
1

Synthesis of halogenated reverse position C-Nucleosides against Leishmania 
major and Leishmania tropica. 
Umair Ahmed Khan, a M. Iqbal Chaudhary a,b and Sammer Yousuf *a

a.H. E. J. Research Institute of Chemistry, International Center for Chemical and Biological Sciences, University of Karachi, Karachi, Sindh-75270, Pakistan.
b.Department of Biochemistry, Faculty of Science, King Abdulaziz University, Jeddah-21412, Saudi Arabia

1. 2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo) [4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (3a) : ..........2

 Spectral Analysis of (3a) ..............................................................................................................................................................................2

 Single Crystal XRD of compound (3a) ..........................................................................................................................................................3

 FAB +ve high- and low-resolution mass of (3a):..........................................................................................................................................6

2. 5,6-difluoro-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole 
(4a): 7

 Spectral Analysis of compound (4a) : ..........................................................................................................................................................7

 Single Crystal XRD analysis of (4a).............................................................................................................................................................11

3. 5,6-dichloro-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole 
(5a): 13

 Spectral analysis of compound (5a) ..........................................................................................................................................................13

 FAB +ve low- and high- resolution Mass spectrometery of compound (5a) : ...........................................................................................18

4. Spectral analysis of 5,6-dibromo-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-
1H-benzo[d]imidazole (6a): .......................................................................................................................................................................................19

 FAB +ve low- and high- resolution Mass spectrometery of compound (6a) .............................................................................................23

5. 5-bromo-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole 
(7a): 24

 Mass spectrometery of compound (7a) ....................................................................................................................................................25

6. 2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-
benzo[d]imidazole (3b)..............................................................................................................................................................................................26

 FAB +ve low- and high- resolution Mass spectrometery of compound (3b).............................................................................................27

7. 5,6-difluoro-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-
5'-yl)-1H-benzo[d]imidazole (4b)...............................................................................................................................................................................28

 FAB +ve mood low and high resolution of compound 4b .........................................................................................................................31

8. 5,6-dichloro-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-
5'-yl)-1H-benzo[d]imidazole (5b):..............................................................................................................................................................................32

 Single crystal XRD analysis of compound 5a .............................................................................................................................................35

9. Spectral properties of 5,6-dibromo-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-
d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole (6b) ....................................................................................................................................38

 Single Crystal XRD analysis of compound 6b:............................................................................................................................................43

10. 5-bromo-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-
5'-yl)-1H-benzo[d]imidazole (7b) : .............................................................................................................................................................................45

 FAB +ve mood low and high resolution of compound 7b .........................................................................................................................46

11. UPLC anaysis of synthesized compounds------------------------------------------------------------------------------------------------------------------47

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2024



2

1. 2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo) [4,5-
b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (3a) :

 Spectral Analysis of (3a)
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S. No. H1-NMR Integration J-value C13-NMR
Galactose pyranose ring

1 5.655-5.645 (d) 1 5 Hz (axial-equatorial) -CH 96.5
2 4.416-4.402 (dd) 1 J1 = 2Hz (di-equatorial)

J2 = 4.85Hz (axial-
equatorial) 

-CH
66.1

3 4.746-4.726 (dd) 1 J1= 7.4 Hz (di-axial)
J2= 2 Hz (di-equatorial)

-CH
72.58

4 4.705-4.685 (dd) 1 J1 = 7.85 Hz (di-axial)
J2 = 2Hz (di-equatorial)

-CH
70.54 

5 5.216-5.213 (d) 1 J =1.5 Hz (di-equatorial) -CH
70.80

Benzimidazole
6 - - - -C

152.43
7 - - - -
8-11 7.591 (broad signal) 4 - -
12 - - - -

Iso-propyl acetyl group
13 - - - -C

109.42
14-15 1.427 (s) -1.353(s) 3 each - -CH3

26.01
-CH3
24.88

16 - - - -C
109.72

17-18 1.547 (s)- 1.300(s) 3 each - -CH3
26.2
-CH3
24.07

Imidazole
NH 
(imidazole)

9.66 (rough broad) 1 - -

Table S1: H1NMR and C13 NMR of compound (3a) along with J-values.
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 Single Crystal XRD of compound (3a)

Figure S1: ORETP view of compound (3a) at 24 % probability.

