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ABSTRACT

Vilsmeier-Haack Reaction with Acetanilides affordedmyl derivatives with DMF/SOEI The reactions obeyed
pseudo first order kinetics. There was a dramedie enhancement when micelle-forming surfactanth ss cetyl
tri methyl ammonium bromide (CTAB), sodium dodealphate (SDS) and triton-X 100 (Tx) were usedasalygsts.
Rate (k) versus [Surfactant or g profiles was generally wavy in nature with aletBurfactant systems. The results
in micellar media were interpreted using Pizkiewsazoperativity model.
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INTRODUCTION

The chemistry of heterocycles offers challengingksain the development of new synthetic stratedids

Quinolines heterocyclic compounds [1], have beamfbto exhibit bactericidal, antitumor, antimal&@ad anti-

inflammatory [2-5] activities. Based on the natwkthe N-N'-dialkyl amide Vilsmeier-Haack (VH) reegt

functions as either formylating or acetylating relaig In presence of DMF, the oxyhalides generaffprd

formylating agents. When DMF is replaced by DMA tgtaing agent is obtained. Vilsmeier-Haack reawsiavith

organic compounds in general and hydrocarbons &xtiess pi-electrons in particular undergo formgiati6-12].

This observation prompted us to take up a detailadparative kinetic study of VH reactions with acelides.

Dimethyl formamide (DMF) and dimethyl acetamide (BMare used along with POLClnd SOd for the

preparation of VH reagents in this study. In ca@an-aqueous or non-polar solvents, the micellairdphilic

polar heads protrudes inwards while the substratrtd towards the micelle-solvent interface [18pntinued

interest in defining the analogy between micellad nzymatic catalysis has greatly stimulated tieetbpment
and utility of functional micellar reagents [14].ady different catalytic and inhibitory effects ofaelles have been
reported in literature [13-15]. In present wotke tcatalytic activity of micelles in VH cyclisatiomactions was
studied.

EXPERINENTAL SECTION

Organic substrates such as acetanilides and thisstisited compounds were undertaken for kinetidies of VH
reactions in ACN and DCE as described in our egpiager and other standard literature procedu#4$116]. The
resultant solution was neutralized by sodium hydrogarbonate. Organic phase was extracted with &Edried
(with MgSQ,,) and the solvent evaporated [16]. TLC pure formgtivative was characterized by spectroscopic
methods. When DMF is replaced by DMA in VH reag@néparation corresponding acetyl derivatives were
obtained. The reactions afforded fairly good yseddl end products.
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RESULTS AND DISCUSSION

Under pseudo first order conditions i.e. [Sub% [VH] o, the plots of In (Vt) versus time were linearhwitegative
slope with intercept on ordinate depicting firsti@r dependence on [Substrate] (i.e.=r1). (1) The First-order rate
constant (k') values are presented in table (Tables2). Indicated that k' is proportional to tfiest power raised

to [VH Reagent] indicating first order kinetics[\MH reagent]. Slopes of these plots afforded Psdirdborder rate
constant (k') values (Tables 3 to 8). (3) Rategeaiction changed significantly when the reactioedimm was
changed with the trend: ACN > DCE. These obseratguggest a change in the nature of the reagtigeies on
passing from high dielectric constant ACN to lestap DCE. In ACN (high dielectric media) participat of ion-
pair species of VH adduct (V) and substrate waspgsed in the slow step to give phosphorous
oxychloromethyleniminium intermediate (B) whichsigpported by spectroscopic and thermodynamic dat22].
These intermediates species (A or B) upon hydrslysld the end products.

The overall order of the reaction was found to Wwe tith a first order in presence of cationic (CT)ABnionic
(SDS) and non ionic (TX) micelles. Rates were galheenhanced in micellar media. The-C, profiles indicated
different trends depending on nature of substratefactant and organic solvent used. Menger & Pgitn
saturation kinetics and Pizkiewicz's cooperativitpdels were used for kinetic data interpretatibime observed
ky—Cp profiles are classified into the following cateigsr(Type A to F).

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

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

Type C: Inthis typek Vs G profiles kp decreases to a minimum at higher concentratieudéctant.

Type D: Type-D § Vs G profiles are wavery type

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

Type F: The plots of k Vs G indicated a continuous increase gf s G without any limiting rate maximum.

