-

;oc!..' JI!' 
in vlew of the sodium-retaining and antidiuretic propertJes exh1bited 

, , 

by this ,steroid (87, 69). De Ni,cola, Ol1v=~.(and B1rmingha~' in 1969 
! J> , 

(88) found no s1gnificant changes in the, conversion of progesterone-

4_14C to l8-0H-DOC by quartered adrenàls of rats with SPQntaneeu& 
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'lr-Yperte~ltion and s.u~geBted that the adrenal cortex is pr'o-bably-

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

1970 (89) fou~no elevat10n·of lB-OH-DOC in the peripheral plasma 

of rats with aœrenal regeneration hypertension. Rapp and Dahl-tn 

1971 (90) compared the âdrenal steroid production-in female ra~s bred 
v 

"'. 
for suseeptibllity and reslstanc~ to thé hypertensive affects of 

salts. - T},le animals were on a low salt diet (0.4' .. N~C-l-} .. -f.or th __ !!Je,en 

'weeks. the authors meaaured 18-0H-DOC levels in adrenal vein blood 

and in p~r~pheral blood and concluded that. the susceptible rats pro­

/ 
duced twiee as much l8-0H*DOC as the reaiitant rats; 

(e) Metabolism of lB-OH-DOC: 
. ~ , 

Little is known ~ the metabo1ism of adrenal 18~OH-DOC. 

Nico1i! and uilck in ~96S (91) studied the metabo1ism ~f DOC-1,2-3H 
4 

and 18-0H-DOC (~endom1y labeI1ed with tritium) by bull frog adrenal 
\ 

sliees and found that there was only a small conversion of IB-OH-DOC 
---.. _-~--~-- ... _ 1 

to a1dosterone as eompared wlth the conversion of DOC. The authors 

. . 

attributed the poor conve-rs1o'n of" 18-0H-DOC to a resistance of :.1.8,20-. 0 
....... ----. 

cyc1ohemiketa1 strycture to ~'enQ111l8.tic oxidatron. De Nicola and Bir-. .... '-

mingham in 1970 (44):.rep<nite<t:.th!t in sliced adrena1s oF. the stumptail 
a,r,J ~ ~ 

.J 
monkey, 18-0H-DOC-4- 14C was converted to lB-OH corticosterone in 0.61. 

.. ~ - -
Very recently, Melby C!t aL" q-<9, 20) , 

\ ;1' ~ __ ~~~ ... , 

isol~ted and identified radioactivè 18-0H-TH~~C (18-h~droxy-tetyahydro-
ri'~ -

fi" 
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deoxycorticosterone), a ring A reduced metabolite of lB-OH-DOC, 

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

1 -
~~ ,urine of healthy aubject8 &S weIl as from patients with hyper-

tensive disorders. 

The biosyntheti'c and metabol1c transformation reactions 

'. ( 
for lR-OH-DOC discussed in tbe preceding sections are summarized 

diagrammatically in Figure D, slang wf.th the apÎ'l:·cfpti1ft'ètT~fèt'lm~e.a"".'~.'''.'l~ 
, , 

6. Mineralo ~rticold actlvit nthetic 1B-OH-DOC- -Acetate: 

, . 
The nature and extent of the physiolôgical a ivity of 

l8-0H-DOC have not been well stujied. ln 1960, Ward and Birmingham 

(59) obl;.ained a purified lipid fraction with propertiès Qf the . 
", , 

l8,20-cyclohemiketal form of l8-0H-DOC from inçubated quartered rat 

adrenals. This materia1 was shown to have sodium-retaining"activity. 

In tbr~e separate assaya on adrenalectomized rats, using 2.5, S. 

and 5 ~g doses per rat, this compound gave eff~~ts equlva1ent to 

1.9, 2.2, and 0.5 ~g, respective1y, of DOC acetate, on urinary~Na/K 

rat~os~ This lipid fraction wes subsequently identified chemica1ly 

a8 l8-0H-DOC by the same authors in 1961 (17). Kagawa and Pappo 

'in 1962 (87) found that l8-0H-DOC-2l-acetate p08sessed _ab,dut 10'7. of-

.. ~ ~ ." ... "'" ...,.-,,,..> 
the mineralocorticoid potency of DOC acetate by the criteri~ of 8Qdium, 

retention, potassium 1088, and reduction of the Na/K rat~o in the 
1 

urine of adrenalectomized rats. Birmingham, MacDo~i-and Rochefort 

'---
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in l268 (69) reported that, using adrena1ectomized rats, 18-0H-

DOC-21-acetate had a sodium-r!~aining effect equa11ing that of 

DOC acetate at a ~ose of 10 ~g per rat, but was ~ea~ effective 

than DOC acetate~higher doses. Unique1y. 18~OH-DOC-21-

acetate did not incresse the urinary potassium excretion at any of 

1 the doses tested (5, 10, 20, and 40 ~g per rat), wheréa8 DOC 
" 

acetate stimulated the excTetion of potassium at 10 ~g but not 

at 20 ~g. The authors also found that 18-0H-DOC-21-acetate 

had a dose-dependent àntidiuretic action in the adrena1ectomized 

rat that was significant at a dose as low as 5 p.g per rat/' 

whereas with DOC acetate no statistica11y significant Teduction 

in urine volume vas obtained with doses of 10 and 20 ~gr Porter 

and Kimsey in 1971 (92) reported that 18-0H-DOC has about one 

seventh the potency of a1dosterone and one fifth the potency of DOC 

on sodium transport in the iso1ated urinary b1adder of the toad. 

'. 
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lB-OH Progesterone 

, 
1 
1 , 

Cholesterol ~/I, " 
1 .a/ 
1 1 
1 1 
1 1 
1 1 
1 1 
1 / 

J--~I / 
DOC 1 1 

1 1 
1 1 

1 1 

1/ 
1 1 

--
. l8-0H-DOC 

18-0H-TH-DOC 

Pregnenolone 

lB-OH Corticosterone 

Aldosterone 

Fig D Summary of biosynthetic and metabolic transformation reactions 
for 18-0H-DOC. Dotted arrows indicate intetmediate steps. 
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1 

1 
in~o the methods for the introduction of .n oxygen functton in place 

o~~ -hydrogen at the C-18 methy1 ~roup. 
., 

, 
1 

Two usefu1 methods are known: first, by the degradatlon 

of'natura11y occurrin~ steroida1oa1ka1oids with C-18 appropriate1y 

furtctiona1ized; second. by the direct introduction of an oxygen at 

C-18 in steroids lacking a substituent at this position. The 

1iterature pertinent to the synthesis of l8-0H progesterone and 
i 

18~OH-DOC by the application bf the se methoda la reviewed be1ow. 

I(a) Method one: 

The degradation of a ateroidal a1kalo1d, which àlready la 

substltuted at C-18. to an 18-oxygenated, nltrogen-free sterold. 

, 4 
lB-OH Progesterone (20-hydroxy-18,20-epoxy- 6 -pregnen-

3-one) wes 8yhthe81i~d fro~ the a1ka101d conesslne by Buzzetti et 

., " al. in 1959 (CJ3). by Hor',a and Cerny in 1961 (94) and by Goutare1 

et al. in 1969 (95).' It waa a1so synthesized from the a1ka10id 

ho 1arr h {mine by 
, v 

Lab 1er and 'Sorm in 1960 (96). 
c ... 
~ , 

----- - ----~ 

Conessine lB-OH Progesterone 

Ho 1arrhimine - , 

1 

• ,;f 
" ' 



----------------------------------------------------------------------------.-----------------
! " 

~ 

-.... 

", 
'. , 

" " 
, , 

~ 

." 

',; 
"-

e 

34 

These syntbeùc' pat;.hways leading to 18-0H progesterone have one feature 
" 

in common: the replacement of each ~mino ~roup in the molecule by an , 

'" , . 
,::axygen-containing function via a sequence which is baeed upon the ~on . " , 

Braun' s de~thylation (,~ _ N ,.CH3 ~ ,g_ ~ ./H), f~llowed by Ruschig' s 
" """CH3'''' ...... H ' 

deaminati r,!_ N .... H ~,~,,: N .... C1 ___ 'c = NH ~ ~C:: 0\ One repreeen-
\" .... H ----''' .... H---' , , i) 

tation of' his method may be.illustrated by Buzzetti's (93) synthesis 

of lB-OH 

depicted in 

i 

ogesterone frolll"" cot\essine. 

(.) (NB", 

The sequence of reactions ie 

) 
('2.) .CH,OK, HP 1 ~ 

CIi,. .... W c"t-tJ li 

c< (1) 
~/ ( II) 

5 

Clis OK, H,p , ~ 
, )-
, , , , 

ctt~ " , , N , , 

\"cR:" (III) % , , 
~ , , , , 

~ < 
< , , 

/ , , , 
... 
, 

), 

" 
CV) , 

, 

Scheme t Synthesis of lB-OH (V) from conessine (1) ~ progesterone 
by Bu~zetti et al. (93) 

HJ 

H3 

/" 

./ 
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vqn Braun's demethy1ation of conessine (1) with cyanogen bromide 

removed two N-methy1 groups snd'gav~ II, which waa converted by 
, 

Ruschigts deamination with N-ch1orosuccinimide into t~e N,Nt-dich1or~ 

der ivat ive (III). Treatment of III wit,h aqueous a1eoho1 te potas8ium 

.... 
hydroxide ellminated two equlvalent8 of hydrogen chlorlde and 

effected hydrolyals at C-3 to yi~ld the A 4-3-ketone der ivative 

(IV) • 

_;.\,~,f-r 

~"G " .. 

Hydro1ytic fi8aion of"ring F and degradation of the amine 
.. "'':f.;Jl.V , 

group with nitrous acid gav,~~~ nitr,()gen-free product 18-0H proges-
o " 1>~C>'Y1l~ 

terone (V). The oversll yteld from l was about 161. .. 

A1ternate routes for the aynthesia of some 18-oxygenated 

ate~oida from conesalne have been developed by Pappo. Theae are . 
deacribed in greater detail be1ow • 

. ' :T~ synthesis of IB-OH-DOC (XIII; ~cheme B) has ao 

far bee~ descrtbed by Pappo in 1959 on1y in a prellminary 
, -

couÎtnunication (97) and (il U~S. Patents (98). It Fo1vea a 

fifteen-8~ep ayntheela atarting from the alka10id cone8aine (1). 

t 
This long but ingenloua ayntheais leada not on1y to lB-OH 

progeaterone (XII) tiut also to . ' .;.' ' ,-,," 
1 

-

18~O~1~ (XIII). The synthe'tic 
\ 

aequence il deJ!icted lt(Scheme B. 

Coneasine (1) was first converted to the 6-ketone (II) 
/ 

by hydroboration vith sodium borohydride in the presence of aluminum 

chloride in diglyme, followed by chromit acid oxidation of the re-

" , , 
sulting 6-bor01 intermediate. 

t 

The 6-Ket.()n~--"(y~\ ,,,a.a converted, by 

...J 



----~-----
(XII) (XI) (XIII) 

• ..,.J"")... 

Scheme B Synthesis of lB-OH-DOC (XIII) "from' conessine (1) by paptkJ' (97, 98) 
\ 

f 



'-... : 

. , 

'- , 

1" il' • .. J 
1 .. :::-t~~~~.,J 

------ -~-' 

.,1/" __ 
...-­-.... 

r 

reaction with methyl iodide. into t~'-:bhquart~rnary metfiodide,-
... .,..... ~ , 

which on reaction with potallium t-butoxide in boiling t-butanol 

4' 

under~wen~ Hofmann degradation et C-20 and simuttaneoui 3,5-tran8-
.. lP# ~ -) \ 

ellm:tn&t.~e the 3 .5-cycloateroid' (1'1.):),. -~ hi" intermediate , ~ - -........ \, ... ' 

(111) was quaternized with methyl p-toluenesulfonate and the 
~ . ,~ 

< .' re8ulting methotolylate -ra then hydroXYlated vith aqueQua,' .. 
l \ -..... 

potassium chlorate catalyzed by o8ml~m tetroxide to give a m~xt~e 
6 \ 

, , 

of 20-epimeric diol (IV). Tre.tmé~t of IV with potallium t-bptoxide 

gave the- nftTogen-free product 18,20 ~-oxide (V). The 21-toeylate of 

\ 

V ... converted . .to the 2l-dimethylamino der ivative (VI) .ith dimethyl-_ ......... ...-x 

~ 
amine. The 6-keto group in VI W88 reduced by lithium aluminum hydr ide 

.1 

to a mixture-ef 6-alcohola (VII).< The 3,5-cycloeteroid (VII) waa 

, 5 
borner ized to the eorreaponding A -3f3-ol der ivative (V11I) using 

formic acid. 
4 

Oppenauer oxidation of VIII yielded the ~ -3-ketone 

(IX). Dimethylhydroxylamine waa eliminated from the correapond!ng 

N-oxide (X) by refluxing in t-butylbenzene, giving the enol ether 

(XI). Hydration of Xl with dilute ac'fd yi'elded the l8,20-cyclo- ; 

hemiketal form of l8-0H progesterone (XII)~ wherea! hydroxylation 

of XI with osmium tetroxide in pyridine gave the 18,20-cyclohemiketal 

f~m of 18-0H-DOC (XIII),. 

By fOllowing Pappo'a procedure, aIl attempt8 to achieve a 

cyclization reacrion from the 20-epimeric dt~l (IV) to the 18,20~-

oxide (V) were unsuccessful in thi~ laboratory. Alternative routes 

__ c 

-

t , -. 



.' , 

.... 

..... _-----~ 

38 

to lB-OH progesterone and IB-OH-DOC vere tberefore sou~ht by the 
1 

more convenient pbotocbemical met~od and are described later ln ,a 

separate section. 

(b) Method two: 

The direct introduction of an oxygen functlon at the 18-

unsubstitut~~/~by'~ group ~y intramolecular radical procesees. 

I~:r:~mol.cUI.r fr •• -radic.l ~.!ct!on. ore of practical 

importance in steroid chemi~try in'connect~on with functionalizatlon 
)-~ 

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

action 1s the need for favorable proximity of the groupa involvetl. ·The 

~ 

/ .. 
intramolecular radical re.ctione can generally be repreeentea by Scheme 

. -----~-I 

C, according to the hypothetical principle of 'barton et al. (99)~"r~-_" ........ 

Scheme C 

. n ~t. 
, ,L~H,.. • "\ 

, HCX:.-/' X' :. ';' 
--->(.--t) 11 1 

c .' ... 
) 

"-' ,-. 

Free-radical induced intramolecular hydrogen shift (99) 

.. 

J 
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The important rea~tions described bere are tbo.e in wbicb (X) .- 0 and , 

(Y) • 1 or N - O. Tbe reactive radical (X) may be senerated by~barmal 

." '!:-- -M·-~l-yt,~· bomolyste of the X:'Y%ond in (A). The re.ulting free 

radical or .imiler reactive species (B) ia in a favorable position for 
• 

the transfer of tbe hydrogen stom via a slx-membered,-cyclic transition 
,.v 

\ . 1 

The bydrogen tranlfer leadl to 'a .CH2 radtca1 (D), wbicb may 
, . state (C). 

react witb a suitable species-from tbe solution •• itb another free 

radical. or with a reactive intramolecular site. By .uita),J~ '-Choice of . ~) 
~ l'''~ r-~ 

steroid substrate, thia type of reaction has been uled -;;to ··ir:t~~uc..!. an 

oxygen atom into C-18. 

For the oxygenation of the angular metbyl ~oup at C~J8 in 
, , 

steroidl three methods involving intramoleculer radical reactions are 
l 

known: (a) oxidation of 20-alcohols witb lead tetraacetate in tbe presence 

of iodine (the "bypoiodite reaction") (100), (b) .. pl!otolyais· of 20-nttr'ffi""""" '''';'' •. , 

esters (99, 101), and (c) pbolDly.1s of 2l-acetate-20-ketones (102, 103). 
-, 

Of thele;---the 1altt.:.~.1:hod APR,arl to be the s1mp1e~t and most efficient. 

Methods (a) and (c) share a common advantage: the 20-alcohol and 20-

ketone can be used directly as starting material. Method (b), on the 

. 
other hand, r~uires an additional step for the formation of a reactive . 
nitrite derivative before homolysis. -

Wett.tein et al. in 1962 (100) firat reported the Iyn- . 

thesie, of 18 -progesterone (VI;- Scbeme. D) from. progelterone (I) , . 
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.,,----~-
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by treatment of the 20-~~hydroxyproge~terone derivative (III) .ith 

lead tetrsacetate and iodine 1~ boilias cyclohexane in the presence -

of calcium carbonate. 

1 

.. III 

- . V 

-------
"l ~, 

• 
c 

., 
"! , c: H+ 

tf 1 ' •• 

" .~ 
v- Il ~,.. 

HO-c:-H 
~ 

.i 

PbCOAc)4 "Il. - :! ..•. "l>, 
l' ). ~.'.t. 

": 
---

'. -

CaCo, A . 
\,f~ __ 

(1)~90Ac., C~O.-\ ') 
(2) CKjl-oH 

o ~ 

<V0 r.v 

VI 

. , 
~ .. ,' 
~o 

SePe~ Q'.:J.. Synthesis p"f' lB-OH" progesterone (VI) from progesterone 
.... '~" 1 \1' (1) by ~wéÙptein ~t al. (lOIL\ c;-
. V: ~ ~ 

The lr..~~Jal r_act1.onrha~ been rationaHzed to be the homolytic 
)1 .. 

cleavage of the presumed intermediate 2b-hypolodlte (II~-a)_~~~ing 

~to the ior .. ti~ of the 20-.~oxy-r.di •• l (III-h). Thiloxygen 

·r 

.Î 

) 

\ 
" 
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'. 

( III-a) ( Ill-b) (IU-c) 
a 

-
radlëàl (Ill-b) may _bseract _ hydrogen from the C-IB methyl 

H'" 

1 

, 
• 

group four carbons away to form the l8-iodo-20-hydroxy derivative (IV). 
r 
Ch~omic a~id oxidation of IV gave 18-iodo-20-ketone (V,) ~ .-wllich 'was 

1" • " .... 
~ <\ w~'"'~ " ....... "-'.'1uOo'Ir,':'I: 

1 
by ace.tic acl-d-hydrolyzed with 'silver . Acetate in metha~01 (fol,lowed . ' 

to afford lB-OH progesterone (VI) in 207. overell yield from II. 

Reactions vith lead tetrucetat,e._nd iodine are frequently com-

plicated ~y further attack at C-18 leading to IV (see Schema E)~(100). 
/ 

Barton et al. in 1960 (99) reported the &ynthesis of IV 

(see Scheme F) v~a irradiation of the 2~-nitrite ester (II) of the 

2~-hY9rRxyl steroid (1). This react ion ta now known aB Bafton' a..-. 

nitrite pho~lysiB. 

(a) 

/' 

-\ .. -"-

._, 

( 

u '. 
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,,~I 1 

, -

,,, 
. '/ 
:1 .. ~Ac Rc.o " 

II 

\ " 

) 

, 

• ) 
'1.-

r .. ') ~ 

. , 
( U-c) ( II-d) 

------y 

î 
t-J .. OAc.CH,-c:-oH, 

--~) HJO) 
III IV 

~O ~O 
J '1r 

• 0" "!~ - • 
v\ ~,. 

SChe" E Synth,sis of 3~~.C'toXY-18'hYdrO~Y-18.20~-'PoXY-5cr-pregn.ne 
, from 3B-acetbxy-20~-hydroxy-sa-pregnane (1) by~Wett8tein et 
~ ____ t 

(100) " ( 

(IV) 
al. 

/ 

-T 

o 
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The reaction lnvolves photolYlis of a' nitrite ester (.)~ leading'to the 
") 

intramolecular exchange of the N-~- 0 group with a hyârogen atom ,four car-

. bons avay. The nitroso intermediate (b) h formed in the reaction mix-

ture.' The eventual product il an oJime, whlch ytelda the aldehyde gr~up 

-'~ 

upon hydrolysi.s. 
/. 

Barton'. dilcovery h~1 provided another ;;r,atile method 
) 

for activatlng the C-18 methyl group. 
----~p'_""" ... 

• < 

RP 
III IV 

Scheme F Synthèsis of 3~-acetoxy-18-hydroxy-18,2~-epoxy-5a-pregnane (IV) 
from 3~-acetoxy-20~-hydroxy-Sa-pregnane (1) by Barton et al. (99) 

.. . -
3~~acetoxy-20~-hydroxy-~-pregnane (1) was converted to the correspon-

ding ~~-nitrite ester (II) with nitrosyl chloride in pyrldine. Photo-

lysis of II ln benzene solution allowe4 the selective introduction of 

1 .,.,,'" 
~" Il'' 
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an oxygen function at C-18 a~fording the ~-:ldehYde (IV) after 

acid hydrolyals of~the 18-oxl~ {llI). The overall·yleld waa about 

33~ starting from 1. 

ti 1 1 
'II: ~..: The three ... ,etep aynthesis. of ald.oaterone (IV) in 15~ yield 
~ .. 1" b" ...... ~ or l" f"'l'" ) L __ 

from corticosterone (1) (Scheme G) via, th~.photo1ysl~ of the 
.l 

nitrite ester (II) by Barton and Beaton in 1960 (101) il another appl\r 

cation of the free-radical induced intramolecular hydrogen abstraction 

reacttons. ; ". 

d-...J=o,Q 
~ 

.' 
1 

(,",oR' .' • ..-
1,1 
:0 

~o 

III 

\" 

I:t 
.--

IV 

CI\ORc 
1 
c~ 

CHlORe. 
1 . 
c=o 

""\ 

Scheme G Synthesis 
·2l-açetate 

.... .... J~~ 

of aldosterone-21-acetate (IV) from corticoste~one~ 
(1) by Barton and,Beaton (101). 

~.,,~ 

J 
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An unu'sua1 __ reaction which permits diTect introduction of a 

C-18 oxygen function has been observed by Jeger and co-workers in 1960 

(102, 103) in the photoly~is of 3,3-ethylenedioxy-20-one-21-acetoxy­

Ô 5.pregnene(I) in ethanol (Scheme H). 

,"% 
('0 lu",,, _ 
C.h romatb,ra"'y 

'I~ -: ! 

IV 

/? 
1 

1 
KzC01,CH10l-t, HlO 

... '00;' 

V 

, HzOAC 
c=o 

(1) i?{, CzHsOH,4h. 
(2) ~ollA"'" Ck~lfIAt"o9rClph'l 

---- L 
! 

II --

2i,J~ (1) CII,.1-oH. CHJ 0\4) ~10 ,..c:lI 

r (2) Co lu "'''' '''',o'''4It'o,t~phy 

o CHJ 
0t! 

III o 

Scheme H Jeger's (102, 103) photochemical reaction of deoxycorti-
" costerone acetate der ivat ive (t, ._ 

"- "i /;~t 
"~ j 
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, 
ln addition to the expecte~ 18~20-cyclobutanol derivative (IV), an 

(Il) having the 18,20-cyclohemike~al ,truêture was obtained. 

The formation of 1I~ which differs substantially from the usual intra-
, , -. 

molecular hydrogen tranafer procell8 (8ee Scheme C), has been'"ltOstulated by 
-' ' 

Jager to be proceeding through the following mechaniam: 

~ 
The 1ntermed1ate of the reaction 1a the enol ether (II') which was 

co~erted by the solvent to II. Acid hydrolysis of the ethyl ketal 

,1 '" (II) gave the parent compound lB-OH progesterone (III). , < 

.~ âdop~ed Jeger's method for ~he preparation of l8-0H 

progesterone because of its simplicity and conv~nience. 

t 
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PART III: SYNTHESIS OF l8-0R-DOC, RESULTS AND DISCUSSION 

1. of 21-acetox l to lB-OR-DOC 
~ 

acetate (VI) by reaction with 1ead tetraacet.te and iodine: 
-4 

ln exp1oratory experimentà. we examined a possible method ,,. 
for the ~,ynthe8is of 1B-OH-DOC acetate (VI) from 2l-acetoxy pregneno10ne 

(1) by applicat ion of :Etre Ithypoiodite reactf.on" puMished hy Wettstein 

, 
and co-workers (100). THe approach to this synthesis ls illustrated 

by the followin~ sequence of reactions (Scheme 1). 

cu,oRc. 
~ 

J 

III 

V 

Q, POOl., 0" ~ 
.., /00 % 

ri) ~,ofk, Cti~~ 
('2,) ct-{!l-oH 

(J>Oppt-nALlet 
~",.id.)ttol\l 

00 o 
IV 

VI 

Scheme 1 Proposed route to the synthesis of lB-OH-DOC acetate (VI) 

from 2l-acetoxy pregnenolone (1) 

ft 

CH,oAc' i' ~; 
1 • ' 
C=o 
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() 

ri ~ ,"'j'" 

2l-Acetoxy pregnenàlonè (1, m.p. 165-1700) i~ chloroform 
" 

was converted to the correspon~ng tetrahydropyran ether (II, m.p. 

o 115-120 ) in quantitative yie1~ by treatment with 2,J-dihydropyran 

and'a'catalytic amou~t of phosphorou8 oxych10rid~ at O~ for 1.5 h. 

