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TaBLE I
ARYLOXYBIGUANIDE AND ARYLOXYGUANIDINE SALTS
Yield, Recrystn — Caled, 9 ~————Found, Yp—————
Compound Mp, °C A solvent Formula C H Cl N C H Cl N
Phenoxybiguanide hydro- 158-159 12 2-Propainol  CsHCIN;O  41.83 5.23 15.47 30.50 41.91 5.15 15.48 30.78
chloride (2a)
p-Tolyloxybiguanide 150-151 14 Methanol  CoH4NsOy 40.00 5.22 31.10 39.94 5.39 30.95
nitrate (2b)
m-Chlorophenoxy- 192-193 22 Ethanol CsH(CINgO, 33.05 3.79 12.22 28.92 32.65 4.08 12.40 29.22
biguaunide nitrate (2¢)
Phenoxyguanidine 156-158 96 2-Propanol, C:HCIN:O 44.80 5.33 18.93 22.40 45.01 5.45 18.90 22.50
hydrochloride (3a) ether
m-Chlorophenoxyguani-  149-150 24 2-Propanol, C:H,CINO 33.80 3.62 14.29 22.54 33.63 3.94 13.81 22.43
dine nitrate (3b) ether

estimated as ‘reducing sugar’ content by the method
of Hoffman as modified for the Technicon Auto-Ana-
lyzer,* were not depressed significantly below controls
when determined at 2 hr after dosing. I'or compari-
son, phenethylbiguanide hydrochloride effected a 509
lowering of blood sugar levels when administered at a
dose of 50 mg/kg.?

Experimental Section®

Aryloxybiguanide Salts.—A solution of 0.02 mole of au aryl-
oxyamite hydrochloride,2? 0.02 mole of c¢yanoguanidine, and 40
nil of methanol was allowed to stand at room temperature for 4
days, and then coucentrated under reduced pressure to an oily
solid. For 2a, the solid was recrystallized. For 2b aund 2,
the crude »olid was added to saturated agqueous sodium uitrate.
The solid which theu precipitated was recrystallized. Details
are listed in Table I.

Aryloxyguanidine Salts.—A solutiou of 0.05 mole of an aryloxy-
amine hydrochloride?:® and 10 ml of 509 aqueous cyanamide’
was allowed to stand overnight at room temperature. The
solvent was distilled under reduced pressure, and the brown
liquid residue was dissolved in warm 2-propanol. Addition of
ether to the solution effected the separation of a solid (for 3a)
or a liquid (for 8b). Addition of the liquid to saturated aqueous
sodium uitrate gave asolid. TRecrystallization gave the products;
details are included 1 Table I.

(4) W. 8. Hoffman, .J. Biol. Chem., 120, 51 (1937).

(3) Tle aniinal testing was carried out by Drs, S. Riggt and D. Blickens
of tlie Expertinental Tlerapentics Researclc Section of tliese lahoratories.

(8) Melting points were determined in a Hersliberg apparatus and are un-
correeted.  Microanalyses were performed by Mr. L. M. Brancone and
staff.

(7) Aero® Cyanamide-50, American Cyanamid Co.
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Our interest in 1,4-thiazines is derived from the
parental relationship of these monocyeles to the well-
known and psychopharmacologically active phena-
thiazines and front the fundamental chemical nature
af these little studied materials. Out attention was
turned to 1.5-diketo sulfides with the thought that
they would be easily accessible starting materials for
convenient routes into the 1,4-thiazine system.

(1) Alfred P. Sloan Researclt Fellow.

Few attempts to accomplish condensation between
1,5-diketo sulfides and ammonia or amino compounds
have been recorded and results, whether successful
or unsuccessful, often appear ambiguous, In this
paper we wish to report some structural clarifications
and extensions of previous studies employing phenacyl
sulfide and phenacyl sulfone as starting materials
in the syuthesis of 14-thiazines and related com-

pounds.
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T'ujii? reported the synthesis of 3,5-diphenyl-1.4-
thiazine by the condensation of phenacyl sulfide with
ammonia; structure Ia was suggested for the product.
We have vepeated this preparation and found com-
pelling evidence for the alternate structure I1Ia. The
infrared spectrum is devoid of N-H absorption and the
nmr spectrum shows, in addition to ten aromatic pro-
tons, a one-proton singlet at § 6.28 (vinyl) and a two-
proton singlet at & 3.27. Such a structure has been
previously proposed for the parent 1,4-thiazine (I1Ib).3
This proposal, which was based on the failure of the
compound to give a sulfonamide, has yet to be con-

