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ABSTRACT: Rate constants have been determined in aqueopS®™mixtures for the reaction of super-electrophilic
4,6-dinitrobenzofuroxan (DNBF) with a series of hydroxy- and methoxy-substituted benzenes Whosaygs

range between -3 and -9. The study extends the reactivity range of weakly basic aromatics with DNBF, from the
family of indoles previously studied withi values ranging from -1 to -6. The overall rate constants for the reactions

of DNBF as the electrophile are at least one order of magnitude greater than for the reactigds efith the same

series of aromatics. This lends further credence to the notion that DNBF possesses super-electrophilic properties. An
LFER is observed between lofgf,. <o and K52C with slope 0.54. In the case of 1,3,5-trimethoxybenzene a
significant kinetic isotope effect (KIE) is observed'{k” = 3.71 in 50% MegSO0). This system hence affords one of

the few instances in which a KIE has been observedg#ir $eactions. It follows from the observed KIE that the
addition of DNBF to the aromatic is not rate-limiting and that reversion to reactants and proton loss from the
arenonium intermediate occur at comparable rates. Structures of the products of electrophilic substitution have been
confirmed by'H NMR. In all cases the regiochemistry of the reactions was identical to that observed in protonation
studies of the starting aromatids. 1998 John Wiley & Sons, Ltd.

KEYWORDS: electrophilic aromatic substitutions; 4,6-dinitrobenzofuroxestomplexation; superelectrophile;
nitrobenzofuroxan; kinetics ofg@r reaction

INTRODUCTION both the p-nitrobenzenediazonium ion and the™H
cation303*
Electrophilic aromatic substitution has remained one of  In the present study we have investigated the reactions
the major reaction types in organic chemistry because ofof DNBF with a series of hydroxy- and methoxy-
both its synthetic utility and mechanistic significartce® substituted benzeneka—1e(Scheme 1). The basicities
Studies of benzenoid compounds continue to provide of most of these derivatives are considerably lower,
insight, while reactions of activatee-excessive hetero-  falling in the range from—3 to —9,32*3 compared e.g.
aromatic compounds such as pyrroles or indoles havewith indoles for which the K, values for protonation
afforded access into wide varieties of pharmacologically range between-1 and —6:2*3% Our results further
useful product$®*? Nitration># nitrosatiort and halo- ~ demonstrate that DNBF is a remarkable probe to assess
genatior® have provided the common reaction types, but the reactivity of extremely weak nucleophilic carbon
studies with other electrophiles such as benzenediazo-centre$’'83"3%and enable comparison to be made with
nium iong*%***have enabled much valuable informa- previous studies by Kresge and co-workérs 3%4%of
tion to be derived, e.g. concerning the nature of the rate-the protonation of these compounds. Interestingly, the
determining step in SAr reactions. 1,3,5-trimethoxybenzene (TMB)-DNBF system has pro-
In recent years a body of evidence has beenvided a rare instance for the observation of a kinetic
accumulated showing that 4,6-dinitrobenzofuroxan isotope effect in an S\r reaction.
(DNBF) is a neutral 1Ce-electron heteroaromatic sub-
strate which in many processes exhibits an extremely
high electrophilic charactér.2°In fact, recent studies

have shown that DNBF is a stronger electrophile than RESULTS

*Correspondence toF. Terrier, Universitede Versailles, SIRCOB,  Structural studies
Batiment Lavoisier, 45 Avenue des Etats-Unis, F-78035 Versailles

Cedex, France. . .
tVisiting Professor from Queen’s University, Kingston, Ontario, The course of the reactions of DNBF witte—1¢ as

Canada. shown in Scheme 1, was first studied in J8©, where,
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Scheme 1

Table 1. "H NMR data for hydroxy- and methoxy-substituted benzenes 1a-1e, DNBF and related g-adducts 3 in [2H6]-MeZSO""'b