Figure S2: Hydrogen bonded imidazole ring in 1.988 Å along a of compound (3a) in a 
unit cell.

1.988 Å

1.988 Å



4

Table S2: Description of single crystal XRD analysis of compound (3a).

Identification code UKGALH_0ma

Empirical formula C36 H44 N4 O10

Formula weight 692.75

Temperature 100(2) K

Wavelength 1.54178 Å

Crystal system Monoclinic

Space group P 21

Unit cell dimensions a = 9.9303(7) Å = 90°.

b = 17.9109(12) Å = 94.298(4)°.

c = 10.1057(7) Å  = 90°.

Volume 1792.4(2) Å3

Z 2

Density (calculated) 1.284 Mg/m3

Absorption coefficient 0.781 mm-1

F(000) 736

Crystal size 0.110 x 0.100 x 0.030 mm3

Theta range for data collection 4.387 to 68.288°.

Index ranges -11<=h<=11, -21<=k<=21, -12<=l<=12

Reflections collected 41507

Independent reflections 6527 [R(int) = 0.0799]

Completeness to theta = 67.679° 99.9 % 

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.977 and 0.919

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 6527 / 1 / 464

Goodness-of-fit on F2 1.064

Final R indices [I>2sigma(I)] R1 = 0.0374, wR2 = 0.0858

R indices (all data) R1 = 0.0443, wR2 = 0.0899

Absolute structure parameter 0.27(19)

Extinction coefficient n/a

Largest diff. peak and hole 0.179 and -0.249 e.Å-3

CCDC                                                                         2296171
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 FAB +ve high- and low-resolution mass of (3a):

High resolution FAB (m+1) positive mode at JEOL HX 110 Mass spectrometer of compound 3a 

is 347.1607, while theoretical mass was 347.1624 which corresponds to the composition of 

C18H23O5N2.

Figure-S3: Low resolution positive mode of FAB spectra of 3a. Encircled is the m/z value 347.1.
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Figure-S4:  H1-NMR at 500MHz, in 
CDCl3, of compound 5,6-difluoro-2-
((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-
5-yl)-1H-benzo[d]imidazole (4a)

2. 5,6-difluoro-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (4a):

 Spectral Analysis of compound (4a) :
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Figure-S5:  C13-NMR at 500MHz, in 
CDCl3, of compound 5,6-difluoro-2-
((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-
5-yl)-1H-benzo[d]imidazole (4a)
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Figure-S6:  C13-BB, Depth-135 and Dept-90 NMR at 500MHz, in CDCl3, of 
compound 5,6-difluoro-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (4a)
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 Single Crystal XRD analysis of (4a)

Figure-S7:  HSQC NMR between Dept-135 and H1-NMR, in CDCl3, of compound 5,6-difluoro-2-
((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-
benzo[d]imidazole (4a)
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Figure-S7: ORTEP view of the compound (4a) at 40% probability.

Figure S8: Crystal packing of compound (4a) in a unit cell, with two DCM molecules in unit 
cell. 
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Table S3: Crystal packing of compound (4a) in a unit cell, with two DCM molecules in unit cell. 

Identification code 4a

Empirical formula C19 H22 Cl2 F2 N2 O5

Formula weight 467.28

Temperature 100(2) K

Wavelength 1.54178 Å

Crystal system Monoclinic

Space group P 21

Unit cell dimensions a = 10.0713(12) Å = 90°.

b = 17.542(2) Å = 106.352(7)°.

c = 12.5246(15) Å  = 90°.

Volume 2123.2(4) Å3

Z 4

Density (calculated) 1.462 Mg/m3

Absorption coefficient 3.215 mm-1

F(000) 968

Crystal size 0.310 x 0.310 x 0.024 mm3

Theta range for data collection 3.678 to 68.288°.

