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Figure 1. *H NMR spectrum of 4a
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Figure 2. **C NMR spectrum of 4a
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Figure 4. H-H COSY spectrum of 4a
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Figure 6. C-H COSY spectrum of 4a
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Figure 7. 'H NMR spectrum of 4b
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Figure 38. *C NMR spectrum of 4u

L HANVODONONNONNORNNDD AW —W & a =
OOBpEBLEETFInANNNARLnnSs B I b 3
e S ST AT ST ) @ o ~ S

Current Data Parameters
NAME z-21
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120322
Time 15.30
INSTRUM av30o
PROBHD 5 mm EBO EB-1H
PULPROG zg30
32768
SOLVENT CDC13
ns 16
D3 a
51 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec
RG 161.3
D 81.000 usec
DE 6.00 usec
TE 300.0
Dl 2.00000000 sec
=: = CHANNEL f1 =
NUCl 1H
Pl 9.65 usec
PLL 0.00 dB
SFOL 300.1318534 MHz
F2 - Processing parameters
s8I 32768
SF 300. 1300067 MHz
WDW EM
338 o
LB 0.30 Hz
GB a
PC 1.00
|
(0]
N OCH;
O
T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.9 AN
Cl
e el el [ ] H o o
R | o I I i | N0
CH;
Figure 37. *H NMR spectrum of 4u
b HA5 ENRSRSRR 838 RRRRT @ w o © Current Data Parameters
< oA ColNERTFNdRERCwERD & © I3 = WANE 221
=] Foio aiur;ﬂ:\‘;—:—:c;u:h.ln.m.—:ﬂ:ﬂ:—:ﬂ; 7! b ] % EXPHO 11
& oER BROnaRANSNaISSS S © g @
3 552 o b L b B ot 1] S 3 § a8 PROCNO 1
\ \\\\\ / //// / / / F2 - Aowisition Faraneters
Date_ 20120326
Tine 15.45
INSTRUM avaoo
PROBHD 5 mm BEO BB-1H
PULPROG zgpy30
65536
SOLVENT CDC13
s 207
D5 4
SUH 17985.611 Hz
FIDRES 0.274439 Hz
aQ 1.8219508 sec
RG 32768
oW 27.800 usec
DE 6.00 usec
TE 300.0 K
DL 2.00000000 sec
dll 0.03000000 sec
dlz 0.00002000 sec
CHANNEL £1 =
13C
12.50 usec
-5.00 dB
75.4752653 MHz
| = L £2 =
| CPDFRGZ waltzlé
mcz 1H
PCPDZ 100.00 usec
PLZ 0.00 dB
PL12 20.31 dB
PL13 10.00 dB
| | | I 5F02 300.1312005 MHz
I F2 - Processing parameters
| 51 32768
| | 75.4677588 MHz
r T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 a0 30 20 10 ppw

21




Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

Method for removal of TEA and pyridine from aqueous solution after the solid product has
been taken off.

After removal of the solid product from the reaction mixture, the agqueous filtrate (10 mL) from a
single experiment could have a maximum of 0.25 mmol of TEA and 1 mmol of pyridine, which is
equivalent to 2.53 g of TEA and 7.9 g pyridine in 1L aqueous solution (vide experimental procedure
for the synthesis of trans-dihydrofuro [3,2-c]-quinolin-4(2H)-ones). Hence, to develop a method for
the removal of triethylamine and pyridine from this solution, an aqueous stock solution (1 L)
containing 7.9 g of pyridine and 2.53 g of TEA was prepared, which has a pH value of 10.5. This
solution was passed through 10 mL of Indion 790 ion exchange resin packed in wet form in a glass
column of diameter 0.5”. The above pyridine-TEA stock solution was passed through this column of
indion at a flow rate of 4 bed volume (one bed volume = 10 mL) per hour (viz. 40 mL per hour) and
the pH of the elute was measured after collection of every 10 mL of elute from the column. It was
found that the pH gradually increased from 5 to 7 when 0 to 13 bed volumes of amine solution was
passed through the column. viz. the pH reached 7 after 130 mL of amine solution passed through the
column. Thereafter, the pH reaches alkaline region suggesting leaching of amine.

Table 1 : pH measurements of column elute after passing the stock solution with ETA and pyridine of

volume V through ion exchange resin column

Volume of Volume of Volume of

solution, V P solution, V pH solution, V PH
0 5 70 5 140 7.1
10 5.4 80 5 150 7.2
20 4.9 90 54 160 7.3
30 4.5 100 5.6 170 9.1
40 4.2 110 6 180 9.4
50 4.3 120 6.6 190 9.4
60 4.7 130 7 200 9.5

Calculation for finding the maximum volume of the triethylamine-pyridine stock solution that
could be passed through 10 mL of resin column for removing fully the TEA and pyridine.

Mol.Wt of Pyridine =79

Mol Wt of TEA =101
Exchange Capacity of Indion 790 =19eql/L;
Weight of pyridine that could be Exchanged by 1L of resin =150.1¢g

Weight of triethylamine that could be Exchanged by 1L of resin=191.9 g
Amount of Pyridine (in 1 litre of Py-TEA stock solution) =7.9 g per litre.
Resin gty reqd.to exchange the pyridine Inl litre of stock solution =52.6 mL
Amount of triethylamine (in 1 litre of Py-TEA stock solution)=2.53 g/L.

Resin gty reqd.to exchange the triethylamine
in 1L of stock solution =13.18 mL
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Qty of resin required to treat one litre of py-TEA solution = 65.82 mL

Volume of the above aqueous solution containing triethylamine and pyridine which can be treated by
10 mL of resin = (1000 x 10)/65.82 = 151.9 mL solution

viz. Theoretically 151.9 mL of Py-TEA solution could be treated by 10 ml resin. In our experiment, it
is found that till 130 mL of aqueous solution (0.1 M pyridine and 0.25 M triethylamine) is passed

through the column, the resin is able to remove fully pyridine and TEA. This conclusion is also
evident from the following.

Pyridine and TEA emits amine type smell in alkaline condition even at very low concentrations
(ppm). Therefore, sodium hydroxide was added to the elute and it was tested for its smell. Upto 130
mL, the smell was absent. Above 130 mL the smell started appearing slowly. It indicates that the
amine leakage starts from the column after 150 mL of the solution was passed to it.

From the above, it is found that by using appropriate amount of the above polymer bound acid resin, it

is possible to remove pyridine and triethylamine completely from aqueous solution, that remains after
the removal of the solid product.
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