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Abstract

This paper describes the reactions of N-salicylideneamines with diarylketenes generated from
thermal decomposition of the 2-diazo-1,2-diarylethanones. An equimolar reaction of the N-
salicylidenebenzhydrylamine ~ with  diphenylketene = affords a  mixture of  2-
[(benzhydrylimino)methyl]phenyl-2,2-diphenylacetate as a major product and 1-benzhydryl-3,3-
diphenyl-4-[2’-(O-diphenylacyl)hydroxyphenyl]-2-azetidinone as a minor product. The reactions
of various N-salicylideneamines with 2.2 molar equivalents of 2-diazo-1,2-diarylethanones have
been carried out to afford 1-substituted-3,3-diaryl-4-[2’-(O-diarylacyl)hydroxyphenyl]-2-
azetidinones as sole product in excellent yields. The products, characterized on the basis of
satisfactory analytical and spectral data, have shown moderate to good antimicrobial activity
against some bacteria and fungi. Among the fourteen compounds in the series, the 2-azetidinone
41 with a 4-chlorophenyl group on B-lactam ring nitrogen and 4-methylphenyl groups on (-
lactam ring C-3 position is the most active compound.
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Introduction

2-Azetidinones, commonly known as -lactams, are well-known heterocyclic compounds among
the organic and medicinal chemists.' The activity of the famous antibiotics such as penicillins,
cephalosporins and carbapenems are attributed to the presence of 2-azetidinone ring in them.
Recently, some other types of biological activity besides the antibacterial activity have been
reported in compounds containing 2-azetidinone ring.>> Such biological activities include
antifungal, antitubercular, antitumor, cholesterol absorption inhibition and enzyme inhibition
activity. The B-lactams also serve as synthons for many biologically important classes of organic
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compounds.® Due to this, the investigation of chemistry and biology of these compounds
continue to appeal the synthetic and medicinal organic chemists.'*

The most common method for the synthesis of 2-azetidinones is the Staudinger ketene-
imine cycloaddition, which involves the reaction of imines with acid chloride in the presence of a
tertiary base.” This reaction, however, depends, on many factors including temperature, which
often needs to be optimized.® We have been using a-diazoketones as precursors of diarylketenes
and carbenoids, and investigating the reactions of these intermediates with organic compounds
containing nitrogen atom in different structural environments.” These reactions are simple to
carry out, versatile and don ot require the use of any acidic or basic reagent. Using 2-
diazoketones as precursors of the diarylketenes, we have recently reported the synthesis of 2-
azetidinones and spiro-2-azetidinones from the imines of the thiophene-2-carbaldehyde and
indoline-2,3-dione, respectively, as possible antimicrobial agents.*’ The 2-azetidinones, obtained
from the imines of thiophene-2-carbaldehyde and diarylketenes, showed moderate antibacterial
and antifungal activity.® The reactions of ketenes with ambident substrates, however, depend on
the structural environment of the particular functional group. For example, diphenylketene adds
on to the carbon-nitrogen double bond of the benzil monoimines and camphor monoimines
leaving the carbon-oxygen double bond on these compounds.'”'" The reaction of diphenylketene
with isatin imines has been observed to occur at the amido nitrogen and not at imino nitrogen. '

Our group has recently undertaken a project on the reactions of salicylaldehyde derivatives
with o-diazocarbonyl compounds in quest for new aspirin analogs. We have carried out an
equimolar reaction of the 2-diazo-1,2-diphenylethanone 1a with N-salicylideneanilines 2 and
observed that the regiochemistry of the reaction depended significantly on the substituents on
aniline moiety (Scheme 1)."> The reaction of diphenylketene (A), generated in situ from thermal
decomposition of the 2-diazo-1,2-diphenylethanone 1a, with 2 having an electron withdrawing
chloro group on the phenyl ring attached to imino nitrogen occurred mainly at phenolic hydroxyl
group giving rise to [(4-chlorophenylimino)methyl]phenyl-2,2-diphenylacetate 3 whereas the
reaction with substrates 2 having an electron-donating groups afforded a mixture of 2-
[(arylimino)methyl]phenyl-2,2-diphenylacetates 3 and 1-substituted-3,3-diphenyl-4-[2’-(O-
diphenylacyl)hydroxyphenyl])-2-azetidinones 4; the latter being in appreciable amounts. In
continuation of this study, the present paper reports an equimolar reaction of the 2-diazo-1,2-
diphenylethanone 1a with an N-alkylimine, N-salicylidenebenzhydrylamine 2g, and a 2.2:1
molar reaction of the 2-diazo-1,2-diarylethanones 1a,b with various N-salicylideneamines 2a-h
affording new 1-substituted-3,3-diaryl-4-[2’-(O-diarylacyl)hydroxyphenyl])-2-azetidinones 4a-n
in excellent yields. The products, characterized on the basis of satisfactory analytical and spectral
data, have been screened for their antibacterial and antifungal activity.
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Results and Discussion

