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Abstract A series of hybrid molecules (7-9, 12, 13, and
14-18) consisting of chromans and pyrolidines or cyclic
amines were prepared either by (3 + 2) cycloaddition of
nitrostyrenes and azomethine ylide or by three component
reactions of chromanyl aldehydes, acetylenes, and cyclic
amines. All the synthesized compounds were evaluated
against both avirulent (H37Ra) and virulent (H37Rv)
strains of Mycobacterium tuberculosis. Out of all the
compounds screened, compounds 16, 17, and 18 were
found to be active against the virulent strain M. tuberco-
losis H37Rv displaying MIC in the range of 6.25-1.56 pg/ml
against.

Keywords Mycobacterium tuberculosis - Tuberculosis -
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Introduction

Mycobacterium tuberculosis, responsible for tuberculosis
(TB) in human, causes the death of almost 3 million people
annually, and it is positioned as the leading bacterial
infectious agent (Tripathi et al., 2005; Dwivedi et al., 2008;
Cegielski et al., 2002; Spigelman, 2007). Despite the
availability of four drug regimens to treat TB, loss of
human lives is essentially unabated as a result of poverty,
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synergy with the HIV/AIDS pandemic, and the emergence
of multidrug resistant (MDR) and extensively drug-resis-
tant (XDR) strains of M. tuberculosis. Moreover, nowadays
more people die from TB (Spigelman, 2007); therefore, the
present scenario involves the development of new drugs
regimens which are effective against MDR and XDR TB
and latent TB. New chemotherapeutic agents that will
shorten the duration of current chemotherapy are also
needed as the treatment schedule of the disease is
6—12 months. Although some recent progresses have been
made due to 10 potent leads in antiTB drug pipeline, yet
none of them are expected to hit the market before 2012,
the stipulated time. Therefore, extensive efforts are being
made globally to develop new chemical entities against this
devastating pathogen taking into account both the seren-
dipitous and rational drug design approach. Very recently
compounds with chromeno and chromano dibenzofurans
(A and B) skeletons were shown to posses’ potent antitu-
bercular activity in vitro (Prado et al., 2006; Prado et al.,
2007). To establish structure activity relationship, a num-
ber of other derivatives of benzofuran having fused benz-
opyran were prepared, but the compounds had lower
antitubercular activity and they were also cytotoxic. Apart
from this, certain chromene-based compounds have also
shown antibacterial activities (Fukushima et al., 2000;
Nicolaou et al., 2001; Babu et al., 2003; Prado et al., 2006;
Prado et al., 2007; Brown et al., 2004) (Fig. 1).
Pyrrolidine derivatives on the other hand showed a wide
range of biological activities (Pandey et al., 2007; Tsou,
et al., 2008) including the noteworthy antitubercular
activities (He Xin et al., 2006). Receiving impetus from
above reports and guided by the principle that the combi-
nation of two or more biologically versatile moieties in a
single molecular frame often enhances the biological pro-
file of molecule many folds (Morphy et al., 2004),
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Fig. 1 Antitubercular chromeno and chromano benzofurans A and B

o) I

hybridization of two or more than two pharmacophores was
envisaged. Herein, we have synthesized certain hybrid
molecules consisting of chromans, chromenes, cyclic
amines, and pyrrolidine and evaluated them for their anti-
tubercular profiles against M. tuberculosis.

Results and discussion

In the first set of 3 4+ 2 cycloaddition reactions to access
chromanyl and chromenyl pyrrolidines, we have carried
out reactions of (benzylidene) amino acetic acid ethyl
esters with different nitrostyrenes. The (benzylidene)
amino acetic acid ethyl esters 1-4 were prepared
(Scheme 1) by reaction of different aromatic aldehydes and
ethylglycinate hydrochlorides by our earlier reported
method (Pandey et al., 2007) and used as such for further
reaction. The starting nitrostyrene (6) was prepared
(Scheme 2) by reaction of preformed 2,2-dimethyl-chro-
man-6-carbaldehyde (5) (obtained by the reaction of 4-
hydroxy benzaldehyde with isoprene in the presence of
ortho-phosphoric acid, Ahluwalia and Arora 1981) with
nitromethane in the presence of ammonium acetate in
acetic acid (Cheng et al., 2009) (Scheme 2).

