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Reactions of sultones la and 1b with cystamine, sodium S-2-aminoethylthiosulfate, and thiones, such as
thiosemicarbazide and pyridine-2(1H)-thione, provided a number of sulfonic acid inner salt derivatives for test-

ing as antiradiation agents.

Catalytic hydrogenolysis of the cystamine derivatives afforded w-(2-mercapto-

ethylamino)-1-alkanesulfonic acids 3a and 3b. Sulfoalkylation products of 2-thiazolidinethione were observed
to be particularly labile toward hydrolysis giving S-2-aminoethyl S’-w-sulfoalkyl dithiocarbonates 9a and 9b.
3,3’-[Dithiobis(ethylenimino)]bis(1-propanesulfonic acid) (2a) and the derived thiol 3a showed good radio-
protective activity in contrast to the inactivity of the butane derivatives 2b and 3b, the Bunte salts 4a and 4b,
and the dithiocarbonates 9a and 9b.  None of the isothiuronium-type sulfonates showed significant activity with
the possible exception of 4-(acetimidoylthio)-1-butanesulfonic acid.

In the search for antiradiation agents 2-alkylamino-
ethanethiols functionally substituted on the alkyl
group constitute a potentially fertile area of investiga-
tion in view of the reported? radioprotective properties
of N-(2-mercaptoethyl)glycine. One such type is
the taurine-related w-(2-mercaptoethylamino)-1-alkane-
sulfonic acids, an approach to the synthesis of which
was suggested by the previously described? facile ring
openings of 4-hydroxy-1-butanesulfonic acid sultone
(1b) with primary and secondary amines. Respective
reactions of 3-hydroxy-1-propanesulfonic acid sultone
(1a) and 1b with 2,2’-dithiobisethylamine (cystamine)
provided 3,3'-[dithiobis(ethylenimino) Jbis(1-propane-
sulfonic acid) and 4,4’-[dithiobis(ethylenimino) |bis-
(I-butanesulfonic acid) as the inner salts 2a and 2b¢
(see Scheme I). Conversion of these disulfides to
the desired 3-(2-mercaptoethylamino)-1-propanesulfonic
acid (3a) and 4-(2-mercaptoethylamino)-1-butanesul-
fonic acid (3b) was accomplished by hydrogenolysis in
aqueous solution over 309, palladium-on-charcoal
catalyst at 3.5 kg/em?®  Optimal iodometric assays of
3a and 3b were obtained when the catalyst weight was
509 of that of the starting disulfide; hydrogenolysis
was incomplete when the weight of catalyst was 309,
and negligible (with 2b, and presumably would be with
2a) when it was only 10 and 209;.> Reactions of la
and 1b with sodium S-2-aminoethylthiosulfate in
methanol afforded sodium S-2-(3-sulfopropylamino)-
ethylthiosulfate (4a) and sodium S-2-(4-sulfobutyl-
amino)ethylthiosulfate (4b), respectively, in low yields.

Sultone ring openings with thiourea, thiosemicarba-
zide, thioacetamide, and a number of heterocyclic thi-
ones provided isothiuronium sulfonates and related inner
salts for evaluation as sulfonic acid analogs of radiopro-
tective isothiuronium salts.® Several examples of this
type of reaction have been reported, such as, reactions of
thiourea with 1la and 1b,™ of substituted thioureas and
related heterocyclic compounds with 1a,”® and of thio-

(1) This investigation was supported by the U, 8. Army Medical Research
and Development Command under Contract No. DA-49-193-M D-2028.

(2) (a) E. Felder, F. Bonati, and 8. Bianchi, Experientia, 18, 32 (1959);
(b) E. Felder and 8. Bianchi, German Patent 1,062,705 (1959).

(3) B. Helferich and V. Béllert, Ann. Chem., 647, 37 (1961).

(4) The products derived from sultones in this work are named as sulfonic
acids but are actually inner sulfonate salts.

(5) Cf. the hydrogenolysis of 3,3,-dithiobispropionamidine dihydro-
chloride [T. P. Johnston and A. Gallagher, J. Org. Chem., 28, 1436 (1963)].

(6) J. F. Thomson, ‘“Radiation Protection in Mammals,”” Reinhold Pub-
lishing Corp., New York, N, Y., 1962, pp 69-77.

