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ABSTRACT: The hydrolysis reactions of 4-amino-2-phenethyl- and 4-amino-2-cyclohexyl-2,3-dihydro-3-oxo-1,2,5-
thiadiazole 1,1-dioxidel& and Ib) were investigated in the range 24-°T3in buffered aqueous solutions. The
observed rate constantgJ are independent of pH in the ranga1—4 pH, but increase with increase in pH aboge

4. Alinear logkypsvs pH profile with unit slope is observed from mid 4 up to the highest experimental pEg(10).

The products are the corresponding new compounds: 2-aming-&dl§stituted-sulfamoyl)imino]acetic acid salts.

The C=N bond of these compounds hydrolyses further, in a slow reaction, to the sulfamide and oxalic acid
derivatives. The substrates decompose to the final products without accumulation of the acetic acid derivatives under
these experimental conditions. A mechanism is proposed. Rate constants and activation parameters are given for th
first reaction step. Owing to steric effects, the reaction rate is higher fox-bteenethyl-substituted derivative than

for the 2-cyclohexyl-substituted derivativig. 1998 John Wiley & Sons, Ltd.
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INTRODUCTION over a wide pH rangec@ 1-10) in buffered aqueous
solutions at 24.0, 50.0 and 730.
Thiadiazoles are molecules of interest owing to their

actual or potential value as intermediates in fine 0 NH,
chemistry and to their pharmacological properfies. Ta: R = phenethyl
Recent examples of 1,1-dioxide derivatives of thiadia- IIbfgiEVCIOI;exyl
zoles are related to their ugelactam synthesfsor as R—N N ¢ 1 = benzy
potassium channel openérg-Amino-3-oxo-1,2,5-thia- N 36

2

diazole 1,1-dioxides have been proposed as urea-
equivalent fragments in the development of new
antagonists of histamine H2 receptdrs.

Compoundic was synthesized in connection with a
search for gastric acid antisecretory drugs by Alkata
al.* The same group also reported thathydrolyzes to

form the salt of 2- amino-2--benzylsulfamoyl)imi- O\\ NH,
nolacetic acid l{cH ) in basic (OH] = 2 M) solution® HO—C‘<

In relation to our interest in homogeneous reactions of o
thiadiazole derivative$;® in this work we studied the RN, AN gﬁg%;gﬁffgg&
kinetics and mechanism of the hydrolysis laf and Ib \502 Ich;R=benzyl
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given, togetherwith spectroscopi@nd physicaldatafor
thenewcompoundgalkalinesaltsof llaH andllbH ) and
unreportedC NMR andUV spectroscopidatafor the
substratesa andlb.

EXPERIMENTAL

Reactants, solvents and products. Reagent-gradecet-
onitrile (ACN), absolute ethanol (EtOH) and other
solvents were purified by standard methods. Water
obtainedusinga Milli-Q purification system(Millipore)
wasused.

4-Amino-2-phenethyl-2, 3-dihydro-3-oxo- 1,2, 5-thia-
diazole 1,1-dioxide (la). This was synthesizeti from a
sample of 3,4-diamino-1,2,5-thiadmole 1,1-dioxide
kindly supplied by Professol. J. Aran (Instituto de
Quimica Médica, CSIC, Madrid, Spain).Its purity was
checkedoy TLC andm.p.determinationlts IR spectrum
(KBr disk) and *H NMR spectrum(DMSO-dgs) were
coincidentwith thosereported® The **C NMR spectrum
in acetoneds showsweaksignalsat§ (TMS) 158.4(s, C-
4) and 155.2 (s, C-3) and strongersignalsat 138.6(s),
129.6(s) 129.3(s)and127.5(s) (phenyl)and43.2(s) and
34.3(s) (aliphaticcarbonatoms).

The UV spectrumin EtOH, ACN or aqueoussolution
presentstwo moderately intense absorption bands at
Amax=208nm[e = (11.9+ 0.6) x 10°I mol~*cm ] and
Amax 230nm [¢=(9.1+ 0.4) x 10° | mol~*cm™Y. The
spectrain EtOH or ACN solution do not changewith
time. The initial spectrumin aqueoussolution doesnot
dependon the pH of the solution.