The plots yielded straight lines with positive sop

FORMYLATION
ACN DCE
S:No. Substrate CTAB | Tx | SDS | CTAB | Tx | sDs
1. Acetanilide E E E E A E
2. p-Bromoacetanilide E E E B A C
3. p-Nitroacetanilide D D E D B C
4. p-Hydroxyacetanilide| B E D D E| D
5. p-Methylacetanilide E E E D F D
ACETYLATION
ACN DCE
S:No. Substrate CTAB | Tx | SDs | CTAB | Tx | sDs
1. Acetanilide D A D D B D
2. p-Bromoacetanilide B D F D El D
3. p-Nitroacetanilide D D B F E F
4. p-Hydroxyacetanilide| E C F D D C
5. p-Methylacetanilide E C C E = C
TABLE 1: Micellar catalyzed vilsmeier haack formylation reactions with organic compounds
VHR = (DMF + SOCIly) SOLVENT - (A): ACN & (B): DCE
Solvent | Th. Reactions CTAB Tx SDS
S.No Substrate Product R.T % R.T % R.T % R.T %
(Hrs) | Yield | (Hrs) | Yield | (Hrs) | Yield | (Hrs) | Yield
1. Acetanilide 2-chloro-3-formyl quinoline A 6 44 .51 42 15 80 1.5 40
2. 4-bromoacetanilide 6-Bromo-2-chloro-3-formyl goline A 6 45 15 55 15 82 15 52
3. 4-nitroacetanilide 6-nitro-2-chloro-3-formy! aquiline A 6 46 15 48 1.5 84 1.5 50
4. 4-methylacetanilide 6-methyl-2-chloro-3-formyligoline A 6 44 15 46 1.5 79 1.5 49
5. 4-ydroxyacetanilide 6-hydroxy-2-chloro-3-forngdinoline A 6 43 15 52 15 80 1.5 50
6. Acetanilide 2-chloro-3-formyl quinoline B 6 46 .51 48 1.5 84 1.5 44
7. 4-bromoacetanilide 6-Bromo-2-chloro-3-formyl goline B 6 50 15 40 15 88 1.5 45
8. 4-nitroacetanilide 6-nitro-2-chloro-3-formy! aquiline B 6 42 1.5 46 1.5 86 1.5 46
9. 4-methylacetanilide 6-methyl-2-chloro-3-formyligoline B 6 46 15 47 15 87 15 44
10. 4-hydroxyacetanilidg  6-hydroxy-2-chloro-3-forngyinoline B 6 49 1.5 48 15 88 1.5 43|
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Table 2: Micellar Catalyzed Vilsmeier Haack Acetyation Reactions with OrganicCompounds

VHR = (DMA + SOCI,) SOLVENT - (A): ACN & (B): DCE
Solvent | Th. Reactions CTAB TX SDs
S.No. Substrate Product R.T % R.T % R.T % R.T %

(Hrs) | Yield | (Hrs) | Yield | (Hrs) | Yield | (Hrs) | Yield

1. Acetanilide 2-chloro-3-acetyl quinoline A 6 68 51 48 1.5 90 15 90
2. 4-bromoacetanilide 6-Bromo-2-chloro-3- acetyihgline A 6 65 1.5 86 1.5 90 1.5 84
3. 4-nitroacetanilide 6-nitro-2-chloro-3- acetyligpline A 6 62 15 88 15 82 15 80
4. 4-methylacetanilide 6-methyl-2-chloro-3- acefyinoline A 6 50 1.5 88 1.5 90 1.5 86
5. 4-hydroxyacetanilide] ~ 6-hydroxy-2-chloro-3- adetyinoline A 6 58 1.5 84 1.5 80 1.5 88
6. Acetanilide 2-chloro-3- acetyl quinoline B 6 42 15 44 1.5 80 1.5 40
7. 4-bromoacetanilide 6-Bromo-2-chloro-3- acetyihgline B 6 55 15 45 1.5 82 1.5 52
8. 4-nitroacetanilide 6-nitro-2-chloro-3- acetyligpline B 6 48 1.5 46 15 84 15 50
9. 4-methylacetanilide 6-methyl-2-chloro-3- acetyinoline B 6 46 15 44 15 79 1.5 49
10. 4-hydroxyacetanilide  6-hydroxy-2-chloro-3- adefuinoline B 6 52 15 43 15 80 1.5 51