Thus, cycloaddition of the above nitrostyrene 6 with [(4-
methoxybenzylidene)-amino]-acetic acid ethyl ester (1) in
acetonitrile in the presence of DBU-LiBr as a catalyst led
to the formation of the expected ethyl-3-(2,2-dimethylch-
roman-6-yl)-4-nitro-5-(4-methoxyphenyl)pyrrolidine-2-
carboxylate (7) as a major compound along with small
amount of other products as observed on TLC (Scheme 3)
(Annunziata et al., 1991; Galley et al., 1995; Pitzel et al.,
1993). The compound 7 was isolated by column chroma-
tography and characterized on the basis of its spectroscopic
data. The relative stereochemistry in compound 7 was
speculated on the basis of literature precedents and the
mechanism (Annunziata et al., 1991; Galley et al., 1995). It
has earlier been reported that in such cycloaddition reac-
tions involving a chiral dienophile and azomethine ylide,
the relative orientation of substituents in major isomer at
C2/C3 and C3/C4 is anti and at C4/CS5 is syn. Furthermore,
the relative stereochemistry is attained via regiospecific
endo cycloaddition of the W-shaped dipole to the E con-
figured dipolarophiles in the ester series.

Similarly, 3 + 2 cycloaddition of reaction of the in situ
generated azomethine ylides from the [(benzylidene)-
amino]-acetic acid ethyl ester (2) and [(3-nitrobenzyli-
dene)-amino]-acetic acid ethyl ester (3) with the above
nitrostyrene derivative 6 led to the formation of respective
chromanyl pryrrolidine derivatives 8 and 9 in good yields
(Scheme 3).

In yet another attempt to prepare fused chromanyl pyr-
rolidines, the 3 + 2 cycloaddition of azomethine ylide of
[(4-methoxybenzylidene)-amino]-acetic acid ethyl ester 1
and [(4-nitrobenzylidene)-amino]-acetic acid ethyl ester 4
with 3-nitrochromene derivative 11 was carried out.
Compound 11, in turn, was prepared by recently reported
reaction of 4-methoxy nitrostyrene 10 and salicylaldehyde

Scheme 1 Synthesis of (o) (i) ELN, DCM -
(benzylidene) amino acetic acid )J\ PN 1) El3N, Ar /\ COOC H
H,N”™ "COOC,H > 2H5
ethyl esters (1-4) A CH T M2 2''5 (i) anhy. MgSOQy,,
e 25°C,4-5h 1: Ar = 4-methoxyphenyl
2: Ar = phenyl
3: Ar = 3-nitrophenyl
4: Ar = 4-nitrophenyl
Scheme 2 Synthesis of (E)-2, NO,
2-dimethyl-6-(2-
nitrovinyl)chroman (6) H O H 0 =
isoprene, HsPOy, CH3NO,, NH,OAc,
ether, 16 h, 0 °C-rt; acetic acid, 80 °C, 4 h
OH O 0]
5 6
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Scheme 3 Synthesis of NO,
chromanyl pryrrolidine _
derivatives (7, 8, and 9)

NS
Ar/\

N~ >COOC,Hs (1-4)

Other unisolated
products

DBU-LiBr, CH3CN, 1-2 h

Scheme 4 Synthesis of fused NO,
chromanyl pyrrolidines (12 and

= CHO
X
OH

DBU, rt, 1h

OCH;
10

(Viranyi et al., 2006). Thus, 3 + 2 cycloaddition of 1 and 4
separately with 11 in acetonitrile in the presence of DBU-
LiBr led to the formation of respective ethyl-4-(4-
methoxyphenyl)-3a-nitro-3-(4-methoxyphenyl)-1,2,3,3a,4,
9b-hexahydrochromeno[3,4-c]pyrrole-1-carboxylates (12)
and ethyl-4-(4-nitrophenyl)-3a-nitro-3-(4-methoxyphenyl)-
1,2,3,3a,4,9b-hexahydrochromenol[3,4-c]pyrrole- 1-carbox-
ylates (13), respectively in good yields (Scheme 4). The
structures of the compounds 12 and 13 were in full agree-
ment with the spectroscopic data.

Further, in order to see the antitubercular activity pro-
files in the hybrid compounds of three moieties the acety-
lenes, chroman, and cyclic amines, a three component
reactions of the above chromanyl carbaldehyde 5 with
different acetylenes and cyclic amines in the presence of
zinc(Il) acetate (Ramu et al., 2007) were carried out sep-
arately to get the desired 4-(1-(2,2-dimethylchroman-6-yl)-
3-phenylprop-2-ynyl) cyclic amines (14-18) in good yields
(Scheme 5).

