Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2016

ELECTRONIC SUPPORTING INFORMATION (ESI)

Design and synthesis of colchicine derivatives with
potent in vitro and in vivo anticancer activity and

reduced p-glycoprotein induction liability

Baljinder Singh,2? Ashok Kumar,¢ Prashant Joshi,?d Santosh K. Guru,¢ Suresh Kumar,? ¢ Zahoor A.
Wani,® Girish Mahajan,® Aashiq Hussain,® Asif Khurshid Qazi,c Ajay Kumar,® Sonali S. Bharate,®
Bishan D. Gupta,? Parduman R. Sharma,¢ Abid Hamid,?¢ Ajit K. Saxena,?¢ Dilip M. Mondhe,b¢

Shashi Bhushan,?¢ Sandip B. Bharate>d*and Ram A. Vishwakarma2bd.*

@Natural Product Chemistry Division, CSIR-Indian Institute of Integrative Medicine, Canal Road,
Jammu-180001, India.

bAcademy of Scientific & Innovative Research (AcSIR), CSIR-Indian Institute of Integrative
Medicine, Canal Road, Jammu-180001, India.

¢Cancer Pharmacology Division, CSIR-Indian Institute of Integrative Medicine, Canal Road,
Jammu-180001, India

dMedicinal Chemistry Division, CSIR-Indian Institute of Integrative Medicine, Canal Road, Jammu-
180001, India.

¢Preformulation Laboratory, CSIR-Indian Institute of Integrative Medicine, Canal Road, Jammu-
180001, India.

*E-mail: ram@iiim.ac.in (R.A.V.); sbharate@iiim.ac.in (S.B.B.); Fax: +91-191- 2586333; Tel: +91-
191- 2585006 (Extn. 345).

T 111IM Publication number 111M/1616/2013.

S1



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Contents

S1. TH NMR Spectrum 0f 3N CDCl3.c..cviiiiciiiieciiiceceeeee ettt S5
S2. 13C NMR Spectrum 0f 30N CDCl3...c.ccuiiiiicieciiiceceeeecee ettt S5
S3. DEPT-135 Spectrum 0f 3 1N CDCl3 ....cuoiviiiiiiiiiiiiiieieieee e S6
S4. HRMS SPECIIUM OF 3.ttt n s S6
S5. HPLC chromatogram OF 3.........ciiiiiie ittt sttt nna s S7
S6. TH NMR Spectrum 0f 42 iN CDCl3..c..coviiciiiiciececececeeec et S7
S7. 3C NMR Spectrum 0f 48 1IN CDCl3......ciieiiiieiiieeieieee e S8
S8. DEPT-135 Spectrum 0of 48 iN CDCl3..c..ooiiiiiiiiiiicieee e S8
S9. HRMS SPECIIUM OF 48......eiiiiiie ittt enes S9
S10. HPLC chromatogram OF 4a.........ccccueiiiiiieiie ettt S9
S11. 'H NMR Spectrum of 4D in CDCl3...uciiiiiiiciceccce e S10
S12. 3C NMR Spectrum 0f 4D iN CDCl3....cuciieiiieeiisieisee e S10
S13. DEPT-135 Spectrum of 4b iN CDCl3....ccoiiieiicceee e S11
S14. HRMS SPectrum OF 4D ........ooiiiiii e S11
S15. HPLC chromatogram Of 4D .........ooiiiiiiiic e e S12
S16. TH NMR Spectrum 0f 4C iN CDCl3 .c.oouviieiiieeicec e S12
S17. 13C NMR Spectrum 0f 4C iN CDCl3 ....cviiiiiiicicieciccceseee e S13
S18. DEPT-135 Spectrum of 4C iN CDCl3 ..uvciviiieiicce et S13
S19. HRMS SPECLIUM OF 4C ...ttt ettt ettt et S14
S20. HPLC chromatogram OF 4C ........ccueioiiiiie it S14
S21. TH NMR Spectrum of 4d in CDCl3...cucviiiiicicicceceseee e S15
S22. 13C NMR Spectrum of 4d in CDCla....cvciiiiiiicccieeeceee et S15
S23. DEPT-135 Spectrum 0f 4d iN CDCl3...cccviiiiiiiicicce e S16
S24. HRMS SPECIIUM OF 4d......oouiiiiiiiieieee e S16
S25. HPLC chromatogram OF 4 .........ccoiiiiiiiieiiieee e S17
S26. TH NMR Spectrum 0f 48 iN CDCl3 c..ccvcoviiiiieiicecececeee e S17
S27. 13C NMR Spectrum 0f 46 iN CDCl3 ....cvcuiiiiiciceceeeeee e S18
S28. DEPT-135 Spectrum 0f 4 iN CDCl3 ...cvooviiiiiiiiiiccecc e S18
S29. HRMS SPECIIUM OF 4 ...t S19
S30. HPLC chromatogram OF 4€ .........cocvoiiiieie ettt S19
S31. IH NMR Spectrum Of 4f iN CDCl3....ccuciuiiiiiiiiiiciececeecese et S20
S32. 3C NMR Spectrum Of 4f iN CDCl3 ..o S20
S33. DEPT-135 Spectrum OF 4F IN CDCl3....ccuoiiiiiiiiiiiiiecee e S21