4-Amino-2-cyclohexyl-2,3-dihydro-3-oxo-1,2,5-thia-
diazole 1,1-dioxide (Ib). The purereagent(TLC, m.p.,
IR, *H NMR) was provided by professorVJ Aran. Its
synthesisasbeendescribed.** The **C NMR spectrum
in DMSO-ds presentsveaksignalsat 6 (TMS) 157.1(s,
C-4) and 154.4(s, C-3) andstrongersignalsat 55.1 (s),
29.6(s),25.2(s)and24.8(s) (C-1,C-2 andC-6, C-3and
C-5 and C-4 from the cyclohexyl substituent).The fast
atom bombardment(FAB) massspectrumof Ib in a
thioglycerol matrix presentdntensesignalsfor positive
ionsatm/z149(Ib — cyclohexyl+ H™) and232(lbH ).
When KCI is addedto the thioglycerol matrix a new
intensesignal at m/z270 (IbK ) is observed.The UV
spectrumin aqueousEtOH or ACN solution presentsa
moderately intense absorptionbands at A2« 230nm
[6=(9.940.5)x 10* | mol"*cm ™. The spectrain
EtOH or ACN solution do not changewith time. The
initial spectrumin aqueoussolutiondoesnot dependon
the pH of the solution.

2-Amino-2-[(N-phenethylsulfamoyl)iminojacetic ~ acid
(laH) and 2-amino-2-[(N-cyclohexylsulfamoyl)imino]
acetic acid (llbH). The alkaline salts(Na or K) of IlaH
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or lIlbH were obtainedby a different procedureto that
reportedfor lic ~— Ref. 5 owing to the fastdecomposition
reactionof lla~ observedn strongly alkaline solutions
(seeResults) Equimolarquantitiesof la or Ib andNaOH
or KOH (0.02m aqueoussolution)were stirred at 25°C
(la or Ib do not dissolve completely) for 2.5h. A
homogeneoussolution was obtained. The reaction
mixture was vacuumevaporatedand the solid residue
waswashedvith acetoneanddriedto constantnassThe
products were pure (TLC) and the yield was nearly
guantitative. llaNa: white solid, m.p. 209-210C
(decomp.). The pK, of the correspondingacid was
measuredn aqueousolutionby potentiometriditration
asca 2. lIbK : white solid, m.p. 226—228C (decomp.).
The compositions of the two new compounds by
guantitative elemental analysis and atomic emission
spectrometnyare asfollows. llaNa: C 40.00,H 4.28,N
13.20,0 22.31,S 7.67,Na 7.85; calculatedC 40.96,H
4.12,N 14.33,0 21.82,S 10.93,Na 7.84%.1IbK : C
33.85,H 4.96, N 14.21, 0 23.52, S 8.59, K: 12.7;
calculatedC 33.44,H 4.91,N 14.62,022.27,5S11.16 K
13.61%.Ash formation was observedin both casesin
combustioranalysis This canaccountfor the lowerthan
expectedsulfur content.llaNa: IR spectrumKBr disks,
v (cm)]: 3450,3340and3300(H—N); 3020(H—C,));
2950and2860(H—Cyjipn); 1670(C=N); 1630and1425
(COy); 1600 (phenyl, superimposedvith 1630); 1320
and1120(S0,). lIbK : 3410,3300,3080 (H—N); 2910
and 2850 (H—C of cyclohexyl); 1620and1430(COs);
1310and 1130 (SO,). The most important differences
from therespectiveeactantarethedisappearancef the
carbonylband and the presenceof carboxylateabsorp-
tion.

The*H NMR spectrunof llaNa (D,0 andDMSO-dg)
presentonly the signalscorrespondindo the phenethyl
substituenttwo signalsof similar intensity at 6 (TMS)
7.31and7.26 (5H, d, phenyl);2.80(2H, s, methylenes)
and3.28(2H, s, methylenes).

Its 13C NMR spectrum(D,0) showss (TMS) 129.8(s),
129.6(s) and 127.5(s) correspondingo phenyl carbon
atoms,and45.0(s)and35.7(s),dueto methyleniccarbon
atoms.

The IIbK *°C NMR spectrum(DMSO-ds) presents
four 6 (TMS) signalsbetween24.61 and 52.07 (C of
cyclohexyl) (see**C NMR of Ib), and only one weak
signalat$ 162.2,assignedo the carboxylateC atom.The
N-bondedcarbonatom signalis not observedin either
compoundTheabsencef the carboxylatecarbonsignal
in llaNa is probablydueto the limited solubility of the
compoundn waterandDMSO.

