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ABSTRACT KEYWORDS
Kinetic studies were made of the reactions between triphenylphosphine 1, Stable phosphorus ylides;
dialkyl acetylenedicarboxylates 2 in the presence of NH-acid, such as 4- Didkyl
nitro aniline (as a protic/nucleophilic reagent) 3. To determine the kinetic cetylenedicarboxylates;
parameters of thereactions, they weremonitored by UV spectrophotometery. NH-acid;
The second order fits were automatical ly drawn and the val ues of the second Heterocyclic compounds;
order rate constant (k,) were automatically calculated using standard Kinetic studies.

equationswithin the program. All reactionsrepeated at different temperature
range, the dependence of the second order rate constant (Ink,) and (In k,/
T) on reciprocal temperature wasin agood agreement with Arrhenius and
Eyring equations. Thisprovided therelevant plotsto calculate the activation
parameters (Ea, AH?, AS* and AG") of all reactions. Furthermore, useful
information were obtained from studies of the effect of solvent, structure of
reactants (dialkyl acetylenedicarboxylates) and also concentration of
reactants on the reaction rates. Proposed mechanism was confirmed
according to the obtained results and steady state approximation, first and
third steps (k,, k,) of all reactions was recognized as arate determining and
fast steps, respectively on the basis of experimental data.
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INTRODUCTION macological activity!®*® These aremost often obtained
inexcdlentyieldsfromthe 1:1:1 addition reaction be-
Thesynthesisof phosphorusylidesisimportantin - tween triphenylphosphine, dialkyl

organic chemistry becauseof thegpplicationsinthesyn-  acetylendicarboxylates, inthe presence of CH, SH,
thesisof organic products*® especialy synthesisof NH or OH-acid. Phosphorusylides are usually pre-
naturally occurring productswith biologica and phar-  pared by deprotonation of phosphonium saltswhichcan
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be prepared most often by the reaction of
triphenylphosphineand anakyl haidg. Inrecent years
athree component method has been developed for the
synthesis of organophosphorus compounds using a
novel gpproach employing vinyl phosphonium saltg™9.
Thismethod is successful for the preparation of 1,4-
diionic organophosphorus compounds®tl, A facile
synthesis of thereaction between triphenylphosphine
1, didkyl acetylenedicarboxilate 2 and 4-nitroaniline 3
(asaNH-acid) has been reported earlier™ but theki-
netic studiesof thisreaction hasnot beeninvestigated
yet. In order to gain further insight into the reaction
mechanism, akinetic study of the reaction between
triphenylphosphine 1, diakyl acetylendicarboxylates2
and 4-nitro aniline 3 as NH-acid was undertaken by
the UV spectrophotometer technique. Onthebasis of
thewel| established chemistry of triva ent phosphorus
nucleophiles, it isreasonabl e to assumethat phospho-
rusylide4 (4a, 4b or 4c) resultsfromtheinitid addition
of triphenyl phosphineto the acetylenic ester 2 (23, 2b
or 2c) (rate constant K,) and subsequent protonation of
the 1.1 adduct by the NH-acid 3 (rate constant k,) to
form phosphoranes4 (rate constant k). Togain further
insight into the reaction mechanism between
triphenylphosphin 1, didkyl acetylenedicarboxylates 2
and4-nitroaniline 3 (assaNH- heterocyclic compound)
for generation of phosphorusylids4a-c (Figurel), a
kinetic study of the reactionswasundertaken by UV
spectrophotometeric technique.
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Figurel: Thereaction between triphenylphosphine 1, dialkyl
acetylenedicar boxylate2 (2a, 2b or 2c) and 4-nitro aniline3
for generation of stablephosphorusylides4 (4a, 4b or 4c).

