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ARTICLE INFO ABSTRACT

Article history Herein, we present a full account of our studiethwespect to the reactivity afisufficiently
Received explored 1%-isothiazolidine-1,1,4-triones (so-callBeketo-sultams). This heterocyclic syst
Received in revised form possesses two reaction centers: the EWG-activastdyfene groumand the carbonyl moie
Accepted which were investigated in the course of presentst 2,3,3-Trimethyl-1%-isothiazolidine-
Available online 1,1,4-trione and 4-methyl\8-thia-4-azaspiro[2.4]heptane-5,5,7-trione  were ehosa&

representatives of the given class of substandd® former is a classical spatic
uncomplicated model substance, the latter bearingpiganic cyclopropane substituent
interesting in terms of evaluation of strain cyefects. Indeed, the data obtained con

Keywords_ information about the impact of theghly strained substituent on the reaction centérthe
Su!fonamldes ketosultam core. Thus, in addition to less stabitif the strained spiranic ketosultamg th
Spiro compounds reactivity of its carbonyl group is suppressed weherthe activity of the methylene groisp
E|eCfFODh!|€‘S enhanced being compared with the nonspiranic satbstApart from the difference ithe
Nucleophile chemical character of the givrketo-sultams we faced unprecedented products (1,1-éboxo
X-ray study [2-(triphenylphosphonio)acetyl]-2,3-dihydrd411)’-isothiazol-4-olates) formed during the

course of the reaction with the Wittig reagenttigpylcarbethoxymethylenephosphorane.
2009 Elsevier Ltd. All rights reserved
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1. Introduction

- . -B
The structural and therapeutic diversity, coupledhwhe vBu

commercial viability of small heterocyclic molecslehas
fascinated organic and medicinal chemists for a Ipaeriod of
time. Cyclic sulfonamides (sultams)although not found in

nature, are present in a number of biologicalljvaoctompounds. o ° ¢ © a
Sulfonamides are generally stable under physiogionditions remedies for inflammation
and only a few known enzymes are able to hydrolyze-1$0O S-2474 (ref. 3) and autoimmune diseases (ref. 4)
bond? Therefore, substituted sulfonamides are frequarshd in

drug discovery projects as common starting or tangaterials. o Me O
Among them is S-2474, a cytokine suppressive duabitor of <o 2/—/( -
cyclooxygenase-2 (COX-2) and 5-lipoxygenase (5-£Q3s C,‘\j TBDMSO NTR
well,  3a,4,5,6-tetrahydro-pyrrolo[1,B}-isothiazole-1,1-diones HN o)
have been found to constitute a therapeutic approtrc = | Y 2 —.,

. ; s . - OTBDMS
inflammation and autoimmune diseases. They werenfeafeby SN Bn Noge
Novartis Pharma GmbH in 2007 as components for tgati OH O oo
disorders which are mediated by interaction of LFAwvith its ' ATSAO-T derivatives (ref. 6)
ligands involved in cell adhesion, migration andtivetion anti-HIV-1 agent (ref. 5) RL=H CH. Boc
(Figure1). R2=H, CHy

Figure 1. Synthetic biologically active sultams.
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At the same time, naphthyridine bearing a sultam 0, 0
substitution at the"3position of the central phenyl ring exhibits Me- > \-0 VE_\ .0
an excellent potency and a good pharmacokinetifilpras an vd N N/S\\o
HIV-1 integrase inhibitof. Four families of ATSAO-T Me Me
derivatives were also studied in the same mannenenel found 1 2
to be HIV-1(llls)-specific and potent reverse transcriptaseFigure 4. 125 Isothiazolidine-1,1,4-triones chosen for the chehi
inhibitors’ (Figure 1). properties evaluation.

In medicinal chemistry and biochemistry, the sudfioride
group is known as a bioisosteric equivalent of taehoxamide The strained spirocarbocyclic substituent at tAe@sition of
group. Their similarity is based on the consideratf electronic  the isothiazolidine-1,1,4-trione scaffold might lirdnce the
and conformational aspects and it serves as a poedl in  activity of the reaction centers. Due to this reasba difference
drug discovery. The most classic example is theilfarof in the reactivity of the non-spiranic and strainsgiranic
sulfonamide antibiotics. At this poinf-keto«-sultams are the substrates towards nucleophiles and electrophilesewzected.

closest sulfur-containing bioisosters of tetrandilgFigure 2). . .
2. Results and discussion
0 0

2—\/0 n In conjunction with our interest in developing eitiat
N/S\\/ N O syntheses of functionalized sultdfhwe have already described
H O H the preparation of 4-methyk5thia-4-azaspiro[2.4]heptane-
B-keto-y-sultam  tetramic acid 5,5,7-trione )."** Albeit an approach to the construction of
2,3,3-trimethyl-1%-isothiazolidine-1,1,4-trione 1 had been
Figure 2. Tetramic acid and its sulfur-containing isoster. published;®*® we envisioned an improved synthetic route

wherein isobutyric amino aci@ was found as an appropriate
Naturally occurring tetramic acids constitute a vasty of  starting material.

bioactive secondary metabolites among which are
erythroskyriné and PF 1052. In general, tetramic acid-
containing natural products display a wide rangebiological
activities, including antibiotié, antiviral, cytotoxicity, and
cytostatic activitie3? A great deal of attention to synthetically
occurring tetramic acids was focused by Bayer Cragpfge.
Eventually, they patented a series of ingredientsfdingicidal
and herbicidal usé and in 2007 released a pesticide
spirotetramat (brand name Movef which is active against
piercing-sucking insect${gure 3).

Thus, amino isobutyric aci@ was esterified with methanol
following the methods described in the literattir8ubsequently,
sulfonylation of the amino acid estérwith MsCI in CHCI, in
the presence of BY as a base resulted in the corresponding
methyl 1-methylsulfonamido carboxylafein 84% yield. It was
found to be advantageous to allow the reaction mexstanding
at rt. at least overnight to ensure the completwin the
sulfonylation process. Subsequent alkylation5ofvith Mel in
DMF afforded methylated sulfonamido carboxyléten a nearly
guantitative yield and this was followed by treatmeiith tert-
BuOK in DMF to produce the target 2,3,3-trimethyf-1
isothiazolidine-1,1,4-trioneljf via sulfa-Dieckmann cyclization
in 85% yield Gcheme 1).

MeSO,Cl, Et;N

Me_ CO,H MeOH, HCl Me_ CO,Me
. T oCtoreflux, 4h ? CHyCl,
erythroskyrine (ref. 7) s-Bu Me” NH,HCI ref. 15 Me™ "NH, HCI ?J&a:giéﬁt
PF1052 (ref. 8) 3 4 84% yield
Me
Me_ CO,Me
M _Me
e —
Me HN=$s,)
O« _0O Et 5 O
-
e) (@)
tert-BuS Me_ CO,Me Mel, K,CO4
RVION Me _0 tert-BuOK, DMF """ o DMF
R® g3 N/S\\ rt., overnight Me  N-S{ rt., 48 h
. > ;
RL R2 R3 = H. Alk . Me Ve 85% yield Mé 6 ° 98% yield
patented fungicides and herbicides Spirotetramat 1 6
£ 11 (Movento®, ref. 12) . . )
_ (ref. 11) _ o Scheme 1. An improved synthesis of 2,3,3-trimethyi1
Figure 3. Naturally occurring and synthetic tetramic acid isothiazolidine-1,1,4-trionel].

derivatives.

As it will be shown below, the mother solutions remeal
dafter recrystallization of crudé as well as2 were effectively
used on the principle of non-waste production. Thisy were
processed with an excess of DMFDMA (dimethylformamide

Although isothiazolidine-1,1,4-triones have beenwnaince
1976**" they are not studied sufficiently and the reporte
transformations are mostly limited to condensatieactions->°
At the same time, the methylene and the carbonylgg@rovide

. e o dimethyl acetal) to give the corresponding
an opportunity for further modification giving asse to . . L9
intermediates that are of high value for pharmacalitlirected glrrgdeltjfglgz;gnég())methylene derivatives (refer tBcheme 8,

organic synthesis. To this purpose, we aimed tosinyate the
reactivity of both centers and chose 2,3,3-trfi3mke_l}‘)~39- We began our study of the chemical properties tdsdtams
isothiazolidine-1,1,4-trione 1 and  4-methyl-b™-thia-4- 1 and2 with the examination of the carbonyl group reatyivi

azaspiro[2.4]heptane-5,5,7-trior) @s model compounds for the First, the possibility of the ketonic C=0 bond retioe was
chemical properties evaluatioRigure 4). explored.



O, HO
MsClI, CH,Cl,,
RL -0 NaBH, MeOH RL _0 pyridine
J N/S\\ 0T to r.t., overnight J N/S\\ 0T to r.t., overnight
R® ¥ O 88% vyield of 7 Re V" O 91% vyield
Me 85% yield of 8 Me
1,2 7,8 O\\ Me
g o
MsCl, pyridine
1) 0T to r.t., overnight; Me 5=
2)75C,1h wd N
% Vi e
84% yield Me

9
H, (0.1 MPa), Pd/C

Me =0 <MeOH, 20T, 48h Me./ o
NG 95% yield N
Me 'V O Me ' O

Me Me
11 10

tert-BuOK, THF

0T to r.t., overnight
99% vyield

1, 7R'=R?=Me; 2, 8 Rt + R? = (CH,),
Scheme 2. The reduction of ketosultam4,2 and subsequent
transformations of the alcoh@dl

Thus, the interaction of ketosultarh® with NaBH, in MeOH
led to the corresponding alcohols8 in 88 and 85% yields,
respectively $cheme 2).

The carbinol7, when reacted with MsCl, provided mesyléte
which in turn was subjected to the actionteft-BuOK in THF.
The elimination of a mesylate-anion proceeded shigpaind the
corresponding alken&0 was isolated in a nearly quantitative
yield. It is important to note that alker® can be prepared
directly from the alcohof by carrying out a mesylation reaction
in a pyridine media followed by heating of the réattmixture
up to 75°C. Hydrogenation of alkerd® catalyzed by palladium
on charcoal in a methanol media gave the saturdt&d
propanesultaml in 95% yield Gcheme 2).

Unfortunately, the mesylation of carbirblvas not successful
and did not allow obtaining any identifiable product

Then we investigated classical reactions wWthucleophiles.
After refluxing the benzene solutions df2 with excess
pyrrolidine with a Dean-Stark attachment it was isathe
corresponding enamined2,13 with a pyrrolidinyl-bearing
substituent at the "4 position. The related enamine with an
aromatic substituent at the amino group was obtaamdg from
ketosultaml. The spiranic derivativ@ did not react with aniline
(Scheme 3).

Refluxing the ketosultarfh with H,NOH*HCI and pyridine in
THF led to ketoximel5 in 83% vyield. However, in the case of
spiranic sultan®, the best result was obtained withyNEtunder
reflux in a methanol media and the correspondingxXme 16
was isolated in 90% yieldS¢heme 3). It is of note here that
attempts at the reduction of oximek and 16 into the
corresponding amines were unsuccessful  (LiAlHand
NaBH,;+Et,O<BF; were explored).

of, 'the reaction of ketosulfonamide$,2 with KCN and
(NH,),CGO; in aqueous methanol. Thus, instead of hydantoins
19,20 formation according to the Bucherer—Bergs method we
observed theaetro-Claisen reaction and CO-GHbond splitting
that gave the corresponding acRisand22 (Scheme 4).

Q

NH,OH-HClI, pyridine,

THF, reflux, 3 h, HON

pyrrolidine, benzene

— reflux, 6 h 83% yield of 15 .
1
R .570 ™ 64% yield of 12 NH,OH-HCI, EgN, R i .50
Rz N' g 69% yield of 13 MeOH,reflux, 3 h, rRZ N o
Me 90% yield of 16 Me
12,13 Q 15,16
RL S:O
I\
rR2 N o
Me
12 NHR®
PhHN ' Ny
.
— PhNH,, benzene, H,N-NHR?, dioxane,
M%Zps\fo reflux, 3 h reflux, 3 h Me N/S“;O
Me 7 O 71% vyield 74% yield of 17 Me 7 O
Me 79% yield of 18 Me
14 17,18

1,12,15 R = R? = Me; 2,13,16 R! + R? = (CH,),; 17 R® = Ph; 18 R® = Boc
Scheme 3. The reactions af and2 with N-nucleophiles.