The UV spectrumof agueoussolutionsof llaNa [pH
3.62-8.01jonic strength(p) 0.05-0.8]showsanintense
band at Amax 208nm  [¢=(15.24+0.7)x 10°1
mol~*cm™]. The extinction coefficient at 230nm is
(6.4+ 0.3)x 10° | mol~*cm™*. The UV-visible spectra
of lIlbK (pH 4.00-9.64)1=0.0-0.4) presenta wide,
broadbandwith an ill-defined maximumat ca 210nm.
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Figure 1. Time decay of the solution absorbance at 230 nm for la and Ib for several representative experimental conditions. A
dimensionless (kyps x 1) abscissa is used to facilitate comparisons. Filled symbols correspond to la and open symbols to Ib. Curve

1a: (@) T=73.0°C; kops=6.06 x 10°% min~",

pH=2.02,p=0.05; [lalp=11.7 x 107 >M. Curve 1b: (M) T=50.0°C;

Kops=1.97 x 1073 min—", pH=5.34,1=0.01; [lalp=13.4 x 10> M. Curve 1c; ([J) T=24.0°C; kob%=5.05 x 1073 min~",

pH=7.66,1=0.1. [Ibly=6.32x 10 >M. Curve 1d:

T=730°C; kops=1.09 min ', pH=7.90, =04,

[Iblo=3.54 x 10> M. Curve 1e: (O) T=73.0°C; kops=4.15 x 107* min~", pH=0.59, u = 0.45; [Ib]o=3.55 x 107> m. Full

230

and broken lines are least-squares fits to the exponential decays. The Ajin1 absorbance (see text) is indicated

Theextinctioncoefficientat230nmis (6.4 + 0.3) x 10°|
mol~* cm™*. A slighttendencyfor ¢ (230nm)to decrease
with decreasén pH is observedor bothcompoundsbut
it is within thelimits of thereportederrorfor therangeof
theseparametersised.

Experimental measurements and procedures. UV
spectralmeasurementsvere made with a Zeiss-PMQ3
or a Varian Cary 3 spectrophotometeequippedwith
thermostatedell holders.

'H and*3C NMR spectraveremeasureavith aBruker
200MHz instrumentandIR spectravith a ShimadzuR-
435 IR spectrophotometeA ZAB-SEQ instrumentwas
used for FAB mass spectrometry. Atomic emission
spectrometricmeasurementsvere carried out with a
Metrolab4200instrument.

pH was measuredvith a ParsecVega VI apparatus.
The pH cell was standardizedmmediatelybeforeeach
measurementising certified buffers at the sametem-
peratureasthe unknown.

Kinetic measurements. The hydrolysis reactionsof la
andb werestudiedat threetemperature$24.0,50.0and
73.0°C) by following thetime decayof theabsorbancat
230nm (parallel measurementsat 208nm for la and
240nmfor Ib gavethesamekinetic results). ThepH was
changedfrom ca 1 to ca 10. The buffers used were
NapHPO—KH,PO,, NaOAc—-HOAc and Na,COs—
NaHCGQ;. HCI was usedin the highly acid range.The
total buffer concentrationwas changedoy one order of
magnitudeto investigate specific catalysis. The ionic
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strengthwas changedfrom 0.05 to 0.8 (obtainedwith
differentconcentrationsf the standardsolutionsusedfor
the preparatiorof the buffersor by additionof NaClQy).

Thereactionwascarriedin quartzcellsof 1 cm optical
path,providedwith TeflonstoppersTwo cellscontaining
measurecequalvolumes(ca 3 ml) of aqueouduffer of
known concentrationpH andionic strengthwereplaced
in athermostatedell holder(+ 0.1°C). Thereactionwas
initiated by adding (by meansof a microsyringe) a
measuredsolume of the stock solutionsof la or Ib in
ACN to the samplecell and shakingto homogenize.
Theseinitial mixing proceduregypically took 5-10s.
The reactionwasconsideredo initiate whenhalf of the
initial mixing time hadelapsed.

The initial concentrationof the reactantswas varied
experimentallyin the range(2.66—15.0)x 10> M for la
and(1.00-10.0)x 10> for Ib.

Somekinetic runs were conductedin a thermostated
stopperedflask from which samplesof the reaction
mixturesweretakenat measuredimesandanalyzedoy
TLC.

RESULTS AND DISCUSSION

We will representhe substratesr theproductsasl or I
when describing common properties and behaviors.
Detailedsymbols(la, 1IbK, lla™ or lIbH , for example)
will be usedwhenreferenceto a specific molecularor
ionic specieds required.

