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TRIVAL AND SYSTEMATIC NAMES

DHA-acetate-38 acetoxyandrost-5-ene-17-one ’
DHA, dehydroepiandro_sterone—35 hydroxyandrost-5-en-17-one
16a-OH-DHA-38, 16a-dihydroxyandrost-5-en-17-one
19-OH-DHA-38, 19-dihydroxyandrost-5-en-17-one
16a—19-diOH~DHA—3§, 16a, 19-trihydroxyandrost-5-en-17-one
A4, androstenedione-androst-4-en-3, 17-dione

19-OH-A% - 19 hydroxyandrost-4-en-3, 17 dione

19-oxo0-A% 19 oxoandrost-4-en-~3, 17 dione

DHA-S, dehydroepiandrosterone~-3-sulfate
16a-OH-DHA-S-16a- hydroxyandrost-5-en- 17-one-3 sulfate

A% -5 -androstene 3, 5 dienol sulfate -17 one

T, testosterone, 17p hydroxyandrost-4-en-3-one

A5-triol, androstenetriol- androst-5-ene-38, l6a, 17p~triol
19-OH-T, 19 hydroxytestosterone, 17@, 19 dihydroxyandrost-4-ene 3 one
AS -triol-S 16a, 178 androst-5-ene-3 subfate |

Ej, estrone -3p-hydroxyestra 1, 3, 5 (10) trien-17-one

E,, estradiol- estra 1, 3, 5 (10)-trien-3, 17p-diol

E3, estriol -estriol-estra-1, 3, 5 (10)- trien-3, léa, 17p-triol
SU-4885 (metapyrone)

A%-414C androst-4 ene- 17-one-4-14¢C

DHA-S-7a3H 7a 3 androst-5-ene- 17-one-3-3-sulfate
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1. INTRODUCTION

A. Statement of Problem

The mechanisms of the biosynthesis of large quantities of
estriol during human pregnancy has proved an intriguing problem.
The biochemists' search for the precursors and metabolic pathways
of this important estrogen, and the clinicians' dilemma over the
signiﬁcance‘of urinary estriol excretion have cuiminated in inten-
sive studics by many investigators. The present thesis wor1‘< had
as its objectives those problems which combined both biochemical
and chemical interests.

It is generally accepted that estriol precursors are neutral
steroids arising from the fetal adren“al which are 16a-hydroxylated
in the fetal liver and aromatized by the placénta. Unde rstanding the
pathway of estriol biosynthesis thus ne cessarily :éequires availability
of the neutral steroid intermediates which may be involved. The
originai iﬁtent of this work was to synthesize a new steroid which
might be an intermediate, 3g, lém, 19—t;ihydroxyandrost-5—ene—17—
one (also known as 16a, 19-dihydroxy dehydroepiandrosterone) and
to study its significance in the biosynthesis of estriol by a placental
aromatizing system. The first approac}; to chemical synthesis was
to combine known reactions in the synthesis of 19-OH-DHA and 16a-
OH-DHA. An outline of this approach is given in Figure 1. The second
approach to synthes_is was to utilize microbiological 16a-hydroxylation
of 19-OH-DHA. Since 19-OH-DHA was not commercially available,

it also had to be synthesized from DHA-3 acetate. A third possible



Figure No. 1.

Chemical synthesis of 16a, 19, dihydroxy DHA.

I. DHA-3-acetate.

II. Diacetoxy derivative of 16a-OH-DHA.

III. 16a, 19-dihydroxy DHA.



O O
il Il
1
(] F_-_
i AcO
Br
OH I
& O .
. AO i 1. HOBr, dioxane
CH, 2. HOI ')
3. Zn, HOAc ' L Od
4. lsopropenyl Ac, [
5. Br
AQ 6. Na, HOCH
7. Toluene p=Sulfonic acid A, II.
41 8. 5% NaOH in MeOH
1
. AcO O‘Ac s \l
CHop ; O
A : ~OAc
AcO '
' AcO |
5 Br OH

III.



‘route to synthesis of the desired compound was the incubation of 19-
OH-DHA with male rat liver microsomes.

The second obje ctive of this work was to attempt the isolation
of 19~OH~DHYA after incubation of DHA with placental microsomes.
Such an isolation was reported by O'Kelly and Grant (62) while the
synthetic and incubation experiments were in progress in our lab-
orator.y.

A third objective was to study alternative biosynthetic pathways
of estrogens from neutral steroids using a placental microsomal
system, utilizing radioactive precursors, and assessing the signif-
icance of 19-OH-DHA as an intermediate.

11. HISTORICAL ASPECTS OF STEROID INTERCONVERSION

A. Estriol Biosynthesis in the Maternal-Fetal- Placental Unit

Measurement of urinary estriol excretion during pregnancy has
proven useful in evaluating fetal viability under certain clinical cond;-
tions. For example, a fifty percent reduction in urinary estriol excre-
tion occurs with fetal death in utero (16, 9). Understanding this relation-
ship betw.een fetal viability and maternal urinary estriol excretion has
been the source of considerable research effort; h‘owever, the precise
details of the biosynthetic pathway of this important 16a-hydroxylated
estrogen in the maternal-fetal-placental unit have not been fully established.

The three-decade search for the precursors of estriol began to be
productive when Ryan (64) demonstrated the conversion of C 19 steroids,
having aa* —éne—3~one or a —A5—3B—hydroxystructure, to estrogens by
human placental microsomes. The possibility that C;, neutral steroids

might arise in the fetus and be aromatized by the placenta led to a search



for these compounds in the term fetal circulation. DHA-S and l6a-
OH-DHA-S have thus far been demonstrated in term fetal circulations
in concentrations great‘er than 150 |, g/ml of plasma and both compounds
have been shown to have a significant arteriovenous difference indica-
ting the fetal production of these two steroids (15, 20, 48).

Flirther evidence for the fetal production of neutral sterocids has
come from studying fhe neonate and the urinary estriol excretion in
the anencephalic pregnancy. Isolation of l6a-hydroxydehydroepiand-
rosterone, 16-keto-androstenediol and A °-androstenatriol from the
urine of newborn infants has been carried out (5,63). Confirmation of
these findings, and the demonstration that infants born of mothers whose
estriol excretion during pregnancy was reduced, have decreased rates
of excretion of i6a—dihydroxydehydroepiandrosterone and 16-keto-
androstenediol support the role of the fetus in supplying neutral steroid
precursors of estriol — at least in thé latter part of pregnancy. It
should be noted that individuals with molar pregnancies also have de-
creased estriol excretion and decreased estriol production rates (3).

Study of urinary estriol excretion in pregnancies complicated by
anencephaly has proven particularly useful in elucidating the source
and precursors of estriol. Thus it has been known for a long time that
thé fetus has highly atrophic adrenal glands when it is without a hypo-
thalamic center or a normal anterior lobe of the pituitary. Only recent-
ly was it recognized that such pregnancies are characterized by a
rather low excretion of estrogens (27). In four such cases, data have

been presented in wheih measurement of cord levels of DHA-S and l6a-

¢



OH-DHA-S indicated a very low level of these compounds as compared
to normal values (14). However, the levels bf these two compounds

in the maternal circulatioﬁ were very similar to those previously re-
ported for normal. The fetal adrenal gland‘has been shown capable of
synthesis of DHA from acétate '4-C by the age of 12-22 weeks. The
order of magnitude of synthesis i.s similar to hyperplastic adult adrenal
tissue. The maternal adrenal has less of a role as suggested by the
observation of normal urinalfy estrogens in ﬁregnant adrenalectomized
Wﬁmen (18). The search for the estriol precursors during pregnancy
is further complicated by the changing role of the fetus and placenta

as endocrine organs throughout pregnancy. For example, hofnogenates
of p.lacenta at midtrimester are capable of 16a-and 16 B-hydroxylation
of estrone while the term placenta is incapable of 16a-hydroxylation of
estrone, estradiol, DHA, androstenedione or festosterone (6). On the
other hand, homogenates of fetal liver are capable of 16a-and 168-hydroxy-
lation of estrone at all periods of gestation including the neonatal period
(66). Perfusion studies of midterm fetuses have demonstrated the con-
version of both DHA and DHA-S to 16q-OH-DHA and A®-triol -S®, how-
ever, perfusion studies with previable fetuses, as well as incubations
with fetal liver and adrenal homogenates, gave no hydroxylation of
androstenedione (49). Fetal liver homogenates have been shown to be
capable of aromatizing androstenedione and testosterone to estrone and
estriol, but only slight aromatization occurred with DHA (66,50, 28).

A summary of the sources of the estriol excreted during pregnancy is

given in Figure II.
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B. Mechanism of Aromatization

Biosynthesis of estriol from C,9 neutral steroids necessarily
involves several enzymatic reactions. Thus the conversion of DHA
to estriol would involve the following reactions, but not necessarily
in the order given: (1) l6a-hydroxylation (2) Dehydrogenation at
C-3 (3)A°™ isomerization (4) Aromatization of ring A (5) 17B-
reduction. The proposed sequence in ring A aromatization of C 197
3p-hydroxy- AP-neutral steroids is: The oxidation of the 3p- hydroxyl
functionv to a 3-ketone by 38-hydroxy steroid dehydrogenase —— a re-
action which is NAD dependant; shift of the A5 ¢ double bond to the
A4 ~—5 position: 19-hydroxylation followed by elimination of the C-19
angular methyl group as formaldehyde or formic acid and finally elim-
ination of a C-1 hydrogen.

The exact fate of the C 9 carbon has not béen clearly established,
Breuer (8) provided some evidence for the removal of C 9 methyl
group as formaldehyde; however, Axelrod et.al (1) used testoster-
one~19-!* C with a placental microsomal preparation and found the
radioactivity in formic acid but failed to demonstra‘te radioactive CO,.