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

S34.
S35.
S36.
S37.
S38.
S39.
S40.
S41.
S42.
S43.
S44.
S45.
S46.
S47.
S48.
S49.
S50.
S51.
S52.
S53.
S54.
S55.
S56.
S57.
S58.
S59.
S60.
S61.
S62.
S63.
S64.
S65.
S66.
S67.

HRMS SPectrum OF 4f........oo o S21
HPLC chromatogram Of 4f..........ooiiii e S22
IH NMR Spectrum 0of 49 iN CD30D .......ccooiiiiieiieeeeee e S22
13C NMR Spectrum 0f 4g iN CDCl3...cvveiiieiieeisee e S23
DEPT-135 Spectrum 0f 40 iN CDCl3 ..cuuiiiiieiie et S23
HRIMS SPECIIUM OF 4Q ... res S24
HPLC chromatogram OF 4Q .......cocuoiiiiieieieiese e S24
TH NMR Spectrum 0f 4h iN CDCl3..ucviiciicieiceecseee e S25
13C NMR Spectrum of 4h in CDCla.....cociiiiiciiciicicice e S25
DEPT-135 Spectrum of 4h iN CDCl3...cviciiiiiieiie st S26
HRMS SPECIUM OF 4N ... s S26
HPLC chromatogram OF 4N ... S27
IH NMR Spectrum 0f 4i iN CDCl3.....c.covciiiiiciiiiecicececeeee et S27
13C NMR Spectrum 0f 4i iN CDCla......cvoiiiiiciiciicieecec e 528
DEPT-135 Spectrum Of 41 IN CDClg...c.ccviiiiiiiiiieiiseeieiee s S28
HRMS SPECIIUM OF 4.t S29
HPLC chromatogram OF 4l ........c.cccieiiii et S29
ITH NMR Spectrum 0f 4 iN CDCla....cc.coiiiiiiiiiiiieciceceeee et S30
13C NMR Spectrum 0f 4] iN CDClg...cvciciiiiicicicciece e S30
DEPT-135 Spectrum 0f 4] iN CDCl3...c.ccoviiiiiiiiisiseeeee s S31
HRMS SPECIIUM OF 4] ..ttt ae e e nne e S31
HPLC chromatogram Of 4] ........c.coveiiiiiiecce et S32
IH NMR Spectrum of 4K inN CDCl3......cvciiiiiciiieiiciccsees e S32
13C NMR Spectrum 0f 4K iN CDCl3...cviuciiiciieiecieecee e S33
DEPT-135 Spectrum Of 4K IN CDCl3.....ccoviiiiieiiee et S33
HRMS SPECtrUM OF 4K......coeiieiieiice et S34
HPLC chromatogram Of 4K .........cccooiiiiii e S34
TH NMR Spectrum of 41 in CD30D ........cooiiiiieieieeiee et seene s S35
13C NMR Spectrum of 41 in CD30D .......ccociiiiiiecceceseee e S35
DEPT-135 Spectrum of 41 iN CD30D .......ccoiiieiiee et S36
HRIMS SPectrum OF 4l ... ..ot S36
HPLC chromatogram OF 4l ..........cooiiiii s S37
IH NMR Spectrum of 4m iN CDCl3...cccciiieiieeise e S37
13C NMR Spectrum of 4m in CDCla....c.ciiiviiciciicicececeee e S38