An  equimolar  reaction of the 2-diazo-1,2-diphenylethanone 1la  with  N-
salicylidenebenzhydrylamine 2g afforded two products, which were separated by fractional
crystallization from ethanol. The major product (85 % from 'H NMR) has been characterized as
2-[(benzhydrylimino)methyl]phenyl-2,2-diphenylacetate 3g and the minor product (7 % from 'H
NMR) as 1-benzhydryl-3,3-diphenyl-4-[2’-(O-diphenylacyl)hydroxyphenyl]-2-azetidinone 4g on
the basis of satisfactory analytical and spectral data (see experimental section). Thus, the product
distribution in this reaction is almost parallel to the ratio obtained from the similar reaction of 1a
with  N-salicylidene-4-chloroaniline 2e.” Similar to previous reactions of the N-
salicylideneanilines with diphenylketene no 1:1 molar diphenylketene-azomethine cycloaddition
product, the 1-benzhydryl-3,3-diphenyl-4-(2-hydroxyphenyl)-2-azetidinone, was obtained in this
reaction as well.

The results of the 1:1 molar reaction of the diphenylketene with N-salicylideneamines led
us to infer that the hydroxy group had higher reactivity in comparison to imino group towards
diphenylketene. However, the imines with strong electron-donating ethoxy group competed
efficiently with the hydroxyl group to afford the 2-azetidinone in appreciable amount.
Diphenylketene, formed from thermal decomposition of the 2-diazo-1,2-diphenylethanone,
reacted first with the hydroxyl group forming an intermediate 5 (Scheme 2). A 1,3-proton
transfer in the latter intermediate afforded the product 3g. A second mole of diphenylketene then
reacted with imino nitrogen of the 3g forming the zwitterionic intermediate 6. Similar
zwitterionic intermediates have been proposed earlier in the reactions of ketenes with imines.
These intermediates may cyclize to form the product 4g.
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The reaction of imine 2a with 2.2 molar equivalents of 2-diazo-1,2-diphenylethanone 1a
afforded a white crystalline compound as the sole product in good yield (Table 1) (Scheme 3).
This product has been identified as the 2-azetidinone 4a on the basis of similar spectral data (see
experimental) and undepressed mixed melting point with the sample obtained from an equimolar
reaction of the la with 2a."’ Similar reactions of la with 2b-h, and of 2-diazo-1,2-bis(4-
methylphenyl)ethanone 1b with 2 also afforded the 2-azetidinones 4b-m in good to excellent
yields (Table 1). The significant features of the spectra are described briefly in the succeeding
paragraph.

Ar N OH dry benzene, A OCOCHAr,
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Scheme 3

The IR spectra of the compounds showed strong absorption band at 1750-1765 cm
characteristic of the B-lactam and ester carbonyl groups. The broad band around 3400 cm’
observed in the IR spectra of imines 2a-h also disappeared in the IR spectra of the products
indicating that the reaction has occurred at the hydroxyl group. The 'H NMR spectra of 4
showed the disappearance of the singlet azomethine signal at around 6 8.0 ppm observed in the
'H NMR spectra of the substrates 2 indicating the reaction of the diarylketenes with the

ISSN 1424-6376 Page 83 ©ARKAT USA, Inc.



Issue in Honor of Prof. Berhanu Abegaz ARKIVOC 2007 (ix) 80-90

azomethine group. In most of the products, the B-lactam ring methine proton and O-acyl proton
appeared respectively at around & 5.8 and 5.3 ppm. These assignments were confirmed by 'H-">C
correlation studies by HMBC (Figure 1). A typical HMBC spectrum is shown in Figure 2. The
C NMR spectra showed two downfield signals at around 8 171.0 and 166.0 ppm corresponding
to the ester and amido carbonyl carbons, respectively. The other four membered ring carbons
appeared at around 72.0 (C-3) and 56.0 ppm (C-4).

