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Abstract—Sixty-one novel steroidal imidazolium salt derives were synthesizednd evaluatedn vitro
against a panel of human tumor cell lines. The ltesshowed that diosgeniimidazolium salt derivatives
displayed much higher  cytotoxic  activities  than lelsterolimidazolium salts and
dehydroepiandrosteroAenidazolium salts. The SARs results suggested ttimtexistence of substituted 5,6-
dimethyl-benzimidazoles or benzimidazole ring andssitution of the imidazolyl-@-position with a 2-
bromobenzyl or 2-naphthylmethyl group could be i@t for promoting cytotoxic activity.
Diosgeninimidazolium salta30 was found to be the most potent compound with \@lues of 0.44—-0.78M
against five human tumor cell lines. Compo@2d showed inhibitory activity selectively against SNIM/ 721
cell lines with 1G, value of 0.21uM and 54-fold more sensitive to DDP. Moreover, comnpd a30 inhibited

cell proliferation through inducing the GO/G1 agjtle arrest and apoptosis in SMMC-7721 cells.

Keywords: Diosgenin; Cholesterol; Dehydroepiandrosterone;damblium salt; Antitumor activities; Structure—

activity relationships.

1. Introduction

Steroids are an important family of polycyclic mmiées with diverse structures, which are widelysted in
plants, animals and humans.[1, 2] Naturally ocogristeroids exhibit a wide range of interestingldgaal
activities. They have been traditionally used agsfogical regulators and hormones, as well agusmnbur,
cardiotonic, diuretic and local anaesthetic agf]. Steroid-based drugs possess a broad rangdinidal
treatments and remain one of the highest markdtesses of pharmaceuticals.[7] Recently, the stratiju
modified steroids have attracted a great dealtehtibn, particularly the incorporation of heterolgs into the
steroid core.[8, 9] As shown in Fig. 1, steroidgtigine Abiraterone has been used for the clinibalapeutics
of advanced prostate cancers[10], while steroigiiosaminooxazoline (SSA) was prepared as potential
antiproliferative drug against human breast andrcalarcinoma cells (T-47D and WiDr).[8]

On the other hand\-heterocycles are of great interest to medicinanubkts because of their widespread

occurrence in active natural products and drug cubds.[10-14] Of them, imidazolium salts have afxai
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significant concerns owing to their important andeasive biological and pharmacological activifi£s;19]
particularly antitumor activity.[20-23] For instagctwo novel imidazolium salts, Lepidiline A and(Big. 1),
presented effective cytotoxic activity against hamamor cell lines (UMUC3, PACA2, MDA231, and
FDIGROV).[24] In this context, our group has longelm devoted to the synthesis of novel imidazoliath s
derivatives and their potential antitumor activiayning to discover new steroid-based antitumong5-30]
One representative example is the imidazolium NMiB (Fig. 1) which exerts poterih vitro andin vivo
antitumor activity.[31, 32] Further mechanism reshaverified that these imidazolium salt derivasiveduced
the cell cycle arrest and apoptosis in tumor ¢8Bs35] In previous structure-activity relationsigSARS)
studies, we found that the existence of substitb@tzimidazole (such as 5,6-dimethyl-benzimidazoie) and
substitution of the imidazolyl-3-position with almtituted benzyl or phenacyl group (such as 2-bimmayl or
2-naphthylacyl) could be vital for antitumor actyi which provides the valuable information for ther

rational design and synthesis of imidazolium salts.

Steroidal heterocycles Imidazolium salts

LepidiineA R=H
LepidiineB R =Me

O
TV
TN 00
Br
NMIB

Fig. 1 Representative structures of antitumour activigyaitlal derivatives and imidazolium salts.

Molecular hybridization has played an importanerini drug discovery during the past two decadessTih
is clear that new pharmacologically interesting fiytcompounds will directly benefit the pharmaceaiti

industry.[36-39] In view of the potential antican@etivity of steroidal derivatives and imidazoliwsalts, we
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launched the synthesis of hybridizing compoundgibgasteroidal moieties and imidazolium salts. Aliigh
17-(1-benzimidazole) substituted steroidal derisativas prepared and found to display anticancévitygi40]
and some steroidal derivatives bearing substityigchzoles and triazoles pyrazoles and triazolese wer
synthesized as neuroactive steroids,[41] to theé bEour knowledge, no reports regarding synthesid
biological activity for steroidal imidazolium salybrid derivatives have been reported. With thisnimd, we
turned our attention to synthesis and antitumdwiggf a series of novel steroidal imidazoliumtsderivatives

and report our results herein.

2. Results and discussion

2.1 Chemistry

To synthesize the steroidal imidazolium salts, weduvarious substituted imidazole derivatives thate
alkylated with activated 3-hydroxyl steroids, whigtere synthesized from abundant steroids (diosgenin
cholesterol and dehydroepiandrosterone) in natdseshown in Scheme 1, commercially available stEroi
diosgeninal or cholesterobl was transformed via the mesylate derivativah2) to give the respectiven6
imidazolyl steroidal derivativea@/b3), 3a-imidazolyl steroidal derivativea@l-a6/b4-b6) and 3P-imidazolyl
steroidal derivativeg7/b7) by refluxing with various substituted imidazolenidazole, benzimidazole or 5,6-
dimethyl-benzimidazole) under toluene with 7-48%lg$ (two steps). The nucleophilic substitutionctiess
generally led to three stereoisomers products. Majeduct was é-imidazolyl steroidal product (such a3/b3,
42%I48%), and minor products were-iBnidazolyl steroidal product (such asl/b4, 15%/18%) and (3
imidazolyl steroidal product (such ag/b7, 8%/7%). Thus, some stereocisomers- (@ FP-imidazolyl steroidal
derivative) were synthesized in relatively largerantities. Finally, forty-nine diosgenimidazolium salt
derivativesa8-a35 and cholesterelmidazolium salt derivative®8-b28 were synthesized from coupling of
imidazolyl substituted steroidal derivatives{a7/b3-b7) with various alkyl and phenacyl bromides at eberel
yields (67—98%).

As shown in Scheme 2, afte-®H group was protected witkrt-butyl(dimethyl)silyl of commercial steroid

dehydroepiandrosterongl, treatment ofc2 with (R)-(+)-2-methyl-2-propanesulfinamide in tipeesence of
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tetraethyl titanate led to corresponding imine,ntlreductionof imine gave the I¥tert-butylsulfinamido
derivativec3 in 82% vyield (two steps). Subsequently, acid medialeprotection of-tert-butanesulfinyl and
OH group yielded amine4 in 92% yield. Based on our previous synthetic méff#2] an imidazole ring were
installed at C-17 to give key intermediatefdmidazolyl steroidal derivative5. 33-OH group was further
protected with acetyl to givep3AcO-17B-imidazolyl steroidc6. Finally, twelve dehydroepiandrosterene
imidazolium salt derivatives7-c12 andc13-c18 were synthesized from coupling of imidazolyl stdsac5 and

¢6 with various alkyl and phenacyl bromides at 75-98% 72—96% yields, respectively. The structures an

yields of all new steroidal imidazolyl derivativadasteroidal imidazolium salt derivatives are shawmable 1.
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Scheme 2 Synthesis of dehydroepiandrostereingidazolium salt derivatives/-c18.
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Table 1

Structures and yields of steroidal imidazolyl datives and steroidal imidazolium salt derivatives

Entry Compound Steroid Imidazole ring R Molecular Yields (%)
No. formula
1 a3 diosgenin imidazole - CaoHa4N20, 42%
2 ad diosgenin imidazole - CaoHa4N20, 15%
3 ab diosgenin benzimidazole - CadHeN20, 9%
4 ab diosgenin 5,6-dimethyl-benzimidazole - CasHs0N20, 10%
5 a7 diosgenin imidazole - CaoHa4N20, 8%
6 b3 cholesterol imidazole - CaoHagN2 48%
7 b4 cholesterol imidazole - CaoHagN2 18%
8 b5 cholesterol benzimidazole - CasHsoN2 10%
9 b6 cholesterol 5,6-dimethyl-benzimidazole - CaeHsaN, 9%
10 b7 cholesterol imidazole - CaoHggN> 7%
11 5 dehydroepiandrosterongmidazole - C,HzN,O 68%
12 c6 dehydroepiandrosterongmidazole - Cy4H34N50, 86%
13 a8 diosgenin imidazole phenacyl CzgHs:BrN,O;  93%
14 a9 diosgenin imidazole 4-methoxyphenacylC3cHs:BrN,O,  92%
15 al0 diosgenin imidazole 3-bromophenacyl CsgHsBroN,O3 97%
16 all diosgenin imidazole 2-naphthylacyl C4z:Hs:BrN,O;  98%
17 al2 diosgenin imidazole 2-bromobenzyl Cs7/Hs0BroN,O,  82%
18  al3 diosgenin imidazole 2-naphthylmethyl  CaiHssBrN2O, 7504
19 al4 diosgenin imidazole phenacyl CzgHs:BrN,O;  72%
20 al5 diosgenin imidazole 4-methoxyphenacylC3gHsaBrN,O,  83%
21 al6 diosgenin imidazole 3-bromophenacyl CzgHsBr,N,O;  73%
22 al7 diosgenin imidazole 2-naphthylacyl C4oHs3BrN,O;  94%
23 als diosgenin imidazole 2-bromobenzyl Cs7/Hs0BroN,O,  88%
24 al9 diosgenin imidazole 2-naphthylmethyl C,Hs:BrN,O, 90%
25 a20 diosgenin benzimidazole phenacyl CyoHs3aBrN,O;  74%
26 a2l diosgenin benzimidazole 4-methoxyphenacyl C43HssBrN,O,  72%
27 a22 diosgenin benzimidazole 3-bromophenacyl C,Hs,BroN,O;  79%
28 a23 diosgenin benzimidazole 2-naphthylacyl CyeHssBrN,O;  90%
29 a4 diosgenin benzimidazole 2-bromobenzyl C41HsBroN,O,  96%
30 az25 diosgenin benzimidazole 2-naphthylmethyl 4#8E155BrN,O,  87%
31 a26 diosgenin 5,6-dimethyl-benzimidazole  phenacyl CyHsBrN,O;  79%
32 a27 diosgenin 5,6-dimethyl-benzimidazole = 4-methoxyplegha CysHsoBrN,O, 72%
33 a28 diosgenin 5,6-dimethyl-benzimidazole = 3-bromophehacy CyHs¢Br,N,O; 86%
34 a29 diosgenin 5,6-dimethyl-benzimidazole  2-naphthylacyl = CugHsBrN,O;  87%
35 a30 diosgenin 5,6-dimethyl-benzimidazole  2-bromobenzyl = C,HssBr,N,O, 68%
36 a3l diosgenin 5,6-dimethyl-benzimidazole  2-naphthylmketh  C,HsBrN,O,  94%
37 a32 diosgenin imidazole phenacyl CsgHs1BrN,O;  69%
38 a33 diosgenin imidazole 4-methoxyphenacylCsgHsaBrN,O,  92%
39 a34 diosgenin imidazole 2-naphthylacyl C4oHs3BrN,O;  87%
40 a35 diosgenin imidazole 2-bromobenzyl Cs7/HsoBroN,O,  89%




41 b8 cholesterol imidazole phenacyl CsgHssBrN,O  78%

42 b9 cholesterol imidazole 4-methoxyphenacyl CsgHs,BrN,O, 81%
43 b10 cholesterol imidazole 3-bromophenacyl  CsgHs4BroN,O  78%
44 b1l cholesterol imidazole 2-naphthylacyl C4oHsBrN,O - 84%
45 b12 cholesterol imidazole 2-bromobenzyl Cs7/Hs4BroN, 67%
46 b13 cholesterol imidazole 2-naphthylmethyl  C,;Hs/BrN, 75%
47 bl14 cholesterol imidazole phenacyl CsgHssBrN,O  85%
48 b15 cholesterol imidazole 4-methoxyphenacylCz;gHs:BrN,O,  76%
49 b16 cholesterol imidazole 3-bromophenacyl CsgHs,BroN,O  79%
50 b17 cholesterol imidazole 2-naphthylacyl C4oHsBrN,O  93%
51 b18 cholesterol imidazole 2-bromobenzyl Ca7Hs4BraN; 90%
52 b19 cholesterol benzimidazole phenacyl CsHsBIN,O  97%
53 b20 cholesterol benzimidazole 4-methoxyphenacyl C,3HsoBrN,O,  86%
54 b21 cholesterol benzimidazole 2-bromobenzyl CaiHsgBraN; 78%
55 b22 cholesterol 5,6-dimethyl-benzimidazole  phenacyl C4HeBrN,O  82%
56 b23 cholesterol 5,6-dimethyl-benzimidazole  2-bromobénzy  C,3HgoBroN, 74%
57 b24 cholesterol imidazole phenacyl CsgHssBrN,O  89%
58 b25 cholesterol imidazole 4-methoxyphenacyl CzgHs:BrN,O, 95%
59 b26 cholesterol imidazole 2-naphthylacyl CsoHsBrN,O  84%
60 b27 cholesterol imidazole 2-bromobenzyl Cs7/Hs4BroN, 78%
61 b28 cholesterol imidazole 2-naphthylmethyl C,;Hs/BrN, 72%
62 7 dehydroepiandrosterongmigazole phenacyl C3oH3BrN,O, 759
63 8 dehydroepiandrosterongmigazole 4-methoxyphenacyl CaiHaiBrN2Os 899
64 9 dehydroepiandrosterongmigazole 3-bromophenacyl  CadHagBraN20, 899
65 cl0 dehydroepiandrosterongmigazole 2-naphthylacyl CaHuBrN,O, 979
66 cll dehydroepiandrosterongmigazole 2-bromobenzyl CagH3gBrN,O 789
67 cl2 dehydroepiandrosterongmidazole 2-naphthylmethyl ~ CsaHaiBrN:O - 879
68 13 dehydroepiandrosterongmjgazole phenacyl C3HuBrN,O; 9294
69 cl4 dehydroepiandrosterongmigazole 4-methoxyphenacyl CaaHasBrN2Os 949
70 15 dehydroepiandrosterongmigazole 3-bromophenacyl  Ca2HaoBraN20Os  96%
71 «c16 dehydroepiandrosterongmjgazole 2-naphthylacyl C3eHaaBrN,O; 939
72 o7 dehydroepiandrosterongmigazole 2-bromobenzyl Ca1HaoBrN,O, 9294
73 c18 dehydroepiandrosterongmigazole 2-naphthylmethyl ~ CasHagBrN:O, 7204
112
113 To confirm the structures of the steroidal imidazol salt derivatives, compourngll was selected as a

114 representative compound and characterized usirayXnystallography (CCDC 1880928),[43] as showFim

115 2.
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118

119 2.2 Biological evaluation and structure-activityagonship analysis

120 The cytotoxic potential for the seventy-three sgsthed steroidal imidazolyl derivatives and stembid
121 imidazolium salt derivatives against five humanasncell lines including myeloid leukaemia (HL-60yer
122 carcinoma (SMMC-7721), lung carcinoma (A-549), stemarcinoma (MCF-7) and colon carcinoma (SW480)
123 were determined using the MTS assay. DDP (Cispla@s well as diosgeninal), cholesterol K§1),
124  dehydroepiandrosteroneclj, imidazole, benzimidazole and 5,6-dimethyl-bendamole, were chosen as
125 positive controls. The results were listed in Tghle

126

127 Table2

128 Cytotoxic activities of steroidal imidazolyl deriwees and steroidal imidazolium salt derivativesitro® (ICso, UM?)

Entry Compound No. HL-60 SMMC-7721 A-549 MCF-7 SW480
1 al >20 >20 >20 >20 >20

2 bl >20 >20 >20 >20 >20

3 cl >20 >20 >20 >20 >20

4 imidazole >20 >20 >20 >20 >20

5 benzimidazole >20 >20 >20 >20 >20

6 5,6-dimethyl-benzimidazole >20 >20 >20 >20 >20

7 a3 8.33 10.04 10.29 19.67 >20
8 a4 >20 >20 >20 >20 >20

9 ab >20 >20 >20 >20 >20
10 a6 >20 >20 >20 >20 >20
11 ar 9.51 9.74 9.92 14.49 >20
12 b3 2.00 2.12 11.65 >20 16.44
13 b4 >20 >20 >20 >20 >20
14 b5 >20 >20 >20 >20 >20
15 b6 0.18 >20 >20 >20 >20