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

S68.
S69.
S70.
S71.
S72.
S73.
S74.
S75.
S76.
ST77.
S78.
S79.
S80.
S81.
S82.
S83.
S84.
S85.
S86.
S87.
S88.
S89.
S90.
S91.
S92.
S93.
S94.
S95.
S96.
S97.

DEPT-135 Spectrum of 4m in CDCls......cccoiiiiiice e S38
HRIMS SPectrum OF 4. ...t S39
HPLC chromatogram OF AM.........coiiiiiiiiieeie e S39
TH NMR Spectrum 0f 40 iN CDCl3...cviciiiiiieessee e S40
13C NMR Spectrum of 4N iN CDCla.....cvciiiiiciiiiiciciceseeee e S40
DEPT-135 Spectrum Of 4N iN CDCl3....cuciiiiiiiiiie s S41
HRMS SPECIIUM OF 4N ... S41
HPLC chromatogram OF 4N ..o S42
IH NMR Spectrum 0f 40 iN CDCl3...cc.ciiiiiiiciiiecicececeee et S42
13C NMR Spectrum 0f 40 iN CDCl3..cuiiiiiiiiciciicieecc e S43
DEPT-135 Spectrum 0f 40 iN CDCl3 ....ccviiiiiiiiiiiieeeee s S43
HRMS SPECIIUM OF 40 ...ttt S44
HPLC chromatogram OF 40 .........cccveiiiie et S44
IH NMR Spectrum of 4p iN CDCla...ciiiiiiiiiicece e S45
13C NMR Spectrum 0f 4P iN CDCl3...cvviiiiiiiieecisee e S45
DEPT-135 Spectrum Of 4P IN CDCl3....ccviiiiiiiiieiiiieieee s S46
HRMS SPECIIUM OF 4P ...ttt raesne e S46
HPLC chromatogram Of 4P ........c.coviiiiii it S47
H NMR Spectrum 0f 58 iN CDCl3...ccuciiiiiiciccic e Sa7
13C NMR Spectrum 0f 58 iN CDCl3...cvvciiiiieiieieesee e S48
DEPT-135 Spectrum 0f 52 iN CDCl3 ....uiiiiiiiieiieecc et s S48
HRIMS SPECTrUM OF 5a.....ciiiiiiiiiiicie e S49
HPLC chromatogram Of 5a.........cocuiiiiiiiiiiiie e S49
TH NMR Spectrum 0f 5D iN CDCl3....cvieiiiciiiceeciee e S50
13C NMR Spectrum 0f 50 iN CDCla.....cociiiiiciicieccecesee e S50
DEPT-135 Spectrum of 50 iN CDCl3.....ccviiiiiiciiee e S51
HRMS SPectrum OF 5D ......c.ooii e S51
HPLC chromatogram OF 4@ .........ccocuiiiiiiiieiese e S52
Effect of colchicine (1) and its analog 40 on p27 expression in HCT-116 cells................ S53
Proposed mechanism for formation of amino-linked products 4a-p from colchicine (1) S54

S4



Fig. S1.

