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ABSTRACT: A series of substitutedN-methyl-N-nitrosobenzenesulfonamides [2,4,6-(CH3)3, 4-CH3O, 4-CH3, 4-Cl
and 4-NO2] were synthesized. All of them transfer their nitroso group toN-methylaniline in a quantitative manner, the
more reactive being those substituted with electron-withdrawing groups, thus resembling some of the known alkyl
nitrites. Studies of their acid denitrosation and base-catalysed hydrolysis demonstrated that the nitrosobenzene-
sulfonamides are fairly stable in aqueous media between pH 2 and 11. Their relative stability in aqueous media
together with their ability to transfer the nitroso group to nucleophiles suggest their use as excellent alternatives to
alkyl nitrites in both neutral and basic media. 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

The chemistry of nitroso compounds has attracted
considerable research effort owing to the proven toxic,
carcinogenic, mutagenic and teratogenic effects of these
substances1,2 on many animal species.3 Particularly since
the discovery that nitrosamines are powerful carcinogens
in all animal species which have been tested, the
nitrosation of secondary (and tertiary) amines has been
thoroughly studied, mainly from the viewpoint of the
possiblein vivo formation of nitrosamines from naturally
occurring secondary amines and sources of nitrous acid in
foods and in water supplies. In this sense, nitrosation
from nitrosamines to amines has important repercussions,
since non-carcinogenic nitrosamines or those with only a
weak activity have the potential to generate more
powerfully carcinogenic nitrosamines by nitrosationin
vivo, particularly in the acidic environment in the
stomach, where additional catalysis from naturally
occurring nucleophiles might also arise.

Nitroso compound formation is basically controlled by
the ability of nitrosating agents to donate the nitroso
group under various conditions. In acidic medium

(pH< 4), the main nitrosating species for nucleophiles
such as amines, thiols and ketones are nitrosonium ion,
dinitrogen trioxide (N2O3) and nitrosyl halides.4,5

Exhaustive studies of the reactivities of these reagents
with a variety of nucleophiles (especially amines) have
shown that NO�, NOCl, NOBr and N2O3

5 are extremely
efficient in the nitrosation of moderately strong nucleo-
philes, the overall reaction rate often being totally or
partially diffusion controlled.

In basic or neutral medium, nitroprussiate and alkyl
nitrites are effective nitrosating agents, their sole
limitation being their relative instability. We have
recently demonstrated thatN-methyl-N-nitroso-p-tolu-
enesulfonamide (MNTS) is an effective nitrosating agent
for strong nucleophiles such as amines,6 carbanions7 and
other sulfur and oxygen nucleophiles.8 In this paper, we
report a reactivity study on other substitutedN-nitroso-
benzenesulfonamides, with a nitrosating behaviour very
similar to that of MNTS. Their power as nitrosating
agents is basically modulated by the substituent effect.

EXPERIMENTAL

Sulfonamides substituted with electron-withdrawing
groups were prepared as exemplified forN-methyl-4-
nitrobenzenesulfonamide as follows. Methylamine solu-
tion in THF (Aldrich) (0.02 mol) was added to 4-
nitrobenzenesulfonylchloride (2.2 g, 0.01 mol) in THF
(5 ml). The crude product was purified by thin-layer
chromatography using silica gel as adsorbent and
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dichloromethaneaseluent(yield ca 30%).Sulfonamides
substitutedwith electron-donatinggroupswereprepared
asexemplifiedfor N-methyl 4-methoxybenzenesulfona-
mide as follows. Methylamine in aqueoussolution
(Aldrich) was added to 4-methoxybenzenesulfonyl
chloride (2.1g, 0.01 mol), and the precipitate was
recrystallizedfrom light petroleum(yield ca 40%). N-
Methyl-N-nitrosobenzenesulfonamideswereobtainedby
nitrosationof the correspondingN-methylbenzenesulfo-
namide with N2O4 in organic media according the
methoddevelopedby White.9

All kineticexperimentswerecarriedoutat25°C under
pseudo-first-orderconditions, with the N-methyl-N-
nitrosobenzenesulfonamide always in deficiency. Be-
causeof the poor solubility in water of N-methyl-N-
nitrosobenzenesulfonamides,they were dissolvedin a
smallquantityof organicsolvent(usuallydioxane)prior
to preparationof aqueoussolutions.Thefinal concentra-
tion of organicsolventin the mediumwasusually3.3%
(v/v), except for nitrosation to N-methylaniline (see
below).Reactionkineticswerestudiedby following the
changein absorbance(generallyin therange280–300nm
for acid denitrosationand basichydrolysisand 340nm
for nitrosationto N-methylaniline)usingaUvikon 930or
Milton Roy Spectronic3000 array spectrophotometer.
Absorbance–timedata always fitted the first-order
integratedequation,andk0, thecorrespondingfirst-order
pseudo-constant,wasreproducibleto within 3%.

