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Structure and Reactivity of Enamines derived from 5,6-Dihydro-2H- 
thiapyran-3(4H)-one 1 ,I -Dioxide 
By Silvana Fatutta,' Giuliana Pitacco. Claudio Russo, and Ennio Valentin, lstituto di Chimica, Universita, 

The structures and the reactivities of the title vinylogous sulphonamides are compared with those of the correspond- 
ing vinylogous amides derived from cyclohexane-l,3-dione. Their behaviour on alkylation, acylation, and addition- 
substitution has been studied. Isolation of some of the products can be explained in terms of the existence of a 
tautomeric equilibrium in the parent systems. 
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INTEREST in the sulphone group has grown recently as a 
result both of theoretical studies concerning its struc- 
ture and of its chemistry.2 Although comparison of the 
sulphone group with the carbonyl group should be 
avoided because of lack of enolization of the f ~ r m e r , ~  
with caution one structural correlation can be made on 
the basis of the strong electron-withdrawing properties of 
the two groups. 

In view of these considerations, we have investigated 
the structure and reactivity of enamines derived from a 
heterocyclic p-ket osulphone, namely the dihydro-2H- 
thiopyran-3(4H)-one 1,l-dioxide (1) .4*5 

RESULTS AND DISCUSSION 

It is well known that acyclic and cyclic p-ketosulphones 
often fail to react with secondary bases to  give the 
corresponding enamines since they undergo ready 
cleavagem6 Instead, system (1) furnishes the correspond- 
ing enamines (2) and (3), when condensed with mor- 
pholine and pyrrolidine respectively, by the method of 
Stork. 

Both enamines are single isomers, namely A2, as 
demonstrated by the patterns and areas of their respec- 
tive vinylic proton signals. The corresponding A3-forms 
cannot be detected by n.rn.r., eveii under acidic and basic 
equilibration conditions. Instead, the simple 5,6- 
dihydro-2H-thiapyraii 1,l-dioxide (4) is stable only as 
the A3-isomer.8 Evidently the electron-donating effect of 
the base plays an important role in stabilizing the x,p- 
unsaturated form. It is worthwhile pointing out that 
this effect is the same in spite of the different basicity of 
morpholine and pyrr~l idine.~ This is also confirmed by 
the low value of the double-bond absorption band (1 570 
crn-l),lo found for compounds (2) and (3), when compared 
with a system possessing no base at  the p-position (1 642 
cm-1) .I1 

On the other hand, a comparison with both simple 
carbocyclk enamines and carbonyl analogues is also of 
interest since it provides evidence of the strong influence 
of the sulphone group both on the structure and on the 
reactivity of the systems (Table). 

Although the bathochromic and ipsochromic shifts of 
the i.r. and U.V. double-bond absorption bands caused by 
the sulphone group are remarkable they are, however, less 
than those due to the carbonyl group. The same trend is 
observed in the n.m.r. spectra. Evidently the charge 
density on C-2 is diminished less by the sulphone group 
than by the carbonyl group. 

The reactivities of compounds (2) and (3) have been 
studied under conditions of alkylation, acylation, and 
addition-substitution. The enamine (2) does not under- 
go alkylation, whereas (3) reacts with methyl iodide in 
excess, under reflux, to give compound (5)  (Scheme 1). 
Its structure is demonstrated by the presence of a 
doublet at 6 1.45 for the methyl group and by the C=& 
stretching band a t  1 665 cm-l [also the perchlorate salt of 
(3) shows the same band at  1 665 cm-l]. Acidic hydro- 
lysis of (5) affords the ketone (6) in quantitative yield. 
The n.m.r. spectrum of (6) shows a methyl doublet at 6 
1.46 and a methine quartet a t  6 3.97, thus proving that 
regiospecific C-2 alkylation has taken place, in spite of 
steric hindrance from the adjacent sulphone group. 

Although the enamine (2) does not undergo acylation 
either, the reactivity of (3) to acylation depends on the 
acyl chloride used. With acetyl chloride, a t  room 
temperature, acetylation takes place at  C-2, to give the 
p-ketoenaminosulphone (7) (Scheme 2). 

