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It has been found for the first time that zinc acetate alone can 

act as a selective N-acetylating agent without any solvent under 

closed vessel microwave irradiation. It is also observed that the 

use of a catalytic amount of this reagent in acetic acid is sufficient 

enough for smooth running of N-acetylation of a number of 

structurally diverse amines, and the reaction is chemoselective 

with respect to phenols, thiols, acids and alcohols. Herein is 

reported a simple, efficient, cost-effective and environmentally 

benign alternative method for chemoselective N-acetylation of 

amines using catalytic amount of zinc acetate in acetic acid under 

microwave irradiation.  The reaction procedure requires no other 

solvent, and is rapid with good to excellent yields. 

Keywords: Microwave irradiation, amines, acetic acid, zinc 

acetate, N-acetylation, chemoselectivity 

In the past few years, use of microwave as energy 

resource to induce organic reactions has been under 

intense study with significant benefits in the area of 

organic synthesis as this protocol bears so many 

advantages compared to oil heating
1
. Microwave 

assisted organic syntheses are suited to the increased 

demands in industry, particularly because of short 

reaction time, selectivity, solvent free technique and 

also for the expanded reaction range
1,2

.
  

The present 

report demonstrates the application of this 

microwave-assisted technique in the development of 

green methodology for C−N bond formation. 

N-Acetylation reaction finds immense applications 

in organic syntheses
3
; the amide bond is found to be 

present in a large number of pharmacologically active 

molecules. Owing to its nucleophilic as well as 

reactive nature, selective protection of an amino 

group is usually needed during most of the multi-step 

organic syntheses including the synthesis of a diverse 

array of biological molecules such as amino acids, 

peptides, amino glycosides, β-lactams, nucleosides, 

alkaloids, etc.
4
 N-Acetylation reaction is usually 

carried out with acetic anhydride or acetyl chloride in 

the presence of either acidic
5
 or basic

6
 catalysts in 

different conditions. These reactions bear certain 

advantages as well as a lot of disadvantages; such 

advantages and disadvantages were extensively 

described recently by Katritzky et al.
7
. Some 

alternative methods have also been reported for N-

acetylation of primary and secondary amines, where a 

variety of acetylating agents other than the 

conventional acetic anhydride or acetyl chloride were 

used
8
. Some methods utilizing microwave irradiation 

have also been reported
9
. Instead of using such 

reagents, acetic anhydride (or acetyl chloride) is still 

regarded as the key N-acetylating agent, both in 

commercial as well as non-commercial sectors. 

However, both of these reagents, being corrosive and 

a lachrymator respectively are not always ideal. 

Recently, Wang et al.
10

 reported that acetic acid 

alone can act as an acetylating agent under microwave 

irradiation; but this method is applicable only to 

primary amines, and is not chemoselective — both 

hydroxy and amino groups have been shown to be 

acetylated. However, a chemoselective acetylation 

was reported very recently by Farhadi et al.
11 

using 

bismuth ferrite (BiFeO3) nanopowder, but this method 

involves the use of acetic anhydride/acetyl chloride. 

Hence, development of novel and green method-

ologies using heterogeneous catalysts under solvent-

free condition for simple, chemoselective and truly 

cost-effective synthesis of amide bond is still required 

for its usefulness in synthetic organic chemistry as 

well as in medicinal chemistry. Having this 

background, it is felt pertinent to report herein a 

chemoselective as well as an environmentally benign 

methodology for N-acetylation of amines. It has been 

found that zinc acetate, a benign and inexpensive 

chemical, alone can act as a selective N-acetylating 

agent in the absence of solvent under microwave 

irradiation (Table I) with moderate yields; but it is 

interesting to note that the use of a catalytic amount of 

this reagent (zinc acetate) in acetic acid under closed  
 

―――――― 
§A part of this work has been presented at the 11th CRSI National 

Symposium in Chemistry, 6-8 February 2009, National Chemical 

Laboratory, Pune, India. 
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Table I — N-Acetylation of amines using zinc acetate–acetic acid under microwave irradiation (300 W) 

 

Entry Substrate Product Time (min) aYield (%) Melting point (°C) 

     Found Literature 

1 NH
2

 
N
H

O

CH
3

 

6 90 112-14 
114 

(Ref 12) 

2 
NH

2  
N
H

O

CH
3

 