firmed.
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Baliah and Rangarajan? reported the forniation of
3,5-diphenyl-4H-1,4-thiazine 1,1-dioxide (IIIa) by the
condensation of phenacyl sulfone with ammonia in
glacial acetic aad. The structure assignment was
based on the observation that this compound under-
went what was believed to be N-methylation by methyl

(2) K. Fujit, J. Pharm. Soc. Japan, TT, 359 (1957);
(1957).

(3) C. Barkenbusand P. 8. Landis, .J. Am. Chem. Soc.. 70, 684 (1918).

(4) V. Balialcand T. Rangarajan, J. Org. Chem., 26, 970 (1961).
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iodide in the presence of potassiwn eavbamite;  no
attempt was nde ta elimiate the possibility af (-
methylation at position 2 or isamerization prior ta N-
methylation.  The wfraved and i speetra o 1114
obtainied manr labaratory contirm the eavlier =trie-
tnral assignment. The N-I band at 3400 ¢m ' in
the infrared spectrnnn of TTa 1= nat present mr that af
the methylated campaund T1IH, thus alsa conthming
the praposed N-ulkylatiaon,  We have also prepared
and examined other N-alkyvlated products (ITTef) of
I11a,

Methylation of phenacyl =ullvne with methyl iadide
i1 the presence af <odinm ethaxide gave the svmmetrical
dimethyl derivative whielh upan refluxing with ammo-
winm aeetate inoacetie actd affarded 2,6-dimethyl-3,5-
diphenyl-4H-1 4-thiazine L I-diaxide (1V).

The chunge in pasitian of the danble haml with
(he =tate of oxidation of the snlfir e these thiazines is
nat well understaad. Flectran delocalization 1= per-
haps more efficient in stractinres of type T than in type
[ <ince canjngation thraitgh snlie in the Tatter = proh-
ably limited hy the purekered mative of the ring. In
view of thix =tructiral dissimilavity, the streture of
the correspownling  sulfoxide would he al tnterest,
Oxidation af phenacyl =ulfule with b oamiv of u-
chloroperbenzaic acid gave the known phenaeyl <nli-
axide”  Beeause of the stability of thix contpoutied
ar af the candensatian prodoet, 1t was impas<ible to
nbtuin the dexired 3.5-diphenyl-14-thinzine T-oxide.

In canfirmution of previans report=** na N-glkyl-
1 4-thiazine derivatives were abtained  when  either
phenueyl sulfide ar suliane was treated with o variety
of primary amines under varvions  canditions. The
passibility  thut  N-ulkyl-1 4-thiazines might be ale-
tained by LIATH, reduction al the carresponding =l-
fonies has also heen mvestigated. Tt wus Taund. as
nght be aaticipated, that the double bonds were
preferentially  redneed  leaving the sulfane  gronping
ntact.
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The reactian af phenaeyl <ulfide with hvdrazine gave
a praduet whase melting paint and aualysis were
similar o thase reported by Fromm and Fhrhardy”
The unmy =peetrnm confirmed the prapased structure
2. 7-dihydro-3,6-diphenyl-1.4.5-thiadiazepine (V). It
exhibited an AB pattern in the aliphatic regian with
dounblets centered about § 330 and B.68 (f = 123
¢p=) ux might be expected from the puckered nutnre
of the ring. The 1.1-diaxule devivative (VI) wus ob-
tained by candensatinon o phenaeyl sulfane  with
hydrazine and by oxidation of V by 2 equiv af -
chloraperbenzoie acid.  Compamds Voand VI miderga
rather fucile thermal decampositions to vield 3.6-
diphenylpyridazine; these and related ving cantractions
have been observed nidependently by other workers.”