Index ranges -12<=h<=12, -21<=k<=21, -15<=l<=15

Reflections collected 40977

Independent reflections 7405 [R(int) = 0.1428]

Completeness to theta = 67.679° 99.6 % 

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 7405 / 1 / 550

Goodness-of-fit on F2 1.053

Final R indices [I>2sigma(I)] R1 = 0.0825, wR2 = 0.1923

R indices (all data) R1 = 0.1147, wR2 = 0.2122

Absolute structure parameter 0.128(14)

Extinction coefficient 0.0050(7)

Largest diff. peak and hole 1.299 and -0.975 e.Å-3

CCDC                                                             2300614
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3. 5,6-dichloro-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (5a):

 Spectral analysis of compound (5a)

Figure-S9: H1-NMR, in CDCl3, of compound 5,6-dichloro-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (5a)
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Figure-S10: C13-NMR, in CDCl3, of compound 5,6-dichloro-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (5a)
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Figure-S11: C13-BB, Depth-135 and Dept-90 NMR at 500MHz 5,6-dichloro-2-((3aR,5R,5aS,8aS,8bR)-
2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (5a)
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Figure-S12: C13-NMR, in CDCl3, of compound 5,6-dichloro-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (5a)
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Figure-S13: 2D-HSQC NMR between C13 Dept-135 and H1-NMR,6-dichloro-2-((3aR,5R,5aS,8aS,8bR)-
2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (5a)
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 FAB +ve low- and high- resolution Mass spectrometery of compound (5a) :

High resolution FAB (m+1) positive mode at JEOL HX 110 Mass spectrometer of compound 5a 

is 415.0808, while theoretical mass was 415.0828 which corresponds to the composition of 

C18H21O5N2Cl2.

Figure-S14: Low resolution positive mode of FAB spectra of 5a. Encircled is the m/z value 415.1.
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4. Spectral analysis of 5,6-dibromo-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-
benzo[d]imidazole (6a):

Figure-S15: H1-NMR, in CDCl3, of compound 5,6-dibromo-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (6a)
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Figure-S16: C13-NMR, in CDCl3, of compound 5,6-dibromo-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (6a)
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Figure-S17: 2D NMR between H1-NMR and C13-Dept 135 NMR, in CDCl3, of compound 5,6-dibromo-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (6a)
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Figure-S18: C13 NMR BB, Dept-135 and Dept-90, in CDCl3, of compound 5,6-dibromo-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (6a)
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 FAB +ve low- and high- resolution Mass spectrometery of compound (6a) 

High resolution FAB positive mode at JEOL HX 110 Mass spectrometer of compound 6a is 

504.0808, while theoretical mass was 504.1828 which corresponds to the composition of 

C18H21O5N2Br2.

Figure-S19: Low resolution positive mode of FAB spectra of 6a. Encircled is the m/z value 505.0.
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5. 5-bromo-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (7a): 

Figure-
S20: H1-
NMR, in 
CDCl3, of 
compound 
5-bromo-2-
((3aR,5R,5
aS,8aS,8b
R)-2,2,7,7-
tetramethyl
tetrahydro-
5H-
bis([1,3]di
oxolo)[4,5-
b:4',5'-
d]pyran-5-
yl)-1H-
benzo[d]im
idazole 
(7a): 
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 Mass spectrometery of compound (7a)

High resolution FAB positive mode (m+1) + ve mode at JEOL HX 110 Mass spectrometer of 

compound 7a is 425.0808, while theoretical mass was 425.1808 which corresponds to the 

composition of C18H22BrN2O5.

Figure-S21: LR-ESI MS positive of 5-bromo-2-((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis

([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)-1H-benzo[d]imidazole (7a): 
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6. 2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole 
(3b)

O O

O
O

O

N

NH

(3b)

Figure-S22:  H1-NMR at 500MHz, in 
CDCl3, of compound 2-
((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-
5'H-dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-
7',1''-cyclohexan]-5'-yl)-1H-
benzo[d]imidazole



26

 FAB +ve low- and high- resolution Mass spectrometery of compound (3b)

Figure S23: Low resolution FAB (+ve) of compound (3b) having m/z= 427.2

High resolution FAB (m+1)  positive mode at JEOL HX 110 Mass spectrometer of compound 3b 

is 427.2233, while theoretical mass was 427.2233 which corresponds to the composition of 

C24H31N2O5.
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7. 5,6-difluoro-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole 
(4b)