The position of the double bond in compound (7) is 
confirmed by the absence of vinylic proton signals in its 
n.m.r. spectrum and accounts for the low values of the 
G O  and C=C stretching bands (1 620 and 1 500 cm-l 
respectively) .la When the reaction is carried out in 
refluxing benzene, a 4 : 1 mixture of compounds (7) and 
(9) is isolated, from which the other was separated by 
fractional crystallization. Surprisingly, (9) is a vinyl- 
ogous sulphonamide and not an enaminone,12 as clearly 
indicated by the presence of aviiiylic proton signal a t  6 
5.0 (1 H) and by the position of the C=O and C=C stretch- 
ing bands at 1 700 and 1560 cm-l respectively. 

I t  is evident that the electron-withdrawing effect of 
the sulphone group prevails over that of the carbonyl 
group in determining the type of isomer produced. 
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( 2 )  ( 3 )  
v(N-C=C) Icrn-1 1 560 1 5 7 0  1 641 a 1 546 1570 1638 
6 (CrCH) 5.2 5.1 4.5 5.1 4.7 4.2 
~::.3n m 298 250 222.5 305 251 "33 
1g6nax. 4.49 4.25 3.90 4.55 4.45 
G. Opitz, H. Hellman, and H. W. Schubcrt, L4nnnZen, 1959, 623, 112. E. J. Cone, I<. H. Garner, and A .  W. Hayes, 

J .  Org. Chem., 1972, 37, 4436. W. D. Gurowitz and M. A. Joseph, Tetrahedron Lett., 1965, 4433. 

A remarkable difference has also been found in the 
p-sulphonyl diketones (8) and (lo), derived from hydro- 
lyses of the corresponding enamines (7) and (9). In the 
former case, the hydrolysis must be performed in 

(5 1 (6  1 
SCHEME 1 

aqueous acetoilitrile in thc prcscncc of a trace oi hydro- 
chloric acid at  room temperature. Under more acidic 
conditions, (8) decomposes into the parent ketone (l) ,  
acetic acid, and the 7-oxo-5-thiaoctanoic acid 5,5- 
dioxide (11). It is noteworthy that compound (8) 

decomposes into compounds (1) and (1 1) when set aside in 
the air for two months. Similar behaviour has already 
been observed for cyclic P-diketones, but only under more 
forcing conditions (Le. a basic medium with heating).13 
Only in one case does the ring opening occur under acidic 
~0ndi t ions. l~ In contrast, the ketone (lo), whose enol 
form prevails in the equihbrium (goyo), resists ring fission 
and conversion into compound (l), both under the same 
conditions as those described above for compound (8) and 
with heating. 

The reactivity of compound (3) with acetyl chloride 
proves that an isomerization between the or,p and Ply- 
unsaturated forms occurs, a t  least at 80 "C. 

From this point of view, more striking is the reaction 
of compound (3) with benzoyl chloride in refluxing 
benzene, which leads to compound (12) as a single 
product (Scheme 3). 

That the compound was a vinylogous sulphonamide 
with the double bond not in conjugation with the benzoyl 

( 1  + MeCOCH2S0,1CH21,C02H + MeCOZH 

SCHEME 2 
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group, was indicated by the presence of C=O and C=C 
absorptions at 1 675 and 1 560 cm-l respectively, and of a 
vinylic proton singlet at 6 5.05 (1 H). This contrasts 
with that found for the benzoylated systems derived 
from cyclohexanone l5 and 5,5-dimethylcyclohexane-l,3- 
dione,16 in which the enamine double bond is conjugated 

8"' 

(15) 

0 

(13) 
BZ = PhCO 

SCHEME 3 

(17) 

with the benzoyl group. On hydrolysis, compound (12) 
furnishes the corresponding P-diketone (13) which, from 
its n.m.r. spectrum,l7 gives rise to no enolic form, even 
after one week in CD,CN solution. Compound (13) 
reacts slowly however with ferric chloride to give a 
characteristic violet colour after few hours. 

In this reaction the enol esters (14) and (16) are also 
formed. Only the former could be isolated and identi- 
fied, while formation of the latter is demonstrated by 
isolation of the corresponding ketone (17) from the 
hydrolysis reaction mixture. Structural assignments 
for compounds (14) and (16) have been made in accord- 
ance with the method described by R. Helmersl8 (see 
Experimental section). 

The enamines (2) and (3) react with 1 equiv. of diethyl 
azodicarboxylate (DAD) to give compounds (18) and (19) 
respectively (Scheme 4); this is a result of regiospecific 
attack of the electrophile on C-4 of the tautomeric A3- 
form. 