4 96 58-59 
60 

(Ref 12) 

3 
NH

2  
N
H

O

CH
3

 

2 92 49-50 
51 

(Ref 12) 

4 

NH
2

 

N
H

O

CH
3

 

10 71 158-60 
160 

(Ref 12) 

5c 

NH
2

 

N
H

O

CH
3

 

10 82 132-33 
134 

(Ref 12) 

6 
NH

2

CH
3

 

N
H

CH
3 O

CH
3

 

11 91 112 
112 

(Ref 12) 

7 NH
2

CH
3

 
N
H

O

CH
3CH

3

 

1 98 152-53 
154 

(Ref 12) 

8 
NH

2

OMe

 

N
H

O

CH
3

OMe

 

5 90 86-87 
88 

(Ref 12) 

9 NH
2

MeO

 
N
H

O

CH
3MeO

 

1 98 128-30 
130 

(Ref 12) 

10 
NH

2

Cl

 

N
H

Cl O

CH
3

 

13 81 88 
88 

(Ref 12) 

11 NH
2Cl

 
N
H

O

CH
3Cl

 

3 90 178 
179 

(Ref 12) 

12 NH
2

Br

 
N
H

Br

O

CH
3

 

10 80 166-67 
167 

(Ref 12) 

13 NH
2

CH
3
CO

 
N
H

CH
3
CO

O

CH
3

 

26 91 165-66 
167 

(Ref 12) 

      ― Contd 
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Table I — N-Acetylation of amines using zinc acetate–acetic acid under microwave irradiation (300 W) ― Contd 

 

Entr

y 

Substrate Product Time 

(min) 

aYield 

(%) 

Melting point (°C) 

     Found Literature 

14 
NH

2

COOH

 

N
H

O

CH
3

COOH

 

7 80 184 
185 

(Ref 12) 

15 NH
2

HOOC

 
N
H

O

CH
3HOOC

 

6 81 250-52 
251 

(Ref 12) 

16 
NHNH

2

NO
2

O
2
N

 

NO
2

O
2
N N

H
N
H

O

CH
3

 

5 95 196-98 
198 

(Ref 12) 

17 
NH

2

O
2
N

 

N
H

O

CH
3

O
2
N

 

15 86 154 
155 

(Ref 12) 

18 NH
2

O
2
N

 
N
H

O

CH
3O

2
N

 

19 80 215-16 
216 

(Ref 12) 

19 NH
2

 
N
H

O

CH
3

 

2 96 101-03 
104 

(Ref 12) 

20 NH

 
N

O

CH
3

 

2 85 224-26b 
226-27b  

(Ref 13) 

21 NHO

 
NO

O

CH
3

 

2 87 Oil 
14 

(Ref 18) 

22 
N
H

CH
3

 
N

O

CH
3

CH
3  

7 62 102-04 
103 

(Ref 12) 

23 

N
H

 

N

O

CH
3

 

15 40 100-02 
103 

(Ref 12) 

24 
NH

2

OH

 

N
H

O

CH
3

OH

 

16 95 207-09 
209  

(Ref 13) 

      ― Contdf 
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vessel microwave irradiation in a solvent free condition 

is sufficient enough for achieving chemoselective N-

acetylation of amines (Table I). The present 

communication is aimed to highlight this modification 

in using zinc acetate because this modified method is 

more efficient with regard to chemoselectivity as well 

as reaction time and quantitative yield; the reaction 

completes within time-frames of minutes with good to 

excellent yields. No other solvent is required. Reagents 

used are non-toxic, cheap and readily available. 

Moreover, the present method is applicable to all types 

of amines and is completely N-selective (Scheme I) in  

 

Table I — N-Acetylation of amines using zinc acetate–acetic acid under microwave irradiation (300 W) ― Contd 

 

Entry Substrate Product Time  aYield Melting point (°C) 

   (min) (%) Found Literature 

25 
NH

2

OH

 

N
H

O

CH
3

OH

 

10 93 146-48 
148-49  

(Ref 13) 

26 NH
2

OH

 
N
H

O

CH
3OH

 

14 80 166-67 
168 

(Ref 13) 

27 OH

 

No reaction 30 − − − 

28 SH

 

No reaction 30 − − − 

29 NH
2  N

H

CH
3

O

 

4 81 223-25
b 222-25

b 

(Ref 14) 

30 OH NH
2  OH N

H
CH

3

O

 

5 92 165-67
b 166-67

b  

(Ref 15) 

31 SH NH
2

 
SH N

H
CH

3

O

 

6 89 150-52 
151-53 

(Ref 16) 

32 NH
2

HOOC
 N

H
HOOC CH

3

O

 

4 88 203-05 
206 

(Ref 17) 

aYields are of pure isolated products characterized by their physical constants, spectral characteristics (FT-IR, 1H 

NMR) and comparison with authentic samples; bboiling point; cknown to be a potent carcinogen and care must be 

taken in handling. 

