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ABSTRACT

Vilsmeier-Haack (VH) Reaction with phenols affordedny! derivatives with DMF/SOg&IThe reactions obeyed
second order kinetics with a first order dependenoeeach [Reactant]. A remarkable rate enhancenveas
noticed when micelle-forming surfactants such aylde methyl ammonium bromide (CTAB), sodium duytle
sulphate (SDS) and triton-X 100 (Tx) were use dslysts. Rate () versus [Surfactant or g profiles were
generally wavy in nature with all the surfactantst®ms. The rate profiles of micelle-mediated reastiwere
categorized into different types and were interpdetising Menger-Portnoy’'s enzymatic model or Pigiie's
modified Cooperatively model.
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INTRODUCTION

Recent studies on Vilsmeier-Haack (VH) reactionseaded that organic compounds in general and hydbons
with excess pi-electrons undergo formylation veagily on synthetic scale [1-10]. Formamide, N,dhethyl
formamide (DMF), N, N'-diethyl formamide (DEF), weenused along with oxy halides such as P@a@td SOd for
the preparation of VH reagents. Surfactants asedgpensive, operationally simple and easily alaompounds,
which form micelles. Micelles are amphipathic spsciwhich possess the hydrophilic polar head groapapying
the surface while the interior of micelle is ocagiby hydrophobic alkyl groups. These micelles karewn to
reverse their characters i.e., the polar headsystetinto the interior part and the substrate tbréowards the
micelle-solvent interface in non-polar solvents-flH]. In recent past micelles were found to be vattyactive
reaction media for many kinds of organic reactidiexause of a well documented analogy between micell
mediated and enzymatic reactions [11]. Even thaughy results have been published in the literathmaving the
catalytic effects of micelles in a variety of chealireactions such as acid catalyzed hydrolysise lmatalyzed
hydrolysis, substitution and oxidation reactiong,[13], such studies are less known in Vilsmeieatkareactions
[14]. In view of this, in the present investigatiove have tried to explore the catalytic activafymicelles in VH
formylation reactions. Phenols and aromatic amaresimportant group of organic compounds, whichehbgen
their use in a number of industrially important dnidlogically important compounds. Formyl phenotsaas a
prodrug for the drug formyl phenyl aspirins [16prkyl anilines are used for the synthesis of Did @olyamines
of the diphenyl methane derivatives [17]. The stigdglso aimed at exploring the similarities ansisthilarities in
the mechanistic aspects and the nature of reagp@eies and also the transition state when différehadducts are
used as reagents for formylation reactions.
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EXPERIMENTAL SECTION

Organic substrates such as phenols and their subsgticompounds were undertaken for kinetic studfe¥'H
reactions in ACN and DCE. Thermostat (Toshniwatjidh) was adjusted to desired reaction temperaflme
different flasks, one containing known amount ofskfieier- Haack reagent in a suitable solvent aedother with
the substrate solution, were taken and clampechénthermostatic bath for about half-an-hour. Reactvas
initiated by adding requisite amount of substratieition to the reaction vessel containing the ottartents of the
reaction mixture. The entire reaction mixture wiged till the end of the reaction. The unreactéd reagent was
estimated as a function of time according to steshtigerature procedures [14,15]. Aliquots of tleaction mixture
were withdrawn into a conical flask, containing siierable (known) amount of hot distilled waterdiferent time
intervals. The unreacted VH adduct underwent hydisland gave a mixture of hydrochloric and sutfuacids.
The acid content was estimated against standardHNa@ition to bromocresol green end point.

Products of the reaction were isolated under kinetinditions. To the Vilsmeier-Haack complex pregiafrom
DMF and SOG] (0.02 moles each) in DCE (100 ml), 0.02 molesutifs¢rate were added with constant stirring. The
reaction mixture was refluxed for 4 to Shd left aside over night. The solution was pounsalice-cold water with
vigorous stirring and kept aside for about 2 lwdts neutralized by sodium hydrogen carbonate. Gegarase was
extracted with DCE and dried (with Mga® and the solvent evaporated. TLC pure formyl \ggive was
characterized by spectroscopic methods. The reectiforded fairly good yields.

