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ABSTRACT 

JIN LIU 

REACTION OF (Z}- AND (E)-~-CHLOROCINNAMOHYDROXIMOYL 
CHLORIDES WITH METHOXIDE ION 

DECEMBER 2008 

New a,~-unsaturated hydroximoyl chlorides and hydroximates were synthesized and 

characterized. 13C NMR, 1H NMR, IR and elemental analysis were determined for each 

new compound. The kinetics of methoxide ion substitution on (Z)- and (E)- ~

chlorocinnamohydroximoy l chloride were measured. Identification of the products and 

the measurement of the rate constants helped with an understanding of the mechanisms of 

these reactions. 
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CHAPTER I 

INTRODUCTION 

Nucleophilic subsitutions at the carbon-oxygen double bond is one of the most 

important reactions in synthetic organic chemistry. The mechanism of these reactions 

has received considerable attention. An important aspect of any mechanism study is the 

stereochemistry of the reaction. Since it is not possible to have a subsituent on the 

oxygen of a carbonyl group it is not possible to study the stereochemistry of these 

reactions. 

The stereochemistry and mechanisms of nucleophilic substitution at the carbon 

carbon double bond has also been studied extensively1
-
2

• The mechanism of nucleophilic 

substitution at the carbon-nitrogen double bond has not received much attention. 

The barrier for interconversion of the 'z and E isomers of most imines is too low to 

allow isolation of the Zand E isomers. It has been found that placing a N-methoxy group 

on the nitrogen atom of the imine raises the barrier to isomerization of imines so that the 

Z and E isomers can be easily isolated. This has made it possible to investigate the 

stereochemistry of nucleophilic substitution at the carbon-nitrogen double bond. 3-
6 

The mechanism ofhydrolysis4
•
5 of the Zand E isomers of O

methylbenzohydroximoyl chloride (lZa and lEa) has been reported. The reaction of 

(Z)-4-methoxybenzohydroximoyl bromide was 38 times faster at 80 °C than the 

hydroximoyl chloride. A Hammett plot for the hydrolysis of hydroximoyl chlorides gave 
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a value of 1.4. The Z isomer hydrolyzes about I 05 times faster that the E isomer at 25 °C. 

It was concluded that the Z and E isomers undergo hydrolysis by rate-determining 

ionization to a nitrilium ion CDN# + AN), The faster rate of hydroysis of the Z isomer was 

attributed to the stereoelectronic effect of the nitrogen lone pair being antiperiplanar to 

the leaving group in the Z isomer. 

The mechanism of alkoxide ion substitutions of the Z and E isomers of O

methylbenzohydroximoyl chlorides has also been investigated. The reaction of the Z 

isomer with methoxide ion gives greater than 95% retention of configuration. The 

reaction with methoxide ion with the E isomer is less stereoselective giving about 77% of 

the product with retention of configuration. The reactions follow second order kinetics 

and have approximately the same rate constants. The reaction of methoxide ion with the 

(Z)-hydroximoyl bromide is only 2. 7 times faster than the (Z)-hydroximoyl chloride. A 

Hammett correlation for the reaction of the hydroximoyl chlorides gave a value of+ 1.90 

with cr. It was concluded that the methoxide substitution was proceeding by rate limiting 

attack by methoxide ion ion on the hydroximoyl chloride followed by rapid loss of 

chloride ion (AN# + DN), The stereospecificity of the reaction was interpreted in terms of 

stereoelectronic control during the loss of chloride ion from the tetrahedral intermediate. 

The reaction of methoxide ion with hydroximoyl cyanides (lZc and lEc) has also 

been investigated. 7 The (Z)-hydroximoyl cyanide reacted slowly with methoxide ion to 

give the product with retention of configuration. The E-hydroximoyl cyanide underwent 

isomerization to the Z isomer faster than it reacted with methoxide ion. These results are 
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consistent with a change in the rate determining step from nucleophilic attack to loss of 

cyanide ion (AN# + ~#) 

One objective of this research was to investigate the reaction of methoxide ion on a 

unsaturated hydroximoyl chloride that had a leaving group ( chloride ion) on the carbon

carbon double bond. This investigation would determine if substitution at the carbon

carbon double bond is faster than substitution at the carbon-nitrogen double bond. 

