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lyzed by the hydroxamic acid-ferric chloride pro-
cedure (Rapport and Alonzo, 1955).

The aqueous phase representing the formed
glycerylphosphorylcholine was analyzed for P.
The rate curves showing the appearance of glyceryl-
phosphoryleholine and fatty acid esters are shown
in Figure 4.

The combined experiments I and II have thus
given analytical data of the reactant and all the
products of this system. In order to extend these
analyses and to learn more about which ester group
on the lecithin molecule was hydrolyzed, the indi-
vidual fatty acid methyl esters were analyzed by
gas chromatography.

C. Gas Chromatographic Analysis of the Fatty
Acid Methyl Esters.—The fatty acid methyl esters
liberated after 3, 6, and 24 minutes of hydrolysis

TasLe I
Gas CHROMATOGRAPHIC ANALYSIS OF THE FaTTy AcIip
MgeTuYL EsTERs RELEASED BY Soprum MEeTHOXIDE Hy-
DROLYSIS OF EGe LECITHIN AT 0°

Hydrolysis % of Total Fatty Acidse

ime Palmi-

{min.) Mpyristic Palmitic toleic  Stearic  Oleic Linoleic
3 0.24 41.4 251 147 284 12.9
6 0.44 381 194 145 30.0 15.2

24b 0.12 35.1 1.71 14,5 32.1 16.1

o The details of the analytical method are given in the
experimental section. A very small amount of longer
chain fatty acids was also detected, but these emerged
as a broad peak which was difficult to quantitate; hence
these fatty acids are not included in the above data. *The
reaction is complete after this time, and hence the analysis
represents the total fatty acids of the egg lecithin.

in experiment IT were analyzed by gas chromatog-
raphy with a Perkin-Elmer Model 154D Vapor
Fractometer. Thirty pl of an n-heptane solution
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of the fatty acid esters (3 to 5 mg of fatty acid
esters) was injected into the machine by means of
a Hamilton syringe. Fractionation was carried
out by use of a Perkin-Elmer “P”’ column consisting
of polyethyleneglycol suceinate on chromosorb.
The temperature of the run was 207°. The carrier
gas was helium (at 30 Ib pressure, flow rate of about
145 cc per minute). A thermistor detector was
employed, and the areas of the peaks were measured
by means of an automatic printing integrator. The
data from these analyses are shown in Table 1.
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Streptomyces roseochromogenus fermentations of 9a-fluorochydrocortisone result in a
small amount of Cy~-carbonyl reduction, the 208-dihydro derivatives of both 9e-fluoro-
hydrocortisone and 16a-hydroxy-9e-fluorohydrocortisone being formed. Fermentations
of 9a-fluorohydrocortisone-21-aldehyde result in rapid and complete reduction of the
aldehyde to 9a-fluorohydrocortisone, which is then altered characteristically by the

micrgorganism,

In our studies of the 16a-hydroxylation of 9a-
fluorohydrocortisone (I) by Streptomyces roseochro-
mogenus a variety of reducing (Smith ef al., 1960b;
Smith et al., 1961) and non-reducing (Smith et al.,
1962) steroids have been isolated and identified.

* Paper XII of this series: Smith et al., 1962.
t Present address: Wyeth Laboratories, Inc., Philadel-
phia, Pa.

Among the non-reducing steroids regularly de-
tected in such fermentations is a polar steroid with
paper chromatographic behavior indistinguishable
from 208 dihydro-9«-fluorohydrocortisone (II) and
a still more polar component with the mobility of

16a-hydroxy-208-dihydro-9«-fluorohydrocortisone
(111).
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Both steroids fail to reduce alkaline tetrazolium
blue but are readily detected by their reaction with
isonicotinic acid hydrazide on paper chromato-
grams (Smith and Foell, 1959). An instrumental
evaluation of the intensity of fluorescence of these
two components in fermentation broth extracts
indicated that the levels of II were of the order of
39, of substrate charged, and the levels of 111, less
than 19,

Isolation of II from a selected steroid-rich broth
extract concentrate previously described (Smith
et al., 1961) was accomplished by paper chromatog-
raphy, and the steroid thus cbtained was identified
as 208-dihydro-9«-fluorohydrocortisone! by com-
parison of infrared spectra, chromatographic be-
havior, and color tests. Attempts at isolation of
the very polar 111 did not give a satisfactory prepa-
ration for characterization. Comparison of the
purified preparation of III with authentic 16a-
hydroxy - 208 - dihydro - 9« - fluorohydrocortisone
(Smith et al., 1960a) on extended chromatographic
irrigation in several solvent systems established
identity of the two samples.