RESULTS AND DISCUSSION

Under pseudo first order conditions i.e. [Subf [VH] ,, the plots of In(Vt) versus time were linear withgative
slope with definite intercept on ordinate depictfitrgt order dependence on [Substrate] (i.e.=rl). The kinetic
features observed in the present work are by amgb lsimilar to those reported from earlier from talvoratory
using DMF/POC as VH reagent [14,15]. A perusal of these pulibicest from our laboratory [14,15] couple with
other literature reports [2-5] suggest that VH es#gin solution, is present in a number of ion-pedvalent and
cationic forms [DMF/SOG] reagent in the lines of [DMF/PO{Ireagent. It has also been mentioned that the
participation of an individual species in the réattdepends on the nature of substrate and solvsgsd in the
system and also on electrophilic properties ofré@eting species.

() [(CHs),N-C (R)ClO SOCI] () [(GHN*=C (R)CI][OSOCI
(Il) [(CH4), N*= C (R )-OSOCI[CI] (IV) [(CH), N*-—-C(R) CI ] [SOCI
(V) [(CHq)2 N"---C (R) OSOCI][CI] (V1) [(CH)2N--C" (R) CI ]

As mentioned in earlier publications from our ladtory and other literature reports [23] these olmerns suggests
a change in the nature of the reactive speciesasripg from high dielectric constant (ACN) to Iesdar DCE.
These deviations could also be due to solvent-esalutsolvent-co solvent interactions. In ACN (hidielectric
media) participation of ion-pair species of VH add(V) and substrate was proposed in the slow &tegive
phosphorous oxychloromethyleniminium intermedidg followed by elimination of HCI. This was suppedt on
the basis of spectroscopic and thermodynamic evalgh/-23]. However, in DCE (low dielectric mediungtionic
form of VH adduct (VI) and substrate participatedtie rate-determining step to give choloromethyphémum
intermediate (A). These intermediates species (B)arpon hydrolysis yield the end products. Theraleorder of
the reaction was found to be two with a first ordependence on [Substrate] and [VH reagent] ingmaess of
cationic (CTAB), anionic (SDS) and non ionic (TX)iaelles (Tables 1-5). Rates were generally entthrice
micellar media.

The factors, which determine the size of reversaztlte in non-agueous solvents, are surfactantsira, nature of
the solvent and the presence or absence of salatali Water (solubilizate) was generally found ffec the
properties of micelles in apolar solvents. Miceltinn occurred when water was used as additiveomagueous
media. It could be therefore concluded that différypes of reactive species get distributed o types of
micellar aggregates at different stages of theastaht concentrations [29]. The crests and troughdd be
interpreted as follows:

i) According to the findings of Ekwall et al, [38Jodama and coworkers [31] abrupt changes in phiypitgerties
above the "normal" CMC could be explained in teohsecond and third CMC values [30, 31]. Thus theeoved
crests and troughs in the present study could gl due to the second and third CMC values. aggregation
number of surfactant monomer differs at these CM@tp in the rate- [SurfactantyCprofile. This contention was
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earlier supported from the conductivity studiesrmtelles done earlier in our laboratory [32]. lbisinterest to note
that plots of conductivity Vs [SurfactantpCindicated a number of crests and troughs sugggstiat more than
one CMC corresponding to more than one type of ilegeould possibly exist in surfactant solutions.

ii) A decreasing trend from maxima to minima in ®&ersus g profiles could be either due to dilution effects o
by formation of new micellar aggregate. The solahtion is also affected by the concerted actiosenferal small
micelles, whose lypophilic surface interacts witle tiydrophobic regions of the substrate or VH reagehe ion -
polar interactions between the charged head groligee surfactant and the ionized portion of thelyat are also
responsible for the solublization. Erickson and K88] could explain the wave like curves of dipeptipeptidase
in Triton-X medium. The kinetic data of micellartalysis are being generally analyzed and intergrdig
enzymatic models in view of the observed closelfsdism of micellar systems with globular proteiszen though
many micellar models are proposed earlier in theeli@ir mediated reactions (i) Menger & Portnoy’susation
kinetics and (ii) Pizkiewicz's cooperativity modedse generally used for interpretation of kinetatad Simple
cooperativity model is useful to explain sigmoidgbe curves while the extended cooperativity mddemed a
basis to explain bell (hill) type, valley type amibre complicated wavery curves observed yn@ profiles. The
observed &—C; profiles are classified into the following cateigsr(Type A to F)

The k~G; profiles fig 5.9 to 5.20 indicated different trendepending on nature of substrate, surfactanoegahic
solvent used. Depending on the shape of the prthideplots are classified into the following sixég viz., Type —A
to Type-F:.