The reaction between plicuaeyl sulfone ad phenyl-
hydrazine under the canditians speeified by Framm

& I Irowae s G Flasebew, den., 894, 3118125,

i1 15 Frowon ald AL Bleckacdt, Berl, 54B, 187 (14215,
T b DL Lowdean swid Lo 1L Yoo, S, Chem, Neea, 348G 010635,
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and Flaschen Tar the Tarmation al the =even-tnanberal
ring vampaund VIT i awr hamls affarded anly the
nanaplienylhivdrazone.  Alternative  reaction  candi-
tears guve ddentienl result=. Several  other mono-
plhicnvlhyvdrazanes were prepared. The following pro-
cedures were wnifarmly nnsuccessful in providing cy-
clized pradioets from these manaphenylhydzanes:
refluxing i acetie acid, acetie anhydride, pyridiue,
henzene, xyvlene, and ehlovoform with and without addi-
tlon ol a catalyvtic qunount of organie or mimeral aeid,
Under less dirastie conditians the starting hvdrazones
were recaversd while nuder the more drastic comli-
tions devompositians taok place. Tu similar reactions
with hydroxyluiine we were able ta ahtain anly
axIes,

Pharmacology. (iros: symptomatologic character-
izations employving nule albino mice of the Swiss
Webster strain (20-30 ¢) were performed on f-methivl-
3.5-diphenyl-1 d-thiazine 1.1-dioxide (II1h) aml 2.7-
dilivilro-3 b-lipheny -1, 4. 5-thiadiazepine (V). The
cotmpanid= were administered orally i dosex ranging
lrain 100 to 1000 mig kg, Nv appreciable pharmaco-
taxie =1gns were ob=erved at any dosage level adminis-
tered,

Experimental Section®

Phenacyl Sulfone (2,2'-Thiobisacetophenone S,S-Dioxide ).
A rooled soluiou ol 13,5 g (0.05 mole) of phenacyl sulfide in
40wl ol CHCL was weated <lowly with 1 =olnion of 21.0 g
0. 7-gexcess) ol X577 n-clilovoperhenzoie aeid v 70l of ethanol.
Thivty musnres aler the addition was complete, the precipiiate
was filtered, washed thoronghly witle cold wmethauol, aud dried
vielding v g, wp 120-121° dus wp 120%% 0 Caveful cooling
ol the mother lguor affovded a secoud crop ol 1.5 g raisieg the
vield 1o 135 g 807,

Phenacyl Sulfoxide. A =olution o 10.2 g (0.0) molej of
SAC m-cliloroperhenzote acid tn 120wl of CHCL was added dreop-
wixe 1o a rooled aod stivred soluiton of 155 g (0.05 wmole) of
phenaeyl snlfide v 40wl of CHCL Afrer the addRion was
eomplete the reaction mixinre was wansferred 1o sepavatory
funnel aud washed vwice with 5 NallCO; i then with water.,
The CHCL solution was deied (MgSOy, the solvenr was renloved
umler dimished pressave, nud the erude nerial was reervstal-
lized Trow merthanol vieldiog 102 g (719, map 111 15° (lnse
wp F1g-115°, 08° .

3.5-Diphenyl-4H-1 4-thiazine 1,1-Dioxide (IHa).- A nuxluve
of 1.7 (0,005 wole) of phevaev] =ulfone and 1.2 g <0.02 uiole) of
wren o 15w of glacial aeetie actd was heaved tuder veflux {or
Is e After eooling, the precipiiaied solid was filtered and ve-
cryshallized Teow cthaunl; vield 1.2 g (W09, 3 of colorless needles,
wmp 276-277° i wp 270272010 selected ipfrared  waxtina
eNajoly 33830 N 1) and 1100 can? 18040,

Auads Caled Tor CulTNOR: O 67810 1L, 462,
Co67.770 1L 470,

4-Alkyl-3,5-diphenyl-4H-1 4-thiazine 1.1-Dioxides «[Ilb-{).
Tu o Hask were placed 2.5 unnoles of 3.5-diphenyl-41-1,4-ihiazine
I 1=dioxide, Sl of dey aectone, 10-30 mmoles of alkyl halide,
aed 4 g of wathvdrons KyCO; ia this ovder. Afier vefluxing 12-24
br, the har <olnion was filtered, the acerone wax ventoved, wmerh-
anol was added, aud e precipivate was filtered and veevy=tal-
lized frour ethavol ¢Table T