Quite unforeseen results were obtained during theseoof
the reaction of ketosultam4,2 with a Wittig reagent the
triphenylcarbethoxymethylenephosphorane  FRICHCQEL).
The reaction took place under mild conditions irluseng
toluene media using benzoic acid as a catalysteXpected the
oxygen atom of the ketone group to be replaced s@RCO,Et
moiety. However, the major product in the case ofspganic
ketosultam 1 was 2,3,3-trimethyl-1,1-dioxo-5-[2-
(triphenylphosphonio)acetyl]-2,3-dihydrd411A -isothiazol-4-
olate (isolated as solva23«PhMe in 61% yield). Noteworthy
fact, the ‘acylation’ with P¥P=CHCQAIK'® is unprecedented
and had been hitherto unknown. The structure of tmusual
compound was mainly established by X-ray structure
determination of a single crystal (solvé&t@DMF) obtained by
slow evaporation of the solution &f3+PhMe in DMF upon
standing Figure 5). According to XRD data, the thiazolidine
cycle adopts an envelope conformation. The deviabibthe N1
atom from the mean plane of the remaining atonthisfcycle is
-0.43 A. The N1 atom has the pyramidal configuragitre sum
of the valence angles centered at the N1 atom i$)34%e
methyl group at the atom N1 is located in an eqigdtposition
to the plane of the thiazolidine cycle (the C2-C1-CU torsion
angle is -170.7(4)°). The carbonyl group and thea@8n of the
substituent at the C3 atom are coplanar to the 2@locyclic
bond (the C2-C3-C7-C8 torsion angle is 8.7(7)°)s Istabilized
additionally by the C8-H...O1 intramolecular hydrogeaond
(H...O 2.21 A, C-H..O 138°). The triphenylphosphonio
fragment is located inse-position relatively the carbonyl group
(the O4-C7-C8-P1 torsion angle is 57.8(5)°).

Another interesting feature was the reactivity towards The minor product (22% vyield) was a nearly equimolar

hydrazines. The interactions of ketosultdmwith substituted
hydrazines (namely, PhNHNHand BocNHNH) resulted in the
direct formation of the corresponding hydrazod&sand 18 in

moderate (74 and 79%) yields. Whereas an analogeasnent
with NH,NH,*H,O as well as reactions o2 with all the
mentioned hydrazines failed to give the desired rémgohes,
instead, the mixtures of unidentifiable by-produgtse isolated.

After, we explored the reactions witb-nucleophiles. To a
certain extent, predictable result was obtainednduthe course

mixture of tautomeric sultamo esters with an exdcy@4) and

an endocyclic 25) double C=C bonds with some predominance
of the latter $cheme 4). At the same time, the treatment 2f
with this Wittig reagent at equal conditions resdlte the
expected 2-ff]-4-methyl-5,5-dioxo-5°-thia-4-azaspiro[2.4]hept-
7-ylidene)acetate26 as a sole isomer in 57% vyield. The
corresponding betaine derivati2€ was also formed, but only in
trace amounts and it was identified according to ISClsind
HRMS data.
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H Ph_ Ph
o§(N 0 (NH,),CO3, KCN PhgP=CHCO,Et e Q ®F-pn COE COE
ag. MeOH PhCO,H, toluene \
HN reflux, 6 h reflux, 6 h M —
Rl =0 49% + e g=0 + Me 5=0
PN q wd N o N o
R® Ve Bucherer-Bergs 1 Wittig reaction ¢ Me Me Me
reaction conditions R g=0 conditions
19,20 - N \b — 24 (1eq.) 25 (1.22 eq.)
(NH{),COq., KCN R e 61% yield 10% yield 12% yield
Rl CO.H aqg. MeOH 1,2
2§< Me reflux, 6 h
R* N-S 2) ag. HCI COE
Me O 89% yield of 21 _
82% yield of 22 PhaP=CHCO,EL PNCO,H \
21,22 oluene, refiux, S;O +
N o
Me
1,19,21 R*=R2= Me 26
2,20,22 R + R? = (CH,), 57% vyield traces
Scheme 4. The reactions aof and2 with C-nucleophiles.
Ph Ph, P
Ph CO,Et O ®P~
o) ol _COEt PTL,;J(-:'/C%B \ ’ o P
ehfo COEt > \o__, 4 patway AL ST g | o L)
Ph=P—CH TR RL -0 .0 | -pPhpo R s PR 570
Ph RO+ O 2 RN rRZ N0 R N0
Me rRe N o r2 N o ‘ M
triphenylcarbethoxy- 12 Me Me Me ¢
methylenephosphorane ' i i 24,26 23,27
lpathway B
EtO h
| Ph OEt Ph Ph
ph PN b0 Ph-p{ _ Ph—P
1,2324 R = R? = Me Ph—P—C) H o OH Q  CO,Et
2,26,27 R' + R2 = (CH,), onfrlH — — —
R -0 RL -0 RL -0 -EtOH R1
4 &\ i\
R N o rR" N o rRZ N o
Me Me Me
i iv v vi

Scheme 5. A mechanism proposed for the formation of prod@d{26 and betaineg5,27.

c4

Figure 5. The molecular structure of compou2@laccording to the
results of an X-ray diffraction study. Thermal goids are shown at
50% probability level.

We propose, that the reaction procesdsthe nucleophilic
addition of the zwitterionic phosphine ylide to tlarbonyl
moiety of ketosultam 1,2 to give the oxaphosphetane
intermediatd. In the classical course of the reactipathway A
Scheme 5) the intermediate conversion leads to prod@gt26
that is accompanied by triphenylphosphine oxideeass.
However, the isomeric produ2b is more energetically favorable
tautomer. It is formed upon heating and existharmodynamic
equilibrium with 24. Alternatively pathway B Scheme 5), the

C—C bond of the oxaphosphetane ring splits, thatté®@mpanied
by a proton migration from the"5position of the isothiazole
cycle to an oxygen atom of the carbonyl moiety. titer

tautomeric rearrangement of ethylenylphosphorangesults in

the formation of the intermediate that cyclizes turning into
oxaphosphinino[6,%fisothiazole vi. The latter, due to steric
hindrances, splits the P—O bond to form the bet&Bg&5.

In order to confirm the configuration of the ethgtrylate
fragment in produck6, a single crystal of the produ26é was
obtained by slow evaporation of a dilute solutioyalohexane.
The X-ray crystal structure determination decisivebnfirmed
the proposed structur&igure 6 shows the molecular structure
together with the atomic numbering scheme@f According to
XRD data, the thiazolidine cycle adopts an envelope
conformation. The deviation of the N1 atom from thean plane
of the remaining atoms of this cycle is -0.59 A. Theatom has
the pyramidal configuration (the sum of valencelesgentered
at the N1 atom is 332°). The methyl group at thematdl is
located in an axial position to the plane of thiazblidine cycle
(the C6-C3-N1-C2 torsion angle is 88.6(3)°). The @03)-
04-C9 fragment of the ethyl acrylate substituentaplanar to
the C1-C6 endocyclic bond (the C1-C6-C7-C8 torsamigle is
5.9(4)°). The methyl group at the atom C9 is orthe to the
plane of the planar fragment of this substitueiné¢ (€10-C9-O4-
C8 torsion angle is 85.9(3)°).

The similarity in structures of compoun@4 and26 permits
the supposition that the former has the same corgimn of the
double C=C bond.



At the same time, both ketosulfonamideand?2 successfully
underwent an azo coupling reaction wightolyl diazonium
acetate and the corresponding azo compouP@80 were
obtained in satisfactory (64 and 58%) yiel8shieme 6).

Three tautomers of azo compour®30 are possible, two of
which B andC) feature the intramolecular hydrogen bond that
contributes to the conformational stabiligcieme 7). Howbeit,
both types of bonding§NH---O and OH---N) are strdhgt
should be considered the persistent tendency ofcamgpounds
to tautomerize to hydrazones even when no throughigated
structures can restuft.

p-Tol p-Tol p-Tol
/ / /

N HN HN
O N o N o N
Rlﬁ —0 Rlﬁ:o Rl; S:O
. N r2 N5 r2 N9 r2 N
Finally, apart from the synthetic utility of the O=group we Me Me Me

should also mention the limitations associated whith carbonyl A B c
group activity. Thus, we did not find appropriatenditions for . L ea
protecting group attachment: methanol, ethylene cally 29 R7=R"=Me; 30 R" + R"= (CHy),
propanedithiokt al. in acidic conditions were tried but were not Scheme 7. The azo-tautomers @0 and30.

set. Then, attempts to employ Corey-Chaykovsky esag
(MesSO' 1) for epoxidation of ketosultan and2 also failed,
we obtained a complex mixture of ring-opening anldeotside
products. The same situation was observed wihand 2 were
involved in the Knoevenagel reaction: the condeosgtroducts
with malononitrile, malonic acid as well as malonatee not
detected. Besides, under the Grignard reaction tondiwe did
not obtain the corresponding tertiary carbinolsstéad, the
starting ketosultams were recovered that occurreé ¢t
enolization, induced by EWG-group (90

Figure 6. The molecular structure of compouP@according to the
results of an X-ray diffraction study. Thermal pdoids are shown at
50% probability level.

The structure 029 was established on the basis of its spectral
data. The'H NMR spectrum displayed a broad singletsat=
13.36 ppm, typical for intramolecular hydrogen bpadd the
lack of downfield singlet, assignable to a 5-CH pmtthat is
contrary to structureA. Moreover, the’®*C NMR spectrum
showed two downfield signals at = 188.5 and 139.4 ppm
assigned to the ketone fragment and the imine moiet
respectively. These data are therefore consistehtstiuctureC
(Scheme 7). For the spiro derivativ€0, the same pattern was

To further explore the synthetic utility of%tisothiazolidine- observed and the analogical structure was proposed.

1,1,4-trionesl,2 we next focused on reactions of the,S{nd
CO-activated methylene group to obtain the denrestiwhich
would bear different substituents at th& Pposition of the
heterocyclic core. So, the following step in thigedtion was the
study of interaction with electrophilic agents.

Next, we turned our attention to reactiong3efeto+y-sultams
1,2 with C-electrophiles. Among them acylating and alkylating
agents, as well as reactants for condensation oeactiwere
chosen.

The behavior of the keto sultam system towards &oga
We first investigated classical reactions wiNkelectrophiles.  agents was investigated in order to genergteiketone
When B-ketoy-sultams 1,2 reacted with a nitrosation agent derivatives, the widely applicable substances. Howetle
(sodium nitrite solution in ag. acetic acid) at @%only the non-  direct acylation with benzoyl chloride in benzeneigiipe media
spiranic ketoxime28 was isolated in a moderate (53%) yield did not prove to be a regiosective method. For thison, we
(Scheme 6). The suitable conditions for nitrosation of spia  examined the acylation with benzoic acid in the gmes of a
ketosultam2 were not found. Variation of temperature, amountcoupling agent EDC (1-ethyl-3-(3-dimethylaminopropyl
of the electrophile and isolation procedures, esenresulted in  carbodiimide hydrochloride) and DMAP (4-
the unidentified mixtures only. dimethylaminopyridine) as a base. Indeed, afteh @8anding at
20°C and a standard work-up procedure the desiredupts31

NOH
? and 32 were obtained, but in low (38 and 44%) yiel@sheme
1)'(\)'_‘5‘5'?3[;?{ an?:i‘ﬁ ~ Me ey 8). Interestingly, the spiranic derivativ@2 was isolated as a
Art, Ovemigght 9 Me Hhe 0 mixture of enol and ketone tautomers in 3:1 ratio.
oL
i}j oRdgg 28 15 Isothiazolidine-1,1,4-trioned.2 also readily react with
R S0 = 5 Me phenyl isocyanate and phenyl isothiocyanate acogrdbd a
Rz N o AcO Me known method? As a result, the corresponding ami@8s34 and
lee Nﬁ/©/ @ thioamides35,36 were obtained3cheme 8).
aq. HOAc HN The condensation of sultarh with benzaldehyde in the
%g g3Tduingmdng - Q presence of NaOAc in HOAc has been repottédgain, we
3) 45T, 2h Rgg\\( decided to use an alternative method and base-teddia
ggz//" y!e:g 0; gg rRZ W70 conditions that gave the corresponding conjugatgdrie37 in a
oyieiao me © 2930 better (84%) yield Scheme 8). At once, the similar reaction

1,29 R = R? = Me; 2,30 R! + R? = (CH,),

Scheme 6. The reactions af and2 with N- electrophiles.

between spiranic ketosultaZrand benzaldehyde was not fruitful.
The condensation under both acidic (NaOAc+HOACc) andcbasi
(pyridine) conditions gave at the best scenario peatial
recovery of the starting material and at the wolst total
decomposition of ketosultag)
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Dimethylaminomethylene derivative7 was obtained in a
similar manner to the previously described synthesispiranic

Another example of striking differences in the cheahi
behavior of1 and 2 was found upon the Vilsmeier reaction

product38 (Scheme 8)."*? It is worthwhile to note that a tangible conditions. Thus, the chloroformylation @fwith the Vilsmeier

amount of product$8,39 can be obtained from the combined reagent

filtrates and wash solutions remained after purfica of

(DMF/POG) successfully afforded -
chlorovinylaldehyded0 in 67% vyield according to the method

ketosultams1,2. Thus, treatment of such a mixture with the described by Li Tia’ At the same time, when this procedure

abundance of DMFDMA gave another crop of pure cryagll
material.