Rt  Rs Rs Compound éys 6n7  On2 OHa Ons OHe
DNBF 9.26 894 - — —
OH OH OH la - - b5.66 5.66 - 5.66 bon=28.97
3a 8.58 5.69 5.66 - - 5.66 RapidH"/H,O exchangé
OMe OMe OMe 1b - -  6.09 6.09 - 6.09 bome=3.71
3b 8.65 5.83 6.19 - - 6.19 dome)= 3.74; ome(s,5)= 3.68
OH OMeOMe 1c - - 598 5094 - 5.95  on=9.41;fome@m.s)=
3c 8.60 5.76 6.00 - - 6.00 dome(s,5)~ 3.6 (br), rapld H*/H,0 exchangeé
3c® 860 576 — 5.900r6.00 — 6.000r5.90 fowme(s)= 3-66;ome(s)~ 3.6 (br); rapid H/H,0
exchangeé
OH OH H 1d - - f f 6.93 f bon=9.15
3d 8.60 5.27 ¢ - 6.96 g RapidH*/H,O exchangé
OMe OMe H le - - h h 7.18 h bome=3.73
3e 8.64 5.42 6.49 - 7.11 6.48  domew)=3.72;60ome@)= 3.63; Iz 5= 2.4;
Hs,6= 8.

a 6 in ppmrelativeto internal SiMey; J in hertz.
b SeeSchemel for the numberingof ring positions.

¢ meg to the presencef someadventitiouswaterin the Me,SO solvent,rapid exchangeof the phenolicprotonoccurs.

d Apparentsinglet.
¢ Seetext for structure3c.

f Second-ordespectrum valuesin the range6.16—6.19.
9 Second-ordespectrum;s valuesin the range6.11-6.16.
" Second-ordespectrum;s valuesin the range6.47—6.53.
" Valuesdeducedrom a second-ordeanalysis.

on mixing the two reagentsin equimolar quantities,
completes-complexformationresulted Structuref the
resulting o-adducts 3 were identified by 'H NMR
spectroscopin [*Hg]-Me,SO.Parametergivenin Table
1 aretypical of C-adductformationby DNBF. First, all
H- resonancearein therange5.30-5.83aspreviously
observedn many couplingsof this heteroaromatiavith
variouscarbonbases.’ 182326303} |50 in accordwith
previousobservationss thefactthatthe chemicalshift of
theHs protonlocatedbetweerthetwo nitro groupsof the

0 1998JohnWiley & Sons,Ltd.

negativelychargedDNBF moiety is essentiallyindepen-
dentof the natureof the bondedaromaticdonor’**To
be notedis thatthe reactionsof thetwo 1,3-disubstituted
aromaticsld andleleadregioselectivelyto the adducts
3d and 3e. In contrast,the coupling of 3,5-dimethoxy-
phenol.(1¢) affordsthe two isomericadducts3c and 3¢
in a 3:2 ratio (seeDiscussion).

Following a procedurepreviouslydescribed®*some
of theadducts3, namely3b, 3d and3e, couldbeisolated
asthe sodiumor potassiumsalts.UV-visible spectraof
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OH OMe
MeO OMe MeO
DNBF ~ DNBF ™~
3c 3¢’

these salts dissolvedin various media, e.g. in H,O—
Me,SO mixturesof variouscompositionsas well asin

methanol, exhibited the same strong absorptionmax-
imumat A = 490nm,awavelengtiknownto betypical of

all C-bondeds-adductsof DNBF?3-26:30:31.4150|ytions
of theadducts3a and3c (3¢) showedsimilarly a strong
visible absorptiorat 490nm. Equally consistentvith the
C-bondedcharacteiof 3a—3ewastheir stability in dilute
HCI solutions.

Kinetic studies

Kinetic studieswere carriedout in aqueousMe,SO and
methanolicsolutionsbecausef theverylow solubility of
some of the substratesin purely aqueoussolution.
Experimentswere conductedat 25°C under pseudo-
first-orderconditionswith respecto thebenzenoidionor
asthe excesscomponent.

H OR ?
O,N N
=\
DNBF + ROH o +H (1)
~ 7/
N
NO,
42 R=H
4b R=Me

As previously reported?®?? DNBF has a strong
tendencyto react accordingto eqgn (1) in aqueousor
methanolicsolution. The pK s at 25°C for formation of
thehydroxyadduct4aareequalto 3, 2.7and1.75in 70—
30, 50-50 and 30-70 (v/v) H,O—-Me&,SO respectively,
while the pK, for formationof the methoxyadduct4b is
equal to 6.46 at 20°C in methanol. To avoid any
interference between Scheme 1 and eqn (1), our
experimentsvereconductedatlow pH in thesesolvents.
In 70%, 50% and 30% aqueousMe,SO, 0.2 or 0.1 mol
dm~2 HCI solutionsof DNBF (~5 x 10> mol dm™3)
were mixed with equal volumes of la-le (10 3-
1.5x 102 mol dm3) in a stopped-flowapparatusthe
final ionic strengthwas maintainedat 0.1 mol dm™= by
addition of KCI| asneededSimilarly, 2 x 1072 or 103
mol dm~3 methanesulphoni@cid solutions of DNBF

0 1998JohnWiley & Sons,Ltd.

