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Figure S1. 1H NMR spectrum of 1,3-bis(benzotriazole-1-yl)propan-2-ol (1) in DMSO-d6 
 

 
Figure S2. 13C NMR spectrum of 1,3-bis(benzotriazole-1-yl)propan-2-ol (1) in DMSO-
d6 
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Figure S3. DEPT NMR spectrum of 1,3-bis(benzotriazole-1-yl)propan-2-ol (1) in 
DMSO-d6 
 

 
Figure S4. HSQC NMR spectrum of 1,3-bis(benzotriazole-1-yl)propan-2-ol (1) in 
DMSO-d6 
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Figure S5. MS spectrum of 1,3-bis(benzotriazole-1-yl)propan-2-ol (1) 
 

 
Figure S6. FT-IR (ATR) spectrum of 1,3-bis(benzotriazole-1-yl)propan-2-ol (1) 
 

 
Figure S7. FT-IR (ATR) spectrum of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]cobalt(II) (2) 
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Figure S8. FT-IR (ATR) spectrum of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]copper(II) (3) 
 

 
Figure S9. FT-IR (ATR) spectrum of diacetate-diaqua-[1,3-bis(benzotriazole-1-
yl)propan-2-ol-N,N’]cobalt(II) (4) 
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Figure S10. FT-IR (ATR) spectrum of diacetate[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]copper(II) dihydrated (5) 
 

 
Figure S11. Raman spectrum of 1,3-bis(benzotriazole-1-yl)propan-2-ol (1) 
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Figure S12. Raman spectrum of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]cobalt(II) (2) 
 

 
Figure S13. Raman spectrum of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]copper(II) (3) 
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Figure S14. Raman spectrum of diacetate-diaqua-[1,3-bis(benzotriazole-1-yl)propan-2-
ol-N,N’]cobalt(II) (4) 
 

 
Figure S15. Raman spectrum of diacetate[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]copper(II) dihydrated (5) 
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Figure S16. Thermogravimetric (TG) analysis and derivative thermogravimetric (DTG) 
of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-N,N’]cobalt(II) (2) in nitrogen 
atmosphere 
 

 
Figure S17. Thermogravimetric (TG) analysis and derivative thermogravimetric (DTG) 
of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-N,N’]copper(II) (3) in nitrogen 
atmosphere 
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Figure S18. Thermogravimetric (TG) analysis and derivative thermogravimetric (DTG) 
of diacetate-diaqua-[1,3-bis(benzotriazole-1-yl)propan-2-ol-N,N’]cobalt(II) (4) in 
nitrogen atmosphere 
 

 
Figure S19. Thermogravimetric (TG) analysis and derivative thermogravimetric (DTG) 
of diacetate[1,3-bis(benzotriazole-1-yl)propan-2-ol-N,N’]copper(II) dihydrated (5) in 
nitrogen atmosphere 
 

0

0,2

0,4

0,6

0,8

1

1,2

20

30

40

50

60

70

80

90

100

0 100 200 300 400 500 600 700

d(
W

ei
gh

t) 
/ d

(T
) (

%
/℃

)

W
ei

gh
t (

%
)

T (℃)

0

0,1

0,2

0,3

0,4

20

30

40

50

60

70

80

90

100

0 100 200 300 400 500 600 700

d(
W

ei
gh

t) 
/ d

(T
) (

%
/℃

)

W
ei

gh
t (

%
)

T (℃)

OH

N N

N
N N

NCo
H3CCOO OOCCH3

OH2

OH2

OH

N N

N
N N

NCu
H3CCOO OOCCH3

2H2O



 
Figure S20. UV-Vis spectrum of 1,3-bis(benzotriazole-1-yl)propan-2-ol (1) in methanol. 
2.10 x 10-5 M, 200-1000 nm region 
 

 
Figure S21. UV-Vis spectrum of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]cobalt(II) (2) in methanol. 2.18 x 10-5 M, 200-1000 nm region 
 