10
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b7

c5

c6

a8

a9

alo0
all
al2
al3
ald
als
al6
al7
als
al9
a20
a2l
a2
a23
az4
a2s
a26
a27
a28
a29
a30
a3l
a32
a33
a34
a3b
b8

b9

b10
b11
b12
b13
b14
b15
b16
b17
b18
b19

>20
>20
>20
2.69
1.25
1.28
1.03
1.24
1.22
1.09
1.25
1.25
0.96
0.43
1.01
1.19
1.22
1.36
1.10
0.34
1.02
0.44
0.74
0.98
0.45
0.49
0.42
1.18
0.94
1.37
0.92
1.53
1.52
1.42
2.41
5.53
1.64
6.85
6.00
9.91
10.63
1.59
0.88

>20

>20

>20

7.38
7.32
7.28
3.46
4.58
2.45
7.15
151
1.71
1.89
0.95
1.15
1.81
1.45
1.75
1.33
0.21
0.88
0.90
0.44
1.39
0.57
0.44
0.59
2.14
1.61
5.49
2.27
1.29
1.10
1.22
1.23
1.16
1.04
1.49
2.90
1.70
1.88
0.94
1.65

11

>20
>20
>20
7.76
7.18
7.03
7.27
6.60
4.92
7.30
1.94
1.55
3.34
1.22
1.12
2.55
2.45
1.77
1.32
4.47
1.25
9.57
5.02
7.15
5.53
0.67
5.12
1.86
121
3.49
2.99
7.28
6.68
7.84
8.53
7.65
7.67
8.42
13.22
7.22
8.82
7.36
7.51

>20
>20
>20
5.50
4.49
521
2.26
3.86
1.95
5.18
1.47
1.43
2.27
1.41
1.09
2.49
211
1.53
1.67
2.14
231
291
231
2.78
3.05
0.73
1.90
5.66
1.96
5.83
1.88
6.98
6.54
8.70
8.00
10.83
8.04
8.41
5.25
8.51
>20
6.02
7.18

>20
>20
>20
7.39
7.03
6.46
4.01
6.33
4.03
8.18
2.59
1.65
3.62
1.66
1.59
2.59
2.55
1.74
1.75
2.10
1.80
3.22
2.01
2.22
3.10
0.79
1.60
7.96
4.15
6.55
5.37
6.06
7.18
8.23
6.25
10.90
7.48
9.03
4.87
6.33
10.54
8.32
10.18
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59 b20 441 1.45 7.66 9.85 10.10

60 b21 4.47 1.56 7.31 8.97 10.60
61 b22 0.28 1.77 8.11 9.87 10.44
62 b23 6.96 181 8.44 14.25 13.16
63 b24 7.73 1.42 8.10 8.84 6.56
64 b25 7.97 1.52 8.75 8.71 10.66
65 b26 7.26 2.10 9.65 >20 11.28
66 b27 2.35 1.44 8.05 7.62 7.75
67 b28 5.39 141 6.95 8.35 9.29
68 c7 >20 >20 >20 >20 >20
69 c8 >20 >20 >20 >20 >20
70 c9 6.42 14.90 >20 7.25 9.78
71 cl0 2.00 3.50 9.69 4.38 5.59
72 cll 6.30 7.63 >20 9.61 >20
73 cl2 2.68 4.41 7.87 5.08 6.47
74 cl13 6.42 12.03 >20 9.07 11.12
75 cl4 2.20 4.31 10.70 3.46 6.06
76 cl5 4.35 5.47 7.20 4.88 7.26
77 cl6 1.26 1.75 4.39 2.10 4.45
78 cl7 1.48 3.83 6.52 4.84 6.87
79 cl8 1.22 2.45 4.74 2.53 5.64
80 DDP 2.11 11.27 6.94 17.43 17.05

& Cytotoxicity as 1G, for each cell line, is the concentration of compawvhich reduced by 50% the optical density of
treated cells with respect to untreated cells ugiegM TS assay.
® Data represent the mean values of three indepede&rminations.

As displayed in Table 2, single steroidal compoun(ifiosgenin &1), cholesterol K1) and
dehydroepiandrosteronelj) and single imidazole compounds (imidazole, berdazole and 5,6-dimethyl-
benzimidazole), as controls, lacked activity agaaistumor cell lines investigated at the concatitm of 20
uM (Entries 1-6). The structures of imidazole anddezolium salt in steroidal derivatives have an ongnt
effect on the cytotoxic potential. Most of sterdidmidazolyl derivativesa3-a7/b3-b7/c5-c6 (Entries 7-18)
lacked activities against all tumor cell lines éekat the concentration of 20/, excepta3, a7, b3 andb6 with
weak cytotoxic activities. Interestingly, compoutt, bearing a benzimidazole ring at positigh-8f
cholesterol, showed obvious cytotoxic activity séiely against HL-60 cell lines with igvalue of 0.18M.

However, their steroidal imidazolium salt derivasvEntries 19-79) exhibited higher cytotoxic dtitig. For

three kinds of steroids, diosgenimidazolium salt derivativea8-a35 displayed the highest cytotoxic activities

12
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with 1Csq values of 0.21-9.54M in vitro. Cholesterelimidazolium salt derivativelk8-b28 exhibited the higher
activities with 1G, values of 0.28-14.2hM, while dehydroepiandrosterorimidazolium salt derivatives7-
c18 showed the lowest activities withg4@ralues of 1.22—14.9(M or higher than 2QM.

For the substituent’s position of imidazolium sailbiety in steroids, imidazolium salts at positian-8f
steroidal derivativesal4-a31/b14-b23) possessed the highest cytotoxic activities andtrabthem exhibited
potent inhibitory activities. BImidazolium salt steroidal derivativea3-a35/b24-b28) and @-imidazolium
salt steroidal derivatives a8-al3/b8-b13) showed medium or high inhibitory activities. In
dehydroepiandrosterone derivatives/-¢18), imidazolium salts at position-g7of dehydroepiandrosterone
derivatives had the lowest activities, and imidamul salts with B-AcO group €7-c12) were better than with
3B-OH group €13-c18).

Many literatures have reported that bioactivitiéatural products and drug molecules have beeselylo
related to the stereo structures.[44-46] As showiTable 2, the stereochemistry at position-3 imostel
imidazolium salt derivatives has a great influencethe cytotoxic potential. Although both isomeBs-(and
3B-) in steroidal derivatives possessed cytotoxidviigts, imidazolium salts at positiorz3displayed higher
inhibitory activities than @-isomer in most cell lines. For example, steroidabazolium saltal7 (3a-isomer)
andal8 (3o-isomer) showed higher inhibitory activities agaiB8IMC-7721 cell lines with 2.9- and 2.4-fold
thana34 (3p-isomer) anda35 (3p-isomer), respectively. Similarly, steroidal imiddimm saltal8 (3a-isomer)
andb15 (3o-isomer) showed higher inhibitory activities ag#iB§V-480 cell lines with 3.2- and 2.2-fold than
a35 (3p-isomer) and25 (3p-isomer), respectively.

In the case of imidazole ring, steroidal imidazolisalt derivativesaB8-a19/b8-b18/c7-c18) with imidazole
ring displayed medium inhibitory activities. Statal derivatives §20-a25/b19-b21) with benzimidazole ring
possessed higher inhibitory activity. Interestinghyeroidal derivativesa6-a31/b22-b23) with 5,6-dimethyl-
benzimidazole rings exhibited significant inhibitoactivities. Among them, diosgenin derivativa®6-a31,
with 5,6-dimethyl-benzimidazole rings, showed pdwemhibitory activity with 1G, values of 0.42-3.22M
against HL-60, A-549, MCF-7 and SW480 cell lines.

For the substituent at position-3 of imidazole rimgidazolium salts with phenacyl substituent sasta8,

al4, a20, a26 anda32, as well as steroidal derivatives with 4-methoxgmdcyl or 3-bromophenacyl! substituent
13



167
168
169
170
171
172
173
174
175
176
177
178
179

180

such a9, al0, alb, al6, a21, a22, a27, a28 anda33 had relative weak inhibitory activities againstgfitumor
cell lines. Meanwhile, imidazolium salts with 2-maipylacyl substituensuch asall, al7, a23, a29 anda34
showed medium cytotoxic activities @&C= 0.44-9.57uM). However, imidazolium salts with 2-bromobenzyl
substituensuch asal2, al8, a24, a30 anda35, as well as 2-naphthylmethyl substituenth asal3, al9, a25
anda3l exhibited much higher inhibitory activity (4{¢= 0.21-6.6QuM). Notably, diosgeniimidazolium salt
a30, bearing a 2-bromobenzyl substituent at positiari-38,6-dimethyl-benzimidazole, was found to be st
potent compound with I values of 0.44-0.79M against five human tumor cell lines investigated.
Particularly, diosgeniimidazolium salta24, with a 2-bromobenzyl substituent at position-dehzimidazole,
showed inhibitory activity selectively against SMMZ21 cell lines with IG, value of 0.21uM and 54-fold
more sensitive to DDP.

The results suggest that the existence of suladithi-dimethyl-benzimidazoles ring and substitutid the
imidazolyl-3o-position with a 2-bromobenzyl or 2-naphthylmettgidoup could be critical for promoting

cytotoxic activity. Then, the structure-activityagonships (SARS) results were exemplified in Sole.

14
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181

182 Scheme 3 Structure-activity relationships of steroidal imzdéium salt derivatives.
183

184 2.3 Steroidal imidazolium sa30 induces GO/G1 cell cycle arrest and apoptosisNtVEE-7721 cells
185 To determine whether the proliferation inhibitorffeet of imidazolium sala30 was caused by cell cycle
186 arrest, propidium iodide (PI) staining and flowaytetry analysis of cells was performed in SMMC-7¢2lls

187 treated with indicated concentrations of imidazwolisalta30 (0, 0.5, 1uM). As shown in Fig. 3, imidazolium

15
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205

salt a30 induced GO/G1 cell cycle arrest in a dose depend@mtner, while the GO/1 phase cell population
increased to 73.61 % and 78.10 % in cells treatitld 2yuM and 4uM imidazolium salta30 as compared to
control showing 62.58 %. Inversely, S phase andMG#ase cell population were respectively decredased
14.22% and 4.67 % in gM imidazolium salta30 treated grou@as compared to control having 24.50 % and

8.72% , while the proportion of sub-G1 phase c#iswed no significant change.

N
rd

0 0.5pM 1pnM
E 1500 1500 2000]
= 1500
= 1000+ 1000
= 1000
% 500 500 ] 500
U 0 Al .‘,‘ﬂ . : : 0 .J . .,\_,‘Jk : : . 0 ‘ . : : :
0 200 400 600 800 1K 0 200 400 600 800 1K 0 200 400 600 800 1K
DNA Content
Treatment Cells (%)
sub-G1 G0/G1 S G2/M
DMSO 2.33+0.17 62.58+0.35 24.50+0.05 8.72+0.42
Compounda30 (0.5uM) 2.40+0.23 73.61+0.50 19.2340.54 3.49+0.35
Compounda30 (1 pM) 2.43+0.12 78.10+1.15 14.2240.36 4.67+0.05

Fig. 3 Compounda30 induces GO/G1 phase arrest in SMMC-7721 cells.Ga)s were treated with 0.5 anduM of
compounda30 for 24 h. Cell cycle was determined by PI stainamgl cell cytometry. (B) The percentages of ceils i
different phases were quantified. At least thredependent experiments were performed and data efrepresentative

experiment is shown.

The steroidal imidazolium sad30 induced cell apoptosis was determined with Anné&4ilRITC/PI double-
labeled cell cytometry. As shown in Fig. 4, afteratment of cells with imidazolium s&B0 at 1uM and 2uM
for 48 h, cell apoptosis in SMMC-7721 cells remdntigaelevated to 19.07 % and 65.59 %, respectivEhe
data suggested that illustrated that steroidalaaatum salta30 inhibited cell proliferation through induction

of GO/G1 cell cycle arrest and apoptosis of the SBARF21 cells.
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Fig. 4 Compounda30 caused significant apoptosis of SMMC-7721 celks) Cells were treated with 1 and M
compound imidazolium sa#30 for 48 h. Cell apoptosis was determined by Ann&4«RITC/PI double-staining assay. (B)

The quantification of cell apoptosis.

3. Conclusion

In summarya number of novel steroidal imidazolium sdkrivatives synthesized in this work proved to be
potent antitumor agents. The results showed tlsgénirimidazolium salt derivatives displayed much higher
cytotoxic activities than holesterdinidazolium salts and dehydroepiandrosterémédazolium salts. The
SARs results suggested that the existence of sutlesti5,6-dimethyl-benzimidazoles or benzimidazolg and
substitution of the imidazolylegposition with a 2-bromobenzyl or 2-naphthylmetgybup could be critical for
promoting cytotoxic activity. The diosgerimidazolium saltderivativesal8, al9, a24, a25, a30 anda31l, with
5,6-dimethyl-benzimidazoles ring and a 2-bromobémzy2-naphthylmethyl group at imidazolyl-3-positio
exhibited powerful inhibitory activity. Particulgrldiosgeninimidazolium salta30 was found to be the most
potent compound with I values of 0.44-0.79M against five human tumor cell lines investigated.
Diosgeninimidazolium salta24 showed inhibitory activity selectively against SNIMF721 cell lines with 16
value of 0.21uM and 54-fold more sensitive to DDP. Compowa can induce the GO/G1 phase cell cycle
arrest and apoptosis in SMMC-7721 cells. The sfatamidazolium salts derivativesl8, al9, a24, a25, a30
anda31 could serve as a new starting point to explorenisimg lead compounds for the development of new

anticancer agents.

4. Experimental Section
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4.1. Chemistry
4.1.1. General

Melting points were obtained on a XT-4 melting-goapparatus and were uncorrected. Proton nuclear
magnetic resonancéH-NMR) spectra were recorded on a Bruker Avance gpéctrometer at 400 MHz.
Carbon-13 nuclear magnetic resonanc€-NMR) was recorded on Bruker Avance 400 spectremat 100
MHz. Chemical shifts are reported &salues in parts per million (ppm) relative to setrethylsilane (TMS) for
all recorded NMR spectra. Low-resolution Mass sjegtere recorded on a VG Auto Spec-3000 magnetic
sector MS spectrometer. High Resolution Mass spegtre taken on AB QSTAR Pulsar mass spectrometer.
Silica gel (200-300 mesh) for column chromatography silica Ghs4 for TLC were produced by Qingdao
Marine Chemical Company (China). All air- or moisitsensitive reactions were conducted under annargo
atmosphere. Starting materials and reagents usegdtions were obtained commercially from Acrokjrih,
Fluka and were used without purification, unlesgeotise indicated.
4.1.2.Synthesis of compound3-a7/b3-b7

To a solution of diosgenial (4.2 g, 10.0 mmol)/cholesterbll (3.9 g, 10.0 mmol) in dichloromethane (30.0
mL) was added methanesulfonyl chloride (0.9 mLO¥#mol) and triethylamine (2.8 mL, 20.0 mmol) &t
The resulting mixture was stirred at room tempesator 12 h. After quenching the reaction with wgtg0.0
mL), the layers were separated. The organic phasedwed over anhydrous PO, and concentrated, and used
for the next synthetic step. A mixture of the poais methanesulfonate and imidazole or substitutedazole
(30.0 mmol) was stirred in toluene (20.0 ml) atweffor 24—-36 h (monitored by TLC). After cooling toom
temperature, the solvent was concentrated, ancidue was diluted with EtOAc (20.0 mL). The ongdayer
was washed with water (20.0 mL) and brine (20.0 ,ndt)ed over anhydrous &0, and concentrated. The
residue was purified by column chromatography dailgel, petroleum ether 60-9C : ethyl acetate =
3:1-1:1) to afforda3-a7/b3-b7 in 7-48% yield (two steps) as yellow or white pewnd