It is well known that imines undergo acid-catalyzed Z/E isomerization. Johnson and 

his coworkers have investigated the mechanism of these reactions. 7-s It was determined 

that the isomerization of the hydroximoyl chlorides (lEa) takes place by nucleophilic 

catalysis when the isomerization is carried out in H36Cl/dioxane solution. Measurement 

of the rate of incorporation of radioactive chloride during the isomerization of lEa to 

lZa demonstrated that the isomerization must take place by nucleophilic attack on the 

carbon atom to give a tetrahedral intenn~diate (nucleophilic catalysis). More recently an 

investigation into the acid catalyzed Z/E isomerization of lZa, lEa, lZb, and lEb 

(Figure I) has been carried out. The kinetics of Z/E isomerization were studied in glacial 

acetic acid and in dioxane· solutions containing hydrochloric, trifluoromethansulfonic, or 

tetrafluoroboric acid. This study showed that the 0-methylbenzohydroximoyl chlorides 

only isomerized by nucleophilic attack by chloride ion on the protonated imine 

(nucleophilic catalysis). Methyl 0-methylbenzohydroximates (2Za and 2Ea in Figure 1) 

is capable of isomerizing by either nucleophilic catalysis or by rotation about the carbon

nitrogen double bond of the N-protonated intermediate (an iminium ion; protonation

rotation mechanism). Methyl 0-methylcinnamohydroximate (2Zb and 2Eb in Figure I) 
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isomerized only by the the protonation-rotation mechanism. Theoretical calculations 

supported the notion that increased conjugation of protonated imines increases the rate of 

iminium ion rotation. 

IZ 

lZa and lEa : X=CI 
lZb and lEb : X=OCH3 

lZc and lEc: X=CN 

2Za and 2Ea: X=CI 
2Zb and 2Eb : X=OCH3 

Figure I . Structure of hydroximoyl chloride, hydroximates, and hydroximoyl cyanides 
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Another objective of this work was to synthesize and characterize a new a, P

unsaturated hydroximate whose conjugate acid is expected to have a low barrier to 

rotation. Of particular interest would be a compound that contains a methoxy group in 

the P position of the hydroximate since the iminium ion from this compound should have 

a low barrier to rotation (shown for methyl P- methoxycinnamohydroximate in Figure 2). 

+ 

Figure 2. Delocalization of the positive charge protonated 
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CHAPTER II 

RESULTS AND DISCUSSION 

The a.P-unsaturated imines (Z,Z)-0-methyl-P-chlorocinnamohydroximoyl chloride 

and (Z,E)-0-methyl-P-chlorocinnamohydroximoyl chloride were synthesized according 

to the methods outlined in Schemes I and II. Synthesis of (Z)-P-chlorocinnamic acid was 

carried out according to a literature procedure8
. Ethyl benzoylacetate was reacted with 

phosphorus pentachloride followed by hydrolysis to give a mixture of the Z and E 

isomers of P-chlorocinnamic acid ( 4Z and 4E). The Z isomer was separated form the E 

isomer by dissolving the mixture in ammonium hydroxide and adding a solution of 

saturated barium chloride. The barium salt of the Z isomer precipitated from the solution 

and was converted into the acid by addition of hydrochloric acid to a suspension of the 

precipitate. Addition of hydrochloric acid to the filtrate gave a mixture of the E and Z 

isomers with the E isomer predominating. The E isomer was purified by recrystallization 

from carbon tetrachloride. This compound has not been reported in the literature 

previously. 

