Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2014

Supporting Information

Acid- and metal-free synthesis of annulated pyrroles in deep eutectic solvent

Sunil M. Rokade?, Ashok M. Garande?, Nazim A. A. Ahmad? and Prakash M. Bhate*
Department of Dyestuff Technology
Institute of Chemical Technology (Formerly UDCT)
N. P. Marg, Matunga, Mumbai-400019
Maharashtra, India
*Corresponding author: pm.bhate@jictmumbai.edu.in Tel: +91-22-3361 1111/2222/2706

Content
1. General ConSIderationS. .. .....o.euuineintit i, p-2
2. Characterization data of compounds.............cooeiiiiiiiiiiiiii e, p-3-6

3. Copies of ' H NMR spectra

THNMR 0f 5a. ... p-7
THNMR Of 8b. ..o, p-8
THNMR Of 7a. .. p-9
THNMR Of 5€. ..ttt p-10
THNMR OF 5. .o eeeee e, p-11
THNMR 0f 5€. ... p-12
THNMR Of 5f ..o p-13
THNMR Of 7D .o, p-14
THNMR OF 5. .o p-15
THNMR OF 5B. oo p-16
T NMR OF 5.t p-17
THNMR Of 5.0, p-18

THNMR Of 5K. .o p-18


mailto:pm.bhate@ictmumbai.edu.in

Experimental Section

General Considerations: All solvents were purified by standard procedures. Thin-layer
chromatography (TLC) was performed on Merck silica gel pre-coated on aluminum plates, spots
were observed by spraying the plates with a solution of 10 % (v/v) aqueous H,SO4 with
subsequent heating. Column chromatography was performed on 100-200 mesh silica gel. All the
'H NMR spectra were recorded on a 400 MHz Bruker Spectrospin DPX FT-NMR spectrometer.
Chemical shifts are expressed in parts per million (ppm) with TMS as internal standard.

Coupling constant (J) are given in Hz.

4.1. [(5R, 6S) 3-Acetyl-5-[(acetyloxy) methyl]-2-methyl-1-(phenyl)-1, 5§, 6, 7-
tetrahydropyrano [3, 2-b]pyrrol-6-yl acetate (5a).
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Yield: 94%

'H-NMR (400 MHz, CDCLy) § 7.50-7.41 (m, 5H), 5.20 (q, J = 7.2, 13.4 Hz, 1H), 4.55 (dd, J=
6.8, 12.0 Hz, 1H), 4.50-4.42 (m, 2H), 2.82 (dd, J= 6.0, 15.8 Hz, 1H), 2.49 (s, 3H), 2.48 (s, 3H),
2.46 (s, 3H), 2.09 (s, 3H).

4.2. [(S5R, 6S) Ethyl-5-[(acetyloxy) methyl]-2-methyl-1-(phenyl)-1, 5§, 6, 7-
tetrahydropyrano [3, 2-b]pyrrol-3-carboxylate (5b).
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Yield: 92%

"H-NMR (400 MHz, CDCl3) ¢ 7.49-7.40 (m, 5H), 5.27 (q, J = 7.0, 13.2 Hz, 1H), 4.42 (dd, J=
6.8, 12.0 Hz, 1H), 4.38-4.32 (m, 2H), 2.88 (dd, J= 6.0, 15.8 Hz, 1H), 2.42 (s, 3H), 2.37 (s, 3H),
2.32 (s, 3H), 2.10 (s, 3H), 1.38 (t, 3H).

4.3. [(2R,3S5)-3-Acetoxy-7,7-dimethyl-9-0x0-5-(phenyl)-2,3.4,5,6,7,8,9-octahydropyrano|3,2-
blindol-2-yl acetate (7a).
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Yield: 84%

'H-NMR (400 MHz, CDCls) & 7.50-7.29 (m, SH), 5.21 (q, J = 7.0, 13.2 Hz, 1H), 4.47 (dd, J=
6.8, 12.0 Hz, 1H), 4.39-4.33 (m, 2H), 2.84 (dd, J= 6.0, 15.8 Hz, 1H), 2.66 (dd, J= 6.0, 15.8 Hz,
1H), 2.31 (s, 3H), 2.09 (s, 3H), 2.04 (s, 3H), 1.36 (t, 3H), 1.28 d, 2H).

