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Lt eonpling veaction, the resim was washal  tiormonghly with
CHECls, transferred 1o a Bitchner finmel with ethannl and dried
tharanghly /n eacno.

Cleavage and Purification of the Nonapeptide. - A ill-g por-
tion of the pratected nonapeptide resin wus suspendel in 15 ml
nl trifluoroacetic aeid, and wthvdmns TH3r was hubbled <hnwly
thrmgh the suspension far DU min.  The resin wis filtered and
wishied  three times with trifluoromrerie acid, The annbined
filirntes were evaporated nuder rvedueed pressnre below 5H(°,
and triflnaragcetic aeid was again adiled and evaprrated several
times Lo remove excess HHBr. The produet was then dissolved in
ncetic neld and lvophilized to yvield 765 mg of crnde pepuide.
Frydrolysix and anino aeid analyvsis of the vende nanapeptidi
wave approximately the expected mmina el vanios,

Thie erinle nonnpeptide Ot g1 wax purified Ly o D-transfer
comterenrrent  distrinwion in L-bntanol-watie-formie acenld
Dttt by volon The prineipal component b = 1.22) was
i=alited by enmbinatinn and evaporation ol tie conrents ol 1nhes
A7t and wus subjected 1o g furine W-tube distribinian inone
svelent -hinnmal-pyridine acetie arid svaer (1500 2:0.20 1At Dy
vally, The prineipal campoven ik I wars tsnlatied Dy
combination aml evaporation of the vomtrnis al Tabes 55 2
A apicons solintinn al tie prodiet wax Ivaphilized 1o vield
g of a white =olid.

The glyveyiaspariviseryiglvevlglveviprolvibaevivalvl-s-wazyl-
evsleine wis shiown to be hlommgenens by paper chromaagrapliy
and paper electrophoresiz. The peptide had /5 1154 in 2-pro-
pannlwater (201 by voloy, 2t 1084 i lignid phiennd -watver 401,
and Ay .08 o I-bimtanol-acetic acid—water «f:1:50  In paper
clretropliresis i0.6 ) pyridine-ncetic acid, ptl 6.5 the peptide
noved axoan anion with A 10280 Hvdeolysis and amina acid
amlysis pave the ratinos Gly 304, See 100 Val Ty P 1, Len
1 Asp L1 Cyvs 4 S-Bzyl Cyvs 0040 The nonapeptide ex-
hibited no catalvtic activity Tor the hvdrmlyvsis ol acetyvl-r-phenyl-
alanine ethyl ester when wested by the methiad of Wonlley™ ot
0.15 mg/ml at any pll between X35 and 540
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The Synthesis of the 2a-Mcthylthio Dervivatives
of Cortisonce, Hydrocortisone, and Progesterone.
T'he Reaction of Mcethancsulfenyl Chlovide

with Alkoxalylated Stervoid Ketones
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I continuation of our progran in the steroid hormone
anadow field we wish to report the preparation of the
2e-methylthio derivatives of cortisone, hydrocortizone,
aud progesterone.t  Introduction of the methylthio
proup was accomplished by the reaction of appropriate
alkoxalylated steroids with methianesulfenyl chloride?
and this reaction represents o further demonstration of
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the synthetie versatility o these sterowd dervatives,
The ntility ol alkoxalylated =<teroid ketones and. ar
the related hydroxymethylene ketones for the inten-
durtion of alkyl vl eyano, benzovioxy, uid hvdroxy-
imino’ groups a~ well as for the halogens, inehnling
fluorine, has been demonstrated. ™
2e-Methyvlthocortizone was prepared by the se-