ScHEME [
cystamine +
(CHQ)nSOz — [-SCHgCHgNHg(CHz)rLS()a_]-z
—0—!
la,n = 3 2a,n = 3
b,n =4 b,n =4
i{HzI\'CH?CUzSSOz—Na* l

“OgS(CHg)nf\LIHgCHg H,880; " Na~* HSCHgCHgItTHg(CHg)nSOa‘
da,n = 3 3a, n 3
b,n =4 b, n 4

acetamide with 1a.® The products of sulfoalkylations
of thiosemicarbazide are designated as w-sulfoalkyl thic-
carbazimidates (5a and 5b) rather than l-substituted
thiosemicarbazides because of the close similarity of
their infrared spectra with those of the w-(amidinothio)-
alkanesulfonic acids 6a and 6b; all show strong C=XN
stretching bands near 1660 cm—1, but only 5a and 5b
show sharp NH stretching bands near 3330 ¢em=

=
NH NH,

i t
HoNNHCS(CH,), 805~ HoNCS(CHa),S0;~
5a,n =3 6a, n = 3

b,n =4 b,n = 4

Sulfoalkylations of heterocyclic thiones that were
slow or incomplete in refluxing ethanol, particularly
with the less reactive 1b, were effected in refluxing 1-
propanol, which probably could have been used ad-
vantageously in all reactions of this type. The prod-
ucts, as inner salts, erystallized from the reaction mix-
tures, often in pure form. The reaction of 2-thiazo-
lidinethione (7) with la in ethanol was no exception
and gave the expected 3-(2-thiazolin-2-ylthio)-1-pro-
panesulfonic acid (8a), but the reaction of 7 with 1b
in ethanol gave a low yield of a water-recrystallized
product, whose elemental analyses indicated partial
hydration but whose infrared absorption in the car-
bonyl region was more consistent with a dithiocarbon-
ate® than with hydrated4 -(2-thiazolin-2-ylthio)-1-
butanesulfonic acid (8b). Repetition of the reaction

(7) (a) Bthme Fettchemie G.m.b.H., British Patent 775,026 (1457):
Chem. Abstr., 81, 16534 (1957); (b) W. Ried and E. Schmidt, dnn. Chem.,
676, 114 (1964).

(8) (a) R.J. Gaul and W. J. Fremuth, J. Org. Chem., 26, 869 (1960); (b)
T. P. Johnston and A. Gallugher, ibid., 29, 2442 (1964).



Product data

TaBLE I

SULFOALEYLATIONS oF HETEROCYCLIC THIONES

Reaction

Reaction

Frovias P. Jorsston anp (arl R, STRINGFELLOW. JR. Vol o

{ ~ - = of 7 with 1b in l-propanol gave a product that was
fp 2o~ = £ = = = L= indicated by its infrared spectrum to be hydrolyvzed for
I AESES £ = £ o= 2 o z ’ ¥oits arcd spe % )<.1_<'r).\m( 01
¢ s ] the most part and whose recrvstalization from water
2 afforded analytically pure S-2-aminocthyl S/-f-xulfo-
l, B 2l8F g = Z =z A S bhutyl dithiocurbonate  (9by. Vapor phuase  chvonma-
R e 2n =k .
ST Aammme o o= = £ = tography showed that the water content of the -
= = . soe .
z c propanol used wus sufficient to mect the requirements
s , : A ‘ ,
B mmmmeae N = = o = - % for hydrolysis of 8b to 9b and that the product of hy-
o N0 n = z < ~ [ - lrolvsi . . . . N
IR e S drolysis ('({11}:111}0(1 o water of erystallization, but the
| - reaction of 7 with 1a in the same solvent gave o prod-
¥2mER 2 2 oz on o7 o% Z uet spectmllyj«ientlcal with' 8a obtained ’in ¢thanol
v aAMmEas = TN S (sece Scheme 1T).  Recrvstallization of 8a from water
LBB8FE ¥ g 3 oz T &8 s '
; Seneme 1T
[t il R = = = £ - I N .
p RS E S i = 1 r~ B o~ S R S
B N . Ia, . HO
REER8 8 N 8 § § 4 [ D= 2% [ p-semsos 2
- N N