4.4. [(SR, 6S) 3-Acetyl-5-[(acetyloxy) methyl]-2-methyl-1-(4-methylphenyl)-1, 5, 6, 7-
tetrahydropyrano [3, 2-b]pyrrol-6-yl acetate (Sc).
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Yield: 92%

'H-NMR (400 MHz, CDCl3) § 7.28 (d, J = 7.0, Hz, 2H), 7.26 (d, J = 7.0, Hz, 2H), 5.30 (q, J =
7.0, 13.2 Hz, 1H), 4.40 (dd, J= 6.8, 12.0 Hz, 1H), 4.38-4.32 (m, 2H), 2.84 (dd, J= 6.0, 15.8 Hz,
1H), 2.41 (s, 3H), 2.30 (s, 3H), 2.10 (s, 3H), 2.08 (s, 3H), 2.05 (s, 3H).

4.5. [(5R, 6S) Ethyl-5-[(acetyloxy) methyl]-2-methyl-1-(4-methylphenyl)-1, 5, 6, 7-
tetrahydropyrano [3, 2-b]|pyrrol-3-carboxylate (5d).
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Yield: 90% \

'H-NMR (400 MHz, CDCl;) 6 7.28 (d, J = 7.0, Hz, 2H), 7.26 (d, J = 7.0, Hz, 2H), 5.30 (q, J =
7.0, 13.2 Hz, 1H), 4.40 (dd, J= 6.8, 12.0 Hz, 1H), 4.38-4.32 (m, 2H), 2.84 (dd, J= 6.0, 15.8 Hz,

1H), 2.41 (s, 3H), 2.30 (s, 3H), 2.10 (s, 3H), 2.08 (s, 3H), 1.38 (t, 3H), 1.08 ((dd, J= 6.8, 15.1 Hz,
1H).

4.6. [(S5R, 6R) 3-Acetyl-5-[(acetyloxy) methyl]-2-methyl-1-(phenyl)-1, 5, 6, 7-
tetrahydropyrano [3, 2-b]pyrrol-6-yl acetate (Se).
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'H-NMR (400 MHz, CDCls) 6 7.50-7.44 (m, 5H), 5.28 (q, J = 7.4, 13.8 Hz, 1H), 4.56 (dd, J=

6.8, 12.0 Hz, 1H), 4.50-4.42 (m, 2H), 2.82 (dd, J= 6.0, 15.8 Hz, 1H), 2.49 (s, 3H), 2.48 (s, 3H),
2.46 (s, 3H), 2.09 (s, 3H).

Yield: 94%

4.7. [(5R, 6R) Ethyl-5-[(acetyloxy) methyl]-2-methyl-1-(phenyl)-1, 5, 6, 7-
tetrahydropyrano [3, 2-b]pyrrol-3-carboxylate (5f).
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Yield: 92%



'H-NMR (400 MHz, CDCls) 6 7.48-7.40 (m, 5H), 5.22 (q, J = 7.0, 13.2 Hz, 1H), 4.42 (dd, J=
6.8, 12.0 Hz, 1H), 4.37-4.32 (m, 2H), 2.84 (dd, J= 6.0, 15.8 Hz, 1H), 2.40 (s, 3H), 2.35 (s, 3H),
2.30 (s, 3H), 2.10 (s, 3H), 1.34 (t, 3H).

4.8. [(2R,3R)-3-Acetoxy-7,7-dimethyl-9-0x0-5-(phenyl)-2,3.4,5,6,7,8,9-octahydropyrano|3,2-
blindol-2-yl acetate (7b).
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Yield: 84%

'H-NMR (400 MHz, CDCls) § 7.50-7.29 (m, 5H), 5.21 (q, J = 7.0, 13.2 Hz, 1H), 4.47 (dd, J=
6.8, 12.0 Hz, 1H), 4.39-4.33 (m, 2H), 2.84 (dd, J= 6.0, 15.8 Hz, 1H), 2.66 (dd, J= 6.0, 15.8 Hz,
1H), 2.31 (s, 3H), 2.09 (s, 3H), 1.36 (t, 3H), 1.28 d, 2H).