4.1.2.1 1-((2S,2aR,3aR,5aR,5'R,7aS,8S,9R)-5a&t&mamethylicosahydro-2H-spiro[cyclopropal[1’,
7a'lindenol[5',4":4,5]indeno[2,1-b]furan-9,2'-pyrar-yl)-1H-imidazole (a3 ) . Yield 42%. White
powder, m.p. 199 — 20°C. IR vyax (cm'l): 3424, 2949, 1454, 1378, 1299, 1073, 982, 850, 838, 662 H
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272
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NMR (400 MHz, Chloroformd) & 7.77 (s, 1H), 7.11 (s, 1H), 7.02 (s, 1H), 4.43)g,8.0 Hz, 1H), 3.55 ({] =
3.2 Hz, 1H), 3.49 — 3.44 (m, 1H), 3.37Jt 10.8 Hz, 1H), 2.36 (dfl = 14.4, 2.8 Hz, 1H), 2.14 — 2.08 (m, 1H),
1.88 — 1.68 (m, 5H), 1.66 — 1.54 (m, 7H), 1.47 £11(m, 8H), 0.99 — 0.90 (m, 6H), 0.78 (= 6.0 Hz, 3H),
0.73 (s, 3H), 0.70 (s, 3H) ppr’C NMR (100 MHz, Chlorofornd) & 136.5, 128.5, 117.9, 109.3, 80.6, 66.9,
62.2, 58.7, 55.8, 48.0, 43.2, 41.6, 40.7, 39.9,3%.7, 33.4, 31.6, 31.4, 30.4, 30.3, 28.8, 2453, 22.3, 19.7,
17.1, 16.6, 14.5, 14.4 ppm.HRMS (ESI-TO#Y Calcd for GoH4uN,O, [M+H]* 465.3476, found 465.3477.
4122 1-((4R,5'R,6aR,8aS,9S,10R)-5',6a,8a,9+wdthyl-1,3,3',4,4',5,5',6,6a,6b,6',7,8,8a,8b,9,11a,
12,12a,12b-icosahydrospiro[naphtho[2',1":4,5]ind¢Rd -b]furan-10,2'-pyran]-4-yl)-1H-imidazole

(a4) . Yield 15%. White powder, m.p. 199 — 20Q. IR vy (cri?): 3424, 2949, 1453, 1376, 1242, 1109,

1069, 980, 899, 662H NMR (400 MHz, Chlorofornd) & 7.55 (s, 1H), 7.05 (s, 1H), 6.98 (s, 1H), 5.42)(d,
5.6. Hz, 1H), 4.42 (q] = 7.6 Hz, 1H), 3.92 — 3.84 (m, 1H), 3.49 — 3.45 (i), 3.37 (tJ = 10.8 Hz, 1H), 2.65
—2.57 (m, 1H), 2.45 — 2.40 (m, 1H), 2.03 — 1.984#), 1.84 — 1.74 (m, 4H), 1.69 — 1.42 (m, 10HR11— 1.16
(m, 4H), 1.09 (s, 3H), 0.98 (d,= 6.8 Hz, 3H), 0.80 — 0.78 (m, 6H) ppHC NMR (100 MHz, Chlorofornd) &
139.7, 135.3, 129.1, 122.6, 116.8, 109.3, 80.M,662.1, 57.5, 56.5, 50.1, 41.6, 40.5, 40.3, 338/0, 36.8,
32.0, 31.8, 31.4, 31.3, 30.3, 29.9, 28.8, 20.84,197.1, 16.3, 14.5 ppm. HRMS (ESI-TOfjz Calcd for
CsHaN,0, [M+H] " 465.3476, found 465.3475.

4123 1-((4R,5'R,6aR,8aS,9S,10R)-5',6a,8a,9+tedthyl-1,3,3",4,4',5,5',6,6a,6b,6',7,8,8a,8b,9,11a,
12,12a,12b-icosahydrospiro[naphtho[2',1":4,5]ind¢Rd -b]furan-10,2'-pyran]-4-yl)-1H-benzo[d]
imidazole (a5) . Yield 9%. White powder, m.p. 225 — 22Z. IR vynax (ciY): 3416, 2948, 1484, 1456, 1386,

1280, 1052, 1008, 901, 74H NMR (400 MHz, Chlorofornd) & 8.02 (s, 1H), 7.83 — 7.80 (m, 1H), 7.44 — 7.42
(m, 1H), 7.29 — 7.27 (m, 2H), 5.47 @z= 3.2 Hz, 1H), 4.44 (q) = 7.4 Hz, 1H), 4.21 — 4.14 (m, 1H), 3.41 —
3.30 (M, 1H), 2.77 (t) = 12.8 Hz, 1H), 2.57 — 2.51 (m, 1H), 2.17 — 1.89 6H), 1.91 — 1.85 (m, 1H), 1.83 —
1.77 (m, 2H), 1.73 — 1.57 (m, 7H), 1.52 — 1.22 6id), 1.16 (s, 3H), 1.13 — 1.06 (m, 2H), 0.99.]¢; 6.8 Hz,
3H), 0.82 — 0.79 (m, 6H) ppr’C NMR (100 MHz, CDGJ) § 143.9, 140.2, 139.8, 133.4, 122.8, 122.6, 122.1,

120.5, 110., 109.3, 80.8, 66.9, 62.1, 56.5, 56021,%41.6, 40.3, 39.7, 39.3, 38.2, 37.0, 32.0,,33184, 30.3,
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28.8, 20.8, 19.6, 17.2, 16.3, 14.6 ppm. HRMS (ESFYm/z Calcd for G4H4eN,0, [M+H]* 515.3632, found
515.3631.

4.1.2.4 5,6-dimethyl-1-((4R,5'R,6aR,8aS,9S,10B%8a,9-tetramethyl-1,3,3',4,4',5,5',6,6a,6b,6',7,8
8a,8b,9,11a,12,12a,12b-icosahydrospiro[naphtho[2,b]indeno[2,1-b]furan-10,2'-pyran]-4-yl)-1H-
benzo[d]imidazole (a6) . Yield 10%. Pale yellow powder, m.p. 211 — 2€3 IR vyay (cMiY): 3439, 2941,

1486, 1458, 1374, 1223, 1171, 1050, 980, $8INMR (400 MHz, Chloroforrd) & 7.90 (s, 1H), 7.56 (s, 1H),
7.17 (s, 1H), 5.46 (d} = 5.6 Hz, 1H), 4.47 — 4.40 (m, 1H), 4.15 — 4.09 {id), 3.50 — 3.46 (m, 1H), 3.41 — 3.32
(m, 1H), 2.78 — 2.70 (m, 1H), 2.54 — 2.49 (m, 1#R9 (s, 3H), 2.37 (s, 3H), 2.11 — 1.98 (m, 6HY11- 1.87
(m, 1H), 1.82 — 1.76 (m, 2H), 1.72 — 1.56 (m, 7HR1 — 1.41 (m, 2H), 1.36 — 1.22 (m, 4H), 1.153(4), 1.01
- 0.98 (m, 3H), 0.82 — 0.79 (m, 6H) ppHiC NMR (100 MHz, CDGJ) 5 142.6, 140.1, 139.5, 132.1, 131.8,
131.1, 129.2, 128.3, 125.4, 122.8, 120.5, 110.8,994.09.4, 81.0, 67.0, 62.2, 56.6, 56.2, 50.33,440.4, 39.9,
39.5, 384, 37.1, 32.2, 32.0, 31.5, 30.4, 29.0),220.8, 20.4, 19.7, 17.3, 16.5, 14.7 ppm. HRMS{E3F) nvz
Calcd for GgHsgN,O, [M+H] ™ 543.3945, found 543.3943.
4125 1-((4S,5R,6aR,8aS,9S,10R)-5',6a,8a,9rwayl-1,3,3',4,4',5,5',6,6a,6b,6',7,8,8a,8b,9,114a,
12,12a,12b-icosahydrospiro[naphtho[2',1":4,5]ind¢Rd -b]furan-10,2'-pyran]-4-yl)-1H-imidazole
(a7) . Yield 8%. White powder, m.p. 195 — 19C. IR vyax (cmi'): 3422, 2950, 1618, 1456, 1378, 1241,

1215, 1079, 1052, 982, 899, 664.NMR (400 MHz, Chlorofornd) & 7.69 (s, 1H), 7.00 (dl = 10.2 Hz, 2H),
5.48 (dd,J = 4.8, 2.0 Hz, 1H), 4.44 — 4.35 (m, 2H), 3.49 453(m, 1H), 3.37 (tJ = 10.8 Hz, 1H), 2.91 — 2.83
(m, 1H), 2.51 (dt) = 15.6, 2.4 Hz, 1H), 2.10 — 1.96 (m, 3H), 1.88.821(m, 2H), 1.79 — 1.57 (m, 9H), 1.49 —
1.39 (m, 3H), 1.33 — 1.24 (m, 1H), 1.15 — 1.00 i), 0.96 (d,J = 6.8 Hz, 3H), 0.79 — 0.77 (m, 6H) ppHC
NMR (100 MHz, CDC}) § 138.7, 136.8, 128.4, 123.7, 118.7, 109.3, 80.83,682.0, 56.4, 53.0, 49.7, 41.6,
40.2, 39.6, 37.1, 35.9, 32.3, 32.0, 31.8, 31.42,330.3, 28.8, 28.5, 20.4, 19.4, 17.1, 16.3, 145 pHRMS
(ESI-TOF)m/z Calcd for GoHauN,O, [M+H]* 465.3476, found 465.3476.

4.1.2.6 1-((1aR,3aR,5aR,10S,10aR)-3a,5a-dimetlgRB6-methylheptan-2-yl)hexadecahydro
cyclopentala]cyclopropa[2,3]cyclopenta[l,2-finaplaien-10-yl)-1H-imidazole (b3 ) . Yield 48%.

Brown powder, m.p. 99 — 10C. IR va (cm?): 3424, 2938, 1469, 1383, 1223, 1112, 1079, 928, 818, 664.
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'H NMR (400 MHz, Chlorofornd) & 7.78 (s, 1H), 7.16 (s, 1H), 7.03 (s, 1H), 5.291¢4), 3.54 (s, 1H), 2.39 —
2.31 (m, 1H), 2.00 — 1.95 (m, 1H), 1.89 — 1.78 @), 1.72 — 1.67 (m, 1H), 1.61 — 1.47 (m, 5H), 1-41.25
(m, 6H), 1.23 — 1.19 (m, 1H), 1.17 — 1.07 (m, 7HP1 — 0.92 (M, 4H), 0.89 (d,= 6.4 Hz, 3H), 0.85 (dd] =
6.8, 2.0 Hz, 6H), 0.69 (s, 3H), 0.62 (s, 3H) ppi@. NMR (100 MHz, CDGCJ) 5 136.6, 128.5, 118.2, 58.9, 56.3,
56.2, 48.1, 43.2, 42.8, 40.1, 39.6, 36.2, 35.%4,34.7, 33.6, 30.9, 28.3, 28.1, 24.7, 24.4, 22339, 22.9, 22.7,
22.6, 19.8, 18.8, 14.4, 12.3 ppm. HRMS (ESI-T@%) Calcd for GoHseN, [M+1]* 437.389, found 437.389.

4.1.2.7 1-((3R,10R,13R)-10,13-dimethyl-17-((R)-&hyleeptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,
16,17-tetradecahydro-1H-cyclopenta[a]phenanthreph31H-imidazole (b4) . Yield 18%. Brown

powder, m.p. 136 — 13&. IR vmax (CMY): 3435, 2937, 1724, 1434, 1417, 1239, 1117, 1003, 823, 744, 664,
611.'"H NMR (400 MHz, Chlorofornd) § 7.55 (s, 1H), 7.05 (s, 1H), 6.98 (s, 1H), 5.43.425m, 1H), 3.92 —
3.84 (m, 1H), 2.65 — 2.58 (m, 1H), 2.44 — 2.39 {id), 2.06 — 1.79 (m, 7H), 1.61 — 1.46 (m, 6H), 1-38.31
(m, 3H), 1.29 — 1.22 (m, 2H), 1.19 — 1.11 (m, 5HRP7 (s, 3H), 1.04 — 0.96 (M, 3H), 0.92 Jds 6.4 Hz, 3H),
0.86 (dd,J = 6.8, 2.0 Hz, 6H), 0.69 (s, 3H) ppMC NMR (100 MHz, CDGJ) § 139.8, 135.4, 129.2, 123.0,
116.9, 57.7, 56.8, 56.3, 50.3, 42.4, 40.7, 39.86,338.1, 36.8, 36.3, 35.9, 32.0, 31.9, 30.1, 28342, 24.4,
24.0, 23.0, 22.7, 21.1, 19.5, 18.9, 12.0 ppm. HRESI-TOF)m/z Calcd for GoHasN, [M+H]* 437.389, found
437.3809.

4.1.2.8 1-((3R,10R,13R)-10,13-dimethyl-17-((R)-&hyleeptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,
16,17-tetradecahydro-1H-cyclopenta[a]phenanthreph31H-benzo[d]imidazole (b5) . Yield 10%.

Pale yellow powder, m.p. 209 — 23@. IR vmay (cmi®): 3429, 2941, 1496, 1466, 1439, 1383, 1234, 11031,
819, 729, 662'H NMR (400 MHz, Chlorofornd) § 8.00 (s, 1H), 7.81 — 7.77 (m, 1H), 7.43 — 7.39 (i),
7.27 = 7.24 (m, 2H), 5.45 — 5.44 (m, 1H), 4.20224m, 1H), 2.79 — 2.72 (m, 1H), 2.54 — 2.49 (m),1M16 —
1.99 (m, 5H), 1.86 — 1.79 (m, 1H), 1.63 — 1.48 @id), 1.37 — 1.18 (m, 7H), 1.13 (s, 3H), 1.11 — 0196 7H),
0.92 (d,J = 6.4 Hz, 3H), 0.85 (ddl = 6.6, 1.8 Hz, 6H), 0.69 (s, 3H) ppMC NMR (100 MHz, CDGJ) & 144.1,
140.3, 139.8, 133.5, 123.2, 122.7, 122.2, 120.6,2156.9, 56.4, 56.3, 50.3, 42.5, 39.8, 39.6,,39654, 37.0,
36.3, 35.9, 32.0, 32.0, 29.0, 28.4, 28.2, 24.4),223.0, 22.7, 21.2,19.7, 18.9, 12.0 ppm. HRMS{E3F) nvz

Calcd for G4HsoN, [M+H] " 487.4047, found 487.4048.
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4.1.2.9 1-((BR,10R,13R)-10,13-dimethyl-17-((R)-8hylbeptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,
15,16,17-tetradecahydro-1H-cyclopenta[a]phenanth8eyl)-5,6-dimethyl-1H-benzo[d]imidazole
(b6) . Yield 9%. White powder, m.p. 241 — 248B. IR vyax (cm'l): 3432, 2932, 1614, 1484, 1456, 1373,

1285, 1160, 1006, 889, 861, 74H. NMR (400 MHz, Chlorofornd) § 7.90 (s, 1H), 7.56 (s, 1H), 7.18 (s, 1H),
5.48 — 5.45 (m, 1H), 4.15 — 4.07 (m, 1H), 2.77 A2m, 1H), 2.53 — 2.49 (m, 1H), 2.39 (s, 3H), 2(873H),
2.11 —2.01 (m, 5H), 1.88 — 1.81 (m, 1H), 1.64491(m, 6H), 1.38 — 1.18 (m, 9H), 1.13 (s, 3H), 1-11.01 (m,
5H), 0.93 (dJ = 6.4 Hz, 3H), 0.87 (dd] = 6.6, 1.8 Hz, 6H), 0.71 (s, 3H) ppMC NMR (100 MHz, CDCJ) &
142.6, 140.0, 139.5, 132.1, 131.8, 131.0, 123.0,51210.3, 56.9, 56.3, 56.2, 53.5, 50.4, 42.9,3%9.7, 39.5,
38.4, 37.0, 36.3, 35.9, 32.0, 32.0, 29.0, 28.42,284.4, 24.0, 23.0, 22.7, 21.2, 20.8, 20.4, 188/, 12.0 ppm.
HRMS (ESI-TOF)mWz Calcd for GgHssN, [M+H] ™ 515.436, found 515.4361.

4.1.2.10 1-((3S,10R,13R)-10,13-dimethyl-17-((R)edhylheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,
16,17-tetradecahydro-1H-cyclopentaa]phenanthreph31H-imidazole 7). Yield 7%. Pale brown
powder, m.p. 150 — 15%Z. IR vmax (cMi'): 3439, 2933, 1625, 1485, 1464, 1383, 1223, 838, 818."H NMR
(400 MHz, Chloroformd) & 7.71 (s, 1H), 7.02 (s, 1H), 7.00 (s, 1H), 5.50.475m, 1H), 4.38 — 4.36 (m, 1H),
2.91 - 2.84 (m, 1H), 2.53 — 2.49 (m, 1H), 2.11961(m, 4H), 1.88 — 1.82 (m, 2H), 1.65 — 1.57 (m),3H53 —
1.42 (m, 4H), 1.40 — 1.21 (m, 5H), 1.16 — 1.09 &), 1.07 (s, 3H), 1.03 — 0.97 (m, 3H), 0.90J¢ 6.4 Hz,
3H), 0.86 (dd,) = 6.6, 2.0 Hz, 6H), 0.67 (s, 3H) ppMC NMR (100 MHz, CDG))  138.7, 136.9, 128.5, 124.2,
118.9, 56.8, 56.2, 53.3, 49.9, 42.4, 39.7, 39.62,336.3, 36.1, 35.9, 32.5, 32.1, 31.8, 28.6, 28831, 24.4,
24.0, 23.0, 22.7, 20.8, 19.5, 18.8, 12.0 ppm. HRESI-TOF)m/z Calcd for GoHssN, [M+H]* 437.389, found
437.389.