cwecow 7 - =3 H H
ly¥F=Zze3 2 i< 7~ B =+ 7
& 8 —n s = B2 - 5 = = 8a, n-=3
T : B b, n=4
T omawng 7 ~N % = = N . o

o R e E RS - = = = | = H,NCH,CH,SCOS(CH,),, SO,

A =R - - = ~+ -

z 9a, n=3
| ML A T = o = -+ b < ; b, n=4
o mHE=S =~ = FE s = T g
“sssss 3 3 3 5 %5 B =
R - = after a short reflux period produced S-2-tminocthyl
A . . .
= §’-3-sulfopropyl dithiocarbonate (9a). Previous prep-
B ’éé &% L L £ £ L % E arations of analogous dithiocarbonates have involved
s ) e S -2, < = o — . . . . ¢ . .
FRcic % g = = ; ; * hydrolysis of appropriately substituted 2-thiazolines
= ) S ) = 2 = . . . . . b
LRSS e S £ £ 5 = 2 in hydrochloric acid or hydrobromic acid.*
— = o = - = = = . . - . . . TN
S5 S &£ 5 5 35 S & Comparisons of the ultray iolet spectra of the sulfo
= alkylation products of pyridine-2(1H)-thione [i.e.,
L= 3-(2-pyridylthio)-1-propanesulfonic acid (10a) and 4-
= = T T ~ p) Mo . . .

. - o 2 ) (2-pyridylthio)-1-butanesulfonic acid (10b) ] with thosc
-3 § &; ] g % g 2 =~ = z ¢ reported for 2—(&1]{3'1thi0)pyridingzs and  l-alkyl-2-
P l4aaT L2 2 S 4k (1H)-pyridinethiones® provide evidence for the as-

ISGHEZ 8 & < S T~ signed structures.  The structures of 3-(purin-8-ylthio)-
R = 1-propanesulfonic acid (11a) and 4-(purin-8-ylthio)-1-
e mecos O N N butanesulfonic acid (11b) were similarly supported by
AR R S G A, ultraviolet spectral comparisons with 8-(methylthio)-
. 7 purine.t*  Although structure proof of the other hetero-
£ . = = z cyelic compounds prepared (sce Table T) has not been
-a— SO e e N7 00 — =~ - 1 — z [ } I R p p
h R - = pursued, the assigned structures are more adaptable to

e stable inner salt formation than the corresponding

SBE R - = 2 N-substituted isomers.

. Tegs T T % %
i23223dS T _ T _7Z = = a2 -
£E 2 £ £ & £ R R e I i e
BS 22 Z2E0SRIRESEELELEC H
AEREMERSE = = = : | T P
2EARAR A A 2 o= - & = N NP N
- ! ’ Y—S(CH,), S0, ~

. - + 9 n 2
| w N = N/ S(CH) SO_ K/T\IIN ( 2/n y
|[fenaee ¢ @ = o = <o 4 H S NOH
(EC28%%EE ] § 8 § % 8 %
i i z 10a, n=3 la, n=3
L g £ b, n=4 b, n=4
[ g 3o e 2o = = = = =

[t e i (po — = — — i —
I & =
| g The compounds described above were tested at the
H s e L g ) Walter Reed Army Institute of Research, Washington,
B £ E 2 Z = D. C., for radioprotective activity in mice exposed to
= f£2258% T T 3 £ ¢ ¢ = lethal radiation: the tests were performed as previously
i 2.2 =2 .22 = = = = = = = . p . . . ) o
i ,EESZE £ 2 £ £ = & I deseribed,!2 and some of the results obtained are sum-
i EET £ = 2 2 2 2 0%

2 EE 2 c 2 N N 2 < Ps A = i
} EE=Z 228 5 =z £ 5§ ¥ &= 2 (@) J.C Crawhall und Do FL Blliott, . Chem. Sor., 3084 (1952),

) "_‘3 = = E E = = = = ! = E L0 V. AL Korobkov, A V. Veropueva, and LKL Fel'dman, S Gene Chen,
‘ S53ELEL 2 E oz ozo% 7% I {NSI, 81, 2922 (1961).
| E -S ‘g __’/'\ :x ‘E ‘E E ; :E g = ‘113 D J. Brown amd = 10, Mason, J. Chem. Soc., 682 (1957,
; =D = = = = ~ = = L 112y L. Tield, A. erretti, R, Crenshaw, and T. Owen, J. Wed, Chen., 7,