 

 

R = alkyl/aryl/benzyl

Aryl = 

X

X: -Cl, -Br, -OH, -OCH3 , -COCH3, 

              -COOH, - NO2 , etc.

MW
N COCH

3

R

R/H

N H

R

R/H

'a'   or  'b'

'a' = zinc acetate (1 mole eqv.)
'b' = acetic acid - zinc acetate (0.045 mmole)  

 
 

Scheme I 
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Table II — N-Acetylation of amines using zinc acetate under microwave irradiation (300 W) 
 

Entry Substrate Product Time (min) aYield (%) 

1 NH
2

 

N
H

O

CH
3

 

20 91 

2 

NH
2  

N
H

O

CH
3

 

5 94 

3 
NH

2

OMe

 

N
H

O

CH
3

OMe

 

8 60 

4 NH
2

MeO

 
N
H

O

CH
3MeO

 

15 62 

5 
NH

2

Cl

 

N
H

Cl O

CH
3

 

16 63 

6 NH
2Cl

 
N
H

O

CH
3Cl

 

18 66 

7 NH
2

HOOC

 
N
H

O

CH
3HOOC

 

24 51 

8 
NH

2

O
2
N

 

N
H

O

CH
3

O
2
N

 

11 48 

9 NH

 

N

O

CH
3

 

12 79 

10 NHO

 

NO

O

CH
3

 

12 86 

11 
NH

2

OH

 

N
H

O

CH
3

OH

 

15 49 

12 OH

 

No reaction 30 − 

13 SH

 

No reaction 30 − 

aYields are of pure isolated products characterized by their physical constants, spectral characteristics (FT-IR, 
1H NMR) and comparison with authentic samples 
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contrast to the reported method of Wang et al., which 

involves the use of acetic acid only
10

. 

Results and Discussion 
Catalytic amount of zinc acetate (0.045 mmole) in 

acetic acid acts as a highly effective acetylating 

reagent for selective N-acetylation of amines under 

closed-vessel microwave (CVMW) irradiation at 300 

W; the reaction completes within short time-frames of 

minutes (monitored by TLC) with good to excellent 

yields. This simple and straightforward strategy of N-

acetylation of amines is applicable to a wide variety 

of aliphatic, aromatic, primary and secondary amines 

with high yields. This alternative method for N-

acetylation of amines avoids the use of conventional 

acetylating agents (acetyl chloride or acetic 

anhydride) and amine additives, and employs instead, 

catalytic amount of zinc acetate in acetic acid. The 

present methodology, thus, offers an efficient and 

environmentally safe protocol for chemoselective N-

acetylation of amines using a cheap and readily 

available acetylating agent. 

During development of the present method, aniline 

was first screened (Table I, entry 1) as the target 

substrate that afforded a good yield of acetanilide 

when treated with zinc acetate in acetic acid at 300 W 

in the micro-oven; this result prompted the screening 

of a number of structurally diverse amines shown in 

Table I. All types of amines (1°/2° and 

aliphatic/aromatic) were efficiently acetylated with 

more than 90% yield in most of the cases. The work 

up and isolation of the acetylated products was easy. 

Both aqueous and non aqueous work up can be 

adopted for the isolation of the products by this 

method. The products were characterized by 

comparison of their TLC, IR spectra, 
1
H NMR 

spectra, and melting points with authentic samples. 

