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TABLE I 

A K Y L O X Y B I G U A N I D E AND Al tYl .OXYUUANIDlNi ; SALTS 

C o m p o u n d M p , ° C 

Phenoxybiguanide hydro- 158-1,59 
chloride (2a) 

p-Tolyloxybiguanide 150-151 
nitrate (2b) 

w-Chlorophenoxy- 192-193 
biguanide nitrate (2c) 

Phenoxyguanidine 156-158 
hydrochloride (3a) 

m-Chlorophenoxj'guani- 149-150 
dine nitrate (3b) 

Yield, 

% 

12 

14 

96 

24 

R e c r y s t n 
so lvent 

-Ca lcd , % - - F o u n d , % • 
H CI N F o r m u l a C H CI X C 

2-Propanol C8H12C1N50 41.83 5.23 15.47 30.50 41.91 5.15 15.48 30.78 

Methanol CgHuNaOi 40.00 5.22 31.10 39.94 5.39 30.95 

Ethanol C8HuClN604 33.05 3.79 12.22 28.92 32.65 4.08 12.49 29.22 

2-Propanol, C7HioClX30 44.80 5.33 18.93 22.40 45.01 5.45 18.90 22.50 
ether 

2-Propanol, CHuClNiO 33.80 3.62 14.29 22.54 33.63 3.94 13.81 22.43 
ether 

est imated as "reducing sugar" content by the method 
of Hoffman as modified for the Technicon Auto-Ana
lyzer,4 were not depressed significantly below controls 
when determined at 2 hr after dosing. For compari
son, phenethylbiguanide hydrochloride effected a 5 0 % 
lowering of blood sugar levels when administered at a 
dose of 50 mg/kg. 5 

Experimental Section6 

Aryloxybiguanide Salts.—A solution of 0.02 mole of an aryl-
oxyamine hydrochloride,2,3 0.02 mole of cyanoguanidine, and 40 
ml of methanol was allowed to stand at room temperature for 4 
days, and then concentrated under reduced pressure to an oily 
solid. For 2a, the solid was recrystallized. For 2b and 2c, 
the crude solid was added to saturated aqueous sodium nitrate. 
The solid which then precipitated was recrystallized. Details 
are listed in Table I. 

Aryloxyguanidine Salts.—A solution of 0.05 mole of an aryloxy-
amiiie hydrochloride2'3 and 10 ml of 50% aqueous cyanamide7 

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 3b). Addition of the liquid to saturated aqueous 
sodium nitrate gave a solid. Recrystallization gave the products; 
details are included in Table I. 

(4) \V. S. Hoffman, ./. Biol. Chem., 120, 51 (1937). 
(5) T h e an ima l tes t ing was carr ied out by Drs . S. Ritrfd a n d D . Blickens 

of the E x p e r i m e n t a l T h e r a p e u t i c s Research Sect ion of these l abora to r ies . 
(6) Me l t i ng po in t s were d e t e r m i n e d in a Hershberj* a p p a r a t u s and are un

cor rec ted . Mic roana lyses were per formed by M r . L. M . Brancone a n d 
staff. 

(7) Aero1-^ C y a n a m i d e - 5 0 , Amer ican C y a n a m i d Co. 
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Our interest in 1,4-thiazines is derived from the 
parental relationship of these monocycles to the well-
known and psychopharmaeologically active pheno-
thiazines and from the fundamental chemical nature 
of 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 Research Fel low. 

Few at tempts 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 synthesis of 1,4-thiazines and related com
pounds. 

•xk.r 
N*^R 

a, R = C6H5 

b, R. = H 

Fujii2 reported the synthesis of 3,5-diphenyl-l,4-
thiazine by the condensation of phenacyl sulfide with 
ammonia; structure la was suggested for the product. 
We have repeated this preparation and found com
pelling evidence for the alternate structure I la . The 
infrared spectrum is devoid of X - H absorption and the 
nmr spectrum shows, in addition to ten aromatic pro
tons, a one-proton singlet at 5 6.28 (vinyl) and a two-
proton singlet at 8 3.27. Such a structure has been 
previously proposed for the parent 1,4-thiazine ( l ib ) . 3 

This proposal, which was based on the failure of the 
compound to give a sulfonamide, has yet to be con
firmed. 