A single crystal of the produc39 was obtained by slow
evaporation of the mother solution in methanol up@amding. X-
ray crystal structure determination decisively @onéd the
structure of 39 (Figure 7). According to XRD data, the
thiazolidine cycle adopts an envelope conformatidrhe
deviation of the N1 atom from the mean plane ofréaaining
cyclic atoms is -0.29 A. The configuration of the lfom is
slightly pyramidal (the sum of the valence anglestered at the
N1 atom is 345°). The methyl group at the atom N1 &as
equatorial orientation relatively to the plane bé tthiazolidine
cycle (the C1-N1-S1-C4 torsion angle is -162.1(1)The
dimethylaminomethylene fragment lies in the plah¢he planar
part of the thiazolidine cycle (the torsion angl@-C4-C6-N2 is
180.0(1)°).

Figure 7. The molecular structure of compouB@laccording to the
results of an X-ray diffraction study. Thermal pdoids are shown at
50% probability level.

(0]

was applied to2 a quite dissatisfactory result was obtained:
complete decomposition of the starting material uoed
(Scheme 8).

However, bearing in mind thgi-chlorovinylaldehydes are
related to-ketoenols and could be frequently replaced wittheac
other, we turned our attention to condensatiori @nd2 with
triethyl orthoformate. In this way, the spiraniaigiative 41 was
synthesized in a straightforward manner in 78% vyield
Interestingly, when this methodology was tried outlprafter
workup procedure starting materials were recovered.

Compoundgl0 and41 are expected to be useful intermediates,
as on interaction with diverse amidines they maybgup range
of fused heterocyclic systems. The successful egjiin of this
strategy will be described later.

Finally, we subjected. and?2 to the action of an alkylating
agent. Despite thp-ketoy-sultam ring has two reaction centers
at C-5 and 4-keto, respectively, the reactions1@f with an
excess of Mel in the presence ofdO; in DMF media afforded
exclusively the C-5 dimethylated derivativé®,43 in moderate
(68 and 56%) yieldsScheme 8). The monoalkylated products
were not readily available using equimolar amountsthe
reagents.

The dimethylaminomethylene derivative38 and 39 are
particularly well functionalized since they contam ketone
moiety and a dimethylaminomethylene group which is
considered as a hidden carbonyl group. The scopelitérature
review demonstrates the importance of these furaittigroups in
the synthesis of fused heterocyclesirom this point of view
compounds 38 and 39 looked to be promising reagents.
Therefore, interaction witle-, N-, andO-nucleophiles was next
addressed in our substrates.

X
HO Ph HO NHPh
RL/T\._0 __PhCO,H, EDC, DMAP, DMF, r.t., 96 h  PhNCX, DBU, DMF, r.t., overnight RL _0
AN 38% yield of 31 67% yield of 33 70% yield of 35 N/S\(
R Ve o 44% yield of 32 77%vyield of 34 82%yieldof36 R2 N O
Me
31,32 33-36
0 Ph Q o) NMe,
/ PhCHO, pyridine RL 0 DMFDMA, MeOH ) /
Me S//O rt. toreflux, 2 h N Y r.t toreflux, 1 h R S//O
md N o 84% yield R? e © 909% yield of 38 Rz N
Me 85% yield of 39 Me
37 12 38,39
Mel, K,COj
DMF, r.t., 48 h
Cl =0 DMF, POCl;, CH,Cl, 68% yield of 42 Q. OFEt
Me. /—\_o 0Ctort.,30h 56% yield of 43 (EtO)3CH, Ac,0 o
N \\/ 67% yield reflux, 2 h, 78% yield . \//
\
Me ! o) X o) Me . II\l o
Me in case Me in case Me
40 of 2 RL S//O of 1 41
Y
blackening and rR? N o no reaction and
decomposition Me starting materials
of starting sultam 42,43 recovering

1,31,38,42 R = R? = Me
2,32,39,43 R + R? = (CH,),

Scheme 8. The reactions of and2 with C-electrophiles.

33R!=R2=Me, X=0
35R1=RZ2=Me, X=S

34 R! + R? = (CHy),, X=0
36 R1 + R2=(CHy),, X=S



Q 0 —0 Q NMe, 0 NHPh
ag. 1N NaOH 7 : 74
RL ag. IN NaOH | g1 40C. 2 h 1 PhNH,, dioxane, reflux, 8 h 1
SO~ ThooNa | ARl [T A o706 yiedof 46 TS0
N - s N N o yield of NS
RZ ' O gooyieldof1 | R 1+ O R 1 O 88% yield of 47 RZ } O
Me 61% yield of 2 Me Me Me
1,2 44,45 38,39 46,47
° CO,Et
NC” > CO,E o /= -
EtOH, reflux, 12h_ RL /™ Me
62% yield of 48 R? Ny  H,N®
R R 54% yield of 49 I\I/I Me
1,38,44,46,48 R! = R? = Me; 2,39,45,47,49 R + R2 = (CH,), e 46,49

Scheme 9. The reactions a38 and39 with C-, N~ andO-nucleophiles.

The interaction of compound88,39 with 1IN aq. NaOH bond (1.326 A) and shorter than the mean valueeC$p-Csp
resulted in the formation of ketosultarh® instead of the desired bond (1.455 A)).
aldehydes#4,45. A possible mechanism of this reaction and the
general method were described previotigigcheme 9).

Having established the synthesis 88,39 we turned our
attention to the preparation of other aminomethg/lderivatives
by means of transamination reaction. Thus, theaot®n with
aniline gave the corresponding produd&47 in good (87 and
88%) yields &cheme 9). Theoretically, these compounds can
exist as «is- and strans-conformers, thereby we observed a
duplicate set of signals which can be explained high energy
barrier of rotation of the conjugated =CH-NR& bond. On the
basis of the'H NMR spectra, we deduced that thdrans-
conformer is characterized by &coupling constant with a
greater frequency value (approd. = 15 Hz). The further
evaluation of the integral intensities of the signallowed
proposing the predominance of thecisconformers in the
mixtures. The conformer ratio-cdsg/s-trans in both cases were
2.6:1.

. To our _disappointment_, all the attempts to involt)_m Figure 8. The molecular structure of compoudlaccording to the
dimethylamino and ketonic groups of compourB&39 in  (egyits of an X-ray diffraction study. Thermal p#ibids are shown at
interaction with hydrazines in order to obtain tleeresponding 5094 probability level.

fused heterocyclic systems failed. Instead, we obthia set of
contradicting and irreproducible results (atypitahsamination, ]
rearrangement, and condensation) that are a subfefttrther In contrast to structure®6 and 39, the heterocycle in the
investigations. A suchlike result was obtained whencarbanionis flat. The sum of the valence angles centeretiiet
hydroxylamine and amidines were explored. At milawdiions N1 atom is 359°). The ethyl cyanoacrylate fragmésg In the
(EtN/i-PrOH, reflux) the starting materials were recoveredPlane of the thiazolidine cycle (the torsion an§leC3-C7-C8 is
whereas more stringent conditions (EtONa/EtOH, reflux)-3-0(3)°).
resulted in a complex mixture of side products. Tomy
alternative interpretation of the observed datademi to the
authors was that, perhaps, the lability of the sng+-C bond As a part of a program launched into the developrognovel
between the ketonic moiety and the dimethylaminoglette  methods for the preparation of synthetically odogrtetramic
group. The interaction was assumed to procdedthe initial  acid isosters, we introduced the behavior and coatipar
retro-Claisen reaction followed by other adverse reastion assessment of chemical properties of spatially opticated
2,3,3-trimethyl-4%-isothiazolidine-1,1,4-trione 1 and
geometrically tensed 4-methyk5thia-4-azaspiro[2.4]heptane-
5,5,7-trione 2) which is interesting in terms of strain cycle
theeffects.

3. Conclusion

Continuing with the theme of the replacement of ¢asily
leaving dimethylamino group we envisaged a similgpraach
for C-nucleophiles. This was implemented by carrying thet
reaction of 38,39 with ethyl cyanoacetate. Consequently,

corresponding substitution product8,49 were isolated as the An exploration of the EWG-activated methylene graamml
anions with dimethylammonium counterion in satisfagt(62  the carbonyl function of thf-keto-sultam system, on the one
and 54%) yields. X-ray crystal structure deternioratallowed  hand, disclosed their potential synthetic utilipyiding access
us to confirm the structure of the produd8 (Figure 8).  to a range of derivatives, and on the other haadealed the
According to the XRD data, the organic sd& exists in the influence of the sterical tension on the chemicsivity. Though
crystal phase as monohydrate. The protonation of ththe range of investigated compounds is limited, theta
dimethylammonium is confirmed by the localizatiof Wo  presented suggest that the size of the substitilegtand the
hydrogen atoms from electron density difference snaphe  geometry of the resulting sultam framework have rapact on
distribution of the electron density in the carbioanallows to  its chemical properties. In this way, the reactiwifythe carbonyl
presume the localization of the negative chargeimwithe C3-  group in 4-methyl-5°>-thia-4-azaspiro[2.4]heptane-5,5,7-trione

C7-C8 fragment (the C3-C7 and C7-C8 bonds (1.39A(Bnd  towardsN-nucleophiles is suppressed whereas the activitpef
1.366(3)A) are longer than the mean value of the ‘€8s
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EWG-activated methylene group towards electrophiles at 1176 V LC-HRMS analysis was performed with an LTQ
enhanced being compared with ones in 2,3,3-trintdthy Orbitrap MS system, consisting of a Surveyor autggammodel
isothiazolidine-1,1,4-trione all arising from thetesc and Plus, a Surveyor quaternary gradient LC-pump, andQ-L
conformational effects caused by a strained spalacy Orbitrap mass-spectrometer (Thermo Electron GmbH, Brem
substituent. Additionally, it should be noted thia¢ tgeometric  Germany). Separation was achieved using a C18 co(6fh.6
tension and rigidity of this structure cause lasbitity which is ~ mm; Polaris Varian) in isocratic mode at a constbow rate of
the reason for adverse reactions. 0.35 mL/min (70/30 methanol:water). Analyzes wereiedrout
in positive mode with ESI, using an ion spray vodtad 4000 V
and the capillary temperature 350 °C. Accurate nsa&@to 650
Da) were obtained at high resolution (60,000 FWHM), AG®=
Und processed using Xcalibur v.2.0. software. Eleatemtalysis
was performed on a CHNOS elementary Vario MICRO Cube
analyzer. All melting points were determined in omzpillary
tubes in a Thiele apparatus and are uncorrected.

Toward the end of the present work, we would like tkena
the suppositions regarding the chemical behaviospifanic -
ketoy-sultams with unstrained angles and bond lengths. |
general such compounds might react similarly tq32t8methyl-
1%-isothiazolidine-1,1,4-trionel}, as the spiranic feature of the
system enhances the reactivity towards electrophitéke being
more stable thaR. Analogous conclusions on the activity of non-
spiranic and spiranic substrates were drawn in rédpethe -
aminoy-sultone scaffold® However, each individual case has
some specific peculiarities, caused by the chenmagire of the

substrates and the reagents. Methyl 2-amino-2-methylpropanoate hydrochloride(30.72

These results pave the way for the more detailedysafip- 9 0-2 mol) was added to a stirred solution ofNE(60.72 g,
keto+-sultams and other relative compounds, especially tie ~ 84-30 mL, 0.6 mol) in CkCl, (950 mL). As soon as the solid
B-keto-sulfone fragment. With the reported syntheseselieve ~Phase was dissolved (approximately 30 min. requirtt

that sultam and sultone derivatives will find preatiapplication =~ Mixture was cooled with an ice water bath. Then tiatien of
in drug discovery projects, especially in those hestramic ~ CHsSOQ.CI (27.5 g, 18.51 mL, 0.24 mol) in G&I, (150 mL) was

Methyl 2-methyl-2-[(methylsulfonyl)amino]propanoai (

acid is involved. added dropwise, maintaining the temperature below Bh€ ice
water bath was allowed to melt, and the mixture wasestiat

4. Experimental section room temperature overnight. The excess,ClHHand E{N were

) ) evaporated at reduced pressure, the residue waedlilith

X-ray diffraction study of compounds 23, 26, 39, and 48 water (300 mL) and acidified with 2N HCI to pH = 3. Tergstal

Intensities of reflections were measured on an aaticm precipitate formation occurred, the mixture wasvaéld to stand
for 1 h. and then it was filtered, resulting in 1.4 of pure

d methyl 2-methyl-2-[(methylsulfonyl)amino]propanoafg). The

mother solution was extracted with EtOAc (6x60 mL). The

combined extracts were dried over,N@, and evaporated at

reduced pressure yielding additionally 19.20 gpdcsrally pure

titte compoundb. Yield 32.65 g (0.17 mol), 84%; m.p. = 86-87°C

(can be recryst. from cyclohexane/EtOAc 2:1); [Found36.97;

H, 6.45; N, 7.47; S, 16.14./8,.NO,S requires C, 36.91; H,

anisotropic approximation for non-hydrogen atomaaFatomic 6.71, N, 7.17; S, 16.42%]:f (KBr) 3271, 2990, 1747, 1315,

coordinates, geometrical parameters, and crystalisgc data 1127, 982, 521 cify dy (400 MHz, DMSOdg) 1.41 (s, 6H,
: : . . 2xCH), 2.90 (s, 3H, SECH;), 3.66 (s, 3H, CECHs), 7.46 (s,

have been deposited with the Cambridge Crystalldgcapata 1H. NH)- 100 Midz. DMSOG) 2653 43.88. 52 .15. 58 40

