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ABSTRACT: A study of the solvolyses df,N-dimethylcarbamoyl chloridelj was extended to the solvolyses of
N,N-dimethylthiocarbamoyl chloride2j. The specific rates of solvolysis @fat 0.0°C are two to three orders of
magnitude greater than those fhrAnalysis of the data using the extended Grunwald—Winstein equation leads to
sensitivitied andmand an/mratio which are lower fo than those previously reported forProduct selectivities in
mixtures of water with ethanol or methanol indicate a greater preference for reaction with alcotibl Abr
observations can be rationalized in terms of the formation of a more stable carbocatia?) feaing to an earlier
transition state, reduced nucleophilic solvation and the possibility of extensive progression to a free carbocation prior
to product formation. Copyrighfl 2000 John Wiley & Sons, Ltd.
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INTRODUCTION tinued on introduction of a second sulfur atom and, for
phenyl chlorodithioformate (PhSCSCI), the ionization
The extended Grunwald-Winstein equafidrhas been  mechanism was dominant over the full range of
successfully applied previously to the specific rates of solvents’ A shift towards an ionization mechanism for
solvolysis of chloroformate estefs!' N,N-disubstituted  solvolysis was also observed on going from ethyl
carbamoyl chloridés™ and diaryl chlorophosphate chloroformate to ethyl chlorothioformate.
esters'? The solvolyses oN,N-dimethylcarbamoyl chloridelj
were indicated to beSyl in nature’ but with a
log(k/ko) = INT + mYg) +C (1) pronounced nucleophilic solvation of the developing
carbocationl(= 0.56+ 0.05). For the solvolyses &f,N-
wherek and kg are the specific rates of solvolysis of a diphenylcarbamoy!l chloride, a much lowdr value
substrate in a given solvent and in the standard solvent(0.23+ 0.04) was observédand the solvolyses oR-
(80% ethanol), respectivelyis the sensitivity to Changes methy|.[\|-pheny|carbam0y| Cthl’id’é gave an inter-
in solvent nucleophilicity I¢r valug3, m is the mediate value of 0.46- 0.08.

sensitivity to changes in solvent ionizing poweYc( A study of product selectivitiess:
value**'9 andc is a constant (residual) term.
For the solvolyses of phenyl chloroformatét was [este}
L . _ prod [HZO]soIv
found that, on substitution of a sulfur atom for either S= , . (2)
oxygen atonf'” the addition—elimination mechanism, [amingoq [ROH s,

which had been dominant over the full range of solvents

studied, now dominated only in the more nucleophilic in agueous ethanol or agueous methanol ledlfeo S

and less ionizing solvents. For solvents rich in fluoro values that were fairly constant in value at about 0.5 in

alcohol [2,2,2-trifluoroethanol (TFE) or 1,1,1,3,3,3-hexa- aqueous ethandand at about 1.1 in agueous methatfol.

fluoro-2-propanol (HFIP)], an ionization mechanism These values are very similar to those observed for the

became dominant. The trend towards ionization con- competition between alcohol and water attack in
solvolyses ofp-methoxybenzoyl chlorid€ and 1-ada-
mantyl derivative$’ in these solvents. Thes® values

. ) have been rationalized in terms of product formation at

*Correspondence toD. N. Kevill, Department of Chemistry and h | di . d similar behavi

Biochemistry, Northern lllinois University, DeKalb, lllinois 60115- the solvent-separated lon pair stage, and similar behavior

2862, USA. was postulated for the solvolyses dt and also of 4-
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(chloroformyl)mopholine*® andN,N-diphenylcarbamoyl
chloride®

We now report parallel studiesof the kinetics and
productselectivitiesfor solvolysesof N,N-dimethylthio-
carbamoylchloride (2). Since,for chloroformateesters,
the introduction of sulfur for oxygen brought abouta
considerableshift away from addition—elimingéion to-
wardsionization,it will beof interestto seethe effectsof
aparallelsubstitutioninto 1, which alreadysolvolyzeshy
anionizationmechanism.

We found only one previousstudy of the kinetics of
solvolysesof N,N-disubstitutedhiocarbamoykhlorides,
reporting on hydrolysesin 70% aqueousacetone at
temperaturedgn the range of —5 to 30°C for several
substituentd® This study of substituenteffects in a
constantsolventis nicely complementedby our studyof
solventeffectsfor a constantstructure.