The mur =pectrim of the 4-methyl derivaitve 1111y v (Ch-
Cly showed =inglews at 6 200 ¢3 11), 5.95 (2 H), aud 7.45 (10 Hj;
infrared (CTICLT selecied bauds: 3065, 3010, 1615, 1383, 1105
aud 692 el The d-ethyl devivative (IITe) exhibited siuilar
bauds e 5040, 300, 1620, 1255, 1110, and 700 cur

2.2'-Thiobispropiophenone S,S-Dioxide.—~ A =olnion ol 2.5 g
(0.1 geatomy of Naiu 30wl of absolute ethanol was added <lowly
1o o stirred mixtnve of (L0 g (0,02 utole) of phenaevl sulfoue aal

IFound

8% Mejtiw poib(s were takpl lo opelcgluss capillaries aud are scueorrected.,
Mieryaulyvses gee by Midwess Miceolab, Ine., Tudianapolis, Lud.  Infraved
speetrn wve sucasiemt olc g Perkin=12hmer Model 137-1 spectropholoaater,
Al e speatr o Varien Model DP-60 spectrpettr, (CHaaStas wrecnwl
slanlonl,
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TaBLE T
4-ALKYL-3,5-DIPHENYL-4H-1,4-TH1 AZINE 1,1-DroxipEs
Yield, Caled, ¢ = ~~——=lound, Y ——
Compd %o Mp, °C Formula & 11 C H
IIb 70 228-230¢ CaHNO.S
Illc 64 252-254 CisHiZNOSS 69.42 5.50 69.57 5.57
Iile 71 205-206 CuyoHy NOS 70.76 6.23 70.64 6.49
I1id 48 242-243 CosH 1sNOsS 73.96 5.13 74.07 5.36
11If 75 222-223 CioH 2 NOSS 64.20 4.82 64.00 4.84
¢ Lit.4 mp 224-226°,
TaBLE 11
DER1vATIVES OF PHENACYL SULFIDE AND PHENACYL SULFONE
— Caled, ¥ —— —— Found, ¥ ——
Compd Mp, °C Formula C H C H Remarks
Phenacyl sulfide mono- 213-213.5 Caal1N:058 65.16 4.73 64.94 4.69 Yellow
p-nitrophenylhydrazoile needles
Phenacyl sulfonie mono- 211.5-212.5 CaoH o N30:8 60.26 4.37 60.21 4.49 Yellow
p-nitrophenylhydrazone needles
Phenacyl sulfone mono- 197-198¢ CuH2oN 0,8 67.34 5.10 67.08 5.36 Colorless
phenylhydrazone needles”
Phenacyl sulfone dioxime 217-217.5 CiH16N20:S 57.80 4.82 57.82 4.95

@ Lit.? yellow ueedles, nip 193°. ? Lit.» mp 204°,

Tuder identie

al couditions (NaOAe, EtOH, refinx) the previous workers obtaiued

the so-called phenacyl sulfone dioxime anhydride, mip 167°; however, their analytical data varied considerably fron theory.

14.2 g (0.1 mole) of CHsl i1 150 ml of absolute ethanol. After 4
hr the reaction mixture was heated to reflux aud then allowed to
cool to room temperature. The ethauol was partially removed
(about two-thirds), aud the precipitate was filtered aund recry=tal-
lized froni ethauol yielding 2.5 g (389), mp 203-204° (it mp
178°),

Anal. Caled for CisH;:048: C, 65.43;
Fouud: C, 65.36; H, 5.41; &, 9.6%,

2,6-Dimethyl-3,5-diphenyl-4H-1,4-thiazine 1,1-Dioxide (IV).—
A niixture of 1.65 g (0.005 mole) of the foregoing compouud and
0.8 g (0.01 mole) of ammouium acetate in 10 ml of glacial acetic
acid was heated uuder reflux 5 hr and cooled. The precipitated
solid was filtered, washed with mlethauol, and recrystallized
from ethauol to provide 1.2 g (77¢;) of colorless needles, mp
260-262°.

Anal. Caled for CisHaNOS: C, 69.42; II, 5.50; N, 4.50;
8, 10,30, Found: C, 69.253; H, 5.32: N, 4.40; 85, 10.34.