Pt i = — — _— — =

R T T T T S T - ¥ B 1964,



November 1966

Tapre I1

RADIOPROTECTIVE ACTIVITIES OF w-(2-MERCAPTOETHYLAMINO )-
1-ALKANESULFONIC AcID INNER SALTS AXD RELATED COMPOUNDS

Drug

dose, Vehicle of %%
Compd mg/kg administration survival

21, 23500 Water 87
2000 93
1000 54
500 0
2h 1000 Saline 0
500 0
3a 4000 Water 0
2000 60
1500 Water 53
750 7
3b 1000 Water 0
500 0
4a 600 Water 0
300 0
b 1000 Water 0
500 0
Oa 600 MC/Tw* 0
300 0
9 250 MC/Tw 0
125 0

« Compound suspended in saline solution containing 0.29;
methyleellulose and 0.49, Tween 80.

marized in Table I1.13 The disparity of activity noted
in comparable pairs of disulfides and thiols (2a vs.
2b and 3a vs. 3b) may be due simply to toxicity factors;
the butane derivatives were toxic at the high optimal
dose levels of the propane derivatives. The disulfide
2a appears to be more active than the corresponding
thiol 3a, but neither the Bunte salt 4a nor the dithio-
carbonate 8a, was active. No significant activity has
as yet been observed among the isothiuronium sulfo-
nates and related heterocyclic sulfonates with the
possible exception of 4-(acetimidoylthio)-1-butane-
sulfonic acid (339 survival at 900 mg/kg).

Experimental Section!*

3,3’-[Dithiobis(ethylenimino )] bis(1-propanesulfonic acid)
(2a).~—The sultone 1a' (16.6 g, 0.136 mole) and 2,2'-dithio-
bisethylamine!® (9.3 g, 0.061 mole) were mixed in a small volume
of ethanol. A vigorous reaction ensued, which was quickly
moderated by the addition of more solvent (300 ml). The mix-
ture was heated under reflux for 1 hr and cooled. The super-
nant liquid was decanted from the brown gum, which was ex-
tracted with methanol (250 ml) under reflux for 2 hr with in-
termittent trituration. The residual white solid was washed
with methanol and ether and dried in vacuo over P,O;; yield
13.2 g (549%); o¥Br (80;7) in ecm~!: 1220-1150 (s, broad),
1040 (s).
Anal. Caled for CoHauN068:: C, 30.28; H, 6.10; S, 32.35.
Found: C, 30.08; H,6.16; S, 32.0.
4,4'-[Dithiobis(ethylenimino))bis(1-butanesulfonic acid)
(2b).—A solution of 2,2’-dithiobisethylamine!® (3.60 g, 23.6
mmoles) and 2b17 (6.60 g, 48.5 mmoles) in ethanol (120 ml) was

(13) The authors are indebted to Drs. D. P. Jacobus and T. R. Sweeney
for the antiradiation test data.

(14) Melting points were determined ina Mel-Temp apparatus; no melt-
ing points are reported for those compounds (2a, 2b, 3a, 4a, and 4b) that
decomposed over such an indefinite range as to be considered meaningless as
a purity criterion, Infrared absorption spectra were determined in pressed
potassium bromide disks with a Perkin-Elmer Model 521 or 221-G spectro-
photometer.

(15) Distillation Produects Industries, Rochester, N. Y.

(16) T. P. Johnson and A. Gallagher, J. Org. Chem., 26, 3780 (1961);
ihid., BT, 2452 (1962), Care should be taken to avoid an excess of sodium
methoxide in freeing the base.

(17) W. I Truce and ¥, D. Haerger, J. Am. Chem. Soc., 76, 5357 (1954).
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heated under reflux for 1 hr and allowed to cool. The precipitate
was washed with methanol and ether and dried #n vacuo over
P,0O; at 80°; yield of white solid, 2.94 g (209;); ¢EBr (80;7)
inem~!: 1190-1170 (s, broad), 1040 (s).

Anal. Caled for CioHssN:O6Ss: C, 33.94; H, 6.65. Found:
C, 33.66; H, 6.73.

Recrystallization of a similarly prepared product from water—
ethanol gave a fractional hydrate that was dried as described
above for 3 hr.