Structural requirements for ring A arpmatizati-on have been studied
by Gual et. al. (33). They found that (1) rings C & D are necessary
andkthat {2} unsaturétion of ring A is also necéssary; {3) presence of
axial substituents at C-11 interferes with aromatization; (4) 119-OH
and 9q substituents do not interfere with ring A aromatization; however,
>a 25-hydroxy1 decreases aromatization. Townsley (69) further clarified
the aromatization process when he incubated placental hofnogenate

(10,000 g supernatant) with A*-14C selectively tritiated at C- 1B or



C-1la. The 1B hydrogen was lost in conversion to estrone. Incubation
with estra-4-ene-3, 17-dione also caused loss of the C-1P hydrogen
showing that this loss is not dependant on the C-10 methyl group.

He speculated that 1@ hydrogen may be eliminated by hydroxylation.
Breuer has demonstrated the éonversion of AZDHA and 70-OH-DHA
to non-phenolic ring B aromatic C-18 compounds by perfusion studies
of full.term placentas. He suggested that 19-hydroxylation may occur

without A5- A* isomerization or oxidation of the 3f-hydroxyl groups (8).

C. Steroid 19-hydroxylation in vivo and vitro

The proposed role of 19-hydroxylation in the transformation of
neutral to phenolic steroids has brought about a search for 19-hydroxy-
lated intermediates and stimulated ihve stigators to synthesize these
compounds. Meyer (1955) first demonstrated the in vitro 19 hydroxy-
lation of A!' with cell free placental homogenates and the conversion of
19-OH- At to estrogens was carried out by Longchampt (46). Recently,
O'Kelly and Grant have reported the isolation of 19-OH-DHA and 19-
OH-DHA-S from'a placental microsomél system, incubated with DHA
and DHA-S (62).

Further evidence for the role of 19-hydroxy1atign in placental
aromatization of neutral steroids was brought about bygthe use of
metapyrone (known as SU-4885). This compound has been shown to
decrease 19-hydroxylase activit? as well as that of 11p-hydroxylase
(40) Giles and Griffiths showed inhibition of estrone formation from
te;tosterone -using placental homogenates ( 29), NADPH and O,.

The 19-hydroxy derivatives of DHA, A%, and T have been studied

in vitro with a placental aromatizing system.
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"The aromatization of DHA to estrogens has been explained by
the reaction sequence DHA ~-> A* or T—> 19-OH-A* or 19-OH-T
--> estrogens. Aftempts to characterize the 19-hydroxylated inter-
mediates have been carried out by several investigators (51, 54).
Morato (51) studied the quantitative conversions of 19-OH-A 4, ‘and
19-0x0-A* to e’strogens Hl_m He found, using placental homo-
genates, the following percent conversions to estrogens: 19-oxo-A 4
(100% ); 19-OH-A" (50-60%): A* (50-40%); and 10B-carboxy estr-
4 -ene-3, 17-dione (<5%): this lends support to the above reaction
sequence. This reaction sequence, however, does not account for
the direct 19-hydroxylation of DHA. Wilcox and Engel (73) demon-
strated that the in vitro placental conversion of 19- OH-DHA and
19-OH-A* to estrone was greater than the conversion of C-10-CH;
steroids. Starka (67), using a placental microsomal preparation
showed that 19- OH-DHA was converted to estrogens in higher yields
than were A4 or T.

A study of the early reactions kinetics by Wilcox th al., (72),
again using placental microsomes, NADPH and O, , showed that when
using androstenedione 4 C * radioactivity é.piaeared in 19-OH-A* put
not investrone or 17B-estradiol in the first minute of the reaction.

D. Steroid Sulfates in Estrogen Biosynthesis

The role steroid sulfates play in estrogen biosynthesis, prarticu-
larly in the fetal~rﬁaternal-p1acenta1 unit, has only recently reéeived
attention. Baulieu (4) et al., studied pregnanf individuals and demon-
strated that DHA-S was converted in vivo to estrone and estradiol more

efficiently than were testosterone or androstenedione. They postulated
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the possibility that the sulfate may more easily cross the cell mem-
brane. Barlow (2) was unable to demonstrate significant incori)oration
of DHA-S into estrogens in the non-pregnant individual. The problem
seemed to be partially clarified when Diczfalusy (8) demonstrated hy-
drolysis of DHA~S by the intact maternal or fetal placenta. It is known
that fetal tissues have extensive sulfokinase activity, and that the
placenta contains sulfatases: therefore, the sulfated steroids were
suggested as conjugates for fetal placental transfer. That in vivo
conversion of DHA—'S to estrogens was greater than that of the free
steroid was partially explained by Siteri (65) when he reported that

the half-life of plasma DHA-S in normal subjects was approximately
nine hours and that of the free steroid only 15 minutes; therefore,
DHA-S was present in the circulation longer and 'rnore of it g¢guld

be converted to estrogens. It should be noted, however, that he gave
no data for‘ this statement.

Kirchner et al., (43) administered 7a-3 H-DHA-S and estrone * C

sulfate to the intact midterm fetal-placental and maternal circulations.
They found conversion to estriol was greater from DHA-S than from
estrone sulfate in the fetal -placevntal circuiation while the opposite was
true in the maternal circulation, thus indicating different pathways of
Synthésis, Charreau (11) perfused human term placentas through
bpth fetal and maternal circulations with DHA-4- 14 C-S and DHA-7a-

3 H-sulfate. They found a difference in H3/C !¢ ratios between 19-OH-

A* and andostenedione, thus indicating thatvDHA or its sulfate could
be hydroxylated before conversion to the A% -3-ketone; however, no

labeled 19- OH-DHA was found in the placentas or the perfusates.
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Morato (55) further studied the 19-hydroxylation of the steroid sulfates
with placental microsomal preparations, using DHA-4-14 G, DﬁA-’(a-
3H, and A4 -4- 14 C and studying the 3 H/C 14 ratios in estrone, andro-
stenedione suggested that 19—hydroxylation could take place not only
in compounds with A4-3—keto structures but also in DHA and its sulfate.
His studies suggested three routes of synthesis as follto.ws:

1. --DHA-S --> DHA --> A% __s 10-0H-A% -5 £ 3
2, --DHA-S --> 19-OH-DHA-S --> 19-OH-DHA--> 19-OH-A--> Ey
3. --DHA-S -->19-OH-DHA--> 19-OH-A % - > E |

O'Kelly and Grant have isolated both 19-OH-DHA and 19-OH-DHA-S
using DHA as substrate in a placental microsomal system (62).
A new concept for the role of sulfurylated neutral steroids in

estrogen biosynthesis arose with the work of Oertel (60). He injected
e 3 H] —DHA-I35 g sulphate in female subjects and found that the
"~ isolated urinary"es.trdne had the original 3H/358 ratio. He further
synthesized the labeled 3, 5,‘-dienol sulphate of androstene.dione (7a-
8 H—A4‘- 5 S-Na) and 7a- 3 H DHA -35 5~-Na) then using placental
microsomes DPNH and Oz was able to show that the 3 H/S35 ratio

was nearly the same in estrone as in the labelled 3,5, dienol sulphate

and DHA sulphate {32). The yields of estrogens from the 3-5 dienol- A4

-sulphate were higher than from DHA-sulphate thus suggesting that

the biosynthesis of estrogens from DHA-S may proceed via androstene-
dione sulphate. Figure III gives the general scheme of the aromatization
process within the placenta. For purposes of clarity, all pathways are
included for DHA. The synthe sis of estriol is assumed to involve the
same mechanisms, the only addition being that of the 16 o-OH-group

on all intermediates.



Figure No. 3

Biosynthetic pathway of estrone and 178 estradiol from DHA.
The structural formula for estradiol - 17p is omitted because it
is assumed that estradiol - 173 is synthesized directly from estrone

by 173 reduction rather than from a 17p-OH derivative.
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E.. 16g-Hydroxylation

1. Placental 16q-hydroxylation

The interaction of 16q- hydroxylation in the aromatization process
within the placenta has only been studied very recently (Diczfalusy 18,
1967). In vivo, perfusion of midterm placentas with 16a~-OH-A4 _4.
14¢, 160-OH-T-4-14 C and 169-OH-DHA-70- 3 H, gave estriol in high
yields; however, there was no interconversion betweAen 16;/a—OH—A4
or 16 aOH-T. The extent of aromatization (based on the amount of
estrogen isolated from the placenta and perfusate ) was much less with
16a-OH-T than with either 16a~OH-DHA or 16a-OH-A% . The A5 —triol
also gave a less yield of estrogens as compared to DHA and T. Dica-
falusy explains these findings by “post’ulating that the vicinal 16a, 178-
hydroxyl groups of 16a-OH-T and A2 -triol interfere with the remova.l
of the angular methyl group at C-10, leading to an impeded aromatization,

2. Rat liver 16qg-hydroxylation in vitro

Rat liver l6éa-hydroxylation of DHA was demonstration in 1962
(13). The 16 a-hydroxylase activity in male rat liver slices was in-
creased with addition of NADPH, was found to require oxygen, and
to be virtually absent in female rats. This subject‘was extensively
reviewed by Heinrichs (35).

3. Bacterial 16a-hydroxylation

Microbiological hydroxylation of steroids has been well docu-
mented, practically every position on the steroid nucleus can be
hfdroxylated by exposure to a suitable microorganism. Strepto-

myces roseochromogenus has been shown to introduce 16a- hydroxyl
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groups on a variety of Cyg, C 19> and C Iy steroids‘(lg). Recently
Solomon and Younglai (67) have used this organism to hydroxylate a
conjugated steroid, 16a-OH-DHA-S. Further, Kogan and Elin have
demonstrated 16g-hydroxylase activity with a cell-free preparation

(22, 27), of S. roseochromogenus.
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1II. MATERIAILS AND METHODS

A. Animals -
Sprague Dawley rats were purchased from Berkeley Pacific
lLaboratories, Berkeley, California. Male rats, 11 - 14 weeks
of age, were used. The animals were fed Purina rat chow and
maintained by the Animal Care Department in protective isola-

tion for five days after purchase.