Fig. S2.

'H NMR Spectrum of 3 in CDCl;

13C NMR Spectrum of 3 in CDCl,
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Fig. S3.

Fig. S4.

DEPT-135 Spectrum of 3 in CDCl;

HRMS Spectrum of 3
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Fig. S5.

Fig. S6.

HPLC Chromatogram of 3

'H NMR Spectrum of 4a in CDCl;
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Fig. S7.

Fig. S8.

13C NMR Spectrum of 4a in CDCl;

DEPT-135 Spectrum of 4a in CDCl;
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Fig. SO.

Fig. S10.

HRMS Spectrum of 4a

HPLC Chromatogram of 4a
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Fig. S11. IH NMR Spectrum of 4b in CDCl,

Fig. S12. 13C NMR Spectrum of 4b in CDCl;
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Fig. S13. DEPT-135 Spectrum of 4b in CDCl;

Fig. S14. HRMS Spectrum of 4b
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Fig. S15. HPLC Chromatogram of 4b

DAD: 3ignal
B, 254
nm/Bw:4 nm
Results

Fig. S16. H NMR Spectrum of 4c in CDCl;
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Fig. S17. 13C NMR Spectrum of 4c in CDCl,

Fig. S18. DEPT-135 Spectrum of 4c in CDCl;
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Fig. S19. HRMS Spectrum of 4c

Fig. S20. HPLC Chromatogram of 4c
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Fig. S21. 'H NMR Spectrum of 4d in CDCl3

Fig. S22. 13C NMR Spectrum of 4d in CDCl;
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Fig. S23. DEPT-135 Spectrum of 4d in CDCl;

Fig. S24. HRMS Spectrum of 4d
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Fig. S25. HPLC Chromatogram of 4d

Fig. S26. H NMR Spectrum of 4e in CDCl;
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Fig. S27. 13C NMR Spectrum of 4e in CDCl,

Fig. S28. DEPT-135 Spectrum of 4e in CDCl;

S18



Fig. S29. HRMS Spectrum of 4e

Fig. S30. HPLC Chromatogram of 4e
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Fig. S31. IH NMR Spectrum of 4f in CDCl;

Fig. S32. 13C NMR Spectrum of 4f in CDCl;
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Fig. S33. DEPT-135 Spectrum of 4f in CDCl3

Fig. S34. HRMS Spectrum of 4f
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Fig. S35. HPLC Chromatogram of 4f

Fig. S36. H NMR Spectrum of 4g in CD;0D

S22



Fig. S37. 13C NMR Spectrum of 4g in CDCl;

Fig. S38. DEPT-135 Spectrum of 4g in CDCl;
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Fig. S39. HRMS Spectrum of 4g

Fig. S40. HPLC Chromatogram of 49

DaD: Signal
B, 254
nm/Bw:4 nm
Results

Retention Lrea Percent Height Lrea Height
Time Percent

6.200 0.914 1.785 241595 10073

01z 0.6e57 1.1e7 18418 6585

8.433 97.726 96.073 25833503 542248

9.007 0.663 0.976 17531 5509

Totals
100.000 100.000 2643611 564415
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Fig. S41. IH NMR Spectrum of 4h in CDCl,

Fig. S42. 13C NMR Spectrum of 4h in CDCl,
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Fig. S43. DEPT-135 Spectrum of 4h in CDCl;

Fig. S44. HRMS Spectrum of 4h
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Fig. S45. HPLC Chromatogram of 4h

Fig. S46. H NMR Spectrum of 4i in CDCl;
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Fig. S47. 13C NMR Spectrum of 4i in CDCl,

Fig. S48. DEPT-135 Spectrum of 4i in CDCl;
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Fig. S49. HRMS Spectrum of 4i

Fig. S50. HPLC Chromatogram of 4i
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Fig. S51. 'H NMR Spectrum of 4j in CDCl;