The adducts (18) and (19) show vinylic proton signals 
at 6 4.85 and 5.45 respectively and C=C absorption at 
1600 and 1580 cm-l, thus establishing their identities 
as enaminosulphones. The latter compounds when 
hydrolysed gave the same ketone (20) which was identi- 

fied on the basis of its elemental analyses and spectro- 
scopic results. 

When the enamines (18) and (19) are refluxed in toluene 
for 48 h with a further equivalent of DAD, they partially 
react to give the corresponding double addition products 
(21) and (22), which cannot be isolated. Hydrolyses of 
the crude reaction mixtures, followed by column 
chromatography separation, afford the ketone (23) as a 
stable, single isomer. 

ConcZzcsions.-The alkylation of the vinylogous sul- 
phonamide (3) is regiospecific in as much as only the C-2 
alkylation product is formed. A comparison with the 
corresponding vinylogous a i d e s ,  in which the sulphone 
group is substituted for a carbonyl group, is not possible 
since, in this case, the 0-alkylation product is obtained in 
high yield.l@ 

G;'" 
c, 

(2)  x = 0 
(3) x = - 

(18) X = 0 

(19) x = - 

l o o t  DAD I 

' 0  Et 0, C ONH 

( 2 0 )  

(23) 

DAD = (Et02CN+2 

SCHEME 4 Compounds in brackets have not been isolated 

At room temperature, acetylation of compound (3) 
occurs regiospecifically at C-2, while under more forcing 
conditions, a high degree of regioselectivity is observed, 
again in favour of C-2 as a site of attack. 

In contrast, compound (3) is not benzoylated at room 
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temperature, whereas at 80 "C i t  takes place regio- 
specifically at  C-4. The same reaction, performed on 
the vinylogous amides, always leads to the C-2 acylation 
products .19 

Similarly, DAD reacts at C-4 of the vinylogous sul- 
phonamides (2) and (3), whereas it reacts at  C-2 of the 
corresponding vinylogous amides .20 

The reactivity of compound (3) at the C-2 site is 
related to the steric properties of the electrophile. In 
fact, in going from methyl iodide to DAD, a change in 
regiospecificity is observed. Evidently, the size of the 
sulphone group, together with its remarkable polarity 
could account for the preferred attack of bulky and polar 
systems at  C-4. As a consequence, the reactivity at  C-4 
allows the equilibrium between the A2-and A3-isomers to 
be demonstrated. 

EXPERIMENTAL 

lH N.m.r. spectra were recordccl with a JNM-GO-Hl, 
Jeol spectrometer (Sihle, as internal standard ; solutions in 
CDCI,), i.r. spectra (Nujol mulls) with a Perkin-Elmer 295 
spectrophotonieter, and U.V.  spectra (solutions in EtOH) 
with a Perkin-Elmer 124 spectropliotometcr. For analytical 
t.l.c., plates were coated with silica gel G (Merclc), for 
chromatographic colunins extrapure silica (Merck; 70 -230 
mesh ASTM) was used as the  stationary phase. 

of 3- (Movpli oZzn- 4-y l) -5, 6-d z Ibydvo- 4H -t k z  a- 
pyran 1,l-Dioxide (2) .--The enamine (2) was prcparccl by 
Stork condensation of ketone (1) and niorpholine in benzene 
Aftcr elimination of tlie solvent, the crude product (!)07& 
yield) was crystallized from benzcne-light petroleum, m.p. 
195-196 "C (Found: C, 50.0; H, 7 .0 ;  h', 6.6. C,H,,NO,S 
requires C, 40.8; H, 7.0; W, 6 .5%);  vl,,~,, 1 570 (C=C), 1 320 
and 1 100 (SO,), and 1 120 cm-l (CH,OCH,); 6 5.10 (1 H, s, 
vinyl-H), 3.65 (4 H, ni, CH,OCH,), 3.0 (6 H ,  m, CH,NCH, 
and CH,SO,), and 2.35 (4 H, iii, CH,CH,CH,SO,) ; A,,,,,. 250 
nrn (E,,,,,. 17 GOO). 