Scheme 5 Synthesis of 4-(1-
(2,2-dimethylchroman-6-yl)-3-

phenylprop-2-ynyl) cyclic H.__O
amines (14-18) X
- ()
N
H
o X =0, CH,
5

L
O

NO,

major product

7: Ar = 4-methoxyphenyl
8: Ar = phenyl
9: Ar = 3-nitrophenyl

NO X
2 ATNTC00CHs (1 or 4)

O DBU-LIBr, CH,CN, 0 °C-rt, 1-2 h
OCH,

OCH;

+ Other unisolated
products

1

12: Ar = 4-methoxyphenyl
13: Ar = 4-nitrophenyl

Biological activity

The above synthesized compounds 7-9, 12, 13, and 14-18
were evaluated against M. tuberculosis H37Ra and M.
tuberculosis H37Rv strains following earlier protocols
(Collins and Franzblan, 1997; Saito et al., 1991). The
results are depicted in Table 1. As evident from Table 1
among all the compounds screened, except compounds 7
and 12, all were active against the virulent strain, M.
tuberculosis H37Rv with MIC values ranging from
12.5-1.56 pg/ml, while these compounds were inactive
against the avirulent strain, indicating the selectivity of
these compounds toward virulent strain only. Among the
active compounds, only three compounds 15, 16, and
17 from 4-(1-(2,2-dimethylchroman-6-yl)-3-phenylprop-2-
ynyl) cyclic amines series showed potent antitubercular
activity with MIC of 6.12, 1.56, and 3.12, respectively.
Thus, the most potent compound of the series, compound
16 (MIC 1.56 pg/ml) opens up new door to optimize this

=R, 2Zn(OAc);2H,0

toluene, reflux, 7 h (o)

14: R, = CgHg, X = O

15: R, = CgHs, X = CH,

16: R4 = (CH,)sCH3, X = CH,
17:R, = (CHp),CHs, X=0
18: R, = (CH,)sCHy, X = O
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Table 1 Antitubercular activity of synthesized compounds 7-9, 12,
13, and 14-18 against M. tuberculosis H37Ra and M. tuberculosis
H37Rv

S. No. Compound MIC (pg/ml) against MIC (pg/ml) against
M. tuberculosis M. tuberculosis
H37Rv H37Ra

1 7 >12.5 >12.5

2 8 12.5 >12.5

3 12.5 >12.5

4 12 >12.5 >12.5

5 13 12.5 >12.5

6 14 12.5 >12.5

7 15 6.25 >12.5

8 16 1.56 >12.5

9 17 3.12 >12.5

10 18 ND?* >12.5

11 Isoniazid 0.75 -

12 Ethambutol 3.25 -

% ND not done, MIC minimum inhibitory concentration

series for new class of antituberculars. Further, the com-
pounds being specific to the virulent strains only, also point
out the target important for infective mycobacteria, which
is yet to be determined.

In conclusion, we have synthesized hybrid molecules
with chroman, pyrrolidine, and cyclic amines as combina-
tion of pharmacophores using either (3 + 2) cycloaddition
or three component reaction. The compounds were screened
against avirulent and virulent strains of M. tuberculosis.
Three of the compounds 15, 16, and 17 displayed MIC in
the range of 6.25-1.56 ng/ml, a criterion for further opti-
mization of the series for new antitubercular agents.

Experimental section
Chemistry

Commercially available reagent grade chemicals were used
as received. All the reaction were followed by TLC on E.
Merck Kieselgel 60 Fs4, with detection by UV light,
spraying a 20% KMnO, aq solution. Column chromatogra-
phy was performed on silica gel (60—120 mesh and 100-200
mesh, E. Merck). IR spectra were recorded as thin films or in
KBr soln with a Perkin Elmer Spectrum RX—I1
(4000450 cm™") spectrophotometer. 'H and '*C NMR
spectra were recorded on a Brucker DRX-300 in CDCls.
Chemical shift values are reported in ppm relative to TMS
(tetramethylsilane) as internal reference, unless otherwise
stated, s (singlet), d (doublet), t (triplet), m (multiplet); J in
hertz. ESI mass spectra were performed using Quattro II
(Micromass).

@ Springer

General procedure for preparation of benzylidene ethyl
glycinates (1-4)

To a solution of ethyl glycinate hydrochloride salt (2 eq.)
and anhydrous MgSO, in dry CH,Cl, was added aromatic
aldehydes (1 eq.), and the reaction was stirred for 34 h at
ambient temperature. After the completion of the reaction,
the reaction mixture was filtered and concentrated under
reduced pressure to get the desired benzylidene ethyl gly-
cinates (1-4). The freshly prepared benzylidine ethyl gly-
cinates (1-4) were used as such.