quence b— IV Scheme T Heaction of the sodinnn
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salt (D' ol the bismethylenedioxy  derivative!™ o
2-methoxalyleortizone with methanesulfenyl chloride
pave  the  Z-methylthio-2-mcthoxalyl  derivative
in 75% crude vield.  Acetate-induced demethoxalyhi-
tion afforded 579 of the 2e-methyl thio-At-3-ketone
IIT, and BMD hvdralysis with formie aeid' furnished
the desired 2a-mcthylthiocortisone (IV).
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Although this compound caused an increase in sodium
and urine excretion,'* it was only less than one-half as
active as hydrocortisone according to liver glycogen
and thymolytic assays.’® Inasmuch as 2a-methyl
derivatives in the 1l-carbonyl series show almost no
corticold activity in instances when the corresponding
118-hydroxy derivatives are highly active, it remained
of interest to prepare the 2a-methylthio derivative VI
of hydrocortisone. This compound was obtained
from the cortisone BMD derivative III by 3-ketaliza-
tion (to V), sodium borohydride reduction of the 11-
carbonyl function, and acid-catalyzed deblocking of the
side chain and the 3-carbonyl group. The « configura-
tion is assigned to the 2-methylthio group in IIT-VI,
as well as in VIII (below), on the supposition that the
acetate-induced dealkoxalylation procedure, and also
with respect to IV, VI, and VIII, the acid-catalyzed
side chain deblocking procedure, will lead to the forma-
tion of the more stable equatorial derivatives.

2a-Methylthiohydrocortisone was inactive following
single subeutaneous injections of 900 ug of compound/
rat in an antiphlogistic and thymus involution assay.

By a similar sequence 2a-methylthioprogesterone
(VIII) was prepared from the sodium salt (VII) of
2-ethoxalylprogesterone 20-ketal.® In the subcutan-
cous Clauberg assay!® for progestational activity, VIII
was inactive at a total dose of 1 mg.

0O
o]
0
1. CH,8C1
Na+ 2. AcO”
H,C,0,COC - 3. H*
0
VI
COCH,
H,CS--
0
VIII

Experimental Section

Melting points were taken on a Kofler micro hot stage and are
corrected. Ultraviolet spectra were determined in methanol on a
Cary recording spectrophotometer and infrared spectra (KBr
disks) on a Perkin-Elmer spectrophotometer (Model 21). An
ethanolic solution of FeCl; was used for the enol test. Solutions
were dried (MgS0,) and the solvents evaporated under reduced
pressure. Optical rotations were determined at 25° in CHCl;
at concentrations, unless otherwise noted, of 0.74-1.29.

Methanesulfeny! chloride was prepared by the chlorination of
methyl disulfide with SO0,Cly according to Brintzinger and

(14) This assay is based on the response of adrenalectomized male rats to a
single, subcutaneous, 16-ug dose, as measured on a 5-hr urine collection.

(15) These subcutaneous assays were carried out by the procedure de-
scribed by 8. Bernstein, R. Littell, J. J. Brown, and I. Ringler, J. 4m.
Chem, Soc., 81, 4573 (1959).

(16) W. E. Dulin, B. J. Bowman, and R. 0. Staffonl, Proc. Soc. Expil.
Biol. Med., 94, 303 (1957).

(17) G. Tonelli, L. Thibault, and 1. Ringler, Enocrinology, T8, 463 (1066)

(18) H. M. Kiseman, A. M. Small, and M. J, Weiss, J. Am. Chem. Soc.,
82, 2312 (1960).

(19) This assay was carried out under the supervision of Dr. E. Shipley of
the Endocrine Labaratories, Madison, Wis., acenrding to the MePhail modi-
fication | M. K. MePhail, J. Physiol, (London), 88, 145 (1934} ].
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co-workers, 2 or more conveniently with clilorine aceording to
Douglass.2t  When prepared by the latter method, the sulfenyl
halide was distilled at 80-100 mm into a —10° trap. The oranuge
liquid was weighed ot as quickly as possible to avoid reaction
with atmospheric moistitre.