@ with DNBF =

OH

were mixed with the appropriatesolutionsof 1b (103~

102 mol dm~3) in methanol,not correcting,however,
for changesn the final ionic strength.Interestingly,we

could detectonly one relaxationtime pertainingto the

complexationof DNBF in all experimentsconducted
underthe experimentakonditionsindicatedabove.This

wasin particularthe casefor the DNBF-3,5-dimethoxy-
phenol(1c) system,suggestinghat only one of the two

isomeric adducts, 3c or 3¢, is formed in aqueous
solutions. It was not possibleto differentiate between
thesetwo structures,becausesolubility problemspre-

cluded properNMR experimentsn H,O-Me&,SO mix-

tures. At this stage the important point is that this

structural uncertainty is of minor importancefor our

discussion Possiblereasondavouring the predominant
formationof 3c ratherthan3c will be consideredat the

endof this paper.

Basedon Schemel, the generalexpressionfor the
observedirst-orderrateconstank,,sfor formationof the
adducts3a—3e asderivedunderthe assumptiorthat the
zwitterions 2 are low-concentration (‘steady state’)
intermediate$®3*is given by

kiko
kobs = k71 T k2
In accordancewith eqn (2), excellentstraight lines
with zerointerceptswereobtainedin all casesvhenthe
kobs Valueswere plotted vs the aromaticdonor (1a—1¢
concentrationwith no evidenceof a pH dependencef
therates(Fig. 1). Determinationof the second-orderate
constank from theslopesof thek,psvs[1la—1€ plotswas
straightforwardin the different systemsstudied. The
results are summarizedin Tables2 and 3, the latter
including rate constantsobtained from experiments
conductedunder similar experimentalconditions with
1,3,5-trimethoxybenzee-2,4,6d; as the benzenoid
donor. The correspondingk™/kP ratios are also given
in Table3.

[la— 1¢ = k[1la— 1€ (2)

DISCUSSION

In our previousstudiesit was shownthat DNBF is an
extremelypowerful electrophile—asuper-electrophile—
in its reactions with various heteroaromatic com-
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Figure 1. Effect of pH and of concentration of 1,3,5-trimethoxybenzene (1b) on rates of a-complexation of DNBF in 50% H,0-
50 % Me,SO (vv) at 25°C: @, [H*]=0.05 mol dm~3; x , [HT]1=0.1 mol dm~3

Table 2. Second-order rate constants k°N®F for DNBF
addition to hydroxy- and methoxy-substituted benzenes
1a-1e in 50% H,0-50% Me,SO (v/v) at 25°C*?

kDNBF
Aromatic pKHO  (mol tdm®s™)
1,3,5-Trihydroxybenzengla) -3.13 790
1,3,5-Trimethoxybenzen@b) —5.72 20.5
3,5-Dimethoxyphenofl1c) —4.35 123
1,3-Dihydroxybenzenéld) —7.83 1.6
1,3-Dimethoxybenzengle) -9 0.52

2 pK 20 valuestakenfrom Refs32 and 33.

Table 3. Solvent effects and kinetic isotope effects on rates
of coupling of DNBF with 1,3,5-trimethoxybenzene (1b) at
25°C

kDNBF (m0|71 dm3 Sfl)

Solvent 1b 1b-d; KH/KP
CH3OH 0.13 -

70-30H,0-Me,SO 30.66(56.7) 7.43 4.13
50-50H,0-Me,SO 20.46(34.2) 5.45 3.75
30-70H,0-Me,SO 6.1 (8.1 223 2.74

ak,PNBF valuesfor DNBF additionto 1b calculatedasdiscussedh the
text.

pounds®?:3137:3841 0 fact, DNBF was found to react
readily with very weakly basicindoleswith pK, values
rangingbetween—1 and—6.3°3*In the presenstudywe
showthattheelectrophilicnatureof DNBF canbefurther
manifestedria reactionswith theevenmoreweaklybasic
benzenoidaromatics,i.e. the hydroxy- and methoxy-
substitutedbenzenesla—1e which have pK, valuesas
low as—9.3233

0 1998JohnWiley & Sons,Ltd.

