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Supporting Information

E-factor calculation

1) Batch method

p-TsOH (0.3 eqiv)

0 ] BnOH (2 equiv) o
" MW 100 °C, 50 watts, 5 min H
Ph)J\N/\COZH Ph)LN/\[vaPh
H A~ H
Benz_oyl H,N™ "Ph (6]
Glycine 2. Benzyl amine 75%
2 (equiv)
40°C
A. Without recovery and reuse of the reagents
Input Output
Product 1.157g
Benzoyl glycine | 1g Benzoyl glycine 0.340g
Benzyl alcohol | 1.2¢ Benzyl alcohol 1.206g
Benzyl amine 1.20g | Benzyl amine 0.597¢g
p-TsOH 0.313g | p-TsOH 0.313g
Ethyl acetate 22g Organic solvent waste 7.1g
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hexane 49¢g (assuming 90% recovery)
Silica gel 20g Silica gel 20g
Total Total waste 29.6g
29.6g of waste
E-factor = = 25.6

1.157g of product

B. With recovery (using column chromatography) and reuse of the reagents

Input Recycled | Output

Product 1.157¢g
Benzoyl glycine | 1g 0.200g Benzoyl glycine 0.140g
Benzyl alcohol 1.2g 0.888¢g Benzyl alcohol 0.318g
Benzyl amine 1.20g 0.418¢g Benzyl amine 0.179¢g
p-TsOH 0.313g | 0.244¢g p-TsOH 0.068¢g

Ethyl acetate 88g

hexane S4¢g
Acetic acid lg
methanol 8g Organic solvent waste 15¢

(assuming 90% recovery)

Silica gel 20g Silica gel 20g
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012

Total

120.83¢

Total waste

35.7¢g

E-factor

35.7g of waste

= 308

1.157g of product

C. With recovery (using product precipitation protocol) and reuse of the reagents

E-factor

1.179g of product

Input Recycled | Output
Product 1.179¢g

Benzoyl glycine | 1g 0.2g

Benzyl alcohol 1.2g 1.2g

Benzyl amine 1.2g 0.72¢g

p-TsOH 0.313g | 0.313¢g

Ethanol 4¢g Organic solvent waste 0.4g
(assuming 90% recovery)

Total 7.713g Total waste 04¢g

0.4g of waste
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2) Continuous method

p-TsOH (0.3 equiv)
0 1.

)J\ BnOH (2 equiv) H
MW 100 °C, 50 Watts, 5 min )k N Ph
Ph N COH at Ph Nw ~~
H H
S
Benzoyl 2. HN Ph ) ©
Glycine Amide
Benzyl amine
2 (equiv) ﬂ
40°C
Ethanol (5ml) was added to the
reaction mixture. Then, the amide
was allowed to precipitate out
as white solid
—

2. Benzyl amine

40°C
1 (equiv) Ethanol solution was decanted
and the solid final product was
isolated

1. Benzoyl glycine
MW 100 °C, 50 watts, 5 min

1gm
Ethanol was evaporated to
obtain crude mixture of reagents
Input Output
Product 5.7g
Benzoyl glycine 6g
Benzyl amine 4.183¢g Benzyl amine 0.6g
Benzyl alcohol 1.20g Benzyl alcohol 12¢g
p-TsOH 0.313g p-TsOH 0.313¢g
HCL (aq.) I5¢g Aqueous waste 15¢
Ethanol 24 ¢ )
Organic solvent waste
: Sg
(assuming 90% recovery)
Ethyl acetate 27¢g
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Total

77.696

Total waste 22.113 g

E- Factor

22.113 g of waste

= 3.87
5.70 g of product

'H NMR, 13C NMR and HRMS of Compound 1
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'H NMR ,"*C NMR and HRMS of Compound 2
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'H NMR ,"C NMR and HRMS of Compound 3
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'H NMR ,"*C NMR and HRMS of Compound 4
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'H NMR ,"*C NMR and HRMS of Compound 5
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'H NMR ,"*C NMR and HRMS of Compound 6
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'H NMR ,"C NMR and HRMS of Compound 7

gl wipul
il T4l
dats  Jun B4 TeES  temp et wned
s cecl tn =1 wued
Lt s in w1 i
SITIOM wet .
o v & L] ib. P
a dL.#iE. aife LLEL L
3 TERES LA
4 ot weed 11 n
e 4 . n
aE 1.008 dp "
mt 2 nn
ct ax FROCESSIND
TRANSMITTER i (]
. L (L]
areg s BISFLAY
naf r.} ;'l:.l
r 5 aiea.1
: LR T .
brcourLER Lad) .
da cs g [FT o]
dot (] -2
) -
dnm o ai:
d "
dat 1508 W b ]
th ¥
na ods pa
il H
I | : i
_._--/J”I . ' l\_‘_p
. . T
1o L] 8 7

LTI
L T

PR
waivant

. |

T
100

o

=



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

TOF MS
NKC41Z2P1 20 (0.358)
100 14
" 25T oo
1780721
1360519
gl
PEREER TG TV VI .