4.1.3. Synthesis of (3S,8R,9S,10R,13S,14S)-3-((tert-lstlylsilyl)oxy)-10,13-dimethyl-1,2,3,4,7,8,9,10,
11,12,13,14,15,16-tetradecahydro-17H-cyclopentaj@jpanthren-17-one?)

To a solution of dehydroepiandrosterarig2.9 g, 10.0 mmol) in dichloromethane (30.0 mLsvealdedert-
Butyldimethylsilyl chloride (1.8 g, 12.0 mmol) amdidazole (1.4 g, 20.0 mmol) at°C. The resulting mixture
was stirred at room temperature for 8 h. After qnémg the reaction with water (50.0 mL), the layemsre
separated. The organic layer was washed with w@@0 mL) and brine (20.0 mL), dried over anhydrous
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357 NaSQO, and concentrated. The residue was purified bynsolahromatography (silica gel, petroleum ether 60—
358 90°C: ethyl acetate = 20:1) to affocd (3.96 g, 99%) as white powder.

359  Yield 99%. White powder, m.p. 153 — 185, IR v (crri?): 3423, 2934, 1494, 1382, 1303, 1238, 1082, 811,
360 662.'H NMR (400 MHz, Chlorofornd) & 5.34 (d,J = 4.8 Hz, 1H), 3.52 — 3.44 (m, 1H), 2.46 (d& 19.2, 8.8
361 Hz, 1H), 2.28 (tJ = 12.8 Hz, 1H), 2.21 — 2.16 (m, 1H), 2.13 — 2.6% 2H), 1.98 — 1.91 (m, 1H), 1.86 — 1.79
362 (m, 2H), 1.75 — 1.60 (m, 4H), 1.58 — 1.42 (m, 3HR1 — 1.25 (m, 2H), 1.09 — 0.95 (m, 5H), 0.89L@H), 0.06
363 (s, 6H)."*C NMR (100 MHz, CDGJ) § 221.3, 141.9, 120.5, 72.6, 52.0, 50.5, 47.7, 4%, 36.9, 36.0, 32.16,
364 31.7, 31.6, 31.0, 26.1, 22.0, 20.5, 19.6, 18.47,131.4 ppm. HRMS (ESI-TORWz Calcd for GsH;,0,Si
365 [M+H]" 425.2846, found 425.2846.

366 4.1.4. Synthesis of N-((3S,8R,9S,10R,13S,14S,17S)-3(tetimethylsilyl)oxy)-10,13-dimethyl-2,3,4,7,8,9
367 10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclagefphenanthren-17-yl)-2-methylpropane-2-sulfinamid
368 (c3)

369 To a mixture of ketone2 (2.0 g, 5.0 mmol) andRj-(+)-tert-Butylsulfinamide (909.0 mg, 7.5 mmol) in
370 tetrahydrofuran (30.0 mL) was added titanium (I¥hcxide (2.1 mL, 10.0 mmol). Heat the resulting e at
371 reflux and monitor the reaction progress by TLCteAtooling to room temperature, methyl alcohol.Q2®L)
372 was added to the mixture and cooled 0 To the mixture was then added sodium borohydid@ g, 75.0
373 mmol), and the resulting solution was stirres &€dor 5 h. The reaction mixture was filtered thrbugysmall
374 pad of Celite to remove Ti salts. The filtrate vissated with EtOAc (100.0 mL), saturated sodiunapsium
375 tartrate (50.0 mL), and brine (50.0 mL) and the tome stirred at room temperature for 1 h. The mixtwas
376 filtered through a pad of Celite and the organietavas dried over anhydrous 488, and concentrated. The
377 residue was purified by column chromatographydailjel, petroleum ether 60-80 : ethyl acetate = 3:1) to
378 affordc3 (2.1 g, 82%, two steps) as white powder.

379  Yield 82%. White powder, m.p. 221 — 223. IR vmax (ci®): 3431, 2930, 1598, 1474, 1375, 1068, 976, 7199.
380 NMR (400 MHz, Chloroformd) 4 5.37 — 5.27 (m, 1H), 3.50 — 3.45 (m, 1H), 3.15)(g,8.8 Hz, 1H), 2.91 (d]
381 =7.8Hz, 1H), 2.29 — 2.14 (m, 3H), 2.02 — 1.94 {id), 1.83 — 1.64 (m, 5H), 1.59 — 1.37 (m, 6H),11(8, 9H),

382 1.14-1.03 (m, 2H), 1.02 — 0.94 (m, 5H), 0.88), 0.69 (s, 3H), 0.05 (s, 6HJC NMR (100 MHz, CDGJ) &
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141.7, 121.0, 72.7, 66.9, 55.9, 52.8, 50.5, 43239,437.5, 37.1, 36.8, 32.2, 31.7, 31.2, 26.1,,22209, 20.7,
19.6, 18.4, 11.8, -4.4 ppm. HRMS (ESI-TQOHY Calcd for GgHsaNO,SSi [M+H]" 530.3458, found 530.3457.
4.1.5. Synthesis of (3S,8R,9S,10R,13S,14S,17S)-17-amit®-dithethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopenta[a]phenanthren-3-o)(

To a solution of secondary amiog (1.0 g, 2.0 mmol) in methyl alcohol/dichlorometban 2:1 (30.0 mL)
was added 2N HCI in dioxane (12.0 mL). The resglimixture was stirred at room temperature for 4 e
crude reaction was diluted with methyl alcohol L) and filtered. The filtrate was concentratedl ahe
solid obtained was washed with petroleum ether {8.8 ml), then dried to afforch (534.8 mg, 92%) as white
powder.

Yield 92%. White powder, m.p. 144 — 196. IR vpa (cm™): 3450, 2947, 1747, 1472, 1369, 1254, 1091, 887,
837, 774H NMR (400 MHz, Methanotl) & 5.37 — 5.35 (m, 1H), 3.44 — 3.35 (m, 1H), 3.08)(t 9.2 Hz,
1H), 2.28 — 2.13 (m, 3H), 2.05 — 1.96 (m, 2H), 1(89J = 13.2, 3.2 Hz, 1H), 1.83 — 1.74 (m, 2H), 1.71461
(m, 6H), 1.43 — 1.32 (m, 1H), 1.27 — 1.09 (m, 3HP5 (s, 3H), 1.03 — 0.98 (m, 1H), 0.85 (s, 3HE NMR
(100 MHz, MeOD)s 140.9, 120.6, 70.9, 60.2, 52.5, 50.0, 41.6, 431, 36.3, 35.7, 31.6, 31.1, 30.8, 26.1,
23.3, 20.1, 18.5, 10.4 ppm. HRMS (ESI-TO®} Calcd for GgHz,NO [M+H]" 290.2478, found 290.2478.

4.1.6. Synthesis of (3S,10R,13S,17S)-17-(1H-imidazol-16y3-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,
17-tetradecahydro-1H-cyclopenta[a]phenanthren-Jai)

To a solution of amine4 (500.0 mg, 1.7 mmol) in methyl alcohol (20 mL) wadded 40% glyoxal (1.1 mL,
8.5 mmol), 35% formaldehyde (0.9 mL, 8.5 mmol) &% ammonium hydroxide (0.6 mL, 8.5 mmol). Heat
the resulting mixture at reflux and monitor theatézn progress by TLC. After cooling to room tengere, the
solvent was concentrated, and the residue wasdilwith EtOAc (20.0 mL). The organic layer was wash
with water (20.0 mL) and brine (20.0 mL), dried pemhydrous N#&O, and concentrated. The residue was
purified by column chromatography (silica gel, déthgetate) to afford5 (400.0 mg, 68%) as pale yellow
powder.

Yield 68%. Pale yellow powder, m.p. 282 — 284 IR vyax (cmi'): 3423, 2925, 1497, 1353, 1225, 1067, 811,

737, 663 H NMR (400 MHz, Chlorofornd) & 7.52 (s, 1H), 7.03 (s, 1H), 6.94 (s, 1H), 5.35)(d,5.4 Hz, 1H),
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3.94 (t,J = 9.6 Hz, 1H), 3.56 — 3.48 (m, 1H), 2.32 — 2.15 &H), 2.07 — 2.00 (m, 1H), 1.86 — 1.72 (m, 4H),
1.63 — 1.34 (m, 6H), 1.28 — 1.08 (m, 3H), 1.0(B{), 0.57 (s, 3H) ppm>C NMR (100 MHz, CDGCJ) § 141.2,
136.6, 128.6, 121.1, 118.8, 71.6, 67.9, 53.1, 5BR, 42.4, 37.4, 36.9, 36.7, 32.2, 31.7, 31.2,283.4, 20.8,
19.5, 12.0 ppm. HRMS (ESI-TORYz Calcd for G;H3:N,O [M+H]* 341.2587, found 341.2587.

4.1.7. Synthesis of (3S,10R,13S,17S)-17-(1H-imidazol-16y3-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,
17-tetradecahydro-1H-cyclopentala]phenanthren-&gétate €6)

To a solution of alcohat5 (200.0 mg, 0.6 mmol) in dichloromethane (20.0 mias added acetic anhydride
(85.0puL, 0.9 mmol), triethylamine (250.0L, 1.8 mmol) and 4-dimethylaminopyridine (3.6 mgm®I%) at 0
°C. The resulting mixture was stirred at room terapge for 2 h. After quenching the reaction wittusated
sodium bicarbonate (20.0 mL), the layers were sgpdr The organic layer was washed with water (20.D
and brine (20.0 mL), dried over anhydrous,8i@& and concentrated. The residue was purified byneolu
chromatography (silica gel, petroleum ether 60°©Q ethyl acetate = 1:1) to affoab (193.2 mg, 86%) as
white powder.

Yield 86%. Pale yellow powder, m.p. 166 — %68 IR vy (cm?): 3439, 2930, 1472, 1383, 1361, 1254, 1073,
887, 839, 773'H NMR (400 MHz, Chlorofornd) & 7.50 (s, 1H), 7.01 (s, 1H), 6.93 (s, 1H), 5.36)(d,4.8 Hz,
1H), 4.62 — 4.54 (m, 1H), 3.92 @,= 9.6 Hz, 1H), 2.35 — 2.10 (m, 4H), 2.05 — 1.98 @H), 1.87 — 1.70 (m,
4H), 1.62 — 1.32 (m, 6H), 1.28 — 1.09 (m, 3H), 0(894H), 0.55 (s, 3H) ppm°C NMR (100 MHz, CDGJ) &
170.6, 139.9, 136.6, 128.6, 122.1, 118.7, 73.83,662.9, 50.1, 43.8, 38.1, 37.0, 36.8, 36.7, 32105, 27.7,
26.2, 23.4, 21.5, 20.6, 19.4, 12.0 ppm. HRMS (ESFYmz Calcd for G,HzN,0, [M+H]* 383.2695, found
383.2695.

4.1.8. General procedure for the preparation ofai#al imidazolium salte8-a35/b8-b28/c7-c18

A mixture of imidazole compoundB-a7/b3-b7/c5-¢6 (1.0 mmol) and phenacyl bromide or alkyl halide2(1
mmol) was stirred in toluene (10.0 ml) at reflux 4-48 h. An insoluble substance was formed. After
completion of the reaction as indicated by TLC, pinecipitate was filtered through a small pad ofit€eand
washed with toluene (3 x 10.0 ml), then dried tfwraf imidazolium saltsa8-a35/b8-b28/c7-c18 in 67-98%

yields.
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435 4.1.8.1 3-(2-oxo-2-phenylethyl)-1-((2S,2aR,3aR 5&R7aS,8S,9R)-5a,5',7a,8-tetramethylicosahydrcspirs
436 [cyclopropa[l',7aTindeno[5',4":4,5]indeno[2,1-b]fan-9,2'-pyran]-2-yl)-1H-imidazol-3-ium  bromide ag).
437  Yield 93%. White powder, m.p. 280 — 282. IR vy (cmi?): 3540, 3438, 2953, 2927, 1700, 1449, 1226, 1154,
438 1050, 1003, 809, 754, 6181 NMR (400 MHz, DMSOds) & 9.23 (s, 1H), 8.09 — 8.07 (m, 2H), 7.93 (s, 1H),
439 7.80-7.76 (m, 2H), 7.67 — 7.63 (m, 2H), 6.12)(e,2.84 Hz, 2H), 4.33 (g1 = 7.2 Hz, 1H), 4.09 (s, 1H), 3.43
440 —3.40 (m, 1H), 3.21 (] = 10.8 Hz, 1H), 2.43 — 2.40 (m, 1H), 2.07 — 2.61. {H), 1.87 — 1.78 (m, 2H), 1.72 —
441 1.32 (m, 14H), 1.30 — 1.13 (m, 4H), 1.01Jd 7.2 Hz, 1H), 0.98 — 0.95 (m, 2H), 0.91 J& 6.8 Hz, 3H), 0.73
442  —0.70 (m, 9H) ppm=C NMR (100 MHz, DMSOdg) § 191.7, 137.4, 135.0, 134.1, 129.6, 128.6, 12£2,6],
443 108.8, 80.7, 66.4, 62.4, 61.7, 56.1, 55.3, 47.32,481.6, 34.7, 33.3, 33.2, 31.7, 31.5, 30.3, 2990, 24.5,
444 24.2,22.3,19.7, 17.6, 16.7, 15.2, 14.1 ppm. HRESI-TOF) m/z Calcd for GgHsi:N,O3 [M-Br]* 583.3894,
445  found 585.3893.

446 4.1.8.2 3-(2-(4-methoxyphenyl)-2-oxoethyl)-1-((28,3aR,5aR,5'R,7aS,8S,9R)-5a,5',7a,8-tetrametisglico
447  hydro-2H-spiro[cyclopropa[l',7a’lindeno[5',4":4,50deno[2,1-b]furan-9,2'-pyran]-2-yl)-1H-imidazol-34n

448  bromide @9). Yield 92%. White powder, m.p. 248 — 28D, IR vyax (ci®): 3448, 2953, 2928, 1685,1604, 1269,
449 1243, 1176, 1153, 984, 6084 NMR (400 MHz, DMSOd) 6 9.19 (s, 1H), 8.06 — 8.04 (m, 2H), 7.92 (s, 1H),
450 7.77 (s, 1H), 7.16 (dl = 8.4 Hz, 2H), 6.06 — 6.03 (m, 2H), 4.33 Jgs 7.2 Hz, 1H), 4.08 (s, 1H), 3.89 (s, 3H),
451  3.44 — 3.40 (m, 1H), 3.21 @,= 10.8 Hz, 1H), 2.41 (dl = 12.8 Hz, 1H), 2.07 — 2.01 (m, 1H), 1.86 — 1.@8 (
452  2H), 1.71 — 1.47 (m, 10H), 1.45 — 1.35 (m, 4H),01-31.12 (m, 4H), 1.01 (d, = 7.2 Hz, 1H), 097 — 0.95 (m,
453  2H), 0.91 (dJ = 6.8 Hz, 3H), 0.74 — 0.70 (m, 9H) ppiFC NMR (100 MHz, DMSOds) § 190.0, 164.5, 137.4,
454 131.0, 126.9, 124.6, 121.5, 114.8, 108.8, 80.74,682.4, 61.6, 56.2, 55.7, 55.3, 47.3, 43.2, 43467, 33.3,
455 31.7, 315, 30.3, 29.9, 29.0, 24.5, 24.2, 22.37,197.6, 16.7, 15.1, 14.1 ppm. HRMS (ESI-T@#} Calcd for
456  CsoHs3N,O4 [M-Br]* 613.4, found 613.4001.