Type A: Sigmoid type s Vs G profiles are considered as Type-A curves.

Type B: The k, Vs G profiles which were hill (bell) passing througite maximum k are classified as Type —
B curves.

Type C: Inthistype § Vs G profiles kp decreases to a minimum at higher concentratisudhctant. These
curves are in contrast with Type A profiles.

Type D: Type -Dly Vs G profiles are wavery type with one or more maxiana minima i.e with number of
crests and troughs.

Type E: This type of Vs G profiles are valley or well type curves in castrto hill type curves.

Type F: The plots of § Vs G indicated a continuous increase gf ¥s G without any limiting rate maximum.
The plots yielded straight lines with positive sop

TYPE OF PLOTS FOR ky Vs G, OF FORMYLATION REACTIONS

ACN DCE
SNo.|  Substate | ~ypp 1,  gpgl cTAB  Tx SDS
1. Phenol C F B A B D
2. p-Cresol D D D B D E
3. 0-Cresol F C D E D F
4. p-Chlorophenol D E E D E B
5. p-Aminophenol E D E D E F

Model-I: Menger & Portnoy’s Limiting Rate Model
Model-II: Pizkiewicz’'s model for the quantitative Treatment of ky Vs Gy Profiles

Table 1: EFFECT OF VARIATION OF [VH REAGENT] (k) I N FORMYLATION REACTIONS IN PRESENCE OF CTAB
10°[S] = 4.00 mol dn¥; Temp = 323 K; Solvent: (A) ACN; (B) DCE

Wgcﬁ%ﬁf ng Solvent | Phenol| p-cresql
0.025 A 0.023 0.014
0.050 A 0.047 0.028
0.100 A 0.094 0.057
0.150 A 0.145 0.094
0.250 A 0.024 0.145
0.025 B 0.036 0.023
0.050 B 0.072 0.047
0.100 B 0.145 0.095
0.150 B 0.216 0.155
0.250 B 0.374 0.244
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Table 2: EFFECT OF VARIATION OF [CTAB] ON THE RATE OF VH FOR MYLATION REACTIONS:
[VHR] = 0.1000l dn; 10° [S] = 4.00 mol dn¥; Solvent = ACN; Temp = 323 K.

Pseudo first rate constant (k’hr-1)
Substrate A) [CTAB] (mM) in ACN (B) [CTAB] (mM) in DCE
0.0 0.25 0.5 125 250 3.7 5.00 0.0 0.25 0.5 1]22.50 | 3.75| 5.00
phenol 0.114| 0.098 0.094 0.036 0.087 0.039 0.p261560, 0.156| 0.144 0.138 0.1§4 0.2p1 0.178
p-cresol 0.057] 0.067 0.138 0.102 0.083 0.081 0.095104| 0.102] 0.099 0.09p 0.094 0.1p2 0.098
o-cresol 0.136) 0.129 0.111 0.117 0.107 0.090 0.100140| 0.137] 0.139 0.14p 0.143 0.1B9 0.144
p-chlorophenol| 0.193 0.250 0.260 0.287 0.233 0.2Zp178| 0.127| 0.132 0.138 0.128 0.132 0.130 0.135
p-aminophenol| 0.183 0.145 0.191 0.23 0.231 0.p271810| 0.121] 0.12§ 0.12y 0.129 0.126 0.125 0.127

Table 3: EFFECT OF VARIATION OF [TX] ON THE RATE OF VH FORMY LATION REACTIONS:
[VHR] = 0.1000l dn?; 1C°[S] = 4.00 mol drf ; Solvent= ACN ; Temp = 323 K.