Preparation of 2,2-di-methyl chroman-6-
carbaldehyde (5)

To a stirring solution of 4-hydroxybenzaldehyde (1 g,
8.19 mmol), orthophosphoric acid (0.94 ml, 16.39 mmol)
in petroleum ether (10 ml) was added isoprene (1.64 ml,
16.39 mmol) at 0°C. The reaction mixture was stirred at
room temperature for 16 h. After completion of reaction
(TLC), the reaction mixture was poured into beaker con-
taining crushed ice and sodium bicarbonate and extracted
with ethyl acetate. The organic layer was dried over
sodium sulfate then concentrate under reduced pressure.
Purification of the residue by silica gel chromatography
(EtOAc/n-hexane, 1:3) provided 2,2-di-methyl chroman-6-
carbaldehyde 5 as liquid, 0.8 g, 51.3%. "H NMR (CDCl;,
300 MHz): 6 1.35 (s, 6H, CH3x2), 1.81-1.85 (m, 2H,
CH,), 2.82 (t, 2H, J = 6.7 Hz, OCH,), 6.85 (d, 1H,
J = 9.0 Hz, ArH), 7.58-7.61(m, 2H, ArH), 9.80 (s, 1H,
CHO).

Preparation of (E)-2,2-dimethyl-6-(2-nitrovinyl)
chroman (6)

To a stirred solution of 2,2-dimethylchroman-6-carbalde-
hyde 5 (1 g, 5.26 mmol), nitromethane (5 ml, as reagent
and as solvent), ammonium acetate (0.41 g, 5.26 mmol),
and acetic acid (1 ml) were heated at 80°C for 4 h. After
completion of reaction (TLC), the reaction mixture was
poured onto ice; excess of acetic acid was neutralized by
sodium bicarbonate extracted with ethyl acetate. The
organic layer was dried (Na,SO4) and concentrated under
reduced pressure to get compound 6 as syrup. Yield 0.8 g
(65.23%). FT-IR (KBr, cm™') 1657, 1256; 'H NMR
(200 MHz, CDCl3) ¢ 1.35 (s, 6H, C(CHj3),), 1.86 (t, 2H,
J = 6.4 Hz, CH,), 2.82 (t, 2H, J = 6.4 Hz, CH,), 6.80 (d,
1H, J = 8.3 Hz, ArH), 7.25-7.29 (m, 2H, ArH), 7.42 (d,
1H, J = 13.4 Hz, =CH), 7.85 (d, 1H, J = 13.4 Hz, =CH);
3C NMR (50 MHz, CDCl;)  22.6 (CH,), 27.3 (CHj),
32.8 (CH,), 118.9 (ArCH), 122.1 (ArC), 129.0 (ArCH),
131.7, 135.0, 139.4 (ArCH), 158.4 (ArC); ESMS (m/z):
234 [M + H]™.



Med Chem Res (2011) 20:1515-1522

1519

Preparation of 2-(4-methoxyphenyl)-3-nitro-2H-
chromene (11)

To a stirred solution of (E)-1-methoxy-4-(2-nitrovinyl)
benzene 10 (1 g, 5.58 mmol), salicylaldehyde (0.88 g,
6.13 mmol), 0.242 ml of DBU (30 mol %) was added at
room temperature. After completion of reaction (TLC), the
reaction mixture was extracted with ethyl acetate. The
organic layer was dried (Na,SO4) and concentrated under
reduced pressure to get compound 11 as yellow solid. Yield
1.3 g (82.2%). FT-IR (KBr, cm™") 1657, 1256; '"H NMR
(200 MHz, CDCl3) ¢ 3.75 (s, 3H, OCHy), 6.51 (s, 1H, H-
2), 6.79-6.85 (m, 3H, ArH), 6.98-7.02 (m, 1H, ArH),
7.25-7.34 (m, 4H, ArH), 8.03 (s, 1H, H-4); ESMS (m/z):
234 [M + H]".

General procedure for preparation of compounds (7, 8,
9, 12, and 13)

To a stirring solution of DBU (10 mol%) and LiBr
(10 mol%) in acetonitrile was added [(benzylidene)amino]-
acetic acid ethyl ester (1-4, 1 eq.) at 0°C and stirring con-
tinued for further 30 min and followed by addition of
compound 3 or compound 8 (1 eq.). After complete addi-
tion, the reaction mixture was stirred at room temperature
for further 1 h. After completion of the reaction (TLC), the
reaction mixture was extracted with ethyl acetate
(2x 70 ml); the organic layer was dried (anh. Na,SO,) and
evaporated under reduced pressure to get a crude product.
The latter was chromatographed (SiO, column, 60-120
mesh) using a gradient of hexane: ethyl acetate (6:4) to give
the desired compounds (7, 8, 9, 12, and 13).