457 4.1.8.3 3-(2-(3-bromophenyl)-2-oxoethyl)-1-((2S,2aR,5aR,5'R,7aS,8S,9R)-5a,5', 7a,8-tetramethylicosa
458 hydro-2H-spiro[cyclopropa[l',7a’lindeno[5',4":4,5)ideno[2,1-b]furan-9,2'-pyran]-2-yl)-1H-imidazol-3xn

459  bromide @10). Yield 97%. White powder, m.p. 268 — 270. IR vpax (cm‘l): 3440, 2953, 2927, 1705, 1564,
460 1455, 1382, 1240, 1153, 1129, 1053, 984, 899, BYBMR (400 MHz, DMSOds) & 9.22 (s, 1H), 8.20 (d} =

461 11.2 Hz, 1H), 8.09 — 8.03 (m, 1H), 7.99 — 7.90 i), 7.76 (dJ = 12.4 Hz, 1H), 7.64 — 87.57 (m, 1H), 6.11
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(d,J=11.6 Hz, 2H), 4.32 (] = 6.8 Hz, 1H), 4.07 (d] = 11.6 Hz, 1H), 3.42 (d] = 11.6 Hz, 1H), 3.24 — 3.19
(m, 1H), 2.40 (tJ = 13.6 Hz, 1H), 2.04 — 2.01 (m, 1H), 1.84 — 1.@7 2H), 1.69 — 1.34 (m, 13H), 1.26 — 1.12
(m, 4H), 1.02 — 0.85 (m, 7H), 0.73 — 0.66 (M, 9P *C NMR (100 MHz, DMSQds) 5 190.9, 137.5, 137.4,
136.2, 131.9, 131.1, 127.6, 124.2, 122.8, 121.8,81®80.7, 66.4, 62.4, 61.7, 56.1, 55.3, 47.3, 48126, 34.6,
33.2, 31.7, 31.5, 30.2, 29.9, 28.9, 24.5, 24.23299.7, 17.6, 16.7, 15.1, 14.0 ppm. HRMS (ESI-T@%)
Calcd for GgHsoBrN,O;z [M-Br]* 661.2999, found 661.2997.

4184 3-(2-(naphthalen-2-yl)-2-oxoethyl)-1-((28323aR,5aR,5'R,7aS,8S,9R)-5a,5',7a,8-tetrametlgico
hydro-2H-spiro[cyclopropa[l',7a’lindeno[5',4":4,5)ideno[2,1-b]furan-9,2'-pyran]-2-yl)-1H-imidazol-3#n
bromide @11). Yield 98%. White powder, m.p. 265 — 28Z. IR vyax (cMi’): 3447, 2953, 1693, 1629, 1455,
1153, 1126, 1053, 982, 898, 74B. NMR (400 MHz, DMSOds) & 9.28 (d,J = 1.6 Hz, 1H), 8.88 (d] = 1.6
Hz, 1H), 8.22 (dJ = 8.0 Hz, 1H), 8.14 (d] = 8.8 Hz, 1H), 8.08 — 8.04 (m, 2H), 7.96Jt 1.6 Hz, 1H), 7.84 (t,
J=1.6 Hz, 1H), 7.77 — 7.68 (m, 2H), 6.25 (s, 24483 (q,J = 7.2 Hz, 1H), 4.10 (d] = 3.2 Hz, 1H), 3.44 — 3.40
(m, 1H), 3.21 (tJ = 10.8 Hz, 1H), 2.45 — 2.42 (m, 1H), 2.08 — 2.62 {H), 1.86 — 1.78 (m, 2H), 1.70 — 1.53
(m, 8H), 1.48 — 1.36 (m, 4H), 1.32 — 1.12 (m, 5HP3 — 0.95 (M, 4H), 0.91 (d= 6.8 Hz, 3H), 0.75 — 0.71 (m,
9H) ppm.**C NMR (100 MHz, DMSOds) § 191.6, 137.5, 136.0, 132.5, 131.4, 130.9, 13029,8, 129.3,
128.4, 127.9, 124.3, 123.6, 121.6, 108.8, 80.7%4,682.4, 61.7, 56.1, 55.3, 47.3, 43.2, 41.6, 33372, 31.7,
31.5, 30.2, 30.0, 29.0, 24.6, 24.2, 22.3, 19.76,176.7, 15.2, 14.1 ppm. HRMS (ESI-TOR)z Calcd for
C42Hs3N,03 [M-Br] " 633.4051, found 633.4051.

4.1.8.5 3-(2-bromobenzyl)-1-((2S,2aR,3aR,5aR ,5R 8% 9R)-5a,5',7a,8-tetramethylicosahydro-2H-spiro
[cyclopropa[l',7a’lindeno[5',4":4,5]indeno[2,1-b]f&n-9,2'-pyran]-2-yl)-1H-imidazol-3-ium bromide ai2).
Yield 82%. White powder, m.p. 220 — 222. IR vyax (ci%): 3426, 2952, 1629, 1452, 1149, 1051, 983, 749.
NMR (400 MHz, DMSO#€g) § 9.35 (s, 1H), 7.94 (s, 1H), 7.74 @z 7.2 Hz, 2H), 7.49 — 7.45 (m, 1H), 7.39 —
7.36 (m, 1H), 7.30 (d] = 7.2 Hz, 1H), 5.62 (s, 2H), 4.32 &= 7.2 Hz, 1H), 4.04 (s, 1H), 3.44 — 3.40 (m, 1H),
3.22 (t,J = 10.8 Hz, 1H), 2.41 (d] = 14.4 Hz, 1H), 2.06 — 1.98 (m, 1H), 1.85 — 1./ BH), 1.70 — 1.46 (m,
10H), 1.42 — 1.13 (m, 9H), 1.01 @ = 7.2 Hz, 1H), 0.97 — 0.88 (m, 7H), 0.69 (s, 3613 (s, 3H) ppm*C

NMR (100 MHz, DMSO+d;) 6 136.7, 134.4, 133.6, 131.4, 130.8, 128.9, 1232,8] 122.7, 108.8, 80.7, 66.4,
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62.3, 61.8, 55.3,52.7, 47.2, 43.1, 41.6, 34.82,381.7, 31.5, 30.3, 29.9, 29.0, 24.7, 24.7, 2927, 17.6, 16.8,
15.2, 14.0 ppm. HRMS (ESI-TORYz Calcd for G;HsoBrN,O, [M-Br]* 633.305, found 633.305.

4.1.8.6 3-(naphthalen-2-ylmethyl)-1-((2S,2aR,3aR,5&,7aS,8S,9R)-5a,5',7a,8-tetramethylicosahyéto-2
spiro[cyclopropa[l',7a'lindeno[5',4":4,5]indeno[2;b]furan-9,2'-pyran]-2-yl)-1H-imidazol-3-ium bromid
(a13). Yield 75%. White powder, m.p. 256 — 2%8. IR vy (ci'): 3408, 2952, 1454, 1382,1148, 1126, 1099,
983, 899, 818, 759H NMR (400 MHz, Chlorofornd) & 10.25 (s, 1H), 8.06 (s, 1H), 7.87 — 7.78 (m, 3HB2
(d, J = 8.4 Hz, 1H), 7.56 — 7.47 (m, 3H), 7.29 {c& 3.6 Hz, 1H), 6.05 — 5.86 (m, 2H), 4.40 (s, 181p4 (s,
1H), 3.48 — 3.27 (m, 2H), 2.41 — 2.11 (m, 3H), 1-8%.33 (M, 15H), 1.28 — 1.02 (m, 7H), 0.98 — Q9 4H),
0.80 — 0.78 (m, 2H), 0.66 — 0.62 (m, 6H) pgr& NMR (100 MHz, CDGCJ) 5 136.7, 133.3, 133.1, 131.2, 129.3,
128.7, 128.2, 127.7, 126.9, 126.7, 125.9, 121.6,3.2109.6, 109.1, 80.4, 66.8, 65.1, 62.6, 62.19,635.3,
53.4,47.4,43.2,42.0, 41.5, 40.6, 39.5, 34.3),338.1, 31.6, 31.4, 30.2, 30.2, 28.7, 27.0, 286507, 25.3, 24.0,
22.1, 19.9, 17.2, 16.4, 16.0, 14.7, 14.5, 14.3 ppiRMS (ESI-TOF)m/z Calcd for G;HsaN,O, [M-Br]*
605.4102, found 605.4103.

4.1.8.7 3-(2-oxo-2-phenylethyl)-1-((4R,5'R,6aR,883,0R)-5',6a,8a,9-tetramethyl-1,3,3',4,4',5,55(56,6',7,8,
8a,8b,9,11a,12,12a,12b-icosahydrospiro[naphtho[2,5b]indeno[2,1-b]furan-10,2'-pyran]-4-yl)- 1H-imiazol-
3-ium bromide §14). Yield 72%. Pale yellow powder, m.p. 265 — Z&7 IR vyay (ciY): 3423, 2948, 1696,
1599, 1512, 1375, 1355, 1238, 1171, 1056, 988, ‘88BIMR (400 MHz, DMSOds) & 9.34 (s, 1H), 8.11 — 8.05
(m, 3H), 7.79 — 7.75 (m, 2H), 7.64 {t= 7.6 Hz, 2H), 6.08 (s, 2H), 5.47 (@= 4.8 Hz, 1H), 4.40 — 4.27 (m,
2H), 3.22 (tJ = 12.0 Hz 1H), 2.76 (1] = 12.4 Hz, 1H), 2.06 — 1.90 (m, 5H), 1.86 — 1.@7 2H), 1.74 — 1.67
(m, 2H), 1.65 — 1.46 (m, 7H), 1.36 — 1.27 (m, 2HP1 — 1.14 (m, 3H), 1.11 (s, 3H), 1.02 — 0.91 i), 0.76
—0.73 (m, 6H) ppm:>C NMR (100 MHz, DMSQd,) § 191.8, 139.6, 136.8, 135.0, 134.1, 129.6, 1288,5],
123.0, 120.9, 80.6, 66.4, 62.3, 59.8, 56.2, 55999,441.6, 38.8, 37.6, 36.8, 31.9, 31.4, 30.3,,23098, 19.5,
17.5, 16.6, 15.1 ppm. HRMS (ESI-TO#Jz Calcd for GgHsi:N,O3 [M-Br]* 583.3894, found 583.3894.

4.1.8.8 3-(2-(4-methoxyphenyl)-2-oxoethyl)-1-((dREaR,8aS,9S,10R)-5',6a,8a,9-tetramethyl-1,343%%',6,
6a,6b,6',7,8,8a,8b,9,11a,12,12a,12b-icosahydrofpiqohtho[2',1":4,5]indeno[2,1-b]furan-10,2'-pyram-yl)-
1H-imidazol-3-ium bromidea(5). Yield 83%. White powder, m.p. 280 — 282. IR vmay (cmi®): 3428, 2949,

1703, 1563, 1452, 1224, 1166, 1051, 1007, ANMR (400 MHz, DMSO#d,) & 9.37 (s, 1H), 8.12 — 8.04 (m,
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3H), 7.77 (dJ = 12.0 Hz, 1H), 7.19 — 7.14 (m, 2H), 6.03Jd; 13.2 Hz, 2H), 5.50 (s, 1H), 4.42 — 4.26 (m, 2H),
3.90 (d,J = 13.2 Hz, 3H), 3.26 — 3.21 (m, 1H), 2.77 J¢& 10.8 Hz, 1H), 2.05 — 1.81 (m, 6H), 1.76 — 1.45 (
10H), 1.34 — 1.30 (m, 1H), 1.23 — 1.18 (m, 3H),11(d, J = 11.6 Hz, 4H), 1.05 — 0.90 (m, 6H), 0.79 — 0.2 (
6H) ppm.**C NMR (100 MHz, DMSOds) & 190.0, 164.6, 139.5, 136.8, 131.1, 126.9, 12423.0, 120.8,
114.8, 108.9, 80.6, 66.4, 62.3, 59.8, 56.3, 56621,%55.5, 49.8, 41.6, 38.8, 37.6, 36.8, 31.9,, 3343, 28.9,
20.8, 19.5, 17.5, 16.5, 15.1 ppm. HRMS (ESI-T@%) Calcd for GgHsaN,O4 [M-Br]* 613.4, found 613.3999.
4.1.8.9 3-(2-(3-bromophenyl)-2-oxoethyl)-1-((4R,64R,8aS,9S,10R)-5',6a,8a,9-tetramethyl-1,3,3 956,
6a,6b,6',7,8,8a,8b,9,11a,12,12a,12b-icosahydrofpiqohtho[2',1":4,5]indeno[2,1-b]furan-10,2'-pyram-yl)-
1H-imidazol-3-ium bromidea(6). Yield 73%. Pale brown powder, m.p. 170 — P2 IR vpay (crmi): 3424,
2949, 1695, 1627, 1596, 1454, 1370, 1167, 10967,1898, 750'H NMR (400 MHz, DMSOds) & 9.32 (s,
1H), 8.20 (s, 1H), 8.11 (s, 1H), 8.05 (k= 8.0 Hz, 1H), 7.98 (d] = 8.0 Hz, 1H), 7.75 (s, 1H), 7.61 {t= 8.0
Hz, 1H), 6.08 (s, 2H), 5.47 (d,= 4.8 Hz, 1H), 4.40 — 4.27 (m, 2H), 3.21J& 10.8 Hz, 1H), 2.79 — 2.72 (m,
1H), 2.06 — 1.95 (m, 4H), 1.94 — 1.89 (m, 1H), 1-86.77 (m, 2H), 1.73 — 1.42 (m, 11H), 1.36 — 1(126 2H),
1.23 — 1.15 (m, 2H), 1.11 (s, 3H), 1.01 Jc& 6.8 Hz, 2H), 0.95 — 0.91 (m, 3H), 0.76 — 0.73 6H) ppm.**C
NMR (100 MHz, DMSOs€) 6 190.9, 139.5, 137.5, 136.7, 136.2, 131.8, 131276, 124.5, 123.0, 121.0,
108.9, 80.6, 66.4, 62.3, 59.9, 56.2, 55.9, 49.8;,438.8, 37.6, 36.8, 32.0, 31.4, 30.3, 29.0, 2308, 19.5,
17.6, 16.5, 15.1 ppm. HRMS (ESI-TO#)z Calcd for GgHsoBrN,Os [M-Br]* 661.2999, found 661.2999.
4.1.8.10 3-(2-(naphthalen-2-yl)-2-oxoethyl)-1-(@R,6aR,8aS,9S,10R)-5',6a,8a,9-tetramethyl-
1,3,3,4,4,55,6, 6a,6b,6',7,8,8a,8b,9,11a,12,12b-icosahydrospiro[naphtho[2',1":4,5]indeno[2,]flran-
10,2'-pyran]-4-yl)-1H-imidazol-3-ium bromide7). Yield 94%. White powder, m.p. 270 — 272. IR vyax
(cm®): 3415, 2949, 1695, 1560, 1454, 1370, 1167, 11067, 898, 863, 756H NMR (400 MHz, DMSOds) &
9.41 (s, 1H), 8.86 (d] = 2.0 Hz, 1H), 8.21 (d] = 8.0 Hz, 1H), 8.15 — 8.12 (m, 2H), 8.08 — 8.02 Bi), 7.83
(s, 1H), 7.77 — 7.67 (m, 2H), 6.23 (s, 2H), 5.48X¢ 4.8 Hz, 1H), 4.42 — 4.27 (m, 2H), 3.43 — 3.40Q {iH),
3.24 — 3.19 (m, 1H), 2.82 — 2.75 (m, 1H), 2.08951(m, 4H), 1.94 — 1.89 (m, 1H), 1.85 — 1.80 (m),1H71 —
1.48 (m, 11H), 1.35 — 1.27 (m, 2H), 1.23 — 1.16 8id), 1.11 (s, 3H), 1.01 (d,= 7.0 Hz, 1H), 0.93 (d] = 6.8
Hz, 3H), 0.76 — 0.73 (m, 6H) ppriC NMR (100 MHz, DMSOds) § 191.7, 139.6, 136.8, 136.0, 132.5, 131.4,

131.0, 130.2, 129.8, 129.3, 128.3, 127.9, 124.8,6120123.0, 121.0, 108.9, 80.6, 66.4, 62.3, 5969,555.9,
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49.8, 41.6, 38.8, 37.6, 36.8, 32.0, 31.4, 30.39,280.8, 19.5, 17.6, 16.5, 15.1 ppm. HRMS (ESI-T@F)
Calcd for G,HsaN,O3 [M-Br]* 633.4051, found 611.4052.