Preparation of 3-(l'yrvoZidiiz-l-y1)-5,G-dihydvo-4H-tl~z~~- 
pyrnn 1,l-Dioxide (3) .---The enaniinc (3) W;LS prcparcd by 
Stork condensation of lcetonc ( 1  ) and pyrrolidiiic in bciizciic. 
After elimination of the solvent, tlic crutle product (!)Oo/ ,  
yield) was crystallized from bcnzene-light petrolcum, ni.1). 
165-166 "C (Found: C, 53.5; H, 7.7; N, 6.8. C,H,,NO,S 
requires C,  53.7; H, 7.5; h', 7.074); v , ,~ ,~ \  1570 (C=C) and 
1 305 and 1 100 cm-l (SO,) ; 6 4.7 ( 1  H, s, vinyl-H) ; 3.4--2.8 

SO,), ancl 1.9 (4 H, in, CH,CII,CI-I,N); A,,,;,,. 261 iiiii (€Inas. 

React ion o j 3- (1 ' -yvyo 1 idz n- 1 -yl) - 5, (j-d L Ihydvo- 4 I 1 -t hinpyvcc i G  

1,l-Dioxide (3) with AlefhyZ lodide.--'l'lic. enaniiiic (3) (4.7 g ,  
23.3 mmol) was refluxed in an cxccss of methyl iodide for 24 
h. On cooling, a white crystalline product (5) separated 
(7.0 g, 87% yield), m.p. 216-218 "C (Found: C, 35.2; H, 
5.1; N, 4.0. C,,H,,INSO, requires C, 35.0; H, 5.3; hT, 

4.1%) ; v,,,,. 1 665 (C=Nj and 1 320 and 1 130 cn1-l (SO,) ; 
6 (D20) 3.7 (1 H, ni, CHhlc), 3.3 (4 H, m, CH,NCH,),  2.8 
(2 H, in, CH2S0,), 2.5-1.7 (8 H, m, CH,CH,CH,SO, and 
CH,CH,CH,N), and 1.45 (3 H, d ,  Me). 

The hydrolysis of (5) carried out  in water furnished the 
corresponding ketone (6),  identified as 2-methyZ-5,6-dilzydvo- 
ZH-thiapyran-3(4H)-one 1, l-dipxide,21 m.p. 80-82 "C 
Found: C, 44.6; H ,  6.0. C,H,,O,S requires C, 44.4; H, 

Prepardion 

(6 H, 111, CH2NCHz and CH2S02), 2.4 (4 13, 111, CIl,CII,ClI,- 

27 000). 

+ 

6.2%); v,,,;,,. 1 725 (CO) and 1 310 ancl 1 120 cm-1 (SO,); 6 
4.95 (1 H, q, J 6.75 Hz, CHMe), 3.3 (2 H, ni, CH,SO,), 
2.9-1.9 (4 H, m, C,H,CH,SO,), and 1.5 (3 H, d,  J 6.75 Hz, 
Me). 

Reaction of 3- (Pyrrolidin- 1 -yZ) -5,6-dihydvo-4H-thiapyvan 
1,l-Dioxide (3) with AcetyZ C/zZovide.-Acetyl chloride (0.39 
g, 5 nimol) was added dropwise t o  a solution of compound 
(3) (2.01 g, 10 mmol) in dry benzene, in an  ice-bath, and the  
mixture was stirred overnight. The hydrochloride salt 
was filtered off and tlie mother liquors concentrated. A 
solid was isolated and identified as  2-acetyZ-3-(pyrvoZidin- 1- 
yZ)-5,6-dihydvo-4H-tltiapyvnn 1, l-dioxide (7) (0.6 g, 43% 
yield), ni.p. 193-194 "C from benzene (Found: C, 54.2; H, 
7.0; N,  5.4. CllH17N0,S requires C, 54.3; H ,  7.0; N,  
5.8%); vnlax. 1620 (CO), 1500 ( G C ) ,  and 1300 and 1 105 
cm-l (SO,); 6 3.6-2.9 ( G  H, m, CH,NCH, and CH,SO,), 2.5 
(3 H ,  s, Me), and 2.9-1.8 (8 H, m, CH,CH,CH2S02 and 
CH,CH,CH,Tc'). In  another run the reaction was per- 
formed in refluxing benzene for 24 11. The hydrochloride 
salt was filtered off and solvent removed from the filtrate t o  
lcave a residue (0.ti g, 520/, yield) which contained a 4 : 1 
mixture of (7) and (9) ; this was fractionally crystallized. 
Compound (9) ,  crystallized from benzene, ni.p. 180-181 "C, 
was identified as  4-ucetyZ-3-(~yrroZidin- l-yZ)-S,6-dilzydvo- 
4H-tkiapyvan 1,l-dioxide (Found: C, 54.1; H, 6.9; K,  5.6. 
C1,H1,NO,S requires C, 54.3; H, 7.0; N,  5.87;); vmas. 1 700 
(CO), 1 560 (C=C), and 1 310, 1 300, and 1 100 cm-l (SO,); 6 
5 .0  (1 H,  s, vinyl-H), 3. ti5 ( 1  H, ni, CHC,O), 3.4-2.8 (ti H ,  ni, 
CH,NCH, and CH,SO,), 2.6 (2 H, m,  CHJHCO), 2.3 (3 H, s, 
Me), and 1.05 (4 H, m,  CH,CN,CH,N). 