4.9. [(S5R, 6R) 3-Acetyl-5-[(acetyloxy) methyl]-2-methyl-1-(4-methylphenyl)-1, 5, 6, 7-
tetrahydropyrano [3, 2-b]pyrrol-6-yl acetate (5g).
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Yield: 90%

'H-NMR (400 MHz, CDCl3) § 7.22 (d, J = 7.0, Hz, 2H), 7.20 (d, J = 7.0, Hz, 2H), 5.22 (q, J =
7.0, 13.2 Hz, 1H), 4.40 (dd, J= 6.8, 12.0 Hz, 1H), 4.36-4.32 (m, 2H), 2.74 (dd, J= 6.0, 15.8 Hz,
1H), 2.41 (s, 3H), 2.30 (s, 3H), 2.10 (s, 3H), 2.08 (s, 3H), 2.05 (s, 3H).



4.10. [(SR, 6R) Ethyl-5-[(acetyloxy) methyl]-2-methyl-1-(4-methylphenyl)-1, 5, 6, 7-
tetrahydropyrano [3, 2-b]|pyrrol-3-carboxylate (Sh).
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'H-NMR (400 MHz, CDCl3) § 7.27 (d, J = 7.0, Hz, 2H), 7.26 (d, J = 7.0, Hz, 2H), 5.26 (q, J =
7.0, 13.2 Hz, 1H), 4.35-4.32 (m, 2H), 4.28 (dd, J= 6.8, 12.0 Hz, 1H), 2.84 (dd, J= 6.0, 15.8 Hz,

1H), 2.41 (s, 3H), 2.30 (s, 3H), 2.10 (s, 3H), 2.08 (s, 3H), 1.36 (t, 3H), 1.28 ((dd, = 6.8, 15.1 Hz,
1H).

Yield: 92%

5.11. [(5S, 6R) 3-Acetyl-5-[(acetyloxy) methyl]-2-methyl-1-(phenyl)-1, 5, 6, 7-
tetrahydropyrano [3, 2-b]pyrrol-6-yl acetate (5i).

Yield: 84%
'H-NMR (400 MHz, CDCls) § 7.48-7.41 (m, 5H), 5.20 (q, J = 7.0, 13.0 Hz, 1H), 4.55 (dd, J=

6.8, 12.2 Hz, 1H), 4.50-4.42 (m, 2H), 2.82 (dd, J= 6.0, 15.6 Hz, 1H), 2.49 (s, 3H), 2.48 (s, 3H),
2.46 (s, 3H), 2.09 (s, 3H).

5.12. [(5S, 6R) Ethyl-5-[(acetyloxy) methyl]-2-methyl-1-(phenyl)-1, 5, 6, 7-
tetrahydropyrano [3, 2-b]pyrrol-3-carboxylate (5j).
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Yield: 85%

"H-NMR (400 MHz, CDCl;) 6 7.49-7.40 (m, 5H), 5.27 (q, J = 7.0, 13.2 Hz, 1H), 4.42 (dd, J=
6.8, 12.0 Hz, 1H), 4.38-4.32 (m, 2H), 2.88 (dd, J= 6.0, 15.8 Hz, 1H), 2.42 (s, 3H), 2.37 (s, 3H),
2.32 (s, 3H), 2.10 (s, 3H), 1.38 (t, 3H).

5.13. (6S) 3-acetyl-2-methyl-1-phenyl-1, 5, 6, 7-tetrahydropyrano [3, 2-b] pyrrol-6-yl
acetate (5k).

Yield: 94%

"H-NMR (400 MHz, CDCl3) 6 7.49-7.41 (m, 3H), 7.18-7.16 (d, J = 7.8 Hz, 2H), 5.23 (s, 1H),
4.42-4.28 (m, 2H), 2.86 (dd, J= 6.0, 15.8 Hz, 1H), 2.42 (d, 1H), 2.32 (s, 3H), 2.10 (s, 3H), 2.06
(s, 3H).

TH NMR copies:
'H NMR of 5a
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'H NMR of 7a
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H NMR of 5d

-

G-FT-EA HNMR ICT
1

1
20140816

2
E223.685 E
0.125483

3.9846387
Al

295.6
1.00000000 sae
1

mmmmnan CHAHHEL £] mesmmmss
1H

T
10 9 a 7 3 5 4 3 2

= =Y 2= [=]] (o
Y = |on === 0 le| R~
i — == Al lslel= | = e

H NMR of 5S¢

HUCL
F1 12.55 usee
FL1 -2.00 dE
FLINW 17.11860847 W
£ 400.1324710 MHz
51 32768
aF 400.1300008 MHZ
WO M
EE] []
L= 0.30 Bz
o2 []
PO 1.00
e
T
0 ppm