4.1.8.11 3-(2-bromobenzyl)-1-((4R,5'R,6aR,8aS,99;506a,8a,9-tetramethyl-1,3,3',4,4',5,5',6,6a66/7,8,8a,
8b,9,11a,12,12a,12b-icosahydrospiro[naphtho[2',Blihdeno[2,1-b]furan-10,2'-pyran]-4-yl)-1H-imida8-
ium bromide 18). Yield 88%. White powder, m.p. 266 — 2&8. IR vyax (Cm'l): 3430, 2949, 1618, 1561, 1451,
1377, 1158, 1067, 982, 7461 NMR (400 MHz, DMSOss) § 9.52 (s, 1H), 8.10 (dl = 2.8 Hz, 1H), 7.80 (d]

= 2.4 Hz, 1H), 7.72 (d] = 7.6 Hz, 1H), 7.48 (] = 7.5 Hz, 1H), 7.41 — 7.36 (m, 2H), 5.53 (s, 2544 (d,J =
4.8 Hz, 1H), 4.31 — 4.23 (m, 2H), 3.42 — 3.39 (iM),13.20 (t,J = 10.4 Hz, 1H), 2.74 (] = 12.8 Hz, 1H), 2.47
—2.44 (m, 1H), 2.04 — 1.88 (m, 5H), 1.84 — 1.78 {i), 1.72 — 1.44 (m, 10H), 1.35 — 1.29 (m, 1H).91- 1.15
(m, 3H), 1.09 (s, 3H), 1.01 — 0.90 (m, 5H), 0.76.72 (m, 6H) ppm**C NMR (100 MHz, DMSOdg) § 139.6,
136.3, 134.0, 133.6, 131.5, 131.3, 129.0, 123.8,212122.9, 121.7, 108.9, 80.6, 66.4, 62.3, 60601,552.7,
49.8, 41.6, 38.8, 37.6, 36.8, 31.9, 31.4, 31.43,328.9, 28.8, 20.8, 19.5, 17.5, 16.5, 15.1 ppmM3IRESI-
TOF) m/z Calcd for G;HsoBrN,O, [M-Br]* 633.305, found 633.3051.

4.1.8.12 3-(naphthalen-2-ylmethyl)-1-((4R,5'R,6a8,8S,10R)-5',6a,8a,9-tetramethyl-1,3,3',4,4' ,&4,6b,
6',7,8,8a,8b,9,11a,12,12a,12b-icosahydrospiro[napff',1":4,5]indeno[2,1-b]furan-10,2'-pyran]-4-yl}-H-
imidazol-3-ium bromidea9). Yield 90%. White powder, m.p. 325 — 327. IR vima (cmi%): 3431, 2949, 1561,
1451, 1157, 1051, 1028, 746. H NMR (400 MHz, DM&pé 9.62 (s, 1H), 8.05 (dl = 2.0 Hz, 1H), 8.02 (s,
1H), 7.97 — 7.92 (m, 4H), 7.59 — 7.55 (m, 3H), 5(§12H), 5.43 (dJ = 4.8 Hz, 1H), 4.32 — 4.19 (m, 2H), 3.20
(t, J=11.2 Hz, 1H), 2.73 (] = 12.4 Hz, 1H), 2.01 — 1.88 (m, 5H), 1.83 — 1.@8 {H), 1.71 — 1.43 (m, 11H),
1.36 — 1.28 (m, 1H), 1.18 — 1.13 (m, 3H), 1.083f4), 1.01 — 0.90 (m, 6H), 0.74 — 0.71 (m, 6H) ppiB. NMR
(100 MHz, DMSO€,) 6 191.7, 139.6, 136.9, 136.8, 136.0, 132.5, 13134,Q, 130.2, 129.8, 129.3, 128.3,
127.9, 124.6, 123.6, 123.0, 121.0, 108.8, 80.74,6682.3, 59.9, 56.2, 55.9, 49.8, 41.6, 38.8, 33858, 32.0,
31.4, 30.3, 29.0, 20.8, 19.5, 17.6, 16.5, 15.1 ppiIRMS (ESI-TOF)m/z Calcd for GiHssN,O, [M-Br]*
605.4102, found 605.41.

4.1.8.13  3-(2-oxo-2-phenylethyl)-1-((4R,5'R,6aR,8830R)-5',6a,8a,9-tetramethyl-1,3,3',4,4',5,656b,
6',7,8,8a,8b,9,11a,12,12a,12b-icosahydrospiro[nap[R',1":4,5]indeno[2,1-b]furan-10,2'-pyran]-4-yl}:H-

benzo[d]imidazol-3-ium bromidea?0). Yield 74%. Pale yellow powder, m.p. 279 — Z&L IR vyax (CM™):
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569 3431, 2949, 1697, 1598, 1449, 1224, 1052, 983, G8%,"H NMR (400 MHz, DMSOdg) 5 10.13 (s, 1H), 8.19
570 (d,J=7.2 Hz, 1H), 8.14 (d] = 7.6 Hz, 2H), 8.09 (d] = 7.6 Hz, 1H), 7.80 (] = 7.2 Hz, 1H), 7.72 — 7.65 (m,
571  4H), 6.44 (s, 2H), 5.54 (d,= 4.8 Hz, 1H), 4.79 — 4.71 (m, 1H), 4.32 Jc5 6.8 Hz, 1H), 3.25 — 3.19 (m, 1H),
572  2.90 (t,J =12.8 Hz, 1H), 2.64 (dd,= 13.2, 4.0 Hz, 1H), 2.18 — 2.12 (m, 2H), 2.04.991(m, 2H), 1.96 — 1.91
573  (m, 1H), 1.87 — 1.79 (m, 1H), 1.75 — 1.69 (m, 2HB7 — 1.45 (m, 8H), 1.41 — 1.30 (m, 3H), 1.23 194(m,
574  2H), 1.14 (s, 3H), 1.09 — 1.00 (m, 2H), 0.97 — 082 3H), 0.77 — 0.72 (m, 6H) pprfC NMR (100 MHz,
575 DMSO-dg) 8 191.6, 142.6, 139.5, 135.1, 134.2, 132.4, 13®9,6, 128.9, 127.3, 127.0, 123.2, 114.5, 108.9,
576 80.7,66.4, 62.3,57.8, 56.2, 53.7, 49.9, 41.6),387.5, 37.0, 32.0, 31.9, 31.4, 30.3, 29.0, 28049, 19.5, 17.6,
577 16.5, 15.2 ppm. HRMS (ESI-TORYz Calcd for G,Hs3N,Os [M-Br]* 633.4051, found 633.405.

578 4.1.8.14 3-(2-(4-methoxyphenyl)-2-oxoethyl)-1-(fAR 6aR,8aS,9S,10R)-5',6a,8a,9-tetramethyl-1, 343545,
579 6,6a,6b,6'7,8,8a,8b,9,11a,12,12a,12b-icosahydropmphtho[2',1":4,5]indeno[2,1-b]furan-10,2'-pyrg#i-

580 yl)-1H-benzo[d]imidazol-3-ium bromideaZl). Yield 72%. White powder, m.p. 220 — 222. IR vy, (cmi®):
581 3424, 2949, 1687, 1601, 1561, 1242, 1174, 1052, 883, 760.H NMR (400 MHz, DMSOds) & 10.13 —
582  10.08 (m, 1H), 8.18 (d] = 7.8 Hz, 1H), 8.11 (d] = 8.4 Hz, 2H), 8.05 (d] = 8.8 Hz, 1H), 7.71 — 7.64 (m, 2H),
583  7.19 (d,J = 8.4 Hz, 2H), 6.36 (s, 2H), 5.53 (#= 4.8 Hz, 1H), 4.78 — 4.70 (m, 1H), 4.31 {g 7.6 Hz, 1H),
584 3.90 (s, 3H), 3.21 (1 = 10.8 Hz, 1H), 2.89 (1] = 12.8 Hz, 1H), 2.64 (dd,= 13.2, 4.0 Hz, 1H), 2.17 — 2.08 (m,
585 2H), 2.03 — 1.99 (m, 2H), 1.94 — 1.91 (m, 1H), 1-85.81 (m, 1H), 1.75 — 1.69 (m, 2H), 1.64 — 1.26 {OH),
586 1.23—1.15(m, 3H), 1.14 (s, 3H), 1.09 — 1.012h), 0.96 — 0.92 (m, 3H), 0.86 — 0.72 (m, 6H) ppiG. NMR
587 (100 MHz, DMSO€g) 6 189.8, 164.7, 142.6, 139.5, 132.4, 131.4, 1327,3, 127.0, 123.2, 114.8, 114.4,
588 108.9, 80.7, 66.4, 62.3, 57.8, 56.3, 56.2, 49.9%,438.1, 37.5, 37.0, 32.0, 31.4, 30.3, 28.9, 28152, 20.9,
589 195, 17.5, 16.5, 15.1, 14.6 ppm. HRMS (ESI-TOR} Calcd for GaHssN,O, [M-Br]* 663.4156, found
590 663.4156.

591 4.1.8.15 3-(2-(3-bromophenyl)-2-oxoethyl)-1-((4R,6aR,8aS,9S,10R)-5',6a,8a,9-tetramethyl-1,3,354646,
592 6a,6b,6',7,8,8a,8b,9,11a,12,12a,12b-icosahydrofpiohtho[2',1":4,5]indeno[2,1-b]furan-10,2'-pyram-yl)-
593  1H-benzo[d]imidazol-3-ium bromideZ2). Yield 79%. Pale yellow powder, m.p. 218 — 220 IR vy, (cni®):
594 3424, 2949, 1702, 1562, 1451, 1218, 1051, 982, PAY, 678 H NMR (400 MHz, DMSOsds) § 10.06 (s, 1H),

595  8.30 (s, 1H), 8.20 — 8.18 (m, 1H), 8.13 — 8.07 i), 8.00 (dJ = 8.8 Hz, 1H), 7.72 — 7.62 (m, 3H), 6.43 {d,
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= 4.8 Hz, 2H), 5.54 (d] = 4.8 Hz, 1H), 4.79 — 4.71 (m, 1H), 4.31 Jg; 7.6 Hz, 1H), 3.21 (] = 11.2 Hz, 1H),
2.89 (t,J = 13.2 Hz, 1H), 2.66 — 2.62 (m, 1H), 2.17 — 2.4 2H), 2.05 — 1.99 (m, 2H), 1.96 — 1.91 (m, 1H),
1.87 — 1.79 (m, 1H), 1.75 — 1.69 (m, 2H), 1.67481m, 7H), 1.42 — 1.26 (m, 3H), 1.23 — 1.15 (m),3H13 (s,
3H), 1.09 — 1.00 (m, 2H), 0.96 — 0.91 (m, 3H), 0-70.72 (m, 6H) ppm-C NMR (100 MHz, DMSQd) &
190.8, 142.5, 139.5, 137.6, 136.2, 132.4, 131.8,4.3130.7, 127.8, 127.3, 127.1, 123.2, 122.8,5,1408.9,
80.7, 66.4, 62.3, 60.2, 57.9, 56.2, 53.7, 49.%,438.0, 37.5, 36.9, 32.0, 31.9, 31.4, 30.3, 28%, 21.2, 20.9,
19.5, 17.6, 16.5, 15.1, 14.6 ppm. HRMS (ESI-T@#) Calcd for G,Hs,BrN,O; [M-Br]* 711.3156, found
711.3156.

4.1.8.16 3-(2-(naphthalen-2-yl)-2-oxoethyl)-1-(#R,6aR,8aS,9S,10R)-5',6a,8a,9-tetramethyl-1,343%45',6,
6a,6b,6',7,8,8a,8b,9,11a,12,12a,12b-icosahydrofpiqohtho[2',1":4,5]indeno[2,1-b]furan-10,2'-pyram-yl)-
1H-benzo[d]imidazol-3-ium bromidaZ3). Yield 90%. Pale yellow powder, m.p. 237 — 289 IR vyax (CM):
3407, 2949, 1694, 1626, 1595, 1452, 1364, 1258),11@651, 982, 919, 7484 NMR (400 MHz, DMSOds) &
10.19 (s, 1H), 8.98 (s, 1H), 8.25 — 8.20 (m, 2H)L68- 8.12 (m, 2H), 8.09 — 8.06, 2H), 7.78 — 7.66 4H),
6.58 (s, 2H), 5.54 (d = 5.2 Hz, 1H), 4.81 — 4.72 (m, 1H), 4.31 J& 7.6 Hz, 1H), 3.25 — 3.19 (m, 1H), 2.92 (t,
J=12.8 Hz, 1H), 2.66 (dd,= 13.2, 4.0 Hz, 1H), 2.19 — 2.13 (m, 1H), 2.05642m, 2H), 1.96 — 1.92 (m, 1H),
1.85—1.80 (m, 1H), 1.75 — 1.44 (m, 10H), 1.4126Xm, 3H), 1.23 — 1.14 (m, 6H), 1.09 — 1.00 (i),D.97 —
0.92 (m, 3H), 0.77 — 0.72 (m, 6H) ppfC NMR (100 MHz, DMSQde) & 191.6, 142.7, 139.5, 136.1, 132.5,
131.5, 130.7, 130.2, 129.9, 129.2, 128.4, 127.9,312427.0, 123.8, 123.2, 114.5, 108.9, 80.7, 6243, 57.9,
56.2, 53.7, 49.9, 41.6, 38.1, 37.5, 36.9, 32.09,331.4, 30.3, 29.0, 28.5, 20.9, 19.5, 17.6, 1652 ppm.
HRMS (ESI-TOF)m/z Calcd for GgHssN»Os [M-Br]* 683.4207, found 683.4207.

4.1.8.17 3-(2-bromobenzyl)-1-((4R,6aR,8aS,9S,10R)-6a,8aytethyl-
1,3,3,4,4,5,5,6,6a,6b,6',7,8,8a,8b,9,11a, 12,12b-icosahydrospiro[naphtho[2',1":4,5]indeno[2,]fran-
10,2'-pyran]-4-yl)-1H-benzo[d]imidazol-3-ium broneida24). Yield 96%. White powder, m.p. 205 — 20C.

IR vmax (CMY): 3425, 2951, 1618, 1559, 1447, 1379, 1096, 986, *H NMR (400 MHz, DMSOdg) § 10.27 (s,
1H), 8.19 (tJ = 7.6 Hz, 1H), 7.82 — 7.62 (m, 4H), 7.42 — 7.32 8M), 5.86 (s, 2H), 5.51 (d,= 6.0 Hz, 1H),
4.69 (gq,J = 7.6 Hz, 1H), 4.32 — 4.26 (m, 1H), 3.21J% 10.0 Hz, 1H), 2.98 — 2.90 (m, 1H), 2.63 — 2.59 (

1H), 2.20 — 1.92 (m, 5H), 1.84 — 1.80 (m, 1H), 1-72.46 (m, 9H), 1.40 — 1.30 (m, 3H), 1.21 — 1.48 6H),
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1.05 — 0.99 (m, 2H), 0.95 — 0.89 (m, 3H), 0.77 2Z0Qm, 6H) ppm>*C NMR (100 MHz, DMSQOd,) & 142.5,
139.6, 133.7, 133.2, 131.4, 131.3, 131.2, 130.8,91227.4, 127.16 , 127.2, 123.2, 123.1, 114.2,211108.9,
80.7, 66.4, 62.3, 58.0, 56.2, 51.0, 49.9, 41.60,38/.5, 36.9, 32.0, 31.9, 31.4, 30.3, 28.9, 28349, 19.6, 17.5,
16.5, 15.1 ppm. HRMS (ESI-TORYz Calcd for G;Hs,BrN,O, [M-Br]* 683.3207, found 683.3206.