EXPERIMENTAL

Chemicalsand apparatusused

Didkyl acetylenedicarboxylates, triphenyl phosphine
and 4-nitro anilinewere purchased from Huka (Buchs,
Switzerland) and used without further purifications. All

extrapuresolventsincluding theethyl acetateand 1,2-
dichloromethaned so obtained fromMerck (Darmstedt,
Germany). A Cary UV/Vis spectrophotometer model
Bi0-300 with a10 mm light-path quartz spectropho-
tometer cdl wasempl oyed throughout the current work.

M ethod

To find the appropriate wavel ength to follow the
kineticstudy of thereaction, inthefirst experiment, 3x10°
3M solution of compounds 1, 2c and 3 was prepared
in 1,2-dichloroethane as solvent. Therelevant spectra
of each compound wererecorded over thewaveength
range 190-400 nm. Figures 2, 3and 4 show the ultra-
violet spectraof compounds 1, 2c and 3 respectively.
Inasecond experiment, almL aiquot fromthe3x10r
3M solutionsof each compound of 1 and 3was pipetted
firstinto aquartz spectrophotometer cell (asthereisno
reaction between them), later 1ml aliquot of the3x10°
3M solution of reactant 2c was added to the mixture
and thereaction monitored by recording scans of the
entire spectraevery 10 min over the wholereaction
time at ambient temperature. Theultra-violet spectra
showninFigure5aretypical. Fromthis, the appropri-
ate wavel ength wasfound to be 300 nm (correspond-
ingmainly totriphenylphosphine 1). Sinceat thiswave-
length, compounds 4, 2c and 3 haverelatively no ab-
sorbance val ue, so provided the opportunity to fully
investigate the kinetics of the reaction between
triphenylphosphine 1, di-tert-butyl
acetylenedicarboxylate 2c and 4-nitro aniline 3.

Thereaction kineticswasfollowed by plotting UV
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Figure2: TheUV spectrumof 10°M triphenyphosphinelin
1,2-dichlor oethane.
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Figure 3 : The UV spectrum of 10°M di-tert-butyl

acetylenedicar boxylate 2cin 1,2-dichlor oethane.
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Figure4: TheUV spectrum of 10*M 4-nitroaniline3in 1,2-
dichloroethane,
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Figure5: TheUV spectraof thereaction between 1, 2c and
3with 10-*M concentration of each compound asreaction
proceedsin 1,2-dichlor oethane.
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absorbance against time 12.0°C. Figure 6 shows the
absorbance change (dotted line) versustimefor the1:1:1
addition reaction between compounds 1, 2cand 3 at
12.0°C. The infinity absorbance (A ) that isthe absor-
bance at reaction completion, can be obtained from

—== Fyl] Peper

Figure6 at t =78 min. With respect to thisvalue, zero,
first or second curvefitting could be drawn automati-
cdly for thereaction by the software™® associated with
theUV instrument. Using theorigina experimentd ab-
sorbance versustime dataprovided asecond-order fit
curve(solidline) that fitsexactly theexperimentd curve
(dotted line) asshownin Figure 7. Thus, thereaction
between triphenylphosphine 1, di-tert-butyl
acetylenedicarboxylate 2c and 3 follows second-order
kinetics. The second-order rate constant (k,) isthen
automaticdly caculated usngastandard equationwithin
the program at 12.0°C is reported in TABLE 1. Fur-
thermore, kineticstudieswerecarried out usngthesame
concentration of each reactant in the continuation of
experimentswith concentrationsof 5x10°M and 7x10-
3M respectively. As expected, the second-order rate
congtant wasindependent of concentration anditsvaue
wasthe sameasin the previousexperiment. In addi-
tion, theoverall order of reactionwasaso 2.
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Figure6: Theexperimental absorbancechanges(dotted ling)
againgt timeat 300 nmfor ther eaction between compounds
1,2cand 3at 12.0°C in 1,2-dichloroethane.