Centre, 12 Union Road, Cambridge, CB2 1EZ, UK (fa#4 74’]. 46'),/%15(340 Z, 6) 26.53, 43.88, 52.15, 58.40,

1223 336033; e-mail: deposit@ccdc.cam.ac.uk). CCDC:L 40,miz 0 M-H]".

deposition numbers for structurgs, 26, 39 and48 are 1876821, Methyl 2-methyl-2-[methyl(methylsulfonyl)amino]propateo()

1838623, 1838624 and 1838625, respectively. Thateahn be .

obtained free of charge from the Cambridge Crysga#iphic Methyl  2-methyl-2-[(methylsulfonyl)amino]propanoate5

Data Centre via www.ccdc.cam.ac.uk/products/csd/reuest ~ (20.8 g, 0.11 mol) was dissolved in dry DMF (250 mK)CO;,
(35.6 g, 0.165 mol) and Mel (23.43 g, 10.28 mL,68.1mol)

General were added to the stirred solution in consecutigeoat ambient
temperature. The flask was equipped with a Dimrothdeoser
and sealed with a rubber balloon. A slight exothegouaed.
The mixture was allowed to equilibrate to room terapee and
left for 48 h. with stirring. The precipitate wastdiled and twice
washed with DMF (20 mL). The excess DMF was evaporated
reduced pressure, the residue was diluted with watd (L)
and the crystal precipitate formation occurred. Thgture was
allowed to stand for 1 h. and then it was filteregsulting in
14.88 g of pure methyl 2-methyl-2-[methyl(methylsul
fonyl)amino]propanoate6j. The mother solution was extracted
with CH,CI, (5x50 mL). The combined extracts were dried over
N&SQ, and evaporated at reduced pressure yielding théecr
product, which was twice washed wit’rOH (5 mL), obtaining

‘Xcalibur 3" diffractometer (graphite monochromatédoKo
radiation, CCD-detecton scanning). All structures were solve
by the direct method using the SHELXTL pack&tRositions of
the hydrogen atoms were located from electron ded#ference
maps and refined by ‘riding’ model withil)= nU,, of carrier
non-hydrogen atom (n = 1.5 for methyl groups andewat
molecule and n = 1.2 for other hydrogen atomsuchtires were
refined by full-matrix least-squares method agaitit in

Reactions requiring anhydrous conditions were peréar
with the usual precautions for the rigorous exclusid air and
moisture.N,N-Dimethylformamide was dried by distillation from
phosphorus pentoxide. The other chemicals were paethfrom
Aldrich or Fluka and, when necessary, chemicals werdigd
according to the reported procedufesH, *C, and*P NMR
spectra were obtained on a Varian Mercury 400 speeter at
400.45 MHz, 100.61 MHz, 161.97 MHz, respectively, and
Bruker Avance 500 instrument at 500.13 MHz, 125.76z\MH
202.46 MHz, respectively, using DMS@3-or CDC} as solvents
and MeSi (*H, °C) or HPO, (*'P) as an internal standards. IR
spectra were recorded on a Perkin Elmer BX |l spewtter in

KBr pellets and are reported in ¢mLCMS spectra were additional 7.80 . !
. . . . .80 g of spectrally putide compoundb. Yield 22.68
recorded on Agilent 1100 Series with an Agilent MGD SL g (0.108 mol), 98%:; m.p. = 84-86°C (can be recrjsm

detector by chemical ionization (Cl) and GCMS spegtere c 13- : . C N
. . . : e yclohexane/EtOAc 3:1); [Found: C, 40.51; H, 7.09; N27 S,
recorded with Agilent 7890 using electron impaatization 15.62. GH;NO,S requires C, 40.18: H, 7.22; N, 6.69; S,



15.32%]; max (KBr) 3012, 2957, 1736, 1309, 1137, 960, 534[Found: C, 41.05; H, 6.25; N, 7.50; S, 18.0¢HGNO;S requires
cm™; dy (400 MHz, DMSOd,) 1.43 (s, 6H, 2xCH , 2.79 (s, C, 40.66: H, 6.26; N, 7.90; S, 18.09%],.a(KBr) 3497, 3028,
3H, NCH;), 2.90 (s, 3H, SECH,), 3.66 (s, 3H, CECH,); dc (100 2942, 1466, 1295, 1131, 789 ¢mdy (400 MHz, DMSOd;)
MHz, DMSO-dg) 25.36, 30.93, 40.41, 52.53, 63.00, 174 Atz 0.69-0.77 (m, 1H, cyclopropyl), 0.83-1.01 (m, 3hclopropyl),
210.2 M+H]". 2.58 (s, 3H, NCH), 3.09 (d,J 12.4 Hz, 1H, CH), 3.63 (dd,J
iy 6. . — o 14.0, 7.2 Hz, 1H, C}), 4.19 (m, 1H, CH-OH), 5.56 (br. s, 1H,
2,3,3-Trimethyl-2"-isothiazolidine-1,1,4-trion€el] OH); d (100 MHz, DMSO6) 4.7, 9.08, 31.35, 48.87, 56.52,
Methyl 2-methyl-2-[methyl(methylsulfonyl)amino]prapoate ~ 71.64;m/z178.2 M+H]".
6 (20.93 g, 0.10 mol) was dissolved in dry DMF (75)mahd the 2,3,3-Trimethyl-1,1-dioxo?£-isothiazo|idin-4-yl

resulting solution was added dropwise to a stirrddtem of - methanesulfonate)
BuOK (23.56 g, 0.21 mol) in DMF (250 mL). A slightakerm
occurred. The mixture was allowed to equilibrate tmm 4-Hydroxy-2,3,3-trimethyl-1°-isothiazolidine-1,1-dione 7

temperature and left overnight with stirring. HOAc &3.mL) (1.00 g, 5.58 mmol) was added to a stirred solutibpyridine
was added dropwise then the mixture was evaporatddytess  (0.57 g, 0.59 mL, 7.25 mmol) in GAl, (50 mL). As soon as the
in vacuoat the temperature not higher than 60°C. The wesid solid phase was dissolved the mixture was cooled wittice
was triturated with water (100 mL) and extracted witH,Cl,  water bath. Then the solution of ¢¥0,Cl (0.77 g, 0.52 mL,
(6x50 mL). The combined extracts were dried oves@ and  6.70 mmol) in CHCI, (5 mL) was added dropwise, maintaining
evaporatedn vacuoyielding the light-brown product. The pure the temperature below 5°C. The ice water bath wasvadoto
title product the colorless crystals, was obtained by vacuunmelt, and the mixture was stirred at room tempeeatwernight.
sublimation (at 0.3 mbar and 70°C in an oil batfigld 15.06 g The excess CiLl, and pyridine were evaporated at reduced
(85.0 mmol), 85%; m.p. = 79-80°C ("’ m.p. = 76°C, from pressure and temperature below 40°C, the residuedikzed
EtOH); [Found: C, 41.00; H, 6.05; N, 8.3; S, 17.92HGNO;S  with water (10 mL) acidified with 2N HCIl to pH = 3 and
requires C, 40.66; H, 6.26; N, 7.90; S, 18.09%], (KBr) 3006, extracted with CHCl, (6x6 mL). The combined extracts were
2942, 1758, 1308, 1233, 1108, 960 &ndy, (400 MHz, DMSO-  dried over NgSO, evaporated at reduced pressure at the
ds) 1.33 (s, 6H, 2xC}H}, 2.69 (s, 3H, NCH), 4.28 (s, 2H, Ch); temperature below 40°C and the residue was recrigsiglfrom
dc (125 MHz, CDC)) 21.08, 22.23, 53.22, 69.48, 200.7tjz i-PrOH yielding spectrally purétle compound. Yield 1.30 g
178.2 M+H]". (5.05 mmol), 91 %; m.p. = 99-100°C; [Found: C, 32.8, 5.70;
4-Hydroxy-2,3,3-trimethyl-f-isothiazolidine-1,1-dione7j ?.’42;'22: 2;1_%‘21;2?;' ﬁliﬁgﬁ)s%ez‘];'r;g?% ?1’25627 ’ réoilsii;\ii,
2,3,3-Trimethyl-1%-isothiazolidine-1,1,4-triond (0.2 g, 1.13 1139, 960, 528 cift dy (400 MHz, DMSOd) 1.25 (s, 3H,
mmol) was dissolved in 10 mL of MeOH and cooled withican  CHa), 1.27 (s, 3H, Ch), 2.52 (s, 3H, NCh), 3.23 (s, 3H,
water bath. NaBK(0.15 g, 4 mmol) was added portion-wise with OSQOCHs), 3.53 (dd,J 14.3, 4.3 Hz, 1H, Ch), 3.87 (ddJ 14.3,
vigorous stirring during 2 h, maintaining the réaettemperature 7.0 Hz, 1H, CH), 5.11 (dt,J 2.4, 4.3 Hz, 1H, CH-OMs);d(100
below 10°C. The mixture was allowed to equilibratersom ~ MHZ, DMSOd,) 19.95, 22.60, 23.54, 38.43, 51.39, 63.32, 79.17;
temperature and left overnight without stirring. T8w@vent was m/z258.0 M+H]".
evaporatedn vacug the residue was triturated with water (4 2 3 3.Trimethyl-2,3-dihydro-1H:f-isothiazole-1,1-dionel()
mL), acidified to pH 5-6 with 2N HCI and extracted wii,Cl,
(4x5 mL). The combined extracts were dried over,3@, Method A. 2,3,3-Trimethyl-1,1-dioxo-1*-isothiazolidin-4-yl
filtered and evaporateid vacuo The residue was sublimatad ~ methanesulfonat@ (0.50 g, 1.94 mmol) was added portion-wise
vacuo (0.1 Torr and 100-110°C in an oil bath) giving tlitée to cold (0°C) solution ofert-BuOK (0.26 g, 2.33 mmol) in dry
compound?7 as white crystals. Yield 0.18 g (1.0 mmol), 88%; THF (10 mL). The resulting clear solution gradualigcame
m.p. = 64-65°C; [Found: C, 40.24; H, 7.57; N, 7.50;18.17. cloudy and precipitate formation occurred. The mm&t was
CeH1aNOsS requires C, 40.21; H, 7.31; N, 7.81; S, 17.89%]; n allowed to equilibrate to room temperature and @fernight
(KBr) 3457, 2981, 2947, 1291, 1130, 962, 569 crd, (400  with stirring. The solvent was evaporatedvacug the residue
MHz, DMSO<;) 1.08 (s, 3H, Ck), 1.19 (s, 3H, Ck), 2.47 (s, was triturated with water (7 mL) and extracted with,CH (5%7
3H, NCH), 2.98 (ddJ 13.4, 8.2 Hz, 1H, C}), 3.47 (ddJ 13.1, mL). The combined extracts were dried ovesa, filtered and
7.6 Hz, 1H, CH), 4.08 (dt,J 7.6, 5.5 Hz, 1H, CH-OH), 5.71 (4, evaporatedin vacuo affording the puretitte compound10 as
5.2 Hz, 1H, OH); d (100 MHz, DMSO¢ds) 16.96, 23.17, 24.07, white crystals. Yield 0.31 g (1.92 mmol), 99 %.

52.09,63.78, 71.580/2180.1 M+H]". Method B. 4-Hydroxy-2,3,3-trimethyl-1°-isothiazolidine-1,1-
7-Hydroxy-4-methyl-B-thia-4-azaspiro[2.4]heptane-5,5-dione  dione7 (1.00 g, 5.58 mmol) was dissolved in pyridine (10)m
(8) and the resulting solution was cooled with an ice waggh.
6. ) ) Then the solution of C}¥$0,Cl (0.77 g, 0.52 mL, 6.70 mmol) in
4-Methyl-5.-thia-4-azaspiro[2.4]heptane-5,5,7-trior®2 (0.2 c,cl, (5 mL) was added dropwise, maintaining the tempezatu
g, 1.14 mmol) was dissolved in 10 mL of MeOH and cdaiéth e io 5°C. The ice water bath was allowed to melt, te
an ice water bath. NaBH0.15 g, 4 mmol) was added portion- ixiyre was stirred at room temperature overnigherTsolution
wise with vigorous stirring during 2 h, maintainirtgetreaction |45 heated at 75°C with stirring during 1 h. The tilela were
temperature below 10°C. The mixture was allowed talibgate evaporated at reduced pressure, the residue wamsteit with

to room temperature.and left overnight without Btgr The |\ ater (10 mL) and extracted with EtOAc (5x10 mL). The
solvent was evaporated vacuq the residue was triturated with .o mpined extracts were dried over 8@, filtered and

water (7 mL), acidified to pH 5-6 with 2N HCl and extied  oyaporatedn vacuoaffording puretitle compoundl0 as white
with CH,Cl, (4x5 mL). The combined extracts were dried OVergrystals. Yield 0.75 g (4.69 mmol), 84%: m.p. = AO;

N&aSQ,, filtered and evaporateéd vacuo The residue was heated [Found: C, 44.55: H, 6.54: N, 8.33: S 19.65HQNOZS_requires
in vacuum (50°C in an oil bath and 0.1 Torr) for@ to give ¢ 4470' H. 6.88' N. 8.69° S 19.,891’/c>]1;,a;1(KBr) 3084. 2981

the title compound8 as a light yellow oil that solidified upon 1464 1277 1127. 762. 566 @nd,; (400 MHz, DMSOé) 1.27
Standing. Yield 0.17 g (096 mmol), 85%, m.p. = %(6, (S, 6H, ZXCH), 2.59 (S, 3H, NC|§), 6.91 (dJ 7.0 HZ, 1H, H'5),
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7.02 (d,J 7.0 Hz, 1H, H-4); d (100 MHz, DMSO#d) 23.03,
24.00, 63.28, 125.39, 146.25/2162.0 M+H]".