Anal. Caled fOI‘ C12H23N206S4'0.25H20: C, 33.58; H, 669,
S, 29.88; H,0, 1.05. Found: C, 33.39; H, 6.47; S, 29.9; H.0,
0.93 (Karl Fischer method).

3-(2-Mercaptoethylamino)-1-propanesulfonic Acid (3a).—
A solution of 2a (15.0 g, 37.8 mmoles) in water (250 ml) was
shaken in a Parr hydrogenator with 309, Pd-C (7.5 g) and
hydrogen at 3.5 kg/em? When the hydrogen uptake ceased
(4-5 hr), the catalyst was removed by filtration under nitrogen
and the filtrate was evaporated to dryness under reduced pres-
sure leaving an oil. Several successive in vacuo evaporations
after additions of methanol left a tan solid, which was triturated
twice in methanol and dried in vacuo over P:0;; yield 10.3 g
(699,); infrared absorption quite similar to that of 2a.

Anal. Caled for C;H;3sNO;sS:: C, 30.13; H, 6.67; N, 7.03;

SH, 16.6. Found: C,29.69; H, 6.44; N, 6.74; SH, 16.1.

4-(2-Mercaptoethylamine)-1-butanesulfonic Acid (3b).—
A solution of 2b (4.84 g, 11.4 mmoles) in water (75 ml) was
shaken in a Parr hydrogenator with 309, Pd-C (2.42 g) and hy-
drogen at 3.5 kg/cm?  When the hydrogen uptake ceased (4-5
hr), the catalyst was removed by filtration through Celite and
under nitrogen, and the filtrate was evaporated to dryness
under reduced pressure (oil pump). The residue, a mixture of
yellow erystals and an oil, was extracted with boiling methanol
(300 ml). The methanol-insoluble solid was dissolved in water
(50 ml), and the solution after treatment with Norit was evapo-
rated to dryness under reduced pressure. The yellow-orange
residue was triturated in methanol leaving 3b as a yellow solid,
which melted at 210-212° dec after being dried in vacuo over
P,0;; vield, 1.66 g (349,); infrared absorption quite similar to
that of 2b.

Angl. Caled for CeH;;NOsS:: C, 33.78; H, 7.09; 8, 30.06;
SH, 15.5. Found: C, 33.87; H, 7.43; S, 29.8; SH, 14.9.

Sodium S-2-(3-Sulfopropylamino )ethylthiosulfate (4a) Hemi-
hydrate.—S-2-Aminoethylthiosulfuric acid¢ (10.0 g, 63.6 mmoles)
was added in portions to a solution of sodium methoxide [from
sodium (1.46 g, 63.6 mg-atoms)] in dry methanol (200 ml);
the mixture was stirred until solution was complete. Sultone
1a® (8.65 g, 63.6 mmoles) was added, and the resulting solution
was refluxed for 1.5 hr and allowed to stand overnight. Crude
4a (11.0 g) was obtained in 4 crops with precipitation being aided
by subsequent additions of ethanol. Recrystallization from
methanol-ethanol gave 6.2 g (329, ) of 4a as a hemihydrate in
2 crops; ¢%Br (80;7) in em™!: 1200 (s, broad), 1025 and 1045
(m-s, doublet), 635 (m-s).

Anal. Caled for C;H1:2NNaO:S;-0.5H.0: C, 19.35; H, 4.22;
N, 4.51; 8, 30.99. Found: C, 19.66; H, 4.32; N, 4.13; §,
30.67.

Sodium S-2-(4-sulfobutylaminoe)ethylithiosulfate (4b) was
prepared from equimolar amounts (63.6 mmoles) of S-2-amino-
ethylthiosulfuric acid®® and 1bY by a procedure similar to that
used for 4a; a longer reflux period might have improved the
yield. The reaction solution was concentrated in vacuo to half-
volume. The addition of ethanol (300 ml) caused the precipi-
tation of 4b as a white solid, which was washed with ethanol
and dried ¢n vacuo over P;Os; yield, 1.98 g (1097); ¢¥Br (SO;7)
in em ™1 1190 (s, broad), 1025 (m-s), 630 (m~s).

Anal. Caled for CsHiuNNaOsS;: C, 22.84;
30.52. Found: C, 22.62; H,4.66; S, 30.5.