Aminophenols (Table I, entries 24-26) were easily 

acetylated selectively at the amino group with 80–

90% yields. Now, the challenge was to establish the 

chemoselectivity of this method with respect to 

alcohols and thiols. Ethanolamine (Table I, entry 30) 

on treatment with catalytic amount of zinc acetate and 

acetic acid under MW furnished only the N-acetylated 

product leaving the alcoholic group free in the 

substrate molecule. Similar result was obtained with 

aminothiolphenol (Table I, entry 31); exclusive N-

acetylation was achieved with good yield. This 

method was applied for the formation of amide bond 

in naturally available essential amino acids which is a 

demanding need of the medicinal chemists; a natural 

amino acid glycine (Table I, entry 32) was 

successfully N-acetylated with good yield in a short 

time. Hence, the newly developed methodology is not 

only efficient and environmentally safe, but also 

offers a cheap and readily available acetylating agent 

that would find immense application in synthetic 

organic chemistry. 

The generality of the methodology was verified by 

using a variety of amino compounds containing 

different functionalities like −OCH3, −Cl, −Br, −OH, 

−SH, −COCH3, −COOH, −NO2 etc., and in each and 

every case these functionalities remained intact under 

the reaction condition. The present reagent (zinc 

acetate/acetic acid) selectively acetylates the amino 

group as evidenced from the experimental results 

(Table I). In one case (Table I, entry 16) this reaction 

was also applied to a hydrazine substrate successfully 

with N-acetylation only at the primary amino group; 

thus it appears that in hydrazine type substrates where 

both 1°- and 2°-amino groups are present, it is only 

the 1°-amino group that will undergo acetylation 

under this reaction. This is also a notable feature of 

the present procedure. It is observed that the 

deactivating groups (viz. –NO2, –COOH) do not have 

much influence on the rate and the yield of the 

reactions. Quite lower yield was obtained in case of 

diphenyl amine (Table I, entry 23) due to steric 

factors as could be expected. 

It has already been mentioned in the earlier section 

that zinc acetate alone can act as a selective N-

acetylating agent without solvent under microwave 

irradiation, and this has been demonstrated in 

Table II; however, zinc acetate alone (at 1 mole eqv.) 

requires relatively higher reaction time and also gives 

poorer yields in comparison to the newly developed 

acetylating system, i.e. zinc acetate in acetic acid. To 

investigate the solvent effect on this reaction, the 

experiment has been carried out using zinc acetate in 

the presence of various solvents (such as 1,4-dioxane, 

PEG-400, acetonitrile and THF) with p-toluidine as 

the substrate (Table III). The experimental results 

revealed that the solvents have very little or no 

influence on the reaction yield. From the selective N-

acetylating nature (which is not observed when only 

acetic acid was used)
10

 of the present protocols (i.e. 

use of zinc acetate alone as well as zinc acetate in 

acetic acid as acetylating agents), it is assumed that 

amino group (being more nucleophilic than hydroxy 

as well as thiol) in the substrate molecules makes a 

nucleophilic attack at the carbonyl carbon of metal-

bound acetoxy function. Investigation on detailed 
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mechanism of this reaction is currently in progress 

and will be reported in due course. 

In conclusion, zinc acetate has been demonstrated 

for the first time as a new N-selective acetylating 

agent under microwave irradiation, and a novel and 

eco-friendly modified method has been developed for 

chemoselective N-acetylation of amines under closed 

vessel microwave irradiation using catalytic amount 

of zinc acetate in acetic acid; the high efficiency, 

short reaction time (in minutes), high selectivity, easy 

handling, easy product separation, safe reaction 

medium, cost-effective and readily available reagents 

as a whole make this newly developed method as a 

promising alternative to the other common existing 

methods. It is earnestly hoped that this new approach 

to N-acetylation of amines will be found useful to the 

synthetic organic chemists at large. 

Experimental Section 
All the amino compounds were purchased from 

Sigma-Aldrich Chemical Company (USA). Zinc 

acetate (dihydrate) and glacial acetic acid were 

purchased from Qualigens Fine Chemicals, Mumbai 

(India). All the solvents (analytical grade) used were 

obtained from Merck (India). Thin layer 

chromatography was carried out on commercial 

silica-gel plate (Whatman Inc.). All m.p.s are 

uncorrected. TMS was used as internal standard for 

recording 
1
H NMR spectra on a Bruker DRX-400 

NMR spectrometer using CDCl3/acetone-d6 as 

solvents. IR spectra (KBr discs) spectra were recorded 

on a Shimadzu 8201 PC-IR spectrophotometer. A 

Samsung domestic microwave oven with a turn-table 

and operating at 2450 MHz was used at 300 W, for all 

the experiments. An alumina batch (aluminium oxide 

60 G neutral, type E, Merck: 50g; batch 4.0 cm 

diameter) was used as a sink inside the MW oven 

during irradiation of the reaction mixtures. Reactions 

were conducted in heavy-walled sealed tubes (25 mL; 

made from Tensil Glass Works, Bangalore). 