2,3,3-Trimethyl-1%isothiazolidine-1,1-dionel()

2,3,3-Trimethyl-2,3-dihydro-I-:H-lxe-isothiazoIe-l,1-dionelO
(0.16 g, 1 mmol), Pd/C (10 wt. % loading, 0.05 gjl &meOH (5
mL) were placed in a dried Schlenk tube. The mixtuas septa-
sealed, evacuated to exclude the presence of air then
hydrogenated at 0.1 MPa for 48 h at r.t. Then thsulting
mixture was filtered through Celite and washed withQ¥e(10
mL). Concentration of the filtraten vacuo afforded puretitle
compoundll as yellowish oil. Yield 0.15 g (0.95 mmol), 95%;
[Found: C, 43.95; H, 7.82; N, 8.62; S, 19.8¢HGNO,S requires
C, 44.15; H, 8.03; N, 8.58; S, 19.64%],;.0(KBr) 2974, 1295,
1192, 1129, 919, 796, 503 tnd, (400 MHz, CDCJ) 1.59 (s,
6H, 2xCH), 2.19 (t,J 7.5 Hz, 2H, S@CH,CH,), 2.54 (s, 3H,
NCH;), 3.08 (t,J 7.5 Hz, 2H, SGCH,CH,); dc (100 MHz,
CDCly) 23.54, 25.69, 34.33, 45.26, 58.28z164.2 M+H]".

2,3,3-Trimethyl-4-(1-pyrrolidinyl)-2,3-dihydro-1Hi%
isothiazole-1,1-dionelQ)

2,3,3-Trimethyl-1%isothiazolidine-1,1,4-trionel (0.20 g,
1.13 mmol) and pyrrolidine (0.40 g, 5.62 mmol) weissolved
in benzene (7 mL). The mixture was refluxed with D&aark
trap for 6 hours and then it was evaporated to dignd@he
recrystallization of crude product fromPrOH gave thetitle

compound12 as cream-colored crystals. Yield 0.17 g (0.72g,

mmol), 64%; m.p. = 225-226°C; [Found: C, 52.47; k637 N,
12.56; S, 13.72. H:gN,0,S requires C, 52.15; H, 7.88; N,
12.16; S, 13.92%]; fax (KBr) 3099, 2974, 1579, 1250, 1109,
883, 576 cnt; dy (400 MHz, CDCJ) 1.46 (s, 6H, 2xCh), 1.95
(m, 4H, 2xNCHCH,), 2.65 (s, 3H, NCh), 3.31 (m, 4H,
2xNCH,CH,), 4.94 (s, 1H, CH); (100 MHz, DMSOds) 22.26,
22.43, 25.14, 49.66, 62.97, 88.34, 158183;231.3 M+H]".

4-Methyl-7-(1-pyrrolidinyl)-3°-thia-4-azaspiro[2.4] hept-6-ene-
5,5-dione 13)

4-Methyl-5.°-thia-4-azaspiro[2.4]heptane-5,5,7-trioA(0.10
g, 0.57 mmol) and pyrrolidine (0.20 g, 2.82 mmol) reve
dissolved in benzene (5 mL). The mixture was reftlixdth
Dean-Stark trap for 6 hours and then it was evapdrate
dryness. The recrystallization of crude productrfrdioxane-
cyclohexane (3:1) gave thitle compoundl3 as cream-colored
crystals. Yield 0.09 g (0.39 mmol), 69%; m.p. = 2% °C;
[Found: C, 52.36; H, 7.00; N, 12.22; S, 14.42,H3N,0,S
requires C, 52.61; H, 7.06; N, 12.27; S, 14.04%];, {KBr)
3110, 2974, 1570, 1249, 1103, 833, 594 ‘¢, (400 MHz,
DMSO-dg) 1.30 (m, 2H, cyclopropyl), 1.48 (m, 2H, cycloprapy!
1.90 (m, 4H, 2xNCHKCH,), 2.46 (s, 3H, NCk), 3.19 (m, 4H,
2xNCH,CH,), 5.19 (s, 1H, CH); (100 MHz, DMSOd;) 9.99,
25.16, 31.36, 47.03, 49.43, 90.75, 15610%229.2 M+H]".

4-Anilino-2,3,3-trimethyl-2,3-dihydro-1H:i-isothiazole-1,1-
dione (4)

2,3,3-Trimethyl-1%isothiazolidine-1,1,4-trionel (0.20 g,
1.13 mmol) and aniline (0.21 g, 0.21 mL, 2.26 mmagre
dissolved in dry benzene (5 mL). The mixture waturefd with
Dean-Stark trap for 6 hours and then it was evapobrate
dryness. The recrystallization of crude productfiePrOH gave

Tetrahedron

1H, H-4’), 7.22 (d,J 7.9 Hz, 2H, H-2’' and H-6"), 7.33 (1 7.6
Hz, 2H, H-3" and H-5), 8.36 (s, 1H, NH)zd100 MHz, DMSO-
ds) 23.32, 63.52, 89.97, 121.86, 124.18, 129.56,940156.12;
m/z253.2 M+H]".

2,3,3-Trimethyl-le-isothiazolidine-l,1,4-tri0ne 4-oximég)

2,3,3-Trimethyl-1%isothiazolidine-1,1,4-triond (0.2 g, 1.13
mmol) was dissolved in a mixture of THF (3 mL) angligine (3
mL) then NHOH-HCI (0.1 g, 1.32 mmol) was added. The
resulting solution was refluxed with stirring for urs. The
volatiles were evaporated vacuoand the residue was triturated
with water (3 mL). After a while the bottom viscous pha
crystallized. The resulting white crystals were efitdd and
washed consequently with minimal amount of ag. 2N H@ a
water affording puretitte compoundl15. Yield 0.18 g (0.94
mmol), 83%; m.p. = 136-137°C; [Found: C, 37.29; k626 N,
14.53; S, 16.69. £i,,N,OsS requires C, 37.49; H, 6.29; N,
14.57; S, 16.68%]; hx (KBr) 3438, 3360, 2980, 1440, 1287,
1121, 962, 865 ciy dy (400 MHz, DMSOds) 1.44 (s, 6H,
2xCH), 2.62 (s, 3H, NCH), 3.99 (s, 2H, Ch), 11.35 (s, 1H,
NOH); d- (100 MHz, DMSOd;) 22.62, 24.78, 46.73, 62.81,
151.85;m/z193.2 M+H]".

4-Methyl-5°-thia-4-azaspiro[2.4]heptane-5,5,7-trione 7-oxime
(16)

4-Methyl-5\°thia-4-azaspiro[2.4]heptane-5,5,7-triore (0.2
1.14 mmol) was dissolved in MeOH (10 mL) then
NH,OH-HCI (0.1 g, 1.32 mmol) and g (0,5 mL, 3.5 mmol)
were added consequently. The resulting solution veflsixed
with stirring for 3 hours. MeOH was evaporatedvacug the
residue was triturated with saturated aqueous NaHZOnL)
and extracted into Ci&l, (4x5 mL). The combined extracts were
dried over NgSQ,, filtered and evaporatdd vacuo The residue
was heated in vacuum (at 50°C and 0.3 Torr) for 80 tmgive
the title compound16 as colorless crystals. Yield 0.20 g (1.0
mmol), 90%; m.p. = 95-96°C; [Found: C, 37.55; H,%.\,
14.46; S, 17.06. £i,0N,OsS requires C, 37.88; H, 5.30; N,
14.73; S, 16.86%)]; hx (KBr) 3390, 2980, 2929, 1458, 1307,
1129, 951 cnf; dy (400 MHz, DMSOds) 1.19 (m, 2H,
cyclopropyl), 1.30 (m, 2H, cyclopropyl), 2.61 (sH3NCH),
4.07 (s, 2H, Ch), 11.20 (s, 1H, NOH); d(100 MHz, DMSO¢)
13.50, 32.72, 46.40, 47.08, 150.592189.2 M-H] .

General method for the preparation of hydrazohéand18

2,3,3-Trimethyl-1%isothiazolidine-1,1,4-trionel (0.20 g,
1.13 mmol) was dissolved in dioxane (4 mL) then stisd
hydrazine was added. The resulting solution was xefluwith
stirring for 3 hours. The volatiles were evaporatedacuoand
the residue was recrystallized from the correspandiolvent,
affording the title compoundkr,18. as colorless crystals.

2,3,3-Trimethyl-1%isothiazolidine-1,1,4-trione 4-(N-
phenylhydrazone)l{)

Using 2 (0.20 g, 1.14 mmol) and PhNH-NHO0.18 g, 0.17
mL, 1.70 mmol). Yield 0.22 g (0.84 mmol), 74%; m#5.173-
174°C {-PrOH); [Found: C, 53.90; H, 6.58; N, 15.68; S, 12.02.
C.5,H17N30,S requires C, 53.91; H, 6.41; N, 15.72; S, 11.99%];
Nmax (KBr) 3334, 2973, 1604, 1310, 1123, 961, 749 ¢, (400
MHz, DMSO-dg) 1.47 (s, 6H, 2xC}}, 2.65 (s, 3H, NCH), 4.15

the title compoundl4 as cream-colored crystals. Yield 0.20 g (s, 2H, CH), 6.74 (t,J 7.0 Hz, 1H, H-4"), 7.02 (d) 7.6 Hz, 2H,

(0.80 mmol), 71%; m.p. = 203-204°C; [Found: C, B7 H4, 6.49;
N, 11.35; S, 12.63. §H¢N,O,S requires C, 57.12; H, 6.39; N,
11.10; S, 12.71%]; s (KBr) 3280, 2979, 1617, 1595, 1536,
1238, 1098, 757 cm dy (400 MHz, DMSOsdg) 1.46 (s, 6H,
2xCHg), 2.59 (s, 3H, NCk), 5.67 (s, 1H, CH), 7.06 (§, 7.0 Hz,

H-2' and H-6"), 7.16 (tJ 7.6 Hz, 2H, H-3' and H-5"), 9.09 (s,
1H, NH); d: (100 MHz, DMSO#d,) 22.52, 24.69, 46.96, 64.12,
112.81, 119.44, 128.80, 138.55, 145607268.0 M+H]".

tert-Butyl 2-(2,3,3-trimethyl-1,1-dioxattisothiazolidin-4-
ylidene)-1-hydrazine-carboxylat&g)



Using 2 (0.20 g, 1.14 mmol) and BocNH-NH0.15 g, 1.13 A mixture of ethyl 2-(2,3,3-trimethyl-1,1-dioxé%dsothiazolidin-
mmol). Yield 0.26 g (0.89 mmol), 79%; m.p. = 245-286 4-ylidene)acetate2d) and ethyl 2-(2,3,3-trimethyl-1,1-dioxo-2,3-
(water) with decomposition; [Found: C, 45.47; H, 7.8314.20;  dihydro-1H-1’-isothiazol-4-yl)acetate26)

S, 11.04. @H,:NsO,S requires C, 45.34; H, 7.26; N, 14.42; S,
11.01%]; nax (KBr) 3191, 2980, 1698, 1560, 1314, 1130, 886
cm'’; dy (400 MHz, DMSOdg) 1.40 (s, 6H, 2xCH), 1.48 (s, 9H,
tert-Bu), 2.61 (s, 3H, NCk), 4.08 (s, 2H, Ch, 9.87 (s, 1H,
NH); de (100 MHz, DMSOd) 22.50, 24.23, 28.36, 47.34, 64.27, eluatein vacuoafforded the sum ofitle compound<4 and 25