6 



Ph 

Cl 

Ph 

H 
4E 

! soc12 

Cl SE H 

Ph 

Cl H 
6E 

OH 

Cl 

NH-OCH3 

Scheme 1. Synthesis of 6E and 6Z 

3 

+ 
Cl 

Ph 

Cl 

Ph 

Cl 

Ph 

7 

H 

4Z 

OH 

i SOCl2 

Cl 

H 
sz 

NH-OCH3 

6Z H 



Ph NH-OCH3 

Cl H 
6E l PCI, 

Cl /OCH3 

Ph N 

Cl 7ZE H 

! NaOCH3 

CH3OH 

Ph 

/OCH3 

N 

Cl H 
9 

Cl NH-OCH3 

Ph 6Z H 

! PCI5 

/OCH3 

Cl N 

Ph 7ZZ H 

Cl 

P!r-c=c~ 
N-OCH3 

8 

! 8 oCH3 

OCH3 

P1,-c=c~ 
N-OCH3 

10 

Scheme 2. Synthesis 7ZE and 7ZZ and reaction of 7ZE and 7ZZ with methoxide ion 
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The Z and E ~-chlorocinnamic acids were converted into the corresponding acid 

chlorides by reaction with thionyl chloride. The acid chlorides were not purified and 

were reacted with methoxylamine hydrochloride and triethyl amine to give the 

hydroxamates 6Z and 6E. Reaction of 6Z and 6E with phosphorus pentachloride gave 

the hydroximoyl chlorides 7ZZ and 7ZE. 

The reaction of 7ZE with methoxide ion could give 12 instead of 9. Since they are 

isomers, elemental analysis data can not be used to distinguish between 9 and 12. The 

Cl H 

9 12 

structure of this compound was deduced from the 13C chemical shift of the a -carbon 

atom. The latest version of ChemDraw was used to calculate the chemical shifts for the 

a-carbon atom for 9 and 12. The calculated chemical shift for 12 is 81. 7 ppm and the 

value for 9 is 114.5 ppm. The observed chemical shift for the a-carbon atom in 9 this 

compound is 11 7 .156 ppm which is close to the calculated value for 9. 

The mass spectrum of this compound supports this structure assignment. Fragments 

at m/z 137 and 139 correspond to the vinyl chloride portion of the molecule: 
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Cl H 

mlz = 137 and 139 

In addition there is a fragment at m/z = 89 that corresponds to loss of the hydroximate 

functional group with a hydrogen atom rearrangement: 

rH 

mlz = 89 

In previous work reported by Johnson8 the reaction of 7ZZ with excess sodium 

methoxide did not give a substitution product at the carbon-carbon double bond. The 

only product formed in this reaction was methyl (Z)-0-methyl-~

phenylpropynohydroximate (10), which is the result of elimination at the carbon-carbon 

double bond. Since it is well known10-12 that syn eliminations at the carbon-carbon double 

bond are much slower than anti eliminations, the reaction of 7ZE with sodium methoxide 

was investigated. Reaction of 7ZE with sodium methoxide gave a mixture of two 

products, methyl (Z,E)- B-chloro-O-methylcinnamohydroximate(9) and methyl (Z)-0-

methyl- B-phenylpropynohydroximate (10). The formation of compound 10 is assumed 

10 



to go through compound 8. Compound 8 was isolated from the reaction of 7ZZ with one 

equivalent of methoxide ion, but it could not be detected in the reaction of 7ZE. It is 

likely that compound 8 could not be detected because the rate of reaction of 8 with 

methoxide ion is faster than the rate of reaction of 7ZE with methoxide ion. 

The rate constants for the reaction of 7ZZ and 7ZE with methoxide ion were 

measured with excess methoxide ion. The pseudo first order rate constants for these 

reactions are in Tables 1 and 2. 

Table 1. The pseudo first order rate constants for the reaction of compound 7Z with 

methoxide ion 

[ NaOCH3](M) kobs-iCs- 1, 7Z--+8) 
0.1391 5.603E-06 

0.06954 2.782E-06 

Table 2. The pseudo first order rate constants for the reaction of compound 7E with 

methoxide ion 

roCH3](M) kobs-2 (s-1, 7E--+9) kobs-3 (s-1,7E--+8) 

0.2704 2.34E-07 2.91£-08 

0.5408 6.30£-07 6.22£-08 

0.728 1.02E-06 9.36£-08 

1.108 2.46£-06 3.26£-07 

1.456 3.99£-06 3.75£-07 
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From Table 2 the reaction 7E-9 was found to be a third order reaction. The value of 

[OCH3]2 and the corresponding kobs-2 are in the Table 3. A plot of the first order rate 

constant vs [OCH3°)2 is in Figure 3. It is not clear why this reaction is second order in 

methoxide ion. 