The yie1d was 80% when p-toluenesu1f6nic acid monohydrata wa8 used 
1 

as a catalys't. 

The spectral data ~ere in accord with the structure II. 

The infrared spectrum of II showed the absence of hydroxy1 absorption 

-1 1 1 near 1560 cm ,. but had strong bands at 1750 cm- (CaO) and 1228 cm-

(C-O) attributable ta the'21-acetate group, an~ ~t 1723 (C=Ô) ascrible 

• ta the 20-ketone maiety. The N.M.R. spectrum of II indicated the C-6 

vinyl proton at '" 4.59 (IH, Jroad- singlet)' ,<tl}e 21-meth;lene àrot~ns at) 

~- ' .~ / 
",5.32 (2H" AB quartet, JAn = 19 c.p.s.), the 21-acetate protons;"aV' 

't7.80,(3H, singlet), the C-19onethyl protons at~'Z:8.95 (3H, singlet), - , 
~ , 

- . \ 

and the C-1B methy1 protons at't9.27 (3H~ sing1et). 'The mass spectl!.~lA. 
~, 

'of II was devoid of the molecu1ar iOT;} (mie - 458), but showed a base 

ion at mie = 356 which probably arose bYe the fol1owing fragmentation: 

.... 
·m/e "" 458 

-~-- -- -- ----~ . 

mie = 356 

/­
! 

, 
" 



-e 

' .. 
-" , 

Il> 

49 

Reduction of the 20-ketone (II) to the corresponding 

, t 
20-alcohol. (III. m.p. 125-1280 ) in quantitative yield was effected 

)USin~'lithium aluminum tri-t-but~ynydride in tetrahydrof~ran at 00 

~ 

for 1.5 h., The infrared spectrum of III showed the reappearance of 

do 
3680 cm- l and disappeara~e hydroxyl'bands at 3460. 3598,. and the 

of the band at -1 1723 cm for the 20-~etone. The continued presence 
,f 

of the 2l-acetate carbonyl ,rroup W8S denoted by the band at 1735 cm-l, 

The presence of anhydroxyl rroup in III wu fur ther sJ.lpported by the 
ç 

N.M.R. peak èt~7.63 (lH. sin~let) and this si~nal dischar~ed upon, 

addition of D20 to the sample. The mass spectrum of ~Ifwa8 devoid of 

tjle molecular ion (mie - °460). bu~ ~hjed a base ion" at m(e ~ 358 

( 460~ - O-o.t). 
.,. 

In preliminary experiments. we found that the reduction 
--... - ----

by sodium borohydride of the 20-keto .. 21-acetate (II) in methanol at;{)O -- ... 

for 2 - 3,h. (104) ~ave the 20.21-dtol derivative as the principal 

product due to the concomitant base-c~~alyzed hydrolysis of the 21-, 
, ! 

acetate moiety. Reduction of 20-keto-2l-acetate (II) usin~ sodium 

borohydride in dry diméth;lformamide or in 80% aqueous dimethyiformamide 
" , 

at 00 for 3 h (105) gave approximately equal amount~ of the reduction 

proauct 20-o1-21-acetate (III) and the starting material (II). 
1 

~eaction of 20-q1-21-acetate (III) with lead tetràacetate 
~. . ~ , 

and iodine (one equivalent) (100) for 2.5 ,h in bOi~ng benzene under 

.1 < \ 

réflux ~ave a complex mixture of product~ which were 'separated by pre-
J;'J -
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parative ne. Three non-crystalline fractions were isolated in 10. 
P' 

yields and the individual frac~,!on8 were analyzed by infrared and 
-' 

r-

m&ss spectrometry. Th~ infiared spectra of these frac~ions showed 

similar absorption patterns and the disappearance of the hydroxyl bands 

'it.ear 3400 - 3500 cm- l • The continued presence of the 2'l-acetate 
r 

carbonyl moiety was indicated by the band at 1738 cm- l Bands in the 

region (1270 - 1000 cm- l ) corresponding' to c-o stretching vibrations 

were also observed. The mass spectra of these fractions showed strong peaks 

in the qtgh mass reglon (m{e • 500-600) suggesting 1he presence of iodo 

"v 
substituted compounds; however, no definite structural information could be 

deduced from these fragment ions. It ~ possible that an l8,20-epoxy der-

\ 

ivative. a~ de?icted in the postulated structural formula below, migpt 

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

--+-"I .' 

0-
.. .. . 

• 
However, no further identification W8S attempted on these compounds because 

of the low yield and the fact that the Feaction products could be resolved 
r"~~~'\i_ 

\ ;~ 

/ 

.. 
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by--cnromatographic means only wlth great diff{culty. \ 

2. An out1ine of the synthe.!. of lB-OR-DOC from ~eoxycorticosterone 

acetate: 

The synthetic pathway for lB-OR-DOC developed in th!. 
1 \ 

'--1aboratory h represented by the followlng 8cheme. 

.' 

ZHs " 
"-

,/-

ff 
(,) C~~c-oH,H,.o,A 

-, '. IV, V (2) I<'t(08,O"30'1, H10 V.l 

15-1.10J0 0 

r 
, ;01<' 

/r 
Hl :J ... 

> 

" 
-

CI) Os(l}}l,Q/cf~ 
0 XI (2), N4t'Dr.t(zlDJ• HJ) 0 

Q4o!o ' 

. ...... 
from deoxycorticosterone acetate (I}~ ~ 

o 

'. 
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,i 
As the immediate precllrsor for the synt~e'~~s of IB-OH-

-. 

DOC (XII), we chose the structurally simi1ar steroid l8-0Ho 
1 _ , 

progesterone (VI). lt possesses the ~4-3-ketone as weIl as 
'l-

the 18,20-cyclohemiketal which can be modified to 1~-OH-~C 

by fu~tionalizing the 2f-methy1 group. 

lB-OH Progesterone (VI) was prepare~ from the readily 

aval1able deoxycorticosterone acetate (1) by"the photochemical 

method devel.Qped by Jeger' et al. (102,103). The advantage 
'\ 

of this omethod i8 i:~ simplic~ty and conveni~~Fe: 
, 

Thus, lB-OH 

progesterone can be obtained in" a three-step ·pr.ocess. Having 

obtained -the intermediate lB-OH progesterone (VI). the next 

task was' the' elaborat ion of the 21-hydroxyl group. Briefly, 

~hts was accomplished by converting lB-OH progesterone (VI) 
, '" 

lnte the enol ether (XI) followed by hydroxylatiQn of XI into 

the desired i8-0H-DOC (XII). The ''Q1ie~aH--'Y'1:e-ld-for the sequence , . r' 
acetate (1) i8 151.. co! :eactioos ba~~d on deoxycortlcosterone 

'"f~' -\ 1 

-- .,. 

( 

o. 
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(, 

3. Preparation of l8-0H progesterone and identification ofbPhotoproducts: 
~ 

(a) Preparation of 3,3-ethylenedioxy-20-on~2l-acetoxy-~-pregnene 
1 

(11). the starting material: 
----

.. '~4'" 

Ketalization of'J;oxycorticosterone acetate (1) in benzen&~ 

w)th eth~lene glycol and pyridine hydrochloride (0.5 mol equivalent) 

9 , 

as the scid catalyst gave pur~ crystalline 3-ethylene ketal (II; m.p. 

. "25 
19~~196° ~ [c<,]o - + 7~:~f ~~.:!.f':Ji'eld. 

;r 

1 

~he mass spectrum showed an intense molecular ion at m/e-4l6 

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

, -1 
20-ketone function wss corroborated by the infrared band at 1730 cm 

,,/'f ' ,-;:-:;;-""-

The absence of the a,~~un~~tur~~ed ketone i;oup was ve~ified by !~he' 
l , 

disapp~nce of infrared absorption 
l - , 

at 1668 cm~l and also the lack 
1" 

of ultraviolet'absorption at 240~nm. The strong infrared band ne~ . 
--1 1097 cm may be ascribed to the C-O stretching vibrations of ethylene 

• 1 

; 

, ~, 

() 

J- _ 

1 
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(~ 

'ketals (106). The presence of ethylene keta1 was a1so supported 

hy the N.M.~. 8~gna~ at1:5.92 (4H. singlet) ~n~~the base,~8k 
O~. 1 

at mie - 99 ( [~.:,""") ~n ~he mass spectrum ,,( 132): ~ presence 
1 r 

, 1 1 -1 
of t~e_ 21-acetoxy group w~~iddicated by infrared ,absorrtion at 1748cm 

(C - 0) and by the NL:M.R. peak8~ati5.25 (2H, A!,ql1art~t. ~B. 20 c.p.s.) 

for the 21-methylene protons and at't 7.72 (3H, singlet) fo~ t~e 

o 
acétyl methyl pro~ons. The N;M.R. spectrum 41so showed C-19 'methyl 

-..; 

protons at 1: 8.84 Bi+; Üng~et) and C-18 me~hyl protons et 1: '\9.19 OH, 

s1ngl~t). The viny1 proton exhibited a broad sing1et near 1:: 4.61. 

This ls in agreement with structure II where migration of the double 
~ 

- -------bo1\d from the A 4_ to the 45_PosittOJ;~~Cu~red..! 

The~non-re8ct1v1ty of the 20-ketone grGUp in this reaction 

may be ascrioed -to the sterie effects of the neighboring 21-acetoxy 

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

Pyridine hydroch1oride appesxs to be a usef~l acid éat81yst for the 
1 • ~ 

_ 1 

ketalization of 1. Bernstei~ et'~l: (lOY) prepared Ifhe 3-ethylene k;5f1 
/" " 1· 

(II) from 1 in 3610 yie1:d by the usual proce.d~!e employing p.;to1uene/-
~ 

" 1 sulfonte acid as the catalyst. 
L_ 

(b) Photol sis of 
-'.- s,.-.~."/I"." •• I 

(II) in absol~te ether: 
/ 

(i) 3,3~Ethylenedioxy-18t20-epoxy-20-hydr~xy-~5_pregnene-{11l) Jeger et 
u " ' 

reported in a patent literature (~03)- that the, enol ether (III') was iso~ 

, 
1 ted in 211. yield from the photolysis of Il in absolute ether. The eX8<..'t -<" 

/ 
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/ -

natute of this substance was not disclosed. 
'L 

III 

\ 
\ 

1 

/' -

" 

~,.. 

VI 

It was hoped that III' would .. ge converted to 
~/' 
,-

by hydroxylation of the enol ether function followed by acid< egenera-
.Jo .. /: 

l,., \ ~ t ". I~' ,tion of the Â 4-3.rketo~~ mOirty • 

~ "'>~ repèt<{t iOt1~O~h~ exper {ment' otJeger, d'id not 

To our disappoi~~ntt attempted 

lead to 'tltè i801~a~Od\ 

of III' (Bee Delow). In -a-~ent approach, the erude reaotion \. 

./ mixture (Phot~zat~ ~as~..wit:hout deli.berate' isolation of "'Ill' , 
". 

/' 

) 

" 

1 .Jo 

.' 

~ 

/ 

l' 

" 

CH" 
OH 
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'" directly hydroxylated vith osmium'tetroxide in benzene containing 
- ~ j .~~\ 

. ,)?yridine followed by trea~ment of the réaction mixture with. warlll 

'- aqueous methanolic acet ic acid. The crude residue vas resolved by 

pre~tive TLC (SUica Gel G) .into five non-crystalline tractions. / 
,~_-

Dire5t compar1s~n of their infrared spectra, mass spectral fragment-a-,, 
:' 

tion patterns', and mobtltties on TLC and paper chromatograms with .' 
li , 

those of an authentic specimen failed to reveal any l8-0H-DOC. 

Column chromatography of the photolyzate ~n neutra1 
, . ~. 

11; 1 ~... ~./ 

alumin.a (activity II)'resulted in the isq1,tion o( ,ève~ ~~pounds 
1 ~ .... 

, . 
~ 

a5J amorphous residue. <') Infrared and maS8 8,peet.r~l ana~yses ind~cat~d 
\ 

t~t none of these products were Jeger's enol ether (III'). One of 

the proQucts (Fractions, .~:;54) was ideittified as III.' The 'remaining 

". 1 > ' r cpmpounds were not further investigated but their'spectral properties 

,.re reporte~ in the Exp~ri.mental sectic:~n'~ 

~/ 
1 

\ 'Of' , 

. o'~ 1 

Compound III (m.p. 137-140 ) was ..; , 

, 1 

eluted w1th a mixture of 

1-1 
petroleum 

'. 

ether and benzene in 23'7. yield. 
,~ ~ 

The structure was a8Bigne~' 
/ r 

. 
as JII on th~ basis of the followiog evidence: 

The infrared spectrum showed hydroxyl absorptiort at 3680, 

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

: , 
L __ 

'of the absorption maximl,lm oear 240 nm in the ultraviolet\',a,pectrum and 
J f:. b.nd near' 1660 cm -1 ,'t;:' the infr ared opec trum ind icated the .b.en~ •. 

1 ~ 

r ","' 

" 

.of an a,t3-unsaturated ketone moiety. The\atrong Infrared band 'near 1995. :cm- l 
~, 

f 

! • 
v"" , 

.f " 

" 
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, '. 
.. 

1& as cr ibe~,. at 1e~~ in' ~rt_. to the C-O str"etching vibràtio~ __ Ç)f ___ -~ 
~\/\..-.......... 

the ethy1ene keta1 group. This was corroborateo'oy ~he signal at 

"C 5. 93 (4H, sharp- sing1et) tn.the Nr.M.R. spectr4~nd by the base 
~, 

~ 

~on a~, mie - 6 
9"9 ([o~ in the maS8 spectrum •. The N.M.R. spectrum 

showed.8 peak indicating a C-i'9 methyl gro.up at 't B. 87 (3H, singlet) 

" 
and 8 'broad signal at 't 4.58 (lH) d~e. to thé viny1 proton of the Â 5• 

(' . " /' 
• 

l' .doub-le bondÇ" The absence of/the méthyl peak at -~ 9.19 (present in 
j 

the starting mater 1al __ 1-11 tt! :lndicat ive of the par t1cipatiJJn of rhe 

C-18 methy1 gr,oup in the photoch0ll11cal reaction. The molecular 
,~ ., 1 

formula, C23H3404,.was assigned for Illon the basis of ~lémental 

analysle and wâe .• ùb.tantlat~ by the mol.culer walght 374.2457 '(Cal~d: 

374.24~7) determinatio~_by high resolution mass~spectrometry. The mass 

-
-spectral fragmentation ~ttern can be rational1zed on the basis ~f stryc-

': 

t!~re III 
• r 

(see Part Iv, v· 127). - ' 

... 
",<> 1 • 

~j 

The identit;y of III was confirmed by hydrolysis of III to lB-OH 

-,. -proge EJCerone (VI" m.p. 1400) with warm aqueou8 Jnethanol1c acetie. acid. -The. 

~\ ;~o# ,/ l. .'l) ~ 
yleld, fol1owi~.pdrific,tion-by ~reparative TLC (Siliea Gel G), ,was about 
,,-" " \ ' 

, 1" • !~ -
10%. -The; complete characterization of: 18·0H pro~~~~rone (VI) ~~l be 

- J 
d~s-cuS8ed il! a later sect1pn (see p. 72). , , ' 

'1 There have apparent1y been rio prior reports on the isolàtio~ of III . . _____ 1;r--. 

" ".- . '1 ..... 
It ls possible that III may be formed by hydra-

• • :' If " "1 

rttni of Jeger's eno1 ethe-r ÇIlr'rduring thè j.solatio,n procedure. As indi,-
~ -

cated by osmtum t~tx:oxi~~ exp~rimentlt eff<?rts to'hydrQxylate','III' in situ 
'1 ~i 

~were not successful. .1 

r 
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-·e 
(c) Photoiysis of 3.3-ethy1e~edioxy-20-~~e-21-~cetoxy-~5_pregnene 

(II) in abso1ute etheno1: 

/' 

Photo1ysis of II was then carr ied out_ in .al>.~~e ethanol. 
( 

Chromatograpbj-of the p~~tolyzate on a neutra1 alu~ina (activity II) 
, ! 

e 1 

column led to the isolation or two crystalline compounds, IV (Fractions/ 

2-6), and V (Fractions 30-81). and a straw-colored residue (Fract'i.ons " 
.r"-" \ , 

8j-86~ wh~th was nat identifiéd. IV appea~s ~o be an i~omer of V and 

both compound. can b1-hYdrOlYZed wlt~_acid to lB-OH prog~~erone (VI). 

, 1 

1. 

IV, V VI 

\ 
,,' . )' 

, (i) ComRound IV (fractions 2-6): Epimer A of 3.)-ethylenedioxy;-

18 tO-é ox -20-ethox nene Elution with & mixture 
~",-,--..o.......;",,--_""---;>_~...o.......;...-.,..;..;;___ - , Il 

o~ petroleum ether and b nzene afforded IV (m.p. 155-1580 t[""] ~5 • +24.4°) 

'/ in 'lat yie1d. 

" 

On the 'basis of elemental analysie, IV wae assigned the empirical 

\. 

/' .... _ .. S ... lif ___________ "'--__ ~ __ .• __ .~ 
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formu~a,.Qt5H3804 which requires a tetraeyclie structure in IV. 
, , 

This 

WaS ~upported by the molecular ion at mie - 402 in themass spectrum. 

, 
The infrared spee~rum showed no evidence of hydroxyl (ca. 3000-4000 

l 

cm-l) and carbonyl (~a.,1~80-1740 :::~l; ~~-;;r~, The ab.ence of 

~4-3-ke~oile group was aIso verified by __ the eomprete lack of, absorption 

\ 
in the ultraviolet (À max - 240 nm) 3peetrum. The strong ilafr ared bands 0 

-1 near lt05 t 106~, ~nd 1024 cm might!>e a-ser ibed t at least in par t, to 

the c-o stretching vibrations of the ethylene ketal moiety. This 

Interpretation was supported by the base ion at mie • 99 in the mass 
, l' 

spectrum. The mass sp~etral fragmentation pattein waS cd~si8tent with 

structure IV. 't 

Additional evidence for structure IV 'as obtained" by its 

hydrolysis with aqueous 30% acetlc acid (15 min at 600
) to lB-OH progesterone. 

~ (VI) aS colorless crystals in 96% yteld. The identity of VI was confirmed 

by mixed 1LC~ and comparison of the infrared and mass spectra :with 

those of authentic lB-OH progesterone. 

, ' 
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(20%) 
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mie ... 358 

----+-ml e ... 37 2 
~ (7%)' 

-" :- ... 

, ' 

, ,mie = 402, M+ (57%) 

mie == 357 cf2%) 
+ . (Hl , 

?t 

, 

ml e ~ 356 (5 li'o) 

" 

mie ... 99 (base ion) 

• 
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, ' 
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~"~"V ~ 
(ii) Compound V (fractions 30-81); Epimer B of 3,3-ethylenedlbxy-

18,20.epoxy-20-ethoxy.~5_pregnene Further e1ution wtJ_ the 
" .. 

same solvent, a mixture of petroleum ether and benzene, gave V (m.p. 

, -1' 
The lack '''Qf.., infr ared absorp t ion near 1".660-1680cm and of an 

ultraviolet absofPtion maJimum at 240 nm confirmed the absence of an ----
.<i,/3';'\msaturated ketone moiety. ~~ strong lnfrared band 'near 1090 cm-1 

'might be attributed, at, least in part, to the C-o stretching vibrat ions 
1 

of the ethylene ketal group. This was ,su~ported by the, base ion at 
~' 

mie - 99 in the mass spectrum. The infrared spectrum showed no ab- ~ 

sorption due to 
, l 

a ketone (ca. 1680-1730 cm- ) function bU~ had an , 

,/ -1 
near 3500 cm for hydroxyl group. Good lemental unexpectèd band 

analysis coul~ not be obtained however, possibly,due to·the instability 

/ 

of V'. Par tial hydrolysis of V to lB-OH progesterone occurred upon 
~ 

recrystallization -k-om soivent,. (.acetone-hexane) or on standing at 
" ' \ 

This probably exptalns the anomalous hydro~yJ 
1 

1 __ . .1 room' temperature. 

---..... -~ 

absorptl~ shawn in the infrar~d spectrum. 

/ 

. , The ~tabUit:y~ of V on I.e:,,~ 

, , , ' . 
crystallization can be improved by incorporation of a trace of pyridine 

~ 

'r 
" 

ioto the solvent and,by keeping the compound 'in a desiccator under an 

atmosphere' of pyr idine1
r The mass spectrum showed a mole~ülar ion-a! mie • 

,/" ' 
<! 

a , 1 

''''---4û2 corre-S'ponding ta the molecwlat'. weight of V. 
• \~ 

fragmentation patter~ 'could be ~nt~~preted 
1\ 

on the 

v 

~. 

The' masS 'spectral 
,) 

basis of st,ruc,.ture V: 

...... ~~. r ~ ... 
\ 

" 
" . 

,.0 

P 

J •. 
.--~ ... 

'/ 
tt 
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/ 

f 
1 

" . 

........... "1r--C"J.+.C1 HJ 

_~~m/e = 358 
(20%) 

/' 

\ 

\ 

m/ e .. 381, (7i.) 0 

"- mie (base i,ph) mie 402, ~ (71. ) " "'" 99 = 
", 

~ / 
tJ --r------~ 

"'. , , 

:; I,U 

.. 
The' identity of V was cbnfiJ:'inëd by hyd't'OlySis (0.5 N hydro-.:-

chloric a.E;t'd i~' dioxane ~\solvent', 2 h ~joo) to' lS:0H progesterone 
,,', 'f' .' ," , 

(VI) i~-2Ô1. 'l'y~~ld a:t~r sep~ ~olu~n. c~o~t?graphy, o~ __ neu,tral 
""-. • .. ~ 1" l ' 'II y._ 

.. ~;,alumina. VI (m~p. ';I55-160o) W8S 1<!~l1tifLed by compar.ison~~f Hs phys'ical 
1/',. . ~ 

constants (infrared sp~~~, rosss spectral ,fragmentation pattern, and 
/' -

r 

/ t 
/' 
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i 
mobility on .::.n.C) with thosej of auth:~tic lB-OH progesterone. By 

, a simllar p:r;:ocedure. Jeger et --aL (103) isolated from the ph0iolyzate 
\. . ' ,1 

'". Ô l ,. - r. ] 
a compound of m.p. J.87 .. ,fs8'" but';with an optical rotation of Le(. D - +10

• 

which was conve1'ted ta 18,-Q!:l pr~gès~e~ (VI). 
.. ',,~ _ ~ >10> 

, ,. 
,1 )~ 1 

The physical chara~er~~ation of TV indicate~ a close 1'e-
, r..~ 

" 

lationship to V; the infrared (CHCl3) and mass spectral ch~racteristics 
~.... ' 

~'" - .... ~ 

weu .imn~"r .•. ~,nd both for";~ ia-OH progesterone" upotad.d h;d1'olysis. 

The possibi~ity that IV may be the C-20 epi~r of V { suggeated. 
-- , 1'< : ~ " ....... 