RESULTSAND DISCUSSION

Effect of solvent and temperature

To determinethe effect of changein temperature
and solvent environment on therate of reaction, it was
€lected to perform variousexperimentsa different tem-
peraturesand sol vent polaritiesbut otherwiseunder the
same conditions asfor the previous experiment. For
thispurpose, 1,2-dichloromethanewith diel ectric con-
stant 9 was chosen asasuitable solvent sinceit isnot
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Figure7: Second order fit curve(solid line) accompanied by
theoriginal experimental curve (dotted line) for thereaction
between compounds1, 2cand 3at 300 nm and 12.0°C in 1,2-
dichloroethane.

TABLE 1: Valuesof overall second order rate constant for
all reactions(1, 2cand 3), (1, 2b and 3) and (1, 2aand 3) in the
presence of solvents such as ethyl acetate and 1,2-
dichloromethane, respectively, at all temperatures
investigated.

- ko.M Lmin™
Reaction Solvent

12.0°C 17.0°C 22.0°C 27.0°C

1, 2c and ethyl acetate 76.1 1053 143.2 1686
3 2

denioromethane 1091 1315 1506 1892

1, 2b and itgyl acetate 4111 5323 6154 696.7
3 2

dehloromethane  631:2 6778 7531 8783

1, 2aand itgyl acetate 6152 7144 8456 984.7

3 ] 7823 8262 898.1 10055

di,chloromethane

only could bedissolved al compoundsbut also did not
react with them. Theresultsshow that therate of reac-
tionin each casewasincreased at higher temperatures.
In addition, the rate of reaction between 1, 2cand 3
wasaccel erated inahigher dielectric constant environ-
ment (1,2-dichloromethane) in comparison with alower
didectric congtant environment (ethyl acetete) a dl tem-
peraturesinvestigated. In thetemperaturerange stud-
ied, the dependence of the second-order rate constant
(Ink,) of the reactions on reciprocal temperature is
condstent withtheArrheniusequation, giving activation
energy of reaction fromthedopeof Figure8.

Effect of concentration

To determine reaction order with respect to
triphenyl phosphine 1 and didkyl acetylenedicarboxylate
2 (2c), inthe continuation of experiments, all kinetic
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Figure8: Dependence of second order rate constant (Ink,)
on reciprocal temperature for the reaction between
compounds 1, 2c and 3 measur ed at wavelength 300 nmin
ethyl acetate.

studieswere carried out in the presence of excess 3.
Under thiscondition, the rate equation may therefore
be expressed as:

rate =k o [1°[2]P kg =k,[3]" OF Inkg =Ink,+yIn[3] (1)

In this case (3x102M of 3instead of 3x10°M)
usingtheorigina experimenta absorbanceversustime
dataprovidesasecond order fit curve(solid line) against
timea 300 nmwhich exactly fitstheexperimenta curve.
Thevalueof rate constant wasthe same asthat of ob-
tained from the previous experiment (3x10°M). Rep-
etition of the experimentswith 5x102M and 7x10°M
of 3 gave, separately, the samefit curveand rate con-
stant. Infact, the experimental dataindicated that the
observed pseudo second order rate constant (k , ) was
equal tothe second order rate constant (k,), thisis pos-
sblewhenyiszeroinequation (1). Itisgppears, there-
fore, that the reaction is zero and second order with
respect to 3 (NH-acid) and thesum of 1 and 2 (2¢) (o
+ B =2), respectively.

To determine the reaction order with respect to
triphenyl phosphine 1, thecontinuation of experiment was
performed inthe presence of excess2 (2c) (rate k',
[3]"[1]* K ..K,[2]*(2)). Theorigina experimental
absorbance versustimedataprovidesapseudo-first-
order fit curveat 300 nm, which exactly fitsthe experi-
mentd curve (dotted line) asshownin Figure9.