1. Preparation of rat liver microsomes

Rats were killed by a blow on the head and the livers removed,
weighed, washed, and perfused with 0.25 M sucrose solution. The
liver was then cut into approximately one centimeter slices and
homogenized in 0.88 M sucrose "solution (1/3 w/v ) with a Teflon
pestle inside a smooth glass homogenizér (1.25 x 10 2 mm of
clearance).

Nuclei and mitochondrial fractions were removed simultaneous-
ly by centrifugation at 10,000 x g for 35 minutes at 4OC in a Lourdes
refrigerated centrifuge. The supei’natant was made isotonic by
the addition of 5 volumes of 0.04 M KCL and re-centrifuged at
10,000 x g for 25 minutes in the Lourdes centrifuge. The 10,000
X g supernatant was collected and re-centrifuged at 78,000 x g
(Spinco #30 rotor at 30, 000 rpm) for 60 minutes. The resultant
pellet was resuspended by homogeniéa’cion in 0.1 M phosphate
buffer, pH 7.4 for incubation experiments with a volume equal

to the original suspension volume.
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B. Bacteria
Streptomyces roseochromogenus (AT CC 3347) was obtained
from American Type Culture Collection. The media for growth

of S. roseochromogenus was Starch Salt Media (22) as follows:

1. Starch 10 g

2. (NH)2 504 28

3. MgSOy 1g¢g

4. NacCl lg

5. K,HPO, lg

6. Distilled H>O q.s. 1,000 ml.

The above media was inoculated with 5 ml. of S roseochromogenus

culture in nutrient broth and incubated @ 28° C for 24 hours with air

as the gas phase. After the initial 24 hour growth phase, the media

was diluted 8-fold with starch salt media; divided into 8 equal portions

and incubated an additional 6 hours in air at 28°C. All incubations were

carried out in a Gyrotory Shaker (model G76) with air as the gas phase.
Induction of 16a-hydroxylase actiirity was carried out by adding

b g llu—hycirg?cyproge sterone (in 0.5 ml. methanol) to each of the

8 flasks and incubating for 18 hrs. at 2896.' At this peak of the growth

phase, the mycelia were filtered through cheese cloth, washed success-

ively with 50 ml. 0.5% NaCl, 50 ml. distilled H20 and 50 ml of 0.001

M EDTA. The washed rriycelia was resuspended inv 200 ml 0of 0.05 M

phosphate buffer, pH 7.4, containing 0.001 M EDTA and 0.001 M

GSSH.
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C. Placenta

All placentas were obtained immediately following full term

o :
deliveries, placed in 0.9% NaCL at 0 C, and perfused with 0. 25 M

sucrose solution to remove the i‘emaining fetal blood. After perfus-

ion, the placentas were taken to the cold room and all remaining work

carried out at 4°C. Placentas were selected from patients without

evidence of disease or without known complications of pregnancy.

1.

Crude Microsomes

The human placentas were dissected free of fetal membranes,

sliced, into 1 c¢m chunks, weighed and added to 1.5 volumes of

the following buffer solution:

0.05 M phosphate buffer
0.25 M sucrose

0.01 M nicotinamide
pH 7.0

Homogenization was then carried out with a Virtis-homogenizer

at setting #6 for 2 minutes in a 300 ml flask. Following homo-

genization, differential centrifugation was carried out as follows:

) {8

Centrifuge for 20 minutes at 700 x g in 9 RA head of
Lourdes centrifuge 2000 rpm. '

Supernatant from one recentrifuged for 15 min. at
10,000 x g Lourdes centrifuge (9 RA head, 8875 rpm).

The supernatant from the 10,000 x g centrifugation was
decanted and centrifuged 60 minutes at 30,000 rpm
(78,000 x g ) in the #3 head of the Beckman model L
centrifuge.

The pellet from the 78,000 x g spin was re suspended
in the 0.05 M phosphate buffer solution so that 4.0 cc
was equivalent to 12 gms of wet placental tissue.

The microsomes resuspended as outlined in 4 above were used for

placental incubation experiments.
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D. Reagents

All reagents were reagent-grade unless otherwise specified.

-

Special reagents are listed as follows:

1.

2.

8.

- NADPH was obtained from Sigma Chemical Company.

Androst-4-ene-3, 17-dione-4-Cl4 iy benzene 0.05 milli-
curies in 0.5 ml benzene (0. 283 mg) was purchased from

New England Nuclear Corp., Boston, Mass., Lot #302-87.

Dehydroepiandrosterone~-7 H3 1.0 millicurie in o0 gnl.
benzene (0.2 mg) was obtained from New England Nuclear
Corp., Boston, Mass., Lot #184-63-8,

DHA-3-Acetate was obtained from Mann Research Lab.
New York, N.Y. Lot T 3917.

Estrone, Estradiol, and Estriol were obtained from
Sigma Laboratories.

Androstenedione was purchased from Calbiochem, Lot
#71864.

Reference 16a~-OH-DHA, supplied by Dr. Colds, M.P.
183 to 1889 C,

Purified chloroform: chloroform was washed with water,
then 0.1 N NaOH and distilled.

E. Incubation Techniques

All incubations were carried out in duplicate, and a blank was

prepared for each sample. The blank was the same as the sample

except that the substrate was added after the incubation.

1.

Rat Liver Microsomal Incubations

To a 25 ml Erlenmeyer flask was added 0.2 ml. of suspended

microsomes, Krebs Ringer Phosphate q.s. to 6.0 ml., NADPH

(12 pmoles and 1 oles substrate. The resultant suspension was
K pm P

incubated with shaking (120 rpm) at 37-38°C in a Model 2156,

Research Specialty Co., water bath. The duration of incubation
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varied from 30 to 60 minutes, depending on the experimental -
conditions required. The reaction was stopped by placing the
flask in a methanol, dry-ice bath at -60°C.

2. S. roseochromogenus Mycelial Incubations

Thirty mg. of 19-OH-DHA or DHA in 3 ml methanol was added

to 200 ml of the suspended mycelia. After aAddition of 120 |y moles
of NADPH, the incubation was carried out for 24 hours @ 28°c
with O, as the gas phase. The reaction was stopped by placing
the culture in a deep freéze at -18°C,

"F¥. Extraction procedures

.All extraction procedures were carried out after the proper
substrate was added to the sample biank. The quantity of substrate
added to the blank was the same as for the incubation. For recovery
experii'nents, a specified amount vs}as' added depénding on the amount
of steroid expected in the incubation sample.

1. Rat Liver Microsomes

a. Extract sample 2 times with 40 ml purified chloroform.

- "b. Wash pooled extract with 15 ml. saturated NaHCO3 and
two times with distilled water.

c. Chloroform extract dried with 9 g Na, SO4 for 30 min.
and evaporated with a Rotovac evaporator.

d. The residues were transferred to conical test tubes
with five separate washings of methanol and evaporated
under Np. The residues were then ready for spotting
on thin-layer plates of silicagel.

2. S. roseochromogenus

Extraction procedure was similar as that outlined for rat-

liver microsomes except all quantities were increased ten-fold.
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3. Placental Microsomal Extractions

a. Extract three times with 6 volumes of purified

chloroform. :

]
b. Chloroform extrac\{_wa shed with 10 ml of HZO

and evaporated in Roto-vap.

'
\Y

c. Residue dissolved in 50 ml. toluene.

'
Vv

d. Extract with 15 ml N NaOH (4 times).

Vv

Aqueous phase
(phenolic steroids)
]

)
\'

pH adjusted to 8 with 5 N

" HpS504 (4.0 ml of a solution
containing 100 gm KHCO3

5 gms 1-1/2 CO was used
as buffer. Engel (23)

1
1
A

Extract 4 times with 15 ml

ether '
]
]

\Y

Ether extract dried with
Na, SO4 and evaporated
in f{oto—vap.,

'
\'

ether soluble residue

}
H
]
v
i Fe]
v v
Kober carrier for

reaction labeled studies

Organic phase

(neutral steroids)

evaporated in roto vac.
i

!
\%

dissolved in 20 ml
pentane
extracted 3 times with
20 ml 90% MeOH

|

v
Evaporate to dryness

)

1
!
Vv

Residue spotted TLC

1
]
]
'
A

Pettenkoffer- Carrier for
labeled studies

FIGURE NO. 4
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Miscellaneous Procedures

1. Melting points (uncorrected) were obtained with a Koffer

hot-stage microscope. The rate of temperature change through
each melting point was 2°C/minute. A minimum of three deter-
minations was carried out on each synthetic steroid.

2. Infrared Spectra of steroids in KBr pelléts were determined

using a Perkin Elmer Model 221 infrared spectrophotometer. For
IR~-spectra with less than 100 ng of steroid, a special micro adaptor
for making pellets was utilized.

3. Protein content of the microsomal preparations was deter-

minded by the biuret method (31). Sodium deoxycholate 2% (0. 2 ml)
was incubated with 0.2 ml of the crude microsomal suspensions
for 2 hours at 37°C; 0. 9% NaCl was added to a sample, bringing
the volume to 1 ml. Four ml of biuret reagent was added to each
sample, and the solution allowed to stand at room temperature
for 30 minutes, A sample blank was prepared as outlined above
except that 0.45 N NaOH was added instead of the biuret reagent.
The sample was read against the blank at 540 p‘.moles‘ in a Zeiss
PMQ II spectrophotometer. Duplicate samples bontaining 4.0 mg.
of serum albumin were used as refereﬁce standards for calcula-
tion of the amount of protein.