The absorbancef bufferedaqueoussolutionsof | at
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230nm (A%%%) decreasedith time following afirst-order
rate law. The initial extrapolated absorbancevalue
(AZ*%) agreedwith the calculatedabsorbancefor the
initial concentratiorof | (Ig).

Typical absorbance-timeurves are shown in Fig.
1(a)—(e).An adimensionatime scale(kyps X t) is usedto
facilitate the comparisonk,ps Valuesarereportedin the
figure captionsfor eachcurve.

The curves presenteddifferent characteristicsthat
dependednainly on the experimentalpH. In the lower
pH range(ca < 4), the absorbancelecayedfollowing a
single exponentiallaw to a nearly zerovalue[Fig. 1(a),
la, @; Fig. 1(e), Ib, O]. Complete spectrarecorded
during theseruns showedthat the absorbancealecayed
homogeneouslyn the range200-300nm. The solution
did notabsorbatlongerwavelengthsNo isosbestigoint
wasobserved.

At higherexperimentapHs,theabsorbancedecayedo
a practically constantvalue (AZ39) in the kinetic runsat
thelower temperaturefig. 1(b), la, W; Fig. 1c, b, [7;
Fig. 1d,1b, A). A239 agreedvith theabsorbancexpected
for completeconversionof | to Il, as calculatedfrom
their (independentlyneasuredgxtinctioncoefficients A
well definedisosbestigoint wasobservedca 216 nm)
when completespectrawere recordedat selectedtimes
duringthe kinetic run.

A subsequentind slower decay of the absorbance
belowAZ3wasobservedFig. 1(b),1a, W; Fig. 1(d), Ib,
A) when absorbance—timeatawere recordedfor more
thanca 10 half-lives of the first exponentialdecay.

The practical absorbancglateauAis3 was prolonged
and very clearly defined for la at all experimental
temperaturesind for 1b in all runsat 24.0°C and most
runsat50.0°C in theabove-indicategpH range. Theslow
subsequentecaywas,in fact, difficult to observeunder
theseconditionsowing to the long time required.

The transitionfrom thefirst to the secondabsorbance
decaywaslessclearin very fastruns(at high pH) at 50
and 73°C with the substratelb. However, the absor-
bance—timedata could be accuratelyfitted with a non-
linearleast-squareutineto adoubleexponentialecay
law. The fitted limiting value for the first exponential
decaymatchedthe expectedAZs] .

Compoundl was almostinstantly convertedinto I
when pHs higherthanthoseshownin Fig. 1 were used
(la: T=50°C, pH>9.5, for example). The initial
extrapolatedabsorbanceagreedwith that expectedfor
I, at a concentrationequal to 1o, and the absorbance
decreasedhereafterto alimit of nearlyzero.

To minimize the extentof this decompositiomeaction,
we modifiedthe procedurdor the synthesiof Il from I,
as indicatedin the Experimentalsection. This second
decompositionreaction is slower than the hydrolysis
reactionof |, as mentionedabove.For example,at pH
11.06and 50.0°C, la was convertedinto lla™ in a few
seconds, whereas under in the same experimental
conditions llaNa requiredmorethan20h to decompose.
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The decompositiommeactionof Il wasnotinvestigated
further. It mustinvolve the hydrolysisof the remaining
C=N bondto give oxalamideand N-substitutedsulfa-
midesandtheir furtherreactiongo form oxalic acid salts
and sulfamates? Bands assignableto —SO; and

—C(O)N< were observedin the IR spectrumof the

reaction mixture after prolonged reaction times at
alkaline pH. Oxalate salts were isolated and identified
(IR) from the samereactionmixture.

TLC analyse®f thereactingmixture werecarriedout
for some slow kinetic runs. A gradual and steady
replacementof | by Il was observedduring the first
processandonly Il was presentat the plateau.Beyond
the endof the plateau the concentratiorof Il decreased
slowly.

Whenthe hydrolysisof | wasattemptedn unbuffered
agueous solution, the pH of an initially neutral
3.6 x 103 M unbufferedaqueousolutionof | decreased
to ca 4 in approximately24h, probably owing to the
formationof a smallamountof theacidslIH . Thereafter,
thereactioncontinuedasdescribedabovefor the low pH
limit (ca< 4.5)in bufferedsolutions.