\C-)Me

Figure 1. Selected HMBC correlationships in 4b
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Figure 2. HMBC spectrum of the 2-azetidinone 4b.

The formation of the products can be explained by same path as shown in Scheme 2.
However, in case of imines with electron donating groups, the product 2-azetidinones might not
be formed only from the reaction of diarylketenes with 1:1 molar product 3. In these cases the
imino group can compete with the phenolic group for the diaryketenes and reaction at both sites
can occur simultaneously.

Ten of the fourteen 2-azetidinones 4 have been screened for their antibacterial and
antifungal activity. The compounds exhibited moderate activity (Table 2). Usually the
monocyclic 2-azetidinones show better activity against Gram (-) bacteria. These compounds,
however, showed almost parallel activity against Gram (-) bacteria and Gram (+) B. subtilis.
Although no significant effect of substituents on the 2-azetidinone ring was observed on the
activity of the compounds the product 41 with 4-chlorophenyl group on ring nitrogen was the
most active compound in the series. The 2-azetidinones 4j and 4m with methoxy and benzhydryl
group, respectively, paralleled the antibacterial activity of 41 but their activity on fungi was
lower. The compounds having 4-methylphenyl groups on C-3 position of the aztidinone ring
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showed significantly higher activity in comparison to those with phenyl rings on C-3 position of
the 2-azetidinones against S. aureus. All the compounds showed better antifungal activity against

C. mycoderma compared to S. cerevisiae.

Table 1. Physical data of 2-azetidinones 4a-n

Compd | Ar R Mol. Formula" m. p. (°C) Yield (%)

No.

4a Ph Ph C41H31NO3 152 65

4b Ph 4-CH;0CcH4 C42H33NOy4 160 78

4c Ph 4-C,Hs0CsHy C43H35NO4 140 75

4d Ph 4-CH;CgHy4 C4H33NO3 173 70

4e Ph 4-C1C6H4 C41H30NO3C1 172 63

4f Ph 4-NO,C¢Hy C41H30N,0s5 160 58

4g Ph 4-CHPh, C4sH37NO3 128 48

4h Ph 4-CH,Ph C4H33NO3 130 65

4i 4-CH;C¢Hy Ph C4sH39NO3 184 69

4j 4-CH;CeHy4 4-CH;0CcH4 Ca6Ha1NO4 112 75

4k 4-CH;3CcH4 4-CH;CeH4 C46H41NO3 150 70

41 4-CH;C¢Hy 4-CICgHy C45H33CINO3 120 87

4m 4-CH3C6H4 4-CHPh2 C52H45NO3 200 50

4n 4-CH;CeHy4 4-CH,Ph CysHyNO; 164 69

"All the compounds gave satisfactory elemental analysis for C, H and N.

Table 2. Antibacterial and antifungal activity of 4 (MIC pg/mL)

No. | Ar R E. P. aeru- | B. sub-|S. C. S, cere-
coli | ginosa tilis aureus | mycoderma | visiae

4a Ph Ph 5 5 5 50 5 10

4b Ph 4-CH30C¢H4 5 5 5 50 5 10

4e Ph 4-C1C¢H4 5 5 5 50 5 10

4g Ph 4-CHPh, 5 5 5 50 0.5 5

4h Ph 4-CH,Ph 10 5 5 100 5 100

4i 4-CH3C¢Hy4 | Ph 5 5 10 50 10 10

4j 4-CH3CeHy | 4-CH30CsH4 5 5 0.5 5 10 100

41 4-CH3CeHy4 | 4-ClCeH4 5 5 0.5 0.5 0.5 5

4m | 4-CH3C¢Hy | 4-CHPh, 5 5 0.5 5 5 50

4n 4-CH3C¢H4 | 4-CH,Ph 10 5 5 5 10 10

Chloramphenicol 0.1 0.1 0.1 0.1 0.1 0.1

Miconazole 0.1 0.1 0.1 0.1 0.1 0.1
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Experimental Section

General Procedures. Melting points have been recorded on a Stuart Scientific melting point
apparatus and are uncorrected. The IR spectra were recorded on a Perkin-Elmer-781 IR
spectrophotometer using KBr disc of the sample. The 'H and ?C NMR spectra were recorded in
a CDCl; solution at 300 MHz and 75.4 MHz, respectively, on a Bruker'” 300 MHz
spectrometer.