0, 

XX XX 
R H 

Ilia, R = H IV 
b, R = CH3 
c, R = CH* 
d, R = C6H5CH2 
e, R = m-C4Hc, 
f, R = CHsOOCCH. 

Baliah and Rangarajan4 reported the formation of 
3,5-diphenyl-4H-l,4-thiazine 1,1-dioxide ( I l i a ) by the 
condensation of phenacyl sulfone with ammonia in 
glacial acetic acid. The structure assignment was 
based on the observation tha t this compound under
went what was believed to be N-methylation by methyl 

(2) K. Fujii , ./. Pharm. Soc. Japan, 77, 359 (1957); Chem Abstr., 6 1 , 12103 
(1957). 

(3) C. B a r k e n b u s and P . S. Landis , . / . Am. Chem. Soc. 70, 684 (1948). 
(4) V. Bal iah a n d T. R a n g a r a j a n , J. Org. Chem., 26, 970 (1961). 
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iodide in the presence of potassium carbonate; no 
at tempt was made to eliminate the possibility of ('-
methylation at position 2 or isomerization prior to X-
methylation. The infrared and nnir spectra of 111 ;t 

obtained in our laboratory confirm the earlier struc
tural assignment. The X - H band at 3400 cm ' in 
the infrared spectrum of I l i a is not present in that of 
the methylated compound I l l b , thus also confirming 
the proposed X-alkylation. We have also prepared 
and examined other X-alkvlated products (IJIe-f) of 
I l i a . 

Methylation of phenacyl sulfone with methyl iodide 
in the presence of sodium ethoxide gave the symmetrical 
dimethyl derivative which upon refluxing with ammo
nium acetate in acetic acid afforded 2,()-dimet hyl-3,o-
diphenyi-4H-E4-thiazinc 1,1-dioxide (IV). 

The change in position of the double bond with 
the state of oxidation of the sulfur in these thiamines i-
not well understood. Electron derealization is per
haps more efficient in structures of type II than in type 
[ since conjugation through sulfur in the latter is prob
ably limited by the puckered nature of the ring. In 
view of this structural dissimilarity, the structure of 
the corresponding sulfoxide would be of interest. 
Oxidation of phenacyl sulfide witli 1 equiv of ///-
chloroperbenzoic acid gave the known phenacyi sulf
oxide.''' Because of the instability of this compound 
or of the condensation product, it was impossible to 
obtain the desired 3,f>-dipheny!-l,+-thiazine 1-oxide. 

In confirmation of previous reports'-1'4 no X-alkyl-
1,4-thiazine derivatives were obtained when either 
phenacyl sulfide or sulfone was treated with a variety 
of primary amines under various conditions. The 
possibility that X-alkyl-1,4-thiazines might be ob
tained, by LiAlHi reduction of the corresponding sul-
fones has also been investigated. It was found, as 
might be anticipated, that the double bonds were 
preferentially reduced leaving the sulfone grouping 
intact. 

0_ 

CV-—L i - C d b c„H-—(\ /)—(.', H- C,H-( \ \-C,H 
N-N N-X N-X—CH 

V VI VII 

The reaction of phenacyl sulfide with hydrazine ga \ e 
a product whose melting point and analysis were 
similar to those reported by Fromm and Ehrhardt.1 ' 
The nnir spectrum confirmed the proposed structure 
2,7-dihydro-3.(>-diphenyl-1.4..)-thiadiazepine (V). It 
exhibited an AB pattern in the aliphatic region with 
doublets centered about 5 3.30 and 3.(IS (./ = 1:2.3 
cps) as might be expected from the puckered nature 
of the ring. The 1.1-dioxide derivative (VI) was ob
tained by condensation of jihenacyl sulfone with 
hydrazine and by oxidation of A' by 2 equiv of m-
chloroperbenzoic acid. Compounds V and VI undergo 
rather facile thermal decompositions to yield 3.0-
diphenylpyridazine; these and related ring contractions 
have been observed independently by other workers.7 

The reaction between phenacyl sulfone and phenyl-
hydrazine1 tinder the conditions specified by f romm 