3-Sulfopropyl Thiocarbazimidate (5a).—A solution of thio-
semicarbazide (8.32 g, 91.3 mmoles) and lals (11.2 g, 91.3
mmoles) in ethanol (100 ml) was refluxed overnight. The white,
crystalline 5a was collected, washed with ethanol, triturated in
boiling methanol, and dried in vacuo over PyOs; yield, 13.7
g (709.); mp 223-224° dec; o¥Br in em—1: 3325 (s, NH), 1665
(s, C=N), 11501200 (s, broad multiplet), and 1040 (s, 805~).

Anal. Caled for CsHiN3OsS:: C, 22.52; H, 5.20; N, 19.70;
§,30.07. Found: C,22.63; H,4.95; N, 19.38; §,20.5.

H, 447; S,

(18) Kindly furnished by Dr. T. R. Sweeney, Walter Reed Army Institute
of Research; also available commercially.®
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4-Sulfobutyl Thiocarbazimidate (5b).— The reaction of thio-
semicarbazide (2.00 g, 22.0 mmoles) with an equimolar amount
of 1b'7 in ethanol (10 ml) gave 5b in low vield afier a relatively
short (not optimal) reflux period. Crude 5b was purified by
extraction into boiling methanol aud reprecipitation hy the
addition of ether; wyield, 1.01 g (20¢) ux white cryxtals; mp
174-178°; ¢¥Br iy em~1: 3340 (m-—-s, sharp, NH). 1670 (m.

Anal. Caled for C;HisNOs®: €, 26.42; H, 5.76: 8, 2821,

Found: C,26.77: H, 5.72; 8, 27.9.
4-(Acetimidoylthio)-1-butanesulfonic Acid.—A solution of

thivacetamide (19.3 g, 25.8 mmoles) and 1b (35.1 g, 25.8 mmoles)
in benzene (100 ml) was refluxed for 2 hr and then chilled. The
white crystalline precipitate was collected in two erops and
triturated in boiling acetone; vield 6.90 g, mp 193-193° dec.
The analytical sample, mp 196-200° dec, was recryvstallized from
weetie acid.

Anal. Caled for CaHpNOS:
Found: €, 34.17; H, 5.99; 3, 30.2.

3-(2-Thiazolin-2-ylthio)-1-propanesulfonic Acid (8a) and S-2-
Aminoethyl S’-3-Sulfopropyl Dithiocarbonate (9a).-—A solution
of 2-thiazolidinethione (7) (5.00 g, 41.8 mmoles) and the sultone
1a®® (5.13 g, 41.8 mmoles) in l-propanol’® (25 ml) was refluxed
for 1.5 hr and allowed to cool to room tempevature. The white
eryvstals, which had begun to deposit during the reflux period,
were collected, washed with 1-propanol, acetoue, und ether, and
dried in vacuo over P:0;; vield of 8a, 8.70 g (809): mp 219-
221° (melting point of analytical sample obtained from reaction
in ethanol, 223-225°); o¥Br in em=1: 1580 (s, ('==N), 1215
(=), 1150 (=), and 1015 (8, ROy

3310 H, 6.200 8, 30.35.

119) Water content by vpe: 0.5,

Vol o

Anal. Caled for CgH) NOsss: 20820 H, 4.5 N, H.\0,
8, 3086, Found: €, 29.52; H, 4.8%: N, 5.53; 8, 40.02.

A solution of the 8a deseribed above in Lot water €100 mlj was
refluxed for 15 min and allowed to cool to roony {emperatare,
The dithiocarbonute 9a was deposited in 2 crops (340 g, 507,
from 7) as white cry=tals: mp 266-267°: ¢5B jnem- 1 1630
(=, Co O, 880 (s, SCRY, 1155 (5, broad), and 1035 (s, (5O, 1

Analo Caled Jor CiHNOS,: (00 27750 H, 5.05:0 N, S0,
S,87.080 Found: Co25.07; H, 5050 N, 5832 S 372
S-2-Aminoethyl S'-4-Sulfobutyl Dithiocarbonate (9b). A

=olution of 2-thiazolidinethione (7% (15.2 g, 0.128 mole) and =ul-
tone 1bY7 (174 ¢, 0,125 mole) in L-propanol (125 ml) was refluxed
for 3 hr and then cooled.  The white crvstalline precipitute (113
g, mp 240-245° dech, wazhed with ethanol and acetone, was re-
erystallized Trom water. The vield of 9b as white ervstals, mp
254-255° dec, notwo crops was 491 g (140 0 oR"Br iy em
1640 (s, C O STH oz, SOR), TLERS, LTS ibroad doublety, and
1040 (80, 1

Anal, Caled for CiHp NOgS C, 30750 H, 30550 N, Gl
=o35.100 0 Found: (0, 30076; H, 5.39: N, 4.099: =, 35.1.