RESULTS AND DISCUSSION

The specificratesof solvolysisof 2 at0.0°C and,soasto
allow a direct comparisonthroughk(2)/k(1) ratios, also
thosefor 1 underidentical conditions are reportedin
Table 1, togetherwith the ratio. It can be seenthat 2
solvolyzegwo to threeordersof magnituddasterthanl.
The observationthat the ratio is solvent dependent,
varying by aboutone order of magnitude indicatesthat
differenceswill beobservedn thel and/ormvalues.The
overall reaction schemefor solvolysesof 2 in an
aqueous—alcohdolventcan be expressedccordingto
Schemel.

The carbonoxysulfide formed during reactioninvol-
ving capture by water slowly hydrolyzesto produce
hydrogensulfide8°

slow
——— R

(CH3)oNCSCI [(CH3)oNCS]* +CI

BOH_  (CH3),NCSOR + H*
[(CH3)aNCS]" —

"o~ (CHoNCSOH + H*

(CH3)oNCSOH + H* ——— (CHg)oNH,* + COS

Scheme 1

COS + Hzo COZ + st

Scheme 2

Thisreactionwill nothaveanyinfluenceon eitherthe
kineticsor productstudiesascarriedout in this study.

Whenthesolventcontainsbothanalcoholandwater,a
portion of the overall solvolysis producesthe stable
thiocarbamateester, accompaniedby acid. The other
portion, reaction with water, leadsto dimethylamine,
which interactswith an equivalentamountof theformed
acidto give thedimethylammoniunion, whichis neutral
underthetitration conditions.The kinetics of the overall
solvolysis can be obtainedbasedon the experimental
infinity titer. This infinity titer is dependenbn solvent
compositionand it affords an accuratemeasureof the
product partitioning occurring due to attack of either
alcohol or water. Theseresultsare presentedn Table 2
and are relative to the titer obtainedin 100% ethanol,

Table 1. Specific rates of solvolysis of N,N-dimethylthiocarbamoyl chloride (2) and N,N-dimethylcarbamoyl chloride (1) in a

variety of solvents at 0.0°C

Solvent 100k (2) (sHP° 1P k (1) (s HPe k (2) /k ()
100%EtOH 0.550+ 0.016 0.175+ 0.007 314+ 16
90% EtOH 4.75+0.14 1.38+ 0.04 344+ 14
80% EtOH 12.6+ 0.6 5.65+ 0.08 223+ 11
70% EtOH 26.9+0.9 17.7+0.6 15247
100%MeOH 2.66+ 0.04 1.69+ 0.04 157+ 4
90% MeOH 10.5+ 0.7 4.84+0.15 217+ 16
80% MeOH 20.0+1.1 16.6+ 0.7 120+ 8
80% Acetone 1.14+ 0.05
70% Acetone 6.02+ 0.33
100%TFE 26.9+ 0.6 6.01+ 0.25 448+ 21
97% TFE 48.0+ 1.6 7.78+0.34 617+ 34
80T—20E 425+ 1.7 2.56+ 0.05 1660+ 74
60T—40E 16.6+0.7 1.40+0.03 1186+ 56
40T-60E 6.23+0.32 0.712+0.013 875+ 48
20T-80E 1.964 0.09 0.414+ 0.006 473+ 23

aSincesubstratevas addedas a solutionin acetone actually 99.2% of the indicatedcomposition togetherwith 0.8% acetone;concentrationof

substrate).00306mol dm~3.

With associategtandarddeviation,basedon all of the integratedrate coefficientsfrom duplicateruns.
¢ Thesevaluesweredeterminedoy A. G. Sell andl. Zdravkovic (University of Wisconsin—Waukesha).

Copyrightd 2000JohnWiley & Sons,Ltd.
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Table 2. Percentage of the overall reaction of N,N-
dimethylthiocarbamoyl chloride (2) in aqueous—organic
solvents which is accompanied by development of acid and
selectivity values (S)

Solvent Acid (%)  S(2° s@)°
100%EtOH 100.0
90% EtOH 91.8 3.9 0.53
80% EtOH 88.3 5.9 0.51
70% EtOH 86.4 8.5 0.50
100%MeOH 100.0
90% MeOH 95.2 5.0 1.14
80% MeOH 82.6 2.7 1.05
80% Acetone 0.3

@ Seefootnotea in Table1.
b As definedin Eqn. (2).
¢ FromRefs9 and 10.

when all reactionleadsto acid production.It will be
notedthat,in 80%acetoneall reactionwill bewith water
and,asexpectedgessentiallyzeroacidity develops.