Asaresult, sincey =0 (asdetermined previoudly),
itisreasonableto accept that thereactionisfirst order
with respect to compound 1 (o= 1). Becausethe over-
all order of reactionis2 (o + B +y =2), itisobvious

Watarioly Science  mmm—
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Figure 9 : Pseudo first order fit curve (solid line) for the
reaction between 1 and 3in the presence of excess2 (2¢) (10
2M) at 300 nm and 12.0°C in ethyl acetate.

that B=1andtheorder of dialkyl acetylenedicarboxylate
2 (2c) must be equal to 1. Thisobservation wasaso
obtained for reactions between (1, 2b and 3) and (1,
2aand 3). Based onthe aboveresults, asmplified pro-
posed reaction mechanismisshownin Figure 10.

PPhg + Rozc—czc—cozRﬁ> RO,C—C=C~CO,R(1:1 adduct)
1 2 PPhs
I1 (Intermediate 1)
k. _
RO,C=C=C~COR —3=  PPhy +RO,C~C=C—CO,R
PPhg 1 2
I,(Intermediate 1)
k -
RO,C—C=C~COR + NH —i RO,C~C=C~COR¢N
PPhy 3 PPhy
I1 (Intermediate 1) I» (Intermediate 2)

-k
RO,C—C=C-CO,R+ N —— 4 (Product, Ylide)
|
P

I, (Intermediate 2) _ 6\ _
%
(0)

Figure10: Proposed mechanism for thereaction between 1,
2(2a, 2b or 2c) and 3for generation of phosphorusylides4a-
C.

The experimental resultsindicate that the third
step (rate constant k,) ispossibly fast. In contrast,
it may be assumed that the third step isthe rate
determining step for the proposed mechanism. In
this case the rate law can be expressed as fol-
lows:
rate=k;l[l,][3] ©)

The steady state assumption can beemployed for
[I.] whichisgenerated following equation,

= Fyl] Peper

[| 1]= kkz[l][z]
_o+K,[3]
Thevaueof [I,] canbereplacedinequation (3) to
obtain thisequation:

k k3 [1][2][3]
k ,+k,[3]
Sinceit wasassumed that k, isrelevant totherate
determining step, it isreasonableto makethefollowing
assumption: k,>>k [3]

rate=

k,k,[1[2[3]
Sotherateof low becomes; rate= ——————

Thefina equationisindicatesthat overal order of
reactionisthreewhichisnot compatiblewith experi-
mental overall order of reaction (=two). In addition,
according to thisequation, the order of reaction with
respect to 4-nitro aniline 3isone, whereasit was actu-
ally shownto be equal to zero. For thisreason, it ap-
peared that thethird step isfast. If we assumethat the
fourth step (rate constant k) isthe rate-determining
step for the proposed mechanism, inthis case, there
aretwoionic speciesto consider intherate determin-
ing step, namely phosphoniumion (1) and 4-nitroaniline
ion (Z). Thephosphonium and 4-nitro anilineions, as
we seein Figure 10, havefull positive and negative
chargesand form very powerful ion-dipolebondsto
the 1,2-dichloromethane, the high diel ectric constant
solvent. However, thetransition statefor thereaction
between two ions carries adispersed charge, which
hereisdivided between theattacking 4-nitro anilineand
the phosphonium ions. Bonding of solvent (1,2-
dichloromethane) to thisdispersed charge would be
much weaker than to the concentrated charge of 4-
nitro aniline and phosphonium ions. Thesolvent thus
stabilize the speciesionsmorethan it would thetransi-
tion state, and therefore E, would be higher, slowing
down the reaction. However, in practice, 1,2-
dichloromethane speeds up the reaction and for this
reason, the fourth step, which isindependent of the
change in the solvent medium, could not betherate
determining step. Furthermore, therate law of forma-
tion of the product (fourth step) for aproposed reac-
tion mechanismwith gpplication of seady Sateassump-
tion can be expressed by: rate=kK, [1.] [Z]

By application of steady statefor [1.] and [Z], and
replacement of their valuesin theabove equation, the