4. Carbon, Hydrogen, Oxygen and Bromine quantitiative analyses

were done by Micro- Analysis, Inc., Wilmington, Delaware.

5. Mass spectroscopy was done by West Coast Technical Service,

San Gabriel, California.
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6. Modified Pettenkofer Reactions (37) was done as follows:

To the dry residues after extraction 1% el 6f the following
freshly mixed reagents was added:

1 part glacial aceti¢ acid

4 parts 1% furfural in 50% acetic acid (by weight)

15 parts 17 N HpSOy4
The tubes were shaken, incubated 12 minutes at 67OC, immersed
in an ice bath for 1 minute and read in a Zeiss PMQ II spectro-
photometer at 635, 660 énd 685 umoles. The samples were read
against a reagent blank. Duplﬁcate standard samples were run
with each experiment in an amount corresponding to the quantity
of steroid expected in the unknown sample.

H. Thin-layer Chromatography

All plates were 0.25 mm thi(;k and were run in glass tanks 8 inch
x 8 inches. The inside of the tanks was lined with Whatman #1
chromatography paper to increase the rate of saturation of the gas
phase. Three hundred ml. of the appropriate solvent system was
placed in the tank and allowed to equilibrate for 24 hours before use.
Aliquots of the residue dissolved in methanol or ethanol were applied
with the use of Hamilton micro syringes. The solvent front traveled
15 cm from the starting spot before the plates were removed from the
tanks and allowed to dry in air.

1. Silica Gel G., Lot F 913, Brinkmann Instruments, Inc.,

Westbury, N.Y. 11590 (40 gms and 60 ml H, O was used to

separate most neutral steroids. Identification of neutral

steroids was‘ carried out with one or more of the £oliowing 7

color reagents:
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a. Sulfuric acid spray. Plates were sprayed with 2% (w/v)
solution of concentrated sulfuric acid in aqueous
ethanol (50: 50 w/v), and heated 15 min. at 100° C.
All steroids were identified by comparison with standard.
b. Picric acid reaction. Plates were sprayed with a solution
of 100 mg picric acid in 36 ml glacial acetic acid to
which was added 6 ml of 70% perchloric acid. Plates
were gently heated and air dried (3p-OH-A 5 steroids).
c. Blue tetrazolium. A mixture (1:9) of 1% (w/v) solution
of blue tetrazolium in methanol was fre shly prepared
and sprayed on the plates which were then heated to
85° C for 5 minutes.

2., Silica Gel HF 254, I.ot F 3676, Brinkman Instruments Inc. i

Westbury, N.Y., 40 gms, 60 ml H,O was used for identifying
4Af-3 ketosteroids. These steroids were spotted on the plates,
run in the appropriate solvent system, allowed to dry in air
and qualitative identity established by viewing the plates in a
Chromato-Vue model C-3 UV light.

3. Dichloroflucrescein plates (70). These platrés were prepared

by spreading a slurry of 40 gm of Brinkman silica gel H containing
15 mg of 2:7 dichlorofluorescein dissolved in 20 ml of 95% ethanol
and 80 ml H,O. Thorough mixing was necessary. The plates

were activated by heating in an oven for 1 hour @ 100°C. After
) s
chromotography, the fluorescent plates were air dried and estrone,

estradiol, and estriol located with-the aid of ultraviolet light. The

sensitivity of this method of detection was less than 5 p g of estrogen
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spot when the plate was examined with ultraviolet light.

4. Solvent systems for T.L, C.

a. System C Ethyl acetate  50%
: Cyclohexane 50%
b. System M Ethyl acetate  75%
N-Hexane 20%
Glacial acetic 5%

acid

c. Ethanol-Benzene Systems. Variable composition
(% by volume) depending on polarity required for

separation.
Et OH 10 15 25
Benzene 90 85 75
d. System B Ethyl acetate 45%,
n-Hexane 45%,
Et OH 10%

5. Elution of steroids from thin-layer plates

a. Neutral steroids: After identification, the area
containing the steroid was removed and placed in
a conical test tube. T,hé steroids were extracted
i:w,,ice with 2 ml aliquots of 1:9 (v/v) dichloromethane,
methanol, centrifuged, decanted and evaporated to
dryness in vaccuum. |

b. Phenolic steroids were extracted from the dichloro-
flourescein plates with diethyl ether at 37°C for
10 minutes. The ether extracts were pooled and
evaporated to dryness. Recovery experiments will

be given in the results section.
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IV. RESULTS

A. Synthesis of Sa-bromo- BB-acctoxy—éﬁ~hydroxyandrostan—l?-oné
The synthesis was carried oﬁt according to the method of
Grenville et al., (32). 6.6 g of 3ﬁ~acetoxyandrdst—5-ene—17-0ne
MRL R 1847 was dissolved in 50 ml p-dioxane (MCB-CB 368) and
to this solution was added 2.8 g N-bromoacetamide (K & K - 70515)
dissolved in 15 ml H»O and 1.0 ml. 72% perchloric acid (Merk).
After allowing the reaction to proceed at room temperature for 18
hours, 435 ml of water was added, the precipitate was collected
- by filtration and dissolved in 360 ml chloroform. The chloroform
extract was washed as follows:

1. 35ml0.1 N Nal ,
(aqueous phase yellow-chloroform phase purple)

2. 35ml10.1 N Najp Sy O,, with resultant clearing of
both chloroform and aqueous phases.

3. 35ml, 0.1 N NazCO;

4. "35 el H,0, three times. The pH of the third washing
was 7.  E

The chloroform extract was then dried Qith 9 g anhydrous Naj, SOy,
filtered, and the solvent evaporated in a roto-vac at room temperature.
The resultant oily residue was dissolved in 30 ml of warm acetone

and approximately 100 ml boiling hexane was added until precipitation
started and just cleared with further heating. The crystals (needles)
formed after 24 hours were collected by filtration and dried in va cuum
for 12 hours at room temperature. Yield 2.2 g (33%)4 3B-acetoxy-5d-
bromo-6p-hydroxyandrostan-17-one, m.p. 173-175°C (reported

173-175°C), Ry 's 0.68 and 0..44 in systems M and C respectively.
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Infrared Spectra is shown as figure 5 A,

\max 3500, 2940, 1740, 1380, 1250, 1030,

The above reaction was carried out 6 separate times. The total
starting material was 39.6 gms and the over-all yield 13.- 2 gms or
33% of the theoretical yield.

B. Synthesis of 3B-acetoxy-5a-bromo-6p-19 oxideandrostan-17-one

Synthesis was done according to the method of Kalvoda et al. , (41).
To 33 grams of lead tetracetate (MCH LX200) was added 1.5 ml of
g.lacial acetic acid, 15.0 gréms of anhydrous calcium carbonate and
1350 ml of cychlohexane. The reaction mixture was stirred with a
magnetic stirrer and boiled under reflux for 30 minutes. During this
per.iod a black precipitate formed. After 30 minutes, 7.6 gms of 3P-
acetoxy-5a-bromo-6 f8-hydroxyandrostan-17-one, m.p. 173-175°C,
and 9.0 grams of iodine (Merk 7390) wereadded to the reaction mixture.
The reaction was then carried out under constant illumination with a
Sylvania 650 watt movie light providing sufficient heat to maintain con-
stant boiling. The reaction was allowed to proceed until the purple,
iodine color disappeared, or for 90 minutes, whichever was first. The
mixture was then cooled to room temperature, filtefed, and the filtrate
washed with 90 ml of 0.1 N sodium thiosulféte, three times with 100 ml
of water, and dried with 25 gréms anhydrous sodium sulfate. The cyclo-
hexane extract was evaporated in a rotavac and the resultant cily resi-
due was crystallized from ether. Four grams of 3B-acetoxy-5a-bromo-6f,
19-oxidoandrostan-17-one were obtained. A double M.P. was found:
177-179 / 186-189° C (reported 174-178 / 184-187° C) and the yield

was 51%. RF: System C, 0.45; system M, 0.69.
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Infrared Spectra is Figure 5 B,
Amax 2930, 2890, 1740, 1440, 1370, 1250, 1030, 920.

C. Synthesis of 38, 19-diacetoxyandrost-5-en-17-one

Synthesis was according to the method of Kalvoda et al., (41).
Two grams of 3p-acetoxy-5a-bromo-6f, 19-oxidoandrostan-17-one,
M. P. 177-179 / 186-189°C, was heated under reflux at 100° C with
6.0 grams of zinc dust (Mallinkrodt 8681) and 60 ml of glacial acetic
acid. The reaction was stopped after 12 hours by cooling in an ice
b'ath, the mixture was filtered and the zinc dust and white precipitate
in the filter was washed with 240 ml of dichloromethane-glacial acetic
acid solution; the aqueous phase with the acetic acid was discarded and
the .organic phase was neutralized with 45 ml of 1% sodium bicarbonate,
and washed twice with 45 ml water. The dichloromethane was then
dried with 10 g of anhydrous sodium sulfate, filtered and evaporated
in a rotovac. The oily residue left after evaporation of the dichloromethane
was crystallized from 30% aqueous methanol. 900 mg (yield 45%) of 3,
19-diacetoxy-androst-5-ene-17-one was obtained, m.p. 1.03-1050C,
(reported 103—1050C) Rp's system M, 0.7 ; system C, 0.49,
Infrared Spectra is Figure 5 C.

amax 2950, 1740, 1435, 1390, 1370, 1250, 1040,

D. Synthesis of 38, 19-dihydroxyandrost-5-en-17-one

Hyd'rolysis of 38, 19-dihydroxyandrost-5-en-17-one to 19—hydroxy-
dehydroepandrosterone was carried out asb follows: 2.8 grams of 38,
19-diacetoxyandrost-5-en-17-one was dissolved in 75 ml of 5% methansﬂic
sodium hydroxide and left at room temf)e rature for one hour. Neutral-

ization was carried out with 6 N sulfuric acid. The sodium sulfate



Figure No. 5

A. Infrared spectra of

5a-bromo-3P-acetoxy-6 p-hydroxyandrostan-17-one..
B. Infrared spectra of

3p-acetoxy 5 bromo-6p-19 oxidoandrostan-17-one.
C. Infrared spectra of

3p-19-diacetoxyandrost-5-in-17-one.
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crystals were washed with anhydrous methanol and the pooled

methanol filtrate evaporated to 30 ml in the rotovac at room temp-
erature. The remaining methanol was extracted twice with 300 ml

of purified chloroform. The chloroform extract was then washed

with 30 ml of 1% sodium bicarbonate, twice with 30 ml water, and

dried with 15 g anhydrous sodium sulfate. Evaporation of the chloro-
form left an oily residue which was crystallized from ethyl acetate

to give 1.5 g product m.p. 214-220° C, (personal communication from
Dr. O. Helpern, Syntex Research Laboratories, 219-221° C).