 
Figure S22. UV-Vis spectrum of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]cobalt(II) (2) in methanol. 4.72 x 10-3 M, 400-700 nm region 
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Figure S23. UV-Vis spectrum of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]copper(II) (3) in methanol. 2.16 x 10-5 M, 200-1000 nm region 
 

 
Figure S24. UV-Vis spectrum of dichloro[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]copper(II) (3) in methanol. 4.66 x 10-3 M, 400-1000 nm region 
 

 
Figure S25. UV-Vis spectrum of diacetate-diaqua-[1,3-bis(benzotriazole-1-yl)propan-2-
ol-N,N’]cobalt(II) (4) in methanol. 1.82 x 10-5 M, 200-1000 nm region 
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Figure S26. UV-Vis spectrum of diacetate-diaqua-[1,3-bis(benzotriazole-1-yl)propan-2-
ol-N,N’]cobalt(II) (4) in methanol. 3.94 x 10-3 M, 400-700 nm region 
 

 
Figure S27. UV-Vis spectrum of diacetate[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]copper(II) dihydrated (5) in methanol. 1.81 x 10-5 M, 200-1000 nm region 
 

 
Figure S28. UV-Vis spectrum of diacetate[1,3-bis(benzotriazole-1-yl)propan-2-ol-
N,N’]copper(II) dihydrated (5) in methanol. 3.91 x 10-3 M, 400-1000 nm region 
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Figure S29. Optimized geometry of conformer Da of (2) – Different perspectives 
 

Figure S30. Optimized geometry of conformer Db of (2) – Different perspectives 
 
 
 
 



 

Figure S31. Optimized geometry of conformer Dc of (2) – Different perspectives 
 

Figure S32. Optimized geometry of conformer Dd of (2) – Different perspectives 
 
 



Figure S33. Optimized geometry of conformer Qa of (2) – Different perspectives 
 

Figure S34. Optimized geometry of conformer Qb of (2) – Different perspectives 
 
 



Figure S35. Optimized geometry of conformer Qc of (2) – Different perspectives 
 

Figure S36. Optimized geometry of conformer Qd of (2) – Different perspectives 
 
 



Figure S37. Optimized geometry of conformer Da of (3) – Different perspectives 
 

Figure S38. Optimized geometry of conformer Db of (3) – Different perspectives 
 
 



Figure S39. Optimized geometry of conformer Dc of (3) – Different perspectives 
 

Figure S40. Optimized geometry of conformer Dd of (3) – Different perspectives 
 
 
 



 
Figure S41. Drug interaction isobolograms. A: A (Caspofungin vs Complex 4 against C. 
tropicalis 66029) B (Fluconazole vs Complex 4 C. albicans 90028). 
 

 
Figure S42. Synthesis of the ligand (1). TBAB = Tetrabutylammonium bromide 
 
Table S1. Thermoanalytical results (TGA and DTG) for metal complexes. 
 

Compound 
(formula) 

TG 
range / 

°C 
DTGmax/ °C n Mass loss 

Total 
mass loss Assignment 

Metallic 
residue 

Estimated (calcd.) / % 

2 
(C15H14Cl2CoN6O) 

152-352 
352-385 
385-473 
473-694 

254, 337 
365   
421 
512 

2 
1 
1 
1 

31.63 (31.63) 
9.52 (9.45) 

12.53 (12.74) 
9.86 (8.97) 

63.55 
(62.78) 

loss of C6H4N3 + CH4 
loss of C3H4 
loss of CN3 
loss of C3H2 

CoCl2CO 

3 
(C15H14Cl2CuN6O) 

27-170 

170-253 
253-552 
552-694 

46, 148 

236 
321 
694 

2 

1 
1 
1 

1.99 (1.88) 

9.25 (9.11) 
62.14 (62.41) 

3.40 (3.50)  

76.79 
(76.91) 

loss of 4H2 

loss of C3H3 
loss of C11N6ClO 
loss of CH3 

CuCl 

4 
(C19H24CoN6O7) 