HydroZysis of the Ennmiize (7) .--A solution o f  t l i c  ciiaiiiinc 
( 7 )  (0.5 g) in acetonitrile (50 nil) was treated witli 10yu 
liytlrochloric acid (0.75 nil) at room temperaturc. After G 11, 

thc solution was concentrated under reduced pressure 
without heating, and tlie solid formed was filtered off (0.3 g, 
77 yo yield). 'Thc product was crystallized from benzene- 
light petroleum, m.p.  102-104 O C ,  and identificcl as  2- 
acetyZ-5,6-dilzydvo-2,4-thiapy,yvan-3 (4H)-one 1,l-dioxide (8) 
(Found: C, 44.1; H, 5.5. C,H,,O,S requires C 44.2; H ,  

1 300, 1 280, 1 140, and 1 125 cni-l (SO,) ; v,l&Lx. (CHClJ 
3 fi70and 3 540 c1ii.l (OH) ; 6 16.8 ( 1  H, bs, OH), 3.3 ( 2  H, m, 
C.H,SO,), 2.!)--2.0 (7 H, m -{- s, CH,('H,CO,Me), and 2.6 (s, 
Me). With neutral ferric chloride (8) gavc an imniediatc 
red colouration. 'lhc motlier-liquors coiitaiiicd the ltetoiic 
( 1 )  in traces. 

I-iydvoZytic CZcaz~agc of Compound (8) .-A solution of 
conipouncl ( 8 )  (0.1 g) iii a 1 : 1 iiiisturc of acetone and loo/, 
hydrocliloric acid ( 1 0  1111) was refluxctl for 8 h. Removal of 
acetone and cstr;tctioii with cliloroform gave a solid which 
was cliroiiiatogr~tpliecl on silica (cluant : 30% acctone in 
benzeiie) . Elution f urnislied 5, (i-rlilz~~dvo-2H-thia~yvan- 
3(4H)-one 1, l-dioxide ( J ) ai i t l  7-oxo-~-ll~iaoctanoic acid 
6,5-ctioxide ( l l ) ,  m.p. 6 5 - 4 6  "C: (Found: C:, 40.2; H ,  5.6. 
C,H,,O,S rcqiiircs C, 40.4; H, 5.80/,) ; v,llay. cn .  3 000 (OH), 
1 720 (CX)), and 1 310 ant1 1 130 cm-l (SO,); 6 10 (1 H, bs, 
OH), 4.0 ( 2  H, s, COCH,SO,), 3.1 (2 H, m, CH,SO,), 2.35 (s, 
Me), arid 2.7-1.7 (7  H, m +- s, CH,CH, ancl Me). 

Hyd.voZysis of the Ennunine (!)).-The enamine (9) (0.2 g) 
in ethanol or acetonitrilc was trcated with 10% hydrochloric 
acid (2 ml), with stirring, at room temperature, for 24 h. 
Removal of the  solvent ancl extraction with chloroform 
furnished 4-acetyl-5,6-dikydro-2H-thia~yran-3(4H)-one 1, l -  
dioxide, ( lo),  m.p. 116-1 17 OC, from ethanol (Found: 
C, 43.9; H, 5.4. C,H,,O,S requires C, 44.2 ; H, 5.3%) ; vmx 

5.3%); v , , ~ ~ , ~ .  2 700-2 600 (OH), 1 570 (CO-C=C-OH), a11d 
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2 GOO (OH), 1 630 (CO), 1 580 (COCHrC-OH), and 1 320 and 
1 120 cm (SO,); 6 15.8 (0.9 H, s, OH), 4.0 (0.1 H, m, 
('OCHCO), 3 85 (2 H, bs, COCH,SO,), 3.2 (2 H, m, CH,SO,), 
2 !I ( 2  H, i n ,  ('II,CH,SO,), and 2.2 (3 H, s, Me). 