79.81, 152.51m/z290.2 M-H] (1:1.22 ratio) as yellowish oil. Yield 0.31 g (1.24mol), 22%;
General method for the preparation of acisand22 (The [Found: C, 48.30; H, 7.12; N, 5.29; S, 13.34,;Hz,NO,S
unsuccessful synthesis of hydantdiisand 20) requires C, 48.56; H, 6.93; N, 5.66; S, 12.97%], (KBr) 2979,
. 2937, 1734, 1713, 1463, 1285, 10227tn24 dy (500 MHz,
The mixture of ketosultand,2 (0.20 g), KCN (0.15 g, 2.3 CDCly) 1.27 (m, 3H, CHCHs), 1.43 (s, 6H, 2xCH), 2.67 (s, 3H,
mmol) and (NH),CO; (0.5 g, 5.2 mmol) in aqueous methanol NCH,), 4.19 (m, 2H, CEEHs), 4.40 (s, 2H, CKBO,), 6.04 (s,
(1:1) (6 mL) was refluxed for 6 h. The solvent waaporatedn 1H, CH): 25 d (500 Mﬁz, CDCJ) 1.27 (m, 3H, CHCHs), 1.30
vacugq the residue was diluted with water (4 mL), acidifieith (s, 6H, 2xCH), 2.72 (s, 3H, NCH), 3.25 (s, 2H CECOzEt)
2N HCl to pH = 1 and extracted into @El, (6x5 mL). The g (;‘n, 2H, ,CECH;g), '6.72 (s, 1i_|’ CH);221 dc,(125 MHz’,
combined extracts were dried over,88, and evaporateih CDCly) 14.15, 25.75, 25.72, 50.63, 60.87, 63.76, 11716@,22,

vacuoyielding the light brown precipitate. The recrybtaition 165.27;25 d. (125 MHz, CDC)) 14.07, 22.64, 23.05, 32.86
of the crude product from toluene gave title compoun®1,22 41 76 6513 122 75. 150.74. 168 ﬁ.ﬂl22’48 5 M;H]; T
as colorless crystals. R AR ' ' '

N,2-Dimethyl-N-(methylsulfonyl)alaning2l(

The mother and washing solutions remained afteati®ol of
23 were combined and evaporatedvacuo The crude residue
was directly subjected to silica gel column chrorgeaphy using
MTBE-hexane (1:1) as the eluting solvent. Evaporatdf the

Ethyl 2-([E]-4-methyl-5,5-dioxo-B-thia-4-azaspiro[2.4]hept-7-
ylidene)acetate2p)

Usi_ngl (0'2009’_ 113 mmol). Yield.0.20 g (.1'01 mmol), 89%; 4 pethyl-5.5-thia-4-azaspiro[2.4]heptane-5,5, 7-trioBe(0.10
m.p. = 167-169°C; [Found: C, 37.13; H, 6.67; N, 7.8416.70. 4 57 mmol) and triphenylcarbethoxymethylenephosgne

CeH1NO,S requires C, 36.91; H, 6.71; N, 7.17; S, 16.42%&:n - (¢ 50 g, 0.57 mmol) were dissolved in dry toluen@ iL) and a
(KBr) 3416, 2999, 2671, 1710, 1321, 1137, 960, 848’ d, pair of crystals of benzoic acid (approx. 0.75 mgre added.

(400 MHz, DMSO¢) 1.45 (s, 6H, 2xCh), 2.81 (s, 3H, NCh), The resulting mixture was refluxed for 6 h and therwas

2.92 (s, 3H, SECH,), 12.47 (broad singlet, 1H, GB); dc (100 evaporated to dryness. The crude residue was gireatijected
MHz, DMSO4d;) 25.32, 30.86, 40.04, 62.69, 175.2iz194.2  ; gjjica gel column chromatography using MTBE-hexd1:1)

[M-H]". as the eluting solvent. Evaporation of the elimteacuoafforded
1-[Methyl(methylsulfonyl)amino]cyclopropanecarboxylicacid ~ the title compound26 as colorless crystals. Yield 0.08 g (0.33
(22) mmol), 57%; m.p. = 117-118°C; [Found: C, 48.77;&25; N,
) ) 6.08; S, 13.34. gH1sNO,S requires C, 48.96; H, 6.16; N, 5.71;
Using2 (0.20 g, 1.14 mmol). Yield 0.18 g (0.93 mmol), 82%; S, 13.07%]; Rax (KBr) 3016, 2939, 1702, 1654, 1335, 1195,
m.p. = 134-135°C; [Found: C, 37.50; H, 5.83; N, 7.86.16.24. 1145, 760 crﬁ; dy (400 MHz, CDCJ)) 0.96 (m, 2H,
C¢H1:NO,S requires C, 37.30; H, 5.74; N, 7.25; S, 16.60%]; n cyclopropyl), 1.05 (t, J 7.0 Hz, 3H, CHCH,), 1.28 (m, 2H,
(KBr) 3450, 3037, 2613, 1709, 1328, 1150, 9651CI‘dH (400 cyclopropyl), 2.42 (s, 3H, NC§| 3.95 (qT J 7.0 Hz, 2H,
MHz, DMSOds) 1.25-1.65 (broad singlet, 4H, cyclopropyl), cH,CH,), 4.19 (s, 2H, CkB0), 5.27 (s, 1H, CH); (100 MHz,

2.93 (s, 3H, NCH), 2.98 (s, 3H, S@H;); dc (100 MHz, DMSO-  cpcy,) 13.81, 16.67, 32.78, 48.24, 51.36, 60.37, 110158,22,
d;) 17-22 (broad singlet), 35.86, 39.43, 42.28, 1ZAWz192.0  164.80:m/z245.0 M]".

[M-H]".

2,3,3-Trimethyl-1,1-dioxo-5-[2-(triphenylphosphorgogtyl]-
2,3-dihydro-1H-1%isothiazol-4-olate ~ toluene  monosolvate  2,3,3-Trimethyl-2isothiazolidine-1,1,4-triond (0.2 g, 1.13
(23-PhMe) mmol) was dissolved in aq. 95% HOAc (4 mL) and theillteg)
) . ) o ) solution was cooled with an ice water bath. Then thetien of

2,3,3-Trimethyl-X’-isothiazolidine-1,1,4-triond (1.0 g, 5.64 NaNO; (0.09 g, 1.36 mmol) in water (2 mL) was added dropwis
mmol) and triphenylcarbethoxymethylenephosphoréh®5(g,  ypon stirring maintaining the temperature below 5°The
7.61 mmol) were dissolved in dry toluene (75 mL)efitbenzoic  yegylting mixture was septa-sealed, allowed to dsyailé to r.t.
acid (5 mg) was added. The resulting mixture walsixetl for 6  anq |eft to react overnight with stirring. Then itswdiluted with
h and then it was cooled. The precipitate was fittered washed |y 5ter (6 mL) and extracted with GE&l, (5x5 mL). The
with toluene (2x4 mL) affording thitle compound23+PhMe as  compined organic layers were dried ovep®@, and evaporated
colorless crystals. Yield 1.97 g (3.44 mmol), 61%¢.d= 2617' in vacuo The residue was dissolved iiPrOH (3 mL), filtered
268°C; nhax (KBr) 2960, 1593, 1406, 1256, 1102, 741, 690°¢m ang evaporatedn vacuo affording thetitle compound28 as
dy (500 MHz, DMSOd) 1.02 (s, 6H, 2xCF), 2.30 (s, 3H, CH  yejlow crystals. Yield 0.12 g (0.60 mmol), 53%; m=p.123-
[toluene]), 2.42 (s, 3H, NCHi 5.33 (d,J 14.2 Hz, 2H, CkP),  125°C: [Found: C, 34.68; H, 4.93; N, 13.28; S, 15.20.
7.14 (t,J 7.0 Hz, 1H, H-4 [toluene]), 7.17 (d,7.2 Hz, 2H, H-2 CeH1oN,0,S requires C, 34.95; H, 4.89; N, 13.58; S, 15.55%];
and H-6 [toluene]), 7.25 (§,7.0 Hz, 2H, H-3 and H-5 [toluene]), (KBr) 3580, 3473, 2807, 1751, 1499, 1292, 1153, &2
7.67-7.76 (m, 12H, 3x(H-2', H-3', H-5', H-6Y), 7.84,J6.6 Hz,  4"(500 MHz, CDC) 1.45 (s, 6H, 2xCH, 2.81 (8, 3H, NCH).

3H, 3xH-4); ¢ (126 MHz, DMSOde) 21.05, 21.67, 22.26, g (125 MHz, CDC}) 21.21, 21.94, 68.04, 141.39, 189.98z
33.28 (d,) 52.4 Hz), 64.24, 105.34 (,4.5 Hz), 119.18, 119.88, 07,0 M+H]".

125.31, 128.65 (d] 87.3 Hz), 129.77 (d] 12.5 Hz), 133.78 (d]
10.5 Hz), 134.44 (dJ 2.5 Hz), 137.34, 175.78 (d, 6.0 Hz), General method for the azo coupling of keto sultaasd2

187.26; @ (202 MHz, DMSOd,) 23.08; m/z 480.0 M+H]"; NaNQ, (0.08 g, 1.12 mmol) was dissolved in water (5 mL)

Z';)Ml%g%ESI): M+H, found 480.1391. GHxNO,PS requires 5 then it was added dropwise to stirred cold (Gt)tion of

2,3,3-Trimethyl-1%isothiazolidine-1,1,4,5-tetrone 5-oxin28]
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p-toluidine (0.12 g, 1.12 mmol) in 95% aqueous acetic acid (5C;3H:sNO,4S requires C, 55.90; H, 4.69; N, 5.01; S, 11.48%l; n

mL) maintaining the temperature below 5°C. After #ulition

was completed the mixture was allowed to stir for 30. Mhus

obtained solution of diazonium salt was added dropwasstirred
cold (0°C) solution of keto sultah2 (0.2 g) in ag. 95% HOAc
(7 mL) maintaining the temperature below 5°C. Thsuléng

solution was allowed to stir at room temperature4fér and then
at 45°C for 2h. The precipitate that formed upoblicg to r.t.

was filtered and washed with water. The recrystalliratof

crude product from-PrOH gave theitle compound29,30 as

dark red prisms.

2,3,3-Trimethyl-1%isothiazolidine-1,1,4,5-tetrone
methylphenyl)hydrazonel$)

Using1 (0.20 g, 1.13 mmol). Yield 0.21 g (0.73 mmol), 64%;
m.p. = 183-185°C; [Found: C, 53.09; H, 5.90; N, 148311.15.
C,3H17N305S requires C, 52.86; H, 5.80; N, 14.23; S, 10.86%)]
Nmax (KBF) 3452, 2990, 1657, 1542, 1458, 1292, 1098, 8% "
dy (400 MHz, DMSO#dg) 1.37 (s, 6H, 2xC}}, 2.35 (s, 3H, CH,
2.71 (s, 3H, NCH), 7.20 (d,J 7.3 Hz, 2H, H-3" and H-5"), 7.52
(d, J 7.9 Hz, 2H, H-2' and H-6"), 13.36 (broad s, 1H, NH}; d
(100 MHz, DMSOd;) 21.38, 21.59, 22.87, 65.43, 117.57,
127.61, 130.40, 136.81, 139.43, 1884i727296.2 M+H]".

4-Methyl-5°-thia-4-azaspiro[2.4]heptane-5,5,6,7-tetrone  6-[N-
(4-methylphenyl)hydrazone}@)

Using2 (0.20 g, 1.14 mmol). Yield 0.19 g (0.65 mmol), 58%;
m.p. = 191-192°C; [Found: C, 52.98; H, 5.41; N, 142911.11.
C13H15N305S requires C, 53.23; H, 5.15; N, 14.32; S, 10.93%)]
Nmax (KBF) 3435, 3154, 1676, 1534, 1444, 1289, 111@ &9 ",
dy (400 MHz, DMSO+dg) 1.39 (s, 2H, cyclopropyl), 1.52 (s, 2H,
cyclopropyl), 2.35 (s, 3H, C§i 2.69 (s, 3H, NCH), 7.20 (d,J
5.2 Hz, 2H, H-3' and H-5"), 7.51 (d} 6.0 Hz, 2H, H-2" and H-
6"), 13.17 (broad s, 1 H, NH);cd100 MHz, DMSOsdg) 13.70,
20.74, 31.88, 50.82, 116.63, 128.93, 129.76, 135188.93,
187.31;m/z294.2 M+H]".

General method for the preparation &tbenzoyl-4-hydroxy-2-
methyl-2,3-dihydro-1H--isothiazole-1,1-dion&1 and 32

Ketosultam1,2 (0.18 g, 1.00 mmol), PhGa (0.12 g, 1.00
mmol), EDC (0.20 g, 1.00 mmol) and DMAP (0.12 g, 1.00
mmol) in the indicated order were dissolved in DN8ATL) and
the resulting mixture was left to react upon stgrat r.t. for 96 h.
Then it was evaporateid vacuoat the temperature not higher
than 60°C and the residue was triturated with wateni(. The
resulting precipitate was filtered and successivehshed with
ag. 1M HCI (1 mL) and water (3x1 mL) affording thide
compound3l,32 as white powder.