'The PQs~ibility of c1'ystalline modifications caq b~ ruled,out in view 
-~ -,.t' . 

of the different o~tic4l' '~<?~~~ùons' (Iv.~] ~5 III +24.40;' !.[tl(,];5 _ -22.jo}-.. 
/, ' . 

lt ia possible therefore·tha~ Jegerts compound may be a mixture of 

IV and V. A vigoro~s ass1gnment of the stereôchemist~y 
,.' V 

« ean-'not--be--es-tablished a-t--this ti.me. ... _. __ ou 

, ' 
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~ ~ 
~d) An improve~-method for the preparation of 18·0H progesterone: 

_ f 

Th'e last pr.o~dure allowed 'us to obtain IV a9d V in reasonable 
..,. - \ ( 'j ~ 

yield. 
./ .J 

However,' ve~y high los8~8 were encountered in th~'su~Bequent 

conversion to l8-0H progesterone whtch entailed acid hydrolysis and 

column chromatography. Jeger reported a 5~ oVérall yield which was 
.J' 

substantiated-by 48. We att~mpte~~? 1~~rove the yleld'of l8-0H pro-

____ .' ,gesterone by hydrolysing the photolyzate directly. However ~', it W88 

1 

f~und that under these conditions, ~nother produc~ïXT' W8S obtained 

IX' IX 

p - • 

which had ~early the same polarity as lB-OH progesterone and could 
,f 

only be separated~with difficulties. 
-,,' .. ) "~,1 ~ 

. 
We therefore J..1!corppr ated 

another hydrolytic step under alkaline condi~ion8. This resulted in 

/-~ 

'J the conv~~sion of IX' to'the'diol (IX), WhiCh .• ~an be sep-:rited ~~8il,y 

-~ -frOm l~-OH pr~testerone. " ~' 
--------.... -.... _------'\ 

, '-

" 

In the modi.fied procedure (8ee SchelDe 2 for -summarl! I? .?l? ,1" 

1 ., - -, - \1 ".f.. .;." ~ .. 
1-

,IV and v wer-e not isofated and the_photC)ryza~e obtained· ~from the photo-

1 , . 
.1 • • 1 

/ 

/ 

,. 

lA. 
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lyst-s ,ai' II in absolute etr{uOl was --directly. hydrolyzed with warm 

, aqueous j acetic acid (With~~t addit i<?lL9f...!!lethanol, as distinct 
1 
l , 

. ____ from Jeger t s method) followed by treatment of the .acid hydroly-

//' 
zate with aqueous'- methano11c 'potassium carbonate. The prod~cts 

including 18-oH progeaterone were isolated ·fr~ the hydrolyzate 

by column chromatography on neutral alumina ~ac~ivity 1) (see 
'1 -
./ 

Table on next page). l8-0H Progesterone wa8 ~btained\in 
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The motpeular for~la, C21H3003' wâs assigned on the/baSiS 
. ! ~.~ 

of elelDental anal~:la. Th ~lnfrar';d sr;;_trum showed. hydroxyI ~b-,,,,r~ 

tion near 3420 cm The resence tf ~h~ ~4~3-ket~ne.moiety wa~ + 

indicat~d by the Infrared-'bands at 16JS cm-l' (caO} and 19~;~~-1 '(C-C) 

snd"was 'supported + the.abSO!Ption maximum at 241nm (€ - l5,OOQ)in 

~, '. 
the ultraviolet sp ctrulII.' Thé infrared bands at 1121, lq67, 1043, 1285, 

~ . 
ant 124~ .• ~~-1 are )ttribu.ted' t~.,_,a !l'~mbJ.nat!On of the c-o ~t~etching 

\·t. ~ ~ ... .1 / ,. I~.. rr' ..... t. 
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-1 -1 835 cm , in conjunction with the, one at 1620 cm , a~e ascribed to 
~ . 

the oleUnic (CcC-U) group. The mass spectral fragment,tion pattern 

can ~e rat1onal1zed on~ the basts of str~~r~ VI (see Part/IV, p. 110)'. 

Direct comparison of ,VI with an authentic sample of l8-0H prbgesterone 

establ~8hed tha~ infrared and mess spectra as well aB mobility on !LC 

of the two compounds were identical. 

The fact that' the infrared spectrum (KBr, CHCl) ~does not 

show absorption in the region 1700-1730 cm- l for a 20-ketone group 

ind'icatês that lB-OH progesterone (VI) exists entirely in .the 18.20-

cyclobemiketal forme This interpretation is supported b~ the mass 

spectral.fragmentation pat~rn of ~I (see Part 
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(11) l8J20-Cyclo-20-hydroxy.~4_pregnen-3-one (VIIP 18,20-. , 'l. 
Cyclobutanol (VIII, m.p. 195-197°, [ot,];5 .. + 138.10

) wa's eluted wltnt 

penzene and benzene in ether in 2-47. yle1d. 

_t 

VIn 

~/ 

" - 1 The Infrared/~pectrum showed strong bands -at 3425 cm (O-H) 

and near 1120-1230 cm- l (C-O) due to an alcohol group. The presence 

of trie a,(3-unsaturated ketoné func-~1:on waS verU'led by the absorption 
,- , 

maximum at 242 nm (t -18,000) ift the ultraviolet spectrum and by the 

'~ ~ 
tlands at 1642 cm- l 

(C-O) and 1602 cm- l (C-C) t; t'he infrared spectrum. 

Th 1 f d b t i at 870 cm-1 e n rare a sorp on together wlth the one at 1602 cm-l, 

'is lnd lcative of the presence of the oleBnic (C-C-H) group. On the 

basis of elemental ana1ysts, VIII waS assigned the molecu1ar formula 

In agreement, tl}e"motecular weight, determlned by mass ,: . 
j 

r.' '" 
spectrometry J was 314. 2162) c_a:~cd. _ 3l4,}146). The 'blasa 'spectral frag-

mentation pattern was consistent with structure VIII (see Part IV, p. 131). 

, > 
1 .-------.-----t:' ~------------------ L .. 1 

)< (. 
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\. 
The formation of VIII in the photolysis of II ls sur-

prising sinee 21-unsubstituted l8,20-cyelobutapol derivatives are 
) 

generally formed by photolysis of th. eorresponding 20-ketone-

" pregnane derivatives (see below). It ia not elear how VIII waS 

formed in our photolyt~e teaction beeause the C-2l wes acetylated in 
1 

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

amounts and it may be an ar~ifact. We have not explored further 

on the or 19in of VIII. 
'. 

Je)Z,er et al. in 1959 (W8) reported the formation of single, 

o 
, isomeric 18,20-cyc1o-20-hydroxyl steroids (C) with rn.p. 191-192 

[ol.] é +1300 from the photolysis of 20-ketone steroids (A): 

(A) (C) 

(2.)O~r~ 
O",datiow li 

/ 

. " 

( B) 

1 
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the following 
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prop0*i t~at 

f) ,. , 

mechan(8m: "(" 
~" .; 

• r 

, 
Yang and Yang in)1960 (109) 

the reaction pTobab1y proceeds by 

rep01 ted that two isomet ic.-18,-20-· 

CYC10.20-hYdrO~ ste~oid8 (C) with m.p. 204-205 0 and 163-1650 

\~ere obtai~ed from the photo1ysis of pregneno1qne (B). 
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1!1 / 

1 

J 

quj\ 18,20.-cyclO-20,21-dihydroxy-6 4_pregnen-3-one (IX) 20,21-

Dihydrgty-cyclobutanol (IX, m.p. 183-187°, .[oLJ~5 - + 128.8°) was eluted 

witr ,ether ;in 17-22'7. yle Id. 
~ 

/ 
" 

IX 

) . \ 

t --- --__ _.. 

The,: infraJed speQtr~,.~b,owed bl1nds due to alcohol absorption 
4-. 

at 3410 cm- l (O-H) 'and near 1016-1278 cm -1 (C-O). The band at 870 cm- 1 
J 

together wlth the one at 1610 cm-l, .i~ aBer ibed te: an olefinic (C ,. C-H) 

group. The ultraviolet absorption maximum at 24-2 nm (')~ 16,940' and 

infrared bands st 165Q cm- 1 {ü=ot and 1610 cm- 1 (B=C) lndicated the , .. 
, , ___ 1 '~r, 

presence of the J::,.. 4-3-ketone group. 

"'las assigned on the buis a.L,e1emental analysie. This was supported 

by the mo1ecu1ar weight, 330. 2154 t:~a1cd. 330.2194), determination 

by maBS spectrometry. 
, 

The mass spectral fragmentation pattern can 
~ .. tJI • 'II> 1-

, 1'-

be rat ionalized on the· .bas is of structure IX hee' ''Part IV " p. ,lJ9). 
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',\ 

. Evidence of structure IX is further 8upported by the report of Je~er 

et al. (103) who isolat~,d fx as Hs 3-ethylene ketal-2l-aceta:e from 

the photolysis of Il (see.Scheme H, p. 45) • . 
1upon repeated r~crY8tallization from acetone-hexane the 

li' . . ° 
melting poirit of IX gradually chan~ed to 160-165 t [Q(,]~5 - +1l7.Ro. 

The behavior is most likely due to crystalline modifications. The Ù 

two forms of crystal had a simila,t \ mass spectral fragmentat ion 
1- q 

, , 

pattern, infrared spectrum in chl~~oform, mobility on TLC, and 
f' 

/ ' .. 
The >only "apparent change was the absence of an optical rotation. <, 

infrared (KBr) band near 1109 'cm- l in the low-melting form. 
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• 1\4 13(18),15 
(iv) 17-Nor-l~17-seco-u ' , -androstrien-3-one (X) Compound 

X (m.p. 1O?~105,o,[o(,l ~5 '" +102.9°) was eluted wi-th benzene t.j 4% yield .• 

.. .. 

• 

..,. 

X . ' 
} 

The elemental analysis and mass spectrum (~ mie R 256) of 

~ establisheù the molecular formula ClSH 240. The presence of thé' 

~,e-unsaturated ketone group was indicated by infrared absorption at 

1665 cm· l (C-O) and 1610 cm- l (C-C), and was supported by the ab-

sorption maximum' at.241 nm (t E16,500) in the ultraviolet spectrum. 

The infrared spectrum 8110wed bands at 1637 cm- 1 and 860 cm- l assign-

able ta a vinylidine type of unsaturations (110). 

,1 

The mode of photochemical formation of X from Il in the 

present study may be similar to that described by Jeger et al. (108) 

who isolated X (m. p. 1090
) from tht! photolysis of 20-ketone-pregnane 

derivatives and propos~d the followipg sequence bf reactions to 

account for the formation of X: 

. 
• 



• t 

• 

- . • 

, : 
,: 

~'''-

., 
" 

.... -

, 
( 

86 

---

,~ 

. , 
.' 

,,>~-

.. 

'-

x 

o 

+ CH- Il 3 C-CH J 

r of I~ 



\ 

.. 

..:t<l 
1 
o 
V 
Il 
CIl 
1 

J'" 
.-1 .. 

.! 

I! 

:.. 

j 

î 
1,-, ,.., 
,~ 

1 
1 

Ç;1 
ct 

~ rt~ 
"~ ~ 

1 
I~~ . " 

r 

;" 
lU 

87 



.' '. 

·./ 

88 

(e} 18. 20-Ep~xy-20-m~t.h·~xY-Â 4_pregnen-J-one (VII): 

Hydrolysi,'of the ethanolic photolyzate of Il with warm 

aqueous acetie aeid in the presence oE methanol, Eo11owed by treatment 

witl'1 aqueous methanolic potassium eArbonate"and separation of the pro-

duets by neutral alumina (activity 1) eolumn chromatography yielded, 

, t, 

in addition to the ~roducts already described, the 20-methoxy derivative ~ 

o VII (m.p. 130-134 ) upon e1ution with benz.ene, in 6 - R% yie1d. 

VII 

The absorption maximum at 240 nm (~-15,000) in the u1tra-

violet speetrum and bands at 1668 cm -1 (C-O) and 1602 cm- 1 (C-C) in the 

inErared spectrum indicated the presence of an n,~-unsaturaned carbonyl 

group. The infrared spectrum showed no abs.ot' pt ion .'ln the region 1700-

-1 1730 cm due to an unconjugated ketone function. ~he mass spectrum had 

a mo1ecu1ar ion at m/e=344 corresponding to the molecular. weigh,~ 

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

the basis of structure VII: 
'J 

)1' '\ 

l • 
.. , " " . 
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Il;, 
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/ 
dJ 

( 
' 'In. 't'_Y" ~ ,#'":;' 

c' 

lot, 

= 313- (39%) ... 
t~~' 

, mie = 312 (617.) 
,. 

c 

mie = 344, M+ (170)' a mie = 124 (89%) 

.... 
o ' 

.. 

1 
-.CB) 

m e = 255 "(base ion) ~o(-~-

(' 

" : ," 

u 

'-' 

270 (SOi.) 

mie = 269 (ln) 
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, ' 

Compound VII was charactèrized by conversion into lB-OH 

progesterone (VI, m.p. 140-145°) in quantitative yield wlth aqueous 

70% acetlc acid (1 h at 600
). 

, 
On the other hand, lB-OH progfst~rone 

(VI) cou Id be quantitatively converted into VII, as detect~_by TLC, 
"1 -.. • " ''''-. 

'c 

on treatment with aqueous 10% acetlc 'aeid in the presence ofr'm~thano1 
,,\ . ~ 

o 
(1 h at 40 ). 

. 
The results indieated that the-l~.20Ncycl~hemiketal 

grouping undergoes ae id eata1yzed react ion w'it:,br methanol, a react ion 

eharaeteristic of hemiketal (111). 

\, ",. ') " 
• 
'f 

~' HIO / 1i"1 "' 

" . 
CHJOH/ Hi' 

VII 

\~-
Compound VII is pro?ably ~an al" t ifaet· formed by me thoxy1a:-

tion of l8-0H progesterone dUIing the hydrolysis of the photolyzate 
i/t.. « 

r. ., 
with aqueous.methérlo1 ie acetic acid since, VII. was not isolat~d \o1hen l .' ~ 

~~hano1 was omitted. Formation of VII in the saponification step cou1~ 
1 

~y discounted Binee â sample of 181~:)lr,.,progeBterone was ~ecovered unchanged 

on treatment with aqueouB metha~lle potassium carbonate under the sa 

, 
condition that wa8 used for th~ work-up of the photolyzate. 

f. 
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Compound V~I was It was 

, i , 

converted completely ~nt~ l~-OH progesterone ttpoft recryst~111zaiion-

, 

from acetone-hexane, as indicated by TLC. The stability of VII could 
/ 

/ ~ 

, , 

be improved by ddition of a trace of pyridine in the soIvènt 
1 

or by keepi 
'- '" 
'desiccato • 

/ 

,,' 

'.fi 

{) 

thé compound under an atmosphere of pyridine in a 

- '/-' 

\ 

, ,j 

, 
,l 

1 
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4. Conversion of lB-OH progesteron~ to lB-oH-DOL" 
! .. , Having prepared lB-OH progesterone (VI), the remaining task 

was to eonvert this .~ompound to enol ether (Xl) by dehydration, thenee 

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

VI Xl 

(l)o.04~O 
Cl) Na.1SO, 

Ka"') ,Ha<> 
q.,. 0(0 

A 4 20 (a) Preparation of 18.20-epoxy-~' -pregnadien-3-one (xJ): 

XII 

Although the dehydration of an aleohol in steroida ia normally 

a eommonplace reaetion, the dehydration of the,eyelohemiketal aleohol 

li VI is a more problematical case owing to the instaoility of the product 
Q • 

XI. A suitable dehydration agent was sought. Agents which were examined 

".,.1> 

and foun~. to be unsuitable included p-toluenesulfonyl chloride, DBN (1,5-

diazabicyclo [3.4.0]-nonene-5) with methanesu1fonyl chloride, p-toluene-

-, 
sulfonie acid, acetie anhydride, methanesulfonyl ehlorlde, oxalyl chloride, 

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

: 
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formed in dry benzene solution under a variety of conditions from 

room temperature to reflux with or without pyridine a8 a base. 

It turned out that phosphorou8 oxychlorl~~ with triethyl-
,~ , 

\ 

ami.ne were the reagents of choict,:,!or achieving the dehydration . 
li 

( . 
, reaction in quantÙative yield • .' ••. ~his was accomplished by treatment 

, ' 

of a solution of 18-0H progesterone (VI) 

ethylamine under anhydrous conditi.ons at 

in dry benzen~ and tr i­

room temperatu~ith a 

calculated amount of phospho-rou~- Q1Cychlor ide (""t ·~t.equiValent) 
.' ." . ' . .. 

added-st hourly intervals until the dehydration feact!on was completed 
-" . 

(2 to 4 h). The reactlon was followed by TLC from the d{sappearance of " , '. "Jo.. l\ 

... 
VI and the formation of a less polar compound XI. The latter could 

be hydrolyzed b8~k to VI with 8queo~s acid. 

, - -- - - . 
'\i h 2 h 3 h Hydrolys is - .... -V 

----- --- ~ -. -. 
"-.~ 

0 0 00 ---'.~ D-c.. fl 

( .. ~ w ,~ 

; i'> • 

\ 0 00 
, 

0 ~ CO 0 4 ~ 0 , 

-
• 

J . 
~ 

• 
1 ~ 1 "'-v-' 

1 '-v-' 1 
.......,.....a r#f'\ , 2 '" ..... /.""",.~ 
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1 - l8-0H progesterone (VI); R{'~ 0~52 

2 - l8.20-epoxy-~4.20_pregnadien-3-one (Xl); Rf~- 0.70 

(A).:..(B) - pt:ogress of dehydration of VI, 

(C) - end of reac.tion 
. 

(0) • acid hjdrolysis of XI to VI 

~ 

Solvent sy8tem~ Benzene-ethyl acetate (2: ,8) 

TtC - neutral alumina (Woelm Co.) 

The énoi ether (XI) could he obtained as a homogeneous (TLC) colorles8 

gum from tbe rea<\tion mixture. 

--
,r--.4-/ 

t hYdration to be successful (see Experimental sectiOn)~ It ls 

~,/ ttiSl that reagents used should be dried just prior to us~_and 

The reaction conditions are extremely critic8} for th~ 

mOi~~ur~~be excluded from the reaction. Incomplete dehydration was 
\ f~-

observed when the reaction was performed at elevated temperature 

(60-800
)a Benzene. a non-polar soivent, W8S found to he a more 

Ù 
8uitahle medium than polar solvent (ether) for carrying out the ~ ,1 

1 

reaction and for extraction of the product: 

The pres~nt reaction probably proceeds via the phosphate 

ester intermediate (~I); a mechanism analogou8 to the dehydration 

of an ordinary alcohol. The elimination reBction May he promoted 

.' 
h)'. participation of the ethereal oxygen (a'......h-WCI). 

. -

- ~. 
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The dehydration 'reaction of the 18,20~cyclohemiketa! of 
" .. 

18-0H progesterone (VI) is without precedent, a1though another method 

of preparation of the eno1 ether (Xl) from conessine has been reported , ' 

by Pappo (97). et a1.(103) claimed to have iso1ated a 3,3-

ethy1enediox derivative of Xl from a rnixtuiè obtained by photo1ysis 
'r,,, fi 
~ ~ " 

acetate 3-ethylene ketal (II) in ether solution 

j , 
see p. 55. ~J 

.,' 

- -~~ ~~-~~~------~------..... ------------.. --
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t t, 
The enol ether (XI) was too unstable to permit extensive 

- . 
che~ic81 char8cterization. It mày be hydrolyzed to lB-OH progesterone 

(VI), 8S detected by TLC, with aqueous 107. scetie acid in ft few ~inutes 

at room temperature. The enol ~tbêr (XI) W&S therefore osmylated 
" 

(b) Preparation of IB-OH-DOC (XIIl: 
1 

.' 

A previous communication (111) from this laboratory has 

described the preparation of IB-OH-DOC (XII) in situ from the enol 

ether (XI), a compound in turn prepared from l8-0H progesterone (VI) 

:' l' in 207. overall yield. Sin~e then we were able to Isolate pure enol .. 
ether (XI) in high yield which was smoothly converted to lB-OH-DOC 

(XII) in almost quantitative yield. We report herein th~~ improved 

metho~.~~ synthesis. .. , 
. 

When ft ben'Z.ene so"tution of Xl ~as treated with a solution 

of osmium tetroxide (1.1 mol equivalent) in 'the presence of pyr idine 
" f 

at 00 under nitrogen, a rapid re.action (complete ln 1 h) occurred. 

Hydrolysis of the reaction mixture containing the osmate esters under 
.. 1i ~~ __ ...---..... _ _" 

mild conditions at room temperature for l h with a mixture of aqueous 

> 

sodium sulfite and potdssium carbonate gavé pure, colorless crystalline 

o 0 
lB-OH-DOC (XII, m.p. 154-156). An analy~ical sample had m.p. 165-168 , 

[«.] ~5 • o +110.3 • 
" ' .. 

The infrared spectrum (KBr) showed hyd~~xyl absorption near 

" . 
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The presence of bands st 1660 cm- l (C-O) and 1618 cm-1 

, "<CmC) in the infrared spectrum and of an absorption maximum at 241 nm 

\(E. =15,200) in the ultraviolet "Sp.ec.t:~um ver ified the presence of the 
'" 

a,~-unsaturated ketone moiety. The infrared bands in the region 

1000-1100 cm- l centered at 1060 cm-1 are attributed !=ô~ a combination 

of the C-O strètcl1tng -vibrations of a1cohoh-artd---ethef'-&o -'F~ band at 

872 cm-l, in conjunction with the one st 1618 cm-l, indicat~d the 

/" 

prese!,lce of ethylenic (C-C-H) group. Th!! moleculai torm,iT8~~Tii.R30U4, -

\ was assigned on the basis of e1ements1 ana1ys4.s. This was supported .. 
by the peak at mIe - 328 (346-H20) in ,the msss spectrum. The msss 

, 

spectral fragmentation pattern can be int~rpreted on the basis of 

structure XII (see Part IV, p. 119). 
o 

The absence of an infrared band near 1700-1730 c~-1 character-

istie for an unconjugate~ carbony1 group and a negative reaction with 
" . 

... ~~e':.blue tatrazolium test for an a-ketp1, u.de chain implied that 1B-OH-

OÔ4 (XII) existed in its 18,20-cyclohemiketa1 forme Support for this 
.i 

view was forthcoming from ffi8S8 spectrometry (8ee Part IV, p. 124). 

' .... The ease of reaction of ~ eno1 ether (xi) with osmium 
" \ 

tetroxide is not unexpected. Because of the presence of etheresl 

oxygen, the îI bond "is activated and thereby increases the overall 

reaction ratere1ative to a simple olefin (113). 

ft • - = 

. , 

5 
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(XI) (XI' ) 

" , ' 

,"-

v • 

" 
rI .-~_) 

Osmium tetroxide wou1d be expected to attack the eno1 et1~r (XI) 

\ 
on the a-tac~ ,less hindrance side) (114r and the rèaction is known 

to be a stere~specific cis-addition (115). As the hydr.olysis 

results in the cle~vage of the osmium-oxygen and not the oxygen-

carbon bonds in XI', no inversion of conf~~uration can take place ~ 

. at the carbon atems (l15)".and ~hek,20,;21-dio1 XII prèlduced must, . 
like the cyc1ic osmate ester itself, be cis, e.g., the 20-hydroxyl group 

would have the a-configuration. However, because of the ready 

epimerization a~ C-20 of XII, it is plausible that lB-OH-DOC (XII) 

exists in two possible diastereoisomeric forms as a mixture. In the , 

present study, on1y one form of XII was iso1ated. Nevertheless, l8-0H-

, 
DOC (XII) was shown to he, by paper chromAtography but not by TLC, 

a mixture of two closely situated spots. A sample of XII and of 
.. 
" 
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\ 

lB-OH-DOC obtained from Pappo (97) were chromatographed on paper 88 

single substance or admixture. Each sample resolved into two ultra-

violet absorbing compounds. The Rf values of the two fractions con-

tained in XII were the sarne as those contained in the authentic sample. 

We have noted during the isolation Pt~,~ure that l8-0H-DOC 

(XII) is rapidly ·conver ted to a h-i~h-me lt ing ~ter id (ca. 285 0
, decom-

posed). !ts infrared spectrum (KBr) relat ive to H3-0H-DOC (XII) showed 

significant reduetlon of hydroxyl absorption near 3420 em-~ and changes 

e. -1 
in intensÙy (reduced) and position of bands nes! 1000-1300 cm region. 

TLC analysis indieated two spots~ one with Rf correspondlng to XII 

and oné with 8 greater Rf 0 Specifie rotation as well S8 ultra~olet 

absorption snd maS8 spectra of the high-melting material were similar 

to those obtained with XII. The molecular weight, as determined by 

, 
the Rast.method r , w~s in the ~nge of 520-645 approaching to a calculated 

value for a dimar of lB-OH-DOC. 

o 
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It ls possible that this h~gh-melt~ng ~terial might be the l8-0H-POC 

, .j" 

"dimer". arising from the acid-catalyzed cdndensation of two molecules ' 

of l8-0H-DOC through thé 2 <r,-2-t-=d'f';}." l'tnkage, as described by Levy et 

al. (49). It can be 8aid that IB-OH-DOC is an unstable compound 

especlally in the presence of acid and extreme care must be exercised 

, 
in handling this méterial. 