Reaction of Phenacyl Sulfone with Benzylamine.—A mixture of
1.5 g (0.005 mole) of pheuacyl sulfone and 0.8 g (0.0075 mole) of
benzylamine in 10 ml of xylene was heated under reflux for 3 hr.
Cooling atforded 0.15 g (129,) of IIIa. Mixture neltiug poiut
and infrared spectra confirmed the identity.

Reduction of 4-Methyl-3,5-diphenyl-4H-1,4-thiazine 1,1-Di-
oxide.—A suspension of 0.5 g of this compound? aud 0.2 g of
LiAlHy (3:1 ratio) in 25 ml of anhydrous ether was stirred aud
heated under reflux for 2 hr. The cooled reaction mixture was
shakeu with 50 g of ice and water, the ethereal layer was sepa-
rated aud dried (MgSO,), and the ether was removed. The
infrared spectrum of the residual syrup (0.37 g) did not show
the C=C band at 1620 em~'. The picrate of 4-methyl-3,5-
diphenyl-thiomorpholine 1,1-dioxide was prepared and recrystal-
lized from ethanol; poor yield, mp 225-226°.

Anal. CalCd for C23H22N40951 C, 5207,
C, 52.13; H 4.35.

Phenylhydrazones and oximes were prepared in acetic acid
solution or iu ethanol (Table II).

2,7-Dihydro-3,6-diphenyl,4,5-thiadiazepine (V).—Ten drops of
acetic acid were added to a stirred mixture of phenacyl sulfide
(1.35 g, 0.005 mole) and 0.25 g (0.0075 mole) of hydrazine in 30 ml
of ethanol. The mixture was heated under reflux for § hr and
then allowed to cool to room: temperature. The crude material
was filtered and recrystallized from ethanol to provide 1.05 g
(799%) of colorless solid: mp 177-177.5° (lit.87 mp 175°); selected
iufrared maxima (CHCI), 3050 and 3000 (CH), 1535 (C=N)
and 1445 em~' (-CH,); nmr, doublets centered about § 3.30
and 3.68 (J = 12.3 cps).

Anal. Caled for CieHisNS:
C,72.35; H, 5.48.

2,7-Dihydre-2,7-dimethyl-3,6-diphenyl-1,4,5-thiadiazepine.—
The sante procedure as above was employed using 2,2'-thiobis-
propiophenone instead of phenacyl sulfide. Recrystallization
{vom niethanol gave colorless crystals, mp 182-183°, in 559 yield.

H, 549; 8 0.71.

H, 4.18. Found:

C, 72.14; H, 5.30. Found:

Anal. Cﬁl('d for ClsHmNgSZ
C, 73.50; H, 6.32.

3,6-Diphenyl-2,7-dthydro-1,4,5-thiadiazepine 1,1-Dioxide (VI).
—The sunie procedure as above for V was employed using
phenacyl sulfoue.  Recrystallizatioun from ethauol-beuzene gave
i 730¢ vield, fine colorless ueedles: mp 195-196° dec (lit.t
wp 196°); selected iufrared maxima, 1545 (C=N), 1320 aud
1140 (804), and 685 em~™! (C—3). This compound was also
obtaiued by oxidation of V by 2 equiv of m-chloroperbeuzoic
actid tn CIIClL.  Mixture melting point aud iufrared spectra
coufirnied the ideutity.

C, 73.42; H, 6.16. Found:
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Initial reports'—* by Cella and co-workers that
steroidal 17-spirolactones possessed antialdosterone
activity prompted a continuous stimulus to synthesize
aud evaluate many related derivatives. This work was
in part culminated by the observation of Cella and
Tweit,* as reported in 1959, that the 7a-acetylthio
analog of 3-(178-hydroxyandrost-4-en-3-on-17«-yl)pro-
pionic acid wy-lactone was a highly potent steroidal
aldosterone antagonist.

(1) J. A, Cella and C. M, Kagawa, J. Am. Chem. Soc.. 79, 4808 (1957).

(2) C. M. Kagawa, J. A. Cella, and C. G. Van Arman, Science, 126, 1015
(1957).

(3) J. A. Cella, E. A. Brown, and R. R. Burtner, J. Org. Chem., 24, 743
(1959).

(4) J. A. Cella and R, C. Tweit, ibid., 24, 1109 (1959),