RESULTS AND DISCUSSION

pKa of N-methylbenzenesulfonamides

The pKa valuesof substitutedN-methylbenzenesulfona-
mides were measuredspectrophotometrically.Figure 1
showsthe dependenceof the absorbancespectraof N-
methyl-p-toluenesulfonamideon the acidity of the
medium betweenpH 7 and 12.02. The pKa valuesfor
N-methylbenzenesulfonamideswere obtainedat wave-
lengthsof 250,245,250,250 and300nm for the 2,4,6-
(CH3)3, 4-CH3O, 4-CH3, 4-Cl and 4-NO2 derivatives,
respectively,andtheequation

A� Aa� Ab10�pHÿpKa�

1� 10�pHÿpKa� �1�

whereAa and Ab are the absorbanceof the acidic and
basicspeciesof N-methyl benzenesulfonamides,respec-
tively.

Table 1 shows the pKa obtainedvalues,which are
compatiblewith results reportedin the literature.10 A
value of r(Ka) = 1.0� 0.1 was obtained from the
Hammett correlation, showing the effect of electron-
withdrawinggroupson the stabilizationof the negative
charge.ThepKa of 2,4,6-trimethyl-N-methylbenzenesul-
fonamidedeviatesfrom this correlation,probablyowing
to a stericeffect.11

Nitrosation to N-methylaniline

N-Methyl-N-nitrosobenzenesulfonamides (X-MNBS)
can easily transfer their nitroso group to moderate
nucleophiles. Quantitative nitrosation (yield of N-
nitrosamine> 90%) of X-MNBS to N-methylaniline
was studied under pseudo-first-orderconditions, with
deficiencyof thenitrosatingagent.Thereactionmedium
waschosento bewater–dioxane(1:1,v/v) becauseof the
low solubility of N-methylanilinein anaqueousmedium.
Plotting k0 against total amine concentrationyielded
goodstraightlines(Fig. 2), showingthatthereactionwas
of first order with respectto the amine and occursby
nucleophilicattackof neutralamineat thenitrosogroup
of X-MNBS. Second-orderrateconstantsfor thisreaction
are given in Table 2 togetherwith the corresponding
constantsfor alkyl nitrites of similar reactivity.

Rate constantsfor nitrosationof N-methylanilineby
alkyl nitrites were estimatedconsideringthat MNTS
reacts similarly to 2-ethoxyethyl nitrite.6 Substituent
effectson alkyl nitriteswerebasedon valuespreviously

Figure 1. Absorbance spectra of N-methyl-p-toluenesulfo-
namide at different pH values: (1) 7.00; (2) 11.02; (3) 11.62;
(4) 12.02. Inset: absorbance±pH dependence at 250 nm

Table 1. pKa values of substituted N-methylbenzenesulfonamides

X 2,4,6-(CH3)3 4-CH3O 4-CH3 4-Cl 4-NO2
pKa 12.66 11.73 11.64 11.10 10.71
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obtainedfrom their reactivity with other amines12 and
wereextrapolatedfor N-methylaniline.X-MNBS arethus
foundto behaveverysimilarly to themoreactivatedalkyl
nitrites.

Reactionratesare sensitiveto aromaticsubstituents
[the 4-NO2 derivativeis 1000 timesmore reactivethan
the 2,4,6-(CH3)3 derivative].The rate increaseobserved
with electron-withdrawingsubstituentsmustberelatedto
the electrophilic characterof the nitroso group and
stabilizationof the partial negativechargegeneratedin
the transitionstateof the reaction(Scheme1).

For the deprotonationequilibrium of substitutedN-
methylbenzenesulfonamides,the Hammett r value is
(Ka) = 1.0� 0.1. A valueof r(K1) = 1.47 for the equili-
brium (1) can be estimatedusing the values of the
equilibrium constantsK2 and K3 (Scheme 2). The
equilibrium constant K2 was calculated using
k2 = 7.78� 1010 (Ref.13)andkÿ2 = 0.188wascalculated
in turnusingliteraturedatafor acidicdenitrosationof the
N-methyl-N-nitrosoaniline14 and consideringa pKa of
ÿ5.85for theformercompound.Thevaluesof K3 for the
differentsulfonamideswereobtainedin our laboratory.15

For the nitrosationreaction,r(Ka) = 2.21� 0.04,i.e. the
rateof nitrosationis moresensitiveto substituenteffects

thantheequilibrium, implying that the transitionstateis
subjectto greaterstabilizationby electron-withdrawing
substituentsthantheproduction.