L066

w
=]
)
-

7.488
T.469
7.453
T.435
7.417
7.193
7.175
5.301
5.210
5.194
5.178
5.162
4.466
4,455
4.440
4.427
4.388
4,381
4,368
4,363
4.352
4,325
4,317
2.841
2.826
2.802
2.787
2.499
2,486

CHANNEL £1

I/
1
| L A I
T T T T T T T T T T T T T
10 9 8 7 6 5 3 2 1 0 ppm
[ L (=) el [=) kel o] (=1 B I (1] [T2)
o 28 &= e ot s o
fed sl el £ B B [P =

'H NMR of 5f

GA-A-EA HNME

~A~ER HEMFR
1
1
20140813
11.4%
spact
§ mn FAEEO BE-
2g30
65536
OAC OEt cocla
18
8] 2
k) 8223688
| 0.125403
, AQ 3. BE45387
G aE
AcO H o c0_8ap
DE 650
TE 2954
" D1 1.40000aan
| Too 1
. =ms===== CHANNEL f1
HoC1
F1
FLL
FLIW 17.11880847
sFO1 400.1324710
1 5L 32768
=F 4001299957
WDW
5SB 1]
. LB n.zg
==}
b FC L.an
1 ]
1 j ; I
T T T T T T T T T T T
10 ] E] 7 & 5 4 3 1 0 ppm
cllda ~ r~ caf ev|11|-r [
—|o] o = o|—|olo|=| |mf-
raled =1 i [ l=lelealon] lonl—

H NMR of 7b

HAME G-R-DC HNMR

EXENO

EROCNO

Date_ 2u14m§13

T: 1_ R 32

INSTRUM

BROBHD 5 mm PAEEO BA-

PULFROG zg30
65536

SOLVENT coc1l

NS 16

Ds 2

SWH 8223.685 Hz

FIDRES 0.125483 Hz

RQ 3.9B46387 sec

RG 8.3

DW 50.800 usec

DE 6.50 usec

TE 295.6 K

o1 1.00000000 sec

D0 1

Hz
Hz
sec

usac
usac

B
sec




LA,
r¥r
3 8
- A
: : - : - . : - :
10 105 We %5 A0 B &8 W5 TR
1
H NMR of 5¢g
GA-FT-DC HNMR
00O U 3 B D e 6 U
PERNNIORSAZLRAERTES
B At
46 1 4 5 48 1 5 0 4 0 0
n}
OAL
a}
| Wy
A0 M
I
1
f
T T T T T
10 ) 8 7 [
5 SfefolmlElo]A (@
(=4 1 I 5] s e o
" - 151 58] 1= ) I P

TH NMR of 5h

6.38
8.20
16.23
7.61

GR-PT-DC HEMR
1

1
20140813
12.01
spect

S mm PAEEOQ BE-
2330

55436

cncld

16

2
8223685 Hz
0.125483 Hz
18626187 soc

40.3
£0.800 usac
6.50 usec
295 4 B
1.00000000 sec
1
CHANNEL f1 ====m==x
1
12.55 usac
-210b dB
17.11860847 W
400.1324710 MHz
32768
400.1299

0.30 Bz
o
1.00

ag



an

NN T T TR TR T T T TR TR T T T s R NN AN AN AN AAAAA A A OO

GA-PT-EA HNMR
GA-FT-EA HHMR

20140813

968"
£Z6°
THZ"
852"
Liz”
982"
ZrE"
09€"
8LE"
¥50°
880"
001"
LOE"
ETh"
06L"
£08°
ZEB"
spe*
560"
ETT"
DET”
8p1°
£22°
TZ"

11.43
spect

& mm PASEO BE-

8223685 Hx

0.125483 Hz
3.9846387 sec

[P
AcO

a0.3
€0.800 usec
1.00000000 sec
1
e
12,55 usec
-2.00 48
11860847 W
400.1324710 MAZ
12768
400.1300021 MHz

17.

== CHANNEL f1 s=======

.
[
Fo
e~
]
il
E e
m
F
-
]
|M Fr
oo
2
zeg=g F e
a 4
=)
-

0g'z
— e

=LF'0

=001

=0Tt

TH NMR of 5i

-

(=]
o
<L

Jm._....n

&
FurE
EE

arn

S

e

5

35

T
40

11 {ppm)

T
50

B.5




TH NMR of 5j

TH NMR of 5k
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