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. Isolation of product from the ~action mixture by 

"-
extraction with solvent, including chloroform, methylene chloride, 

ethyl acetate. dioxane and ether, gave amorphous lB-OH-DOC contaminated 

with dark brown extraneous matter, presumably due to osmium salt~. 

Solvent ,reo:ystal1ization or treatment with Celite or carbon black 

(Norite) fai1ed to remove the impurities. Purification of product 
, ",,'" -
J~; r 

... 
was more suc~essful by column chromatography on Sephadex LH-20, Florisil 

or by preparative ~~02-7, Baker Co.). Filtration on neutrsl or 

basic alumina (wo~t) column led eith 0 low recovery or prod!JIct des-

truction. A crucial' Pjnt in obtaining IB-ç>H-DOC in high yield is 

to evaporate the reaetio mixture reduced pressure at room temperature 

to total dryness followedj by ether extr~ction of th~(crud,e residue. 

l8-0H-DOC (XII) ~ obtained W8S identica1 with an 8uthentic 
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, ' 

samplè from Pap'po (97) by the following criteria: i<lentityof the 0 

- -
infrared spectra a~d the fragmentation patterns of the mass spectra; 

identlcal Rf val1i1e8 on 'ILe a~d PLaper chromatograms.' 18-0H:"OOC (XII) 
l' , 

was further characterized by tbe fuobility on paper chro~8togram, . ~ 

.. 

positiye reaction with the Porter-Silber test, negative reaction with 

the blue tetrazolium test, 
) 

and mass spectral compartsons with the \8-

OH-DOC obtained by incubation with ~'at adrertals. 

" 

• 

.' , 

, ' 

;; 
• ...? If 

.. 
-

, . 

r , 

, 
~ 



~/ 
ci 

!:! 
1 , 103 

-e -, 

~ 

; 
u' , 

Q 
Ct' 

-1 ," 
-, ,-. 

Q 

"" 
'G, 

Ô 
'-~~ 

A 
'.'t , 
" , 
! - , 

"--'fI - 0 
t-. -, 

i 

t> -, 
1 

,,' " 

A 0 

\ 1 
~- '"' ~ 

>< '" 
...." 1 

e ~ 'J." - t' , 
1 

1 0-
, 

== 

\ 

0 .:..'" . (J 
Oj A :':.j 

CIO 0 ..... 
<J' 1 - 1 

:t 
... ... , 

~ 
û 

r ' -
,.~ 

- 1;') 
'," 

1 

'-" 
0 

l' !?~ 

. 
ClG li' 

'\ 1'04 ,-- ... " 
1 

-i 

Ir' . 
Q-..,-' 

IC) 

" ,1'. 
C. 

1 

i 

~ .' ". 1 

j l 
/ 

\. 
r 

; 

-i 
1 

~! 

\ ." 
,.. 

~ ~ " 1 '" ,,' 

1 ~..-. . / 

1 J 

1 

.' 

e \, 
C> l 

;.. 

C') 

\ 
1 tt 

0 
f 

1 

'" 
< ,~ '1 

"1' 

, 

, , 1" ) , " 
1 

1. ~: "1 

1 
1 

,t 1 

_1 



,-

1-04 

( 

U.V.(CH30H): lB-OH-DOC (XII) 
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PART IV: ,THE MASS SPECTRA OF SOME 18, 20-CYCLOHEMlKETAL AND lA. 20-

CYCLOBUTANOL STEROIDS 

1. Introduction: 

The comprehensive, critical review of Budzlkiewicz1 

Djerassi,and Williams ln 1964 (118, 119) established mass spectrometry 

as an important technique for the identification and structural 
t' ~ 

elucidation of steroid moleculee. The most valuable aspects of this 
- ,'"' - . ", 

analyt,ical technique are: (1) the molecular weiRht of the ,1J.~ple can 
1 

be deduced from a mass apectrum, (2) useful information w1th-respect 

to the arran~ement of l the functional ~roups in the steroid skeleton 

may be ~ained by analys1s of the mass spectral fragmentation patterns, 

and (3) the amount of sample requlred for a mass 8~ectral determination 
'. 

ia lels than a fraction of a milligram. In practice. mass spectrometry 
.- 1 

ls best ueed in conjunction with other analytical techniques available 1 1 

1 

i 
to provide complementary structural infor~ti~n. 

2: Nature of steroida studied: 

• In the course of the synthesis of lB-OR-DOC, two types of 

compounds, namely lB,20-cyclohemlketal and l8,20-cyclobutanol deriva-. -
tives of the pregnanè series, were obtained. The relative paucity of 

pub1(cations dea11nR w1th the mass spectral behaviour of 18,20-

• 
cyclohemiketal (120, 126) and l8.20-cyclobutanol steroid derivatives 

has led U8 to examine a few of these compounds. Our main interest at 

-
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th!s stage is to correlat,the l mass spectral fragmentation patterns 

with structure of the aterotd. We recognize that, without labelling 

experiments OUI' evidence ia inaufficient to f~lly aub8tantiat~ these 

interpretations. Nevertheleas, high resolutton masa meaaurements 

and metastable peaks were used wherever possible to lend support 
"! 

to the proposed fragmentations. The mass spectra of progesterone 
t 

described by Peteuon (124), of Il 4-androsten-3-one described by 

Shapiro and Djerassi (125), and of cortisone acetate 3-ethylene 

ketal ~escribeQ. by Pelah, Williams, Budzikiewicz, and Djerassi 

. 
(132) were also take~ a. references. 

<- - '" .. 

A brief outlint of the fra~mentation pathways proposed 

to rationalize the possible origin of sorne major fra~ment ions 

present in the mass snectra of 18.20-cyclohemike~ (designated as 

.­
Type 1 steroids) and l8.20-cyclobutanol (deaignated aa Type II 

steroida) steroid derivatives is depicted schematically in the 
,r· 

following structural formulae. It may serve as a guide 'for the 

underBtandinp of the significance of sorne of the reaults diBcussed 

in the subsequent text. 

--~- -~--~----~------------------~ 
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Type I-A steroids 

1 

\ 

Major fragmentation possibilities: 

(2) Cleavage of the hydroxylated C-C bond; (II) Rl-oH, R2-H 

(3) Cleavage of the l8,20-cyclohemiketal bridge; (1) Rl -R2-H, 

(4) L088 of ketene from ring A; (1) Rl-R2-~ 

, 
~, 

(5 ) EXtensive cleavage of ring A; (1) Rl -R2-r' / . i 

(6) Clea~age of ring 1 with transfer of one hydrogen atom to ring A; 

o 

(7) Cleavage ·of ring B with transfer of two hydrogen .toms ta ring A; 

.) 
. " 

1 
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id 

poxy-20-hydroxy- A5-pregnen (III) 

( 2) 

Major fragmentation possibilities: 

1 
(2) Loss of water 

, -1)J -

ft N - : = 

1 

7 
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Type, II steroids 

l8,20-Cyclo-20-hydroXY-1:l 4.pregnen-3-one(IV; R-H)-

18. ?O-Cyelo- 20, 21-dlhydroxy-.6. 4_pregnen-3-one(V; R-OH) 

08libUitie.: 

{ù . . ' 
~;" v-_~' 

" 
, . 

(1) Lo.s of water: (IV) R-H, (V) R-OH ( t "-

(2) C1eavage of the hydroxy1ated C-C bond; (V) R-oH 

(3) ~leav~g~.of the 18,20-cyc10butanol moiety; (IV) R-H, (V) R-oH 
.. , 

(4) Lou of ketene from ring A; (IV) R-H, (V) R-OH 
, ' 

t_, (5) Extensive cleavage of ring A; (IV) R-H, (V) R-OH 

(6) Cteavage of rin~ B withtranàfer of one hy~rDgen atom to ring 

\ ' 
r ~") 

(7) C1eavage of ring B w!th tran.fer of two hydrogen atoms ta ring A; 
J 

(IV) R-H, (V) R-OH 

-. 
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3. Mass spectrum of l8-0H progesterone (li Fig. l, Scheme 1): 

The mass spectrum of Buzzetti's (93) synthetic lB-OH 

progesterone has appeared in the report of Tschesche et al. (120). 

"\'.. Û 

'.,.. %e mas8 spectra of Sorm' s (96) and of Goutarel' s (95) synthetic 

~ lB-OH progesterone were recorded in this laboratory as a reference 
l' 

. standard. lB-OH Progesterone was a1so prepered by us and its mass 

spectrum shows ion peaks of relative intensities comparable with those . .. 
of the reference spectra. 

Fragment ion mie .. ~ 312.2073 (b, 100'7.), (,.....,) 

The mass spectrum"'Was devoid of the molecular ion (mie '. 
" " r 

330) (a), but has a base/peak st mie - 312 (b) corresponding to the . , 

10ss of a molecule of ~ter from the molecu1ar ion (M+-18). High . 
1 

reso1ution mass measur~ments show the composition of the mie .. 

312 (b) ion to be C2~2802 (ca1cd. 3'12.2089). 
l 
! 

1 

I~, 
. / 

',"'~ 

/ 

(a) mie as 330 , ---, 

.' 1'-~ / 
" ' 1 . . , , ~ 

// , 
.4 

1 '" .. ' .' 
" 

.1/ N 

(b) mie';' 312 

\' 

J 

« -
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lt is possible that the dehydration proces8 (a-b) is 8 thermal one 

(l,2-elimination of water), since the 8ample wa8 intrdduced at a 

relatively high ion source temperature (165-200°). However, the 

o 

process i8 similar to.the 108s of water for alcohols under electron impact 

(119). 

Fragment ion mie • 313 (c, 33%), (8~) 
\ 

/. 
This peak probably arises from the loss of an hydroxyl xadical 

from (a), (330-HO.), giving an oxonium ion (c). 

(330-HO. ) 

(a) mie • 330 
(c) mie • 313 

/ 

Loss of hydroxyl and hydroxylmethyl groups at t carbons of the 
, 

tetr~~ydrofuran ring in the ,mass spectrum of a sugar ~er ivative, 

o OH 

l' , 0 

X 

J. 

, ,. 
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have been observed by' De Jong and B iemann ( 121). 

Fragment ions mIe - 270.1926 (d, 22%), (a-d) 
Il< 

m/ e !IO ~~9 (e, 4.,.), (a-d....e) 

HigH resolution ma~s meaeurements of the mie - 270 (9) iOR gave 

composition C19H260 (calcd. 270.1983). The origin of the peaks at m/e-270 

~ (d) and mie • 269 (e) can best be explained as beins the resu1t of exten-

sive cleavage of the l8,20*cyclohemiketa1 moiety in (a), as indicated be10w. 

a-C-c fission) 

(a) mIe = 330 

i 

-H· 

(d) mie = 270 

+ 
O-<~J 

OH 
,...--...,. 

(e) mie = 269 
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This fragmentation process may be viewed in an analogous 
'Q 

manner to that of ·the In8SS spectrum of tetrahydrofuran descr ibed by 

Djerassi and co-workers ( 122) 4nd later by Smakman and de Boer ( 123)~ 
; .~ 

",CH 2=O, -H· 

(A) (3) (C) 

They concluded by deut~lûm label1ing exper!ments that the 10ss of 
" r 

for~ldehyde containing an a-methy1ene group from the molecular ion (A) 

1eads to the formation of a cyclopropaoe ioo radical (B) as the base 

ion, which in turo loees 8 hydrogen atom to form a cyclopropyl ion (C). 

Alteroatively, the ion st mie - 270 (f) may be considered 

to arise as a result of further fragmentation of the base ioo (b) 

in the fol1owing way: 

o m* = 233.6 
) 

(b) mie = 312 (f) mie == 270 

. - = 

.. 
" 
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This fragmentation is 8upported by the occurrence of 8 metastable 

transition at m* - 233.6 (233.65 • (5i~)2 ). 

Similar fragmentat iOQ.--.for prl1"gtnrt-erone 
1 . '. 

3-one has been reported by PetersDn (124) and by 
---~---... -.~ ... 

__ --..... .-of'o-"k~ .. zq f '~v y 

... ---"-. (125,y rèspectively. 

and ~4-a~roaten­

Shapiro an~DJer ••• i 

Fragment i.on mie - 227.1498 (s. 277.). (b--tg) 

.. / 
The ion at mie • 227 (g) appears ta 

\ 

\ 
be formed from the 

base ion (b) by the following cleavage proc~9. 

7 

----)+ .. 

. , 
(b) mie = 312 

(g) mie = 227 

Htgh resolution mass measurements show the composition of this 

\ 

ion at mie • 227 (~) to, be C16H
19

0 (cA1ed. 227.1436), eorrespondlng 
'" 

ta the 108s of 85 mass units from the base ion at mie 

composition C2lH2S02' This fragmentation proeess-i~ 

that of ~ 4--androsten-3-one, in which the appearance 

ion has been reported by Shapiro and DJera8si (125 ) • 

. . 
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have shawn, by deuterium' labelling, that C-l, C-2, 6-3, C-lO, and 

C-l9 as well as"the hydrogen at C-8 and at C-l4 are lost, whereas 

C-4, C-6, C-7, C-ll, and C-l7 are retained in the charged fragment. 

Fragment ion mie - 189 (h, 10%) 1 (b-il) 

The ion at mie,. 189 (h) i8 probab1y due to t'he further 

fragmentation of the base ion (b) by fission of thè C-6, 7 and C-9, , 
\ 

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 ~4-androsten-3-one. 

) 

(h) mie = lR9 

(b) ml e = 312 

Fragment ion mie • 124 (i, 9%->" (h-+i) 

The formation of the mie - 124 (i) ion by the cleavage 

(b) ~ (i) with the transfer of two hydrogens appears to be a general 

\ 
\ 
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pathwa)" 'for ~-3-keto~e stèroidt (124, 125). 

( b) ml e == 312, 
o 

Additional comments 

(i) mie = 124 

\ 
\ 
\ 

" The presence of peaks at mie - 312 (h) and mie ~ 313 (ch and 

the absenêe of an ion at mie a 287 (corresp6nding to the 10s8 of the whole 

17~-stde cha~~ from the molecular ion) support an 18,20-cyclohemiketal 
.,.. ~, \ 

'f, structure for lB-OH progest~rone (1). 

Z87 

cH, 
1 
-0 

r,' 

o A summary of the major fragmentation pathways of LB-OH 

progesterone (1) is sltOwn in Scheme 1.. 

, 
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Fig. 1: Mass spectrum of lB-OH progesterone qI) 
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Scheme 1 Major FragmentatiOns in the Mas~ Spectrum 
( of lB-OH Progesterone (1). 



~ 

i} 

! 

, . 
1 • 

:trum 
1 

1 

" 
" ' . , 

" 

'\ 

(b) mie = 312 

.. 
~ > ' 

" 1 

. -

l , 

(base ion) 

(- ~ 

/ 

~ 

(f) mie = 270 (221.) 

( g) ml e = 227 (27% ) '-; 

\ 

(h) mie = 189 (10%) 

U i)m/e a 

+0 • 

124 .(9%) 

) 
i 

\ -



c < -- .)~ 

119 

. 
4. Mass spectrum of l8-oH-DOC (Il; Fig. 2,'Scheme 2): 

Recently the ma~" spectrum of Pappo' s (97) synthetic 18-

OH-DOC has been reported by Genard et al (126). The mass 

spectrum of our synthetic l8-0H-DOC and that of Pappo's are in good 

agreement. The prinicple festures of these spectra are the absence 

of the molecu1ar ion (mie - 346) and the presence of three prominent 

peaks in the order of increasing intensity at mie - 328, 315, and , 
299, with the last mentioned fragment ion being the base peak. 

~ 

No metastable peak W8S fdund in these spectra. 

Fragment ion mie .. 328.2044 (b, or b', 11'7.), (a-t> or b') 

The molecular ion (mie • 346) (a) was not observed. The 

ion at mie .. 32g (~ or b l
) corresponds to the 10ss of wate~ from the 

molecu1ar ion (a), (M+-18). 

(b) 'mie = 328 

(a) mie = 346 

(b') ~/e = 328 

.. 

-.... 
\ 
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'u 

High reso1ution mass measurements established the composition 

of the mIe • 328 ion to be C2lH280) (calcd. 328.2038). 

The transformation of ethy1ene glycol to the corresponding 

carbonyl compound may be considered as a dehydration for which there 

are ample photochemica1 precedents ( 127 , 128 ). 

On the other hand, Djerassi et al. ( 129) reported that 

the 10ss of water from the mo1ecu1ar ion occurred in the mass spectta 

, , 

O't-, __ substituted aliphatic 1,2-g1yco19\.(pinacol (A), f~r examp1e) and 

the resu1tant species was formulated as an epoxide ion (8) on the 

basis of deuterium.experiments. 

+. +. 
OH OH ~ 0 

C H~ t--t ~H'_-_H2_0 -...;C H;---"'CI \.-/CHJ 

CH~ -~ ~H3 .,CH~ "cH
J 

(A) (B) 

Fragment ion mie s 299.2021 (c, 10010), (~) 

The formation of the hase peak at mie - 299 (c) may be due to 

further fragmentation of the (M+-H20) ion at mie ·'328 (b) by 10ss of 

a CHO fragment (an a-cle~age process). 
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c1 

(328-CHO) 

(b) mie = 328 
\ 

---________ (~ ) ml e = 299 

/ r 

High resolution'mass mElsurements estab1ished the compO~ition 
.--,----- ,. 

C20H2702 (ca1cd. 299.2011) for the 'mie s 299 (c) ion. 

1 
The mode of cleavage (b-tc:jîne.y be similar to that of '. "' \' 

the mass spectra of a1iphatic a-keto ethers described by Butler 

) 

(C) " .. 

• , . 
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/ 

Fragment ion mie - 315.1974 (d, 267.), (~) / 
.-

The prominant ion at mie - 315 (d) i8 regarded as being 

derived from the molecular ion (mie ~ 346) (a) by a-cleavage of the 

C20-C2l carbon-carbon bond • 

. . 

( 346-CH20H) 
, 

o 
346 (d) mie = 315 

c 

High resolution mass measurements showed the compositi~of the 

ml e - 315 (d) 10n to be C2çH2703 (Cal/do 31501960) 0, . 

In the ma~~ spectra df al~hatic 1,2-glycols, the cleavage 

of the carbon-carbon bond joining thi two hydroxyl groups has been ' 

reported by Djerassi et al. ( 129) and by Long and Pritchard ( 131). 

~ . 
Fragment ions mie ~ g70 (e, 5%), (a-e) 

'~~, mie. 269 (f, 11%), (a-e-+f) 

. ~. 

the peaks at mie - 270 (e) and mie m 269 (f)~ a~be of 
" ,~ -

Iti 
10w intensity, may be formed from the molecular ion (a) as a resul 

/ 

) 
je 

\ 
1 
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, , 

\ ' 1 
of the cleavage of the l8,20~cyclohemiketal ~oiety in the a.me 

WaY~8 described in lB-OH prlgesterone (I) (see'p. 112) .• , 

) ~ 

1 
/. 

! 

== 346 

iç' 
,.it~~ ! 

~ . 
\ 

.. 
l, 

(e)' ml (;'1"= 270 

-H· 

(f) mie = 269 

, ' 

" 

,. 

" 
',,-

/ 

/ 

, , 

\ 



) 

1 

:!' 124 

Fragment fon mIe .. 124 (!J'%.) 

The fragmentation triggered by the a,~-unsaturated ketone 

, moiety in the A ring (125 ) of either the mo1ecular ion (mie - 346) 

(a) or the base ion (mie - 299) (c) appears not to b~ an important 

feature in the mass spectrum of l8-0H-DOC (1). Thé character isUc ,,~- -.. 

, 

42"/(1088 of kètene from ring A) and "~-8S" (extensive c1eavage of 

ring A) peaks a;e ~tuallY absent. However, the spect~um shows a peak 
.,. 

at mie • 124'of l3'%. re1~tt'e intensity in~icating ,c1eavage ~f the B 

ring (Bee Scheme 2, "J5\ 126). 

Additional comments 

The ptesem:e of peaks at mie - 328 (b or b'). 315 (d), 
~ 

and 299 (c) and the~absence of a~ ion at mie - 287 (co~re~Ron~~ng 

to the 10ss of the who}e 17~-side chain) strongly favors $n 18.20-

cyc1ohemiket~1 structure for 1B-OH-DOC (II). 

. 287 

'. 
1. .,~ \ ~~,~ 

... ., .. 
~~ ~~ A summary of the major fragmentation pathways of 18-0H-DOÇ 
~' 

.~ 
" , (II) i~,~hown i~ Scheme 2. 

'~~ 

C~1.01-t' 
l ' 
-0 

/ 
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Scheme 2 Major Fragmentations in the Mass Spectnmt'''oL lB-OH-DOC (II) 
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(c) mfe = 299 (base ion) 

mie = 124 (13%) 
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5. Mau spectrum of 3,3-ethylenedipxy-18,20-epoxy-2CJ-hydroxy- AS. 

pregnene(IIIj Fig. 3, Scheme 3): 

Compound III, the ethylené ketal derivative of l8-0H progés-

./ 
terone (1), shows a fragmentation pattern less complex than that of its 

parent compound. 

Fra ment ions me· 374.2457 

mIe • 356.2356 (b, 247.)";" (a""") 

The mass spectrum shows a molecular ion at mie - 374 (a) 

,j;. 

with a relative intensity of 107.. High resolution mass measurements 

established the composition of this ion to be C23H3404 (calcd1 

-374.2457). 

The abundant ion at mie - 356 (b) appe4rs to be formed by 

+ 108s of a molecule of water (M -H20). 

(a) mie = 374 (b~ mie = 356 

) 

, , 
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-e ,-
c, 

High reso1ution mass measurements confirmed the composition C23H320 3-,1-. , 

(ca1cd. 356.2351). 

Fragment ion mie - 99 (cp \00'7.) • (a--c) 

ln keeping with the resu1ts reported by Djerassi et al. 

( 132) on 3.3-ethy1enedioxy steroids. the base ion at mie - 99 (c) 

is regarded as being derived from the molecular ion (a) by 10ss of the 

9 ethylene keta1 moiety. 

• 

(a) mie = 374 (c) mie:: 99 

, -f--
Djeras~i et al. ( 13.2) reported the appearance of a base peak 

at mie • 99 in the mass spectrum of cortisone acetate 3-ethylene ketal 

and suggested that the formation of this ion requires the c1eavage of 

both the allylic activated C-3.4 and C-l,lO bonds ",ith migration of 

, 
a hydrogen atome The proposed hydrogen transfer was osuppor ted by ~. 

appropriate deuterium 1abelling. 

A summary of the major fragmentation pathways of III is shown 

in Scheme 3. 
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l' Scheme 3 Major Fragmentat,ions in the Mass S~eCt.rüm of 3,3-Ethyl-

enedioxY-,1B, 20-.epoxy-20-'hydroxy-,65 -pregnene (III)' 
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6. Mass ~pectr4m of(18,20-cyclo-20.hydroxy.~4.pregnen-3-one (IV; 

Fig. 4, Scheme 4): 

Fragment ions ml e ~ 314.2162 (a, 36'7..), (l.t) 

mie • 296 (b or lb' " 11i.), (~ or a-i>') 

The spectrum g ives a· molecular ion at mie - 314 (il) "Iwith a re­

r 
lative intensity of 3'6'1..' The elementa'l cOmposition of this ion was verified 

.. lf 

by high resolution m&S8 measurements to be CilH3002 (calc. 314.2246). 
'{ 

, 
The peak st mie K 296 (b or' b') corresponds to the 10s8 of 

water from mo1ecular ion (M+.H20). 

)\ 

(b) mie = 296 

... 
+ or 

H1l' 
(M -H2O) 

~ 

(s) mie = 314 

~j 

(b') mie = 296 

" 

" 
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'. 

Simllat' fragmentation also occut's in the m&SSi spectt'um of 1-methylcycld-

butanol undet' electt'on impact ( 133) • 
• 

Fragment ion mie • 299 (c, 7%), (~) 
"-

., 

The appearance of the ion at mie - 299 (c), a1beit of 10w 

intensity, suggests its fot'm&tion from the m01ecu1at' ion (a) by an~ 
4 

a-cleavage of the C-21 me thyl group. 