Table 3. Data for the plot of the pseudo first order rate constant for 7E vs [OCH3]2 

OCH3]2(M2) kobs-2 

0.073116 2.34E-07 

0.292465 6.30E-07 

0.529984 l.02E-06 
1.227664 2.46E-06 

2.119936 3.99E-06 

4.50E-06 

4.00E-06 

3.S0E-06 

3.00E-06 
N 2.S0E-06 .;, 
.Q 
0 2.00E-06 
~ 

l.50E-06 

1.00E-06 

5.00E-07 

0.00E+00 

0 

y= L857E=06x+9:08SE-08 
.. _,......__,. ____ - N =9:987E-Ot ···· 

0.5 1 1.5 

[OCH3]2 

2 2.5 

Figure 3. The plot of the pseudo first order rate constant for 7E vs [OCH3]2 
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The following is a derivation of the rate equation used to obtain the rate constants for 

the two competing reactions of 7ZE with methoxide ion: 

[I 0]1= kobs-3 

[9E]t kobs-2 

From (1) (2) 

( 
[7Elt\ = 

In [7E]/ 

( 
[7Elt\ ([I0]t ) 

ln [7E]/ = - kobs-3 [9E]t +I t 

[7E]t is the concentration of 7E at time t. 

[7E]o is the initial concentration of 7E. 

[9E]t is the concentration of 9E at the time t. 

[10]1 is the concentration of 10 at the time t. 

(1) 

(2) 

(3) 

(4) 

Table 4 shows the values of ln([7E]1/[7E]o) and ([9E]1/[10]t+ I )t at 1.456M 

[NaOCH3]. Figure 4 shows the plot of the data in Table 4. 
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Table 4. Values of ln([7E]tl[7E]0) and ([9E],/[10]1+ 1 )tat 1.456M [NaOCH3] 

(1 +[9E]tl[8],)t ln(f7Eltlf7Elo) 

26054 -0.1226 

35874 -0.1474 

62436 -0.2507 

81815 -0.3274 

95005 -0.3518 

114348 -0.4631 

129955 -0.5624 

159438 -0.649 

193813 -0.7758 

260634 -1.0405 

0 

100000 150000 -200000 250000 300000 

-0.2 

♦ 
-0 .4 -w ,... 

::::: -0.6 w 
♦ 

,... 
]" 

-0.8 

-1 ..... 

y = -3.987E-06x - 6_.811E-03 
-1.2 

(1+(9E]/[8])t 
- - --- R1 -=- 9,963E-01-

Figure 4. Plot of ln([7E]i/[7E]o) vs ([9E],/[10],+ 1 )t 
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The rate constant for the anti elimination of hydrogen chloride from 7ZZ is 123 

times larger than the syn elimination of hydrogen chloride from 7ZE. Two examples 10
•
12 

of anti vs syn elimination in haloethenes are shown in Figure 5: 
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CH3XCI 
H H 

CH3XH 
H Cl 

nPr--c==c-nPr 

OCH3 

30H 

Figure 5. Two examples of anti vs syn elimination in haloethenes 
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The anti to syn ratio for elimination in conjugated system is smaller than that observed 

in nonconjugated compounds. One example is given in Figure 6( 13)_ 

0 

H 

0 

0 0 

e II - II e 
O-C-C===C-C-O 

0 0 

II e c-o 

H 

Figure 6. An example of the anti and syn elimination in a conjugated system 

The faster rate of anti elimination over syn elimination has been attributed to different 

mechanisms for the two reactions. It has been assumed that the anti elimination involves 

a one stage concerted mechanism in which the proton is removed by base, the multiple 

bond is formed and the halide ion is lost. The syn elimination is a multiple stage reaction. 