Analysis: C74.84, H9.09, 015.83 (calculated: C74. 96, H 9.27, 015.76).
In thin-layer chromatography (silica éel G) with system M, the Rp was
0.3 migrating as a single spot (with 50 u.g and sulfuric acid spray).
Infrared spectra is Figure No. 6 A, Sulfuric acid spectra is Figure No. 7.
A max 3400, 2950, 2935, 2900, 2890, 1740, 1065, 1035, 1025.

E. Synthesis of 38, 17-diacetoxyandrost-5, 16-diene

The synthesis was carried out according to the method of Kelly
and Sykes (42). 3pB-acetoxyandrost 5-ene-17-one (7.5 g) and 600 mg
p-toluene-sulphonic acid (MCB 2736) were dissolved in 90 ml of
isoproéenyl acetate (K & K). The solution was heateéi (910C) under
reflux with a 10 cm fractionating column sov that any acetone formed
would be removed. The reaction was heated for 8 hours and 10 ml of
fresh isopropenyl acetate was added each hour. Aftet 8 hours the
solution was evaporated to 45 ml, poured into 100 ml cold 0.1 N
sodium carbonate and extracted three times with 150 ml ether.

The ether extract was washed with 30 ml1 0.1 N sodium carbonate,



Figure No. 6

A. Infrared spectra of 19 hydroxy DHA
B. Infrared spectra of 33, 17 diacetoxyandrost-5-16 diene.
C. Infrared spectra of

3p-acetoxy lba-bromoandrost-5-ene-17-one.
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30 ml of saturated sodium chloride solution, dried with 15 g anhydrous
sodium sulfate, and evaporated to an oily residue in the 'rotovac. The
oily residue was crystallized from 60% petroleum ether. Yield 5.1 g
(68%) m.p. 146-150°C (reported, 147-148°C). Rp. is: System C, 0.68;
system M, 0.83,

Infrared spectra is Figure No. 6B.

\ max 2940, 2900, 1760, 1735, 1720, 1470, 1250, 1210, 1190, 1100,

1040.

¥, Synthesis of 3£3~acetoxy—16a—bromoandrost-5-eﬁe—17-one

The method of Kelly and Sykes (42) was followed. 50 grams of
3p 17-diacetoxyandrost-5, 16-dienc (m.p. 146-150°C) was dissolved
in 200 ml carbon tetrachloride and cooied to 14°C. The solution was
stirred and 2.12 g bromine was added in 25 ml carbon tetrachloride
over 2 minutes. The solution was stirred for an additional 2 minutes
and 100 ml of 5% aqueous sodium hydrogen sulphite was added. The
steroid was extracted twice with 250 ml chloroform. The chloroform
extract was washed with 50 ml 0.1 N sodium carbonate, and with 50
ml saturated sedium chloride, dried with 10 grams anhydrous sodium
sulfate, and evaporated to dryness in the rotovac The residue was
crystallized from ethanol (yield 3.8 gms, 70%) : m.p. 173-175°C;
after recrystallization from ethanol 176—1?8°C (reported 181-183OC).
Rp is: System, M 0.82; system C 0.67. |
Infrared Spectra is Figure 6 C.

Amax is 2950, 1740, 1720, 1260, 1030.



Figure No. 7
Sulfuric acid spectra

25°C 30 min. and 120 min. of 19 hydroxy DHA
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G. Synthesis of 17, 17-dimethoxyandrost-5-ene-3 , 16 -diol (42)

3[3-acetoxy—160»—brornoandrost-5-en— 17-one (3.8 g) was dissolved
in 80 ml. boiling methanol and added to 100 ml. hot sodium methoxide
(4.0 g sodium / 100 ml. methanol). After one hour of boiling under
reflux,the solution was poured into 600 ml distilled water at 0° C.
The precipitated steroid was extracted three times with 250 ml ethexr.
The combined ether extract was washed successively with 100 ml.
each, 0.1 N hydrochloric acid, 0.1 N sodium carbonate and saturé.ted
sodium chloride. The ether extract was then dried with anhydrous
sodium sulfate, evaporated to dryness and the residue crystallized from
ether (double m.p. 155-160/176-182°C.) Upon recrystallization from
ether, the m.p. was 156- 160/179 181° C (reported, 177-179° C (32).
Ry is: System C, 0.31; system M, 0.60.
- Infrared spectl;a is Figure No. 8 A.
ymax 3400, 2930, 2900, 2870, 1180, 1110, 1060.

H. Synthesis of 16 a-hydroxy-dechydreepiandrosterone (42)

38, 16(1-dih;droxy; 17, 17-dimethoxyandrost-5-ene (1.5 g) waé
dissolved in 250 ml of acetone and added to 25 ml of water containing
1.0 g p-toluene-sulphonic acid. The solution was kept at 40° C for
12 hours, 50 ml of water was then added, and evaporation was carried
out in the rotovac to one-half its original volume. Extraction was then
carrled out three times with 250 ml chloroform. The chloroform ex~
tract was washed with 100 ml 0.1 N sodium carbonate and 100 ml of a
saturated solution of sodium chloride, dried with 20 g anhydrous sodium

sulfate, and evaporated to dryness. The oily residue was crystallized
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from 30% acetone-hexane, yielding 1.1 gm (73%). The m.p. was
180-183°C and the product did not depress the m.p. of authentic
16a-OH-DHA. Ry values were identical with those of the reference

in system C, system M, and ethanol 25%,benzene 75% .

I.. Synthesis of 33, 19, 17-triacetoxYandrost-5, 16-diene

3p, 19-diacetoxyandrost-5-en-17-one (m.p. 103-105°C), 7.35
gms. were dissolved in 95 ml acetone-enolacetate (K & K Lab. Lot
78572). 645 mg p-Toluene sulfonic acid monohydrate was added to
the solution and the reaction boiled in a fractionation column with a
side condenser. Sixty ml of fresh acetone-enol acetate was added to
maintain constant volume. After 6 hours the solution was evaporated
to 45 ml and poured into 200 ml. 0.1 N sodium carbonate. The steroid
was extracted three times with 250 ml ether. The combined ether ex-
tracts were washed with 100 m1'0.1 N sodium éarbonate and saturated
sodium chloride solution and dried with anhydrous sodium sulfafe 1% g
The ether was evaporated to dryness and the dryness and the oily
residue crystallized from 60% petroleum ether. The yield was 2.45 g
(33%) and the m.p. 134-137° C (Found: C, 69.47; H, 7.86, requires
C, 69.74; H, 7.95). Ry is: System C, O..63; M, 0..81; EQOH-Benzene
§25:35) Q.75
Infrared Spectra is Figure No. 8 B.

Amax 2960, 2930, 1730, 1240, 1210,

J. Synthesis of 3p, 19-diacetoxy-16a-bromoandrost-5-en-17-one

3.45 g, 3B, 19, 17-triacetoxyandrost-5, 16-diene was dissolved

in 150 ml dry carbon tetrachloride and cooled to 15°C. A solution



Figure No. 8

A. Infrared spectra of

3B 160-diOH 17, 17 dimethoxyandrost—S—e;e.
B. Infrared spectra of

3p, 19, 17, triacetoxyandrost 5-16 diene
C. Infrared spectra of

3p, 19 diacetoxy lba-bremoandrost-5-en-17-one
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containing 2.47 grams bromine in 20 ml. carbon tetrachloride was
added with constant stirring over 2 min. After allowing the reaction
to proceed for an additional 2 min., 0.1 N sodium hydrogen sulphite,
50 ml., was added and the steroid extracted three times with 250 ml.
chloroform. The combined chlo_roforin extracts were washed with |
50 ml. 0.1 N sodium carbonate and 50 ml. saturated sodiufn chloride
solution, dried with 10 g anhydrous sodium sulfate, and evaporated
to dryness in the rotovac. The residue was crystallized from ethanol
to give 2.6 g of product, (yield 75%) m.p. 139-141°C. Found: C,

59, 62; H, 6,60; By, 16.01; required: C, 59.21: H, 6.70; Br, 16.95
RF.is: System C, 0.57; M, 0.78.

Infrared spectra is Figure No. 8 C,

ymax 1740, 1380, 1240, 1030,

K. Synthesis of 17, 17-dimethox"yan‘drost—-5-ene—3[3, 16a, 19-triol

38, 19-diacetoxy-16g-bromoandrost-5-en-17-one (2.6 g ) was
dissolved in 70 ml of hot methanol and addéd to a solution of sodium
methoxide (2.8 grams sodium in 112 ml anhydrous methanol}). The
solution was boiled under reflux for 1 hr. and then poured into 450 ml.
water at 0°C. The precipitated steroid was extracted three times
with 300 ml. ether and the pooled ether exfract washed with 0,1 N
hydrochloric acid (90 ml), 0.1 N sodium carbonate (50 ml), satur-
ated sodium chloride solution (50 ml.), dried with 10 grams anhydrous
godium sulfate, and evaporated to dryness. From the residue, crystall-
ive Lragn acetone, 600 mg. of product (yield 23%), m.p. 190-193° C,
was obtained. Found C, 69.30, 69.07: H, 940, 9.45: requires C, 68.82;

H, 9.35. RF's system M, 0.3; system C, 0.08.
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Infrared spectra is Figure No. 9 A,
Amax is 3400, 2940, 1185, 1110, 1050.