5-Benzoyl-4-hydroxy-2,3,3-trimethyl-2,3-dihydro-1#-1
isothiazole-1,1-dione3(l)

Using1 (0.18 g, 1.00 mmol). Yield 0.11 g (0.38 mmol), 38%;
m.p. = 141-142°C; [Found: C, 55.21; H, 5.01; N, 4.8711.28.
C13H15NO,S requires C, 55.50; H, 5.37; N, 4.98; S, 11.40%]; n
(KBr) 3451, 2983, 1602, 1568, 1288, 1151, 698 'crd, (400
MHz, DMSO-dg) 1.22 (s, 6H, 2xC}k}, 2.55 (s, 3H, NCH), 7.42
(t, J= 6.5 Hz, 2H, H-3’ and H-5’), 7.50 @,= 6.5 Hz, 1H, H-4"),
7.65 (d,J = 6.5 Hz, 2H, H-2’ and H-6’), 7.84 (br s, 1H, OH) d
(125 MHz, DMSOsd) 22.03, 23.03, 63.80, 128.11, 129.03,
131.79, 138.46, 184.06/2282.2 M+H]".

6-Benzoyl-7-hydroxy-4-methyk5thia-4-azaspiro[2.4] hept-6-
ene-5,5-dione3?)

Using2 (0.18 g, 1.00 mmol). Yield 0.12 g (0.44 mmol), 44%;
m.p. = 98-100°C; [Found: C, 55.90; H, 4.41; N, 4.%2 11.09.

5-[N-(4-

(KBr) 3429, 2919, 1742, 1603, 1334, 1158, 1097, &A1’
enol/ketone ratio 3:1; enolic tautomgy @00 MHz, DMSO¢lg)
1.13 (s, 2H, cyclopropyl), 1.28 (s, 2H, cyclopropg)55 (s, 3H,
NCH;), 7.45 (m, 2H, H-3' and H-5), 7.55 (m, 1H, H-4"),67
(m, 2H, H-2’ and H-6"), 10.19 (br s, 1H, OH) ; ketonéutomer
(rotamers are present); {400 MHz, DMSOe¢g) 1.36 (m, 2H,
cyclopropyl), 1.52 (m, 1H, cyclopropyl), 1.82 (m, 1H,
cyclopropyl), 2.85 (s, 3H, NCH 4.58 (m, 1H, CH), 7.45 (m,
2H, H-3" and H-5'), 7.55 (m, 1H, H-4"), 7.67 (m, 2H-# and
H-6"); enolic tautomer @ (125 MHz, DMSOsd;) 11.88, 14.63,
32.03, 50.32, 128.39, 129.22, 132.33, 136.53, 181kBtonic
tautomer (rotamers are presenty @25 MHz, DMSO¢s)
20.16+20.53, 21.64+21.98, 34.13+34.42, 54.19, 5%988,
128.39, 129.22, 132.33, 136.53, 203.71+204.6%z 280.0
[M+H]".

'‘General method for the preparation of 4-hydroxy-2-iylethi-

dioxo-N-phenyl-2,3-dihydro-1Ha-isothiazole-5-carboxamides
33,34 and 4-hydroxy-2-methyl-1,1-dioxo-N-phenyl-2,3-dioyd
1H-1%isothiazole-5-carbothioamidess,36

The solution of ketosultari,2 (1.38 mmol) and PhNCO or
PhNCS (1.38 mmol) in dry DMF (2 mL) was added to ttirees
solution of DBU (0.21 g, 1.38 mmol) in dry DMF (2 mLJhe
resulting mixture was stirred overnight at r.t. ahén poured
onto aq. 4M HCI (12 mL). The resulting precipitateswitered
and washed with water (3x1 mL) affording ttidke compound
33-36. The product thus obtained was pure. If neces#argn be

recrystallized frorn-BuOH.

4-Hydroxy-2,3,3-trimethyl-1,1-dioxo-N-phenyl-2,3-dihy-1H-
1:%isothiazole-5-carboxamid&3g)

Using1 (0.24 g, 1.38 mmol) and PhNCO (0.19 g, 1.38 mmol).
Yield 0.27 g (0.92 mmol), 67%; m.p. = 179-180°C; yRd: C,
52.76; H, 5.54; N, 9.30; S, 10.65,:8,¢N,O,S requires C, 52.69;
H, 5.44; N, 9.45; S, 10.82%];.5 (KBr) 3485, 3295, 2981, 1646,
1527, 1276, 1146, 1089 cnd, (400 MHz, DMSOd,) 1.31 (s,
6H, 2xCH), 2.58 (s, 3H, NCH), 7.01 (t,J = 7.3 Hz, 1H, H-4"),
7.27 (t,J = 7.6 Hz, 2H, H-3' and H-5’), 7.56 (d,= 7.9 Hz, 2H,
H-2', and H-6"), 9.75 (br. s, 1H, NH) , 9.95 (br. s, 18H); d-
(100 MHz, DMSOsdg) 22.33, 23.16, 63.59, 120.36, 123.61,
129.10, 139.22, 160.167/2297.2 M+H]".

7-Hydroxy-4-methyl-5,5-dioxo-N-phenyl®&hia-4-
azaspiro[2.4]hept-6-ene-6-carboxamidd)

Using2 (0.08 g, 0.46 mmol) and PhNCO (0.06 g, 0.46 mmol).
Yield 0.10 g (0.35 mmol), 77%; m.p. = 188-189°C; yRd: C,
52.76; H, 4.54; N, 9.67; S, 11.15,:8,,N,0O,S requires C, 53.05;
H, 4.79; N, 9.52; S, 10.89%];.5 (KBr) 3333, 3092, 1642, 1536,
1446, 1259, 761 cih dy (400 MHz, DMSOdg) 1.38 (s, 4H,
cyclopropyl), 2.71 (s, 3H, NCHi 7.03 (t,J = 6.1 Hz, 1H, H-4"),
7.28 (t,J = 7.0 Hz, 2H, H-3" and H-5’), 7.55 (d,= 7.0 Hz, 2H,
H-2', and H-6"), 10.46 (br. s, 1H, NH),cd100 MHz, DMSOd;)
7.75, 28.07, 48.76, 96.73, 118.79, 121.56, 128540.30,
161.65, 180.67m/2295.0 M+H]".

4-Hydroxy-2,3,3-trimethyl-1,1-dioxo-N-phenyl-2,3-dihy-1H-
1i%-isothiazole-5-carbothioamid &%)

Using1 (0.24 g, 1.38 mmol) and PhNCS (0.19 g, 1.38 mmol).
Yield 0.30 g (0.97 mmol), 70%; m.p. > 300°C; [Foul:49.63;
H, 4.96; N, 9.15; S, 20.36.,&1,¢N,OsS, requires C, 49.98; H,
5.16; N, 8.97; S, 20.53%];. (KBr) 3440, 2969, 1608, 1536,
1396, 1211, 1133, 766 ¢mdy (400 MHz, DMSOsdg) 1.20 (s,
6H, 2xCH), 2.54 (s, 3H, NCH), 7.04 (t,J = 6.4 Hz, 1H, H-4’),
7.27 (t,J = 7.2 Hz, 2H, H-3' and H-5’), 7.81 (d,= 6.4 Hz, 2H,
H-2', and H-6’), 12.97 (s, 1H, NH);d(100 MHz, DMSO#d)



22.28, 22.97, 62.16, 106.68, 122.76, 123.69, 12814D.53, 4-Chloro-2,3,3-trimethyl-1,1-dioxo-2,3-dihydro-1H%

182.75, 183.03n/z313.2 M+H]". isothiazole-5-carbaldehydd()
7-Hydroxy-4-methyl-5,5-dioxo-N-phenyl®&hia-4- To a cold (0°C) solution of POg{1.04 g, 0.63 mL, 6.78 mol)
azaspiro[2.4]hept-6-ene-6-carbothioamidz6) in CH,Cl, (5 mL) was added dropwise a solution of DMF (0.51

g, 0.54 mL, 7.0 mmol) in Cil, (3 mL) maintaining the
temperature below 5°C. The ice water bath was remanddhe
mixture was allowed to stirr at r.t. for 0.5 h. Themas cooled
(0°C) again and the solution of 2,3,3-trimethyf-1
isothiazolidine-1,1,4-trionel (0.2 g, 1.13 mmol) in C}Cl, (4
mL) was added dropwise at 0-5°C. The ice water bads w
allowed to melt and the resulting mixture was stireg room
temperature overnight. Then it was poured on thehed ice (10
g) in water (20 mL), stirred for 1 h and divided.eTWater phase
g‘;)gsggglgggjmégggolﬁg}ll]g 122.67, 123.57, ¥8180.61, was extracted with C}l, (5x7 mL), the combined organic
T e ) ' layers were dried over NaO, and evaporated at reduced
2,3,3-Trimethyl-5-[(Z)-phenylmethylidene}®lisothiazolidine- pressure. The solid remainder was recrystallizedn fietOAc
1,1,4-trione 87) affording thetitle compoundiO as colorless crystals. Yield 0.17 g
) 6. . - . (0.76 mmol), 67%; m.p. = 184-185°C; [Found: C, B7 4, 4.52;
2,3,3-Trimethyl-1isothiazolidine-1,1,4-triond (0.2 9, 1.13  \ "6 40: S, 14.26. {1,.CINO,S requires C, 37.59; H, 4.51; N,
mmol) was dissolved in pyridine (5 mL) then PhCHO (8.3 g 36; 5, 14.34%); , (KBr) 2900, 1692, 1618, 1287, 1144, 882,
0.29 mL, 2.83 mmol) was added to the stirred salufoone g5 oyt dy (400 MHz, CDCJ) 1.47 (s, 6H, 2xCH, 2.77 (s,

portion. The mixture was refluxed for 2 h and thénwas 3H. NC 9.88 (s. 1H. CHO): d(125 MHz. CDC) 22.74
evaporated to dryness. The solid remainder was stliyed 55 '54 6?)4,17 .131(6,7 16'1 40 1),7Sjé622230 l</1]+ &) 22.74,
from i-PrOH affording thetitle compound37 as colorless DR~ Y ' ’ '

crystals. Yield 0.25 g (0.95 mmol), 84%; m.p. = 98O (iit'**  6-[(2)-Ethoxymethylidene]-4-methyk5thia-4-
m.p. = 92°C, from EtOH); [Found: C, 58.66; H, 5.91;M\87; S,  azaspiro[2.4]heptane-5,5,7-triond1)
11.92. C,13H15NOSS requires C, 58.85) H, 5.70; N, 5.28; S, 4-Methyl-5\°thia-4-azaspiro[2.4]heptane-5,5, 7-triore (0.2
12.09%]; M (KBr) 2979, 1729, 1609, 1296, 1142, 1109, 773 ; ;

1 g, 1.14 mmol) was dissolved in &2 (4 mL) then HC(OEy)
cm ; dy (400 MHz, DMSO#€) 1.41 (s, 6H, 2xC}J, 2.80 (s, 3H, .
NCH. 757 (tJ 73 Hz. 2H. H-3’ and H-5Y 764 (2 7.0 H (0.84 g, 0.95 mL, 5.70 mmol) was added in one portibhe

), 7.57 () 7.3 Hz, 2H, H-3' and H-57, 7.64 (8 7.0 Hz, resulting solution was refluxed for 3 h. The volsil were

I{'HGHg) 1507 IE?HlHD%HSI(DDZ) 82'2965(;1’72'3 7':;2’ g;ogzuznge evaporatedn vacuoand the solid remainder was sublimated in
6); de ( Z 5) 21.68, 22.76, 68.00, "~ vacuum (0.1 Torr and 100-110°C in an oil bath) mggvihetitle

129.60, 130.82, 134.09, 134.24, 145.57, 192.87z 266.1 compound4l as white powderNote: This compound is quite

Using2 (0.10 g, 0.57 mmol) and PhNCS (0.08 g, 0.57 mmol)
Yield 0.14 g (0.46 mmol), 81%; m.p. > 300°C; [Fouly:50.12;
H, 4.59; N, 8.93; S, 20.86.,61:4,N,0:S, requires C, 50.31; H,
4.55; N, 9.03; S, 20.66%)];.x (KBr) 3451, 3048, 1631, 1541,
1413, 1242, 1105, 912 ¢ dy (400 MHz, DMSOdg) 1.03 (m,
4H, cyclopropyl), 2.41 (s, 3H, NG} 7.04 (t,J = 7.3 Hz, 1H, H-
4, 7.27 (t,J = 7.27 Hz, 2H, H-3' and H-5’), 7.80 (d,= 7.6 Hz,
2H, H-2', and H-6"), 12.80 (s, 1H, NH);cd100 MHz, DMSO-

[M+H]". sensitive to moisture! Being left in air it decormsps in a few
5-[(2)-(Dimethylamino)methylidene]-2,3,3-trimethyk*1 hours!). Yield 0.21 g (0.89 mmol), 78%; m.p. = 12421C;
isothiazolidine-1,1,4-trione3g) [Found: C, 46.98; H, 5.67; N, 5.70; S, 14.0€4H;sNO,S