Ethyl-3-(2,2-dimethylchroman-6-yl)-4-nitro-5-
(4-methoxyphenyl)pyrrolidine-2-carboxylate (7)

It was obtained by the reaction of compound 6 (0.5 g,
2.14 mmol), [(4-methoxybenzylidene) amino]-acetic acid
ethyl ester 1 (0.47 g, 2.14 mmol), and DBU-LiBr (1:1,
10 mol%) as liquid, 0.65 g, in 66.6% yield. FT-IR (KBr,
cm™ 1) 1657, 1730,3402; 'H NMR (200 MHz, CDCl3) 6 0.87
(t, 3H, J=7.1 Hz, OCH,CHj;), 1.22-1.33 (m, 6H,
C(CHj3),), 1.79 (m, 2H, CH,), 2.16 (bs, 1H, NH), 2.75 (t, 2H,
J = 6.7 Hz, CH,), 3.75-3.82 (m, SH, OCH; and CHx?2),
4.27-4.32 (m, 2H, OCH,), 4.65 (d, 1H, J = 8.5 Hz, CH),
5.11 (m, 1H, CH), 6.70 (d, 1H, J = 8.2 Hz, ArH), 6.89-6.96
(m, 4H, ArH), 7.48 (d,2H, J = 8.7 Hz); '>CNMR (50 MHz,
CDCls) 0 14.68 (CH3), 22.8 (CH,), 27.3, 27.2 (CH3), 33.14
(CH,), 55.4 (OCH;), 61.28 (OCH,), 64.36, 67.53 (CH),
95.30 (C), 114.50, 114.80 (ArC), 117.98 (ArCH), 121.13
(ArC), 127.20 (ArCH), 128.31 (ArC), 128.53, 129.30
(ArCH), 129.96 (ArC), 154.31, 160.42 (ArC), 172.11
(COOEt); ESMS (m/z): 455 [M + H]*.

Ethyl-3-(2,2-dimethylchroman-6-yl)-4-nitro-5-
phenylpyrrolidine-2-carboxylate (8)

It was obtained by the reaction of compound 6 (0.5 g,
2.14 mmol), [(benzylidene) amino]-acetic acid ethyl ester
2 (0.41 g, 2.14 mmol) and DBU-LiBr (1:1, 10 mol%) as
liquid, 0.40 g, in 43.9% yield. FT-IR (KBr, cm_l) 3401,
1728, 1603; 'H NMR (200 MHz, CDCl;) 6 0.82—1.34 (m,
9H, OCH,CH; and C(CH3),), 1.84 (t, J = 7.6 Hz, 2H,
CH,), 2.73 (t, 2H, J = 7.7 Hz, CH,), 3.98-4.06 (m, 2H),
4.24-4.32 (m, 2H, OCH,), 4.67 (m, 1H, CH), 5.17 (d, 1H,
J = 2.6 Hz, CH), 6.75 (d, 1H, J = 8.2 Hz, ArH), 6.96 (d,
2H, J = 9.2 Hz, ArH), 7.25-7.43 (m, 5H, ArH); '°C NMR
(50 MHz, CDCl5) ¢ 13.92, 14.68 (CH3), 22.9 (CH,), 27.3,
(CHs3), 33.07 (CH,), 61.93 (OCH,), 68.04 (CH), 80.18 (C),
97.58 (CH), 118.44 (ArCH), 121.80 (ArC), 126.58 (ArCH),
128.44, 128.11 (ArC), 128.80, 129.09, 129.20 (ArCH),
130.01, 135.08, 139.09 (ArC), 154.31 (ArC), 171.8
(COOEY); ESMS (m/z): 425 [M + H]™.

Ethyl-3-(2,2-dimethylchroman-6-yl)-4-nitro-5-
(3-nitrophenyl)pyrrolidine-2-carboxylate (9)

It was obtained by the reaction of compound 6 (0.5 g,
2.14 mmol), [(3-nitrobenzylidene)-amino]-acetic acid ethyl
ester 3 (0511 g, 2.14 mmol), and DBU-LiBr (1:1,
10 mol%) as liquid, 0.42 g, in 42.2% yield. FT-IR (KBr,
cm™ ') 3422, 1727, 1609; '"H NMR (200 MHz, CDCls) 6
1.26-1.34 (m, 9H, OCH,CH; and C(CHj),), 1.77 (t,
J = 6.6 Hz, 2H, CH,), 2.74 (t, 2H, J = 6.6 Hz, CH,),
4.09-4.11 (m, 2H), 4.25-4.32 (m, 2H, OCH,), 4.99 (d, 1H,
CH), 524 (d, 1H, J=3.7Hz, CH), 6.74 (d, 1H,
J = 8.1 Hz, ArH), 6.96 (m, 2H, ArH), 7.54-7.58 (d, 1H,
J =179 Hz, ArH), 7.70 (d, 1H, J = 8.14 Hz, ArH), 8.16
(d, 1H, J = 8.17 Hz, ArH), 8.28 (s, 1H, ArH); >°C NMR
(50 MHz, CDCl3) 6 14.61 (CHs), 22.92 (CH,), 27.30,
27.34 (CH3), 33.03 (CH,), 62.02 (OCH,), 66.42, 67.33,
74.84 (CH), 96.76 (CH), 118.53 (ArCH), 121.94 (ArC),
122.67, 124.00, 126.55 (ArCH), 130.07, 132.78 (ArCH),
138.02, 148.70, 154.44 (ArC), 171.49 (COOEt); ESMS (m/
z): 470 [M + H] .