General procedure. Starting amino compound 

(5 mmole) taken in 25 mL sealed tube was dissolved 

with minimum amount of glacial acetic acid (5 mL). 

Catalytic amount of zinc acetate dihydrate 

(0.045 mmole) was then added to it. The temperature 

of the reaction mixture at the end of microwave 

irradiation was found to be 90-120°C (heating and 

cooling at the interval of 1 min). After completion of 

the reaction (monitored by TLC), the reaction mixture 

was poured into 20 mL ice cold water with vigorous 

stirring. On standing, solid mass separated out, which 

was then filtered off and washed with cold water 

followed by purification by recrystallization from an 

appropriate solvent (ethanol-water). Column 

chromatographic technique was also used for isolation 

and purification of the acetylated products whenever 

required. The purified N-acetyl derivatives were then 

characterized by recording their m.p.s, IR and 
1
H 

NMR spectra. In the case of non-aqueous work up: 

after completion of the reaction CH2Cl2 or EtOAc was 

added to the reaction mixture and metal acetate was 

removed by filtration. The organic extract was then 

washed with a saturated solution of NaHCO3 and also 

with H2O (2×10 mL), and thereafter dried over 

anhydrous Na2SO4. After removal of the solvent (with 

the help of rotary evaporator under reduced pressure), 

the crude product was obtained. It was then purified 

by recrystallization from a suitable solvent. 
 

Reaction of amines with only zinc acetate. Finely 

ground 1 mmole of the amino compound along with  

1 mmole of the zinc acetate was taken in a 15 mL 

sealed tube followed by microwave irradiation at 300 

W for a length of time indicated in Table II. After the 

completion of reaction, ethyl acetate was added to the 

reaction mixture and the metallic waste was removed 

by filtration. The organic layer was washed with 

water (2 × 10 mL) and dried over anhydrous Na2SO4. 

Then the solvent was removed under reduced pressure 

and the desired product obtained. The product was 

purified by column chromatography. 

Acknowledgements 

Financial support from UGC, New Delhi (under 

Special Assistance Programme) and also from Visva-

Bharati University is deeply acknowledged. 

References 

1 Lidstrom P, Tierney J, Wathey B & Westman J, Tetrahedron, 

57, 2001, 9225. 

2 Galema S A, Chem Soc Rev, 26, 1997, 233. 

3 Pearson A L & Roush W J, Handbook of Reagents for 

Organic Synthesis: Activating Agents and Protecting Groups, 

(John Wiley and Sons, UK), 1999, 9. 

Table III — Effect of solvent on the reaction of zinc acetate 

with p-toluidine 

 

Entry Solvent Time (min) Yield (%) 

1 No solvent 14 79 

2 1,4-Dioxane 14 <40 

3 PEG-400 14 <40 

4 Acetonitrile 14 >65 

5 THF 14 50 
 



NOTES 

 

 

 

1281 

4 Greene T W & Wuts P G M, Protective Groups in Organic 

Synthesis, 3rd edn., (Wiley, New York), 1999, 150. 

5 (a) Chen C-T, Kuo J-H, Li C-H, Barhate N B, Hon S-W, Li T-

W, Chao S-D, Liu C-C, Li Y-C, Chang I-H, Lin J-S, Liu C-J 

& Chou Y-C, Org Lett, 3, 2001, 3729; (b) Saravanan P & 

Singh V K, Tetrahedron Lett, 40, 1999, 2611; (c) Chauhan K 

K, Frost C G, Love I & Waite D, Synlett, 1999, 1743; (d) 

Chavan S P, Anand R, Pasupathy K & Rao B S, Green Chem, 

2001, 320; (e) Kumar P, Pandey R K, Bodas M S & Dangare 

M K, Synlett, 2001, 206; (f) Sabitha G, Reddy B V S, Srividya 

R & Yadav J S, Synth Commun, 29, 1999, 2311; (g) Oitia A, 

Tanahashi C, Kakuda A & Otera J, Angew Chem Int Ed 

(Engl), 39, 2000, 2877; (h) Choudary B M, Kantam M L, 

Bharati B & Reddy V C R, J Mol Cat A, 168, 2001, 69; (i) Li 

A-X, Li T-S & Ding T-H, Chem Commun, 1997, 1389; (j) 

Ahmed S & Iqbal J, J Chem  Soc Chem Commun, 1987, 114; 

(k) Chakraborti A K & Gulhane R, Synlett, 2004, 627. 