The first step is rate determining loss of a proton and the formation of a carbanion. The 

17 



carbanion loses halide ion in a fast step. These mechanisms are shown in figure 7 for 

elimination in chloromaleate and chlorofumarate. 

0 

.. 

0 

0 0 

II e c-o 

0 0 

6o_JLc=:c_JLo6 

0 0 

II e c-o 

e 
Cl~ ~ . 

Figure 7. Mechanisms of elimination in chloromaleate and chlorofumarate 

It is clear from this work that the reaction of methoxide ion with 7ZE is an efficient 

method for the synthesis of an ~-methoxycinnamohydroximate. It is clear that improved 

yields for the synthesis of this compound will require replacing the a-hydrogen with an 

alkyl or aryl group in order to prevent the elimination reaction observed in this work. 
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CHAPTER III 

EXPERIMENT 

General Procedures 

The chemicals used in this research were reagent grade except as noted. A Thomas

Hoover capillary melting point apparatus was used to determine the melting points and 

they are uncorrected. Sodium chloride plates were used to determine infrared spectra as 

Nujol mulls. A Varian Saturn 3 ion-trap GC/MS spectrometer, fitted with a J& W 

DM5MS column (I.D. of 0.25 mm and a length of 30m, coated with 0.25 µm flim of 5% 

phenylmethylpolysiloxane ), was used to determined the low resolution mass spectra. 

Elemental analyses of new compounds were performed by Midwest Microlab. A Varian 

Mercury 300 MHz NMR instrument was used to obtain proton and carbon NMR spectra. 

A HPLC system made of a Waters 515 HPLC pump, a Rheodyn injector, and a Varian 

UV NIS detector was used for the analysis. The chromatograms were recorded and 

integrated on a Rainin integrator. A Burdick & Jackson OD5 column (C1s) was used to 

follow the reaction with a mobile phase 42/58 of acetonitrile : water (v/v). Samples 

containing known amounts of reactant and product were analyzed to determine the 

retention time and a normalization factor for peak areas. 
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Kinetic Study 

The Kinetic Method 

Six graduated test tubes and volumetric flasks were dried in an oven at 60°C. After 

one hour, they were cooled in a dessicator. Dry Nitrogen was used to purge the flasks. 

Each compound was weighed into a 25 mL volumetric flask on an analytical balance. A 

50 ml volumetric flask contained sodium methoxide, another 50 mL volumetric flask 

contained dry methanol were placed into a constant temperature bath at l 9.87°C for at 

least 30 minutes. After they were thermally equilibrated, 20 mL sodium methoxide 

solution was pipetted into the flask containing the compound. Time was started and the 

flask was filled to the mark with the dry methanol. The flask was shaken quickly and 

placed back into the constant temperature both. Approximately 0.3 mL samples were 

removed at a regular intervals and were pµt into I mL of 0.87 M acetic acid. The pH 

value of the mixture was about 5. Sample (20 µl) were injected into the Burdick & 

Jackson OD5 octadecyl column attached to a Varian UV-Vis detector set at 265 nm. A 

degassed solution of acetonitrile and water ( 42:58) was used as the mobile phase. 

Measurement of Correction Factors 

Volumetric (25 ml) flasks were placed in an oven at 60°C for one hour, and were 

cooled to room temperature in a dessicator. Compound 7Z, 7E, 8, 9, lOE, lOZ were 

weighted into six separate flasks. A mixture of acetonitrile and water ( 42 :58) was added 

to the mark in all flasks. These solutions were mixed in different volume. These solutions 

were analyzed by HPLC (flow rate: 1.0ml/min. UV :275nm). The solutions (20µ1) were 

injected into a Burdick and Johnson OD5 octadecyl column. The mobile phase was 

20 



acetonitrile and water (42:58). The ratios of peak areas were converted into ratios of 

molarities. 