Hydrolysisexperimentswith the alkalinesaltsof Il as
reactants did not produce I, but decomposedas
mentionedabove However |l revertedto | in nominally
anhydrous solvents. Thus, when a ca. 3x 10 3m
solution of 1l in propanone(0.1% H,O, Karl Fisher)
was maintained at room temperature, TLC analysis
showed the presenceof | (llaNa reverted nearly
gquantitativelyin 2 dayswhereadlbK revertedpartially
in a week). The attack of the amide nitrogen on the
carboxylic carbon atom has been observedin similar
systems:>14

The observedpseudo-first-orderate constants(kopg
for thehydrolysisof la andlb, obtainedrom linearplots
of In(AZ°— AZ2?) vs t, asa function of pH and tem-
peratureareshownin Fig. 2(a)(Ia) and(b) (Ib). Therate
constantdid not depend,within the experimentalerror,
on the ionic strengthof the solution or on the type or
concentratiorof the buffers.

At all temperaturesand for the higher experimental
pHSs, the log(kop9—pH profilesarelinear with a slopeof
practicallyunity (Fig. 2). A pH-independentateconstant
limit wasreachedexperimentallyat the lower pHs. This
limit wasobservedatall temperaturefor la andat 73°C
for Ib.

Theresultswereinterpretedasanucleophilicattackon
the acylic carbonatomby wateror OH™ ions:

| +H,0 =1l K9; k%, (1)
| +OH — Il - kH (2)
Il — Decompositionproductsks (3)

The high pH zone of the log kgps Vs pH profile
correspondgo the preponderancef OH™ nucleophilic
attack,whichis practicallyirreversiblein agueousnedia.
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Figure 2. ks as a function of pH and temperature. Curves 2a: la (filled symbols); curves 2b: Ib (open symbols). Temperature: @,
O,24.0; A, 1, 50.0; A, A, 73.0°C. Each point is the average of at least two experiments. Individual values differ by less than
5% from the average. pHs were measured at the experimental temperatures. Solid lines were calculated using the rate constants
in Table 1. The slopes and regression coefficients (1) of the log(kyps) vs pH profiles in the pH-dependent regions are as follows: la:
(@) slope =0.93, r=0.99; (M) slope =1.01, r=0.99; (A) slope = 1.01, r=0.99; Ib: (O) slope = 0.93, r=0.99; ([J) slope = 0.93,

r=0.99; (A) slope=0.92, r=0.98.

Table 1. Calculated rate constants for the hydrolysis reaction of la and Ib

Compound T(°C) k(@ moltmin™})x1® k" (I mol* min~% x 10°*
la 24.0 1.05 7.3£0.3

50.0 5.48 24.0+£0.1

73.0 16.1 86.0+£ 0.3
Ib 24.0 — 1.7

50.0 — 7.5

73.0 7.4 22.6

In the pH-independentregion, the slow (equilibrium)
water addition reaction forms the amino acid, which
reactsfurtherasmentionedHence

KO ks

kO —
70 ke

[H20] + kS"[OH-]

Sincell wasnot observeceitherspectroscopicallpr by
TLC in thekinetic runsatlow pH and,aswasnoted,the
absorbancelecreasedt all recordedwavelengthsunder
theseexperimentatonditions,it mustbe concludedhat
ks > k° ; and, consequentlykka/(k%,+ ks) = kL. k? can
be obtainedfrom therateat low pH valuesandk$* from
the dataat high pH values.The calculatedrate constants
aregivenin Tablel. Thesevalueswereusedto drawthe
solid linesin thelog kqps vs pH profilesin Fig. 2(a) and
(b). The dependencef the rate constantsvith tempera-
tureis In[k? (1a) (I mol™* min™%)]=5.6+0.7— (48+
2kJmol™)/RT, r=0.999; In[k¥"(1a) (Imol™
min )] =28+ 1— (43+ 4kJmol™)/RT,  r=0.995;
In[kS7(Ib) (I mol™*min~%)] =28+ 0.6 — (46 + 3kJ
mol~Y)/RT,r = 0.996.

The rate constantifferencesbetweenla andIb must
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be causedby differencesin steric effects of the N-

substituentThesterichindranceds smallerfor la thanfor

Ib owing to the longeraveragedistancefrom the bulky

phenyl group to the acylic carbon and to the larger
rotationalfreedomprovidedby the ethyllinkagebetween
the phenylgroupandthe heterocycle.
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