(a) mie.,. 314 

. . 
r 

\, 

(c) mie = 299 

This proces8 might be viewed as ana10gous to the m&ss spectrum of 

1-methy1cyc1obutanol, in whièh 10ss of the alpha ~thy1 radical ft'om 

the molecu1ar ion has been repot'ted ( 133 ) • 

mie - 272.2085 (d, 37%) , 
. 

(a-d) Ft'agm,ent ions 

mie '" 229 (e, 19'7..) , (a-tf) 

mie • 191 ( f , 28Y~, (a--!S) 

mLe • 124 (S. 92'7.}. ~a-n} 

, 
\ 

\ 



.\ 

· 133 

, 
These intense peaks correspond ta charaéteristic c1eavages ini-

, 
tiated by the a,~-unsaturated ketone moiety in the A ring of the molecular 

ion (a), ( 124,125). The decomposition pathways 1eading to th~ observed 

ions are i11ustrated be1ow. 

(d) mie co 272 

(e) mie:: 229 

(a) mie = 314, 

(f) mie = 191 . 

(g) mie = 124 

H 
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\ 

High resolution,mass measurements confirmed the composition C19H280 

(calcd. 272.2140) for the peak at mie • 272 (d). '/similar 10ss 

of ketene in the mass 8pe~trum of 18-0H progesterone (1) has been described 

previously (see p. 113). 

Fragment ion mL~ • 256.1797 (h, lO07.)"t~) 

The mess spectrum shows a base peak at mie • 256- (p) 

+ (M -C3H60). High resolution mass measurements proved the composition 

of the mie • 256 (h) ion to be C1SH240 (calcd. 256.1827). 

(a) mie c: 314 

------------ -

/' , 

(h) mie:: 256 

Ausloos and Rebbert -( 133) 'suggested apd substantiated by high 

resolution mess measurements and deuterium label11ng experiments that l­
, " 
methylcyclobutanol suffers a similar fragmentation under electron impact. 

-~~ CH=CH + 
1 2 

J 
,/ 

\ 

+. 
OH 

1 
CH;-C=CHz 
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1 .1"-

Fragment mie • 238.-1740 (l', 'tÇt) ,'1-h....o . 
1 

, < One ma10r fragmentation reaction of the "base ion at mie - 256 

~ ) 
(h) leads t~an intense i~p ~ mie • 238 (i) by, 1088 of,18 mass unite, -

pre.u .... bly corre~;ondlng ~~ .~~. mol:cu,e of water (256 - H20). 

Thi~ fragmentation i8 supported by the appearance of a metastable peak at 

High res01ution mass measurements verifiéd the co~po-
1 

s'Hion, of the mie 1. 238 (1) ~~b to be C18H22 (calc4. 238.1722). However, 

the mode of its formation and the possible ionic structure of the re­

sulting hydrocarbon fragment ~n are uncertain. 

(hr ml e = 256 

Fragment 10ns mie .. 214 (j.& 

mLe .. 171 (k l 

mLe .. 133 PI 

mLe .. 124 ~ 8' 1 

17%) 1 

26~~1 
w' 

30%21 

921.} 1 

( 256,-H20) 
--------------+~ (i) mie :::1 238 

m*=221.4 

(h-tj) 

(h-tk) 

(lH12 

~h-tg' 2 ~ 
,~ 

The base ion at.m/e - 256 (h) probab1y undergoes further dec~m~~_~, , 

ositions to give ions at mie - 214 (j), 171 (k), 133 (1), and 124 (g'); 

j 

t" 

.) 1 



v 
which correspond to th~ fragmentations triggered by the a.~-unsaturated 

) ~ ,-
ketone function in the A ring (124; 125). 

(j) mie = 214 

,'1/ 

(k) mie = 171 

l'" 

(h) mie = 256 

(1) mie = 133 

(g') mie = 124 

A summar of the major fragmentation pathways of IV ls 
ù ,.' . , 

shown in Scheme 4. 



/' 

c 

.-.. 
~ 
'-" 

>. 
&J .... 
QI) 
c: 
CIl 
.u 
c: 

1"04 

CIl 

~ ... 
co ...... 
~ 

0::: 

e -,e r~ 

.? 

" 

, 1 
~, 

i"h "'-

• 

"\ 

4 
Fig. 4: Mass spectrum of 18,20-cyclo-20-hydroxy-A -pregnen-3-one (IV) 

,( 

100 '25&. 
'~ 

80 

60 

4à- 2~ 
272 314 

-;.c .... 

191 171 

20 229' 214 

"\ ·e 

. ~ 
" 
~', 

~ 

/' 

1 

'~ 

toë • ( 

133 

-'IJ 1 1'~IIII~llll'J 1111 l'jll llili Jill' lll'lll"1 J"'."'l 11'l1111l 111""'1 "ll,,!ttl! 

o 1 ~ 1 lit 1 1 1 1 1 1 fi' 

315 300 295 270 250 a40 230 220 210 200 1GO 

~ mie 
150 140 

.... 
~ 
-./ 



-':e 

l' 

/ 

J 

\ 

~ .. dL ..- ~ 

1 
" 

1 ~;I 

" l, .. 

o 
o 
.-4 

137-8 

--~ 

0 
.;t 

-0 
U1 

-0 
Il) 

_0 
1"-

-~ 

-~ 

0 
-0 .-

. .-: 
_0 

.-.-

-=-------~----_===::j _ lt'l 
(IJ .-

o 
00 

\ 

\ 

o 
N o 

QI 

----e 
/)1 

{j 



.~ 

• 

". 

138 

(e) mie = 229 (19%) 

(f) 

~" 

(c)· mie ... 299 (7%) 

+ 

",l' 
H 

(a) mie'" 314 (W-),(36%) l+ 
-H20 l H. ' 

(blj.:.. = 296 (11%) 

or 

(g) mie = 124 (92%) 

(b') mie ~ 296 (11%) 
! " 

Scheme 4 Major'Fragmentations in the Mass Spectrum of 
18t20-Cyc1o-20-hydroxy-~4_pregnen-3-one (IV) 

1-.1 

" 



299- (7i.) 

+ 

<::l', 

296 (ll%) 

+ 

296 (l1io) 

(h) mie = 256 (base ion) 

(i) mie = 238 (40%) 

1 

" 

(j) mie 1: 214. (ln.) , 

1 

(k) mie = 171 (26%) 

(1) mie = 133 (50%) 

(g') mie = 1,24 (92%) 
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·e " 7. 
4 

Maas spectrum of l8,20-cyclo-20,21-dihydroxy- â -pregnen-3-one 

(Vi Fig. ~, Scheme 5): 

The msss spectrum of V indicates a fragmentation pattern 

very similar to that of IV (Fig. 4, Scheme 4). 

Fragment ions mL e - 330.2154 (a, 36'70) a (M+) 

m! e "" 312 (b or b t, 9'7..) a (&-th or &-th') 

The spectrum has a peak for the moleculsr ion st mie • 330 (a) 

with a relative intensity of 36%. High resolution rosss messurements, 

established the composition of this i~~ to be C21H3003 (calcd. 330.2194). 

The io~ at mie c 312 (b or b') with a relative intensity of 9'70 

may be eonsidered to.arise as a result of the loss of water from the molecu~ 
J ~r '1' 

+ lar io~, (M -H20) in a fashlon analogous to that described for the mass 
.. ~.. 1 ~ 

spectrum of"18-0H-DOC (II) (see p. 119). 

, , 

(b) mie = 312 

+ ,-~ or l-!" (M -HZO) 
~ 

0 
'". 

(a) mie 330 
l, :'(;--

1·· 

e 
t 

(b') mie = 312 
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Fragment ion mie • 299 (ca 9%), (a-c) 

The ion at mie • 299 (c) appeau to be formed from'î:he molecular 

~n4at mie • 330 (a) by 1088 of 31 mass units, which corresponds to the 

, ~ 

cleavage of the CZO -C Z1 carbon-carbon bond (129, 131) giving the 

oxonium ion (c). 

(M+ -CH20H) 

(a) mie = 330 (c) mie = 299 

,-..J 

A similar fragment was observed i~, IB-QH-DOC (II) and confirmed by 

high res01ution mass messurements. 

Fragment ions mie ca 288 (d" 77.) J (a-d) 

mie a 124 (e, 48%), (a~) 

The appearance of peaks st mie • 288 (d) and mie • 124 (e) 

may be'indicative of decompositio~s initiated by the a,~-unsaturated 

ketone moiety in the A ring of the molecular ion (a). (124, 125). 

o 
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1, 
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• 

" 

(d) mie = 288 

". 

( a) ml e = 330 ~ 
p • 

(e) mie::: 124 

Fragment ion mIe - 256.18j4 (ft ,100%) a (a-tf) 
c 

c 
The base peak"at mie • 256 (f) may be formed as a resu1t 

". 
of 'the 10lilS lof a C)'H602 fragment of 74 mass units from the molecu1ar 

, ipn (a). High resolution mass measur~ments estab1ished the composition , , 
• (1 ( 

C18H240 (ca~c~. 256.L827) for the mie • 256 (f) ion • 

e 

" 

'. 
-. , 

" 

'If. ,., "'-
/'~ J-

;..'i!" 

.::1 
ô' 

&OH 

. 
Jo' 
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; 

The similar mode of fragmentation 

ion ,of IV (sett p. 134) • 

.,. 
apparently-occurs ,in the mqlecular 

y - .,,' 
.\\ 

Fragment ion mie - 238.1740 (S, 42%). (f~) 

The intense ion at mie ~ 238 (g) appears to be fbrmed from the 

-base peak at mie ·,256 (f) by 10ss of 18 mass units, presumab1y correspond-

ing to the 10ss of water (256-H20). This transition was confirmed by the 

T'",f 
appearance of the metastable peak at m* ~ 221.3 (221.27 • (238) ). High 

256 

resol~tion mass measurements showed the composition of the mie - 238'(g) 

ion to be C18H22 (cale .. 23~8.17~2). Neverthe1ess, the mode of its form-

ation is uncertain (see a1so p. 135). 

r -
! 
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(f) mie:: 256 

__ (_25_6_-_H2=-O...;..) __ ~) (g) ml e = 238 

nt'<' = 221.3 

Fragmen~ ions m/e~~ 214 (h, 17%), (f~) 

mie - 171 ,(i, 25%), (f.-+i) 

mie ~ 133 (j, 48%). (f.-+j) 

mie .. 124 .(e~. 48%), (f-e') 

-.... . t '-
.\ The base ion at mie .. 256 (f) appears ~?tcundergO further 

fragmentation °giving ions at mie k 214 (h), 171 (i), 133 (j), and 

./ 
124 (et), which correspond to the decompositloRs initiated by<:>the 

a, ~-unsaturated ketone molety in the A ring (124, 125). The mode 

of c1eavages 18 111ustrated on the next page. 

\ 

• Q 

., 

c:r • 
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1 \ 

(h) mie a 214 

"', " '-

T 
/~ 

/ 

(i) mie ::1 

"li! ® .,-
il 

<> 1 
(f). mie = 256 

( J) rnje::: 1)3 

. . ~oV 
~ 1\ (e') mie = 124 

Add 1 t 10na l,t comments 

It i8 notewo~thy that the characteristic peak at mie = 256 of 

both V and IV ls not found in the spect~a of lB-OH progesterone (1; Fig. 1) 
, . 

and 18-0H~DOC (II, Fig. 2) despite the fact that the c1eavage of the 18,20-

o 
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..... 
cyclohemiketal mBi~ty of 1 and Il might possibly follow a stmilar 

coLJr se. 

_ (1) R = H 

(II) R = OH 

(IV) R = H 

(V) R = OH 

" 

~ 

,mie = 256 

A summary of the major fragmentation pathways of V. ta-shown 
/, . 

in Scheme 5. ""r" 

. , 
1 
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• 

, 

mie • 299 (9%) 

(d) mie = 288 (7%) 

\ 

~m/e = 124 (487.) 

(b) mie = 312 (~%) • 

(h') mie c: 312 (n) 7 

Scheme 5 Major Fragmentations in the Mass Spectrum of ri 18, 2ü-Cyclo-20, 21-dihydroxy- ba4 -pregn,..~-3-one (V) < 
~ 

\ 
\, 

1-1 
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(f) mie = 256 (base ion) 
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0 m* = 221.3 
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• 8. Conclusion: 

The mass spectra of three 18,20-cyclohemiketal and two 

18,20-cyclobutanol steroid derlvatives have been recorded and discussed. 

Three main types of fragmentation mode are observed for the 

compounds studied. lB-OH Progesterone (1) and l8-0H-DOC (II) predominant-

• 
ly give fragmentations initiated by the 18,20-cyclohemiketal grouping. 

The compounds IV and V show fragmentation patterns initiated by both the 

l8,20-cyclobutanol and the 6 4-3-ketone moieties. 
. . 

Compound 111, a 

3,3-ethylenedi~xy derivative of lB-OH progesterone (II), shows 

prominent cleavages triggered by theethylene ketal function • 

. " One fragmentation pathway which distinguishes the Type 1 

steroids from the Type II steroids is summed up in the foll~1ng 

scheme: 

'~ 
r 

1 

0 

'( 1) R = H . ~ mie = 270 . . 
1. (II) R = OH. \ 

« . 
Ha-R 

o 
(IV) R·= H mie = 256 
(V) R "" OH " . 

~' ,/ 
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PART V: E\PERlMENTAL 
'I, ' 

Preface to Experimental 

Melting points - Melting points ~er~ determined on a Kofler hot-
, 

Btage microscope and are uncorrecde~. 
i 

Infrared (I.R.). ultraviolet (U~v.) and nuclear magnetic resonanc-e 

, \. 
(N.M.R.) spectra - I.R. spectra w~re recorded on a Perkin-Elmer 

Model-257 and/or Model-337 grating infrsred spectrophotometer. In , , , 

reporting these spectra th~ following abbreviations are used: 

vs • very strong 

s • strong 

m '" medium 

w • weak 

Absorption bands reported in cm- l 

~ ~ .-U.V. spectra were meas~ed with a Unicam ~P-800 spectrophotometer 

using Methanol as the BoIvent, unless otherwise stated. The N.M.R. 
\ 

spectra in deuterochloroform using tetramethylsllane (TMS) as the __ 
" 

external standard_were determined on Varian T-60 or A-60 spectrometers • 

-
Chemical shifts are reported in'C 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-l4l polarimeter using a 1: dm 

microcell st the'sodium D line. 

, 

1 
': 

,-
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e 

Ma89 spectr! (M. S.) - Mass spectra were obtained on an AEI MS-902 

-
mass spectrometer by a direct probe method at minimum temperatures 

(165-2000 ) necessary to vaporize the sample. The ionizLng energy 

was kept st 70 eV and the ionizing current at 500 ~A. High re~olution 

mass measurements were made by the peak-matching method using a per-" 

fluorokerosene reference. + A moleeular ion is indieated as M • The 

metastable ion for a particular process is represented by m*. Per-o 

centage relative intensity (7. relativ~ abundance) ls given in braekets 

after each mie value and refers to the intensity of the ion relative 

to the base peak as 100%. Peaks equal to or grester than 4% of the 

most intense peak are reported. The fragmént iQns intetpreted are 

those of special sig~ificance only. 

Chromatography - ~f not otherwise stated, thin layer chromatography 

(TtC) was earried out routinely using neutral aluminum oxide (Woelm 

Co.). Silica gel refers to Si02-G according ta Stshl (E. Merck Co.), 

to Si02-7 (Baker Chernieal Co.), to Si02-film (Eastman 
<li 

Kodak Co.) and 
'. 'If 

to Florisit-1LC (Floridin Co.) and W88 used for 'ILC and for 'Ipreparative 

layer chromatography (20 x 20 cm glass plate coated with 75-~ thiek 

layer of adsorbent). The TLC plates were viewed under U.V. light and/or 

spraYéd with concentrated sulfurie acidJand then heated. 
<', 

Column 

chromatography wss carr'ied out using neutral aluminum oxide (Woelrn Co.). 

• > 
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Whenever possible dry ether, benzene and petroleum ether were used 

for elutions. Paper chromatography was kind1y performed by Mrs. 

H. Traikov at the Allan Memorial Institute of Psyehiatry, MeGill 

University. Proportions indicated fot' solvent mixtures were by 

volume. 

Elemental analysis - The microanalyses were made by Scandanavian 

Microanalytical Laboratories, Herlev, Denmark, and by Dr. C. 

Daesslé of Organie Microanalyses, Montreal. 

Chemica1s and reagents - 2l-aeetoxy pregnenolone and deoxy~ 
• C' 

eorticosterone acetate were purchased from Searle Chemicals Inc., 

c 

Chicago. Lead tetraacetate was dried in a vacuum desicator over'~ 

potassium hydroxide. Petroleum ether refers to the fraction of 
, 

o boiling point 30-60 and ~as dried over sodium wire. Phosphorous 

oxyehlnride and 2,3-dihy~ropyrane were redistilled Just prior to use. 

,.;oty'~tetI\lihydrofuran,'- 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 evaporàtion under 

o 
vacuum at a water-bath temperat~re of approximately' 40 • 

, 
compounds reported were purified until no impuyitiês eould be 

detected by TLC analysis~ 

Q -
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1. Attempted conversion of 21-acetoxy pregnenolone (1) to 18-0H~DOC 

acetàte (IV) by reaction with lead tetraacetaQte and iodine (Scheme 1): 

il ' 1 (a) Conversion of 21-acetoxy pregnenolone (1) to 3,2 -tetrahydro-

pyranyl-2l-acetoxy pregnenolone (II): 

Ta a solution of '2l-acetoxy pregnenolone (I, 1.88 S" m.p. 

165-1700 ) in chloroform 05 ml), 2,3-dihydr-op.):!an (3 ml) and phos-
~ ~ ~ l 

phoroue oxych1oride (2 drops) were added. The solution 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 5'7. aqueous sodium carbonate ,(4 ml x 3) followed by 

water (5 ml x 31. 
8 , 

The organic layer was dr ied over anhydrous sodium 
, , , 

sulfate and filtered. _ The filtrate was evaporated to give a colorless 

'crystalline product II of m.p. 105,0. ne (Si02-G) in benzene-ethyl 

acetate (5:5) showed that the crude product II was homogeneous 

(Rf • 0.90) and free of tne starting material 1 (Rf - 0.70). The 

yield obtained wa8 2.51 g (1'0.0%). Recrystallization ~wice from 

o 
petroleum ether raised the melting point to 115-120 • 

I.R. (CHCl 3) spectrum: 

3000 (m, shoulder) , 2940 (s) , 

1750 (s; acetate CaO), 1723 (s; ketone C=O), 

1435 (m) , 1375 (m), 1228 (s; 
~ 

acetate C-Q). 

1138 (m) • 1116 (m) , 107Q (m). 1060 (m), 

.-

\ 
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\ 

1030 (m; C-O), 979 (w)', 930 (w),' 914 (w) , .. ' 

-1 
820 (w; C-C-H), 810 cm (w). 

N.M.R. spectrum: 

't - 4.59 (lH, broad singlet; 6-vinyl proton) 
1 .. ",,11(, f c 

" , / 

5.32 (2H, A~ quartet, JABa 19 c.p.s.; 21-methylene proto~s) 

7.80 (3H, singlet; acetate methyl protons) 

8.32 (multiplet, broad; ring protons) 

8.95 (3H, singlet; C-l9 IJ1ethyl protons) 

9.27 (3H~ B inglet; C-l8 methyl l>ro~ons) 
, " 

Mass sEectrum: 
, . 

(' 

The Dlolec~~a;', ion- (ml e .' 45'~) wfs not observ.~d. G 

~I e - 356 (bas~ iop; '458 - ~-H~)'. 

(b~'Reduction of II to 3.2'~tetrahydropyranyl-21-acetoxy-20-

hY?roxy." b"5 -pregnene ,( III) ~ : 1 
To 8 solution, of II (O. j83 g, 1'. (: mmole) in tetrahydrofuran, 

.' 

: (8 ml) was ,addedJa sohution of lithium ~~~minum tri-t·butoxy~ydride (0.894 

\ g, 3.5 mlIible) in tetrahydrofuran (5 mî). The mixture was magneticaUy 
\ 

J ....... -J 

·sti~~ed U?d~itrOgen ~- ~ce~water 
o .. ~ 

completed in.1.5 h, as mon1tored by TtC. 

. 
bath temr&r8,.ur~. ~h~, r~action wr 

~f " 
The excess hydride' W8S de'· 

. , ) 

composed by d~opwi8~ addition of S7. aqueou8 8cetic acid~(S ml) over a 
, 0 

, " 
period of.la min~ 

::;> 
After addition or wliter (10' .1), the resulting -, , . 

mi~ture wàS repeatedly extracted·with chloroform (l0,m1 x 8). The 
t 

~ 

• 
D " 

Q \ 

}I 

. 
1 • 

1 

, 1 
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" 
" 

"\ 

combined extra'cts were wasbed }with water (5 ml x 4). The organic " 
. , , 

layer wa8 dried over anhydrou~ sodium,8ulfate and eVaP?TAted to 

yield 8 cOlor~~yst~lline' soÙd 'III. n.e (SiOZ-G) in benzene-

ethyl a,cetate (8: 2) showed f:hat' the product was hQIllOgeneou8 
\ 

, , , 
The , .( Rf • 0.40) and free, of the start ing mater ial II (Rf • 0.70). 

,,",~~, yi~ld obta~ned~ 0.77 g (100%). 
" , :~ 

Recrystalli~ation twice from ether 

,\ 

gave llI'with m.p. 125-128°. 
\ 

~" "\ 
9" '~ ':: 

I.R. 'CHC13) spectru~: ,\ 

3680, 359,8, 3460 (mw; O-H), 2948 (s),' 

1735--.\ (s; ace-t:ate C-O), 1601 (w'; C-C\, '" • 

, ' 

1435 (m, broad), 1375 (m), 1?20 (m; acetate C-O) , 

1130 (m), 1113 (m)~ 1074 (m; C-O), 1020 (m; C-6), 

-1 975 (m), 910 (m), 870 cm (Wj CaC-Hl. 

~ N.M.R. spectrum: 
" , 
'" 

d ~ rra 4.59 (lH, broad singlet~ 6-vinyl proton) 

~ -. 

7.63 (lH, slnglet; O-H, signal disappeared upon addttion of D20 
'. 

to the samp1e) 

. 
7.87 (~H,~slnglet; acetate methyl protons) 

, j 

8.32 (multiplet, broad, ring protons), . , 

8.94 (3H, singlet; G-'l9"'methyl protons) 

9.17 (3H, s~nglè-t; C-l8 methyl \ protons) 
I\-~ 

• 

1 

1 

" , 

" ,'1 
' . • 
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D 

Mass spectrum: 

The molecular ion (mie - 4QO) was not observed. 
F' 

, 

mie • 358 (base ion; 460 -~H ) • 

(c) Reaction 
.,.' . 

of 3.2' - tetrahyaropyranyl,-21-acetoxy-20-hydroxy-

5 -~ -p~egn~ne JIll) with lead tetraacetate and iodine: 

fi 

Lead tetraacetate (198 mg) and io~ine (28 mg, one mole 
. , 

f' 

, equival~n;) were added to a solution of III (51 mg) in benzene 

(lQ ml). The n:i~ture was magnet1cally 'st irred 'and heated to bQ~ling 

under reflux for 2.5 h. The reaction mixture was cooled to rpom 

temperature. The precipitate was 
. ~ 

removed by filtration and thoroughly 
/' 

be~zen~flltrate washed with benzene (2S ml). The was washed wi h 5'7. 

water \5 '-aqu3eous sodium thiosulfate (5 ml x 2) and then with ml x 4). 

The organic layer was dried over anhydrous sodiu~ sulfate and evaporated 

~{. . " i 

to give a yellow cru~e ~esidu, (~mg). TLC,revealed that the crude 

residue conslsted of a complex' mixture of products. ,Separation by 

preparative TLC,(Si02-G) with benzene-ethyl acetate (8:2) ga~e 

,! 
khree major bands, at Rf 0.49; 0.24 and 0.14. Ether extraction gave 

"-
32.2, 3.3 and 3 mg of yell?wish gum from th~ respective b~nd. 

