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ABSTRACT

The study was aimed to synthesize substituted 2-oxo-2H-chromen-7-yl
phenylcarbamates from differently substituted 7-hydroxycoumarin by three
different methods. In I$ method, substituted 2-oxo-2H-chromen-7-
ylphenylcarbamate derivatives were synthesised in two steps by reacting
benzoyl chloride with differently substituted 7-hydroxycoumarin in the
presence of NaOH followed by reaction of an intermediate with sodium
azide. In 2™and 3 methods, substituted 2-oxo0-2H-chromen-7-
ylphenylcarbamates were synthesized in a single step by reacting differ-
ently substituted 7-hydroxycoumarin with phenyl isocyanate or
phenylcarbamic chloride, respectively. Dueto lower yields (30-40% for I+
and 50-60% for 3 method), longer reaction time (8-10 hours for ¢ and 1
hour for 3" method), hygroscopic and lacrimating reagents (benzoyl chlo-
ride and phenyl carbamic chloride), the I+ and 3 methods were inconve-
nient as compared to 2 method with higher yield (85-95%) and shorter
reaction duration (15 min). Therefore, one pot synthesis of substituted 2-
oxo-2H-chromen-7-yl phenyl carbamates may be conveniently achieved by
reacting phenylisocyanate with differently substituted 7-hydroxycoumarin
in the presence of triethylamine and petroleum ether.
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Carbamateisanimportant moiety which hasbeen
conventionally used asainsecticideto control insect
pests throughout the world such as metolcarb,
methomyl, thiodicarb, carbofuran, carbosulfhan and
adicarbi*3. The carbamateinsecticidesinhibit acetyl-
cholinesterase (A ChE), akey enzymein the nervous
system, by covdently carbamylating the serineresidue
within activesitegorge. In addition carbamateisa so
anintegra part of clinically employed AChE inhibitor
i.e, rivastigminefor themanagement of Alzheimer’s dis-

ease®l, Various research groups have synthesi sed car-
bamate derivativesby incorporating different chemica
moi etiesto produce potent AChE inhibitorsincluding
phenyl ring“, benzopyrano[4,3-b] pyrroles®, 1,2-
phenylalkyl-substituted piperidines®, phthalimide
alkyloxyphenyl™, N-propargylaminoindan and N-
propargyl phenethylaming®. A number of studieshave
demonsgtrated that natura aswell aschemicdly synthe-
sized carbamate anal ogues exhibited wide range of
pharmacol ogica properties such asanti- bacteria(®9,
anti-malarid™, anticonvul sant™ and antifungal ™.
Coumarinsarenaturaly occurring phytochemicals
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inmany plantsspecieswith awiderangeof biologically
activities such as anti-inflammatory, anti-tumour,
hepatoprotective, antivird, antifungd , antimicrobid, anti-
oxidant, anti-diabetic and anti-amnestic**19. Based on
these, itisproposed that addition of carbamate moiety
to coumarin nucleus may produce carbamate deriva-
tiveswith S gnificant pharmacol ogica activities Although
many different carbamate derivatives have been syn-
thesized during thelast decade, very littleattention has
been paid for the synthesis of carbamate derivative of
different subgtituted 7-hydroxycoumarin. Inthisarticle,
we describethree methodsfor the synthesis of substi-
tuted 2-oxo-2H-chromen-7-yl phenylcarbamatefrom
different substituted 7-hydroxycoumarin using benzoyl
chloride and sodium azide; phenyl isocyanate and
phenyl carbamic chloride and compare the best method
with respect to yield, reaction timeand suitability of
reagents.

RESULTSAND DISCUSSION

In the present study, the differently substituted 2-
0x0-2H-chromen-7-yl phenyl carbamateswere synthe-
sized by using three different methods. In the first
method, benzoylation of different substituted 7-hydroxy
coumarin (1a-1e) with benzoyl chloride (2) inthepres-
ence of cold 5% NaOH solution provided substituted
2-0x0-2H-chromen-7-ylbenzoate® (3a-3e) that inturn
was treated with H,SO, and NaN, to afford substi-
tuted-2-oxo0-2H-chromen-7-yl phenyl carbamate!?%
(4a-4e), respectively (Figures1 and 2). Theyield of
the target compound was 30-40% (TABLE 1) inthe
two step reaction of first method with thetotal reaction
timeof around 10 hours. Inaddition, benzoyl chloride
used inthismethod ishygroscopic, highly lacrimating
agent andisinconvenient to handleinlaboratory. Inthe
second method, therefluxing of differently substituted
7-hydroxycoumarin (1a-1€) with phenyl isocyanide (2°)
inthepresence of petroleum-ether and triethylamine (2
or 3drops) provided substituted 2-oxo-2H-chromen-
7-ylphenylcarbamates? (4a-4e) (Figures3and4). The
yield of thetarget compound was 85-95 %inthesingle
step reaction in second method with thetota reaction
timeof around 15 minutes. Inthethird method, the con-
densation of differently substituted 7-hydroxycoumarin
(1a-1€) with phenyl carbamic chloride(3’) in the pres-
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ence of dichloromethane and NaOH yielded substi-
tuted-2-oxo-2H-chromen-7-yl phenyl carbamate® (4a
4e) (Figures 5 and 6). The yield of the target com-
pound was 50-60 % inthesingle step reactioninthird
method with thetotal reaction time of around 1 hour.
The phenyl carbamic chloride employed inthethird
method islacrimating and hygroscopic agent.