100 150 200 250 300 350 400 450 50D 550 600 650

'H NMR ,"C NMR and HRMS of Compound 8

ciarsi
s edpul
Py shiEIA
T ot wied
salvant CBC13 galn et wied
file + LL T mi':s
Acqursttioe ' ain :
" -t 18 rhe
at FH alfa R
i "
W o uned i1 .
L] in -
i oM dp ¥
= o "
i B moctsie
TRANEHETTER i a1
in L T (351 4
H. an.ans prer
Tae i 418
tpr L1 AREE. A
L .84 T 3.1
ecourLEe “re H
an TR 98,8
ar (R B
dw nre or
- T we e
L “ < L]
ar ek e T
- H
- e
1!
|
—— —r .
] 7
s

=
’J‘LH s
[ j o

i3
fo



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

LT TES
wapl wreINe

i
T = & i
T B 5
i o e
zaZ . i sz
= 3::‘ R Y
3 i s 3
=2 3 .
| - 2
! L
|
|
I
J.____' l_ j [ |
A S R p—— R S il R S A N S SR
a0 180 180 140 120 ilao -1 &0 a0 20 Ppa
TOF M5
NKCS42P1 45 (0,887) HABIT3 10-Aug-201
100 307 2002 1: TOF MS ES+
2 Bl
=]
JLN Moo
" ]
232189
144 5852
146 8842
2251889
1531411
o | i

Ll B i i
100 150 200 250 300 350 400 450 500 550 600 650 70D 750 @00 850 900 850 1000



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

'H NMR ,"*C NMR and HRMS of Compound 9
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'H NMR ,"*C NMR and HRMS of Compound 11
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Sample Name  TK-ME-ANILIDE Position Vial 1 Instrument Name Instrument 1 User Name
Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  TK-ME-ANILIDE.d ACQ Method Comment Acquired Time 5/3/2011 5:30:20 PM

+ESI| Scan (0.106, 0.219-0.251 min, 4 scans) Frag=175.0V TK-ME-ANILIDE.d Subtract

269.1285

302.0107

4.5+ 272.2945

|
=25 256.2631 277.9666 208.0699 | |

250 255 260 265 27 295 300 305 310

o 275 280 285 290
Counts (%) vs. Mass-to-Charge (m/z)

'H NMR ,"*C NMR and HRMS of Compound 12
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'H NMR ,"C NMR and HRMS of Compound 13
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Sample Name  cl-anilide 2 Pasition Wial 1 Instrument Name Instrument 1 User Name
Inj Vel -1 InjPosition SampleType Sample IRM Calibration Status Al lons Missed
Data Filename  cl-anilide.2.d ACQ Method Comment Acquired Time 7/18/2011 5:15:44 PM

x10 2 |+*ESI Scan (0.153-0.297 min, 10 scans) Frag=175.0V dl-anilide.2.d Subtract

1 311.05685

0.95-
0.5
0.85 L o -
0.8/ ©)L3|f\n’u
0.75 1 : “
0.7
0.65-
0.6
0.55-
0.5
0.45
0.4
0.35
0.3
0.251
0.2
0.15

244 2632
0.1

L | TN
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Counts (%)} vs. Mass-to-Charge (m/z)

'H NMR ,"*C NMR and HRMS of Compound 14
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'H NMR ,"*C NMR and HRMS of Compound 15
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Sampla Mama A5 LEGPD Pasition viad 1 Instrumaent Mams Irtruenant 1 User Hame
Tnj Vel -1 InjPosition SampleType Samgpie IRM Calibration Status
Data Fllename  AS-1B9PZL0 ACQ Method Comment Acryuired Time

S/ZF2010 7:05:08 PM

210 2 |*Mixed Scan (0.095-0.111, 0.144.0.176 min, & scans) Frag=175.0v AS-189P2.d Subtract

9 240.1233

D05
0.8 OH

s

0.85 ]
0.8 m -

0.75
0.7
0.65
0.6
0.55
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038
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0151 y22 on12
0.1
0.05

Counts (%) v, Mass-to-Changs (mdz)