In Fig. 2 we comparethe reactivity of relatedfamilies
of aromaticsgowardsthe protonandtowardsDNBF. It is
seerthatthe DNBF reactivityis very muchgreater py at
least two orders of magnitude,although the data for
DNBF havenot beendissectedo takeinto accountklE
resultswhich suggesthat the first stepis not fully rate-
determining asis the casefor protonation.n thisregard
one may recall that rate constantdor protonationat an
aromatic CH position can be safely estimatedfrom
reported protiodetritiation or protiodedeuterationex-
changerate data by assumingreasonablevaluesof 18
and7.8for thek,"/k," andk.,"/k,° ratiosrespectively
(eqns(3) and (4)).1330:31:39.4042-4f)5ing exchangerate
data(kexcn reportedby Kresgeand co-workers39:40:44.46
the k!*°" valuesfor protonationof 1b, 1e and related
aromaticsj.e. 1f—1h (seeFig. 2 caption),havethusbeen
derivedandusedto drawthecorrespondindine in Fig. 2.

Ar — L 4+ HgO" = kikH [H — Ar — L] + H,0
—K1H — Ar 4+ LH,O"

kobs - kll_ [H3O+] (4)
14 kM, /K-, = K[H30"]

Figure 2 further demonstratesa direct relationship
(LFER) betweenthe logarithm of the overall second-
orderrateconstantgk) andthe basicityof the aromatics.
However,the meaningof the slopevalue (~0.54)is not
readily interpretablefor at leastthree reasons:(i) the
relationshipusesrate constantaneasuredn 50% H,O—
50% Me,SOwhile the pK, valuesreferto H,O; (ii) these
pK, valuesare subjectto some uncertaintysince they
have been derived from equilibrium measurements
carriedoutin stronglyacidicmedia®*>3(jii) asdiscussed
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Figure 2. Effect of basicity (pk'29) on rates of protonation and DNBF substitution of hydroxy- and methoxy-substituted

benzenes in aqueous solution (k:°") or 50% H,0-50% Me,SO (K°NEF

): 1a-1e, as given in Scheme 1; 1f, 1,3-dimethoxy-2-

methyl benzene; 1g, 1,3-dihydroxy-2-methyl benzene; 1h, 1,3,5-triethoxybenzene (p and g are the classical statistical factors)

below, the rate constantsk involve contributionsof the
individual rate constantspertaining to formation and
decompositiorof thearenoniunion intermediatgk, k 4,
ko). Neverthelessthe relationshipof Fig. 2 is important
becausét emphasizeshatthe rate of DNBF additionis
clearly a function of the basicity of the aromaticdonor.
Theeffectof solventcompositionon therateconstants
for complexationof DNBF hasbeenstudied,selecting
1,3,5-trimethoxyberene (1b), whose pK, lies in the
middle rangeof the seriesexamined,as representative
substrate Data pertainingto various H,O-Me&,SO and
methanol solutions are summarizedin Table 3. The
results show overall that the rate of complexationis
favoured by increasing the polarity and hydrogen-
bondingcapabilityof the solvent,in accordwith the fact
thatthereactionanustproceedhroughastronglydipolar
transitionstatelike 5.3°3247Of particularinterestarethe
resultsin H,O—Me,SO mixtures, which reveal that the
reactivity of DNBF towardslb increasesignificantlyon

OMe
MeO @ +
H OMe OMe
;H L0
ON N
=\
@ O
~ 7/
N MeO OMe
H DNBF ™
5 3 2b

0 1998JohnWiley & Sons,Ltd.

increasinghe watercontent.On this basisit is clearthat
one would have observed(Table 3) greater rates of
complexatiorin aqueousolution,wheredirectmeasure-
mentswere precludedowing to solubility problems.
Table 3 alsoshowsthattherate of couplingof DNBF
with 1b is subjectto a significantisotopeeffectwhich is
markedlydependenon the solvent. Thusthe k"/kP ratio
increased$rom 2.74in 30% H,O-70%Me,SOt0 4.13in
70% H,0-30% Me,SO, indicating that the decomposi-
tion of the arenoniumintermediatebecomesmore and
morerate-limiting with increasingwaterconcentration.
Thefollowing factorscomeinto play onincreasinghe
water contentand concomitantly changingthe solvent
propertiessuch as hydrogen bonding, polarity, etc*’
First, one can anticipatethat both the transition state5
and the intermediate2b will be subjectto a moderate
stabilization owing to the developmentof (partial)
positive and negative chargesin the two moieties.
However,dispersionof positive chargeoccurson going