Preparation of Methoxide Solutions Used for Kinetics 

Sodium metal (2.02 g) was added to a flask containing dry methanol (I 00 mL) under a 

nitrogen atmosphere. The concentration of the methoxide solution was determined by 

removing 1 mL the solution by volumetric pipette, adding it to water and titrating the 

solution with standard 0.1 OON hydrochloric acid. 
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Synthesis 

Synthesis of (E)-/3-Chlorocinnamic Acid (4Z and 4E) 

Ethyl benzoylacetate ( 19 .2g, 0.1 mol) was added over one hour to a solution of 

phosphorus penatchloride (62.5g, 0.3mol) in toluene (1 00mL) with strong stirring. Then 

The mixture was stirred for 30min at ambient temperature and refluxed for 30 min. The 

solution was cooled gradually to ambient temperature and ice water (I 00g) was added 

dropwise. The aqueous layes was separated from the benzene layes and extracted with 

toluene (3 x 100ml). The combined toluene solutions were washed with water and 

extracted with a saturated solution of sodium carbonate (3x20mL). The sodium carbonate 

solution was acidified with hydrochloric acid until the pH was less than 7. The mixture of 

Z and E B-chlorocinnamic acid was dissolved in 30% ammonium hydroxide solution (30 

mL). A saturated barium chloride solution (40 mL) was added to the solution to form a 

white precipitate. A suspension of the barium salt of 4Z acidified with hydrochloric acid. 

Pure 4Z was attained dry recrystalline from carbon tetrachloride. mp 146-147 °c<8>, 1H

NMR:8H 6.6l(s, IH), 7.43-7.46(m, 3H), 7.70-7.13(m, 2H); 13C-NMR:168.8(C), 149.l(C), 

137.0(C), 131.l(CH), 128.7(CH), 127.4(CH), l 15.4(CH). The filtrate was acidified with 

hydrochloric acid until a white solid formed. The white precipitate was collected by 

filtration and purified by recrystallization from carbon tetrachloride. Pure (E)-B

chlorocinnamic acid ( 4E, 1.39g) was obtained as a white microcrystalline solid, mp: l 32-

l 330C; Anal Calcd for C9H1O2Cl: C, 59.20; H, 3.86; Cl, 19.41; found: C, 59.19; H, 3.92; 

Cl, 19.32; 1H-NMR:8H 6.35(s, lH), 7.27-7.44(m, 5H); 
13

C-NMR: l 68.8(C), l 52.9(C), 

136.l(C), 130.3(CH), 128.5(CH), 128.0(CH), l 18.8(CH); IR (neat, cm- 1
) 2753.61, 
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2670.38, 2635.42, 2559.51; MS: rn/z 183(33), 182(37), 181(100), 165(17), 147(9), 

137(18), 102(45), 101(14), 77(25), 69(17), 50(24). 

Synthesis of Methyl(E)- f3-Chlorocinnamohydroxamate(6E) 

Compound 4E (1.83g, 0.01 mol) was mixed with thionyl chloride (3.6g, 0.03mol) and 

stirred for 30 min at ambient temperature. It was then refluxed for 3h. The solvent and the 

thionyl chloride were evaporated at 40 °Cat aspirated pressure. The residue was 

suspended in chloroform (I Om L). This mixture was added to a stirred ice-cold solution 

containing methoxylamine hydrochloride (I. lg, 0.013mol) and triethylamine (2.68g, 

0.03mol) in chloroform (30mL) over a period of half one hour. The solution was then 

refluxed for 4h. The solution was allowed to cool to ambient temperature. The mixture 

was washed with water, 0.2N hydrochloric acid, saturated sodium bicarbonate and water. 

The chloroform layer was dried over anhydrous magnesium sulfate. The crude product 

was obtained by removing the solvent by rotary evaporation. The product was purified by 

recrystallization from a chloroform and hexane solution. Pure 6E (0.86g, 40%) is a white 

microcrystalline solid. mp 109-l 10°C; Anal Calcd for C10H10NO2Cl: C, 56.75; H, 

4.76;N,6.62; Cl, 16.75; found: C, 56.79; H, 4.71; N, 6.64; Cl, 16.88; 1H-NMR: 8H 9.16(s, 

IH), 7.50-7.37(m, 5H), 6.20(s, lH), 3.56(s, 3H); 13C-NMR:8c 162.l0(C); 145.04(C); 