1.R., (CHel) spectra: • 

. " 
The infrared spectra of these three fracti9ns showed similar absorption 

1 patterns in 

near 3400 

thf fOl~~.;ect.: the 

3600 cm 1', the)presence of 

absence of hydroxyl absorption 
, . \ 

a strong acetate carbonyl band 

, . 

. ,. 

.• ; 

J 

l • ( 1 

. 
-' 
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., 

at 1738 cm-l, and the occurrence~f bands cor,esponding to c-o c 

stretching vitrations at 1275 (broad), ,1125 (m), 1077 (m), and 
. 

ta20 cm- 1 (m). 

Mass spectra: 
" ' 

Only strong fragm~nt peaks observed in the high mass region are 

répor ted. 

Fraction 

Fraction 

Fraction 

• 
,tl' 

" 

\""'" 
\~, 

of R-i - 0.49 

of Rf ,. 0=/;24 
) 
1 

~ 

of Rf ... 0.,14 
1 

mie - 594,1 482, 3~6 

mie JIll 628, 596, 487, 408 
--'" 
\ 

mie .. 596, 486, 408, 356 ' 

cl 

2. ll&eparaSion of lB-OH progesterone and identification of photoproducts: 

(8) Preparation of 3,3'-ethylenedio~y-20-one-21-acetoxy .. ~5_pregnene 
- 1 t j r 

(II). the starting material: 

\ 
A solution of deoxycorticosterone acetate (l, 15.0 g, 40.3 , -

,1 

mmol) , ethylene glycol (126.3 g) and pyridine hydrochloride (2.25 g, 

0.5 mol t!quivalent) in dry benzene (650 ~~l) was refluxe~ and ma'gpetically ~ 
1 

~ 

stirred for;:',31 h. The water formed durin,81 the re~ction was 'removed by 

a Dean-Stark moisture trap packed W~h 10":15 g of anhydrous sodium /'" 

sulfate. "Dry benzene, WQS ~t intervals to maintairt the st~rting 

volume. The p~oce~s of ketQ1iz~on was fo11owed hy 1.R. (c~plete 
-1 

disappearance of th~ band at 1668 cm ), by U.V. (complete disappearance 
1 

1 

of ~~e absorption maximum at 2~m), and by TLC (the disappeatance of 

" 
' ....... 

.' + 
" 

'-

e' 

'" 
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, , 

the starting materi:l l with Rf 0.35 and the formation of ~he~roduct 
with Rf 0.55) in benzene-ethyl acetate (8:2)1- The réaction mixture 

was cooled to room temperature. The excess ethylene glycol was separated 

1 

(separatory funnel) and wa8 back-extracted with ben~~ (20 ml x 3). 
~ , 'Y 

The 

combined benzene solutions were washed with 10% sodium carbonate solution , 

(10 ml x 2), water (20 ml x 6) t and dr ied over anhydrous sodi um suHate. 

The solvent was evaporated to give pure crystalline II "(m.p. 185-190°) Jn' 96% 
f -, 

y~eld (15.9 g). Recrystallization twice fr,om hot acetone containing a trace 

of pyridine gave II with m.p. 19~196° (lit. (107),206-20'80 (ac;tone», 

t. ] 25 0 ,/ rJ120 1!'- D =; +76.4'" (c::; 0.25, CHCl), (lit. (107),P"J D '" +42.5,(CHCl3». 
-- - , ... -

1. R. (KBr) spe,c;trum: 

292{ (ms), 1748 (vs, sharp; acetate C=O) 

1730 (vs, sharp; ketone CaO), 1427 (mw, doublet), 

U'R5 (s), 1280 (w, shou1der), 1242 (vs, sharp; acetate C-O), 
'( 

1208 (w, shoulder), 1118 (w), 1097 (s, sharp; ethylene keta1 C-O), 

1 

1090 (w), 1068 (w), 1054 (w), 1029 'w), 1004 (w), 962 (mw, doublet), 
f 1 ., 1 ,i$, {.;li 

915 (w), 878 (w), 858 (w), 832 (w), 808 (w), 777 (w), 741 (w)" }SXirif!"-:· (w)~ .1'.; ., 

-<~~~ .. ·if. ~.,.j (-o?'-f ' ... 

I.R. (CHC1) spectrum: 

1 
':1 2895 (ms), 1757 (s; acetste CaO), 1733 (s; ketone CaO), 

[' , 

1378 (ms), 1095 (i; ethylene keta1 C-O), 948 cm- 1 (mw). 

U.v. apectrum: 

trans;a1~ntlab~ve 210 nm 
" 

1 
1, 

~, ,1 

" .. \ r • ... 

1 1 

,-
" 

\ 

• r Î 

1 

. __ ~~_"";""~_""'::""'_"':"-_ ....... ' __ ...Il~,~ ______ 1 
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N.M. R. spectrum:' 
\ 

'r,:a 4.61 (lH, broad; vinyl proton) 

5.25 (2H, AB quartet, JABa20 c.p.s.; 21-methy1ene pro~ons) 

5.92 (4H, singlet; ethylene keta1 protons) 

,7.72 (3H, singlet~ acetate methy1 protons) 
(~) - L 

8.84 (3H, singlet; C-19 methyl protons) 

9.19 (3H, singlet: C-18 methy1'protons) 

Mass spectt;um: , 
.. 

+ .1 l '" 

mie • 416 (Mt), mie = 99 (base ion; ~~) •. 

(b) General procedure_for ~hotolysis: 
~. 

An apparatus simila~ to that previously described by Jeger 
') 

et al. (IOl) waB used. The light source was a Hanovia 450-Watt high-
" 

f • f 1 

".:' pres~ure mercury lamp (Model 679-A\-36)' and was fitted with a Corex 

fi1ter cylinder (1 mm thick; Hartova Model 513-27-114). 
i-

1 
,\ 

The la\TIP.was 
0> 

, .' r~ place~ in a water -cooled quar tz immersion apparatu8 which was .8ub-
;. , 

merged in the irradiat ion solution. The 'sample in the appropr iate 
" 

~. .' 
solvent solution was placed in a three-necked flask. The solution was 

1 ~ 
,flushed with dry nitrogen for 30 ffi.in pr io~ 'tb~irra~,J.!on and dur ing' 

the irradiation the solut-ion \~~s agitated witl'\' a magne"'t;~<à-t-!r'rer 1 and 

4- slow nitrogen flush. The irradiation was performed t room',- t~mper.~-
ture fO~ 4< h. The Boivent pf t~e 'tirra~i.ated/nateria; f~8 re;,.i,e~inder 
reduced pressure. The residue was dried under vacuu~ at room temperature 

f • 
, ~ 

for 2-3 h. 

-. ~,' 
J. -. 

l, 
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1 , 

Absolute ether waB prepared by distillation of anhydrous 

11 
grade ether over lithi~~ aluminum hydride Just prier to usé. Absolute 

ethanol waB prepared by distillation of anhydrous grade ethanol 

,~pver ea~cium oxide lumps (furnaee dried) one day prior to use (L.J. 

1 Fieser, Expe~iments in Organic, Chemistry, D.C. Heath Co., Boston, 

p'. 285). 

~ 1 5 "i ~ 

(c) Photolysis of 3,3-ethylenedioxy-20;9ne-2l-acetoxy-~ -pr~gnene 
• 

(II) in absolute ether~ J' 

A solution of Il (1084 g) in a980lute ether (450 ml) was 

photolyzed. The erude residue (photolyzate) waS obtained.as a 

coloriess thick syrup (1.144 g). The photolyzate showed a complex 

mixture of products by TLC (Silica Gel G) in benzene-e~hyl acetate 
~~ ~ .\... , 

(8:2), but no starciing material Il (~f a 

absorption \or an cx'.~.-uns~turat~' keto~e 
cm- l ) and u.v. $J\.ma: - 246 nm)/~pectra • 

• 0 

-, 1 

0.38) • lt also exh ibied no 

chromo-phore 'in' the I.R. (1668 

-< 

',) 

" 

-t:/~""''''' .. 
,t \ 

• 1 

(i) Treatment of the photolyzate with osmium t~trqxide To an aUquoL 
~- .' !I.. . ~. 

~, 

of 95 mg o~ photolyzate (freshly irradiated) in dry benzene (4 ml) CQ~~ 

taining dry pyr idine I( 1 ml)', osmium tetroxide (1.1 mol equivalënt, 76 , 
r 

mg) was a~ed. The solution was stirred under anhydrous conditions . ,~ 
.~. (calcium chloride drying tpbe) at room temperatyre for L2---h-. The 
, .\: .', 

in water (3 ml) and'pyridine (2 ml) and the resulting mixture st irred 

"~ reaction mixture was' treated ~with a solution of ,sodium bisulfite (190 mg) 
-~~r;. , . '.. ~ 

, ... , 
l .. , 

\1 " '.' '~'~ , 
IV 
1 ',-'\. . ~ 



o 

.} 

--~ t 

160 

, , 
at· t'oom temperature for 5 h •. 

~ ~ ~ ..... ;~ 

The brownish mixture was extraet~d \, 

\. 

with chloroform (15 ml x 7). wéshed with water (8 ml x 3). dried 
, i 

,> 

over anhytlrous sodium Sulfate. and evaporated. The blown gummy 
J. 

(l 

residue (111 mg) was treated with a mixture o~ acetic acid (5 ml), 

tnethanol (3 ml). and water (0.5 ml). The solution was:~eated with 

, . stirring at 600 for 5 h. The cooled reaction mixtur~>was neutralized 

with saturated sodium carboJate solution. extracted with chloroform ., 
. (15 ml x 4). washed with w~{er (10 ml x 5): aried over aDhyd~ous 

\ 

sodium sulfate. and the ehloroform was ev-apora,ted.. The brown, 

glassy residue"( 61 mg) was separated by. prepa~ative .'rtc (SU iea Gel 

G) deve10ped in ethyl acet4te-benzene (8 ~ 2). The bands with Rf ca. 
u 

0.68)_,0.58. 0.41. 0.26, and 0.10 were reteatedlY,~X~racted with ether 
r' " , 

to give 2.2, 6.3. 6.7. 4.4, and 1.7 ms. respeetively, of brown gum 

with the follo~~n~ common'physica1 properties: 
r .' > 

240 nm 

Ultraviolet spe6tra show,d an absorption 
. ). 

~~ , .1 

for th~ ~,p-unsaturated ketone ~oiety. • 
• • > 

maximum 'nes! 

;. 
Infrared spectra in ch1oroform showed strong'!bs~rption 

," ~ !.' ~~-{" 

'~ 

, , 
" 

near 3500-3400 cm- l (O-H), 1730 cnr- 1 (unc'onjugat~d car.bq,f\~,t).l 1660::!1680 
l. \. ! 

cm-i~(.64-3-~tbne)·, and 1100 ~m-1 
... .4..-

Paper chromatography: , 

;-

(C -0).. fT ~:. , ~ • 

Sol~ent system: toluene-propy1ene 'glycol ,(4~) , . / 

( 

Filter paper: Whatman No. 42 
• 

Running time: ~~~2~ 
• ~' 1 

\' 
.1 

, ,,' _ ... -'-

l, 

, . 
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ALI compounds migrated at a faster rate than authéntic 
, '--

l8-0H-DOC. 

Mass spectra; 
1 1 

'f,be fr~gmentation patterns were not compaw'able to that oVauthentic ,\8-
1 

OH-DOC. On the basis of the physical data, these products were not 

·f' \ l8-0H-DOC. -'-> ' 
1: '/ \ 
1 f 

(1i) Isolation of photoproducts Photolyza~~048 g) wa8 dis~olv:à 
D ~ 

in a minimum volume of benzene and chro&tograplled on a ~'blumn '(3/4 ihch.l 
.;.~ 

'1 ' 

O.D.) of neutra1 alumina (36 8. Wo,lm activity II, made up'bf petroleum 

ether-benzene (9: 1). Fractions of 50 ml each were col1ected and the 

. " progres8 of chromatography wa8 fo11bwed by TLC (Si1ica Gel G) in benzene-
1 , 

ethyl acetate (8;2) and by crY8~allization of each fraction. Seven 

compounds were iso1ateQ from the photo1yzate. Fractions 44-54 was , 
n 

iden~~ied as III: The remaining compounds were not fyrther 

invesHgated but their spectral data are recorded.,in this section •• 
l' 

1 

Eultton with petroleum ether-bel'lzene (9:1) gave 119 mg (11% by weight) 

of color less gum., 

1.R. (CHC13) spectru~; 1 ) 

c' .. ,:.( . 
r 

, 
~ 

3680 (W(~~H), 1900 (s), 1,645 (w), ·1604 (w), 1440 (m) , 1368 ',(m. sharp) , 
o il 

0' 

,I 

1135 (w), 1092 (s; C-O), 1030' (m) 1 952 (w, sharp) 1 920 (w). ,902 cm-1(~, sharp) • 

u. V. spectrum: 
r .. 

Inflexion at 240 n~ \ 
Il 
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'. 

" 

Mass spectrum: 

Major fragment ions were observed st mie • 328,,316,314, 300, ~72, 

... 
257, 99 (base ion;[~~). 

:' .J 
,'t ,r' 
\ 

Fractions 21-241(R f • 0.52) 

~ 

E1ution with pet~oleum ether-benzene (9: 1) gave 8 mg (0.8% by 

wei8,ht) of color1es8 gum. 

1. Roe (CHC1)>" spectrum: 

3680 (Wj O-H), 2930 (s), 1602 (w), 1430 (m, broad), 13~0 (m), 1095 (s; 

} C-O), 1030 (w, broad), 950 (w), 928 cm- l (w) • 

1) 

.. 

Fractions 25-36 (Rf • 0.46) 

\ 

E1ution with petroleum ether-benzene (9: 1), (7:3) gave 65 mg (6% by 
... , 

weight) of ~o1or1ess g~~. 

, 
'3678 (w; O'",H); 2930 (s), 1605 (w), 1430 (m, broad), 1375 (m), 1260 (w, l' 

f 

broad), 1100 (s, broad; C-O), 1018 (s, broad), 951 (w), 975 (w), 
, 't. , 

86,9 cm- 1 

(w). J 

u. V. spectrum: 

" Inflexions at 22Li'and 240 nm. 

Fractions 40~41 (Rf • 0.33) 

·D 
E1ut1on with petro1eum ether-benz~Qe (7:3) gave 

, . 
.' , 

of colpr1ess residue (m~p. 160-1650). 
');-
~ 

l ,. 

l " 
, '\ . 

~~,. , • 1 
! ' 
;-

/' 

" 

• . : 
84 mg· (8% ~Y we~ght) 

1 
\ 
\ 

'l, '/ . 
"\ ,lJ 

\/ . 

, 
" 

, 
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I.R. (CHel]) spectrum: 

,', (;) 

" 3678 (w; O-H), 2930 (8), 1604 (w), 1430 (m, broad), 1375 (m), 1095 (s; 

C-O), 1040-(w, broad), 954 (w), 928 (w), 880 cm- l (w). 
\) 

), 

u.v. apectrum: 

Inflexions at 240 nm 

Fractions 44-54 (Rf D 0.28) 

3,3 - Etl1y1ened'ioxy-18.20-epoxy-20- hydroxy- ~5 -pregnene' (IÙ) 

E1ution with petroleum ether-benzene (2: 8) and ,benzene,'gave amorphous 
'" 

. solid III (m.p. 120-126°) in 23% yie1d (260 mg). Recrysta11ization of 

III from acetone raised the me1ting point to 1~7-1400 with Rf -O.74 on 

TLC (SiJ~fa Gel G) ;{n benzene-ethyl acetate 
~ -~ .. 

',_ . ,11 .. 

1. R. (CHrU) spectrum: 
i -

3680, 3590, 3450.(mw; ,O-H), 293~ (s), 1605 . . 

(5.:5) • 
• 

(w; caC), '1430 ('m, broad), 
, d. .. 

1375 (m, doublet), 1095 (~I C-6), 1026 (w, broad), 951 (w), 925(w), 

. -1 
892 cm (w; 1 C"C-H) .. \ ' 

u. V. spectr U!Il= . " , 
<' l' 

Transparent abové 210 nm 

N.M.R. spec'trum: \ 

~ ... 4.;8 (lH-, bFoadj vinyl protoI1) ,") ( 
t. ' -co 

l '1 5.93 ('H, sharp sing1et; ethy1ene ~~tal protons) " / 
1 Q 6.12 OH, broad; might be an hy-~wxyl proton) 

• ~ .~.8J (3H: oinûet,; C-19_~t~yl protono) 

~ ~pectrum: ( 

"'---- ... 
'Sée' Part IV,' po' 127/ t 

J 

\ 
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Found: C, 73.86; H, "9.02 

Molecular weight for C23H3404: 

Found (mass spectrometry): 374.2457 
.. / 

Caled.: 374.2457 
'. ""\ 

, A 

Fractions 55-58'~~f = 0.19) 
, 

E1ution with benzene-ether (5:5) and ether gave a color1ess residue . 
(51 mg, 5% by weight) of m.p. 55-6>°. o 

1. R. (CHC13) Bpec trum: , 
~ " 

3680,3597,3440 (mw; O-H), 2930 (s), 1735 (s; unconjugated carbonyl), 

1666 (inflexion), 1604 (w), 1430 (m, broad)r 1368 (m), 1187 (w, broad)j 

1090 (s; C-O), 1030'-(w), 9)5'-(rnwT;~28· (.mw)..y 878' ;m~l (w). 

u. V. spectrum: 

Inflexions at 227 and 240 nm 

Fraétions 59 (Rf = 0.11) 

Elution with methanol gave a residue (60 mg, 6% by weight) of 'm. Pi" " 
;r 

I.R. (CHe13) spectrum: 
, 

3680, 3593, 3~35 (mv; OrH)" 2930 (s), 1735 (inflexion), 1668 (infle,xion), 

Je 
1605 (w), 1430 (w, ~road), 1370 (w), 1185 (w), 1096 (ms), 1030 (w), 

-1 950 (wh 928 (w), 880 cm (.) • 

.... 

\ 
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u. V. spe-ctr um: 

High-int~sity absorpt{on at 241 nm. 

b 
, (Ui) Hydro1ys~,s of III to l8-0H progesterone (VI) A sol~tion of III , ç 

(27 m~) in a mixture of methanol (2 ml), acetle acid (2 ml)", and watet· -
, "" 

(0.3 ml) was heated under reflux for 10 h. The cooled reaction mixture 

was neutra1ized with 2N sodium ,hydroxide (15 ml), extracted with ether 
1 

(10 ml x 8),. washed with water,.(5 ml x 4), dried over anhydrous 

s?dium gulfate, and evapor~ted. ~e product as colorless gum (22 mg) 

~ , ~ 

'was purified by preparative TLe (SUica, Gel ç,) in ethyl acelate-benzene 

(5:5). The band with Rf 0.26 was extracted w"th ether to gi~ 4 mg· 

o (10%) of l8-0H progesterone (VI, m.p. 140 ) which had propertiés (~.R.J 

\., .(, . 
ma~s spectrtlm, ~d, ~obility on TLe) identical witn those of authentie 

, ,. 

sample. 

, . . - - 5 :" 
(d) Photo1ysis of 3 J3-ethylened~oxy-20-one-21,-acetQxy- 4 -pregnene 

(II) in absolute ethanol: ... . 
l" r /f--

r 

A solution of Il (2.01" g) in abS;lo.:"'e ethanol (1.85 l~) ( 

r-
ed. The crude residue was obtained-as a colorless thick \ 

.... . , .. 
,;...!-_,~s.yru-p (2. 4 g). 

- ;:; ... -!/ l' l' _ 

The' ~hoto~yzate showed a complex mixture of products 

• '. 

. \ 

by neutra1 aluminà) in benzene-ethyl t::ta~e (8:2), but no 

starti~g matetial I~'~~f-~.59). It also exhibtted no absorption due 

, -1 
to an a,~-un8'aturated, ketone mbiety by I.R. (1668 cm ) and .U.V. ('À.ma~.·-

240 nm)"spectroscopy: 

- .. " J_ 

t 

Il 

• v 

...-

, 

. '. 
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J-
'1 

(i) Isolation of photoproducts Photolyzâte (2.04 g) was dissolved ~ 

in a minimum volume of benzene and chrom8to~raphe~ on a column (21 mm . 

~ 

I.D.) of neutra1 alumina (50 g, ~oelm acti~ity II) made up of petro1eum 
, ,~ 

ether-benzene (9: 1). Fractions of 100-150 ml each were collected and 

the progress of chromatography WaB fo11owed by TLC and by crysta11iza-

tion of each fraction. 
"':. 

~ ,\ 

Compound ~V (Fractions 2-6) : 
1. 

Epimer A of 3,3-ethy1e~edioxy-l~,20-epoxy-20,.'ethoxy- L}.5_pregnene 

Elution with petro1eum ether-benzen~ (9:1) gave a co1orless crystalline 
p 

" solid (368 mg) 187.) with m.p.' 140-145 • Repeated recrystallization 

from benzene-!!thanol gave IV m.p. 155-158°, [a] 25 • 
D 

+ 24.4 ° (0=0. 19 , 
I~ 

I.'R. (KBr) spectrum: 

2930:(s), ?870 (s), 1428 (m), 1370 (m, doublet), 1308 (iD), 1290 (w), 
,r- ( ~ .. 

