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Abstract—Kinstics and linssr free energy relatiomstdp (LFER) of Wittig
resction of ylides of intermediary stability have been investigated,Evidences
are preseated which indichte that under such cages the resdtion followvs &
second orderrate lav, first order in phosphorene and aldehyde respeatively,
and furthersore that eleotron vithdreving substituents om both bensaldehyde

and bansylidenstriphenylphosphorene ixpose rets eahanssamt offect upon the
reaction, The mechsajea of the resotion ie discwseed on the btmasis of the

oxperimsntal findings.
INTRODOCTION

In previous literatures, studies on the mwechanies of Vittig reaction was confined to those of stabdle
and ungtable yl.hlu‘. Reports on this kind of reaction of ylides of intermediary stability vere
seldos, Kinetic studies by previous authors have indicated that, in the absence of lithius halide,
the rate determining step is the formtion of intersediate, hohl.nuz.(lmnr, the kinetic behavior
for the intersediately stadle ylide in the pressnce of LiBr is sosevhat different fros those for the
stable and unstable ones’,

Since ylides of intermediary stability are frequently esployed in organic syntheses to resct
vith aldehydes, it 1s, therefore, of practiosl significance to study the mechanisa of this kind of
reaction under the said oonditions. ¥ith such & view in wind, ve have devised the present approach
by selecting several substituted bensaldehydes to react vith sose substituted phosphoranes in the
presence of LiBr, so as to find out the response on the kinetic bebavior and the LFER caused by the
variation of the substituents on both cosponents, attespting to explore some significant insight
conoerning the specific kinetic detail under such reaction oooditions.

RESULTS AND DISCUSSION

Resctions Detwesn Substituted Benssldehydes end Nides.

Firstly, the kinstics of the resctions betvesn a series of substituted benmaldehydes vith &
ylide, p-esthylbensylidenetriphenylphosphorane, vas examined. 3Starting vith equivalent amounts of
the aldehyde and ylide, reactions vere conducted in methancl in the presence of LiBr. Titration
vith standardised RCl-ethanol was employed to follow the change of the conocsntretion of the ylide
remined in the resction systes, Treatasnt of the kinetic dsta indioates that the reaction 1o
second order, first order vith respect to phosphorane and aldehyde respeotively. Using lesst square
®sthod, the relationship between the reciprooal of the oomoentration (1/C) and time (&) to give &
regression equation, 1/C = & + bt vith a correlation coefficient,r vhere b correspomds to rete
constant k that was experimmtally measured at 25°C, 34°C and {3°C. The activetion paremeters were
caloulated acoordingly., The results are listed in Table 1.

Nethod of titretion was again used in oonjuntion with high psrformsmce liquid chresstogrephy

*To whos oorrespondance should be sddressed.
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TABLE 3. [Kinetio Paremsters of the Resctions Between Sudstituted
Bensaldehydes and p-Methylbemsylidenetriphenylphosphorans
| 3% 102' z. As‘
Substitutents  Tempereture Mole . min™! Kosl/¥ole (o0 u.)
25,0 3.57
ﬂ "o’ 9.25 16.1 ‘1301
43.5 17.40
25,0 2,20
p-Cﬂ’ .S 5.67 17.0 -11.2
43.5 1.
25,0 0,96
P'C“30 34.5 2,9 15.7 «16.4
L3.5 4e47
p=<Cl 25,0 10.80
==Br 25,0 21,50
0 25,0 52,10

2

*k {s reproducible within & range of relative error less than + 0.04.

to aonitor the conocentretions of ylides and aldehydes and theredy derived the retes., Data obdtained

from both sethode are found to check fairly well with one another, The resaction products were

isolated and identified by reorystallisation, melting point deterwmination and elementary anslysis.
Pigure 1, shove the plot of 1/C versus ¢ for the reaction of the ylide and substituted

bensaldehydes.

1/c
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Fig 1. 1/0-t relationship of the resotion of substituted bemsaldehydes

and p~eethylbenylidenetriphenylphosphorans (25°C), otP-CH
(re0.997)3 x1p=CHy(re0,998) 30 1R(re0.997); 0:1p-C1(r=0. '
a19-Br{r=0.996)§ “419=80,(r=0,999).

Satisfuctory linear relstionship between these two fuctors shovs evidently that the reaction is
second order and electron vithdrewing substitusuts impose rete emhancement of the reaction is
demonstruted by steeper slopes of their corresponding lines.