Carbonyl reduction by S. roseochromogenus is
more pronounced with steroidal aldehydes. 9a-
Fluorohydrocortisone 21l-aldehyde hydrate (IV)
(9« - fluoro - 118,17«,21,21 - tetrahydroxy - 4 - preg-
nene-3,20-dione) is reduced rapidly (half-life, ca.
1 hr.)) to 9a-fluorohydrocortisone, which in turn
is subject to the same series of bioconversions
characteristic of the action of this organism on
9a-fluorohydrocortisone.

The complex spate of steroidal products elabo-
rated by S. roseochromogenus with the aldehyde IV
as substrate is identical with that obtained when
9a-fluorchydrocortisone is used as substrate. This
identity of chromatographic patterns in effect
serves to establish that the aldehyde IV is in
fact reduced to 9a-fluorohydrocortisone. Paper
chromatographic analyses at different times clearly
showed the disappearance of aldehyde, the appear-
ance of 9a-fluorohydrocortisone, and, at later times,
the appearance of the several elaboration products
derived from 9e«-fluorohydrocortisone, the main
product being 16a-hydroxy-9e-fluorohydrocorti-
sone.

It was desirable to obtain further evidence for
the identities assigned. The initial reduction
product 9a-fluorochydrocortisone could be conveni-
ently trapped in non-gserated fermentations. Re-
duction occurred in non-aerated systems, but fur-
ther alteration products were not formed., After
the aldehyde disappeared the single reducing prod-
uct obtained was compared with 9a-fluorohydrocor-
tisone chromatographically in the usual manner
and identity of the two samples was established.
Acetylation of the reduction produect on filter paper
(Rahandraha and Ratsimamanga, 1956) gave a
single product identified chromatographically as
9a-fluorohydrocortisone 21-acetate. Chromic acid

1 The authentic sample of 208-dihydro-9a-fluorohydro-
cortisone, prepared by sodium borohydride reduction of 9a-
fluorohydrocortisone, was kindly made available to us by
Dr. N. Rigler of these laboratories.
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oxidation on paper gave a major product with
chromatographic properties of 9a-fluorocortisone,
In each case, careful control experiments were run
with authentic 9a-fluorohydrocortisone. Thus, al-
though classical identification procedures were not
employed, the identity of the initial reduction
product with 9a-fluorohydrocortisone by means of
modifications of the procedures of Rahandraha and
Ratsimamanga is established.

As a further step in characterizing the elabora-
tion products derived from the aldehyde the major
product, 16 a-hydroxy-9a-fluorohydrocortisone, was
so recognized on the basis of rigorous paper chroma-
tographic comparisons and by conversion on paper
(Smith and Foell, 1960) to the cyclic acetonide by
reaction with perchloric acid and acetone. The
acetonide product was identified chromato-
graphically as 16ca-hydroxy-9«-fluorohydrocorti-
sone 16,17 a-acetonide.

Acetylation on paper followed by chromato-
graphic resolution gave unaltered steroid plus a
major reducing component recognized as 16a-
hydroxy-9ea-fluorohydrocortisone 16e,21-diacetate.
Identical results were obtained with authentic
16a-hydroxy-9a-fluorohydrocortisone treated simi-
larly at the same time.? Oxidation with chromic
acid after acetylation (both reactions conducted on
paper according to Rahandraha and Ratsimamanga,
1956) gave a major reducing component recognized
as 16a-hydroxy-9e-fluorocortisone 16a,21-diacetate
by paper chromatography. Again known 16a-hy-
droxy - 9a - fluorochydrocortisone treated the same
way gave identical results.

Microbiological reduction of steroidal 20-ketones
by normally hydroxylating organisms is known
(McAleer et al., 1958; Gould et al., 1957), and
steroidal aldehydes have been reduced both micro-
biologically (Murray and Peterson, U. S. Patent
No. 2,602,769, July 8, 1952; Meister et al., 1954;
Peterson, 1956) and by mammalian liver prepara-
tions (Schneider, 1953; Monder and White, 1961).

The rapid reduction of the 21-aldehyde by 8.
roseochromogenus lessens the likelihcod that such
aldehydes are formed during aerated fermentations
of 9a-fluorohydrocortisone. Examination of nor-
mal aerated fermentation systems via paper
chromatography using isonicotinic acid hydrazide
and tetrazolium blue combinations (Smith and
Foell, 1959) and the Porter-Silber reagent (Birming-
ham, 1959) (on separate chromatograms) failed to
reveal any evidence for the 21-aldehyde. As such