1253 (m, doub1et)~, i226 (w, sharp), 1210 (w·, shar~), ~~9S (w, Sh~ 

. 1132 (w), llOS (s; C-(), 1~6S (m), 1024 (m) ~ ,~2 ,Cm) ~ 946 (s), 905 (~, 
865 (s, sharp; C""C-H), 820 (m, sharp), 7Q'8 (m, ~harp), 77j7 (w,'fharp), 

732 (w, shatp'), 692 cm- 1 

,L,R. (CHCl) spectrum: .. 
;. , ... 2858 '( s), 1660 (vw), 
1! 'r 

;2·' 
" ç 

uble-t),' 1315' j(w), ld97" 

-(s, broad; C-O), 950 
t 

U.V. spectrum: 

. Tran,sparent a,bove HO nm 
~ ,~ J 

, 0 

~~~._--
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Mass speçtrum' Major fragment ions were obferved ~t 

nie. 402 (~), 387, 372, 358,357,356,99 (base ion) 

Found: C, 74.73; H, 9 .. 52 

Ca1cd.: C, 74.59; H, 9.52 

ne: 

Rf E 0.69 in jenzene-ethy1 acetate (8:2) 

0.71 
i 

(5:5) 

com~d V (Fractions 30-81) : 

imer B of 3 3-eth 

\. " 

/ ' 

Further e1ution with petro1eum ether-benzene (75:25), (50:50), (25:75), 

gave a color1ess residue (307 mg, 17%). Repeated recrystal1ization 

from acetone-hexane containing a trace of pyiidine afforded a crysta11ine 

'cil ° solid V with m.p. 187-193 (lit. (103), m.p. P7-188o, (ether-methano1», -. 

I~]~5 = -22.3° (c=0.3, CRC1 J ) (lit. (103) [~JD = +1°, CHe1). 

" 
1.R. (KBr) spectrum: 

)430 (m; O-H), 2940 ~s), 2880 (w, shou1der), 1420 (m, 'hroad), U61 (m), 
(, 

1305 (w, doublet), 1263 (m); 1201 (m), 1130 (w, shoulder), 1090 (s; 

f " 

C-O), 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 -1 (w). 

1. R. (CHCl3) spectrum: 

3420 (vw), 2860 (s), 1430 (mw, broad), 1365 (mw),' f090 (s; C-O), 992 (w), 

95 2 cm - 1 ( w) • 
.-' , 
. . 
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\ 
u. V. spectrum: 

Transparent above 210 nm 
) 

Mass spectrum: Major fragmenl ion,F were observed al .... 
Mje = 402 (Mt), JR7, .35~, 99 (haRe ion) 

Found: C, 76.60; H, 9.72 

Calcd.: C, 74.59; H, 9.52 

TLe: 
~ 

Rf = 0.31 in benzene-ethy1,acetate (8:1) 

0.53 (5:5) 

Fr actions 83-86 

Further elution with ether gave a straw colored residue (95 mg, 

5% by weight) which was not identified. 

(ii) Hydrolysis of IV to lB-OH progesferone (VI) 

(8 mgy\ acetic acid (1 ml) and water (3 ml) was heated 

" 1 

A mixture 
{ 

1 

at 60° ,If6r 15 

min. The G~oled reaction ~ixture was taken up in e~her (15 ml), 
- t 

J 

neutralized with O.~N sodium carbonate solution (10 ml), washed 
~ 

with water (5 ml x 4), dried over anhydrous sodium sulfate, and evaporated. 

The colorless residue (7 mg, 96%) was homogeneousfby TLC. Recrystallization , 1 7' 

twlce from acetone-hexane gave ~rystalline lB-OH progesterone (VI, m.p. 140-
l , ,\J 1 

145°). The identity of VI was confirmed by mixed fLC, and comparisons of 

1 



\, 

/ 

'. ' 

the 

I~ 

infrare~~d;mass 
If 

spectra with those of authentic l8-0H progesterone. 
l' , 

~ .. n-".rYI 
(iH) HWrQ1ysis 

• 
of V· to lB-OH progesterone (VIL A sol,ut ion of V 

• Ii 

~ 0 
(~15 mg) tn dioxane (20 ml) was h~ted with stirring at 60 for~2 h 

1 
with 0.5 N hydrochloric acid (8.5 ml). The process of hydrolysiB was 

followed by~c (the disappearance of the starting material V with 

Rf 0.53 arltl the formation of a new spot with Rf 0.21 for lB-OH pr~ges-

~erone) in benzene-ethyl acetate (5:5). The cooled reaction mixture 

was taken up in ether (60 ml), neutraliz~d 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 yellowish gummy product 

(30R mg) waS dissolved in a minimum volume of be~ene and chromatographed 

on a column (l.S cm O.D.) of neutral alumina (12 g, Woelm activity Il). 

Fracti:;t of 25-50 ml 

tography was followed 

,).~ 

each were co11ected and the progress of chroma-

by TLC and by crystallization of each fraction • 
./l 

lB'-OH Progesterone (VI) was eluted with benzene-ether (98: 2), (90: 10),; 

</ 
"as colorléss residue (65 mg, 20%). Recrystalliza.tion three times from 

acetone-hexane gave a crystalline solid Vi with m.p. 155-160°. The 

mobi1ity on TLC, and the infrared and ma~s spectra of VI were identica1 

with those of authentic 18-0H progesterone. 

(e) An impioved method for the preparation of lB-OH progesterone: 

The original work-up. procedure of Jeger et al. (103) waS ,. 
modified with the aim of improving the yield of 18-0H progesterone. 

,/ 

The photolyzate, which was obtained from the photolysis of Il in abso-

1 

1 

,1 

'1 
1 

1 

'1 
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~ , 
eth'an91, was directly subjected ta acid hydrolysis followed br 

treatment of the acid hydrolyzate with alkali. The erude hydrolyzate 

was separated by ~lumn chromatography. 

Typical expe~iment: 

A s~lution of II (2.08-2.09 g)~ in absalute ethanol (1.85 liter) was 

photolyzed. The photalyzate (2.10-2.20 g) in aqueaus 70% acetic acid 

, 
(25 ml) was heated with stirring at 80-900 for 4 h under an atmosphere 

... " \ 

of nitragen. The hydra1ysis was f~ll~wed by infrared (the appearance 

1 -1 
of a strang band near 1680 cm for the a,~-unsaturated ketone group) 

1 

and by ultraviolet (the appearance of an absorption maximum nehr 240 

nm~ spectroscopy. The solvent was evaporated under reduced press~re 

by rotary evaporation. For the removal of small amaunts of acetic 

acid, the evaporation was repeated after addition of benzene (15 ml 
, ' 

x 15). The acid hydro1yzate (clear reddish syrup) was further dried 

under vacuum far 2-) h at raom temperature. The 'product (2.50-2.53 g) 

was then treated with a mfxture of methanol (13 ml), potassium carbonate 

(1.41 g) and water (13 ml). The resulting solution was stirred under 

nitrogen at room ~emperature for 12 h. The proeess of hydrolysis was 

followed by infr~red speetroseopy (the disappea~ance of a band near 

-1 
l740 cm for the acetate group). The BoIvent was removed by azeotropic 

distillation with benzene (15 ml x 15), as deseribed above. The brown 

gummy product was taken up in methylene chloride (250 ml), w8shed with 
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water (5 roI x 4), dried over anhydrous sodium sulfate, and the solvent 

evaporated. The residue waB further drieJ under vacuum for 2-) h 

, . 
at room temperature. The brown,glassy product (1.50-1~52 g) was 

d~ssolved in a minimum volume of benzene and chromatographed over a , 

co1umn (2.5 cm I.D.) of neutral alumina (60 g, Woelm activity 1) 

made up of petroleum ether. Fractions of 100-150 ml each were collected 
f' 

and the progress of chrdmatography was followed by TLC and by crys~alliza-

tian of each fra~tion. 

(i) Isolation of photoproducts (also see Table 4, p. 71). 

l8-0H Progesterone (lR,20-epoxy-20-hydro~-~4_pregnen-3-orte) (VI) 
\ 

-
E1utlon with benze~e-ethe~ (R5:15) afforded a color1ess crysta11ine solid 

VI of m.p. 1'JS°. The product weighed 0.793 g (24% on the basis of 4.20 

g rI). Recrystar1ization twice from acetone~hexane gave VI, m.p. 150-154°, 

[
-1 J

0
25 0 l [-1] ° IN = +lS2.~ (c=O.5:P, CHCl) (lit,. (103), vv 0 = +159 ). 

I.R.~KBr2 spectrum: 

3420 (s; O-H) , 2932 (s) , 2878 (s, shou1der), 1665 (s; c=o for .6. 4 -3 - ke t one) , 
fi 

1620 ( m; C=rC) , 1437 (m, tr iplet), 1381 (m), 1306 (w), 1339 (mw) , 1285 (m, 
"' 

~ .. 
doublet), 1240 (m,' doublet), l20R (m) 1 1189 (m) , 1172 (w) , 1121 (8 ; C-O), 

1095 (w), 1067 (m), 1043 (s; C-O), 960 (w), 938 (m, sharp), 900 (m, sharp), 

888 (w, shoul'der) ,. 870 (m; C-e-H), 860 (ms~ C=C-H), 835 (w), 790 (w), 

. -1 
778 (w), 750 (w), 694 cm ,(w). 

\ ' - m • 
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1. R. (CHC13) speetrum: 
, f 

" 3658 (w; O-H), 3578 (m, sharp; O-H), 3420 (w. broad; O-H), 2930 (s), 

~ ~ 

2860 (w, shou1der), 1660 (s, c=o for64 -3-ketone), 1612 (w, shou1der; 

caC), 1425 (m, b'road), 1382 {m), 1358 (m), 132R (m), 1300 (w), 122E> (broad), 

Ils (m, doublet; ètO), 1012 (w), 995 (w), 920 (w), 884 cm -1 (m; C==C-H). 

u. V. spectrum: 

Âm (f: 0:: 14,980) 

) 
See Part IV, p. l1ü", 

J 

Found: C, 75.85; H, 9.07 

Caled.: C, 76.32; H, 9.15 

TLC: 

. 
Rf = 0.50 in benzene-ethyy acetate (5'5), (Silica'Gel G). 

i 
\ 

0.40 (Si1ica Gel Eastm&n) 

} / 
1 <iAlumina Eastman) 0.29 

The id~~tity of VI w~s eonfirmed by mixed TLC, and eomparisons of 

the infrared and mass speetra with those of authentie IR-OH progesterone. 

The fo11owing i5 a su~ary of the me1ting point and specifie rotation 

of lB-OH progesterone as reported in the 1iterature: 

- -
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< l Author 

Pappo(.98) 

Buzze t't i( 93) 
1 

L~hler(96) 

<1 

Iior a( 94) 
" 

Wettstein( 100) 

Goutarel(95) 

Jeger (l03) 

173 ' 

t 

Precursor 

Conessine 

r 

C()nessine 

" 

Holarrhimine 

Conessine 

Proges terone 

Conessine 

lB-OH Progesterone 
m.p. 

173,-)182° 
(butanone) 

159-160° 
(acetane-petro1eum ether) '7 
i64-165° 
(acetone-hexane) 

169-176° 
(acetone-hexarte) 

154-157° 
(CH2C12-e ther) 

1,73-177° 
(ether) • 

Deoxycorticosterone 178~1BOo ..... 
acetate (acetone-hexane) 

present work Deoxye~rticosterone r50-154° 
acetate (acefone-hexane) 

18J20-Cyc10-20-hydroxy-~4_pregnen-3-one'(VIII) 

--' 

.. 

Elution with benzene and benzene-ether (90:10), (RS:1S), gave a colorless 

crystalline produet (26 mg, 2'7o_on the basis of, 2.08 g II). Reerystalli~ation 

twice from acetone-hexane gave VIII with m.p. 195-1970 (lit. (108), m.p. 
\ 

191-192°), [~J~5 ~ +138.1 0 (e=O.51, CHe13) (lit. (108)'[~]D - +130°). 

I.R. (KBr) spectrum: 

3425 (s; O-H), 2910'(8),2840 (w, shou1der), 1642 (s; caO fOr~)-ketone)J 
\. 

6 
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1273 (Sj C-O), 123(t (m, doub.Jet; C-O). 1195 (m, doublet; C-O), 11'50 
) 

~, 1121. (m; C-O), 1092 (w), 1071 (w) t 1041 (w), 1007 (w), 983 (w), 

~)_ J 
973 (s), 922 (w), 885-~), ~70 (si C-C-H), 860 (w, shou1der), 848 (w), , -

-1 829 (w), 783 (w), 757 (w), 690 cm (w). 

U .. V. spectrum: 

À max = 242 nm (I!: .. 18,000) 

Mass spectrum' . 
.1 

~-r See Part IV~ p. 131. 

e ~ C, 80.24; H, 9,.45 

Ca1 d.: C, 80.21; H, 9~~2 

\ 
Found (mass spectrometry): 314.2162 

Calcd.: 314.2246 1 

'ILe: 

Rf = 0.29 in benzene-ethyl acetate (5:5). 

18 20-C elo-20 

Elution, w{th ether gave a co1orless residue (0.573 the basis of 

4.20 g II). Recrysta11ization twice from aceton gave IX as crysta-

or:] 25 l' a lline solid with m.p. 183-187 , L~ D 0 + 28.8 

c 

" 
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, 
Qp 

1. R. (KBl') spectl'um: 

3410 (s; O-H,), 2918 (s), 2841 (w, shou1der), 1650 (s; Ca() for ~ 4-3-ketone), 

161crtw; C-C), 1436 (m), 1420 (w, shou1der), 1359 (m) t 1330 (w). 1305 

(w), 1~78 (m; 'C-O). 1238 Jm; C-O), 1221 (w), 1190 (m; C-O), 1146 (w), 

-1109 (m), 1045 (m; 'C-O), 1016 (m; C-O), 980 (w), 955 (mw), 920 (w), 

870 (m, sharp; C-C-H). 858 (w), 785 (w), 695 cm- 1 (w). 

1. R. (CHCl3) spectrum: 

" , 
c-o, for.6 4-3- ke tone) , 3560 (ms; O-H). 3400 (ms; O-H), 2880(8),1660 (8 ; 

{ ." 

, 

1610 (mwj C-C). 1430 (mw, broad). 1355 (w), 1325(w), l230 (mw, broad: 

C-.o), 1205 (w), 1005 (mw) , 950 (w), 870 cm- l (w). 

u. V. spectrum: 

"JL max 1: 242 nm (é .. 16.940) 

Mass spectrum: 

See Part IV, p. 139. 

Found: C, 76,20; H, 9.28 

C(cde: C, 76.32; H, 9.15 

Found (mass spectrometry): 330.2154 

330.2194 

Rf = 0.30 in benz'ene-ethy1 Qcetate 

L 

, .. 
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A4'1J(1R) 
17-Nor-13,17-s~So- ~ , '-androstrien-3-one (X) • 

E1ution with benzene )!ave a c010rless resiclue (57 mg, 4"/0 on the hasis 
... 

of 2.0R ~,t). Crystallization hom acetone-hexane, X had m.p. 103-105 0 (lit. 

I.R. (KBr) spectrum: 

3420' (vw), J058 (vw), 2nO (s), 1665 (s; (:=0 for64 -3-ketone), 1637 (w; 
, 0 

':c;::;c:::!!), 1610 (w; C=C), 14)0 (m, multiplet), 1375 (w), 1353 (w), 1326 (w), 

126R (w), 1238 (w), I2IR (ITY, 12CJ(l (w), 1184 (w), 1003 (w), 950 (w), 938 

" 
( 9(')5 cl hl . 1! .... C-C-H) °6" ( cl b1 ...... C (,H) 84( ( ) 78' ( )' w) , (s, ou et, _ - -"'Il ' 0 v ms, ou et; ... = : .... H' ) w, d w, 

75 0' (w), 679 cm - 1 ( w) • 

U.V. spectrum: 

Â.max = 241 nm (E = 16,')()0) 

~ss spectrum: Major fra~ment 10n5 were observed at mie = 2')6 (:-1+, hase ion), 
i 

.. 
241 (8io), 2JR (16"10),214 (13"10)' 199 (10%), 171 (l0%), 163 (1670)' 1~9 (23%), 

148 (2170),147 (1]70),145 (137.),-134 (18"/0),133 (5370),132 (337.),131 

(1970)' 124 (2n), 119 (l9i'o), 117 (23%), 107 (2210), 1U5 (29/.), 93 (247.), 

91 (57"10), 79 (Sn), 77 (34%). 

Elemental ana1ysis for Cl~H240: 

Found: C, 84.29; H, 9.51 

Calcd.: C, fl4.32j Il, 9.44 

TLC: 

Rf' = (J.b1 in benzene-ethy1 Acetate (8:2). 

(f) 18. 20-Epoxy-20-me thoxy- ,A4 -pregnen-3-one (VII): 

Hydro1ysis of the ethanolic photo1yzate of II with warm 
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aqueous acetic acid in the presence of methanol, followed by treatment 

" 

with aqueous methanolic potassium carbonate dnd separation of the 

products by neutral alumina (activi.ty 1) column chromato'g1:Jlphy yielded·, 
't 

in addition to the prodt1c;t~ alréady described in the preceding section, 
{ . 

the 20-methoxy derivative (VII) upon elution with benzene in 81. yie1d 

(127 mg, on the basis of 2.08 g II). Recrysta11ization twice from 

acetone-hexane containing a trace of pyridine gave VII with m.p. 130-

1340
• 

1. R. (KBr) spectrum: 

3430 (vw), 2918 ( s) , 1668 (s; c=o for ô4-3-ketone), 16u2 (m; C"IC) , 
f" 

. \ 
1 \ 

1440 (m) , 1370 (m) , 1322 (mw) , ] 260 (m) , 1230 (mw) , 1167 (mw) , 

1100 (s; C-O), 1075 (mw), 103U (m), 1000 (w), 944 (m), 912 (mw), 

II. ~! , 1 1 
849 (s; CcC-Hl, 818 (fu), 775 (w), 743 cm- (w). 

u.v. spectrum: 

?\. max :::z 24~L nm (E. = 15,000) 

Mass spectrum: Major Cral-!ment ions were ohsented at 

m/e ... 344 (~), 313,312, 270,269, .?55 (hase ion), 214. 

TLC' 

Rf = 0.59 in benzene-ethy~ acetate (4: 6)' 

(i) Hydrolysis of VII to lB-OH progesterone (VI) A solution of VII 

(10 mg) in aqueous 70% acetic acid (3 ml) was heated with stirring Bt 

60° for l h. The solvent was removed by azeotropic distillation with 

benzene (3 ml x 10). The residue was taken up in ether (30 ml), washed 
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with water (3 ml x 5), dried over anhydrous sodium sulfate, ~d the 

soTverit wa-s--evaporat1Hi .--- tt--cntor-les-s cry-s-t-a-lllne. compouruiJlaS_~9!?ta in~d _____ ~. 
('-in yi~eld of 8 mg. TLC in benzene-ethyl ·acetate (4: 6) indicated that 

the material was homogeneous (Rf = 0.21) and free of the 20-met~ 

derivative (VII) which had an Rf value 0.59. stall ization 

twice from-acetone-hexaoe gave VI, The idenLi4'- oL 

VI was confirmed ~y Gd nc, and eomparisons of the inf:ared and 

mass spectra with th'êli)f authent ie lB-OH progesterone. 

3. Conv~rsion of lB-OH progesterone to 18-0H-DOC: 

(.a) )l'repar at ion of 18, 20-epoxy"~ 4~regnad ien-3-one (XI): 

AlI glass-ware was thoroughly cleaned, oven-dried, and stored 

, in a desiccator prior ta use. Phosphorous oxychioride, triethylamine, 

pyridine, and benzene were freshly ~edistilled. 

ln a 25 ml three-necked flask fitted with a calcium 

chloride~ube and nitrogen-inlet tube was placed SI mg of lB-OH pro-

--' gesterone (VI, 0.51 mmol), 14 ml of benzene, and 0.9 ml tr iethylamine._ 
" 

was capped with a rubber-septon. The solution was stirr,ed 

... 
at room t~perature and 46 mg of phosphorous oxychloride (2 mol equivalent) 

was added with a micro-syringe through the rubber-se~ton. The addition 

was repeated at intervals of one hour untii the dehydration reaction 

was completed. The progress of the reaction was followed by TLC from 

the disappearanc~ of VI to the formation of a -less polar compound XI 

which cou1d be hydrolyzed back ta VI with aqueous 10% acetic acid in 

Î 

- ---- ---------
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a few minutes at room temperature. 

the reaction was interrupted after 

, -~-

J.~(a 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 

"" solution (5 ml xl), cold water (6 ml x 7), and dried'over 

anhydrous sodium sulfate. The dried benzene solution was then care-

fully concentrated ta a small volume (5 ta 10 ml), but never ta dryness, 

with a rotary evaporator under reduced pressure at room tem~er~ure. 
1 

The exéess of triethylamine was removed atrthis stage. The deàtdra-

t ion produc~. XI wa~ homogeneoos and free of the star t Ing mater ial VI 

by TLC analysis: ~ 
J 

l8-0H proges tJrorie 
;J 

(VI) • enol ether (XI) ; benzen~-e thyl acetate 

Rf = 0.13 Rf -:.: 0.57 (8: 2) 

Rf = 0.52 Rf =0.70 -. . (f: 8) 
" 

lt 15 ess"éntial that the enol ether (XI) obtained~be 

osmylated without delay in the next step of synthesis. 

.'. 

\.~,---_.--- -~ 

(b) Prep1îration of l8-0H-DOC (XrI): 

A solution of the enol ether (XI, ca. 50 mg) in benzene (8 ml). 

! 
was added dropwise with st irrlng at 1l)0 under nitrogen 8 salut ion of 

osmium tetroxide (1.1 mol equivalent, 45 mg) i? bénzene (1 ml) containing 

j 
pyridine (5 drops). The oxidizing reagept wa5 delivered with a syringe 

through the ~ubber-septon. The reaction was complete~l h as indi-

/ 
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,l, 

t' 
cated by TLC (the disappearance of XÏ and the formation of a prominent 

r~ ~ 

dark spot on the base 1ine). The mixturê was stirred for an additiona1 

hour. The brown solution was treated with a solution of sodium sulfite 

(195 mg) and potassium carbonate (310 mg) in wat~r (2 ml), and the 

, , 
,resu1ting mixture stirred at room temperature for 2 h. The hydro1ysis 

1 

was egsentially completed in first hour as indicated by TLC (the appear-

ance of a single spot,with th~ Rf of XII). The dark b~own reaction ;ix-

• 0 
ture weS evaporated at 30-40 under reduced pressure to tote~ dryness 

p 

with a rotary ~vaporator. The dark orown residue was taken up in a 

small volume of water (10 ml) and repeatedly extracted with ether (20 

ml x 10). The ether extract was washed with eold water (5 ml x ) 

and dried over anhydrous sodium sulfate. A trace of pyridine (1 drop) 

was, added and the ether solution evaporated at 30-400 under reduced pres-

sure to afford co10rless crystalline IR-aH-DOC (XII, m.p. 154-1580
) in 

94% yield (50 mg). The erude produet wes homogeneous aB indicated by 

TLC: Rf = 0.23 (Si02-G), 0.31 (Si02-Eastman) in'benzene-ethy1 acetate 

(2:8). Recrystalliz~tion twice from acetone-hexane containing a trace 

of pyridine, gave"XII, m.p. 165-168°, [cX,]~5 .. +110.3 0 (ccO.21, CHC1 3) 

(lit. (50), [""1;8 = +121 0 (aqueous 7CJ% methanol». 

I.R. (KBr) spectrum: 
G 

4 3420 (s; O-H), 2925 (s). 2860 (m), 1660 (s; C~ for ~ -J-ketone), 

1618 (w; C=C),·1430 (m)t 1358 (w), 1330 (w), 1280 (m), 1212 (ms; C-O). 

1114 (w), 1060 (s; C-O), 1000 (mw), '955 (w, sharp) " 920 (m, sharp), 

87'2 (m, sharp; ~-C-H), 830 (wt, 703 cm- 1 (w). 
,JO. 

II 

________ ~~ ____ ~ ______________ .a __ .. ~ 
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u. V. spectrum: 

Âmax == 241 nm (E'" 15,200) 

Mass spectrum: 

See par t IV, p. 119. 

Eiementai analysis for C21Hgû04: 
l, 

Found: C, 72.72; H, 8.68 

C:tcd:': C, 72.80; H, 8.73 

Paper chromatography: 

RB G 0.5 and 0.45 

solvent syste~~Oluene-prOPYIéne glycol (4:1)' 
'\ 

fiiter paper: Whatman No. 42 
/ 

runnlng time: 24 h 
1" • 

The infrared and mass spectra of XII were identical with 
) . 

, 
those of an authentiè sample of l8-0H-DOC obtained from Pappo (97). 

'. 

The two samples showed identical mobi1ity on TtC and paper chrOmètogram. 

<-, 

Pappo (98) pointed out that th~ m~lting point of 18-0H-DOC 

can vary depending On\the BoIvent of crystal1ization: 

!!!E, lE-OH-DOC* 
f 

BoIvent of crystal1ization* 

175-180
0 

s.ce tone -e thano 1 with a trace of pyr id1ne 

191-195° acetone 
/ ft' 

186-190° ethano1 with a trace of pyr idine 

175-176° ether 

168-170° 
~ 

) 
butanone with a rrace -of pyridine 

* 1. Pappo U.S. Patent 2, 911', 404 (1959) , (98) - • 
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(e) l8-0H-DOC "dimer": 
l, 

9 Ori~in of sample: a high-melting material,(ea. 285 , 

m.p. 154-158°) from aeetone-hexane. This materia1 has'the fo11ow­
) 

ing physiea1 ~roperties: 

Mass spectrum: 

\ 
The fra~mentation pattern resembled that of 18-0H~DOC. 

u.v. ,speetrum: 

Moleeular weight: 

Found (Rast method): 520-645 

Caled.: 656 

[~]25 = +~Oo (e=O.2l, CHel)) 
D 1 

TLC (SiOZ-Eastman): 

Two spots with ~f 0~3l and 0.47 in benzene-ethyl acetate (2:8) • 
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PART VI: SOME RIOLOCICAL ACTIVITIES OF SYNTHETIC 18-0H-DOC 

1, A comparison of. the effects of 18-0H-DOC, corticosterone, and 

deoxycorticosterone on sodium, potassium and watet excretion 

in the adrenalectomized r!t: 

The'effect of synthetic 18-0H-DOr, after sphcutaneous 

administration, on sodium, potassium and water excretion# was 

compared with that ~f deoxycorticosterone. It was found that . 

lR-OH-oor caused a dose-dependeh~, retention ol sodium, which was si~-

\ ... 
nificant at aIl doses tested. namely 5', 20 .and·A~O Il~. By cont.rast, an 

effect on potassium excretion occurred only at the hi~hest dose. A " 
, 

comparison ot the effects of 18-0H-DOr and deoxycortic08t~rone on 

sodium and potassium excretion in the adrena1ectomized rat is eiven 
~' 

in Tahle J. 

An antLdiuretic action of synthetic lR-OH-DOC occurred only 

at the hi~her two dose levels namely 20 and R0 ~? At these levels. 

the ratio of urfne retained ta sodium retained was higher than that 

found at aIl concentrations of deoxycorticosterone (Table 2). 

Corticosterone was tested over the same dose range and 

caused no sodium or water retention, but it.increased potassium ex-

cretion at 20 and RO Ug. At the lowest dose. 5ug, it sipnificantly 