4.1.8.18 3-(naphthalen-2-ylmethyl)-1-((4R,5'R,6a@8,8S,10R)-5',6a,8a,9-tetramethyl-1,3,3',4,4' 5,4,6b,6',
7,8,8a,8h,9,11a,12,12a,12b-icosahydrospiro[naphtha[:4,5]indeno[2,1-b]furan-10,2'-pyran]-4-yl)-1H-
benzo[d]imidazol-3-ium bromidea?5). Yield 87%. White powder, m.p. 216 — 218. IR vpax (crmi?): 3439,
2945, 1554, 1449, 1383, 1240, 1097, 1075, 1034, 'FBBIMR (400 MHz, DMSOds) & 10.39 (s, 1H), 8.15 (s,
2H), 7.97 — 7.91 (m, 4H), 7.66 — 7.53 (m, 5H), 5(862H), 5.52 (dJ = 4.8 Hz, 1H), 4.71 — 4.65 (m, 1H), 4.31
(9, J = 7.6 Hz, 1H), 3.21 (t) = 10.8 Hz, 1H), 2.98 (1] = 12.8 Hz, 1H), 2.67 — 2.63 (m, 1H), 2.22 — 2.46 (
2H), 2.03 — 1.99 (m, 2H), 1.95 — 1.80 (m, 2H), 1-74.48 (m, 10H), 1.38 — 1.29 (m, 2H), 1.22 — 113 6H),
1.07 — 0.99 (m, 2H), 0.96 — 0.91 (m, 3H), 0.77 Z20(m, 6H) ppm**C NMR (100 MHz, DMSQde) & 141.8,
139.7, 133.2, 132.0, 131.4, 131.3, 129.2, 128.8,11227.9, 127.2 , 127.1, 126.0, 123.1, 114.6,4,1408.9,
80.7, 66.4, 62.3, 60.2, 57.9, 56.2, 50.8, 49.9%,438.0, 37.5, 37.0, 32.0, 31.9, 31.4, 30.3, 233%, 20.9, 19.7,
17.5, 16.5, 15.1, 14.5 ppm. HRMS (ESI-TO®} Calcd for GsHssN,O, [M-Br]* 655.4258, found 655.4261.
4.1.8.19 5,6-dimethyl-3-(2-ox0-2-phenylethyl)-IR@&R,6aR,8aS,9S,10R)-5',6a,8a,9-tetramethyl- 14435,
5'6,6a,6b,6',7,8,8a,8b,9,11a,12,12a,12b-icosahgiro[naphtho[2',1":4,5]indeno[2,1-b]furan-10,2'-pgn]-4-
yl)-1H-benzo[d]imidazol-3-ium bromid@Z6). Yield 79%. Pale brown powder, m.p. 284 — 286 IR vyax (cm
Y): 3425, 2949, 1698, 1560, 1449, 1375, 1224, 1081, 757, 688, 616H NMR (400 MHz, DMSOds) & 9.96
(s, 1H), 8.13 (dJ = 7.6 Hz, 2H), 7.99 (s, 1H), 7.87 (s, 1H), 7.81)(t 7.6 Hz, 1H), 7.67 () = 7.6 Hz, 2H),
6.36 (s, 2H), 5.54 (d] = 4.8 Hz, 1H), 4.69 — 4.61 (m, 1H), 4.31 Jg 7.6 Hz, 1H), 3.22 (d] = 11.2 Hz, 1H),
2.87 (t,J = 13.2 Hz, 1H), 2.64 — 2.60 (m, 1H), 2.43 (s, 3PB6 (s, 3H), 2.15 — 2.09 (M, 2H), 2.02 — 1.98 (m,
1H), 1.96 — 1.90 (m, 1H), 1.87 — 1.79 (m, 1H), 1-78.47 (m, 11H), 1.41 — 1.30 (m, 3H), 1.22 — 1106 2H),
1.13 (s, 3H), 1.01 (d] = 6.8 Hz, 1H), 0.92 (d] = 6.8 Hz, 3H), 0.86 — 0.80 (m, 1H), 0.76 — 0.72 @) ppm.
%C NMR (100 MHz, DMSOQdg) § 191.6, 141.2, 139.5, 137.0, 136.8, 135.1, 13430,9, 129.5, 129.2, 128.9,

123.2, 113.9, 108.9, 80.66 , 66.4, 62.3, 57.7,,38D, 49.9, 41.6, 38.1, 37.6, 36.9, 32.0, 31194,330.3, 28.9,
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28.5, 20.8, 20.4, 19.5, 17.5, 16.5, 15.1 ppm. HRESI-TOF)m/z Calcd for G4Hs:N,O5 [M-Br]* 661.4364,
found 661.4364.

4.1.8.20 3-(2-(4-methoxyphenyl)-2-oxoethyl)-5,6adml-1-((4R,5'R,6aR,8aS,9S,10R)-5',6a,8a,9-tetifayhe
1,3,3,4,4',5,5,6,6a,6b,6',7,8,8a,8b,9,11a,12,12h;icosahydrospiro[naphtho[2',1":4,5]indeno[2, 1{bfan-
10,2'-pyran]-4-yl)-1H-benzo[d]imidazol-3-ium broneida27). Yield 72%. Pale brown powder, m.p. 237 — 239
°C. IR vmax (cMi®): 3424, 2948, 1685, 1600, 1560, 1241, 1172, 10068, 837*H NMR (400 MHz, DMSO#)
§9.96 (s, 1H), 8.11 (d} = 8.4 Hz, 2H), 7.98 (s, 1H), 7.84 (s, 1H), 7.18Xd 8.4 Hz, 2H), 6.29 (s, 2H), 5.53 (d,
J=4.8 Hz, 1H), 4.68 — 4.60 (m, 1H), 4.30 Jg; 7.6 Hz, 1H), 3.90 (s, 3H), 3.21 {t= 10.8 Hz, 1H), 2.86 (1]

= 13.2 Hz, 1H), 2.642— 2.59 (m, 1H), 2.42 (s, 3436 (s, 3H), 2.14 — 2.08 (m, 2H), 2.02 — 1.99 1h), 1.95 —
1.90 (m, 1H), 1.85 — 1.80 (m, 1H), 1.74 — 1.47 {tH), 1.40 — 1.29 (m, 3H), 1.21 — 1.18 (m, 2H) 21(4, 3H),
1.01 (d,J = 6.8 Hz, 1H), 0.92 (d] = 6.8 Hz, 3H), 0.85 — 0.80 (m, 1H), 0.76 — 0.72 6id) ppm.**C NMR (100
MHz, DMSO+s) 6 189.8, 164.7, 141.3, 139.5, 137.0, 136.7, 13138,9, 129.2, 127.0, 123.2, 114.8, 113.8,
108.9, 80.7, 62.3, 57.6, 56.3, 53.2, 49.9, 41.62,387.6, 36.9, 32.0, 31.4, 30.3, 29.0, 28.5, 28B4, 19.5,
17.5, 16.5, 15.1 ppm. HRMS (ESI-TO#Jz Calcd for GsHseN.O4 [M-Br]* 691.4469, found 691.4468.

4.1.8.21  3-(2-(3-bromophenyl)-2-oxoethyl)-5,6-dimyetl-((4R,5'R,6aR,8aS,9S,10R)-5',6a,8a,9-tetrapheth
1,3,3,4,4',5,5,6,6a,6b,6',7,8,8a,8b,9,11a,12,12h;icosahydrospiro[naphtho[2',1":4,5]indeno[2, 1{bfan-
10,2'-pyran]-4-yl)-1H-benzo[d]imidazol-3-ium broneda28). Yield 86%. Pale yellow powder, m.p. 240 — 242
°C. IR vmax (CMY): 3423, 2949, 1702, 1560, 1452, 1218, 1051, 989, ‘8 NMR (400 MHz, DMSOds) § 9.97

(s, 1H), 8.29 (s, 1H), 8.11 (d,= 7.6 Hz, 1H), 8.00 (dJ = 8.4 Hz, 2H), 7.88 (s, 1H), 7.64 &= 80 Hz, 1H),
6.36 (s, 2H), 5.53 (d] = 4.8 Hz, 1H), 4.69 — 4.61 (m, 1H), 4.30 Jgz 7.6 Hz, 1H), 3.22 () = 10.8 Hz, 1H),
2.87 (t,J = 12.8 Hz, 1H), 2.63 — 2.59 (m, 1H), 2.42 (s, 3BB6 (s, 3H), 2.14 — 2.08 (m, 2H), 2.01 — 1.98 (m,
1H), 1.94 — 1.90 (m, 1H), 1.85 — 1.78 (m, 1H), 1-7#.47 (m, 11H), 1.40 — 1.28 (m, 3H), 1.21 — 1(M2 2H),
1.12 (s, 3H), 1.00 (dl = 6.8 Hz, 1H), 0.92 (d] = 6.88 Hz, 3H), 0.84 — 0.80 (m, 1H), 0.76 — 0.@2 6H) ppm.
3C NMR (100 MHz, DMSQd,) & 190.8, 141.2, 139.5, 137.6, 137.1, 136.8, 13632,8], 131.4, 130.8, 129.2,
127.8,123.2,122.8, 113.9, 108.9, 80.7, 66.4,,&7F, 56.2, 53.7, 49.9, 41.6, 38.1, 37.6, 3619,331.4, 30.3,
28.9, 28.5, 20.8, 20.5, 20.4, 19.5, 17.5, 16.5] ppm. HRMS (ESI-TOFVz Calcd for GsHseBrN,Os [M-Br] ™

739.3469, found 739.3469.
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4.1.8.22 5,6-dimethyl-3-(2-(naphthalen-2-yl)-2-akgd-1-((4R,5'R,6aR,8aS,9S,10R)-5',6a,8a,9-tetthphe
1,3,3,4,4',5,5,6,6a,6b,6',7,8,8a,8b,9,11a,12,12h;icosahydrospiro[naphtho[2',1":4,5]indeno[2, 1{bfan-
10,2'-pyran]-4-yl)-1H-benzo[d]imidazol-3-ium brongida29). Yield 87%. Pale brown powder, m.p. 231 — 233
°C. IR vmax (cmiY): 3416, 2949, 1690, 1626, 1560, 1451, 1373, 11981, 981, 821'H NMR (400 MHz,
DMSO-dg) 5 10.03 (s, 1H), 8.96 (s, 1H), 8.23 (b= 8.0 Hz, 1H), 8.14 (d] = 8.8 Hz, 1H), 8.07 (1) = 6.8 Hz,
2H), 8.00 (s, 1H), 7.92 (s, 1H), 7.78 — 7.69 (M), 2450 (s, 2H), 5.54 (d, = 4.8 Hz, 1H), 4.71 — 4.64 (m, 1H),
4.30 (q,J = 7.6 Hz, 1H), 3.21 (] = 10.8 Hz, 1H), 2.89 (f] = 12.8 Hz, 1H), 2.66 — 2.61 (m, 1H), 2.43 (s, 3H),
2.36 (s, 3H), 2.16 — 2.10 (m, 2H), 2.05 — 1.991H), 1.96 — 1.92 (m, 1H), 1.86 — 1.80 (m, 1H), 17847 (m,
11H), 1.44 — 1.25 (m, 5H), 1.13 (s, 3H), 1.01J¢; 6.8 Hz, 1H), 0.92 (d] = 6.8 Hz, 3H), 0.86 — 0.80 (m, 1H),
0.76 — 0.72 (m, 6H) ppn®C NMR (100 MHz, DMSOdg) & 191.6, 141.3, 139.5, 137.0, 136.8, 136.1, 132.5,
131.5, 131.4, 130.9, 130.2, 129.9, 129.3, 129.8,41227.9, 123.7, 123.2, 113.9, 108.9, 80.7, 6®4, 57.7,
56.2, 53.6, 49.9, 41.6, 38.2 , 37.6, 36.9, 32.09,331.4, 30.3, 29.0, 28.5, 20.8, 20.4, 19.5, 11655, 15.1 ppm.
HRMS (ESI-TOF)m/z Calcd for GgHsgN,O3 [M-Br]* 711.452, found 711.4522.

4.1.8.23 3-(2-bromobenzyl)-5,6-dimethyl-1-((4R &&R ,8aS,9S,10R)-5',6a,8a,9-tetramethyl-1,3,3'%%1,6,6a,
6b,6',7,8,8a,8b,9,11a,12,12a,12b-icosahydrospirpfitho[2',1":4,5]indeno[2,1-b]furan-10,2'-pyran]-4bhy1H-
benzo[d]imidazol-3-ium bromidea80). Yield 68%. White powder, m.p. 228 — 230. IR vyax (cmi?): 3548,
3474, 3414, 2947, 1617, 1553, 1450, 1218, 1026, B84, 602 H NMR (400 MHz, Chloroforrd) § 11.39 (s,
1H), 7.66 (dd,) = 7.6, 1.6 Hz, 1H), 7.56 (d,= 8.0 Hz, 1H), 7.39 (s, 1H), 7.33 — 7.28 (m, 2HP1 — 7.18 (m,
1H), 6.01 (s, 2H), 5.45 (d,= 4.8 Hz, 1H), 4..43 — 4.32 (m, 2H), 3.47 — 3.82 PH), 3.14 — 3.07 (m, 1H), 2.62
—2.52 (m, 2H), 2.38 (s, 3H), 2.33 (s, 3H), 2.2219 (M, 1H), 2.10 — 1.95 (m, 4H), 1.89 — 1.81 2id), 1.79 —
1.73 (m, 2H), 1.69 — 1.58 (m, 5H), 1.52 — 1.49 2id), 1.34 — 1.26 (m, 2H), 1.20 (s, 3H), 1.13 — 1(0¥ 3H),
0.99 — 0.94 (m, 3H), 0.78 — 0.75 (m, 6H) ppriC NMR (100 MHz, Chlorofornd) § 141.0, 138.9, 137.3,
137.1, 133.3, 132.4, 131.3, 130.7, 129.9, 129.8,012128.6, 128.2, 123.6, 123.5, 113.7, 112.8,3,080.8,
66.8, 62.1, 59.1, 56.5, 50.7, 50.0, 41.6, 40.37,3%0.0, 37.9, 37.1, 32.0, 31.8, 31.4, 31.3, 38833, 28.5, 20.7,
19.7,17.1, 16.3, 14.5 ppm. HRMS (ESI-TO®} Calcd for GsHs¢BrN,O, [M-Br]* 711.352, found 711.352.
4.1.8.24 5,6-dimethyl-3-(naphthalen-2-ylmethyl}4R,5'R,6aR,8aS,9S,10R)-5',6a,8a,9-tetramethy8 43},

5,5',6,6a,6b,6',7,8,8a,8b,9,11a,12,12a,12b-icosadsmiro[naphtho[2',1":4,5]indeno[2,1-b]furan-10,Pyran]-
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4-yl)-1H-benzo[d]imidazol-3-ium bromid@31). Yield 94%. Pale yellow powder, m.p. 230 — 282 IR vpax
(cm®): 3415, 2948, 1556, 1451, 1376, 1218, 1051, 980, 977.'H NMR (400 MHz, Chlorofornd) & 11.48
(s, 1H), 8.00 (s, 1H), 7.83 — 7.80 (m, 1H), 7.77.%2 (m, 2H), 7.60 — 7.56 (m, 1H), 7.45 — 7.42 2i), 7.37 —
7.35 (m, 2H), 6.07 (s, 2H), 5.45 @= 4.8 Hz, 1H), 4.42 — 4.29 (m, 2H), 3.46 — 3.26 Pi), 3.07 (tJ = 13.2
Hz, 1H), 2.62 — 2.57 (m, 1H), 2.35 (s, 3H), 2.293d), 2.25 — 2.20 (m, 2H), 2.08 — 1.97 (m, 3HRI1- 1.84
(m, 1H), 1.78 — 1.70 (m, 2H), 1.66 — 1.53 (m, 5HR0 — 1.40 (M, 4H), 1.31 — 1.22 (m, 3H), 1.17J(d,3.2 Hz,
3H), 1.07 — 1.04 (m, 1H), 1.01 — 0.98 (m, 1H), 0:90.94 (m, 3H), 0.82 — 0.76 (m, 6H) ppi'C NMR (100
MHz, Chloroformd) 6 140.4, 138.9, 137.3, 137.1, 133.1, 133.2, 13®8,9, 129.5, 129.2, 128.2, 127.9, 127.7,
126.7, 126.6, 125.5, 123.6, 113.6, 112.8, 109.38,85.9, 62.1, 59.0, 56.5, 51.3, 50.0, 41.6, 48937, 39.0,
37.9, 37.1, 32.0, 31.8, 31.4, 31.2, 30.3, 28.86,220.7, 19.6, 17.1, 16.3, 14.5 ppm. HRMS (ESI-T@%)
Calcd for G7HsgN,O, [M-Br]* 683.4571, found 683.4571.

4.1.8.25 3-(2-oxo-2-phenylethyl)-1-((4S,5'R,6aR.8a3 0R)-5',6a,8a,9-tetramethyl-1,3,3',4,4',5,6566b,6',
7,8,8a,8b,9,11a,12,12a,12b-icosahydrospiro[naphhi[:4,5]indeno[2,1-b]furan-10,2'-pyran]-4-yl)-1H-
imidazol-3-ium bromidea@2). Yield 69%. Pale yellow powder, m.p. 279 — 281 IR vyay (cm?): 3549, 3478,
3415, 2946, 1700, 1617, 1449, 1229, 1135, 1049, BB 618'H NMR (400 MHz, DMSOd) § 9.10 (s, 1H),
8.05 (s, 2H), 7.90 (s, 1H), 7.78 — 7.71 (m, 2HBE7= 7.59 (m, 2H), 6.09 (s, 2H), 5.54 Jc& 12.4 Hz, 1H), 4.70
(d, J = 12.4 Hz, 1H), 4.26 (d] = 7.6 Hz, 1H), 3.23 — 3.16 (m, 1H), 3.01 — 2.93 (M), 2.61 (tJ = 14.8 Hz,
1H), 2.20 — 2.04 (m, 2H), 1.98 — 1.77 (m, 4H), 1-67.43 (m, 10H), 1.36 — 1.29 (m, 2H), 1.19 — (rh] 2H),
1.05 (d,J = 13.4 Hz, 4H), 0.99 — 0.94 (m, 2H), 0.91 — 0.88 8H), 0.74 — 0.68 (m, 6H) ppri’C NMR (100
MHz, DMSO+s) 6 191.7, 137.3, 137.2, 135.0, 134.1, 129.6, 1288,7, 124.2, 122.0, 108.9, 80.6, 66.4, 62.2,
56.3, 56.2, 56.0, 49.6, 41.5, 37.1, 34.6, 32.48,331.4, 31.2, 30.3, 28.9, 26.3, 20.5, 19.4, 17654, 15.1 ppm.
HRMS (ESI-TOF)m/z Calcd for GgHs:N,Os [M-Br] * 583.3894, found 583.3895.