Inspection of the substituent effect by regression vith the classicsl substituent constants
and log k gives the following regressive equations

log k = 1,750 - 1.43 (1)

with s correlation ocoefficient, r = 0,990, k being the corresponding rate oonstant at 25°C,

Plot of log k versus ¢ shows good linear relationship ss depioted in Figure 2,

Tn acoordance vith the field-sssomerism-essomeric fisld (W&(F) method of Dewar, €, of &
substituent at sose position 1 soting on the funotional group on some site m in the conjugated

systes can be caculated bty following equations
0-1. - "Ril

4

’“sqilﬂéz e

kfe "mm

Reg = 1/ru - 0.9/r’n

M?’,Ks udi(g are oonstants vhich are taken fros uunm‘, Type T and etc. are

In
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o
!-1.0,

o for ‘x

o for 6,
A A L —r -y

0.2 0 0.2 0.4 0.6 t,/ g,

Pig 2. Effect of the variation of substituente on aldehydes and ylides
on reaotion rate, X and Y represent the substitutents on phos-
phorene and bengaldehyde respectively; ¢ and f , the ocorres-
ponding substituent constants of I and b
distances between the sites indicated vhereat and Yy, and Qy ore electron densities at the sites
indioated vhona:.‘ The ocorresponding pare and seta substituent oconstants are thus expressed as
follove:

P (p)
=" 0.1087 + 0,143 + 0,108M,

(»)
0'“ = 0,118F + 0.213X,

The values for some substituents caloulated thereby are listed in Tabdle 2,
TABLE 2. Substituent oconstants calculated by PP Method

Substituents )| p-dl.’ =ir p-cajo -coz
6‘ L) { ] . 1 L] .
) 0.3 0,178 0.516 0,244 0.926

Regression vith the ooustants thus obtained and the log k, et 25°C gives the following

equations
log k= 1,436, + 1.5 (2)
vith s correlation ocefficient, r = 0.982

Fros equations (1) and (2), 1t oan be seen that the resotion rate increases proxinently vith
increasing the electron wvithdreving pover of the substituents, sinoe in both sethods of treatamat,
the reaction constants are positive and greater thaa wmity, i.e. p > 1,

The activation entropies odtained theredy are likevise differ %o certain extemt from those
reported in previous literstures for the resctioms of stabdle ylides in the abeemoce of LiBr by
being smaller in abeolut velue, nevertheless, of same lun.z

This situation suggests that under the present experissntal ocoaditions the ssobanistic feature
of the resction xight be different from that proposed by former authors for this kind of reaction
though under different oconditions.

The reaction retes of substituted bensaldebydes vith demsylidenetriphenylphogphorene are
ingpected in the ssme vay and the results are listed in Tadle J.

TABLE ). Reaction retes of substijuted bemsaldehydes vith demnsylideme—
triphenylphosphorene (25°C) and subetitment ccnstants

X. 10z
Substituents (-1.. ain” ) log k q
H 12.% -1 c” ..”
p=CH s. 1424 0,17
p-a|3o 2.1 -1.65 0.7
p-cl 30,85 0.1 0.29
53,2 ©0.27 0.%

Regression of log k against F in the same way resulte im the fellowing equatics (3).
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log k= 1,996 =~ 0,984 (3)
vith & correlation ooefficient’ oonstant, r = 0,985, vhere ¢ is the classioal subetituent cocostants.
Bsactions betiesn Subetituted Tildes and Decsaldebrie.

¥ith a view to ingpecting the effect of substitueat oo bensylidenetriphenylphosphorene ca the
reaction, various sudstituted phosphoranes are rescted with beusaldehyde in sethanol-lithius
sethanclate, Mates of the reacticns vere messured vhich indicated again that electron vithdreving
substituents partake of the effect of rete enhancesent and eleotron repelling ones, an the other hand,
act in reverse direction. The results are listed in Table 4.
TAME {. Rates of the reactiens between substituted bensylidenetripbhenyl-
phosphorhnes and beussldehyde (5‘2)

k

Substituente (wole, mn™) log k 6
B 0.129 0,887 0,00
cl 0.812 0,008 0.23
Br 0.927 0,033 0.23
C!l, 00036 -1 ow '0.17

Using least aquare method to correlate log k against & gives the folloving equatian:
log k = 3,490 - 0,868 (4)
vith correlation ocefficient constant, r = 0.999, Plot of log k verus & 1s given in Pigure 2,
Ie o’u caculated by PMP method are esployed to make the oorrelation, the equatiom thus
obtained 1s
log k = 2,670, - 0.94 (s)

vith r = 0,998,
5

Under the sase oconditions, the retes of tho reaction between verious substituted phosphorenes
and various subetituted aldehydes are measured, The results thus obtained are tabulated in Table 5.