Pseudo first rate constant (KBr
Substrate (A) [Tx] (mM) in ACN (B) [TX] (mM) in DCE
0.0 0.25| 0.50 125 2.5Q 375 5.00 0.p 0.5 050 512250 | 3.75| 5.00
phenol 0.046| 0.103 0.114 0.124 0.092 0.130 0.1221820, 0.178| 0.185 0.215 0.173 0.190 0.190
p-cresol 0.095| 0.088 0.084 0.093 0.075 0.064 0.061114| 0.113] 0.116 0.108 0.1311 0.1p3 0.109
o-cresol 0.148, 0.14 0.100 0.083 0.064 0.066 0.,087138| 0.144| 0.134 0.140 0.139 0.188 0.138
p-chlorophenol| 0.210 0.116 0.152 0.1p8 0.102 0.116104| 0.133] 0.132 0.138 0.128 0.1B2 0.130 0.144
p-aminophenol| 0.203 0.21Pp 0.200 0.1p5 0.110 0.12014%0| 0.124| 0.123 0.114 0.120 0.126 0.125 0.127

Table 4: EFFECT OF VARIATION OF [SDS] ON THE RATE OF VH FORM YLATION REACTIONS:
[VHR] = 0.1000l dn?®; 10°[S] = 4.00 mol dri¥; Solvent = ACN; Temp = 323 K.

Pseudo first rate constant (K'hr
Substrate (A) [SDS] (mM) in ACN (B) [SDS] (mM) in DCE
0.0 0.25| 0.50 1.25| 2.50 3.7% 5. 0.p 0.25 050 1}22.50 | 3.75 5.0
phenol 0.026/ 0.051 0.07p 0.045 0.0p7 0.083 0.p70L770} 0.178| 0.185 0.179 0.170 0.184 0.184
p-cresol 0.071) 0.07¢ 0.083 0.0%3 0.082 0.021 0.08117| 0.111] 0.117 0.10p 0.104 0.113 0.114
o-cresol 0.097] 0.100 0.105 0.137 0.049 0.053 0.018144| 0.124] 0.130 0.14F 0.153 0.1p8 0.164
p-chlorophenol| 0.094 0.091 0.084 0.069 0.037 0.011022| 0.142| 0.142 0.1583 0.1§2 0.142 0.181 0.134
p-aminophenol| 0.112 0.029 0.079 0.0p0 0.028 0.p220220| 0.127| 0.13q 0.132 0.134 0.188 0.147 0.141

Table 5: Kinetic features in the form of equationsbtained from the Plots of In (M) Vs Time for formylation reactions in ACN solvent
y =mx + ¢; R = Correlation Coefficient; y = In\ x = Time (hr)

Equation Correlation Coefficient
Surfactant Substrate y=mx+c R?
Phenol y =-0.0937+ 2.6158 0.9999
p-Cresol y =-0.0562+ 2.702B 0.9988
CTAB 0-Cresol y =-0.0136+ 2.6999 0.9921
p-Chlorophenol| y =-0.2374+ 2.9504 0.9941
p-Aminophenol | y =-0.2929+ 3.237P 0.9960
TX Phenol y =-0.1241+ 3.073B 0.9968
p-Cresol y =-0.0954+ 2.7719 0.9993
o-Cresol y =-0.1481+ 2.828p 0.9992
p-Chlorophenol| y =-0.1528+ 2.9005 0.9967
p-Aminophenol| y =-0.2062+ 3.0344 0.9955
SDS Phenol y =-0.0445+ 2.2743 0.9973
p-Cresol y =-0.0825+ 2.4237 0.9962
o-Cresol y =-0.1372+ 2.7714 0.9994
p-Chlorophenol| y=-0.0937+ 2.5709 0.9963
p-Aminophenol| y =-0.0503+ 2.44783 .9980
CONCLUSION

The results of present study clearly indicate difeanylation can be achieved successfully in CTARS and / or
Tx100 mediated VH reactions, which are sluggisheundassical conditions. This method is also usédul
synthesis of formyl derivatives with phenols, aréé and acetanilides, which have potential bioklgictivity.
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