TABLE 1 : Showing % vyield of substituted 2-oxo-2H-

chromen-7-ylphenylcar bamate (4a-4€) during different three
methods

3
R’
2 ’,‘ compound R R2 R?

R\.\ ,_/:’\\ 4a H H H
— —0
TN A b H H MO
R—{ b /_:;‘;—N‘lj 4c H CH, H
)—0 o] —=x 4d o CHy H
/f F Y
o W 4e H CF, H
% yield % yield % yield
Compound s 1iethod) (2 method) (3 method)
4a 36 87 53
4b 30 85 50
4c 35 89 53
4ad 37 20 57
4e 40 95 60
CONCLUSION

Based on theresults of the study, it isconcluded
that substituted 2 oxo-2H-chromen-yl phenyl carbam-
atemay besynthesizedinahighyield, inasinglestep
with shorter reaction time by reacting substituted 7-
hydroxycoumarin with phenyl isocyanateinthe pres-
enceof triethyl amineand petroleum ether.

EXPERIMENTAL

All thereagentsand the sol vents used were of ana
lytical grade. Melting pointswererecorded on Gallen—
Kamp apparatus and were uncorrected. IR spectra
were recorded on aPerkin Elmer spectrum RX IFT-
IR system. H: NMR spectrawere recorded on Bruker
Advance Il 400 MHz spectrometer in DM SO with
TMSasaninternd standard. Thechemica shiftswere
recorded in parts per million (ppm), coupling constants
(Jvaues) in Hertz, multiplicitiesassinglet (s), doubl et
(d), triplet (t), quadruplet () and multiplet (m). Mass
pectra(MS) sgndsweregiveninnm/z. Elementd andy-
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sis (EA) was measured on an Elementar
Anaysensysteme GmbH. All thereactionsweremoni-
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tuted 7-hydroxycoumarini.e, substituted 2-oxo-2H-

chromen-7-ylphenyl carbamate were synthesi sed by

tored usng TLC. Thecarbamatederivativesof substi-  threemethods.
RE
COCL J _0._ 0
HO_ S O ?:.O . | [,‘_ I 1.:,-
H ) 1 + l/ “ B Ri_ﬁ_ e P
B e gl S J, 0 L |

" Ly

substituted 7-hydrosycoumarin

benzoylchloride (2

(1a-1e)
compound R R R
1a H H  H
1b H H Me0
c H CH, H
1d Cl CH, H
1e H CF, H

substituted 2-oxo-2H-chromen-T-ylbenzoate
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substituted 2-oxo-2H-chromen-T-ylphenylcarbamate
[4a-4e)

Reagents and conditions : (x) 40 ml cold 5% NaOH solution with stirring at room temperature for 8 hours; (y) NaN, and H,SO,

with stirring at room temperature for 6 hours

Figurel: Schematic diagram describingthestepsfor the synthesisof substituted 2-oxo-2H-chr omen-7-ylphenylcar bamate

by 1¥method
General procedureof I*method

(8) Sep 1

Substituted 7-hydroxycoumarin (1a-1€) (0.05mol)
and benzoyl chloride (2) (0.05mol) wereaddedin 40
ml of 5% cold NaOH solution. Themixturewasstirred
at room temperaturefor 8 hoursuntil the odour of ben-
zoyl chloride was disappeared (TLC monitoring,
EtOA c/toluene 70:30). Thesolid product wasfiltered
and washed with cold water to obtain white solid that
inturn wasrecrystallized from 50% agueous ethanol
solution to get substituted 2-oxo-2H-chromen-7-yl
benzoate (3a-3e) respectively.
(b) Step 2

1 mmol solution of substituted 2-oxo-2H-chromen-

7-yl benzoate (3a-3e) in H,SO, (3 ml) was stirred at
room temperaturefor 10 minutesfollowed by addition

of sodium azide (0.13g, 2 mmol). The mixture was
stirred a room temperaturefor 2 hours (TLC monitor-
ing, EtOAc/toluene 60:40) and then, pouredintoice
water (100 ml). Thewhite solid was collected and re-
crystalized from 10% agueousethanolic solutionto af-
ford substituted 2-oxo-2H-chromen-7-yl phenyl car-
bamate (4a-4e) respectively.