TABLE 5. Valuse of the logarithmic rates of the resactions between subetituted

bensylidenetripbenylphosphoranes and substituted bsmsaldebydes (25°0)
and the corresponding sudbstituents and their oconstants

log X X 04 Y ay

-1.45 ~0.17 R 0.00
1,66 ﬁ 0,17 p-CH’ 0,17
«Q.976 r‘ﬁ =0.17 p=Cl 0,23
0,668 3 -0.17 =Br 0.3
0,889 b} 0,00 R 0.00
-y 02‘ H 0,00 P-Cﬁ 0,17
-1.65 R 0.00 p-Cﬂ;O -0.27
0,511 R 0,00 p=Cl 0,23
0,274 R 0,00 =Br 0.9
0,088 p=Cl 0.23 R 0.00
~0.033 p-Br 0.23 B 0.00
-2,02 p-m, 017 p-Cﬂ,O «0.27
0,248 P-al’ 0,17 =30 0.N

*Y and Y stand for the substitutemts on phosphorens and bensaldshyde respectivelys;
[ and (’, the corresponding substituent oonstants of X and Y,

Double linear regressisn was made for log k versus sudstituent constants for X and Y, i.e,,
€ o ‘, to give
log k= 3310, ¢+ 1.886, - 0.926 (6)

¥Vith double correlation coeffioient ocustant R = 0.9%.. Claseiosl Hammett sudetituent oonetants are
taken for G'gcnd T_.

In equation (6) odéffiedents 3.31 and 1,88 are reaction ocmstants, p eod P, vhich osn be
regarded as the sensitivity of the reaction toward the variation of substituests on phosphorene and
*Caloulation was carried out om YE 8100 cosputer vith Portren Language.
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aldehyde respectively; whersas the constant ~0.926 in equation (6) is the valus of log ﬁ » 1.0,,
the corresponding logarithmic k wvith both X and Y being hydrogen atoms. This equa tion nnoot. the
effect of substituents on both components of the reaction systeam on reaction rate.
On the Reaction Mechanlsn.

From the above experimental evidences ve are in a position to give a brief accounts on the
mechanism of the Wittig resction. In previous nteramroi, the mechanism of this reaction is
generally expressed as fouovnz

Treatment of the above reaction sequence by steady state spproximstion gives

-d (A1d)
—— = iy (BTP) (A1)
dt

vhere Ald and BYP represent gldohydg and bensylidenetriphenylphosphorane respectively, if interwe-
diate formation is the rate determining step(rds); or
=8(A1d)
dat
in case vhere ethyleme formation is the rds, vhers K, = k,/k_, is the concentration equilibrium
constant,
The first auppoution being the oase, there should be kob. = k1, and

= K1k2(BTP) (A14)

k
obl
log x° = log ¥© - P1x o-x. +_ P1y ¢
obs 1

vhere k obs is the experimentally apparent rete.
In the second case, we have k = l.‘kz, then

logkb.-logx1k2
-logl(1+logk2
= Paix 0x + P1yf + ng(f + P2y°'y+c
.(p1x+ sz) o’x+(p1’+ sz) g-y +C

The experimeantal findings indicate that under the present reaction conditions with ylides of
intermediary stability, i.e., containing aryl group on methylenie carbon, electron \d.thdn\dng substi-
tuents on both aldshydes and ylides impose rate enhancement effect on the resction resulting in p x
and Py > 0.

In case vhere intermediate formmtion is rds, the electron withdrawing groups on bensaldehyde
should enhance its reactivity by increasing the electrophilicity on carbonyl carbon atom and,
consequently, P, > O. However, electron withdreving groups on the ylide will dissipate the elgctron
derisity on its msthylenic carbon and thus decresse its mcleophlicity, so the electronic factor
of electron withdrawing group would seem to opsrate against the suqgosss of the reaction and conse-
Quently we should expeact an extenustory resction rete, i.e. Pyx £ 0. Hovever, the observed Pobe
in equations (4) and (5) runs counter to that could be expected, ‘should the first ocetrrénce be
the oae, #0 the intermwediats formmtion is unlikely the rds.

The transition siate of the ethylens formation is an aotivated betains from vhich it is more
reasonable to expect that pa’< O for bensalidehyds and Pax > 0 for the ylide, in so far as the
driving forcs of electron shift is attributed to the foriitioh of the new phospnorus-oxygen vond
in the olmphosphwdhrie which splits up into phosphine oxide end the olonn'. This sitiatice suggests
rather strongly that ethylene formation is the rds, sinoe it is more pertinent to rationalise that
the apparent O, ai'the sum of those of rds and the [rededihg step ss is expectsd from'the steady

*It 18 wore ressondble to regard the betaine and the oxaphosphetane as the same species or, in terms
of the resonance theory, the canonical forms of the hybrid,
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state treatamt.