L. Synthesis of 16q, 19-dihydroxydehydroepiandrosterone

Two hundred fifty (250) mg. of 17, 17—dimethoxyandrost—k')\—?ne—q

3B, 16a, 19-triol was dissolved in acetone (50 ml) and added to 5 ml
water containing p-toluene sulfonic acid monohydrate (200 mg). The
solution was kept at 40° C and 20 ml. aliquots taken and run on thin-
layer chromotography at 30 min. intervals to determine the extent of
hydrolysis. After 270 minutes, the hydrolysis was nearly complete
. and the reaction was stopped by adding 10 ml. of water and evapor-
ating to one-half volume in vaccuum. The steroid was extracted three
times with 100 ml ¢hloroform. The ::hloroférm extract was washed
with 25 ml 0.1 N sodium carbonate, saturated solution sodium chlor-
ide and then dried with 9 g sodium sulfate. The chloroform extract
was evaporated to dryness and the residue crystallized from acetone-
hexane (yield 150 mg. m.p. 210-216). An analysis of its mass spectrum
(Figuré 8 ) performed by West Coast Technical Service, Sa1;1 Gabriel,
Calif., showed the parent ion at 320 m/c. as a minbr peak, due to two
major cleavage reactions; the dehydration at the 16a-position, as shown
by a peak at 302 m/c, and the removal of CH;O from the 19-hydroxy-
methylvgroup. There was no spectral evidence for the presence of
the starting ketal in the vsample. The modified Pettenkofer as compared
to 16a-OH-DHA is éiven in Figure No. 11. The spectfum in concentrated
sulfuric acid (2‘50, 30 min. ) had Amax of 279, 412, and 480 nm. and

min 260, 320, and 420 nm. and 1s given on Figure No. 10. Infrared
spectra is given in Figure 9 B Analysis calculated for Ci19 Hyg Oy;

C, 71.20; H,8.81; O, 19.98. Found: C,71.50; H, 8.87; O, 19. 94,



Figure No. 9

A. Infrared spectra of
17, 17-dimethoxyandrost-5-ene 38, 16q, 19 triol
B. Infrared spectra of 164, 19 dihydroxy DHA

C. Infrared spectra of

19 hydroxyandrostenedione
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Figure No. 10

Sulfuric acid spectra. 25°C, 30 minutes and 120 minutes

of 16a, 19-dihydroxy DHA,
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Figure No, 11,
Modified Pettenkofer comparing 16a-hydroxy DHA and
165, 19 dihydroxy DHA. Each point is the average of 3 sep-

arate determinations.
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Figure No. 12

Mass spectroscopy of 16a, 19-dihydroxy DHA,
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M. Synthesis of 19-Hydroxyandrost-4-ene-3-17-dione

Oppenhuer oxidation of 3p, 19-dihydroxyandrost-5-en-17-one.
19-OH-DHA (0.775 grams), was heated in 20 mil. dry benzene and
10 ml. cyclohexanone and 4 ml. of the boiling mixture was distilled
off. 0.500 g a1 (P,O)3 was added and refluxed for one hour
and 10 minutes. The reaction was stopped by addition of 100 ml 2 N
sodium hydroxide. The steroid was extracted twice with 300 mlé
ethylacetate.v The pooled extract was washed three times with distilled
V\}ater and evaporated. The residue was crystallized from acetone-hexane.
The yield was 0.418 g (54%).
Infrared Spectra is given in Figure No. 9 C.

N. Incubation of 19-Hydroxy DHA with Streptomyces Roseochromogenes

1. Starch salt medium (100 ml.) was inoculated with 5 ml of

Streptomyces roseochromogenes culture and incubated at 28°C

for 24 hours with air as the gas phase. S. roseochromogenes was

obtained from the American-type Culture Collection. After the
presctibed incubation, the culture media was diluted 8-fold with
starch salt media, divided into 8 equal portions, and incubated for

an additional 6 hours at 28°C in air. I;lduction of 1‘6a—hydroxylase
activity was carried out by adding 5 mg. llg-hydroxyprogesterone
(in 0.5 ml. methanol) to each incubation flask. The incubation

was allowed to continue for 18 hours at which time the pooled mycelia
were filtered through cheese cloth, washed with 0.5 % sodAium
chloride (50 ml), distilled water {50 ml) and EDTA (0.001 M)

(50 ml). The collected mycelia (wet weight 2. 34 grams) was resus.-

pended in 0.05 M phosphate buffer (pH 7.4) containing 0,001 M EDTA



Table No. 1

Ry values for 13 synthetic steroids in three different

solvent systems.
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3 -Rp values for steroids in different solvent systems

ETOH 25
C System M Benzene 75

5d Bromo, 3 ACO, 6pB-OH-androstane .45 16, 3 10,7
-17-one

5 Bromo, 3 Acetoxy, 6-19 epoxy, andro- .45 10.4 10.7
stane~-17-one

3f 19-diacetoxy androst 5-en-17-one .49 10.8 10.8
19 OH-DHA . .06 4.5 7.2

33, 17-diacetoxyandrost5, 16-dien .68 12.5 11.3

3B Acetoxy, lba-bromo-androst 5-ene- .66 12.4 11.4
17-one

3B, 16a-di-OH, 17-17 dimethoxy-androst- .31 9.0 B0
5-ene ‘

16a-OH-DHA . 20 . 8.1 8.3 7
38, 19-17 tri-ACO androst 5, 16, dien .62 12.2, 1,3

3B, 19 diACO, 16a bromo androst 5-ene- .56 [1.8 }1.5
17-one

3B-19, l6éa-tri-hydroxy, 17-17 dimethoxy- .08 4.5 7.3
androst-5-e¢he ' : -

16a-19, di-OH, DHA ' .03 2.7 5.6

DHA, 15 CM solvent traveled .34 9.5 9.5
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and 0.001 M GSSH (total volume 200 ml). 19-hydroxy DHA,
30 mg. (in 3 ml. ethanol, and TPNH (120 mM) were added
to the incubation flask; the preparation was then incubated
aerobically for 24 hours at 28°C. The incubation mixture was
extracted twice with 400 cc chloroform; the combined chloroform
extract was washed with a saturated solution of sodium bicarb-
orlate (75cc) and then water, and finally dried with anhydrous
" sodium sulfate, .and evaporated to dryness. The residue from
the chloroform extract was dissolved in rhethanol. Thin-layer
chromatography (silica gel G, systems M and ethanol-benzene,
1:4) gave a product with the same Rp as a standard sample of
16a, 19-dihydroxy-DHA. Purification and separation ovf 16aq,
19-dihydroxy-DHA from the starting material (19-hydroxy DHA)
was carried out by thin-‘layer chromatography in system M and
system ETOH-benzene. The infrared spectra of the pﬁrified
product was identical to that of st‘andard léa, 19-dihydroxy DHA.
See Figuré No. 9. Quantitation by the B, T. reaction gave 1.470
mg. of lba, 19-dihydroxy DHA. (Yield 4.9%, 1.9 mumoles/ mg.
wet mycelium/ 24 hours incubation). |
Another incubation was carried out under the sérne conditions
with DHA. A product with the same RF as l6a-hydroxy-DHA in
two TLC systems was obtained that, on quantitation by the B, T.
reaction, represented an overall yield of 1.56%.

O. Incubation of 19-hydroxy-DHA with male rat liver microsomes

was carried out as previously described. Partial characterization

of the product (16aq, 19-dihydroxy~-DHA) produced from the incubation



Figure No. 13,

Infrared spectra of 16a, 19 dihydroxy DHA chemical synthesis

both from silical gel G.
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by means of TLC (the same Ry as that of the standard in three
different systems), reaction with picric acid and Quantitative

color reaction with blue tetrazolium. The net convers‘ion of 19~
hydroxy-DHA to 16a, 19-dihydroxy-DHA was.4% for a 30 min.
incubation of 0. 6 mumoles/min. /mg. microsomal protein. To
check for the hydroxylation ability of the microsomal preparation,
anothlar incubation with DHA was also carried out. Under the same
conditions and with.the same microsomal preparation, DHA was
;:onverted to 16g-hydroxy-DHA at a rate of 2.7 mpmoles/mg. micro-
somal protein/minute --a net yield of 17.5% .

P. _Incubation studies with placental microsomes.

The experimental design of placental microsomal incubations with
DHA~7—a-3H and androstenedione 4-14 C is given in Figure No. 14.

The incubations were carried out in duplicate at 37° in air for
- 8,15, 30 and 60 minutes in the first experiment. An incubation last-
ing 4 min. was added to the second experirﬁent. Blanks to which the
radioactive st'er‘.oids and carriers were added after the incubation
and immediately before extraction were also included to determine
the extent of recovery of each compound. The safnples contained
microsomes to the equivalent of approximately 13 g of placental
tissue in 7 ml. of phosphate Buffer, pH 7.0; 5 mi. (12 Mmoles) of
NADPH solution; 100, g. (4yc) of 4- '*C-androst-4-ene-3, 17-dione;
and 100, g. (10pyc.) of 7-3H—3(3-hydroxyandrost—5-en- 17-one.

The simultaneous determinati_on of tritium and carbon -14 radio-
activities was accomplished with the Packard spectrometer model 3315

using the following settings:



Figure No. 14

Experimental design: 7Ta 3H-DHA (1) and 4- 14c. a4 (2)
were simultaneously incubated with placental microsomes.