General Procedure for the Sulfoalkylation of Heterocyclic
Thiones. - [ndividual preparations are summarized in Table 1.
A =olution (or suspension) of equimolar amounts of thione and
<ultone 1a’™ or 1b* in the appropriate solvent (ethanol or prefer-
ably l-propanol) was refluxed for the indicated period. (Some-
times the use of u slight excess of =ulfone made ixolation of pure
products eaxier.] The reaction mixture was allowed to cool 1o
room temperature: the crvstalline product, whicli usually pre-
cipitated during the reflux period, was collected, washed thor-
onghly with ethanol, acetone, and ether (in that order), and dried
i racuo over PoO. 0 Tie most instances the products =0 obtuained
were analviieally pure: =ome, however, required reervstallization.

Anabolic Agents. A-Ring Oxygenated Androstane Derivatives

oD, Kuivstra, R Zieaax, axp R CorxnseLu

Division of Chemical Research, G. D. Searle & Co., Chicayo. Hiingis

HOESU

Recerved June 22, 14966

The synthesis of several A-ring modified dihydrotestosterone derivatives iz described in detail.

A comparison

of the androgenic and anabolic responses produced by these A-ring ixomers revealed that the (-1 oxygenated
derivatives were the most potent, having o favorable separation of anabolic from the less dexirable androgenic

activity.

Lt o recent publication,! we reported on the interest-
ing biological properties of various A-ring conjugated
enone androstane derivatives,  The most potent orally
active anabolic agent of this series wax found to bhe
178-hydroxy-17 a-methyl-3e-androst-1-en-3-one. In
addition, it was found that saturation of the double
bond of compound Id! and retention of cither the car-
bonyl or hydroxyl function produced compounds with
superior aunabolic  properties. These  observations
prompted interest in making a biological comparison
{Table IIT) of the compounds which had a carbonyl
or hydroxyl group in all of the possible positions (C-1
to C-4) of the A ring.  This paper will discuss the
chemistry and biology of these modifications.

The facile conversion of the 1,2a-epoxy-Sa-androstan-
3-one series of compounds to la-hydroxy-sa-androst-
2-ene derivatives by treatment with hydrazine hy-
drate! afforded a convenienl pathway to the l-oxy-
genated A-ring androstane derivatives (IIT and IV)
(see Table T). When the 2-dehydro-1a-hydroxy com-
pounds (I) were reduced under catalvtic conditions
with platinum oxide, the  corresponding  <aturated

Py Rbmstrn and R FL Counsell, J. Med, Chom., 8, 48 {1065)

analogs (11I) were obtained.  Subsequent oxidation
using chromie acid in acetone? afforded the I-keto-De-
androstane derivatives (IV).  An alternate pathway
10 the ketones IV involved oxidation of I with chromic
acid in acetone? followed by catalytic hydrogenation
of IT (see Scheme I).

The synthesi= of Sa-androstan-la-ol-17-one proved
to be somewhat more lengthy than that of the other 1a-
hydroxy derivatives (111}, This method involved
protecting the 17a-hydroxy group while performing the
necessary chemical changes in the A ring of the andro-
stane molecule. The 17-tetrahydropyranyl ether of
Ha-androst-2-cne-1a,178-diol! was acetylated to protect
the la-hydroxyl group. Subscquent removal of the
tetrahydropyranyl group atforded a good yield of Ha-
androst-2-enc-1a,178-diol  1-acetate.  Finally, treat-
ment with chromic acid in acetone,? followed by basc
hydrolysis gave the desired la-hydroxy->a-androst-2-
en-17-one analog (Ia).

For the synthesis of the 2-oxygenated steroids, the
reductive removal of the bromine from the appropriate
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