                        

O O
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O

N

NH

F

F

                      (4b)

Figure-S24:  H1-NMR, in CDCl3, of compound 5,6-difluoro-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole (4b)
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Figure-S25:  C13-NMR, in CDCl3, of compound 5,6-difluoro-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole (4b)

Figure-S26:  C13-NMR (BB, Dept-135, Dept-90), in CDCl3, of compound 5,6-difluoro-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-
5'H-dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole (4b)
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Figure-S27:  2D HSQC [ H1-NMR and 
C13-NMR (Dept-135)], in CDCl3, of 
compound 5,6-difluoro-2-
((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-
5'H-dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-
7',1''-cyclohexan]-5'-yl)-1H-
benzo[d]imidazole (4b)
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 FAB +ve mood low and high resolution of compound 4b

Figure S28: LR-FAB (+ve) shows the m/z value of 463.0 of compound (4b)

High resolution FAB positive mode at JEOL HX 110 Mass spectrometer of compound 4b is 

463.2059, while theoretical mass was 463.2045 which corresponds to the composition of 

C24H29N2O5F2.
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8. 5,6-dichloro-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole 
(5b):

O O

O
O

O

N

NH

Cl

Cl

(5b)

Figure-S29:  H1-NMR at 500MHz, in 
CDCl3, of compound 5,6-dichloro-2-
((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-
7',1''-cyclohexan]-5'-yl)-1H-
benzo[d]imidazole (5b)
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Figure-S30:  C13-NMR Broad band, in CDCl3, of compound 5,6-dichloro-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole (5b)

Figure-S31:  C13-NMR BB, Dept-135, Dept-90, in CDCl3, of compound 5,6-dichloro-2-((3a'R,5'R,5a'S,8a'S,8b'R)-
tetrahydro-5'H-dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-
benzo[d]imidazole (5b)
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Figure-S32:  2D HSQC NMR (C13-
Dept-135 and H1-NMR), in CDCl3, of 
compound 5,6-dichloro-2-
((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-
5'H-dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-
7',1''-cyclohexan]-5'-yl)-1H-
benzo[d]imidazole (5b)



34

 Single crystal XRD analysis of compound 5a

Figure-S33: ORTEP view of compound 5b.

Figure-S34: Compound 5b crystallized with n-hexane in unit cell, crystallized with one hexane molecule in unit cell.
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Identification code UK12A3

Empirical formula C24 H29 Cl2 N2 O5

Formula weight 1163.11

Temperature 100(2) K

Wavelength 1.54178 Å

Crystal system Monoclinic

Space group P 21

Unit cell dimensions a = 13.3850(7) Å = 90°.

b = 17.9218(10) Å = 114.647(3)°.

c = 13.9875(8) Å  = 90°.

Volume 3049.7(3) Å3

Z 2

Density (calculated) 1.267 Mg/m3

Absorption coefficient 2.239 mm-1

F(000) 1240

Crystal size 0.32 x 0.22 x 0.15 mm3

Theta range for data collection 3.476 to 68.243°.

Index ranges -16<=h<=16, -21<=k<=21, -16<=l<=16

Reflections collected 36114

Independent reflections 11081 [R(int) = 0.2431]

Completeness to theta = 67.679° 99.9 % 

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 11081 / 1 / 714

Goodness-of-fit on F2 0.974

Final R indices [I>2sigma(I)] R1 = 0.0677, wR2 = 0.1269

R indices (all data) R1 = 0.1386, wR2 = 0.1545

Absolute structure parameter 0.071(17)

Extinction coefficient n/a

Largest diff. peak and hole 0.414 and -0.399 e.Å-3

CCDC                                                                       2296170

Table S4: Crystal data and structure refinement for (5b)
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Figure S35: LR-FAB (+ve) shows the m/z value of 495.0 of compound (5b)

High resolution FAB positive mode at JEOL HX 110 Mass spectrometer of compound 5b is 

495.1475, while theoretical mass was 495.1454 which corresponds to the composition of 

C24H29N2O5Cl2.
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9. Spectral properties of 5,6-dibromo-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-
yl)-1H-benzo[d]imidazole (6b)