4, 19-OH-DHA (3), 19-OH-A% (4), 178 estra-

¥ Cold'" DHA, A
_diol (5) and estrone (6) were added as carriers. Solid arrows

depict reactions known to take place in placental tissue.



60

HO

H

>

HOCH,

v

HO N (3)

IOan

(4)



61

Forty percent gain and 50- 200 window in the tritium channel (channel
1) and 7% gain and 250-1000 window in the carbon -14 channel (channel
2). With the above settings and With t'he scintillation fluid used, (*)
the following counting efficiencies were obtained: 15. 6% for tritium
and 2.7 % for carbon in channel 1 and 37% for carbon and < .001 for
tritium. The background was 7 CPM in channel 1 and 9 CPM in
channel 2,

Recovery of the six steroids (DHA, 19-OH-DHA, 19-OH A%, E,,
and E3) was nof expected to be similar or complete because of their
. difference in polarity, elution from silica gel, solubility in the diff-
erent extraction agents, etc. Therefore, in each experiment separ-
ate incubation flasks were used to esfimate t’heArecoVery of each steroid.
These incubation flasks were treated exactly as the experimental flasks -
~except no radioactive substrate was added and a known quantity of the
steroid under question was added just prior to the extraction procedure.
The quantity of steroid added to these recove ry flasks was approximated
to be what was expected in the experimental flagsk. In genefal 10 pg and
50 Lg. quantities were used for the reco{rery experiments.

The recovery of DHA Wés estimated by‘ adding a known quantity
of tritium labeled DHA to the recove ry flask and determining the
quantity recovered after the complete extraction procedure. A

similar approach was used for determining the recovery of A4,

(*) Toluene solution of 5 grams of P.P.O. (2, 5-diphenyloxazole) and
0.3 grams of dimethyl PIO.E. QP {1, 4-bis-2-4-methyl-5-phenyl-
oxazolyl-benzene) per liter. '
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Since no labeled compounds were available for E;, E2, 19-0OH-
DHA and 19-OH- A% » known quantities of these steroids were added |
to the' recovery flasks and the peréent of recovery determined as
follows:

The quantitative recovery of Ej, and E,, was determined by
the Kober reaction, 19-OH-DHA by the modified Pettenkofer and
19-OH- A% by its ultraviolet absorption properties. A scan of 19-
OH- A‘_} in the ultraviolet wave length in a Zeiss PMQ II spectfopho—
tometer gave a maximum absorption at 242, and its recovery was
-calculated on the basis of the direct relationship between quantity of
19-OH- A% and its absorbency.

The recovery of each steroid was as folléws: At least triplicate

determinations were done, and except for the phenolic fraction, the

more polar the neutral steroid the lower the % recovery.

DHA: - - 46.4 %
A: - - 35.6 %, _
19-OH-A% - 26.8 %‘
E, - - 79 %
E, - - 9 %

The identity of each steroid was established by running in a sep-
arate lane a known standard of the steroid on thin-layer chromato-
graphy with the unknown, using ( Silical Gel HF 254 for A%, 2 g A
dichlorofluorescein for Ej and E,5) and appropriate spfay (picric
acid for DHA and 19-OH-DHA ). |

The purity of each steroid was established by adding a known

quantity of non-radiocactive carrier and crystallizing to constant
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specific activity, further the melting point of each steroid (radio-
active with carrier) was then determined and compared with a

pure sample of the steroid under consideration.

1. Estrogen Formation. Data on crystallization, specific

activity, recovery, H3/C14 ratios, and quantitative conversion of

Al

and DHA to éstrone and estradiol is given in tables 2 and 3. This
data is graphically depicted in Figure No. 15. The *mrle patiowas
similar in the isolated estrone and 17p-estradiol. This result indicates
a rapid equilibrium between the two estrogens. The ratio increased
during the first 30 min. of incubation and then leveled off or even
declined (experiment 1) . An interesting but unexplained observation

is that, while estrone accumulated during the incubation, the amount

of 178, estradiol decreased.

2. Neutral Steroids. The significant experimental data, crystall-
ization, specific activity and tritium carbon ratios for DHA, A4,
19 OH—A4, and 19 OH-DHA are given in Tables 4, 5, 6, and 7. Graphic
illustrations of the time course of the reactions and the chénging
3/ 14¢ zatios is given in Figure 16. Only a small amount, of 0.5-1.
7y g of 19-OH DHA was estimatéd to be présent at any given time during
the incubation. The carrier-added fraction contained a small but signif-
icant émount of 14C-1abeled material which could not be eliminated
after repeated recrystallizations. The purity and even the identity
of the 3H-1abeled n;xaterial accompanying the 19-OH-DHA carriér must
therefore be regar&ed as unprdVen.

The 3H/ ET's) ratios of A4 anci 19-OH- At are shown in Tablé 6 and 7
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and also in Figure 16. These ratios are larger than those for the

estrogens at all time intervals. The SH/14C ratios of A% are also

higher than those of 19-OH- A4, except for the incubations lasting
8 min. in both experiments, where the opposite is true.

Since the specific activity with regard to both labels and the
amount of each compound present at the end of each time interval
are kﬁown, it is possible to calculate the contribution made by DHA
and 'A% to these intermediates and products. This is graphically
shown in Figure 17. The black port‘ion of each bar represents the
contribution of DHA, the rest being contributed by A, Figure 17

also shows the rapid decline in the amount of DHA recovered unchanged

at the various time intervals (dotted line).



Table No. 2

Crystallization and specific activity of estrone and

estradiol.
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Table No. 3

Data: 3H/14 C ratios and quantitative conversion of

3

DHA-7a~-"H and androstenedione-4- 14C to estrone and

estradiol. -
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Figure No. 15

Time course of ratios of 3H/ 14C in estrone and estradiol.
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Table No. 5

Ratios of tritium and carbon in A4 and DHA
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Table No. 6

Crystallization and specific activity of 19-OH-A% and

19=-0OH=-DHA.
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Table No. 7

Tritium carbon ratios in 19 OH- A4 and 19 OH-DHA,

2
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Figure No. 16

Graphic illustration of tritium carbon ratios changing with
time: Composite experiements 1 and 11.

(2) androstenedione

(4) 19 hydroxyandrostenedione
(5) estrone

(6) estradiol
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Figure No. 17

. Contribution of DHA to A4 2 19-OH-A4 and estrone.
Dotted line on androst-4- ene~-3, 17 dione figure

represents disappearance of DHA.
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V. DISCUSSION

A. Chemical and Biological Synthesis of 16q, 19-Dihydroxy-DHA
The chemical synthesis of 38, 16a, 19-trihydroxyandrost-5-en-
17-one was accomplished by starting with DHA and following the

reaction sequence (1-7) outlined on page 3. A brief summary of the

chemical and biological synthesis is as follows:

H
o] O
H,C
#
)
HO —— V !
19-OH-DHA emmeee- 4.9 % S. roseochromogenus
E Cmmmm o 4 % rat liver microsomes
;
1
H
0,
]
c’ )
H
.
16a, 19 Dihydroxy DHA <-------1.56 % S. roseochromogenus
Comeeeo 18 % rat liver microsomes
C <==memo- < 1% chemical synthesis
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Both the chemical and physical properties studied indicated that the
synthesized compound was 38, 16a, 19 trihydroxyandrost-5-ene-17
one. Chemical synthesis of the other neutral steroid (19-OH-A4 )
used in the placental microsomal incubation studies was accomplished
with a modified Oppenhuer oxidation of 19-OH-DHA. Thus one prev-
iously undescribed steroid (16q, 19 dihydroxy-DHA) and three steroids
not yet commercially available (19-OH-DHA, 16 -OH-DHA, and
19-OH- A% ) were successfully snythesized from the starting.compound
DHA. The availability of these steroids made possible the placental
microsomal incubation studies. More important however, Oppenhuer
oxidation of 16a, 19 dihydroxy DHA could lead to 16a, 19 dihydroxy %A,
With this later compound and tritium-labeled 16q-OH-DHA, and 14C
labeled 160-OH androstenedione studies relevant to estriol biosynthesis
could be carried out and must be done to establish the pathway of
estriol biosynthesis in thg placenta.

The aromatization ofAbS 3 -1l6a-dihydroxysteroids may proceed
in part by’ bypassing androst-4-ene-3, 17, dione through an alt'ernative
route involving the free or sulfated A5—3 B, 19-dihydroxysteroid. The
availability of 3B, 16q, 19 di OH-DHA now makes it possible to explore
these possible routes to estriol biosynthesis.

’The significance of the pathway in the conversion of neutral steroids
to estriol may lie in sexual differentiafion of the fetus. For example,
if the A4-3 keto configuration is the preferred pathway then the Amajor
intefmediates would be weak androgens (androstenedione and 16
hydroxyandrostendione). 17 reduction would then give testosterone

or 16a-hydroxy testosterone. It is becoming clear that without androgens
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the fetal sexual diffe rentiation is primarily female. For example

the work of Neumann, Elger and Kramer (58) indicates that during
the second half of gestation and of the newborn durmg the flrst 3 post-
natal weekS, male rats would develop a vagina when treated with an
antiandrogen cyproterone acetate (1, 2-methylene-6-chloro-A R ~
pregnadiene-17q ol-3, ZQ—dione —l7q—écetate). They were also
successful in preventing the differentiationc 6f the male genitalia in
male fetuses by administering cyproterone ‘acetate during pregnancy

" (59). Further they were able to induce the differentiation of mammary
glands such as usually develops only in female rats (57) therefore, it
is also conceivable that the pathway of estriol biosynthesis may play

some role in providing the androgens necessary for male sexual

differentiation.