increased sodium aniurine excreti<ln (Table 3). 

These results 8u~ge8t that ~he_sod{um-retaining and anti-
'" .' 

" 
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Treatment 

Control 

l8-0H-DOC 
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DOC 
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b l A Comparison of the Effects of lB-OH-DOC and Deoxycotticoster­Ta le -
one on Sodium and Potassium Excretion in the Adrenalectomized Rat 

c Na Excreti.on K Excretion , 
No. 

Dose meq./Uter meq./Uter Na/K , 
Ani.male meq. meq • . . 

8 - 0.80 ± 0.06 87.5 ± 4.10 0.14 ± 0.004 15.7 ± 0.99 5.71 ± 0.40 

8 5J-lg 0.65 ± 0.03 66.0 ± 4.36 0.15 ± 0.01 14.5 ± 0.61 4.60 ± 0.37 
p<O~05 p<O.Ol n.s. n. s. p<O. 1>0.05 

" 
7 20J-lg 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. 0 n.s. p<0.05 
-

8 RÛ!.lg 0.55 ± 0.07 68.2 ± 4.85 0.17 ± 0.008 22.4 ± 2:13 3.34 ±·0.53 1 

p<0.02 p<0.01 p<0.01 p<0.02 p<O.OI 

fi ' 5J-lg 0.34 ± 0.04 4-6.5 ± 4.97 0.16 ± 0.008 18.9 ± 0.68 2. 12 ± 0.21 1 . -, . 
1 

p<0.01 p<O.Ol p<p.l>O.OS 1><0.02 p<O.Ol 

8 2<\.tg 9.44 ± 0.04 52.5 ± 5.22 0.18 ± O.OL 21.0 ± 1.29 2.63 ±'O.40 
p<O.Ol p<O.Ol p<0.02 pOtO.Ol p<O.Ol 

8 80J-lg 0.12 ± 0.02 19.6 ± 3.71 0.22 ± 0.02 33.5 ± 2'.6,6 0.61±0.11 
p<0.01 , p<0.01 p<0.01 p<0.01 p<0.01 

.:: 

'Il 
, l 
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Table 2 - A Comparison of the Effects of l8-0H-DOC and Deoxycorticosterone 
on Retention of Water and Sodium in the Adrenalectomized Rat 

, Average Average ml Urine Retention 
Treatroent Dose Urine Na Retention 

Retention(m1) meq. meq. Na Retention 

lB-OH-DOC ~g none 0.15 -
--

2~g 1.44 0.21 6.9 
, 

80~g 1.43 0.25 5.7 

"' . 
DOC Sj..lg 0.85 . 0.46 1.8 

2~g 0.79 0.36 2.2 
~ 

8 Oj..l 8 2.54 0.68 3.7 
,-

') 

e 
• 

o 
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1> 
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e 
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Table 3 - A Comparison of the,Efnects of Corticosterone and Deoxycorticoster­
one on Sodium and Potassium Excretion in the Adrenalectomized Rat 

No. Na Excretion K Excretion 
An ima ls Dose meq. meq.jliter -~ meq. meq·fliter 

8 - 0.35 ± 0.03 .39.2 ± 1. 9 0.090 ± 0.008 10.20 ± 0.\86 

. 
7 5~g 0.48 ± 0.03 47.5 ± 3.8 0.090 ± 0.009 8.77 :i; 0.89 

_ p<O.02 n.8. n. s. n.s. . 
8 2Û1lg 0.36 ± 0.02 36.4 ± 2.4 0.122 ± 0.011 12.51 ± 1.57 

n. s. n.s. 0.02<p<0.05 n. s. 

8 8Û!lg 0.40 ± 0.04 42.6 ± J.3 0.156 ± 0.009 15.94 ± 1.07 
p<O.OI 1 

n. s. n. 8. .. ' p<O.Ol 

8 5~g 0.300 ± 0.050 34.53 ± 5.43 O. 125 ± 0.011 14.57 ± 1. 24 
n. s. n.s. p<O.02 p<O.02 

8 20~g' 0.103 ± 0.016 12.97 ± 1.94 0.142 ± 0.008 19.04 ± 2.78 
p<O.Ol p<0.01 p<0.01 p<O.Ol 

8 80~g 0.131 ± 0.025 17.07 ± 2.63 0.150 ~.014 20.08 ± 0~82 
~ 

p<O.Ol p<O.Ol p<O.Ol , p<O. 01 
" 

10 0.42 ± 0.04 44.61 ± 2.92 0.10 r 0.004 11:69 ± 1. 28 -
; , . 

\ 
\ 

10 80~g 0.44 ± 0.04 39.53 ± 2.78 0.15 j 0.009 13.66 ± 1. 22 
n.s. n.s. p<O.OI n.s. 

10 80\.18 0.19 ± 0.03 20.39 ± 1.96 0.19 ± 0.013 21. 08 ± 1.15 
p<O.Ol p<0.01 p<0.01 p<O.OI 

-

'. 

e 

Na/K 

4.06 ± 0.42 

5.59 ± 0.67 , 
n.8. 

3.06 ± 0.22 
n.s. .-

2.76 ± 0.27 
p<O.OI 

2.35 ± 0.35 
p<0.01 

0.74 ± 0.12 
. 

p<0.01 

0.87 ± 0.15 
p<O.Ol 

4.07 ± 0.30 

3.13 ± 0.38 
n. s .. 

. 

0 •. 99 ± 0.12· 
p<O.OI 

\. e 
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diuretic activity of" IB-OH-DOC is lower than that of IB-OH-DOC-21-

acetat~ reported by Birmin~ham, MacDonald, and Rochefort (69). This 

difference could denote an incre'Ased lability.of the parent alcohol, 

lB-OH-DOC, compared to the monoacetate. 

H-o-~-CH 1 t ,. 

oH 

o 
l8-0H-DOC 18-0H-DOC-21-acetate 

".... > J. 

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. 

- , 
2. In vivo effect of l8-0H-DOC on rat adren~l fU9ctio~: 

ln the rat. AC~ has been shawn toI gn;t\- s.U.mulate ~ 
the secretion of'bo.t;h corticosterone and IS-dH-DOC. Corticosterone 

is known to suppress ACTH sebt-etion but a s"imilàr role for l8-0H-DOC has 

not been established. The efJeçt of IB-OH-DOC on adrenal function 

in the stressed rat was therefore studied, and compared with that of 
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cor t icos t~ one and deoxycor t icosterone. Male rats. weighing 150 !!m, , 
...{ 

were injected with steroid (1 mg/IOO ~m) for) days and decapitated ~- , 
0" 

r 1 

, 
4 h after the last tl'i.jection. Plasma corticosterone was ~asLired by 

-
aeid fluorescence and adrenocortical activity by the in vitro pro-

duction of ultraviolet absorbing, fluorescent "and Porter'rSilher 

positive materia1. Corticosterone reduced circulating cor~terone 

leveis by 25 to 7m.. and reduced corticosterone levels by 40 to RS%. 
r 

An increase in plasma corticosterone from 12 to 140% was observed 

following treatment with lB-OH-DOC. The in vitro secret ion of 

u1traviolet-absopbing, Porter-Si1ber positive and fluorescent steroids 

was decreased to 50"/0 of control values hy both deoxycorticosterone and 

1ft 
{'ortiC'osterone, whereas an increase in aIl fractions was ôbserved 

with lB-OH-DOC. The ln vitro respçnse of adrenal tissue to administe.red 

ACTH was not impaired following treatment with any of the steroids. 

These findings indicate that IB-OH-DOC ls completely inactive in 

suppressing ACTH secreti'on. and may. on the contrary, exert a positive 

feedback effect. 

The author wishes to thank Ors. l. Ktaulis, ~.K. Birmingham. 

~and, Mrs. H. Traikov of the Allan Memorial Institute of Psychiatt:y,. 

Mceill University for carrying out this work. which has appear,ed in 

abstract form (134). 

". 

/ 
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3. Antiph10gistic effect of l8-0H-DOC: 

l8-0H-DOC waS found to have the ability to prevent 

carrageenan-induced edema in the rat paw. Male Sprague Dawley r~ts, 

, 
weighing 115-160 gm were fasted for 16 hours, the volume of the hind 

paw was measuredby mercury displacement and the anima1s were sub-

cutaneously injected with adrenal ster,oids. One hour tater carrageenan 

,) 

was administered by subplantar injection and the volume of the hind 

\ paw was determined at hourly intervals for 5 hours. l8-0H-DOC at a 

dqse of 15 mg/kg significantly inhibited paw edema one hour aiter 

administration of carrageenan. Corticosterone, 30 mg/kg, was active 

only at the second hour and thl effect persist~d until the filth-hour. 

Deoxycorticosterone, 45 mg/kg, was inactiv~ at aIl periods tested. 

These findings suggested that 18-0H-DOC also possesses properties 

associated with glucocorticoids. 

These experiments were conducted in collaboration with 

Dr. G.J. Possanza, J.T. Bliver, and Y. Langlois of Pharma-Research 

.. Canada Ltd., Montreal and Dr. M.K. Birmingham of the Allan Memorial 

Institute of Psychiatry, McGill University (135). 

Il 

4. In vitro effect of l8-0H-DO~ on aerobic glycolysis by intact ) ,. 

mouse adrenal glands: 

Both aerobic glycolysis (measured by lactic acid production)' 
, . 

, .' 
.~. 
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and steroid production by inta~t mouse adrenal glands in vitro 

are stimulated by ArTH and cyclic l' ,S'-AMP. as shown by the studies 

of Rartov8, and Rirmingham (136). These authors suggested that the 

two phenomena might he causally related: one such relation might he 

a steroid-mediated stimulation of the Iactic aci~ output. 

Lactic acld production by intact.mouse adrenals in vitro 

in the presence of A~TH was greatly increased by corticoBterone, llB­
\ 

hydroxyprogesterone, deoxyeorticosterone and progesterone hut not by . 
IR-OH progesterone or IR-aH-DOC (137). Steroïds not eonverted 

to corticqsterone by the gland were inactive. The lactic aeid pro-

duetion was significantly correlated with ~he corticosterone content 

of the gland in the adrenals incubated with steroide. Rartova. 

Tibagong. and Birmin~ham (137) sug~ested that ACTH-lnduced glycolysis 

of intact mouse adrenal glands in vitro ie mediated to a signi~icant 

extent, hut not eXCIUS~Y. by the 

levels of tissue corlicosterone. 

glycolytic action of inereased 

l with. to tl1ank Drs. A. Bartova, M. K. Birmingham ,and 

Miss M. Tibagohg of the Allan Memorial Institute of Psyehiatry, Meci11 

University fOT teeting the action of IR-aH-Dar. on adrenal ~'Oyeolysi8. 
~ 

S. Hypertensive action of IB-OH-DOC: 

l ' 

IR-OH-DOr. was injeeted 8ube~taneous1y in a dai1y dose of 

200 ~g into a group of 10 unilatera1ly nephreetomized rats maintained 
r 
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on saline. Other ~ràups received 200 ~g deoxycorticosterone 

acetate (DOCA), 200 ~g corticosterone (B) and vehicle only ) 

(cotton seed 011). Blood pressure was measured by the tai,l-cuff 

(~
thod under light~ether anesthesia at Pharma-Research ~anada Ltd. 

18- -DOC was effective in raising blood pressure aftel 2 weeks 
/ 

and Wa~qUiPote~~;ith DOCA. ·Corticosterone was without effect: 

" Day 17 Day 16 Day 10 
\ 

Vehicle 141 + 3 142 + 4 137 ... 5 143 + 4 

/ lR-OH-DOC 141 + 4 15 l + 1 155 + 3** 16n ± 2** 

DorA 153 + 4 15q + 4* 162 t 3*1' 

B 140 + 5 140 + 4 148 ± 4 

The response wa9 of the same order as that reported by Gross et al. (138) 

for 250 ~g of aldosterone. TheBe findings strengthen the hypothesie 

that iR-OH-DOC contributes to the et io10gy' ~nsion (139). 

The author ie indebted to Drs. M.K. Birmingham and A: 

Bartova of the Allan Memoria] Institute of Psychiatry, McCill Univ-

ersity, and Dra. J.T. Oliver and P.B. Stewart of Pharma-Research 

Canada Ltd., Montreal, for' co~ct the hioa9says and for the 

interpretation of tpe resulEs. 

n 
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pART VII: EFFECTS OF REDUCED SU-4RR5 (Metopirol or 2-methyl-l,2 5 hls 

(3'-pyridyl)-1-propanol) ON THE FORMATION OF IR-OH-DOC BY QUARTERED 

RA T ADRENAL CLANDS .. 
A m~tabolite of SU-4RR5 was isolated from the incubation 

medium of rat adrenal. liver and kidney tissues and identified by 

the author and col1aborators (140) a& reduced SU-4RRS. identieal 

with the riba product SU-5216. l 

Reduced 8U-4885 

... 
The exper iments indieated that the carbony1 funetion of 

SU-4RRS 19 reduced to the corresponding 'hydroxyl group by adrenal 

and, more activel)'. by liver and kidney tissue ,in vitro. Af:TH in 

~ 
vi.tro c~used a si~nif cant inhi.bition in the reduction ot; SU-4RRS by 

both adrenal The meçhanisffis involved in the bio-

logical reduction U-4RR5 and the iohibi t 10n by ACTH of this pro-

cess remain to be,elucidated. 

Reduced SU-4RR5 (prepared in this'laboratory hy reductién 

of SU-48RS with sodium borohydride in methanol).was subséquently 

'1 

1 

1 

,1 

J 
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shown by Traikov; de Nicola, and Birmingham in Iq6q (141) to be 

an even more selective inhibitor of aJdosterone biosynthesis than 

SU-4885 in vitro. 
~ 

-4 When added at a concentration of 2.2 x 10 M to 

medium containin~ approximately 100 mg bf, quartered rat gdrena1 
\, , 

glands, it" great1y inhihited the conversion of exogenous DOC-4- 14C 

to aldosterone and lA-OH cort~costerone. did not affect the conver-
, \ 

sion to cortico9~~one and it caused a three-fold lncrease in tte \ 

\ . -
conversion to IR-OH-DOC. 

. . ~. 
The author wishes to thank Drs. M.K. ~irminghaml I. Kraulis, 

..... 
e.p. Lantas, A.T'. de Nicola, and Mrs. H. Traikov of the All'an'Memoria1 

Institute of Psychiatry, MeGitt u~tversity) for testing the effects 
) 

" 
of reduced SU-4ARS on the formation of 18-0H-DOC by rat adrenals. 
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COMMENT 

A five-step synthesis of lB-OH-DOC via 18~OH progesterone 

waS aceomplished, starting from readily available deoxyeortieosterone 

acetate in 15% overall 'yield. THe synthetic pathway i8 short. The pre-

paration'of lB-OH prdgesterone from deoxycortieosterone aeetate by 

the photochemieal react ion developed by J'eger an.d imprbved by us is 

simplè and.convenient. The dehydration reaction of lB-OH progester-

one and the subsequent hydroxylation of the gehydration produet to 18-,. 
OH-DOC were performed under mild conditions with quantitative yieid. 

c 
A definite advantage of this methoa is that l8-0H-~ is obtained in 

pure colorless crystalline form upon isolation, obviating the need for 

ext'ens ive pur if ieat ion. 

, 
The mass spectrà of several stjroids with l8,20-cyclohemi-

ketal and l8,20-eyclobutanol structures were analyzed and discussed. 

Sorne characteristic features of the fragmentation patterns are reeog-

nised and this may prove useful in the identification of naturally 

oceurring l8-hydroxy-18,20-epoxy steroid derivatives. 

Witt respect ~o the biologieal aetion~ of lB-OH-DOC, it L5 

\ 

of intere~t that this compound has ~t only mineraloeorticoid actLon 
, 

but L5 also active in tests that are usually associated witn gluco-
, 

corticoid activity. Thus éarrageenan-induced edema waS redueed, indi-

, 
cating an antiinflammatory action. Furthermore, a signifieant thymus 

involut ion wACE; obtained upon the in je ct ion of lB-OH-DOC over a two 

- -

( 
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t' , 

Correction - t~ of page 195 (e'xtra sheet inserted) . 
: \ '\ 

..... 

<J', /' 
week period. Even the short exposure of three days to 

'" lB-OH-DOC, in the experirnents designed to estab~1ch,a feed-

back eff~ct, resulted in sorne thymus involution, although 

this was not as rnarked as that found 

, . 

r 

.. 
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1 
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1 

week period a1though this was not as marked as that found with corti~ 

costerone. Even the short exposure of three days to l8-0H-DOC, in 

the experiments designed to establish a feedback effect, resulted in 

sorne thymus involution. 

l8-0H-DOC was a potent hypertensive agent suggesting that 

sodium ret,ention and especia11y the sodium to potassium ratio is not 
.H 

as reli~ble a guide with which to gauge hypertensive potency as one 

might expect. Thus, the hyper teT\Stve potencies of l8-0H-DOC, deoxy- ( 

corticosterone,' and aldosterone appeared to be of the same order, at 

a low dose, whereas vast differences were displayed in the abi1ity of 

-~~. 

these steroids to alter the urinary sodium to potassium ratio., Perhaps 
---s ~ 

the fact that l8-0H-DOC appeared to exert an antidiuretic action out 
J , 

of proportion to its sodium retaining action and had an anomalous effect 

The assays which established 

the etiology of hypertension. 

\ 1 

that l8~OH-DOC is a hypertensive 

on potassium excretion is pertinent to' 

steroid, and has antiinflammatory activity ~ere conducted on rats bear-

ing adrenal glands. It wi1~ be of interest to establish whether this 
~ 

compound exerts hypertensive and antiinflamma70r y potency also in the' 

absence of the adrenal glands •. The experiments which indicated that 

ACTH secretioft·is not inhibited by lB-OH-DOC but may be enhanced suggést 
~ , r-

the possibilit~ that some of the hiologieal actions of l8-0H-DOC require 

kn intact pituitary-adrenal axis. 
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SUMMARY 

(1) The'\iterature re~evant 'to the biological activity and the 

~ 
organic synthesis of l8-0H-DOC has been reviewed. , 
(2) lB-OH Progesterone was prepared according to the method of 

Jeger. Modification of Jeger's procedure resulted in an improved yield 

of 18-0H progesterone in 15 to 23% yield; In addition to lB-OH proges-
, r 

terone four other lR,20-cyclohemiketal, two l8,20-cyclobutanol deri~atives, 

and one as photodegradation product ~ere isolated and characterized. 

(3) A simple method for the organic synthesis of lB-OH-DOC was 
~ 

established. Deoxycorticosterone acetate was converted into 18-0H prog-

esterone by photochemical reaction. lB-OH Progesterone was dehydrated 

to the corresponding enol ether, l8,20-epoxy-a4,20_pregnadien-3-one 

in nearly quantitative yield with phosphorous oxychloride in triethyl-

amine. Hydrox~lation of the enol ether with osmium tetroxide in the 

presence of pyrid1ne gave, after hydrolysis of the osmate ester with :30dium 

. 
sulfite in aqueOus potassium carbonate, the desired lB-aH-DOC as the lB, 

20-cyclohemiketal form,of excellent purity 'n almost quantitative yield. 

The overall yield based on deoxycorticosterone acetate was ,about 15%. 

(4) The msss spectra of several 18,20-cyclohemiketal and 18,20-

cy~lobutanol steroid derivatives were determined and discussed. 

u 

IB-OH-DOC prepared by organie synthesis was tested for biologieal 

action in various in vitro and in vivo systems with the following results: 
~ 

(8) In the adrenalectomized rat it caused sodium retention 
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in a dose range from 5 .. to BQ ~g/rat, whieh was weIl within the physio-

fogieal range for this animal. , tt affeeted potassium excretion only 
~ 

at the highest dose, 80 ~g/rat. The ratio of the retention of water 

ta the retention of sodium was greater tnan that obtained ~ith deoxy-

j 

cortic?sterone. The free compou'nd was not as active as the 21-monoacetate 

previously assayed, indicating chat the free compound may be more liable 

t6 destruction when administered parenterally than the aeetate. 

(b) lB-OH-DOC did not cause an increase in aerobic glyeolysis 

but if anything it had a slight inhibitoiy effect, as was also the case 

~ith a~terone; it th us differèd fr'om the action 

deoxycor{icosterone and ll~-hy~roxyprogesterone in 

in vitro. 

of corti~osterone, 

the mouse adrenal 

(c) l8-0H-DOC had an antiphlogistic action that was anomalous 

however, in that tn,~ peak antiinflammatory effect occurred one hour after 

injection rather than three hours which ü; typicel for glucoeorticoids. 

(d) lB-OH-DOC was not-able to exert a negative feedback 

upon the pituitary-adrenal axis of the T,at. Ra'ther plasma levels were, 
p. 

usually further elevated by the administra(ion'àf lB-OH-DOC to stressed 

animaIs. 

(6) l~-OH-DOC was a potent hypertensive agent equipotent with 

> 

deoxycorticosterone and, if co~parison with other ~uthor~t work using 

the same assay system is justified, equipotent with aldosterone per 

'" 

ft m - -
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Effects of deoxycorticosterone acetate (DOCA), 18-hydroxy-

,deoxycorticosterone (18-ùH-DOC), and corticosterone (B) on the blood 

pressure of unilaterally nephrectomized'rats, salt-treated rats. 

DOCA and B were administered daily subcutaneously at a dose of 200 ~g 

per rat for 22 days. The 18-0H-DOC treated animaIs received daily in-

jections of 200 ~g for 21 days and 140 ~g on the 22nd day. Control 

ra\ recelved inJectio~s of 

group consisted of 10 rats. 

vehicle (cotton seed ail) onlY. Each 

Blood pressure was determined by the 

tail cufE method under light ether anesthesia. Vertical bars~indicate 

standbrd errors. 

I~ 
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," 

(7) 2-Methyl-l,2-bis(3'-pyridyl)-1-propanol was prepared from 

. metopirone by organic synthesis and tested for Hs effect on corticos-

v r 

teroidogenesis. Added to quartered rat adrenals at a concentration of 

2.t x 10- 4 M it inhibited the synthesis of aldosterone as effectively 

as metopirone, and caused a three fold increase in the conversiàn of 

1 
deoxycorticosterone to lB-OH-DOC. 

\, \ 

J 

\ 

" 

1 



" 

200 

, . 
'.")0 

! . 

CONTRIBUTIONS TO KNOWLEDGE r. 

A simple synthesis of lB-OH-DOC starting from deoxy-
'" 

.,corticosterone acetate via lB-OH progesterone was accomplished, 

with an overall yield of about 15%. The synthesis of l8-0H prog-

esterone waB performed by modification of a procedure described by 

Jeger with improved yield. The conversion of lB-OH progesterone tOI 

18~OH-DOC was achieved by a nove1; two-step, synthesis, in quantita-. 
~ 

tive yield. 

Several steroids'with 18,20-cyc10hemiketal and lB,20-cyclo-

butanol structures were isolsted and identified, and the fragmentation 

patterns of their mass spectra were analyzed. 
" 

l8-0H-DOG prepared by organic synthesis was tested for bio·" 

logical action in Various in vitro and in vivo systems' with the follow-

ing results: lB-OH-DOC was found to be a ~ypertensive agent, equipotent 

witH deOXYCorticostero~e ln the unil~çera}lY nephr~~tomlzed rat ma~­

tained on saline. In the adrenalectomized rat, l8-0H-DOC caused ~ium 
/ 

recentio~, affected potassium excretio~ only at a high dose, and caused 

)'~~the retention of water out of proportion to the.~etention of sodium when 

compare9 with the action of deoxycorticosterone. l8-0H-DOC did not exert 

a negative feedback effect upon the pituitary-adrenal axis of the rat, 

but instead usually enhanced~pituitary-adrenal function. In contrast 

"'-to corticosterone and ~recursors of corticosterone, lB-OH-DOC di~-DPt 

increase aerobic g~ycol~sis in mouse adrenal glands but was slightly 

N - = 

" 
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, 
inhibitory id thi~ respect. lt reduced carrageenan-ind~ced edema of 

the rat paw. 
\. 

A derivative of metopirone was synth~sized and'ch~acterized 

as o2-methyl-l,2-bis(3'-pyridy~1-propanol, and t~for its effect 

~n adrenal steroidogenesis. lt caused a three fold enhancement of the 

biotransformation of deoxycorticosterone to lB-OH-DOC by rat adrenal 

glands in vitro. 

/ 

\ 

1 
./ 

~, - 1 
j':, 

, 
~ 
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