Ethyl-4-(4-methoxyphenyl)-3a-nitro-3-
(4-methoxyphenyl)-1,2,3,3a,4,9b-hexahydrochromeno
[3,4-c]pyrrole-1-carboxylate (12)

It was obtained by the reaction of compound 11 (0.5 g,
1.76 mmol), [(4-methoxybenzylidene) amino]-acetic acid
ethyl ester (0.39 g, 1.76 mmol), and DBU-LiBr (1:1,
10 mol%) as white solid, m. p. 125°C, 0.54 g, in 60.8%
yield. FT-IR (KBr, cm™') 3431, 1729, 1596; 'H NMR
(200 MHz, CDCl3) 6 1.29 (t, 3H, J = 7.2 Hz, CHjy),
3.72-3.79 (m, 7H, OCH3x2 and CH), 4.22-4.32 (q, 2H,
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J = 7.14 Hz, OCH,CHs3), 5.38-5.41 (m, 2H, CHx2), 6.01
(s, 1H, CH), 6.67-7.12 (m, 11H, ArH), 8.16 (d,
J = 8.0 Hz, ArH); ESMS (m/z): 505 [M + HJ".

Ethyl-4-(4-methoxyphenyl)-3a-nitro-3-(4-nitrophenyl)-
1,2,3,3a,4,9b-hexahydrochromeno(3,4-c]pyrrole-1-
carboxylate (13)

It was obtained by the reaction of compound 11 (0.5 g,
1.76 mmol), [(4-nitrobenzylidene)amino]-acetic acid ethyl
ester 4 (0.41 g, 1.76 mmol), and DBU-LiBr (1:1,
10 mol%) as white solid, m. p. 179-180°C, 0.49 g, in
54.5% vyield. FT-IR (KBr, cm™"') 3385, 1740, 1602, 1545;
'"H NMR (200 MHz, CDCl3) 6 1.50 (t, 3H, J = 7.1 Hz,
CHs), 2.91 (m, 1H, NH), 3.70 (s, 3H, OCH3), 4.06 (d, 1H,
J = 3.7 Hz, CH), 4.35 (q, 2H, J = 7.08 Hz, OCH,CH3;),
498 (s, 1H, CH), 541 (s, 1H, CH), 6.60 (d, 2H,
J=286Hz, ArH), 6.76 (d, 1H, J =179 Hz, ArH),
6.96-7.19 (m, 5H, ArH), 7.46-7.55 (m, 2H, ArH), 8.19 (d,
2H, J = 8.6 Hz, ArH); >*C NMR (50 MHz, CDCl;) 6
14.76 (CH3), 45.34, 55.55, 55.54 (OCHs3), 62.69 (OCH,),
68.95, 75.58 (CH), 114.40, 118.77 (ArCH), 123.82, 124.42,
128.65, 129.22, 129.56, 129.98 (ArCH), 142.42, 149.03,
150.30, 160.44 (ArC), 172.68 (COOEt); ESMS (m/z): 520
M + H]™".

General procedure for preparation
of compound (14-18)

A solution of alkyne (1.5 mmol), Zn(OAc),-2H,0
(0.1 mmol), aldehyde (1.0 mmol), and amine (1.3 mmol)
in toluene was taken in a round-bottomed flask and inserted
into a preheated oil bath (120°C bath temperature) and
stirring continued for given time. After completion of the
reaction (as monitored by TLC), the reaction mixture was
diluted with aq NH4CI (2.5 ml) and stirred for 5 min. The
aqueous layers were extracted with diethyl ether, dried over
Na,SO, and concentrated to give the crude product which
was further purified by column chromatography on silica
gel (ethylacetate/hexane = 1:6) to afford the correspond-
ing pure propargylamine.

4-(1-(2,2-dimethylchroman-6-yl)-3-phenylprop-2-
ynyl)morpholine (14)