2 Acetylation of 118,16a,17«,21-tetrahydroxy-20-ketones
on Whatman No. 1 filter paper with our modification of the
technique of Rahandraha and Ratsimamanga (1956) may
give the 16a,21-diacetate together with both the 16«- and
21-monoacetates and unreacted parent steroid, or, for as yet
not understood reasons, may give mainly the 21-monoace-
tate together with small amounts of the 16a-monoacetate
(or the 16a,21-diacetate) and unaltered parent steroid. Au-
thentic tetraols must be aceylated at the same time as
samples under test in order that these minor variations be
controlled. In all cases substantial amounts of unaltered
alcohol remain. The characteristic pattern of unaltered
tetraol, 16a-monoacetate, 2l-monoacetate, and 16«,21-
diacetate (in increasing order of chromatographic mobility),
becomes a very specific means of recognition of such steroids.
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the aldehyde IV does not appear to be a biological
intermediate in the formation of 2l-acetylamino-
9 - fluoro - 118,17a - dihydroxy - 4 - pregnene-
3,20-dione from 1 by 8. roseochromogenus (Smith
et al., 1962). The aldehyde TV is not hydroxylated
by 8. roseochromogenus; neither 16a- nor 28-
hydroxylated derivatives could be detected.?

EXPERIMENTAL

9a-Fluoro-118,17 «,208,21-tetrahydroxy-/-preg-
nen-3-one (II).—The steroid-rich broth extract
concentrate obtained from 8. roseochromogenus
fermentations of 9e«-fluorohydrocortisone already
described (Smith et al., 1961) was used for the isola-
tion of 208-dihydro-9«-fluorohydrocortisone. An
initial separation of some non-steroidal materials
was accomplished by adsorption of the extract
concentrate onto silica gel from ethyl acetate.
After being washed with ethyl acetate to remove
coloration, the steroids were eluted with methanol.
The methanol eluates were concentrated and
applied to eighteen sheets of Whatman No. 1 filter
paper, which were then chromatographed using
benzene-cthanol-water, 2:1:2 (4 hours). Four
bands were detected by ultraviolet light absorption
on the paper at Ry 0.4, 0.36, 0.29, and 0.15. Only
the most mobile and the least mobile zones were
examined. From the Ry 0.4 zone (after elution and
rechromatography) 21l-acetylamino-9a-fluoro-113,
17a -~ dihydroxy - 4 - pregnene - 3,20 - dione
(Smith et al., 1962) was isolated.

The most polar regions of the chromatogram
with Rr <0.2 were eluted with hot methanol, the
eluates concentrated and rechromatographed in a
benzene-acetone-water, 2:1:2, system for 4-6 hours.
Four zones were detected, a reducing zone at Ry
0.50, a non-reducing zone at Ry 0.36, a reducing
zone at Rr 0.29, and a non-reducing zone at Ry
0.12. From the Rr 0.36 zone a mixture of at least
two steroids waseluted. Rechromatography several
times in the benzene-acetone-water system did
not resolve the components satisfactorily, but
chromatography in a benzene-ethanol-water, 2:1:2,
system for 16 hours did resolve the major non-
reducing component from a lesser amount of an-
other non-reducing component. The material re-
covered after elution was concentrated to dryness
and the residue crystallized from acetone and
ether. The crystalline product was identified as
208-dihydro-9a-fluorohydrocortisone by compari-
son of infrared spectra (KBr disk) with spectra of
an authentic sample, AEEf 2.92 4, 6.00 u, 6.05 u,
9.61 u, 11.23 g, 11,45 y, ete. A second preparation
was isolated similarly from papergrams and identi-

# Using the Bate-Smith and Westall relationship (Bate-
Smith and Westall, 1950), Ry = log [1/Rr — 1], ARy
values for 16a- and 28-hydroxy substitution (hased on Ry
data for several sets of steroids) are --0.56 and +0.67
respectively (in system II). Thus the postulated 16a-
and 28-hydroxylated aldehydes should be sought near Ry
0.27 and 0.22. In most samples examined this region of the
chromatogram is devoid of steroids detected by the several
reagents used, although very minor traces (<<1%) have
been occasionally detected with isonicotinic acid hydrazide.
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fied by infrared spectra as 208-dihydro-9«a-fluoro-
hydrocortisone.

The microbiologically produced II was not
distinguishable chromatographically from the au-
thentic sample in several solvent systems, and
color test behavior of the two samples was identical
(negative to tetrazolium blue and the Porter-
Silber reagent, positive to isonicotinic acid hy-
drazide, phosphotungstic acid, phosphomolybdic
acid, peach-colored fluorescences with antimony
trichloride and 159, phosphoric acid).

Acetylation of a few micrograms of eluted mate-
rial with acetic anhydride-pyridine gave a non-
crystalline material whose infrared spectra in
chloroform gave bands at 5.74 and 6.00 u, identi-
cal with 208 - dihydro - 9« - fluorohydrocortisone
treated similarly.