27-239 
239-358 
358-573 

573-694 

88, 159, 202 
294 
420, 495 

676 

3 
1 
2 

1 

9.38 (9.47) 
34.10 (34.13) 
22.81 (22.88) 

5.52 (4.55) 

71.82 
(71.04) 

loss of 2H2O + C 
loss of C6H4N3 + C3H3O 
loss of C6H2N3 

loss of CH3 + 4H2 

CoC2O4 

5 
(C19H24CuN6O7) 

64-126 
126-239 
239-357 
357-694 

95 
170, 207 
296 
405 

1 
2 
1 
1 

7.54 (7.43) 
25.35 (25.42) 
28.37 (28.55) 

8.80 (8.99) 

70.06 
(70.40) 

loss of 2H2O + H2 
loss of C6H4N3 + C 
loss of C6H4N3 + C2H4 
loss of C2H6O 

CuC2O4 
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Table S2. Antifungal activity of Co(II) and Cu(II) complexes containing 1,3-bis(benzotriazol-1-yl)-propan-2-ol on planktonic cells of Candida 
sp. 
MIC: Minimum Inhibitory Concentration; CFM: Minimum fungicidal concentration. Measures expressed in μg mL-1; ND: not determinated. The experiments were performed 
in triplicate at three independent times. 

Compound C. albicans 
ATCC 90028 

C. albicans  
CAP F-13 

C. tropicalis 
ATCC 66029 

C. tropicalis  
CAP F-01 

C. glabrata 
MYA2950 

C. glabrata  
CAPF-07 

C. parapsilosis 
ATCC22019 

C. parapsilosis 
24754 

MIC CFM MIC CFM MIC CFM MIC CFM MIC CFM MIC CFM MIC CFM MIC CFM 

1 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000 >400 >400 >1000 >1000 >1000 >1000 >1000 >1000 

2 125 250 125 500 125 1000 62.5 500 25 100 62.5 62.5 62.5 125 62.5 500 

4 62.5 125 62.5 >1000 62.5 250 62.5 500 15.62 62.5 62.5 500 62.5 250 62.5 500 

3 >1000 >1000 >1000 >1000 500 >1000 1000 >1000 >400 >400 >1000 >1000 125 >1000 >1000 >1000 

5 >1000 >1000 >1000 >1000 500 >1000 500 >1000 >250 >250 1000 >1000 >1000 >1000 500 >1000 

S2 31.25 62.5 31.25 250 31.25 125 7.81 62.5 15.62 31.25 15.6 62.5 31.25 62.5 15.6 125 

S4 62.5 125 62.5 >1000 31.25 125 31.25 125 15.65 31.25 15.6 62.5 31.25 125 15.6 62.5 

S3 1000 >1000 125 >1000 250 1000 125 1000 >250 >250 125 >1000 >1000 >1000 250 >1000 

S5 1000 >1000 125 >1000 125 >1000 125 >1000 >250 >250 250 >1000 >1000 >1000 125 1000 

Fluconazole1 0.25 >64 32 >64 2.0 >32 32 >64 0.5 0.5 64 >64 1.0 >64 32 >64 

Itraconazole2 0.03 16 0.5 >16 >16 >16 0.5 >16 0.5 0.5 4 >16 0.0625 4 >16 >16 

Caspofungin 0.062 0.125 0.062 0.062 0.125 0.125 1.0 4 ND ND ND ND ND ND ND ND 



Table S3. Matrix of combinations between cobalt(II) complexes and reference drugs 
(FCZ and Caspofungin). 

Combination Drug A 
(Complexes) 

Drug B 
(Reference 

drugs) 
1 8X MIC 0 
2 4X MIC 1/4 MIC 
3 2X MIC 1/2 MIC 
4 MIC MIC 
5 1/2 MIC 2X MIC 
6 1/4 MIC 4X MIC 
7 0 8X MIC 

 
 
 
 
 
 