It was obtained by the reaction of compound 5 (0.5 g,
2.63 mmol), morpholine (0.297 ml, 3.42 mmol), phenyl-
acetylene (0.43 ml, 3.9 mmol), and Zn(OAc),-2H,0
(0.057 g, 0.263 mmol) as yellow liquid, 0.79 g, in 84.2%
yield. FT-IR (KBr, cm™") 2927, 1697, 1618, 1533; 'H
NMR (200 MHz, CDCl3) ¢ 1.33 (s, 6H, C(CH3),), 1.83 (t,
2H, J = 6.6 Hz, CH,), 2.57-2.65 (m, 4H, —-CH,NCH,-),
2.75 (t, 2H, J = 6.7 Hz, CH,), 3.69 (t, 4H, -CH,OCH,-),
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4.65 (s, 1H, CH), 6.71 (d, 1H, J = 8.2 Hz, ArH), 7.25-7.32
(m, 5H, ArH), 7.46-7.51 (m, 2H, ArH); *C NMR
(50 MHz, CDCl;) & 23.00 (CH,), 27.36 (CH;), 32.24
(CH,), 50.29 (NCH,), 62.03 (CH), 67.52 (OCH,), 86.07,
88.48 (C=C), 117.38 (ArCH),120.71, 123.59 (ArC),
128.08, 128.64, 129.06, 129.96, 132.21 (ArCH), 154.04
(ArC); ESMS (m/z): 361 [M + H]*.

1-(1-(2,2-dimethylchroman-6-yl)-3-phenylprop-2-
ynyl)piperidine (15)

It was obtained by the reaction of compound 5 (0.5 g,
2.63 mmol), piperidine (0.34 ml, 3.42 mmol), phenylacet-
ylene (0.43 ml, 3.9 mmol), and Zn(OAc),-2H,0 (0.057 g,
0.263 mmol) as yellow liquid, 0.79 g, in 84.6% yield. FT-
IR (KBr, cm™') 2972, 2932, 2854, 1588, 1492; '"H NMR
(200 MHz, CDCl3) 6 1.32 (s, 6H, C(CHj3),), 1.40-1.48 (m,
6H, CH, piperidine ring) 1.75 (t, 2H, J = 6.7 Hz, CH,),
2.53-2.55 (m, 4H, -CH,NCH,-), 2.74 (t, 2H, J = 6.7 Hz,
CH,), 4.66 (s, 1H, CH), 6.70 (d, 1H, J = 8.3 Hz, ArH),
7.24-731 (m, 5H, ArH), 7.46-7.51 (m, 2H, ArH); '°C
NMR (50 MHz, CDCl3) 6 23.00, 24.96, 26.61 (CH,), 27.41
(CH3), 33.33 (CH,), 51.04 (NCH,), 62.34 (CH), 74.44,
87.04, 8791 (C=C), 117.18 (ArCH), 120.47, 123.99
(ArC), 127.98, 128.25, 28.59, 129.84, 129.91,132.21
(ArCH), 153.79 (ArC); ESMS (m/z): 362 [M + H]*.

1-(1-(2,2-dimethylchroman-6-yl)non-2-ynyl)piperidine
(16)

It was obtained by the reaction of compound 5 (0.5 g,
2.63 mmol), piperidine (0.297 ml, 3.42 mmol), octyne
(0.58 ml, 3.9 mmol), and Zn(OAc),2H,O (0.057 g,
0.263 mmol) as yellow liquid, 0.84 g, in 88.0% yield. FT-
IR (KBr, cm™') 2931, 2856, 1656, 1584; 'H NMR
(200 MHz, CDCly) ¢ 0.86 (t, 3H, J = 6.5 Hz, CHj3), 1.32
(s, 6H, C(CHj),), 1.38-1.45 (m, 14H), 1.75 (t, 2H,
J =6.6 Hz, CH,), 2.26 (m, 2H, CH,), 2.44 (m, 4H,
—CH,NCH,-), 2.73 (t, 2H, J = 6.6 Hz, CH,), 4.40 (s, 1H,
CH), 6.66 (d, 1H, J = 8.2 Hz, ArH), 7.17-7.18 (m, 2H,
ArH); '*C NMR (50 MHz, CDCl;) é 14.51 (CH3), 19.27,
22.99, 23.04, 25.00, 29.02, 29.49, 31.79, 33.33, 50.86
(CH,), 26.57 (CHj), 61.91(CH), 74.35, 87.75 (C=0),
116.98 (ArCH), 120.24 (ArC), 127.97, 129.81 (ArCH),
130.53, 153.56 (ArC). ESMS (m/z): 368 [M + H]".

4-(1-(2,2-dimethylchroman-6-yl)oct-
2-ynyl)morpholine (17)