Reduction of 9a-Fluorohydrocortisone 21-Aldehyde.
—Fermentative reduction experiments were con-
ducted in 250-ml shake flasks with S. roseochromo-
genus, Waksman strain No. 3689 (Rutgers Univer-
sity Collection), grown for 24 hours in 50 ml of the
medium of Thoma et al. (1957) (185 rpm rotary
shaker at 26.5°). The aldehyde IV was added as
a 250 ug/ml solution in ethanol (final ethanol con-
centration less than 19, in each shake flask). After
steroid addition the flasks were shaken (aerated)
for various lengths of time (0.5 1, 3, 6, 24 hours,
ete.), after which times the steroids were extracted
with ethyl acetate and the extracts were concen-
trated in vacuum and analyzed chromatographically
and instrumentally (polarograph, colorimetric with
alkaline tetrazolium blue). Certain experiments
were conducted without shaking after steroid
addition.

Identification of 9a-Fluorohydrocortisone Derived
from 9a-Fluorohydrocortisone 21- Aldehyde.—The se-
lected fermentation sample obtained without aera-
tion contained at termination of fermentation only
one component, recognized as 9a-fluorohydro-
cortisone on the basis of papergram mobility in
systems I, IT, TI1, and IV (Smith ef al., 1959) and
characteristic color reactions with tetrazolium blue
and isonicotinic acid hydrazide. Also, the develop-
ment of vellow coloration with the Porter-Silber
reagent (Birmingham, 1959) was identically that
expected of 9a-fluorochydrocortisone.

Acetylation of 20 ug of the steroidal component
on Whatman No. 1 filter paper was accomplished
by spotting the sample in the usual way, allowing
to dry, and then spotting over the steroid zone (at
the origin of the chromatogram) with 10 pl of a
freshly prepared mixture of acetic anhydride-
pyridine (1:3) (Rahandraha and Ratsimamanga,
1956). After a few minutes of drying a second
10 ! of the acetylating mixture was applied. After
10 minutes at room temperature the paper was
suspended in the chromatographic tank, equili-
brated in the usual manner, and irrigated for
chromatography in the selected solvent system.
Using systems III, V, and VI a single reducing re-
action product was detected, together with unal-
tered starting material, whose mobility and color
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test behavior was identical with those of 9ea-
fluorohydrocortisone 21-acetate, either run as the
pure standard or prepared from 9ea-fluorohydrocor-
tisone by acetylation ¢n situ on the paper.

Chromic acid oxidation of 10 ug of product on
paper was accomplished by spotting the sample in
the usual manner, allowing to dry, and then spotting
over the steroid zone 10 ul of the chromic acid re-
agent (200 mg of chromium trioxide dissolved in
100 ml of water containing 1.0 ml of concentrated
sulfuric acid). A second 10 ul of chromic acid re-
agent was applied, and after 5~10 minutes at room
temperature (time to dry) the prepared paper was
suspended in the chromatographic tank, equilibrated
in the usual manner, and irrigated, etc. Analysis
of the oxidation product showed the presence of
unaltered steroid reactant plus a single reducing
steroidal product with mobility identical with that
of 9a-fluorocortisone. Similar treatment of 9a-
fluorohydrocortisone at the same time gave an
identical distribution of components, as judged by
intensity of isonicotinic acid hydrazide fluorescence

and diformazan formation from alkaline tetrazolium
blue,

Identifieation of 16a-Hydroxy-9a-fluorohydrocorti-
sone from 9a-Fluorohydrocortisone 21-Aldehyde.—
A selected fermentation (aerated) sample which
contained as a major product the indicated 16a-
hydroxy-9a-fluorohydrocortisone (identified by mo-
bility in several papergram systems) was used for
chemical identification. Acetonide formation using
ca. 20 ug of total steroid was accomplished on filter
paper (Smith and Foell, 1960), and the reaction
products analyzed in systems V and VI. The ma-
jor reducing component found was recognized as
the 16a,17a-acetonide of 16a-hydroxy-9a-fluoro-
hydrocortisone on the basis of mobility. In these
systems those steroids present in the sample which
would not form acetonides (28-hydroxy-9a-fluoro-
hydrocortisone, 21-acetylamino-9a-fluoro-113,17a-
dihydroxy-4-pregnene-3,20-dione, ete.) are immo-
bile and are retained at the origin. No other mo-
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bile components were detected other than the antic-
ipated acetonide,

Acetylation with use of 20 ug of total steroid by
the procedure described above gave a major reduc-
ing component at Ry 0.22 (system VI), identical in
mobility with 16e-hydroxy-9a-fluorohydrocorti-
sone 16«,21-diacetate, with lesser reducing com-
ponents at Ry 0.07 and 0.03 (monoacetates?).
Chromic acid oxidation on paper of another sample
first acetylated in this fashion yielded a major re-
ducing steroid at Ry 0.48, recognized as 16a-
hydroxy-9a-fluorocortisone 16«,21-diacetate by mo-
bility. Traces of another component were present
at Re 0.09, and unaltered 16a-hydroxy-9«-fluoro-
hydrocortisone 16¢,21-diacetate was present at
Ry 0.23.
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