— P plericly Science
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following equationisobtained:
k,k4[1][2][3
e J[r |]<[3 []3[] ] )
Thiseguationisindependent of rate constant for
thefourth step (k,) and showswhy thefourth tep would
not be affected by achangein the solvent medium. In
addition, it has been suggested earlier that thekinetics
of ionic species phenomena(e.g. thefourth step) are
very fast'dl. If thefirst step (rate constant k) werethe
rate determining step, in this case, two reactants
(triphenylphosphine 1 and didkyl acetylenedicarboxylate
2), asweseein Figure 10, have no charge and could
not form strong ion-dipolebondstothehigh didlectric
constant solvent, 1,2-dichloromethane. However, the
trangtion state carriesadispersed chargewhich hereis
divided between the attacking 1 and 2 and, hence,
bonding of solvent to this dispersed chargeis much
stronger than thereactants, whichlack charge. Thesol-
vent thusstabilizesthetransition Satemorethanit does
thereactantsand, therefore, E, isreduced which speeds
up thereaction. Our experimentd resultsshow that the
solvent with higher diel ectric constant exertsapower
full effect ontherate of reaction (infact, thefirst step
has rate constant k, in the proposed mechanism) but
the opposite occurswith the solvent of lower diglectric
constant, (see TABLE 1,). Theresultsof the current
work (effects of solvent and concentration of com-
pounds) have provided useful evidencefor steps1(k,),
3 (k,) and 4 (k,) of the reactions between
triphenylphosphine 1, dia kyl acetylenedicarboxylate 2
(2a, 2b or 2¢) and 4-nitro aniline 3. Two stepsinvolv-
ing 3and 4 arenot determining, athough the discussed
effects, taken altogether, are compatiblewith first step
(k) of theproposed mechanismand would alowitto
bethe rate-determining step. However, agood kinetic
description of theexperimenta result usngamechanis-
tic scheme based upon the steady state approximation
isfrequently taken asevidenceof itsvaidity. By appli-
cation of this, therateformation of product 4 fromthe
reaction mechanism (Figure 10) isgiven by:

d4 diylide] }

T =rate=k,[l,][Z7] (5)
We can apply the steady-state approximation to

[1.]and[l],

dt,]

dt =k, [1[2]-k _,[I,]-k,[1,][3]

d[lz]_ _ -
g - KelhlB-k,I1L1 (2]

Toobtainasuitable expressionfor [1] toput into
equation (5) we can assumethat, after aninitia brief
period, theconcentrationof [I,] and[1,] achieveasteady
state with their rates of formation and rates of disap-

pearancejust balanced. Therefore % and %
zero and we can obtain expressionsfor [1,] and[l.] as

follows

are

k1,13
oo, 01 ) ®
dli,] __ky[1][2]
dt =0, [l k_,+k,[3] (7

We can now replace([l, ] inthe equation (6) to ob-
tainthisequation:
Kok, [A[2[3]
Ki[Z7]k o +k;[3]
Thevalue of [1,] can be put into equation (5) to
obtain therate equation (8) for proposed mechanism:

KoKk [U[2[3][Z"] _ko ks [1][2][3]

N T I T E| 8

[|2]=

rate=

Since experimental datawereindicated that steps
3 (k) and 4 (k,) arefast but step 1 (k) isslow, itis
thereforereasonableto makethefollowing assumption:
k, [3] >k,

So therate equation becomes:
rate=k, [1][2] 9

Thisequation which was obtained from amecha-
nistic scheme (shown in Figure 10) by applying the
steady-state approximation iscompatiblewith there-
sultsobtained by UV spectrophotometery. With respect
totheequation (9) that isoveral reactionrate, the acti-
vation parametersinvolving AG*, AS* and AH* could
benow calculated for thefirst step (rate determining
step), asan e ementary reaction, onthebasisof Eyring