O O

O
O

O

N

NH

Br

Br

       (6b)

Figure-S36:  H1-NMR at 500MHz, in 
CDCl3, of compound 5,6-dibromo-2-
((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-
7',1''-cyclohexan]-5'-yl)-1H-
benzo[d]imidazole (6b)
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Figure-S37:  COSY-NMR at 500MHz, in 
CDCl3, of compound 5, 6-dibromo-2-
((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-
7',1''-cyclohexan]-5'-yl)-1H-
benzo[d]imidazole (6b)
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Figure-S38:  C13-NMR BB at 500MHz, in 
CDCl3, of compound 5, 6-dibromo-2-
((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-
cyclohexan]-5'-yl)-1H-benzo[d]imidazole 
(6b)



40

Figure-S39:  C13-NMR (BB, Dept -135, Dept-90) 
at 500MHz, in CDCl3, of compound 5, 6-
dibromo-2-((3a'R,5'R,5a'S,8a'S,8b'R)-
tetrahydro-5'H-dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-
cyclohexan]-5'-yl)-1H-benzo[d]imidazole (6b)
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 Single Crystal XRD analysis of compound 6b:
 

Figure-S40:  2D HSQC (H1-NMR, Dept -135,) at 
500MHz, in CDCl3, of compound 5, 6-dibromo-
2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-
cyclohexan]-5'-yl)-1H-benzo[d]imidazole (6b)
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Figure-S41: ORTEP view of compound 6b.

Figure-S42: Compound 6b hydrogen bonded with a bond length of 1.832 Å in a unit cell.
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Identification code UK12A2

Empirical formula C48 H53 Br4 N4 O10

Formula weight 1165.58

Temperature 100(2) K

Wavelength 1.54178 Å

Crystal system Orthorhombic

Space group P 21 21 21

Unit cell dimensions a = 15.5001(5) Å = 90°.

b = 18.3458(6) Å = 90°.

c = 19.5228(6) Å  = 90°.

Volume 5551.5(3) Å3

Z 4

Density (calculated) 1.395 Mg/m3

Absorption coefficient 3.983 mm-1

F(000) 2356

Crystal size 0.140 x 0.050 x 0.010 mm3

Theta range for data collection 3.306 to 68.230°.

Index ranges -18<=h<=18, -22<=k<=22, -23<=l<=23

Reflections collected 93810

Independent reflections 10156 [R(int) = 0.2207]

Completeness to theta = 67.679° 100.0 % 

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 10156 / 0 / 599

Goodness-of-fit on F2 1.077

Final R indices [I>2sigma(I)] R1 = 0.0713, wR2 = 0.1882

R indices (all data) R1 = 0.0941, wR2 = 0.2042

Absolute structure parameter 0.000(15)

Extinction coefficient n/a

Largest diff. peak and hole 3.353 and -0.589 e.Å-3

CCDC                                                                        2296464

Table S5: Crystal data and structure refinement for 6b
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10. 5-bromo-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-dispiro[cyclohexane-1,2'-
bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole 
(7b) :

O O

O
O

O

N

NHBr

(7b)

Figure-S36:  H1-NMR, in CDCl3, of compound 5-bromo-2-((3a'R,5'R,5a'S,8a'S,8b'R)-tetrahydro-5'H-
dispiro[cyclohexane-1,2'-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-7',1''-cyclohexan]-5'-yl)-1H-benzo[d]imidazole (7b)
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 FAB +ve mood low and high resolution of compound 7b

Figure S37: LR-FAB (+ve) shows the m/z value of 505.0 of compound (7b)

High resolution FAB positive mode at JEOL HX 110 Mass spectrometer of compound 7b is 

505.1338, while theoretical mass was 505.1362 which corresponds to the composition of 

C24H30N2O5Br.
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4  

UPLC chromatogram of compound 7b



47



48

UPLC chromatogram of compound 4b
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UPLC chromatogram of compound 5b
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UPLC chromatogram of compound 6b
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UPLC chromatogram of compound 3a
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UPLC chromatogram of compound 4a
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UPLC chromatogram of compound 5a
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UPLC chromatogram of compound 7a
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