135.87(C); 130.1 l(CH); 128.44(CH); 128.16(CH); l 19.66(CH); 63.80 (CH3); IR(neat, 

cm-1): 3140.20, 3067.85, 2852.54; MS rn/z: 211 (8), 210(15), 182(38), 180(100), 179(85), 

165(77), 151(66), 137(27), 116(41), 102(69), 89(44). 
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Synthesis of (Z)-0-Methylphenylpropiolohydroximoyl Chloride(B) 

Compound (Z,Z)- B-chlorocinnamohydroximoyl chloride (7Z, 2.06g, 0.00896 mole) 

was mixed with sodium methoxide in anhydrous methanol at room temperature. The 

mixture was refluxed for three hours and then cooled to room temperature. The methanol 

was removed by the rotary evaporation. Water (30 mL) and hexane (30 mL) were added 

to the residue. The hexane layer was separated from water layer and washed with water 

(2x15mL). The hexane solution was dried over anhydrous magnesium sulfate. The 

magnesium sulfate was removed by filtration and washed with hexane. The hexane was 

removed by rotary evaporation to give the crude product. The crude product was purified 

by column chromatography (silica gel. with 1 :5 choroform/hexane) to give a colorless 

liquid, Anal Calcd for C10HsNOCl: C, 62.03; H, 4.16;N, 7.23; Cl, 18.31 ;found: C, 61.95; 

H, 4.24; N, 7.28; Cl, 18.42; 1H-NMR: 8tt 7.56-7.53(m, 2H), 7.39-7.36(m, 3H), 4.09(s, 

3H); 13C-NMR:8c 201.87(C), 132.16(CH), 129.97(CH), 128.48(CH), 120.48(CH), 

90.9l(C), 81.38(C), 63.6l(CH3); IR (neat, cm-1
): 2213.41, 2940.24; MS m/z: 195(35), 

194(15), 193(100), 150(28), 143(33), 127(59), 115(18). 

Synthesis of Methyl(Z,E)-/3-Chloro-O-Methylcinnamohydroximate(9) 

Phosphorus pentachloride (1.95g, 0.009mol) was added to compound 6E (0.63g, 

0.003mol) in an ice bath. Then the mixture as stirred for 22h at ambient temperature and 

then hexane (20 mL) was added. The solution was poured into an ice-water mixture. The 

hexane layer was separated and washed with a saturated sodium bicarbonate and water 

respectively. The hexane layer was dried with magnesium sulfate for 3h. The magnesium 

sulfate was separated by filtration and the solvent was evaporated to obtain crude 7ZE. 
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Sodium metal (0.068g, 0.003mol) was added to methanol (lOmL). After the solution 

was cooled to room temperature, 7ZE in methanol (5 mL) was added. The mixture was 

stirred and refluxed for 72h. Then it was cooled to room temperature. The methanol was 

removed by rotary evaporation. Hexane (50mL) and water (50mL) were added to the 

residue. The organic layer was separated and dried over magnesium sulfate. The solution 

was separated by filtration and the solvent was evaporated to attain the crude product. 

The crude product was purified by column chromatography (silica gel, with 10% ethyl 

actate/hexane) to attain pure product (0.203g, 0.00009 mol, 30%). Anal Calcd for 

C 11 H12N02Cl: C, 58.55; H, 5.36; N, 6.21; Cl, 15.7l;found: C, 58.87; H, 5.41; N, 6.21; Cl, 

15.51; 1H-NMR; DH 3.59(s, 3H), 3.73(s, 3H), 6.3l(s, lH), 7.35-7.37(m, 3H), 7.47-7.50(m, 

2H); 13C-NMR De: 152.37(C), 142.27(C), 136.65(C), 129.84(CH), 128.79(CH), 

128.24(CH), 1 l 7.16(CH), 62.56(CH3), '57.68(CH3); IR(neat, cm-1):2939.04, 2900.11, 

2870.74; MS m/z: 226(46), 225(14), 224(100), 194(71), 192(23), 179(40), 162(33), 

139(2), 137(7), 128(46), 102(33). 
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