In the introduction we discussed the estriol levels in pregnancy
complicated by an anencephalic fetus. It is extremely interesting
‘that 70% of such fetuses are female (74). It is possible that these
""female' fetuse s"are ac-tually male fetuses which without the adrenal
androgens, fail to achieve male genitalia. I am eurrently exploring
this possibility by examing the anencephalic fetus with respect to

histology of the gonads and genitalia and comparing to the genetic sex;

B. Biological synthesis of 16q, 19 Dibhydroxy DHA.

1. DBacterial experiments incubating 3p, 19-dihydroxyandrost-
5-en-17-one with S. roseochromogenes (AT CC 3347) gave a product
which had essentially the same infrared spectra (Figure No. 13) as

the chemically synthesized 16a, 19 Dihydroxy DHA. The chemical
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properties and the chromatographic behavior were also the same
‘as those from the chemically synthesized compound.

The increased yield of 4.9 % for the 19 OH-DHA as compared to
only 1.6 % for 164-OH DHA from DHA in a similar experiment is
not easily explained. However, this maybe in the quality of the
mycelia used for the different experiments. |

2. Liver microsomes. The hepatic incubations failed to yield

a pure compound. The main products of the reaction, however, had
tile same Ry values in 3 systems of thin-layer chromatography and
the same color reactions as the chemically synthesized 16a, 19-
| dihydroxy DHA. The estimated yvield was less than 4 % while the yield
of 164-OH-DHA from DHA was 18 % with a similar microsomal prepar-
ations. The low yield of the léa-, 19-OH-dihydroxy DHA was expected
because in general each additional hydroxyl groﬁp on the steroid nucleus
decreases the likelihood of further hydroxylation. Further work must
be carried out to study the reactions of 19 OH-DHA with hepatic micro-
.somes. Our experiments indicated that incubation of 19 OH- DHA with
hepatic microsofnes gave at least three products. One had the same
Ry as did 16a, 19 dihydroxy DHA, the second was 1ess polar, while the
third was more polar, and turned blue Wlth p1cr1c acid spray and was
blue tetr a zolium positive. This latter compound could have been 78,
16q, 19, trihydroxy DHA ; however further characterization was not
attempted. No estrogens could'be identified.

It is known that midterm human fetal liver can éromatize neutral
steroids with the A4_3 keto configuratién but not theA =3 hydroxy

derivatives. The assumption has been made that the fetal liver does
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not possess 3p-hydroxydehydrogenase. We carried out preliminary
experiments with 19-OH-DHA and mid trimester human fetal liver
microsomes to determine if aromatiiétion took place with the 19
hydroxy derivative. Estrogens could be identified in only small
amounts for both androstenedione and 19 hydroxy DHA, Therefore,
the results Were‘ inconclusive and further work must be carried out

here as well,

C. Placental microsomal incubations with DHA-7a 3H and androstene-

dione-4-14¢C,

The férmation of estrogens from androst-4-ene-3, 17-dione (A4)
by placental mocrosomes has been reported to proceed through 19-
hydroxyandrost-4-ene-3-17-dione (1‘5—0H—A4) as an obligatory inter-
mediate (46). However, it seems clear that the physiological precur-
sors for the three 'classical’ estrogens that pregnant Wémen at term
excrete in lérge quantities are free or sulfated A5-3 -hydroxysteroids,
notably 3B-hydroxyandrost-5-en-17-one (DHA) and 38, l6a-dihydroxy-
androst-5-en-17-one, reaching the placenta from the fetal éide., rather
than A%-3 ketosteroids. Since the yields of estrogens obtained in vitro
with DHA- sulfate are greatei' than with DHA or A4 (3), ‘.it seemed worthwhile
to consider the possibility of pathways which would bypass either A4 or
16a-OH—A4, and which would haveA5-3 » 19-dihydroxysteroids as
intermediates (Fig. 14). The conversion of 38, 19—dih§droxyandrost—5—
en-17-one (19—OH-]ISHA) to 17f -estradiol was shown in experimc—‘;-nts (4)
from which it was aiso concluded that C-10- h&droxymethyl compounds

were aromatized to a greater extent than C-10-methyl compounds.
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Léter, the direct aromatiza_tion of C19 -steroid sulfates was ’reported
(61) and it was propesed that androst -3, 5-dien-17-one sulfate
(not shown in Fig. 19 was the intermediate.

The availability of 19-OH-DHA allowed us to carry out the exper-
imenﬁs reported here in an attempt to measure the production of
19-OH-DHA in iﬁcubation mixtures of DHA with placental microsomes,
and to explore the ppssibility that a small amount of 19-OH-DHA
might be aromatized excluding 19-OH-A% as an intermediate. The
relevant reactions are shown in Figure 18.

While this work was in progress, the identification of 19-OH-DHA
and of its sulfate in incubation experiments with human placenta (62)
and corpus luteum (24) was achieved by other investigators.

These experiments were conceived as preliminaries to a series
whefe the role of various 3P, 19-dihydroxy-A5 - steroids and their
sulfates in the placental biosynthesis of estrogens would be explored.
It was assumed that any 17B-estradiol re suiting from these incuba-
tions would originate from estrone, and not from the reduction at
C-17 of the neutral steroids precursors witAh subsequeﬁt aromatizatiqn.
While the correctness of this assumption cannot b.e deﬁonstrated in
this expefiment,‘the fact that estrone and 17l3-estr;:1dibl had the same
3H/ 14C ratios is certainly consistent with it. In view of the large

variability in placental aromatfzing ability (73), the yields of estrogen
obtained in the s‘e bexperiments (up to approximately 39% conversion in
one hour) cén be considered acceptable. On the othér hand, it does
not seem possible to explain the decreasing amounts of 178-estradiol

recovered by any known property of the estradiol-specific 178~ |
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hydroxysteroid dehydrogenasé of placental tissue. Perhaps an in-
cfeasing degree of transformation of 17 f-estradiol to other unmeasured
compounds is responsible for the observation. It should be noted that
no effort was made to measure the incorporation of the labels into

other products than those already mentioned.

In view of the higher 3H/14C ratios of A%-3-ketosteroid intermed-
iates in cbmpariSOn with those of thé two estrogens, it seems correct
to conclude that the contribution of the pathway fro‘m 19-OH-DHA to
estrone bypassing 19-OH- A% was insignificant in these experiments.
Thi’s supports the conclusion that 19-0OH- A% is an obligatory intermed-
iate in thebiosynthesis of estrone (72). It is still possible that a path-
way not involving A% exists for the conversion of DHA- sulfate to estrone
(61,62). The fact that in the first 8 minutes of our incubations the 3H/‘
14C ratio of 19-O1 A% was greater than that of A% is compatible with the
view that, at least in the initial stages of these experiments, 19-OH-A%
was enriched with 2H not coming from A%, with 19-OH-DHA being the
most likely source. It is also reasonable to assume that the fast
disappearance of DHA may be re sponsible for the decreasing signif-
icance of this route through 19-OH-DHA after the first 8 min. These
considerations again emphasize the importance of studying the kinetics
during the first few minutes of incubation (73), which we plan to do in
similar and related experiments.

Lastly, the fact that so little '19-OH-DHA' could be detected
during the incubations might be due to fast disappearance and conver-
sion to other compounds, for which there is evidence in the literature
(73), or to a greater affinity of the 19-hydroxylase system for A% than

for DHA. These possibilities will be .examined in future experiments.



Figure No. 18

Possible pathways fromA°-3 -hydroxysteroid sulfates
to estrogens. G-1 and G~111 are pathways 1 an 111

depicted by OlKelly and Grant, J.K. (6).
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VI SUMMARY AND CONCLUSIONS

1. Chemical synthesis of the possible intermediate (16a, 19 dihy-
droxy DHA) in estriol biosynthesis was successful by startiﬁg with
DHA-3 acetate. The physical and chemical properties of this'hifherto
undescribed steroid isA given in the text.
2. Twelve additional steroids were chemically synthesized. the
most significant of these are:

1. 16q-OH-DHA

2. 19-OH-DHA

3. 19-OH-A%
These three steroids were utilized in biological‘experimen’cs involving
incubations with liver microsomes (‘16‘1-OH- DHA, and 19-OH-DHA),
placéntal microsomes (19-OH-DHA, 19-OH-4A), and bacteriological
mycelia (19-OH-DHA),

Three other intermediate compounds in the sirnthesis of 16a, 19
dihydroxy DHA have not be\en previously described. Their chemical
and physical characterization is also given in the text. They are-

1. 3g, ‘i9, 17.-triacetoxyandrost 5, 16-diene |

2. 3g, 19-diacetoxy-16 a-bromoandrost-5-en-17-one.

3 Iy 17-dimethoxyandrost-5-ene-38, léa, 19 triol,
3. The bacterial synthesis of 16q, 19 dihydroxy dehydroepiandros-
terone was accomplished by incubating 19-OH-DHA with S. roseo-
chromogenus.
4. Incubation experiments were carried out with 19-OH-DHA and
rat male-liver microsomes. |

a. At least three products resulted from these experiments:

One which chemically and chromatographically resembled

16éq, 19 dihydroxy DHA, the second compound was more polar
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and may have been a 73-OH derivative, and a third less

polar derivative but its idenity could not be established.

5. The placental microsomal incubation studies of DHA-T7a 3H
and androstenedione-4-14C indicate that little 19-OH-DHA accum-
ulates during thé conversion of DHA to estrone.

6. No evidence could be obtained for a pathwéy from 19-OH-DHA
to estrone not involving 19-OH- A%, Thus the role of the latter as
an obligatory intermediate in the biosynthesis of estrone is con-
firmed to either the precursor of A% or DHA,

7. There were indications that part of the 19-OH- A% was derived
frofn DHA in a pathway not involving A4 during the first 8 min. of
incubation, when there was still a considerable amount of DHA

availahle.
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