General procedureof 2" method

Thedissolved mixtureof 0.01 moleof different sub-
stituted 7-hydroxycoumarin (1a-1€) and 0.01 mole of
phenyl isocyanate (2’) in 20 ml of petroleum ether with
2-3 dropsof triethylaminewasrefluxed for 15-20 min-
utes. Thereafter, the reaction mixture wasallowed to
stand for crystallisation followed by filtration and
recrystallisation to get thetarget compound (4a-4e) i .e,,
substituted 2-oxo-2H-chromen-7-yl phenyl carbamate.
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subsfituted 2-oxe-2H-chromen-T-ylphenylcarbamate

H™ (from acid) W

Figure2: Possible mechanism of reaction of synthesisof substituted 2-oxo-2H-chr omen-7-ylphenylcar bamateby reaction
of benzoyl chloridewith substituted 7-hydroxycoumarinin step | followed by reaction of an inter mediatewith sodium azide

instep I (I method)
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R =" ™R —
2
R

substituted 7-hydroxycoumarin phenylisocyanate ()

(1a-1e)
compound R’ R? R?
1a H H H
1b H H MeO
1c H CH, H
1d Cl CH, H
le H CE H

Reagents: (a) petroleum ether (b) triethylamine

b

substituted 2-oxa-2H-chromen-7-ylphenylcarbamate
(4a-4e)

Figure 3 : Schematic diagram describing synthesis of substituted 2-oxo-2H-chromen-7-ylphenylcarbamate using
phenylisocyanatein the presenceof triethylamineand petroleum ether by 2" method

General procedureof 3¥method

Substituted 7-hydroxycoumarin (1.05g, 3.36 mmol)
(1a-1e) and phenylcarbamic chloride (0.63g, 6.72
mmol) (3’) were dissolved in dichloromethane (50 ml)
in an ice bath and then 20% NaOH agueous solution
(2ml) wasadded tothe solutionfor 5min. at 0-5 C.
After stirring themixturefor 20 minutesinanicebath,
5% brine (50 ml) was added and themixturewasagain
stirred for 40 minutes at room temperature. The or-
ganiclayer wasisolated and washed with water twice
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and dried over anhydrous sodium sulphate. The sol-
vent was evaporated in vacuo to obtain solid product
substituted 2-oxo-2H-chromen-7-ylphenyl carbamate
(4a-4e) respectively.

The synthes zed compounds (4a-4€) were charac-
terized by H-NMR, IR, and mass spectroscopy in ad-
ditiontoitsmdting point and dementa anadyssasgiven
below.

2-0x0-2H-chromen-7-ylphenylcar bamate (4a)
Whitesolid, mp 160-162°C ; IR (Nujol) v 3157,
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3 ; phenylisocyanate
substituted 7-hydroxy coumarin

(1a-1g)
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substituted 2-oxo-2H-chromen-7-ylphenylcarbamate
(da-de)

Figure4 : Possible mechanism of reaction of synthesisof substituted 2-oxo-2H-chr omen-7-ylphenylcar bamateby reaction
of phenyl isocyantewith substituted 7-hydroxycoumarin in singlestep r eaction (2" method)

NN Cl__NH__~
L L« T 1)
R? ‘\T.Z'f" "xRW o] -\\:::5,
R2

phenylcarbamic chloride(3')

substituted 7-hydroxycoumarin

(1a-1e)

compound R R? R?
1a H H H
b H H MeQ
lc H CH, H
1d Cl CH,y H
le H CF, H

Reagents : (¢) dichloromethane (d) sodium hydroxide

substituted  2-oxo-2Hchromen-T-ylphenylcarbamate
(4a-4e)

Figure 5 : Schematic diagram describing synthesis of substituted 2-oxo-2H-chromen-7-ylphenylcarbamate using
phenylcar bamic chloridein the presence of dichlor omethane and NaOH

2970, 1799, 1681, 1603, 1273, 1239,1213 cm*; H*
NMR (DM SO, 400 MHz) & 6.12-6.13 (d, 1H, aro-
maticH, J=8.12Hz), 6.58-6.59 (d, 1H, aromaticH,
J=7.94Hz), 6.75-6.76 (m, 1H aromatic H, J=8.41Hz),
7.36-7.37 (d, 1H, aromaticH, J= 2.15Hz), 7.47-7.49
(m, 2H, aromatic H, J= 8.35Hz), 7.54-7.56 (m, 2H,
aromatic H, J=8.36Hz), 7.61-7.62 (d, 1H, aromatic
H, J=7.98Hz), 7.92-7.93 (d, 1H,aromaticH, J=8.10
Hz),10.06 (s, 1H, NH); MS: m/z 282 (M+H)*; Ana
Iytical calculationfor C H, NO,: C68.32, H 3.94,N
4.98, O 22.75.