Benzil, 4,4’-dimethylbenzil, hydrazine hydrate, salicylaldehyde and amines were Aldrich
products. Benzene was dried by refluxing over sodium hydride.

2-Diazo-1,2-diarylethanones were prepared by oxidation of the benzil monohydrazones."* The
latter compounds were synthesized by the condensation of benzils with hydrazine hydrate by
reported method. '* N-(2-Salicylidene)amines were prepared by reacting an equimolar amount of
salicylaldehyde and amines."

General procedure for the reaction of 2-diazoketones with N-salicylideneamines

A solution of either equimolar amount (1 mmol of each of 1a and 2g) or 2.2 mmol of 1 and 1
mmol of the imines 2 in dry benzene (10 ml) was refluxed for 6-8 hrs under continuous stream of
nitrogen. The solvent was removed under reduced pressure and the residual matter was purified
by fractional crystallization with ethanol to afford white crystalline products.

Antimicrobial activities

Using microlitre syringes, different amounts (0.05 pg, 0.1 pg, 0.5 ug, 5 ug, 10 pug, 50 pg and 100
pg) of each compound and standards were spotted on different glass-backed plates coated with
silica-gel (Merck) 60 Fs4. Nutrient agar was inoculated with respective pure microbial cultures,
overlaid on the above plates and incubated appropriately. Inhibition of the bacterial and fungal
growth was evaluated based on a simple and rapid bioautographic agar overlay method using
procedures described earlier.'®"®

3g. Mp: 110 °C; Yield: 65%; IR (KBr, cm™): 1764 (C=0), 1636 C=N); '"H NMR (CDCl;, &
ppm): 8.20 (dd, 1H, aromatic proton), 8.09 (s, 1H, azomethine proton), 7.40-7.13 (23H,
aromatic), 5.31 (s, 1H, CH), 5.11 (s, 1H, CH); *C NMR (CDCls, & ppm): 170.54, 155.14,
150.13, 143.64, 137.93, 131.45, 128.87, 128.76, 128.36, 128.25, 127.68, 127.60, 126.95, 126.26,
122.47, 78.26, 57.08.

4a. IR (KBr, cm™): 1754 (C=0); '"H NMR (CDCl;, & ppm): 7.34-6.84 (29H, aromatic), 5.84 (s,
1H, ring CH), 5.42 (s, 1H, COCH); >C NMR (CDCls;, 8 PPM): 170.0, 166.9, 149.2, 140.33,
137.9, 137.5, 137.1, 137.0, 129.1, 129.0, 128.9, 128.7, 128.5, 128.2, 127.9, 127.8, 127.7, 127.3,
127.1, 126.9, 125.8, 124.2, 121.9, 117.4, 72.6, 60.6, 57.9

4b. IR (KBr, cm™): 1746 (C=0); 'H NMR (CDCls, 8 ppm): 7.52-6.80 (28H, aromatic), 5.79 (s,
1H, ring CH), 5.42 (s, 1H, COCH), 3.76 (s, 3H, CH3); >C NMR (CDCls,8 ppm): 171.07, 166.26,
156.28, 149.29, 140.51, 137.95, 137.56, 137.19, 130.68, 129.07, 129.02, 128.94, 128.72, 128.56
(two C), 128.25, 127.96, 127.89, 127.74, 127.32, 127.28, 127.15, 126.84, 125.84, 121.97,
118.76, 114.41, 72.6, 60.80, 57.17, 55.43.
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4c. IR (KBr, cm™): 1747 (C=0); '"H NMR (CDCl;_ 8 ppm): 7.52-6.79 (28H, aromatic), 5.79 (s,
1H, ring CH), 5.42 (s, 1H, COCH), 3.99 (q, 2H, J;=6.9 Hz, CH>), 1.38 (t, 3H, J=6.9 Hz, CHj3);
BC NMR (CDCl;, 8 ppm): 171.05, 166.21, 155.61, 149.23, 140.46, 137.93, 137.52, 137.17,
130.52, 129.05, 128.97, 128.92, 128.69, 128.53 (two C), 128.23, 127.93, 127.87, 127.72, 127.29,
127.25,127.13, 126.81, 125.81, 121.92, 118.72, 114.98, 72.6, 63.66, 60.78, 57.14, 14.8.