OMe OMe

()

MeO” 5t OMe M OMe

DNBF™ -

6 3b
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from intermediate2b to transition state 6, leading to

formationof product3b, andthis canbeexpectedo raise
theenergyof 6 relativeto thatof 5 and2b. Nevertheless,
the overall effect of increasingsolvent polarity is to

increasethe reaction rate, implying that the overall

energy barrier for the complexation process must
decreasein the more agueousmedium. Overall, the

increasein KIE with increasingwater content of the

reactionmediumfollows reasonablyin accordwith the

qualitativediscussiorgiven above.

As discussedabove and indicated in Table 3, the
DNBF-TMB system has provided one of the few
instancesn which a KIE hasbeenobservedn an SgAr
process.As to the origin of the KIE, from the first
observatiorby Zollinger and co-worker§°*°of sucha
finding, steric hindrancein the arenoniumion inter-
mediatehas beenconsideredo be the primary source,
althoughelectroniceffectsgoverningtheintrinsic acidity
of the departing proton may also be contribut-
ing.2>303148Here it is noteworthy that the situation
contrastswith that previouslyobservedn the analogous
coupling of DNBF at the unsubstituted3-carbon of
various indoles, which does not exhibit a KIE.2%31 A
reasonablexplanationfor this was providedby Illumi-
nati and co-workers!®>° who noted that addition
reactionsata substitutecbr unsubstituted:- or S-position
of a pyrrole or thiophene ring are not subject to
significant steric hindrance, even when there is a
substituentn the adjacentposition. On the other hand,
stericfactorswould belargely predominantn governing
the feasibility of g-complex formation at a di-ortho-
substitutecbenzeneing position”*8Clearly,the DNBF
moietyis highly stericallydemanding® andit is reason-
ableto assignthis factorto the observatiorof the KIE in
the DNBF-TMB system.

Using the observedKIE valuesin the DNBF-TMB
system(Table 3) one can return to the possibility of
dissectingthe observed composite)rate constantk into
the constituent rate coefficients k;°N8F, k; and k»
according to Scheme 1. If one neglects as a first
approximationsecondaryisotopeeffectson k,""®F and
k, andassumeshatthevalueof 7.8for theratio k,"'/k,"
is not markedly affected on going from water to our
aqueousMe,SO solvents® (70% Me,SO by volume
correspondso amolarfractionof only 0.36at25°C), the

MeO OMe

H ---OH
+ O\H _____ O< 2
| “H-- o,

HOH

0 1998JohnWiley & Sons,Ltd.

following estimatesof the k/k," ratio and the actual
k;PNBF rate constantcanbe obtainedfrom the measured
K%/kP ratio in the three solvents: k./k,'=0.34,

k;"NBF=8.1in 30% H,0; k/k,"' =0.67,k,""BF =34.2

in 50% H,0; k4/k." = 0.85,k,"NBF =56.7in 70% H,0.

While these k;°NBF values better reflect the actual
reactivity of DNBF towards TMB, they are not

profoundly changedfrom the compositerate constants.
Hencethe overall picture that emergedrom our results,
namely that the tendency of the presentfamily of

aromatics to electrophilic substitution by DNBF is

considerably lower than that of previously studied
pyrroles and indoles, is in accord with established
reactivity sequences SgAr reactions.

The last point that remains for discussionis the
regiochemistryof the couplingof DNBF with 1a—1e.In
the caseof the 1,3,5-trihydroxy-and 1,3,5-trimethoxy-
benzenealerivativesonly onecouplingmodeis possible.
An intriguing result,however,is the observatiorthatthe
SgAr substitutionof 3,5-dimethoxypheol (1¢) occurs
preferentiallyat the 4-positionin pure Me,SO, i.e. para
to the hydroxy group, even though this position is
sterically and statistically disfavoured.A similar beha-
viour wasin fact observedy Kresgeetal.*in *H NMR
studiesof the protonationof 1a—1eandthisis explicable
in terms of the more negatives™ value for -OH as
comparedwith -OCH,. On the otherhand,the coupling
of DNBF with 1,3-dihydroxybenzemagainoccursat a
positionparato OH anda correspondingesultis found
in the 1,3-dimethoxybenzenease Theseresultsarealso
analogousto the observationsof Kresge et al.>* on
protonationof thesecompoundslnterestingly,in no case
havewe observedhe hydroxy groupin thesesubstrates
acting as the nucleophilic centre towards DNBF. In
contrastpreviousstudiesin our laboratorieshaveshown
thataryloxidescanactasambidentucleophiledowards
DNBF or related substrate$>24535% However, this
requiresthat the reactionsbe carriedout in basicmedia,
a situation that we have deliberately avoided in the
presentstudy.