TABLE 3: Effect of variation of [ctab] on the rate of VH formylation reactions:
[VHR] = 0.100 mol dm® ; 1C[S] = 4.00 mol dn? ; Solvent=ACN ; Temp = 323 K.
pseudo first rate constant k' (hr?)
Substrate (A) [CTAB] (mM) in ACN B) [CTAB] (mM) in DCE
0.0 0.25 0.5 1.25 25 3.7§ 5.0 0.4 0.25 0.p 1p5 5 2. 375 5.0
Acetanilide 0.233| 0.172 0.20 0.178 0.199 0.153 53.1 0.278| 0.220] 0.160Q 0.185 0.180 0.1p4 0.188

4-bromoacetanilide 0.231  0.19
4-nitroacetanilide 0.154 0.15
4-methylacetanilide 0.189 0.17
4-hydroxyacetanilide| 0.199 0.19

0.2 0.2p1  0.23817@. 0.162| 0.189 0.20§ 0.21

8 0.173 0.189 0.179 0.p10
0.123 0.141 0.140 096.| 0.078| 0.241| 0.22 0.21

5

4

4

I 0232 0.1p8 0.214 0.150
0.1f7 0.194.15D| 0.151)| 0.107] 0.13¢ 0.108 0.094 0.1p0 0.J09 o001
0.148 0.176.152 | 0.191| 0.100 0.11 00098 0.189 0.135 0.176 160j1

0.2(
0.2(

OoeTo

Table 4: Effect of variation of [TX] on the rate of VH formylation reactions
[VHR] = 0.100 mol dm?; 10°[S] = 4.00 mol dn? ; Solvent=ACN ; Temp = 323 K.

pseudo first rate constant k' (hrt)
Substrate (A) [Tx] (mM) in ACN (B) [Tx] (mM) in DCE
0.0 0.25 0.5 1.25 2.5 3.75 5.0 0.4 0.25 0p 1p5 5 3. 375 5.0

Acetanilide 0.166| 0.121 0.132 0.135 0.0y6 0.080 8D.0p 0.136| 0.118 0.129 0.132 0.144 0.150 0.168
4-bromoacetanilide 0.20 0.188 0.120 0.1p9 0.164138.| 0.184| 0.136] 0.11i 0.129 0132 0.144 0.150 80.16
4-nitroacetanilide 0.204  0.20 0.204 0.142 0.143 134.| 0.169| 0.126/ 0.16 0.226 0.161 0.095 0.105 0.p92
4-methylacetanilide 0.14Q 0.11p 0.132 0.1B4 0.079.07® | 0.085| 0.098 0.07 0.077  0.097 0.088 0.103 6012
4-hydroxyacetanilide] 0.21§ 0.192 0.231 0.136 0.17®.145 | 0.180| 0.101 0.13 0.140 0.102 0.122  0.238 5402

Table 5: Effect of variation of [SDS] on the rate VH formylation reactions:
[VHR] = 0.100 mol dm® ; 1G[S] = 4.00 mol dn? ; 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 0.5 1.25 25 3.79 5.0 0.4 0.25 0.5 1p5 5 3. 375 5.0
Acetanilide 0.097| 0.055 0.061 0.069 0.085 0.020 1®@.0 0.257| 0.226] 0.166 0.185 0.197 0.1p4 0.183
4-bromoacetanilide 0.156 0.115 0.060 0.38 0.075 48.p 0.084| 0.121] 0.127 0.108 0.096 0.0y8 0.091  0.p95
4-nitroacetanilide 0.161 0.11 0.059 0.043 0.077 04®.| 0.060| 0.133] 0.131 0.11p 0.093 0.061 0.070 0.p55
4-methylacetanilide 023§ 0273 0.196 0.233 0.218.17D| 0.166| 0.081] 0.112 0.082 0.084 0.1p1 0.084 106
4-hydroxyacetanilide] 0.164 0.13B 0.042 0.0B8 0.70.051 | 0.062] 0.102 0.138 0.115 0.034 0.147 0.080 010]1

Table 6: Effect of variation of [CTAB] on the rate of VH acetylation reactions:
[VHR] = 0.100 mol dm® ; 1C[S] = 4.00 mol dn? ; Solvent=ACN ; Temp = 323 K.