17 «,20;20,21 -Bismethylenedioxy-2-methoxalyl-2-methylthio-
pregn-4-ene-3,11-dione (II). A.—To a suspension of 976 mg
(2 mmoles) of 17«,20;20.21-bismethylenedioxy-2-methoxalyl-
pregn-4-ene-3,11-dione (see I)'?in 10 ml of methanol was added
2 ml of a 1 N methanolic CH;ONa solution. The resitlting dark
soliition was concentrated to dryness and reconcentrated after
addition of a small amount of dry, peroxide-free dioxane. The
precipitate was suspended as well as possible in 20 ml of dioxane,
and 230 mg of freshly prepared methanesitifenyl chloride in 3 ml
of dioxane was added. The mixtire was mixed thoronghly with
a glass rod for a few minittes, by which time moxt of the solid
had dissolved and the color had changed to light vellow. The
filtered soliition was concentrated to dryness and the crystalline
residite was washed with water, dissolved (CH:Cl.), washed with
more water, and dried, and the ~olvent was evaporated. The
prodiict was washed with ether to afford 797 mg of =olid II, mp
190-203° (755 crude vield, negative enol test). A sample wus
recrystallized from methanol-CHsCl: and then from ether—-C11,Cl.

to afford material with mp 223-225°; [a]D 0°; Az 244 mig
(¢ 12,020); X 5.75 (3), 5.86 (), 5.92 u (s).
Anal. Caled for CxHuOgS: C, 60.65; H, 6.42; S, 5.99.

Found: C, 60.51; H, 6.47; 8, 6.20.

B.—To a solution of 976 mg (2 mmoles) of the methoxalyl
derivative (see I) in 65 ml of dry benzene was added, iinder N,
throngh a syringe. 0.57 ml of a solition of butyllithinm in heptane
(approximately 3.4 N), and then also throitgh a syringe 0.5 ml
(a large excess) of freshly prepared methanesnlfenyl chloride.
After 20 min the mixture was washed several times with water,
aqueons NaHCOQ;, and water, aud dried, and the solvent was
evaporated. The residne was triturated with ether, collected
by filtration, and washed with ether intil free from color to
afford 650 mg of II, mp 190-210° (629, negative enol test) and
with an infrared spectrum identical with that obtained from ma-
terial prepared by proceditre A.

17«,20;20,21 -Bismethylenedioxy-2«-methylthiopregn-4-ene-
3,11-dione (III).—A stirred suspension of 650 mg (1.2 mmoles) of
II in 20 ml of methanol was reflixed i1tnder N. with 1 g of po-
tassium acetate for 1 hr. The mixture was concentrated to dry-
ness, and the residue was distributed in water~-CHCl;. The
organic phase was washed with a little water, 15 aqueons KOH,
and water, and then dried, and the solvent was evaporated.
The residiie was crystallized from methanol with activated char-
coal to afford 310 mg (579%) of IT1, mp 196-200°. The analytical
sample was prepared from material obtained in a <imilar experi-
ment and was recrystallized several times from CH.Cli-ether:

mp 197-199°; [alDp 453.5° Amax 238 mpu (e 13,6060); N 5.87
(), 5.97 u (s).
Anal. Caled for CuHgnOeS: C, 64.27; H, 7.19; 8, 7.15.

Found: C, 64.31; H, 7.58; S, 7.07.

2a-Methylthiocortisone (17«,21-Dihydroxy-2«-methylthio-
pregn-4-ene-3,11,20-trione, IV)..—A mixture of 448 mg (1 mmole)
of the blocked compound IIT and 20 ml of 609 agueous formic
acid!® was heated on the steam bath for 40 min and concentrated
to dryness at 50°. The residiie was dissolved in 30 ml of CHCl;
and the solution was washed with water, NaHCO;, and water,
and dried, and the solvent was evaporated. An attempt to
purify the residue (470 mg) on a silica gel column was unsuccess-
ful, and the eluted material (390 mg) was columned on Celite
(diatomaceons silica) from the system heptane—ethyl acetate-
methanol-water (2:3:3:2).22 The material was dissolved in 3
ml each of the lower and npper phase of this system and 6 g of
Celite was added. The mixture was packed on top of a colum
which had been prepared from 100 g of Celite and 50 ml of the
lower phase. The colitmn {78 X 2 cm, holdback volume (HBV)
80 ml] was eluted with the upper phase and the effluent stream
was monitored at 240 mu. Two, partially overlapping, peaks
were eluted in the second to fourth holdback volimes, and each
peak was recolumiied from the above syxtem on separate columns.
From the peak containing the less polar material there was

120) M. Brintzinger, K. Pfannestiel, . Kodilebnseli, aml K. 1, Wling,
Chem, Ber., 83, 87 (1950).