Xeicdioi t  of 3-( Pyrvolidin- l-yl)-5,6-di/zydvo-4H-thiapyvaiz 
1, l - l l iox ide  (3)  with Bensoyl Chloride.-Benzoyl chloride 
(0.83 g, 5.5 mniol) was added t o  a solution of the enaniine (3) 
( 2  4 g ,  1 1  inmol) in dry benzene and the  mixture was re- 
fluxed for 24 h.  l'he hydrochloride salt was filtered off and 
the inother-liquors were concentrated. A solid formed 
which was \eparated and identified as  4-benzoyZ-3-( pyvvolidin- 
l - ~ i ~ ) - 5 , 6 - t ~ l / ~ \ ~ ~ ~ ~ o ~ / ~ 2 ~ ~ ~ ~ ~ ~ 1 2  1, l-dioxide (12) (0.75 g, 37% 
yteltl) in 1' 2 2 0  -221 "C, froin ethanol (Found: C, 63.2; H, 
6 . 1 ,  h, 4 3 ClsHl,hOO,S requires C, 62.9; H, 6.3; N, 
4.G':o) ; Y , , , ~ ,  1 675 (CO), 1 560 (C=C), and 1 305, 1 105, and 
1 095 c11i [ S O 2 ) ,  8 8.0 (2  H, m, o-ArH), 7.5 (3 H, ni, WL- and 
p-*ZrEI), 5 0.5 ( I  13, 5, \ inyl-H) ,4.56 (1 H, m, CHCO), 3.5-2.2 
(8 I-I, 1x1, c'EI,SCH, and CH,CH,SO,), and 1.8 (4 H, ni, 
CFZ,('fZ2C€l Lh). Subwquently, from the benzene niother- 
11quor~ ;i ~ I I A  tiire of compounds (12) and (14) was precipit- 
atcd (0 2 g )  from which the latter was isolated by column 
c.liroiiiatogra~711y (eluant : acetone-benzene, 1 : 3), m.p. 
208--200 'C, trom ethanol (Found: C, 67.2; H, 5.7; N, 
3 5 (',lH,3,jh04S requires C, 67.5; H, 5.7; N, 3.4%); 
v , ~ , ~ ,  1 730 ( ( ' ( I ) ,  1 635 (C=C), 1 530 (N-CxC), 1 595, 1 575, 
7 i 0 ,  a n c l  7 1 0  (PIi), 1 300 and 1 100 (SO,), and 1 260 cm-l 
(('-(I), 6 8 2 ( 2  I I ,  in,  o-ArH),  7.45 (8  H, ni, nz- and p-ArH), 
5 I (1 H,  k ,  vinyl-H), 3.6-2.4 ( 8  €I, in, CH,CH,SO, and 
CH,IZ'( H,), and 1.6 (4 H, m, CH,CH,CH,N). 

Finally, tlie S t J l Y C l l t  was removed from the mother- 
liquors, ant1 tlic residue liyclrolysed and extracted with 
chloroforni to furnish a mixture of compounds (13), (15), 
and (17). 'l-lie last two were isolated from (13) by column 
Lli1-oiiiatograpIiy (eluant : acetone-benzcnc, 1 : 3). Sub- 
sequcmtly they wcre separated by fractional crystallization 
from cthaiiol. Compound (15) liad m.p. 187-188 "C 
(1;ountl. ( 64 2; H, 4.3.  C,,H,,O,S requires C, 64.0; H, 
4 . 6 7 & ) ;  v ,,,, 1 730, 1 670 (CO), 1590, 1580, 710, 685 (Ph), 
1 320, 1 105 (SO,) ,  and 1 260, 1 240 cm-l (C-0) ; 6 7.65 (2 H, 
i n ,  o-ArH), 7 26 ( 8  H, i n ,  in- and p-ArH), 4.05 (2 H, ni, 
t'H,SO,), ant1 3.1 (4 H, in, CH2CH,S0,).  With neutral 
fcrric c liloridc compound (15) gave a red colouration within 
4 -5 11. (.ompound (17) had m.p. 175-176 "C (Found: C, 
ti3 8 ;  H,  4 5 C,,H,,O,S requires C, 64.0; H, 4.5); v1,,&,. 
1 730, 1 6!)5 1 635 (C=C), 1 600, 1 585, 1 575, 770, 
710 ( I%) ,  1 340, 1 330, 1 160 (SO,), and 1 260 and 1 250 cm-' 
( C - 0 ) ;  iS 7 9 ( 2  H, in, o-ArH), 7.3 (8 H, m, ns- and p-ArH), 
4 05 ( 2  H, l)s, ('OCH,SO,), 3.3 (2  H, m, CH,SO,), and 2.95 
(2 H, i n ,  CLI,('H,SO,). IVitli ferric chloride (16) gave a red 
colouration M Ithin 20 niin. 