pseudo first rate constant k' (hr?)
Substrate (A) [CTAB] (mM) in ACN B) [CTAB] (mM) in DCE
0.0 0.25 0.5 1.25 25 3.79 5.0 0.4 0.25 0.5 1p5 5 3. 375 5.0

Acetanilide 0.100| 0.117 0.09 0.138 0.132 0.476 1.1 0.100| 0.118 0.100 0.14f 0.135 0.1fF7 0.116
4-bromoacetanilide 0.167 0.16p 0.171 0.177 0.167164] 0.163| 0.127] 0.132 0.138 0.128 0.182 0130 0.[135
4-nitroacetanilide 0.153 0.16 0.159 0.151 0.157 146.| 0.148| 0.121] 0.12% 0.127 0.129 0.1p8 0.128 0.126
4-methylacetanilide 0.126 0.11F 01237 0.1p2 0.]06.109| 0.106| 0.195 0.205 0.200 0.229 0.184 0.231 9014
4-hydroxyacetanilide] 0.146 0.133 0.150 0.1p4 0.170.199 | 0.162| 0.232 0.22 0.207 0.230 0.217 0.166 520{1

759



R. Roopaet al J. Chem. Pharm. Res., 2016, 8(4): 757-761

Table 7: Effect of variation of [TX] on the rate of VH acetylation reactions
[VHR] =0.100 mol dm-3 ; 103 [S] =4.00 mol dm-3 Solvent=ACN ; Temp = 323 K.

pseudo first rate constant k' (hr%)
Substrate (A) [TX] (mM) in ACN (B) [Tx] (mM) in DCE
0.0 0.25 0.5 1.25 2.5 3.79 5.0 0.4 0.25 05 1p5 5 3. 3.75 5.0

Acetanilide 0.101| 0.133 0.13¢ 0103 0.1p1 0.238 8®.3 0.101| 0.133] 0.13§ 0.10B 0.142 0.2B7 0.382
4-bromoacetanilide 0.162 0.16p 0.164 0.6 0.16115®.) 0.153| 0.133] 0.13¢ 0.124 0.137 0.1pB0 0.132 044
4-nitroacetanilide 0.163 0.16 0.175 0.163 0.158 16®.| 0.168| 0.124/ 0.122 0.124 0.123 0.1p6 0.129 0.f27
4-methylacetanilide 0.143 0.43Q 0.172 0.1p0  0.120.12®| 0.118| 0.195 0.20% 0.200 0.229 0.184 0.231 904
4-hydroxyacetanilide| 0.144 0.134 0.148 0.1p7 0.126.129 | 0.129| 0.203 0.188 0.218 0.1%0 0.179 0.163 910{1

Table 8: Effect of variation of [SDS] on the rate ©VVH acetylation reactions:
[VHR] = 0.100 mol dm® ; 1G[S] = 4.00 mol dn? ; Solvent=ACN ; Temp = 323 K.

pseudo first rate constant k' (hrt)

Substrate (A) [SDS] (mM) in ACN (B) [SDS] (mM) in DCE
0.0 0.25 0.5 1.25 25 3.79 5.0 0.0 0.25 05 1p5 5 2. 3.75 5.0
Acetanilide 0.103| 0.133 0.11 0.035 0.147 0.082 0D.1 0.103| 0.135 0.113 0031 0.14f  0.0y3 0.101
4-bromoacetanilide 0.14% 0.46p 0.167 0.1p8 0.162168. 0.173| 0.139] 0.142 0.156 0.1%4 0.142 0429 0134
4-nitroacetanilide 0.165 0.17% 0.174  0.1%9 0.187 158.| 0.153| 0.127 0.13 0.13p 0.134 0.135 0.147 0.[141
4-methylacetanilide 0.184 0.196 0.193 0.197 0.195.19D| 0.179| 0.155 0.17 0.13p 0.134 0.074 0.076 90.08
4-hydroxyacetanilide] 0.127 0.125 0.1329 0.1p9 0.130.129 | 0.129| 0.193 0.161 0.061 0.037 0.0y3. 0.0500940

CONCLUSION

The results of present study clearly indicate diogcclisation followed by formylation can be acheelvsuccessfully
using appropriate VH reagent. Addition of CTAB, SBx&1 / or Tx100 indicated dramatic rate enhancesnettich
are sluggish under classical conditions.
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