TABLE 2: Theactivation parametersinvolving AG*, AS*
and AH*for thereactionsbetween (1, 2cand 3), (1, 2b and 3)
and (1, 2aand 3) in 1,2-dichlor oethane

# #

Reaction K JA.mGoI'l) K Jéﬂol'l) AS'(3.mol™ K™
1,2cand 3 105.2 21.6 -330.7
1,2band 3 101.0 10.8 -320.1
1,2aand 3 100.5 7.1 -290.2
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equation. TheresultsarereportedinTABLE 2.
Further kineticinvestigations

To confirm the above observations, further experi-
ments were performed with diethyl
acetylenedicarboxylate 2b and dimethyl
acetylenedicarboxylate 2a, respectively, under thesame
conditionsused in the previous experiments. Theval-
uesof the second-order rate constant (k) for the reac-
tions between (1, 2b and 3) and (1, 2aand 3) arere-
ported in TABLE 1 for all solventsand temperatures
investigated. Theoriginal experimental absorbance
curves (dotted line) accompanied by the second order
fit curves(solidline), which exactly fit experimenta
curves(dotted line) confirm the previous observations
again for bothreactionsat 12.0°C and 300 nm. As can
be seen from TABLE 1 the behavior of diethyl
acetylenedicarboxylate 2b and dimethyl
acetylenedicarboxylate 2aisthe sameasfor thedi-tert-
butyl acetylenedicarboxylate 2c with respect tothere-
action withtriphenyl phosphine 1 and 4-nitroaniline 3.
Therate of theformer reactionswas al so accelerated
inahigher dielectric constant environment and with
higher temperatures, however, these rates under the
same condition are approximately 5.3 t0 10.6 times
more than for the reaction with di-tert-butyl
acetylenedicarboxylate2c (see TABLE 1). It seemsthat
both inductive and steric factors for the bulky akyl
groupsin 2c tend to reduce the overall reaction rate
(see equation 9). In the case of dimetyl
acetylenedicarboxylate 2a, thelower steric and induc-
tiveeffectsof thedimethyl groupsexert apowerful ef-
fect ontherate of reaction.

CONCLUSION

Kinetic investigation of recent reactionswas un-
dertaken using UV spectrophotometry. Theresultscan
be summarized asfollow: (1) the appropriate wave-
lengths and concentrationswere determined to follow
thereactionkinetics. (2) Theoverdl reaction order fol -
lowed second-order kineticsand the reaction orders
with respect to triphenylphosphine, dialkyl
acetylenedicarboxylate and 4-nitro anilinewereone,
one and zero respectively. (3) Thevalues of the sec-
ond-order rate constants of all reactionswere calcu-

= Fyl] Peper

lated successfully &t dl solventsand tempraturesinves-
tigated (4). Theratesof al reactionswere accelerated
at higher temperatures. Under the sameconditions, the
activation energy for the reaction with di-tert-butyl
acetylenedicarboxylate 2¢ (26.3 kJmol) washigher than
that for the both reactionswhich werefollowed by the
diethyl acetylenedicarboxylate 2b (15.5 kJ/mol) and
dimethyl acetylenedicarboxylate2a(11.8kJmal) in1,2-
dichloroethane (5) Therates of al reactionswerein-
creased in solventsof higher didectric constant and this
can berdatedto differencesin stabilization by the sol-
vent of thereactantsand the activated complex inthe
transition state. (6) Increased steric bulk inthe akyl
groupsof thediakyl acetylenedicarboxylates, accom-
panied by the correspondingly greater inductive effect,
reduced theoverall reactionrate. (7) With respect to
the experimentd data, thefirst step of proposed mecha-
nism was recognized as arate-determining step (k,)
and this was confirmed based upon the steady-state
approximation. (8) Also, thethird step wasidentified
asafast step (k). (9) The activation parametersin-
volving AG*, AS" and AH* were reported for three
reactions.
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