6-methoxy- 2-oxo-2H-chromen-7-yl phenylcar-
bamate (4b)

White solid, mp 172-174°C; IR (Nujol) v 3156,
2970, 1792, 1678, 1272, 1238, 1214, 1030 cm%; H!
NMR (DM SO, 400 MHz) & 3.83 (s, 3H, OCH3),
6.12-6.13 (d, 1H, aromaticH, J= 8.12 Hz), 6.68 (s,
1H aromatic H), 6.79-6.81 (m, 1H, aromatic H, J=
8.42Hz), 7.33(s, 1H, aromatic H), 7.45-7.46 (m, 2H,
aromaticH, J=8.36Hz), 7.58-7.59 (m, 2H, aromatic
H,J=8.37Hz),7.94-7.96 (d, 1H, aromaticH, J=8.14
Hz), 10.12 (s, 1H, NH) ; MS : m/z 312 (M+H)*;

Andyticd caculaionforC H,,
N 4.50, O 25.70.

4-methyl- 2-oxo-2H-chromen-7-yl phenylcar-
bamate (4c)

White solid, mp 165-166'C; IR (Nujol) v 3157,
2971, 1799, 1680, 1602, 1274, 1212 cm*; HH NMR
(DM SO, 400 MHz) 6 2.39(s, 3H, methyl H), 6.03 (s,
1H, aromaticH), 6.70-6.71 (d, 1H aromaticH, J=8.12
Hz), 6.78-6.80 (m, 1H, aromaticH, J= 8.42Hz), 7.35-
7.36 (d, 1H, aromatic H, J= 2.16Hz), 7.42-7.43 (m,
2H, aromatic H, J=8.32Hz), 7.56-7.58 (m, 2H, aro-
matic H, J= 8.33Hz), 7.95-7.98 (d, 1H, aromatic H,
J= 8.13Hz), 10.16 (s, 1H, NH) ; MS : m/z 296
(M+H)*; Analytical calculation for C_H NO,: C
69.15, H 4.44, N 4.74, O 21.67.
3-chloro-4-methyl- 2-oxo-2H-chromen-7-yl
phenylcarbamate (4d)

White solid, mp 168-169°C; IR (Nujol) v 3157,
2972,1773,1683, 1603, 1273, 1238, 1213, 847 cmr
1 HNMR (DM SO, 400 MHz) § 2.38 (s, 3H, methyl
H), 6.65-6.66 (d, 1H aromatic H, J=8.05Hz), 6.75-
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6.78 (m, 1H aromatic H, J=8.40Hz), 7.31-7..32 (d,
1H, aromaticH, J=2.13 Hz), 7.39-7.41 (m, 2H, aro-
matic H, J= 8.36Hz), 7.54-7.56 (m, 2H, aromatic H,
J=8.37Hz), 7.86-7.87 (d, 1H, aromaticH, J=8.12Hz),
10.08 (s, 1H, NH); MS: m/z 330 (M+H)*; Analytical
cdculaionfor C_H,_NO,Cl: C61.92,H3.67,N 4.25,
01941, Cl 10.75.

4-(trifluoromethyl)- 2-oxo-2H-chromen-7-yl
phenylcarbamate (4€)

White solid, mp 178-180°C; IR (Nujol) v 3157,

phenylcarbamic chloride
substituted 7-hydroxycoumarin

2970, 1775, 1681, 1605, 1272, 1237, 1213 cmt; H?
NMR (DM SO, 400 MHz) 6 6.34 (s, 1H aromatic H),
6.78-6.80 (d, 1H, aromatic H, J=8.03Hz), 6.84-6.85
(m, 1H, aromatic H, J= 8.48Hz), 7.32-7.33 (d, 1H,
aromaticH, J=2.28Hz), 7.44-7.45 (m, 2H, aromatic
H, J= 8.40Hz), 7.59-7.60 (m, 2H, aromatic H, J=
8.41Hz), 7.96-7.97 (d, 1H, aromatic H, J= 7.98Hz),
10.02 (s, 1H, NH); MS: m/z 350 (M+H)*; Analytical
caculationfor CH, F.NO,: C58.46, H 2.89, N 4.01,

17" '10° 3

018.32, F 16.32.

O—LOTO

substituted 2-oxo-2H-chromen-7-ylphenylcarbamate

Figure6 : Possible mechanism of reaction of synthesisof substituted 2-oxo-2H-chr omen-7-ylphenylcar bamateby reaction
of phenyl carbamic chloridewith substituted 7-hydr oxycoumarin in singlestep reaction (3@ method)
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