(21) I. B. Dnuglass, J. Org. Chem., 24, 2004 (1BAY).

(22) For a more detailed description of this teclinlqne, developed by C.
Pilacks, see M. J. Weiss, R. E. Schaub, G. R. Allen, Jr., J. F. Poletto, C.
Pidacks, R. I*. Conrow, and C. J. Coscia, Tetrahedron, 20, 357 (1964),



obtained by evaporation and erystallization frem CHuCly-ethire
75 mg (19¢;) of IV, mp 160-166°. The analytical sample (posi-
tive blne tetrazoleum a-ketol test) had mp 165--166°; [«]1n +181°;
AMax 230 mp (¢ 15,420); X 5.87 (5), 6.00 u (s).

Anal. Caled for CoHzO C, 65.00; H, 7.44: =, 7.8,

Found: C, 64.81; H, 7.80; 8, 7.76.

172,20;20,21-Bismethylenedioxy-3-ethylenedioxy-2«-methyl-
thio-118-hydroxypregn-5-ene.—A mixture of 762 mg of IIT, 1.7
ml of ethylene glycol, and 35 mg of p-toluenesulfonic acid i 35
ml of benzene was stirred vigorously at reflux for 5 hr.  The water
fTormed was removed by means of & Dean-Stark tube. The
eooled solimion was diluted with benzene and was wushed with
agueons NaHCO,, saline, and water, dried, and concentrated
dryuess.  The resnlting =nlid was triturated with ether und col-
lected to furnish 671 mg (8075 of V. mp 232-240°, which wus
submitted directly to NaBH,y reducetion s follows.

A mixture of 790 mg of V, 18 ml of 2.5 NaOII solutian, and
2.56 g of NaBH, in 65 ml of methanol wax heated at reflux far
70 hr.  The cooled solution was diluter] wirh 200 mil of ClL.Cly
and washed with water, saline =olution, and finally with water
nntil nentral, und dried, und the <olvent was evaporated.  The
residine was crystallized with ether-mecthmiol and enllecied 1o
furnish 586 mg (74°.) of mp 200--204°.  Hecry=stallization from
methanol cantaining a drop of pyridine afforded the analyuival
sample, mp 202-204°, [a]p —~59° 1.5, ): 1the maierial had na
significant absorption i the nltraviolet:  Auwe 2.80, .10, 435,
.58 w.

dnal. Caled for GO C, 6313 HL 775 S, 6.4
Fomd: C, 63.17; H, 8.02; 8, 6.57.

118,17«,21-Trihydroxy-2«-methylthiopregn-4-ene-3,20-dione
(VI)-A solution of 292 mg of 17,20;20,21-bismethylenedioxy-
s-ethylenedioxy-2a-methylthio-118-hyvdroxypregn-s-ene in 20 ml
of 5007 aqueons acetic acid wus heated on the steam bath far
3.5 hr, und then evaporated to dryness.  The crude prodiret was
partition chromatographed?? on Celite diatomaceons earth
zing the heptane-ethyl acetate-methanol-water (60:40:17:4)
partition sy=tem. The stationary phase was thoronghly mixed
(0.5 ml/g) with Celite (200 g) and the mix was pucked o a
glass columu,  The reaction produet wis dissolved i 3 mil of the
lower phase, mixed with 10 g of Celite, and packed on top of the
colimu,  The HBV wasx 330 ml and the ¥o./V, ratin was 3,14,
The produet VI was izolated from the fraction with a peak ut
4.5 BV, and recrystallized from ether ta furnish 65 mg (2747 1
mp 122-124° (gas): {a]2p +125% Nux 241 mip (e 15,0001
Aax 200, 5.83, 6.02, 6.16 p.