4d. IR (KBr, cm™): 1748 (C=0); 'H NMR (CDCls, 8 ppm): 7.46-6.93 (28H, aromatic), 5.85 (s,
1H, ring CH), 5.45 (s, 1H, COCH), 2.30 (s, 3H, CH3); >C NMR (CDCls, 8 ppm): 171.03, 166.60,
149.19, 140.40, 137.95, 137.54, 137.12, 134.66, 133.86, 129.63, 129.08, 128.98, 128.94, 128.72,
128.55, 128.35 (two C), 128.25, 127.96, 127.88, 127.74, 127.33, 127.24, 127.15, 126.85, 125.84,
121.94, 117.41, 72.55, 60.0, 57.15, 20.91.

4e. IR (KBr, cm™): 1750 (C=0); '"H NMR (CDCl;_ 8 ppm): 7.29-6.76 (28H, aromatic), 5.79 (s,
1H, ring CH), 5.43 (s, 1H, COCH); °C NMR (CDCls, & ppm): 171.14, 166.80, 149.26, 140.17,
137.86, 137.47, 136.89, 135.58, 129.36, 129.30, 129.23, 129.10, 128.98, 128.82, 128.53, 128.35
(two C), 128.11, 128.06, 127.96, 127.81, 127.49, 127.06, 127.00, 126.80, 125.97, 122.12,
118.73, 72.94, 60.69, 57.14.

4f. IR (KBr, cm™): 1760 (C=0); 'H NMR (CDCls, 8 ppm): 7.45-6.66 (28H, aromatic), 5.86 (s,
1H, ring CH), 5.45 (s, 1H, COCH); *C NMR (CDCls, & ppm): 171.26, 167.46, 149.35, 143.64,
142.07, 139.75, 137.74, 13738, 136.52, 129.65, 129.11, 129.01, 128.93, 128.69, 128.50, 128.47,
128.19, 128.00, 127.93, 127.86, 127.70, 127.20, 126.93, 126.35, 126.12, 125.22, 122.31, 117.47,
73.52, 60.96, 57.15.

4g. IR (KBr, cm™): 1759 (C=0); '"H NMR (CDCls, & ppm): 7.11-6.68 (34H, aromatic), 5.64 (s,
1H, ring CH), 5.52 (s, 1H, COCH), 5.23 (s, 1H, CH); °C NMR (CDCls, & ppm): 170.8, 169.9,
149.4, 140.8, 138.7, 138.4, 137.9, 137.8, 137.6, 129.3, 128.95, 128.90, 128.7, 128.67, 128.62,
128.55, 128.51, 128.48 (2C), 128.41, 128.2, 127.9, 127.7, 127.68, 127.63, 127.59, 127.10,
127.06, 126.65, 125.24, 121.66, 72.34, 62.62, 61.12, 57.08.

4h. IR (KBr, cm™): 1759 (C=0); 'H NMR (CDCls, & ppm): 7.25-6.79 (29H, aromatic), 5.27 (s,
1H, ring CH), 5.19 (s, 1H, COCH), 4.93 (d, 1H, J=14.7 Hz, CH»), 3.89 (d, 1H, J=14.7 Hz, CH,),
3C NMR (CDCls, & ppm): 169.60, 168.46, 148.51, 139.44, 136.92, 136.53, 136.39, 134.00,
127.81, 127.76, 127.63, 127.48, 127.43, 127.39, 127.23, 126.84, 126.75, 126.53, 126.23, 125.92,
125.85, 125.62, 124.53, 121.01, 72.4, 59.2, 55.95, 43.51.