The observed entrovy of activation As' is lixewise the sum of those of two or more stepe
preceding the rds of the ethvlene formation,
Adgebradoally Additiye Natire of the Heamett Eoustlon.

Based cn the adove sentiocned, it oan be expeoted that electronic vithdreving sudetituents on
components of the reaotion partake of parellel effect on the resction as shown in equation (6).
The effects of the substitumnts sttached on ylides and aldehydes separetely are found as expressed
in equations (3) and {{). Prom thees equations it oan be easily seen that if the p terms of the
right band of equations (3) and (4) are added and the aversge of the ecmstant teres in both equa-
tions are taken, there vill result in the followuing equatiocn:

log k = 3.49¢, + 1.9 d” - 0,926 ‘ (7)

Comparison of equations (6) and (7) reveals their close resesblance to esch other. This implies
that, in Wittig reactions under the presant oconditiocns, the effect of the subetituents comowrTently
attached on both ocowponents oan be approximately expressed as the algebraic sus of each ane inde-
pendent of the other, In other words, their effeot om resction rete ocan be approximated by taking
the sus of the respective effects as if they upond on the reaction indepsndently to one another,
To be brief, in Wittig resction under the present ooodiuau, the LVER partakes of an additive
tpture vith respect to substituents on dboth the aldehyde and the phosphorene.

EXPERTMEN TAL

Sose of the substituted bensaldehydes employed in this work are coamsrcial products which were
redistilled or recrystallised acocording as they are liquid or solid and then stored umder lov
tespereture and nitrogen atacsphere for ready use,.

Ereparatdon of Mubstituted Densyl Broxides.

In & 250 nl. round bottos flask 150 al. (0.1 wole) of substituted tolusne vas rescted vith
Sdbout equivalent amount of NBS in the presence of small amount of damsoyl peroxidée. The mixture
vas refluxed for 2-3 hours till KBS turned vhite entirely, cooled and filtered. Filtrate wvas
concentrated and chilled to give the bemsyl Utromide. 6

To the ready prepared substituted beasyl bromide a solution of equivalent amount of triphenyl-
Phosphine in chlorofors vas added, After refluxing and cooling, the resction sixture uas poured into
ether. The orude product vas separated as vhite orystalline solid vhich was then recrystallised
tvice from & solveant couple composed of chloroform and ether. The purified product was then kept in
& desicoator for ready use. The reaction periods of various substituted bensyl dromides vith
triphenylpbhosphine and the sslting points of the phosphonium bromide are listed in Tadle &

TABRLE 6. Reaction periods of substituted bensyl bromides with triphenyl-
phosphine and the melting points of phosphoniums bromides

Substituents: 3] ;»-c!!3 p=Cl p=Br
reaction periods

(hro/an, ) 2/% 2/0 /%0 240
welting points(°C) 232 238 242 240

Titretion Method.104 ml. of the solution of 0,1 M. Lithiua methylate in msthancl was put into s
vater jacketed five necksd round bottom flask r nitrogen atmosphere. Water in & supsrthermcstat
and kept at an appropriate tempersture (4 0.01°C) was circulated through the jacket of the reaction
vesssl. Equivelent samowmnt of s phosphoniia tromide was added, After elapese of 20 wmin. 4 al. of the
solution wvas taken from the flask apd titrated vith standardised 0,05 N, HC1-C to obtain the
initiA]l oconcentretion C_. Bquimolar substituted bensaldehyde was added. { al, wots of the
reaction solutioca vere at intervals and poured into 20 al, sbsolute ethanol at 0-5"C, Bromo-
phenol blue being esployed as indioator, the solution was titreted unh -w 0.0, HC1. R
t111 1t turned yellow., The residual concentration of the ylide C = /4. Using least
ssthod to make the linear regresaion of 1/C versus t, the mhﬁo&cmcawt and regressive
equation 1/C = a + bt vere found cut vith b corresponding to the rete constant.

o Chromatography was osrried out on Shimadsu LC-4A
RPLC} oolumnsSIL 1* B, *255% &f. pheee, chloroforwthemnetIPA = 35i6015; flov rete 1 w)/
xin.§ pressure 3 kg/os”. Five portions of solution of the corresponding bensaldehyds in hemne of
different oconosntretions vere prepared and their peak heights vere msasured., Refersnoe equation
for the relationship betwesn the peak height and the oonocentration was derived. Resotion was run
under the oonditiocns referred %o above and aliquots of resstion mixtures vere taken st intervelsand
after dilution wvith p-hemne, vere injected into the chromtogrephy. The conoentretions of alde-
hydes in the resction systea was odtained from the peak height in oonjunotion vith the reference
equation,
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