. 6 L _ requires C, 46.74; H, 5.67; N, 6.06; S, 13.87%] (KBr) 3104,
2,3,3-Trimethyl-1™isothiazolidine-1,1,4-triond. (1.77 9, 10 5959 1712. 1614. 1326. 1010 730 tnal, (400 MHz, CDCY)
mmol) was dissolved in warm anhydrous MeOH (15 mL) thery 34 (m, 2H, cyclopropyl), 1.47 (m, 2H, cyclopropyl)51 (tJ =
DMFDMA (1.79 g, 1.99 mL, 15 mmol) was added to therstir 5 ;. 3 CHCHs), 2.71 (s, 3H, NCH), 4.45 (q,J = 7.2 Hz

solution in one portion. The crystal precipitatenfiation was CHCHy), 7.74 (s, 1H, CH): d (125 MHz, CDC}) 14.81

occurred gnd the mixture was allowed to stir for aﬁ.mftgr, 15.24. 33.85, 53.24, 75.10, 112.46, 162.52, 1930/ 202.2
the reaction mixture was refluxed for 1 h and thenwas [M-Et].

evaporated to dryness. The solid remainder was stdliyed
from i-PrOH affording thetitte compound38 as colorless 2,3,3,5,5-Pentamethyhkisothiazolidine-1,1,4-trione4g)

H . — 4 13a
crystals. Yield 2.09 g (9.0 mmol), 90%; m.p. = 18BIC (lit 2,3,3-Trimethyl-1%isothiazolidine-1,1,4-trionel (0.20 g,

m.p. = 162°C, from EtOH); [Found: C, 46.56; H, 7.27,14,28; 1.13 mmol) was dissolved in DMF (5 mL) thenGO; (0.47 g,

i% El}g;;?f.CgHmEéOgSzge?%uwle;g, f661?331|-2|5769f10N3 %931866(?2339 mmol) and Mel (0.48 g, 0.21 mL, 3.39 mmol) wadsled
B0%]; Mhax (KBI) . ' ' y ! y consequently. The resulting mixture was stirred abnr

=y
,C\InéH d“§44020 MH;’_'D'\NASCOGG) 2241(5’ 6C|3_|H 2:1%-)’ 2'627(253H’ temperature for 48 h, after the precipitate wasriitl and twice
), 3.42 (s, 3H, N(Ch)o), 3.44 (s, 3H, N(Chl2), 7.59 (S, \ashed with DMF (1 mL). The combined DMF layer was

1H, CH); & (100 MHz, DMSO¢e) 21.78, 22.61, 41.56, 47.94, evaporatedn vacuq the residue was diluted with water (5 mL)

66.29, 98.96, 151.99, 190.5#/2233.2 M+H] . and extracted with Ci€l, (5x4 mL). The combined extracts
General procedure for the recycling of mother sohsicafter ~were dried over N&O, evaporated at reduced pressure and
keto sultamsl and 2. Another crop of dimethylaminomethylene sublimated in vacuum (0.1 Torr and 50°C in an ailh giving
derivative38,39. the titte compound42 as white crystals which had been washed

. . . L with mixture cyclohexanePrOH (9:1) before scraping from
The combined mother solution remained after reafysation .44 finger. Yield 0.16 g (0.77 mmol), 68%: m.p. -72°C:
and washing of keto sultay2 was treated with DMFDMA (the [Found: C, 47.14: H, 7.44: N 6.78° S i5.6e8H15NO3S'

quantity was calculated from the ratio of 0.75 egDMFDMA requires C, 46.81: H, 7.37; N, 6.82; S, 15.629%]; (KBr) 2992
to 1 eq. of isolated keto sultab?), the resulting mixture was 541 1754’1 11.166, 1’30i 1’11’6 .103’51,;rd '(400 MHz DMSO,-
allowed to stand overnight then filtered and washet minimal do) 135 (s "6H 2,XCI;435 144 (s, 6H 2H><C§-|5) 275 (s, 3H

amount ofi-PrOH. The product thus obtained was spectrally purg;-p ): de (100 MHz, DMSOd,) 19.95, 22.49, 22.88, 61.04
and can be used without further purification. Instiay, from 67.68 120C8.75m/2206.'2 M+H]+-6 T T e e

0.05 to 0.12 eg. (based on amount of isolated &eltam1,2) of
thetitle compound8,39 can be obtained.
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4,6,6-Trimethyl-5"-thia-4-azaspiro[2.4]heptane-5,5,7-trione
43

4-Methyl-5\%thia-4-azaspiro[2.4]heptane-5,5,7-triore (0.2
g, 1.14 mmol) was dissolved in DMF (5 mL) thep(X; (0.48 g,
3.39 mmol) and Mel (0.47 g, 0.21 mL, 3.39 mmol) wadsled
consequentially and the resulting mixture was stira¢ room
temperature for 48 h. The precipitate was filtered a@wice

Tetrahedron

conformer @ (100 MHz, DMSO€lg) 11.71, 31.25, 51.13, 105.52,
118.10, 125.61, 129.36, 138.42, 144.33, 191.0%rars
conformer @ (100 MHz, DMSO€) 12.48, 33.12, 52.06, 104.09,
118.67, 125.23, 129.21, 139.87, 141.70, 189.88z 279.1
[M+H]".

General method for the preparation dimethylammonium salt
of ethyl (E)-2-cyano-3-(4-hydroxy-2-methyl-1,1-dieX8-

washed with DMF (1 mL). The combined DMF layer was dihydro-1H-1%%isothiazol-5-yl)-2-propenoatet8 and49

evaporatedn vacuq the residue was diluted with water (5 mL)
and extracted with C}€l, (5x4 mL). The combined extracts
were dried over N&O, and evaporateth vacuo.The residue
was distilledin vacuogiving thetitle compound43 as colorless
oil. Yield 0.13 g (0.64 mmol), 56%; b.p. = 70-75°C (0.4rrY;
[Found: C, 47.63; H, 6.45; N, 7.09; S, 16.16¢H;3NOsS
requires C, 47.27; H, 6.45; N, 6.89; S, 15.78%]; (KBr) 2987,
1745, 1462, 1333, 1194, 1126, 731 &nay, (500 MHz, CDC))
1.41 (m, 2H, cyclopropyl), 1.43 (m, 2H, cyclopropyD)51 (s,
6H, 2xCH), 2.72 (s, 3H, NCH); dc (125 MHz, CDC}) 14.18,
19.29, 28.79, 51.30, 62.94, 206.462204.0 M+H]".

General method for the preparation of 5-[(2)-
anilinomethylidene]-2-methylaf-isothiazolidine-1,1,4-triones
46 and47

Dimethylaminomethylideneketosultan38,39 (0.23 g, 1.0
mmol) was dissolved in dioxane (6 mL) then PhNE.37 g,
0.37 mL, 4 mmol) was added and the resulting mixtwees
refluxed for 8 h. The volatiles were evaporatedacuoand the
residue was recrystallized fromPrOH affording thetitle
compound}6,47 as colorless crystals.

5-[(Z)-Anilinomethylidene]-2,3,3-trimethyli%-isothiazolidine-
1,1,4-trione 46)

Using 38 (0.23 g, 1.0 mmol). Yield 0.24 g (0.87 mmol), 87%;
m.p. = 176-178°C; [Found: C, 56.00; H, 5.66; N, 1038611.70.
C13H16N,05S requires C, 55.70; H, 5.77; N, 9.99; S, 11.44%)]
Nmax (KBr) 3255, 3148, 3075, 2980, 1655, 1624, 14321413
1271, 1148, 754 ¢ s-cis/strans ratio 2.6:1; scis conformer
dy (400 MHz, DMSOd;) 1.33 (s, 6H, 2xCk), 2.65 (s, 3H,
NCH,), 7.21 (t,J 7.0 Hz, 1H, H-4"), 7.39 (1) 7.6 Hz, 2H, H-3’
and H-5"), 7.54 (dJ 7.6 Hz, 2H, H-2' and H-6"), 8.62 (d, 9.8
Hz, 1H, CH-NH), 11.48 (d] 8.5 Hz, 1H, NH); g¢ransconformer
dy (400 MHz, DMSOd;) 1.30 (s, 6H, 2xCE), 2.67 (s, 3H,
NCH,), 7.21 (t,J 7.0 Hz, 1H, H-4"), 7.36 (t) 7.9 Hz, 2H, H-3'
and H-5"), 7.49 (dJ 7.9 Hz, 2H, H-2’ and H-6"), 7.94 (br s, 1H,
CH-NH), 11.14 (br s, 1H, NH);-sis conformer ¢ (100 MHz,
DMSO-dg) 21.86, 23.08, 66.52, 104.33, 118.92, 126.47,130.
138.90, 146.03, 193.25:tensconformer ¢ (100 MHz, DMSO-
ds) 21.97, 22.78, 67.43, 102.65, 119.58, 126.11,829140.52,
143.04, 191.04m/z281.2 M+H]".

6-[(2)-Anilinomethylidene]-4-methyli&-thia-4-
azaspiro[2.4]heptane-5,5,7-triond?)

Using 39 (0.23 g, 1.0 mmol). Yield 0.24 g (0.88 mmol), 88%;
m.p. = 209-210°C; [Found: C, 56.13; H, 5.34; N, 109411.91.
C13H14N,05S requires C, 56.10; H, 5.07; N, 10.06; S, 11.52%)]
Nmax (KBr) 3053, 2992, 1650, 1586, 1435, 1312, 1275011
cm % scigstrans ratio 2.6:1; scis conformer ¢ (400 MHz,
DMSO-dg) 1.28 (s, 4H, cyclopropyl), 2.58 (s, 3H, NgJH7.19 (t,

J 6.7 Hz, 1H, H-4'), 7.38 (t) 6.7 Hz, 2H, H-2’ and H-6"), 7.52
(d, J 7.3 Hz, 2H, H-3' and H-5’), 8.54 (d] 13.4 Hz, 1H, CH-
NH), 11.27 (d,J 12.8 Hz, 1H, CH-NH); drans conformer ¢
(400 MHz, DMSO¢dg) 1.34 (s, 4H, cyclopropyl), 2.62 (s, 3H,
NCHy), 7.19 (t,J 6.7 Hz, 1H, H-4"), 7.38 () 6.7 Hz, 2H, H-2’
and H-6), 7.47 (dJ 8.2 Hz, 2H, H-3’ and H-5"), 7.98 (d,14.6
Hz, 1H, CH-NH), 11.03 (dJ 15.0 Hz, 1H, CH-NH); =is

Dimethylaminomethylideneketosultar8,39 (0.25 g, 1.07
mmol) was dissolved in EtOH (5 mL), ethyl 2-cyanoaiee(a.15
g, 0.14 mL, 1.28 mmol) was added and the resultingune was
refluxed for 10 h. Then the mixture was cooled toand filtered.
The mother solution was evaporatedracuoand the residue was
recrystallized from EtOAc affording théle compound8<H,0,
49 as colorless crystals.

Dimethylammonium salt of ethyl (E)-2-cyano-3-(4-hydr3;3-
trimethyl-1,1-dioxo-2,3-dihydro-1H:-isothiazol-5-yl)-2-
propenoate monohydratd&H,0)

Using 38 (0.25 g, 1.07 mmol). Yield 0.24 g (0.66 mmol),
62%; m.p. = 88-89°C; [Found: C, 46.04; H, 7.21; N,2¥1 S,
8.87. G4H,sN3O6S requires C, 46.27; H, 6.93; N, 11.56; S,
8.82%]; nnax (KBr) 3532, 3076, 2200, 1700, 1634, 1534, 1226,
1119 cm’; dy (400 MHz, DMSOd,) 1.17 (s, 6H, 2xCH), 1.27
(t, J 7.1 Hz, 3H, CHCH,), 2.62 (s, 3H, NCk), 2.59 (s, 6H,
HoN"(CHa)y), 4.15 (q,J 6.7 Hz, 2H, CHCH;), 7.72 (s, 1 H, CH),
8.10 (broad s, 2H, M (CHs),); de (100 MHz, DMSO#d) 14.73,
22.04, 22.59, 34.80, 59.86, 65.47, 101.78, 118141.07,
166.33;m/z244.1 M-C,Hs-HCN]'.

Dimethylammonium salt of ethyl (E)-2-cyano-3-(7-hydréxy-
methyl-5,5-dioxo-B-thia-4-azaspiro[2.4]hept-6-en-6-yl)-2-
propenoate49)

. Using 39 (0.25 g, 1.07 mmol). Yield 0.17 g (0.58 mmol),
'54%. m.p. = 140-141°C; [Found: C, 49.17; H, 6.481R.02; S,
9.18. CH,1N3OsS requires C, 48.97; H, 6.16; N, 12.24; S,
9.34%]; nax (KBr) 3218, 2986, 2201, 1686, 1620, 1554, 1254,
1113 cm®; dy (400 MHz, DMSOds) 1.06 (s, 4H, cyclopropyl),
1.28 (t,J 7.0 Hz, 3H, CHCHz), 2.46 (s, 3H, NCH), 2.58 (s, 6H,
HoN"(CHa)y), 4.15 (q,J 7.0 Hz, 2H, CHCHa), 7.74 (s, 1 H, CH);
dc (125 MHz, CDC)) 10.57, 14,97, 27.31, 31.12, 34.87, 51.24,
60.34, 76.37, 104.82, 118.24, 140.69, 166m8&,297.0 M-H]".
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