4i. IR (KBr, cm™): 1750 (C=0); '"H NMR (CDCl;, 8 ppm): 7.40-7.02 (25H, aromatic), 5.81 (s,
1H, ring CH), 5.35 (s, 1H, COCH), 2.38 (s, 3H, CH3), 2.34 (s, 3H, CH3), 2.31 (s, 3H, CHs), 2.16
(s, 3H, CH3); >C NMR (CDCls, 8 ppm): 171.37, 167.31, 149.31, 137.77, 137.45, 137.30, 137.22,
136.81, 136.33, 135.23, 134.82, 134.27, 129.67, 129.56, 129.33, 129.05, 128.89, 128.62, 128.52,
128.38, 128.33, 128.00, 127.36, 126.94, 125.77, 124.05, 121.94, 117.49, 72.0, 60.75, 56.42,
21.05, 21.01, 20.92.

4j. IR (KBr, cm™): 1751 (C=0); 'H NMR (CDCls, 8 ppm): 7.39-6.79 (24H, aromatic), 5.76 (s,
1H, ring CH), 5.35 (s, 1H, COCH), 3.76 (s, 3H, OCH3), 2.38 (s, 3H, CH3), 2.34 (s, 3H, CHj),
2.32 (s, 3H, CHs), 2.18 (s, 3H, CH3); °C NMR (CDCl;_ & ppm): 171.4, 166.8, 156.1, 149.4,
137.9, 137.5, 137.3, 136.7, 136.3, 135.2, 134.8, 134.4, 130.8, 130.7, 129.7, 129.6, 129.3, 128.9,
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128.6, 128.4(2C), 128.3, 128.0, 127.5, 126.9, 125.9, 125.8, 121.9, 118.7, 114.3, 56.4, 72.0, 60.8,
55.4,21.1,21.0 (2C), 20.9.

4k. IR (KBr, cm™): 1756 (C=0); 'H NMR (CDCls, 8 ppm): 7.45-6.80 (24H, aromatic), 5.77 (s,
1H, ring CH), 5.32 (s, 1H, COCH), 2.37 (s, 3H, CH3), 2.33 (s, 3H, CHs), 2.31 (s, 3H, CHs), 2.28
(s, 3H, CHs), 2.15 (s, 3H, CH3); °C NMR (CDCls, & ppm): 171.4, 167.0, 149.3, 137.8, 137.4,
137.3, 136.7, 136.3, 135.2, 134.8, 134.7, 134.3, 133.6, 129.6, 129.5, 129.3, 128.8, 128.6, 128.5,
128.4, 128.0, 127.5, 126.9, 125.8, 121.9, 117.4, 72.0, 60.7, 56.4, 21.1, 21.0 (two C), 20.9, 20.8.
41. IR (KBr, cm™): 1753 (C=0); '"H NMR (CDCl;, & ppm): 7.38-6.78 (24H, aromatic), 5.77 (s,
1H, ring CH), 5.35 (s, 1H, COCH), 2.37 (s, 3H, CH3), 2.33 (s, 3H, CH3), 2.31 (s, 3H, CH3), 2.16
(s, 3H, CH3); °C NMR (CDCls, & ppm): 171.5, 167.2, 149.4, 137.6, 137.5, 137.4, 136.9, 136.5,
135.7, 135.1, 134.7, 134.1, 129.7, 129.6, 129.4, 129.2, 128.7, 128.4 (2C), 127.9, 127.0, 126.8,
125.9, 122.1, 118.7, 72.9, 60.5, 56.40, 21.07, 21.04 (2C), 20.94.

4m. IR (KBr, cm™): 1749 (C=0); '"H NMR (CDCls, & ppm): 7.27-6.69 (30H, aromatic), 5.61 (s,
1H, ring CH), 5.49 (s, 1H, COCH), 5. 15 (s, 1H, CH), 2.37 (s, 3H, CHs), 2.34 (s, 3H, CH3), 2.31
(s, 3H, CH3), 2.15 (s, 3H, CH3); >C NMR (CDCls, & ppm): 171.17, 170.31, 149.57, 139.02,
138.59, 138.24, 137.17, 137.13, 136.33, 136.05, 135.26, 135.05, 134.92, 129.55, 129.49, 129.22,
128.60, 128.53, 128.45, 128.40, 128.39, 128.33, 128.04, 127.97, 127.51, 127.46, 126.86, 125.14,
121.62, 71.79, 62.63, 61.26, 56.35, 21.05, 21.02 (2C), 20.92.