Hydvolysrs (q Compound (1 2) .-A solution of the enamine 
(12) (0.2 g) 111 acetonitrile was treated with loo/, hydrochloric 
acid (2 ml) ,  <it rooni temperature for 24 h.  After concentr- 
ation, a solrtl was filtered off (0.16 g) which was identified as 
4-benzo~l- 5 ,  ti-dahydro- 2H-bhiapyvan-3 (4H) -oize 1, l-dioxide 
(13), in p. 1!)3--194 "C from ethanol (Found: C, 57.4; H, 
4.!1 ClzH12O4S requires C, 57.1; H, 4.8y0), v,,,,, 1 710, 
1 675 (CO), 1 690, 1 580,750,680 (Ph), and 1 310-1 280 and 
1 130 cin (SO,) : 6 (CI),CN) 8.0 (2 H, ni, o-ArH), 7.65 (3 H, 
in,  nz- and p-ArH), 4 .0  (1 H, dd,  J1 7.5 Hz, Jz 8.3 Hz,  
CHCO), 4 3 (2 H, ABq, COCH,SO,), and 3.55 (2 H, ni, 
CH,SO,). VVith ferric chloride a violet colour appeared 
within few Iiours. 

Hydrolysic of Compound (14) .-Hydrolysis of the  enaniine 
(14), carried out  in acetonitrile with 10% hydrochloric 

acid, at room temperature for 24 h, afforded the ketone 

Reaction of 3-(Movpholin-4-yl)-5,6-dihydvo-4H-dihydvo- 
4H-thiapyran 1,l-Dioxide (2) with Diethyl Azodicarboxy1ate.- 
Diethyl azodicarboxylate (0.35 g, 2 mmol) was added t o  a 
solution of enamine (2) (0.43 g, 2 mmol) in dry benzene 
and the mixture set aside for 72 h at room temperature. 
The white crystalline product was then filtered off (0.73 g, 
94% yield) and crystallized from ethanol. It was identified 
as 3-(unovpholin-4-yl)-4-(N,N'-dietkoxycavbonylhydvazino)- 
5,6-dilzydvo-4H-thiapyvan 1,l-dioxide (18), m.p. 170-171 "C 
(Found: C, 46.3; H, 6.6; N, 10.4. C,,H,,N,O,S requires 
C, 46.0; H, 6.4; N, 10.7%); v,,,. 3 290 (NH),  1745, 1675 
(CO), 1590 (C=C), 1510 (NH), 1300-1 280 (SO,), and 
1 125-1 110 cm-' (SO, and C-0-C); 6 6.65 (1 H, bs, N H ) ,  
5.45 (1 H, s, vinyl-H), 5.1 (1 H, bm, CH-N), 4.2 (4 H, bq, 
2 CH,Me), 3.7 (4 H, m, CH,OCH,), 3.5-2.8 (6 H ,  m, CH,- 
NCH, and CH,SO,), 2.8-2.2 (2 H, m, CH,CH,SO,), and 1.3 
(6 H, t, 2 Me). 