'H NMR ,"C NMR and HRMS of Compound 16
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enpl sZpul
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date  Mar 14 2011 P ROL used
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e
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'H NMR ,"C NMR and HRMS of Compound 17
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'H NMR ,"C NMR and HRMS of Compound 19
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'H NMR ,"*C NMR and HRMS of Compound 21

aFpaapr
ol sipul
date Ll' i
|..F“|w [ 41]
file -p
SRR TS
- L]
=]
P
B
|
L
i '
i |
|| i
[}
| | | ~
B LI . " A
& 7 6 5 a 3 2 1
T3 LN LY ".-..‘ ..
L FYF 83.2
Ak ise
wxpl  wipul
M sanrLE
are v B8 TREL R
Soiveni | ebihs pain
Tile Jouporibamas~ ipin
ciftomp/ab-1 00Fi-i~ At
3.THE ptE
ACQUISITION alfa
s FRRES .6
0
o
H
L
-
= 2=
g ="
: £is
= — - - i
220 200 180 160 140 120 100 80 80 a0 20 o ppa



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

Sample Hame  apl4Sap? Position Wl 1 Instruement Hamse Instruenent § Limsr Nama
Inj Vel 1 InjPosition SampleType Sampie TRM Calibration Status SuceEss.
Dats Filenams  apl4iod o ALY Mathod Commeant Aoquired Tirme S/372011 6:31:10 M

win 1 |+ESI sc:rl'm.i'ﬁiﬂzh'z_;m. A scans) Frag=175.0V ap149p2.d

6.4 256 2639
6.2
bt o
- WH)L
56 L Gl
5.4 =
5.2
S
4.8
4.8
4.4
4.2
4
3.8
3.6
3.4
3.2

100 150 200 250 300 350 400 450 S00 S50 600 650 To0 TS50 A0 850 900 950 1000
Counta (%) va, Maaa-to-Charge {miz)

'H NMR ,"*C NMR and HRMS of Compound 22




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

wupl widIdC
ey

Apr B FELL
coCia ga

wer.asa
(LR T
LR
(TN 1]
.
P T

"
=
=

b6, 88

200 180 160 140 120 100 &0 60 a0 20 o ppm

Sample Name 1 Position Vial 1 Instrument Name Instrument 1 User Name
Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename 1 ACQ Method Comment Acquired Time 5/3/2011 6:26:06 PM

x10 1 |+*ESI Scan (0. 122-0.171 min, 4 scans) Frag=175.0V tk-di-anilide.d

2.1 290.2482
2

ik /\/\/\/\/\i

1.8 E/\©

239.1490

74

B

.54

- a4 a4 a4

.4
3
2_

- e -

14
1
0.9
0.8
0.7
0.6
0.5
0.4 181.0759
0.3

3 ‘ 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
00 150 - 200 280 500 Counts (%) vs. Mass-to-Charge (m/z)



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

'"H NMR spectra of the recovered materials
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Crystallographic data of N-2-benzyl amino-2-oxoethyl benzamide (3) CCDC # 837222

Compound reference tk4
Chemical formula Ci6H6N2O;
Formula Mass 268.31
Crystal system Orthorhombic
alA 10.0436(5)
b/A 14.5106(8)
clA 9.4623(5)
al® 90.00

pl° 90.00

y/° 90.00

Unit cell volume/A® 1379.02(13)
Temperature/K 296(2)
Space group Pca2l

No. of formula units per unit cell, Z 4

No. of reflections measured 17142

No. of independent reflections 3382

Rine 0.1407
Final R, values (I > 20(])) 0.0521
Final wR(F?) values (I > 20(1)) 0.1182
Final R, values (all data) 0.1304
Final wR(F?) values (all data) 0.1419

Crystallographic data of N-Cyclohexyl-2-phenyl-acetamide (17) CCDC # 837072

Compound reference 1
Chemical formula C4H;)NO
Formula Mass 217.30
Crystal system triclinic
a/A 9.493(5)
b/A 11.707(5)
c/A 12.816(6)
al® 79.59(3)
pr° 73.54(4)
y/° 73.58(3)
Unit cell volume/A® 1302.5(11)
Temperature/K 296(2)
Space group P-1

No. of formula units per unit cell, Z 4

No. of reflections measured 8043

No. of independent reflections 2452

Rin 0.0702
Final R, values (I > 2a(1)) 0.0672
Final wR(F?) values (I > 20(])) 0.1619
Final R, values (all data) 0.1314

Final wR(F®) values (all data) 0.2003
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