4n. IR (KBr, cm™): 1753 (C=0); 'H NMR (CDCls, 8 ppm): 7.13-6.78 (25H, aromatic), 5.25 (s,
1H, ring CH), 5.13 (s, 1H, COCH), 4.90 (d, 1H, J=14.7 Hz, CH,), 3.87 (d, 1H, J=14.7Hz, CH,),
2.36 (s, 3H, CH3), 2.34 (s, 3H, CHs), 2.29 (s, 3H, CH3), 2.16 (s, 3H, CH3); >C NMR (CDCl;,
& ppm): 171.17, 170.31, 149.6, 137.9, 137.14, 137.09, 136.3, 136.7, 135.3, 135.2, 134.9, 134.7,
129.5, 129.4, 129.2, 128.9, 128.8, 128.6, 128.34, 128.30, 128.1, 127.7, 127.4, 126.7, 125.5,
122.9,72.9, 60.5, 56.2, 44.5,21.07, 21.0 (2C), 20.95.

Acknowledgements

The authors are thankful to the Heads of the Departments of Chemistry and Biological Sciences
at the University of Botswana, for providing the facilities. The financial assistance from the
office of the Research and Development at the UB is also gratefully acknowledged.

Reference and Notes

1. (a) Singh, G. S. Tetrahedron 2003, 59, 7631. (b) De Kimpe, N. In Comprehensive
Heterocyclic Chemistry II, Katritzky, A. R.; Rees, C. W.; Scriven, E. F. V.. Eds,,
Pergamon: Oxford, 1996; p 507. (c¢) Brown, M. J. Heterocycles 1989, 29, 2225. (d) Isaacs,
N. S. Chem. Soc. Rev. 1976, 5, 181. (e) Mihovilovic, M. D.; Spina, M.; Stanetty, P. Arkivoc
2005, 43. (f) Shirode, N. M.; Kulkarni, K. C.; Gumatse, V. K.; Deshmukh, A. R. A. S.
Arkivoc 2005, 53.

2. Singh, G. S. Mini-Rev. Med. Chem. 2004, 4, 69.

ISSN 1424-6376 Page 89 ©ARKAT USA, Inc.



Issue in Honor of Prof. Berhanu Abegaz ARKIVOC 2007 (ix) 80-90

16.
17.

18.

Singh, G. S. Mini-Rev. Med. Chem. 2004, 4, 93.

Reviews: (a) Deshmukh, A. R. A. S.; Bhawal, B. M.; Krishnaswami, D., Govande, V. V_;
Shinkre, B. A.; Jayanthi, A. Curr. Med. Chem. 2004, 11, 1889; b) Alcaide, B.; Almendros,
P. Curr. Med. Chem. 2004, 11, 1921.

Staudinger, H. Liebigs. Ann. Chem. 1907, 356, 51.

Banik, B. K., Becker, F. F. Tetrahedron Lett. 2000, 41, 6551

Singh, G. S. Curr. Org. Synth. 2005, 2, 377.

Singh, G. S.; Mmolotsi, B. J. I/ Farmaco 2005, 60, 727.

Singh, G. S.; Mmolotsi, B. J. J. Heteocycl. Chem., 2006, in press.

Singh S, B.; Mehrotra, K. N. Can. J. Chem. 1982, 60, 1901.

. Singh, G. S.; Mehrotra, K. N. Ind. J. Chem. 1985, 24B, 129.

Singh, G. S.; Singh, T.; Lakhan, R. Nat. Acad. Science Lett. 1997, 20, 49.

. Pheko, T.; Singh, G. S. Lett. Org. Chem. 2006, 3, 212.

Nenitzescu, C. D.; Solomonica, E. Org. Synth. Coll. Vol. 11, 1950, 496.

. All the imines could be prepared by mixing an equimolar amount of salicylaldehyde and

appropriate amine at room temperature. The reaction with 4-nitroaniline, however, required
refluxing over molecular sieves in dry benzene for 3h.

Hostettmann, K.; Marston, A.; Wolfender, J. L. Chimia 2005, 59, 291.

Rahalison, L.; Hamburger, M.; Hostettmann, K.; Monod, M.; Frenk, E. Phytoche.l Anals.
1991, 2, 199.

Saxena, G.; Farmer, S.; Towers, G. H. N.; Hancock, R. E. W. Phytochem. Anals. 1995, 6,
125.

ISSN 1424-6376 Page 90 ©ARKAT USA, Inc.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