Readion of 3-(Pyvrolidin-l-yZ)-5,6-dihydvo-4H-thiapyvan 
1,l-Dioxide (3) with Diethyl Azodicarboxy1ate.-Diethyl azo- 
dicarboxylate (0.35 g, 2 nimol) was added t o  a solution of 
compound (3) (0.4 g, 2 mmol) in dry benzene and the  mix- 
ture was set aside at room temperature for 72 h.  The 
precipitate was then filtered off (0.7 g, 93% yield), crystal- 
lized from ethanol, and identified as  3-(pyrroZidin- l-y1)-4- 
(N,N'-diethoxycarbonylhydrazino)-5,6-dihydvo-4H-thia- 
pyran 1,l-dioxide (19), m.p. 170-171 "C (Found: C, 48.3; 
H, (3.7; N, 10.9. C15H25N306S requires C, 48.0; H, 6.7; 
N, 11.2%), v , , , ~ ~ .  3 240 (NH),  3 050 (=C-H), 1 750, 1 760 (CO), 
1 580 (C=C), 1 530 (NH), and 1 330, 1 300, and 1 110 cm-l 
(SO,); 6 6.9 (1 H, bs, NH), 5.1-4.6 (2 H, bin + s, CHN 
and vinyl-H), 4.85 (s ,  vinyl-H), 4.1 (4 H, in, 2 CH,Me), 3.1 
(6 H, bni, CH,NCH, and CH,SO,), 2.6 (2 H, in, CH,CH,SO,), 
1.9 (4 H, ni, CH,CH,CH,N), and 1.25 (6 H, t, 2 Me). 

HydroZyses of Compounds ( 18) and ( 19) .-Enamines (1 8 )  
and (19) (0.2 g)  wcre separately dissolved in ethanol ur 
acetoiiitrile and 10% hydrochloric acid was added. After 
24 11 at room temperature a solid formed (0.15 g) and 
was identified as  4-( N,N'-diethoxycarbonylhydvazino)-5,0- 
dihydvo-2H-thiapyvan-3(4H)-one 1, l-dioxide (20), n1.p. 155- 
156 "C, from ethanol (Found: C, 41.0; H, 5 . 6 ;  N, 8.5. 
C,,H,,N,O,S requires C, 41.0; H, 5.6; N, 8.7%) ; v,,,. 3 340 
(NH),  1730, 1690 (CO), 1500 (NH), and 1320 and 1140 
c1n-l (SO,) ; 6 6.6 (1 H, bs, NH),  5.0 (1 H, m, CHN), 4.4-3.7 
(6 H, m, 2 CH,Me and COCH,SO,), 3.35 (2 H, m, CH,SO,), 2.4 
(2 H, m, CH,CH,SO,), and 1.25 (6 H ,  t, 2 Me). 

Reactioiz of 3- (Admpholin-4-yl) -4- ( N, N '-diet J~oxycavbonyl- 
hydrazino(-5,6-dihydro-4H-thiapyvaw 1,l-Dioxide ( 18) and 
3- (Pyvvolidin- l-yl) -4- (N,N'-diethoxycarbonylhyd~azino) -5,6- 
dihydro-4H-thiapyvan 1,l-Dioxide (19) with Diethyl Azo-  
dica,vboxylate.-Diethyl azodicarboxylate (0.1 g, 0.5 mmol) 
was added t o  a solution of compound (18) (0.25 g, 0.6 mmol) 
[or (19) (0.2 g, 0.6 mmol)] in dry  toluene. The mixture was 
refluxed for 48 h. After elimination of the solvent, the 
residues were hydrolysed in ethanol with 10% hydrochloric 
acid, for 24 h, and the mixture extracted with chloroform. 
The double-addition product (23) was isolated from com- 
pound (20), derived from the unchanged (18) [or (19)], b y  
column chromatography (eluant : acetone-benzene, 1 : 3). 
It was identified as 2,4-bis(N,N'-diethoxycarbonylhydrazino)- 
5,6-dihydro-2H-thiapyran-3 (4H) -one 1, l-dioxide, m .p. 178- 
180 "C (Found: C ,  41.5; H ,  5.9; N, 10.9. C,,H,,N,O,,S 
requires C, 41.1; H, 5.7; N, 11.3%); vnlaY. 3 300 (NH), 

(15). 

1 770-1 690 (CO,Et,CO), 1380, 1 140, 1 125 (SO,); 6 7.4- 
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6.5 (3 H, 3bs, 2NH + KCHSO,), 6.8-5.0 (1 HI vbs, 
CHN), 4.3 (8 H, bq, 4 CH,Me,),  and 2.3 (12 H, bt, 4 Me). 

This work was supported by C.N.R. (Rome) 
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