Anal. Caled for CallaOa3: €, 64680 H, 7000 8, 7.85.
Fonud: C, 63.97; H, 8.15; X, 7.61.

2a-Methylthioprogesterone (2wx-Methylthiopregn-4-ene-3,20-
dione, VIII).-—To a solndon of 2.24 g (5 mmoles if pure) of the
cthoxalyl derivative (zen VII® of 20-c¢thylenedioxypregn-4-en-ii-
one i 10 ml of methanol wus added 5 ml of 1 N methanolic
NaOCH;. The dark red solution was eoncentrated to drviess
at 40° and the residne was reevaporated with 200 ml of dry
dioxane.  Thix residiue wag mixed with 30 ml of dioxane (sn=-
pension) uud 470 mg of methanesulfeny! chloride.  The mixunre
was allowed 1o stand at room temperature 30 min.  Most of the
gel dissolved by the end of this period, but the mixture still guve
1 ostrong enol test. Tt was evaporated aud the residite was re-
disxolved in 100 ml nf benzene. The solution wus washed with
water and then portionwise with 19: anueons KOH wuntil the
yvellow color wus no longer extracted. The combined aqgueons
washings were acidified with dilute S04, and the mixture wiux
extracted (CHCl;). The chloroform extricts were washed with
water, dried, und concentrated to dryness 1o afford 876 mg of a
vellow glass which gave a strong engl test.  This material was
not further investigated. The original benzene solution wax
washed with water and dried, and the solvent was evaporated.
The residue wus dissolved in 30 ml of methuuol containing 2 g
of potassinm acetate, and the solition wuas allowed to refliux
for I hr and was then concentrated tn dryness.  The residie was
partitioned between water and benzenn, ainl the organic phase
wis washed several times with KOH and then wich water. The
dried solition wa~ concentratell to dryness and the partially
crystalline residine {1 g1 was redissnlved i1 25 ml of methanol
comtaining 1 anl of 87, HaS0, The salution was heated ut re-
Hix for 45 nnin, and was then enaled and nentralized with Dooliie
A-4 anion-exchange resin (OH form;,. The msin was removeld
Iy filrration and was wished thorpnghly with methanol.  1'he
filirare was evaporatind of =olvent winl the residne was drind by
cvapnration with CHCIg to give un orange gnm 1.9 g) which was
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dissolved oother, vreated withhdecolomizing eharenal, and evapo-
rated.

Cry=tallizatiom o reerystallization fram cther allinded 112
g S0 pof <ol SVHT, mp 176-180° The analviieal sample.
nbtained inoa similare experiment and reervsiallized T erhy
deennte, had mp ISOCISE Tl =202 0410 00 A 240 g
fe 12,0610 N ONT G D e 6B e fi

dnalo Caled e ClbnOuS: G0 20200 HL 80050 =0 S 1A
Found: ', 73220 11014 8, 807G
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In attempting to prepare o -spirocycelopropyl steroid
by the renction of dimethyl=ulfoxoninm methylide in
the presence of exeess zodium hydride with 6-methylene-
17 a-ncetoxypregn-4-ene-3,20-dione.t the product was
<hown by analysi= and determination of =pectra to be
17 . 20-dihy droxy-3-oxo-ti-spivocyelopropy -23-norchol-
4-cnie acid y-lactone (1),

OH

1, X=HH

v.x- {

1 X =HO
IV, X = CH,COOH

[t appears that two repctions occurred, the 6-spiro
cyclopropance formation by addition of dimethylsul-
foxoniunm methylide to the conjugated unsaturation and
the base-catalyzed condensation of the « position of the
ester with the ketone of C-20,

T'urther examples, which hmited the reaction only to
the lactone formution. vielded the AXG2.lactones (sec
Tables T and 11, Thus the 17a-ncectoxy pregnenc-20-

1y DB, G Crosley, AL TS Davies, Jo WL Dneker, [ s, T e,
\. K. Nisirock, 1. N. Ivirk, AL Po Lefowick, V. Metraw, aml 1o AL Willinm.
s, Tetrabedron, 20, 397 (131G