It was obtained by the reaction of compound 5 (0.5 g,
2.63 mmol), morpholine (0.297 ml, 3.42 mmol), heptyne
(0.52 ml, 3.9 mmol), and Zn(OAc),2H,O (0.057 g,
0.263 mmol) as yellow liquid, 0.75 g, in 80.8% yield.
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FT-IR (KBr, cm™') 2934, 2864, 1670, 1576; 'H NMR
(200 MHz, CDCl;) 6 0.88 (t, 3H, J = 7.0 Hz, CHj3),
1.32-1.58 (m, 12H, C(CH;),, CH,x3), 1.75 (t, 2H,
J=6.6Hz, CHy), 226 (m, 2H, CH,), 2.49 (m, 4H,
—~CH,NCH,-), 2.73 (t, 2H, J = 6.6 Hz, CH,), 3.66 (m, 4H,
—CH,OCH.,), 4.39 (s, 1H, CH), 6.67 (d, 1H, J = 8.1 Hz,
ArH), 7.18-7.22 (m, 2H, ArH); >C NMR (50 MHz,
CDCls) & 14.44 (CH3), 19.19, 22.59, 22.97, 29.13, 30.09,
31.56, 33.28, 50.14 (CH,), 27.35 (CH3), 61.64 (CH), 67.47
(CH,), 74.44,76.37 (C=C), 117.19 (ArCH), 120.47 (ArC),
128.00, 129.89 (ArCH), 153.86 (ArC). ESMS (m/z): 356
M + H]*.

4-(1-(2,2-dimethylchroman-6-yl)non-
2-ynyl)morpholine (18)

It was obtained by the reaction of compound 5 (0.5 g,
2.63 mmol), morpholine (0.297 ml, 3.42 mmol), octyne
(0.58 ml, 3.9 mmol), and Zn(OAc),2H,0 (0.057 g,
0.263 mmol) as yellow liquid, 0.74 g,in 76.5% yield. FT-IR
(KBr, cm™') 2931, 2857, 1585, 1494; 'H NMR (200 MHz,
CDCl3) 6 0.86 (t,3H, J = 6.6 Hz, CH3), 1.32-1.57 (m, 14H,
C(CHj3),, CHyx4), 1.75 (t, 2H, J = 6.6 Hz, CH,), 2.26 (m,
2H, CH,), 2.49 (m, 4H, —-CH,NCH,-), 2.73 (t, 2H,
J = 6.6 Hz, CH,), 3.66 (t,4H, J = 4.22 Hz, -CH,OCH,-),
4.39 (s, 1H, CH), 6.67 (d, 1H, J = 8.2 Hz, ArH), 7.17-7.18
(m, 2H, ArH); '3C NMR (50 MHz, CDCl;) 6 14.51 (CH3),
19.24,23.00, 29.04, 29.41, 31.75, 33.27, 50.14 (CH,), 27.35
(CH3), 61.63 (CH), 67.47 (CH,), 74.35 (C=C), 117.19,
128.01; ESMS (m/z): 370 [M + H]™.

Biological activity
Activity against M. tuberculosis H37Ra strain

All of the synthesized compounds were evaluated for their
efficacy against M. tuberculosis H37Ra at active concen-
tration ranging from 50 pg/ml to MIC using twofold
dilutions in the initial screen. Log phase culture of M.
tuberculosis H37Ra is diluted so as to give final OD
550 nm of 0.05 in Sauton’s medium. In 96-well white
plates, 190 ml of culture is dispensed in each well. A
dimethyl sulfoxide (DMSO) solution of test compounds is
dispensed into 96-well plates so as to make final test
concentration of 25 mg/ml (5 mg test compound is dis-
pensed into 10 ml of DMSO). Then, the plate is incubated
at 37°C/5% CO, for 5 days. On 5th day, 15 ml Alamar
Blue solution is added to each well of the plate. The plate is
again incubated overnight at 37°C/5% CO, incubator. The
fluorescence is read on BMG polar star with excitation
frequency at 544 nm and emission frequency at 590 nm.
The compounds, which were found to be active (>90%

inhibition as compared with control) at this concentration
are then tested at six serial dilutions starting from 50 to
1.56 pg/ml.

Activity against M. tuberculosis H37Rv strain

Drug susceptibility and determination of MIC of the test
compounds/drugs against M. tuberculosis H37Rv were
performed by agar microdilution method where twofold
dilutions of each test compound were added into 7H10 agar
supplemented with OADC and organism. A culture of M.
tuberculosis H37Rv growing on L-J medium was har-
vested in 0.85% saline with 0.05% Tween-80. A suspen-
sion of 1 mg/ml concentration of extracts/compounds was
prepared in DMSO. This suspension was added to (in
tubes) 7H10 Middle Brook’s medium (containing 1.7 ml
medium and 0.2 ml OADC supplement) at different con-
centrations of compound keeping the volume constant, i.e.,
0.1 ml. Medium was allowed to cool by keeping the tubes
in slanting position. These tubes were then incubated at
37°C for 24 h followed by streaking of M. tuberculosis
H37Rv (5-10* bacilli per tube). These tubes were then
incubated at 37°C. Growth of bacilli was seen after 30 days
of incubation. Tubes having the compounds were com-
pared with control tubes where medium alone was incu-
bated with H37Rv. The concentration at which complete
inhibition of colonies occurred was taken as active con-
centration of test compound.
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