;:» K. l'l'ijinm iin.l .1. I ' laschen, Am,., 394, :il() (1912i 
Hi) !•:. I ' romm and A. Khrhai 'd t , Hi r.. 5 4 B , 1ST i ' l »2 l j . 
',7; .1. 1). London and I.. H. Vrjiint. •/. Clum. Sm ., .Willi , l'.l(>:ij. 

and Klaschen for the formation of the seven-meinbered 
ring compotind VII in our hands afforded only the 
nionophenylhydrazone. Alternative reaction condi
tions gave identical results. Several other niono-
phenylhydrazones were prepared. The following pro
cedures were uniformly unsuccessful in providing cy-
clized products from these monophenylhydrazones; 
refluxing in acetic, acid, acetic anhydride, pyridine, 
benzene, xylene, and chloroform with and without addi
tion of a catalytic amount of organic or mineral acid. 
Ender less drastic conditions the starting hydrazones 
were recovered while under the more drastic condi
tions decompositions took place. In similar reactions 
with hydroxylamine we wen1 able, to obtain only 
oximes. 

Pharmacology. Cross symptomatologic character
izations employing male albino mice of the Swiss 
Webster strain (20-30 g) were performed on 4-methyl-
3.5-diphonyI-l .4-thiazinc El-dioxide ( I l lb ) and 2,7-
dihydro-3,fi-di phony 1-1.4,5-thiadiazepi ne (Y). The 
compounds were administered orally in doses ranging 
from 100 to 1000 nig kg. Xo appreciable pharmaco-
toxic signs were observed at any dosage level adminis
tered. 

Experimental Seclions 

Phenacyl Sulfone (2,2-Thiobisacetophenone S,S-Dioxide). 
A cooled solution of 13.5 g (0.05 mole.) of phenacyl sulfide in 
40 ml of ('11(4; was treated .-.lowly with a solution of 21.0 g 
(0.7-g excess) of S.V , y»-chloroperbenxoic acid in 70 ml of etlianol. 
Thirty minules after the addition was complete, the precipitate 
was filtered, washed thoroughly with cold methanol, and dried 
yielding 10.0 g, mp 120-121° '(lit.5 nip 120°). Careful cooling 
of the mother liquor afforded n scroiid crop of l.;j g raising (tie 
yield to 13.3 g (NO',' '. 

Phenacyl Sulfoxide,"- A solution of 10.2 g (0.05 mole) of 
S.V, ;//-chloroperbenzoic acid in 120 nil of ClK.'f was added drop-
wise to a cooled and stirred solution of 13.5 g (().().") mole) of 
phenacyl sulfide in 40 ml of OIICL. After the addition was 
complete the reaction mixture was transferred to a separalory 
funnel and washed iwice with ,V , XalK'O:, and then with water. 
The Cll('l;i solution was dried (MgSOi), the solvent was removed 
under diminished pressure, and the crude material was recrystal-
li/ed from methanol yielding 10.2 g ( 7 1 ' , ). mp 111-113° (lit.--"' 
mp J It! 1 15°, !)s° i. 

3,5-Diphenyl-4H-l,4-thiazine 1,1-Uioxide tl l laj. A mixture 
of 1.5 g (0.005 mole) of phenacyl sulfone and 1.2 g i 0.02 mole) of 
urea in 15 ml of glacial acetic acid was heated under reflux for 
is lir. After cooling, the precipitated solid was tillered and re-
crystallized from ethiuiol; yield 1.2 g (il0'r i of colorless needles, 
nip 270-277° (lit.1 mp 270-272°): selected infrared maxima 
(Niijol,), 33*0 (X If) and 1100 cm '] (SOo. 

Aiinl. Calot for <',liII,;;XO..S: (', 07.M : 11,4.02. Found: 
(', 07.77: II, 4.7:;. 

4-Alkyl-3,5-diphenyi-4H-l,4-thiazine 1,1-Uioxides tIllb i'i. 
In a flask were placed 2..") mmoles of 3,5--.iiphenyl-4II-l,4-thiazine 
1,1-dioxide, 50 ml of dry acetone, 10 50 mmoles of alkyl halide, 
and 4 g of anhydrous K2COa in this order. After I'efluxing 12 24 
hr, the hoi solution was filtered, the acetone was removed, meth
anol was added, and the precipitates was filtered and recrystal-
lized from etlianol (Table If. 