Fig. S52. 13C NMR Spectrum of 4j in CDCl;

S30



Fig. S53. DEPT-135 Spectrum of 4 in CDCl3

Fig. S54. HRMS Spectrum of 4j

S31



Fig. S55. HPLC Chromatogram of 4j

Fig. S56. H NMR Spectrum of 4k in CDCl3
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Fig. S57. 13C NMR Spectrum of 4k in CDCl,

Fig. S58. DEPT-135 Spectrum of 4k in CDCl;
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Fig. S59. HRMS Spectrum of 4k

Fig. S60. HPLC Chromatogram of 4k
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Fig. S61. !H NMR Spectrum of 41 in CD;0D

Fig. S62. 13C NMR Spectrum of 41 in CD;0D
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Fig. S63. DEPT-135 Spectrum of 4l in CD;0D

Fig. S64. HRMS Spectrum of 41
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Fig. S65. HPLC Chromatogram of 4l

Fig. S66. IH NMR Spectrum of 4m in CDCl,
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Fig. S67. 13C NMR Spectrum of 4m in CDCl,

Fig. S68. DEPT-135 Spectrum of 4m in CDCl;
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Fig. S69. HRMS Spectrum of 4m

Fig. S70. HPLC Chromatogram of 4m
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Fig. S71. IH NMR Spectrum of 4n in CDCl3

Fig. S72. 13C NMR Spectrum of 4n in CDCl;
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Fig. S73. DEPT-135 Spectrum of 4n in CDCl;

Fig. S74. HRMS Spectrum of 4n
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Fig. S75. HPLC Chromatogram of 4n

Fig. S76. H NMR Spectrum of 40 in CDCl;
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Fig. S77. 13C NMR Spectrum of 40 in CDCl;

Fig. S78. DEPT-135 Spectrum of 40 in CDCl;
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Fig. S79. HRMS Spectrum of 40

Fig. S80. HPLC Chromatogram of 40
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Fig. S81. H NMR Spectrum of 4p in CDCl3

Fig. S82. 13C NMR Spectrum of 4p in CDCl,
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Fig. S83. DEPT-135 Spectrum of 4p in CDCl;

Fig. S84. HRMS Spectrum of 4p
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Fig. S85. HPLC Chromatogram of 4p

Fig. S86. IH NMR Spectrum of 5a in CDCl,
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Fig. S87. 13C NMR Spectrum of 5a in CDCl;

Fig. S88. DEPT-135 Spectrum of 5a in CDCl;
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Fig. S89. HRMS Spectrum of 5a

Fig. S90. HPLC Chromatogram of 5a

Retention Lrea Percent Height Lrea Height
Time Percent

8.120 0.574 1.50& 2489

8.373 98.384 95.737 158184

9.073 0.456 1.34¢ 2224

10.500 0.585 1.411 2331
Totals

100.000 100.000 846897 165228
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Fig. S91. H NMR Spectrum of 5b in CDCl3

Fig. S92. 13C NMR Spectrum of 5b in CDCl;
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Fig. S93. DEPT-135 Spectrum of 5b in CDCl;

Fig. S94. HRMS Spectrum of 5b
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Fig. S95. HPLC Chromatogram of 5b
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Fig. S96. Effect of colchicine (1) and its analog 40 on p27 expression in HCT-116 cells

Untreated
Colchicine
@)
25 nM 50 nM 100 nM
40
25nM 50 nM 100 nM

Effect of colchicine (1) and its analog 40 on p27 expression in HCT-116 cells. Cells were cultured on
coverslips. After 24 h, the cells were treated with different concentrations of the compound.
Immunocytochemical staining was conducted using p27 antibody and Alexa Flour-488-labeled
secondary antibody. Staining was done by using DAPI. The data are representative of three separate

sets of experiments.
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Figure S97. Proposed mechanism for formation of amino-linked products 4a-p from colchicine (1)

H3CO

H,CO
HzCO
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