6 (a) Vedejs E & Diver S T, J Am Chem Soc, 115, 1993, 3358; 

(b) D’Sa B A & Verkade J G, J Org Chem, 61, 1996, 2963; 

(c) Yadav V K, Babu K G & Mittal M, Tetrahedron, 57, 

2001, 7047. 

7 Katritzky A R, He H-Y & Suzuki K, J Org Chem, 65, 2000, 

8210. 

8 (a) Xu D, Prasad K, Repic O & Blacklock T J, Tetrahedron 

Lett, 36, 1995, 7357; (b) Murakami Y, Kondo K, Miki K, 

Akiyama Y, Watanabe T & Yokoyama Y, Tetrahedron Lett, 

38, 1997, 3751; (c) Azumaya I, Okamoto T,  Imabeppu F &  

Takayanagi H, Tetrahedron, 59, 2003, 2325; (d) Katrizky A 

R, Cai C & Singh S K, J Org Chem, 71, 2006, 3375; (e) 

Kunieda T, Higuchi T, Abe Y & Hirobe M, Tetrahedron Lett, 

23, 1982, 1159;  (f) Kang Y-J, Chung H-A, Kim J-J & Yoon 

Y-J, Synthesis, 2002, 733; (g) Dineen T A, Zajac M A & 

Myers A G, J Am Chem Soc, 128, 2006, 16406;  (h) Atkinson 

R S, Barker E & Sutcliffe M J, Chem Commun, 1996, 1051; 

(i) Kikugawa Y, Mitsui K, Sakamoto T, Kawase M & Tamiya 

H, Tetrahedron Lett, 31, 1990, 243; (j) Kondo K, Sekimoto E, 

Nakao J & Murakami Y, Tetrahedron, 56, 2000, 5843; (k) 

Kim M-J, Kim W-H, Han K, Choi Y K & Park J, Org Lett, 9, 

2007, 1157; (l) Yoo W-J & Li C-J, J Am Chem Soc, 128, 

2006, 13064; (m) Kisfaludy L, Mohacsi T, Low M & Drexler 

F, J Org Chem, 44, 1979, 654. 

9 (a) Krishna Mohan K V V, Narender N & Kulkarni S J, Green 

Chem, 8, 2006, 368; (b) Chakraborty M, Umrigar V & Parikh 

P A, Int J Chem React Eng, 8, 2006, 1; (c) Bandgar B P, 

Kasture S P & Kamble V T, Synth Commun, 31, 2001, 2255; 

(d) Kidwai M, Goel Y & Kumar R,  Indian J Chem, 37B, 

1998, 174; (e) Williams L, Chem Commun, 6, 2000, 435. 

10 Wang X-J, Yang Q, Liu F & You Q-D, Synth Commun, 38, 

2008, 1028. 

11 Farhadi S & Zaidi M, J Mol Catal  A, 299, 2009, 18. 

12 Furniss B S, Hannaford A J, Smith P W G & Tatchell A R, 

Vogel’s Textbook of Practical Organic Chemistry, 5th edn., 

(Longman-ELBS, London), 1991, 1370. 

13 Dictionary of Organic Compounds, vol. 1, 5th edn., 

(Chapmann and Hall, London), 1982, pp 304-305. 

14 Dictionary of Organic Compounds, vol. 5, 4th edn., 

(Chapmann and Hall, London), 1965, p 2790. 

15 Dictionary of Organic Compounds, vol. 1, 4th edn., 

(Chapmann and Hall, London), 1965, p 130. 

16 CRC Handbook of data on Organic Compounds, vol. 6, 3rd 

edn., edited by D R Lide & G W A Milne, (CRC Press, Boca 

Raton), 1994, 306. 

17 Dictionary of Organic Compounds, vol. 1, 4th edn., 

(Chapmann and Hall, London), 1965, p 21. 

18 Paul S, Nanda P, Gupta R & Laupy A, Tetrahedron Lett, 43, 

2002, 4261. 

 