Thetwo kinetic runsin aqueousacetonewere carried
out by adding portions of solution at appropriatetime
intervalsinto excessnethanol,suchthatthe subsequent
solvolysisproducesanamountof acid proportionalto the
amountof unreacted at the time of sampling.Thatthis
affords an accurateway of following the kinetics is
indicatedby the observatiorthatour specificrateof 6.02
(+£0.33)x 10 % st at 0.0°C is in excellentagreement
with avalueof 6.03x 10~* s* resultingfrom a modest
extrapolationof valuesat 5—-30°C, obtainedby measur-
ing changesn electricalconductivity*®

A treatmentof the 15 specificratesof solvolysisof 2
(Table 1) leads in terms of the simple Grunwald—
Winstein equation[Eqgn. (1) without the IN term] to
valuesfor m of 0.344+ 0.04 andfor ¢ of —0.254+ 0.25,
with a correlationcoefficientof 0.9053and F-testvalue
of 59. Using the full equation,valuesare obtainedof
0.31+ 0.07for I, 0.57+ 0.06for mand—0.07+ 0.16for
¢, with a multiple correlationcoefficientof 0.9674and
F-testvalue of 87. Inspectionof the datashowsa good
correlationfor all of the data, exceptthe two water—
acetonemixtures. That this is not experimentalerror,
associatedwvith the different procedureusedto follow
thesetwo runs,is indicatedby the excellentagreemenof
the value obtainedin 70% acetonewith a previous
measurement Whenthesetwo datapointsareexcluded
from the treatmentusing the full equation,correlation
valuesare obtainedof 0.294 0.03for |, 0.55+ 0.03for
m and —0.03+ 0.07 for ¢, with a multiple correlation
coefficient of 0.9932 and F-test value of 362. The
experimentakpecificratesof solvolysisin 80%and70%
acetoneare, respectively,3.0 and 2.5 times slowerthan
the valuescalculatedusing theseparametersin Fig. 1,
the plot is given basedon the 13 solvents and the
agueous—aceterpointsareaddedto showthe deviations.

The selectivity values(Table 2) are calculatedusing
Eqgn.(2), with [ester],oq proportionalto theacidtiter and

Copyrightd 2000JohnWiley & Sons,Ltd.

[aminel,.q proportionalto the difference betweenthe
acid titer for solvolysis in 100% ethanol and the
correspondingiter when the 100% ethanolis replaced
by the solvent under consideration.In contrastto the
valuesfor solvolysesof 1, the S valuesare appreciably
greater than unity, showing a marked preferencefor
reactionwith alcoholratherthanwater.

Before moving on to a consideratiorof the mechan-
istic implicationsof the analyse®f the solventeffecton
kinetic and product studies,we shall also outline the
previously reported® analysisof substituenteffectsin
termsof the Taft equation®®

log(k/ko) = 0"0" + 6Es (3)

wherek andkg aretheratecoefficientsin the presencef
agivensubstituenandamethylsubstituentrespectively,
o* is the sensitivityto changesn the polarparameteps*
andé is the sensitivityto changesn the stericparameter
Es. Usingthe summatioroverthetwo substituent$or o*
andE,, valueswereobtained®at 15°C in 70%acetonef
—1.73for p* and0.002for 4, indicating essentiallyno
sensitivity to changesn the steric environmentand an
appreciablesensitivity to changesn the polar environ-
ment, with fasterreactionin the presenceof electron-
supplyingsubstituents.

We can now considerthe three types of evidence
available for the solvolysesof 2 in terms of reaction
mechanism,basedin part on a comparisonwith the
correspondingparameterdor the solvolysesof 1,°0:2%
where a rate-determiningonization with a pronounced
nucleophilicsolvationof the developingcation,followed
by product formation predominantly at the solvent-
separatedon-pair stage was proposed.

The evidenceobtainedin this andpreviouswork is all
consistentwith the mechanismpresentedn Schemel.
Thiswasalsothe mechanisnproposedor thesolvolyses
of the oxygen-containinganalogl. Thereare, however,
appreciablequantitativedifferencesbetweenthe solvo-
Iytic behaviorof 1 and 2 in termsof both sensitivities
within the linear free energyrelationshipsand product
selectivities.Thesecanall berationalizedin termsof the
carbocationfrom 2 being more stablethan that formed
from 1. If theoxygenor sulfuris representetly Z, we can
write the following resonancetructures:

+ + +
R,N=C=Z =— R,N—C=Z =— R,N—C=Z

Scheme 3

Thethird contributorwill beexpectedo makealarger
contributionwhenZ = S, becausesulfur canmuchbetter
carry a positive chargein onium-type structuresthan
oxygen.In turn, thiswill leadto anenhancedtability for
the resonancéybrid.
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Figure 1. Plot of log (k/ko) for solvolyses of N,N-dimethylthiocarbamoyl! chloride (2) against 0.29N; + 0.55Y,

The o* valueof —1.73for hydrolysisof thiocarbamoyl
chloridesin 70% acetoneat 15°C is considerablyjlower
in magnitudethanthe —4.11for hydrolysisof carbamoyl
chloridesin 50% acetoneat 50°C.?* This is consistent
with a reduceddependenceon electron supply from
nitrogenwhenit is alsoreadily availablefrom the sulfur
atom.

The | and m values are both lower than the
correspondingralues for solvolysesof 1 of 0.56 for |
and 0.74 for m. This is consistentwith an earlier
transitionstateassociatedvith the formation of a more
stableintermediateasis alsoindicatedby the consider-
ably faster solvolysesof 2 than 1. The lower I/m ratio
(0.53for 2 and0.76for 1) canbe consideredo reflecta
reducedneedfor stabilizationof the cation by solvation
whenanadditionalimportantsourceof internalstabiliza-
tion is present.This reducedsolvationcan also explain
thelower sensitivityto changesn the stericparameteg
for solvolysesof 2, relativeto 1 (0.002and0.80)8%*

The productselectivitiesrelateto step2 of Schemel.
For solvolysesof 1, the valuesof about0.5 for S[Eqn.
(2)] for competition betweenwater and ethanol were
consideredo reflectcaptureat the solvent-separateidn-
pair stage, basedon the similarity in value and the
constancyof the value both mimicking the behaviorfor
systemsgenerally believed to involve capture at this
stage? 117 22The very different S valuesfor solvolyses
of 2, which also vary considerablymore with solvent
compositionthan for 1, of 3.9-8.3for ethanol-water
mixtures and 2.7-5.0 for methanol-wate mixtures,
strongly suggestthat the captureis not at the solvent-
separatedon-pair stage.

A surveyof the literature showsthat valuesof these
magnitudeshavebeenobservedvhencaptureby solvent
is at the free-ion stage.Such a proposalis, of course,

Copyrightd 2000JohnWiley & Sons,Ltd.

consistentwith the ideaof a more stable(lessreactive)
cationbeingformed,with the reducedreactivity provid-
ing the opportunityfor progressiorto the free-ionstage
beforecaptureby solvent. The magnitudeof S observed
for previoussystemsbelievedto involve captureat the
free-ion stageis illustrated by the following examples.
Ta-Shma and Jenck$® found, for capture of 4-
YCegH,CHCH;" ionsin a 50:40:10water—TFE—ethaol
mixture,Svaluesof 11.7whenY is CHzO and27whenY
is (CHs)oN. In solvolysesof benzhydryl chloride in
ethanol-watermixtures, Bentley and Ryu** found S
valuesof 2.5-4.6and,for solvolysesin methanol-water
mixtures, S valuesof 4.2—7.7.Corresponding/aluesfor
solvolysesof p-methoxybenzylchloride were 1.7-4.8
and3.6—7.2.Richardet al.?®> havefound, for captureof
severab-substitutedl-(4-methoxyphenyl)ethytarboca-
tionsin 50% methanolvaluesin the range5-22.

EXPERIMENTAL

TheN,N-dimethylthiocarbamoythloride(Aldrich, 97%)
was used without further purification. Referencesfor
solvent purification have been presentedpreviously*
Runsin the presenceof an alcohol componentin the
solvent were carried out as describedpreviously*® a
stock solution of 3.10g of the substratein 65ml of
acetonevaspreparedand,at 0.0°C, 0.200ml wasadded
to 25.0ml of pure or mixed solvent under carefully
controlledconditions.In this way, the infinity titer taken
at 10 half-lives reflected accurately the partitioning
betweerreactionwith alcoholand,whenpresentwater.
Runswereperformedin duplicateandtwo infinity titers
weretakenfor eachrun.

The reactant solutions for runs in water—acetone

J. Phys.Org. Chem.2000;13: 192-196
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mixtureswere madeup in identicalfashionbut the 2 ml
portions removed at appropriatetime intervals were
addedto 10.0ml of methanolandallowedto standfor in
excessof 5h before addition of 15ml of acetoneand
titration in the usualmanner®

O~NO 01D w

. Kevill
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