The iinif spectrum of the 4-methyl derivative i l l l b ) in (( ' !)-
Cf>) showed singlets at 5 2.00 (3 II),'.5.05 (2 II), and 7.45 (10 If): 
infrared (CUCh) selected bands: 3065, 3010, 1615, 13SH, 1105 
and 602 ™r"J. The 4-eih.vl derivative (Tile) exhi!)ited similar 
bands at 3040,3000, 1620, 12N5. 1 110, and 700 cm- ' . 

2,2-Thiobispropiophenone S,S-Dioxide.-~ A solution of 2.3 g 
(0.1 g-alom) of X;t in 50 ml of absohiteethanol was added slowly 
to a stirred mixture of (i.l) g (0.02 mole) of phenacyl sulfone and 

' S Meili tm poini^ n e ie ; aken in open sfiass capillaries and are uncorrected.. 
MieroanaU ses are by Midwest Miero lab , Inc. , Ind ianapol i s , !.n<l. Infrared 
spectra were measured on a Perkin-Kimer Mode l 1S7-H s p e c t r o p h o t o m e t e r , 
and nmr spee'.ra o-ia Vnriun Model !>IMi0 spec t romete r . ( (UUuSi as in ternal 
s t a n d a r d . 
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Yield, 

TABLE I 

4-ALKYL-3,5-DIPHENYL-4H-1,4-THIAZINE 1,1-DIOXIDES 

. Calcd, '•'/, 
Compd 

I l l b 
I I Ic 
H i e 
H i d 
Il lf 

' Lit.4 mp 224-

% 
70 
64 
71 
48 
75 

-226°, 

Mp, °C 
228-230" 
252-254 
205-206 
242-243 
222-223 

F o r m u l a 

Ci,H16N02S 
C18H„N028 
CaoHojNOsS 
C23H19NO2S 

Ci9H„N04S 

- F o u n d , ' 

69.42 
70.76 
73.96 
64.20 

5.50 
6.23 
5.13 
4.82 

69.57 
70.64 
74.07 
64.09 

5.57 
6.49 
5.36 
4.84 

TABLE II 

DERIVATIVES OF PHENACYL SULFIDE AND PHENACYL SULFONE 

Compd 

Phenacyl sulfide mono-
p-nitrophenylhydrazone 

Phenacyl sulfone mono-
jc-nitrophenylhydrazone 

Phenacyl sulfone mono-
phenylhydrazone 

Phenacyl sulfone dioxime 
0 Lit.5 yellow needles, mp 193°. 

Mp, °C 

213-213.5 

211.5-212.5 

197-198° 

217-217.56 

b Lit.5 mp 204°. 

Formula 

C22H,9N303S 

CooH^NsOrS 

CoL,HaX203S 

C16H16N0O4S 

Under identical 

. C: 
C 

05.16 

60.26 

67.34 

57.80 
conditions 

i l rd, % • 

If 

4,73 

4.37 

5.10 

4.82 

(NaOAe, EtOH, 

. • F o u n d , 
C 

64 . 94 

60.21 

67. OS 

57.82 

reflux) the 

% • 

H 

4.69 

4.49 

5.36 

4.95 

previous 

Remarks 

Yellow-
needles 

Yellow-
needles 

Colorless 
needles' 

workers obtair 
the so-called phenacyl sulfone dioxime anhydride, mp 167°; however, their analytical data varied considerably from theory. 

14.2 g (0.1 mole) of C H J in 150 ml of absolute ethanol. After 4 
hr the reaction mixture was heated to reflux and then allowed to 
cool to room temperature. The ethanol was partially removed 
(about two-thirds), and the precipitate was filtered and reerystal-
lized from ethanol yielding 2.5 g (38%), mp 203-204° (lit.5 mp 
178°). 

Anal. Calcd for Ci8H1804S: C, 65.43; II, 5.49: S, 9.71. 
Found: C, 65.36; H, 5.41; S, 9.68. 

2,6-Dimethyl-3,5-diphenyl-4H-l,4-thiazine 1,1-Dioxide (IV).— 
A mixture of 1.65 g (0.005 mole) of the foregoing compound and 
0.8 g (0.01 mole) of ammonium acetate in 10 ml of glacial acetic 
acid was heated under reflux 5 hr and cooled. The precipitated 
solid was filtered, washed with methanol, and recrystallized 
from ethanol to provide 1.2 g (77%.) of colorless needles, mp 
260-262°. 