At this stageof our work it is difficult to suggesta
definitive explanatiorfor our finding thatonly oneof the
isomericadducts3c and 3¢ is apparentlyformedunder
the experimentakonditionsusedfor our kinetic experi-
ments.A noteworthyresult, however,is that Kresgeet

H_ H
MeO OMe
+ 8 & M
O~p-0—5¢
(]
8¢
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al.323352 have found that the relative stabilizing
influenceof para -OH and-OMe groupson arenonium
-adductsis strongly solvent-dependenthusit hasbeen
suggestedhat the stabilizing contribution of the OH
groupon theadduct7cis markedlyenhancedn aqueous
solutionowing to anincreasedlispersionof its positive
charge through hydrogen-bondingsolvation®? Should
this phenomenonoperatein the stabilization of the
arenoniunintermediatesnvolvedin theformationof our
-adductsaccordingto Schemel, this shouldenhancehe
stability of the intermediate2c ascomparedwith that of
2c, supportingthe idea that the only observedDNBF-
3,5-dimethoxypheol g-adductin H,O—-Me&,SO mixtures
is 3c and not 3c. However,the reasonwhy hydrogen-
bondingsolvationof thetype shownin 7c would bemore
efficient thanthat which canoccurin Me,SO (structure
80) is not fully understoodat presenf>>®

EXPERIMENTAL

Materials

4,6-Dinitrobenzofiroxan was prepared according to

the procedure of Drost?’ m.p. 172°C (lit. 172-
174.5°C?931485§% Al the hydroxy- and methoxy-
substitutedbenzenegla—1¢ were commercialproducts
(Aldrich or Acros) which were purified prior to use.
1,3,5-Trimethoxy2,4,6-trideuteriobenzenélb—d;) was
prepared according to the H™-catalysed exchange
procedurepreviouslydescribedy KresgeandChiang®

Reactionglepictedn Schemel affordedtheadducts3
in their acid form, which is not very stablein air. Based
on previous observationsthat exchanging the H*
counterionfor a K™ or Na* cationoften allows a facile
isolation of DNBF ¢-adducts as crystalline alkali
salts30:314148.5%he sameprocedureas that usedin the
pyrroleor indole seriesvasemployechereto isolate3a—
3e as alkali salts. Using potassiumfluoride or sodium
acetate as the added salt, the method was actually
successfulin the caseof the 1,3,5-trimethoxybenzes
adduct3b, the 1,3-dihydroxybenaneadduct3d andthe
1,3-dimethoxybereneadduct3e. In contrast,we failed
to saltoutthe1,3,5-trihydroxy-and3,5-dimethoxyphenol
adducts3a and3c.

As with mostalkali saltsof DNBF ¢-adductsisolated
sofar, the crystalsobtainedfor 3b,d,eK™ (or Na") were
not foundto melt without decompositionAlso, attempts
to obtain satisfactoryelementalanalyseshavefailed. In
contrastconfirmationof thestructureof thesecomplexes
could be obtained from mass spectral experiments
performedwith the FAB technique®”*®“8For instance,
we obtain for the parentpeaksof 3b,Na": m/z=393
(negativeion) andm/z= 439 (negativeion, 2Na").

0 1998JohnWiley & Sons,Ltd.

Kinetic Measurements

Kinetic measurementswere performed on either a
Durrum-Gibson stopped-flow spectrophotometenr a
conventionalkontron-Uvikon spectrophotonter whose
cell compartmentsvere maintainedat 254 0.2°C. All
kinetic runswere carriedout in triplicate underpseudo-
first-order conditions with a DNBF concentrationof
about3 x 107> mol dm~2 and 1a—leconcentrationsn
the range 10 °-1.5x 102 mol dm3 In a given
experimentthe rate constantswere found to be nicely
reproducibleo + 2%—3%andto bethesamewhetherthe
processwas followed by monitoring the increasein
absorbancat Apax=490nm of the resultingadduct3 or
thedecreasé absorbancat Anax=415nm of the parent
DNBF substrateasa function of time.
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