Theseanomalousvalueshave beenobservedin the
deprotonationof nitroalkanes.16 The ‘anomalies’ arise
becausethe substituent ‘sees’ more than one bond
change. In example given by Bordwell et al.,17 for
deprotonation of nitroalkanes, the carbon is more
negativein the transitionstatethan in the productstate
becausethechargeis notdelocalizedontheoxygenof the
nitro groupat that stage.Anomalouseffectsshouldalso
ariseevenif oneof themajorelectronicchangeswerenot
a bonding change but a solvation or hybribization
change.18 A conditioncould hold wheresolvationof an
atomdoesnotkeepin stepwith thebondingchange.A blg

morenegativethanbeq might occurowing to theweaker
solvationin the transitionstatethanin theproductstate.
Thereis someevidencethanthis phenomenonoccursin
the alkalinehydrolysisof aryl estersof phenylmethane-
sulfonic acid.19 The oxygen is consideredto be less
solvatedin the transitionstatethan in the product,thus
leadingto a lessdispersedcharge,which will be more
susceptibleto substituentsthan is the more solvated
ion.20

Stability of substituted N-methyl-N-nitrosoben-
zenesulfonamides

Thestability in aqueousmediais determinedby theiracid
hydrolysis(denitrosation)andalsotheir basichydrolysis

Figure 2. In¯uence of amine concentration on k0 for
nitrosation to N-methylaniline from substituted N-methyl-
N-nitrosobenzenesulfonamides. Substituent: (*) 4-NO2; (*)
4-Cl; (&) 4-CH3; (&) 4-CH3O; (~) 2,4,6-(CH3)3 at 25°C

Table 2. Second-order rate constants for nitrosation of N-
methylaniline by N-methyl-N-nitrosobenzenesulfonamides in
dioxane±water (1:1, v/v) compared with the extrapolated
values of the corresponding nitrosation by activated alkyl
nitrites

X in X-MNBS k (Mÿ1sÿ1) R in RONO k (Mÿ1/sÿ1)

2,4,6-(Me)3 1.67� 10ÿ5 CH3CH2 1� 10ÿ5

4-MeO 5.68� 10ÿ5 EtOCH2CH2 1� 10ÿ4

4-Me 1.05� 10ÿ4 BrCH2CH2 6.5� 10ÿ4

4-Cl 6.97� 10ÿ4 Cl2CHCH2 6.5� 10ÿ3

4-NO2 1.27� 10ÿ2 Cl3CCH2 7� 10ÿ2

Scheme 1
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by the direct attack of HOÿ on the sulfonyl group of
X-MNBS. Kinetic studieswerecarriedoutunderpseudo-
first-order conditions with [X-MNBS] much lower
than [H�] or [OHÿ], keeping the ionic strength
(NaClO4) constant.Denitrosationand basic hydrolysis
show a linear dependenceof the first-order pseudo-
constant,k0, with H� or HOÿ concentration,sothatboth
processesare first order in both X-MNBS and catalyst
(H� or HOÿ). Second-orderrateconstantsfor denitrosa-
tion arenotsensitiveto thepresenceof substituentsin the
aromatic ring of X-MNBS. This is consistentwith a
concerted mechanism previously proposed for acid
denitrosationof MNTS.21 In the transition state,both
the breakingof the bond[N���N=O] andprotonationof
sulfonamidenitrogen [(O=N)—N���H�] occur concur-
rently via a slightly imbalancedtransition state. The
first step is facilitated by the presenceof electron-
withdrawing substituents whereas, in contrast, the
secondis facilitated by electron-donatinggroups.The
final result is thereforea balancebetweenthese two

effects,yieldingtheobservedinsensitivityof X-MNBS to
aciddenitrosation.

Basic hydrolysisof MNTS is often usedto produce
diazomethaneandthis is themainreasonwhy it hasbeen
so much studied.22,23 This reaction occurs by direct
attackof HOÿ on thesulfonyl groupof X-MNBS andis
greatly acceleratedby electron-withdrawing groups.
These groups increase the electrophilic characterof
SO2 andthusfacilitate thecleavageof theS—N bond.

CONCLUSIONS

The main inconveniencefor the use of alkyl nitrites
(RONO)asnitrosatingagentsarisesfrom their instability
in aqueousmedium due to their acidic24 and basic
hydrolysis.25 This is the reasonwhy they areonly used
betweenpH 8 and11 andonly with strongnucleophiles.
Thestabilitiesof highly reactivealkyl nitrites(thosewith
electron-withdrawing substituentsin thealkyl group)and
X-MNBS arecomparedin Fig. 3. The criterion usedfor
stability was a half-life of the nitrosating agent of
>60min. As can be seen,X-MNBS are stableover a
muchlargerpH rangethanalkyl nitrites.In fact, theyare
efficient even in the pH range 3–8 where no other
nitrosatingspeciesis reactive.

X-MNBS are less stable than alkyl nitrites in basic
medium,but asthenucleophiliccharacterincreaseswith
increasing pKa of nucleophiles, it is expected that
competition between the reaction of X-MNBS with
OHÿ or with any other nucleophilewould favour the
nucleophilessusceptibleto nitrosation,especiallythose
with high pKa.

Thegreatadvantageof usingX-MNBS insteadof alkyl
nitrites as nitrosating agentscomes from their great
stability in acidic media, making possible efficient
nitrosationof moderatenucleophilesin thepH range3–8.

Scheme 2

Figure 3. pH stability range of alkyl nitrites and substituted
N-methyl-N-nitrosobenzenesulfonamides (de®ned by half-
lives> 60 min)
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