Anal. Calcd for Ci8H„NO.iS: C, 69.42; II, 5.50; N, 4.50; 
S, 10.30. Found: C, 69.25; 11,5.52; N, 4.40; S, 10.34. 

Reaction of Phenacyl Sulfone with Benzylamine.—A mixture of 
1.5 g (0.005 mole) of phenacyl sulfone and 0.8 g (0.0075 mole) of 
benzylamine in 10 ml of xylene was heated under reflux for 3 hr. 
Cooling afforded 0.15 g (12%) of I l i a . Mixture melting point 
and infrared spectra confirmed the identity. 

Reduction of 4-Methyl-3,5-diphenyl-4H-l,4-thiazine 1,1-Di
oxide.—A suspension of 0.5 g of this compound4 and 0.2 g of 
LiAlH4 (3:1 ratio) in 25 ml of anhydrous ether was stirred and 
heated under reflux for 2 hr. The cooled reaction mixture was 
shaken with 50 g of ice and water, the ethereal layer was sepa
rated and dried (AlgS04), and the ether was removed. The 
infrared spectrum of the residual syrup (0.37 g) did not show 
the C = C band at 1620 cm"1. The picrate of 4-methyl-3,5-
diphenyl-thiomorpholine 1,1-dioxide was prepared and reerystal-
lized from ethanol; poor yield, mp 225-226°. 

Anal. Calcd for CsaHjoNiOsS: C, 52.07; 11,4.18. Found: 
C, 52.13; H 4.35. 

Phenylhydrazones and oximes were prepared in acetic acid 
solution or in 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 8 hr and 
then allowed to cool to room temperature. The crude material 
was filtered and recrystallized from ethanol to provide 1.05 g 
(79%) of colorless solid: mp 177-177.5° (lit.6'7 mp 175°); selected 
infrared maxima (CHCU), 3050 and 3000 (CH), 1555 ( C = N ) 
and 1445 c m - 1 (-CHa); nmr, doublets centered about 6 3.30 
and 3.68 (J = 12.3 cps). 

Anal. Calcd for C16Hi4N,S: C, 72.14; H, 5.30. Found: 
C, 72.35; H, 5.48. 

2,7-Dihydro-2,7-dimethyl-3,6-diphenyl-l,4,5-thiadiazepine.— 
The same procedure as above was employed using 2,2'-thiobis-
propiophenone instead of phenacyl sulfide. Recrystallization 
fitoro methanol fiave colorless crystals, mp 182-183°, in 5 5 % yield. 

Anal. Calcd for CsIIisN.S: C, 73.42; H, 6.16. Found: 
C, 73.50; II, 6.32. 

3,6-Diphenyl-2,7-dihydro-l,4,5-thiadiazepine 1,1-Dioxide (VI). 
—The same procedure as above for V was employed using 
phenacyl sulfone. Recrystallization from ethanol-benzene gave 
in 73% yield, fine colorless needles: mp 195-196° dec (lit.6 

mp 196°); selected infrared maxima, 1545 ( C = N ) , 1320 and 
1140 (SOj), and 085 cm"1 (C—S). This compound was also 
obtained by oxidation of V by 2 equiv of »i-chloroperbenzoic 
acid in CIICI3. Mixture melting point and infrared spectra 
confirmed the identity. 
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Initial reports1-3 by Cella and co-workers that 
steroidal 17-spirolactones possessed antialdosterone 
activity prompted a continuous stimulus to synthesize 
and evaluate many related derivatives. This work was 
in part culminated by the observation of Cella and 
Tweit,4 as reported in 1959, that the 7a-acetylthio 
analog of 3-(17/3-hydroxyandrost-4-en-3-on-17a-yl)pro-
pionic acid 7-lactone was a highly potent steroidal 
aldosterone antagonist. 

(1) J. A. Cella a n d C. M . K a g a w a , J. Am. Chern. Soc, 79, 4808 (1957). 
(2) C. M . K a g a w a , J. A. Cella, a n d C. G. Van A r m a n , Science, 126, 1015 

(1957). 
(3) J. A. Cella, E . A. Brown, a n d R. R. B u r t n e r , J. Org. Chem., 24, 743 

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