4.1.8.26 3-(2-(4-methoxyphenyl)-2-oxoethyl)-1-®456aR,8aS,9S,10R)-5',6a,8a,9-tetramethyl-1,343%45',
6,6a,6b,6',7,8,8a,8b,9,11a,12,12a,12b-icosahydropmphtho[2',1":4,5]indeno[2,1-b]furan-10,2'-pyrdsl-
yl)-1H-imidazol-3-ium bromidea@3). Yield 92%. White powder, m.p. 273 — 2%G. IR vyna, (Ccmi’): 3422, 2948,
1691, 1602, 1242, 1178, 1049, 983, 839 NMR (400 MHz, DMSOd,) & 9.11 (s, 1H), 8.03 (d] = 8.8 Hz,

2H), 7.89 (s, 1H), 7.75 (s, 1H), 7.15 (d= 8.8 Hz, 2H), 6.03 (d] = 3.6 Hz, 2H), 5.56 (d] = 4.8 Hz, 1H), 4.71
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(s, 1H), 4.27 (g) = 6.8 Hz, 1H), 3.88 (s, 3H), 3.19 {t= 10.4 Hz, 1H), 2.98 (d] = 15.6 Hz, 1H), 2.63 (dl =
16.0 Hz, 1H), 2.19 — 2.07 (m, 2H), 1.92 — 1.87 2ir), 1.82 — 1.78 (m, 1H), 1.70 — 1.44 (m, 11H)91-31.28
(m, 4H), 1.11 (dJ = 4.0 Hz, 1H), 1.06 (s, 3H), 1.00 @z 7.2 Hz, 1H), 0.94 (s, 1H), 0.92 — 0.89 (m, 3613
—0.71 (m, 6H) ppm:*C NMR (100 MHz, DMSOdg) & 191.6, 137.3, 137.2, 136.0, 132.5, 131.4, 13(80,11
129.8, 129.3, 128.4, 127.9, 124.7, 124.3, 123.8,11208.9, 80.6, 66.4, 62.2, 56.4, 56.2, 56.07,401.6, 37.1,
34.6, 32.5, 31.9, 31.4, 31.2, 30.3, 28.9, 26.%,210.4, 17.5, 16.5, 15.1 ppm. HRMS (ESI-T@#} Calcd for
CsoHs3N,0, [M-Br]* 613.4, found 613.3999.

4.1.8.27 3-(2-(naphthalen-2-yl)-2-oxoethyl)-1-(&IR,6aR,8aS,9S,10R)-5',6a,8a,9-tetramethyl-1,343%45',6,
6a,6b,6',7,8,8a,8b,9,11a,12,12a,12b-icosahydrofpiyohtho[2',1":4,5]indeno[2,1-b]furan-10,2'-pyram-yl)-
1H-imidazol-3-ium bromideaB4). Yield 87%. White powder, m.p. 310 — 39@. IR vya (crri?): 3427, 2941,
1694, 1627, 1561, 1456, 1366, 1169, 1131, 1096, 882, 864, 823, 750H NMR (400 MHz, DMSOds) &
9.10 (s, 1H), 8.84 (s, 1H), 8.20 @@z 8.0 Hz, 1H), 8.14 (d] = 8.4 Hz, 1H), 8.08 — 8.02 (m, 2H), 7.91 (s, 1H),
7.79 —7.77, 1H), 7.75 — 7.68 (m, 2H), 6.201¢; 4.8 Hz, 2H), 5.56 (d] = 4.8 Hz, 1H), 4.73 (s, 1H), 4.27 (@,
= 7.2 Hz, 1H), 3.20 () = 10.8 Hz, 1H), 3.00 (d] = 15.6 Hz, 1H), 2.64 (d] = 16.0 Hz, 1H), 2.25 — 2.07 (m,
2H), 1.99 — 1.79 (m, 4H), 1.72 — 1.47 (m, 11H)01-41.29 (m, 2H), 1.22 — 1.15 (m, 2H), 1.08 (s, ,3HYO (d,

J = 7.2 Hz, 1H), 0.97 — 0.94 (m, 1H), 0.92 — 0.89 @H), 0.76 — 0.72 (m, 6H) ppnt’C NMR (100 MHz,
DMSO-g) 6 191.6, 137.3, 137.2, 136.0, 132.5, 131.4, 139,11, 129.8, 129.3, 128.4, 127.9, 124.7, 124.3,
123.6, 122.1, 108.9, 80.6, 66.4, 62.2, 56.4, 5664), 49.7, 41.6, 37.1, 34.6, 32.5, 31.9, 31.42,330.3, 28.9,
26.3, 20.5, 19.4, 17.5, 16.5, 15.1 ppm. HRMS (ESFJm/z Calcd for G,HssN,O3 [M-Br]* 633.4051, found
633.4051.

4.1.8.28 3-(2-bromobenzyl)-1-((4S,5'R,6aR,8aS,89;506a,8a,9-tetramethyl-1,3,3',4,4',5,5',6,6a66(7,8,8a,
8b,9,11a,12,12a,12b-icosahydrospiro[naphtho[2’,Bl#deno[2,1-b]furan-10,2'-pyran]-4-yl)-1H-imidar8-
ium bromide 435). Yield 89%. White powder, m.p. 205 — 2W07. IR vimay (cmi*): 3416, 2945, 1640, 1555, 1451,
1376, 1241, 1160, 1076, 1027, 899, 865, 758, 728,61 NMR (400 MHz, DMSOds) § 9.11 (s, 1H), 7.89 (s,
1H), 7.78 (s, 1H), 7.72 (d,= 8.0 Hz, 1H), 7.47 (t) = 7.6 Hz, 1H), 7.39 (] = 6.4 Hz, 2H), 5.54 (s, 2H), 4.65
(s, 1H), 4.30 (g = 7.2 Hz, 1H), 3.21 (0 = 10.4 Hz, 1H), 2.94 (dl = 15.8 Hz, 1H), 2.64 (d] = 16.0 Hz, 1H),

2.18 — 2.06 (m, 2H), 1.95 — 1.88 (m, 2H), 1.82791(m, 1H), 1.70 — 1.47 (m, 8H), 1.41 — 1.26 (m),4H21 —
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1.13 (m, 2H), 1.09 — 0.99 (m, 6H), 0.94 — 0.89 8H), 0.86 — 0.76 (m, 2H), 0.74 — 0.72 (m, 6H) ppia
NMR (100 MHz, DMSO+dg) 6 137.5, 136.6, 134.1, 133.7, 131.6, 131.5, 12824.6, 123.6, 123.0, 122.7,
108.9, 80.6, 66.4, 62.2, 60.2, 56.3, 52.8, 49.86,437.0, 34.4, 32.4, 31.9, 31.8, 31.4, 31.0, 3839, 26.1,
20.5, 19.4, 17.54 16.4, 15.1, 14.5 ppm. HRMS (ESFYm/z Calcd for G/HsoBrN,O, [M-Br]* 633.305, found
633.305.

4.1.8.29 1-((1aR,3aR,5aR,10S,10aR)-3a,5a-dimetiiRB6-methylheptan-2-yl)hexadecahydrocyclopenta
[a]cyclopropal2,3]cyclopentall,2-flnaphthalen-10)yB-(2-oxo-2-phenylethyl)-1H-imidazol-3-ium bromide
(b8). Yield 78%. White powder, m.p. 208 — 240. IR vy (cm%): 3439, 2953, 1698, 1630, 1448, 1384, 1230,
1160, 1131, 811, 682, 62tH NMR (400 MHz, DMSOds) & 9.27 (s, 1H), 8.08 (d] = 8.0 Hz, 2H), 7.92 (s,
1H), 7.80 — 7.76 (m, 2H), 7.64 (= 8.0 Hz, 2H), 6.14 (s, 2H), 4.08 (s, 1H), 2.40X¢ 14.4 Hz, 1H), 1.95 (d,
J=11.6 Hz, 1H), 1.85 — 1.77 (m, 2H), 1.69 — 1.62 PH), 1.59 — 1.48 (m, 3H), 1.45 — 1.31 (m, 6HR71-
1.08 (m, 10H), 1.02 — 0.93 (m, 4H), 0.89 J&s 6.4 Hz, 3H), 0.84 (ddl = 6.4, 2.0 Hz, 6H), 0.72 (s, 3H), 0.64
(s, 3H) ppm.°*C NMR (100 MHz, DMSOdg) & 191.7, 137.5, 135.0, 134.2, 129.6, 128.6, 12423,5, 61.8,
56.1, 55.8, 47.4, 43.1, 42.7, 36.1, 35.7, 34.44,33.3, 28.3, 27.9, 24.8, 24.2, 23.7, 23.1, 222%, 19.8, 19.0,
14.0, 12.4 ppm. HRMS (ESI-TORYz Calcd for GgHssN,O [M-Br]* 555.4309, found 555.4309.

4.1.8.30 1-((1aR,3aR,5aR,10S,10aR)-3a,5a-dimetiiRB6-methylheptan-2-yl)hexadecahydrocyclopenta
[a]cyclopropal2,3]cyclopenta[1,2-flnaphthalen-10)y8-(2-(4-methoxyphenyl)-2-oxoethyl)-1H-imidazali8:
bromide b9). Yield 81%. White powder, m.p. 153 — 185. IR vyax (cm‘l): 3418, 2953, 1686, 1602, 1465,
1383, 1242, 1160, 1140, 1030, 989, 834, 6BONMR (400 MHz, DMSOds) § 9.28 (s, 1H), 8.05 (d} = 10.0
Hz, 2H), 7.91 — 7.78 (m, 2H), 7.15 @z 10.0 Hz, 2H), 6.08 (d = 10.0 Hz, 2H), 4.07 (dl = 9.6 Hz, 1H), 3.89
(s, 3H), 2.42 — 2.36 (m, 1H), 1.96 — 1.76 (m, 3HE4 — 1.48 (m, 4H), 1.39 — 1.10 (m, 16H), 0.96.80Qm,
14H), 0.71 — 0.61 (m, 6H) pprfC NMR (100 MHz, DMSQde) & 190.0, 164.5, 137.5, 131.0, 127.0, 124.3,
121.4, 114.8, 61.7, 56.2, 56.1, 55.8, 55.7, 47340,442.7, 36.1, 35.7, 34.4, 33.4, 30.3, 28.3,,29497, 24.2,
23.7, 23.1, 22.9, 22.5, 19.8, 18.9, 14.0, 12.4 ppRMS (ESI-TOF)m/z Calcd for GgHs/N,O, [M-Br]*
585.4415, found 585.4415.

4.1.8.31 3-(2-(3-bromophenyl)-2-oxoethyl)-1-((lailRFHaR,10S,10aR)-3a,5a-dimethyl-6-((R)-6-methydimept

2-yl)hexadecahydrocyclopentala]cyclopropa[2,3]cymmta[1,2-finaphthalen-10-yl)-1H-imidazol-3-ium
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bromide b10). Yield 78%. White powder, m.p. 211 — 243. IR vmax (cm’): 3420, 2953, 1703, 1564, 14686,
1420, 1222, 1160, 1131, 678, 628H. NMR (400 MHz, DMSOd,) & 9.27 (s, 1H), 8.21 (s, 1H), 8.07 @@= 8.
Hz, 1H), 7.98 (d,) = 8.4 Hz, 1H), 7.92 (s, 1H), 7.79 (s, 1H), 7.6 8.0 Hz, 1H), 6.16 (s, 2H), 4.09 (s, 1H),
2.40 (d,J = 14.4 Hz, 1H), 1.94 (d] = 11.6 Hz, 1H), 1.87 — 1.80 (m, 2H), 1.67 — 1.49 TH), 1.43 — 1.31 (m,
6H), 1.27 — 1.10 (m, 8H), 0.99 — 0.94 (m, 4H), 0(8 = 6.8 Hz, 3H), 0.84 (d] = 6.8 Hz, 6H), 0.71 (s, 3H),
0.64 (s, 3H) ppm™C NMR (100 MHz, DMSOds) & 190.9, 137.5, 136.2, 131.9, 131.1, 127.6, 12422.8]
121.5, 61.8, 56.2, 55.8, 47.4, 43.0, 42.7, 36.17,3%4.4, 33.4, 30.3, 28.3, 27.9, 24.8, 24.2, 2331, 22.9,
22.6, 19.8, 19.0, 14.0, 12.4 ppm. HRMS (ESI-T@#} Calcd for GgHs,BrN,O [M-Br]* 633.3414, found
633.3416.

4.1.8.32 1-((1aR,3aR,5aR,10S,10aR)-3a,5a-dimeti{fR56-methylheptan-2-yl)hexadecahydrocyclopenta
[a]cyclopropal2,3]cyclopentall,2-flnaphthalen-10JyB-(2-(naphthalen-2-yl)-2-oxoethyl)-1H-imidazoitn
bromide bl11). Yield 84%. White powder, m.p. 212 — 23@. IR vima (CiY): 3424, 2952, 1692, 1628, 1468,
1383, 1179, 1124, 857, 7464 NMR (400 MHz, DMSOd,) 5 9.29 (s, 1H), 8.87 (s, 1H), 8.22 (= 8.0 Hz,
1H), 8.14 (d,J = 8.8 Hz, 1H), 8.08 — 8.04 (m, 2H), 7.94J& 1.6 Hz, 1H), 7.83 ( = 2.0 Hz, 1H), 7.77 — 7.68
(m, 2H), 6.25 (s, 2H), 4.09 (s, 1H), 2.42 Jd& 14.8 Hz, 1H), 1.95 (d] = 11.6 Hz, 1H), 1.85 — 1.78 (m, 2H),
1.679 — 1.48 (m, 5H), 1.45 — 1.19 (m, 10H), 1.17.61 (m, 6H), 1.02 — 0.94 (m, 4H), 0.90 Jc& 6.4 Hz, 3H),
0.84 (dd,J = 6.4, 2.0 Hz, 6H), 0.74 (s, 3H), 0.65 (s, 3H) ppi@ NMR (100 MHz, DMSOdg) § 191.7, 137.5,
136.0, 132.5, 131.4, 130.9, 130.1, 129.8, 129.8,412127.9, 124.3, 123.6, 121.5, 61.8, 56.1, 56/83, 43.1,
42.7, 36.1, 35.7, 34.4, 33.4, 30.4, 28.3, 27.98,224.2, 23.7, 23.1, 22.9, 22.5, 19.8, 19.0, 14204 ppm.
HRMS (ESI-TOF)m/z Calcd for G,Hs;N,O [M-Br]* 605.4465, found 605.4465.

4.1.8.33 3-(2-bromobenzyl)-1-((1aR,3aR,5aR,10S }B8aba-dimethyl-6-((R)-6-methylheptan-2-yl)hexadec
hydrocyclopentala]cyclopropal2,3]cyclopenta[1,2-§phthalen-10-yl)-1H-imidazol-3-ium  bromide bl@).
Yield 67%. White powder, m.p. 169 — 1%L. IR vmay (cmi®): 3439, 2956, 2931, 1630, 1467, 1442, 1382, 1141,
1038, 745, 623'*H NMR (400 MHz, DMSOdg) & 9.33 (s, 1H), 7.93 (s, 1H), 7.75 — 7.72 (m, 2H477(t,J =
7.2 Hz, 1H), 7.40 — 7.33 (m, 2H), 5.62 (s, 2H)34(6, 1H), 2.38 (dJ = 14.8 Hz, 1H), 1.92 (d| = 10.4 Hz, 1H),
1.84 — 1.76 (m, 2H), 1.66 — 1.48 (m, 5H), 1.41201(m, 8H), 1.18 — 1.08 (m, 8H), 1.01 — 0.95 (m) 4488

(d,J = 6.0 Hz, 3H), 0.84 (ddl = 6.8, 2.0 Hz, 6H), 0.63 (s, 3H), 0.59 (s, 3H) ppiG NMR (100 MHz, DMSO-
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ds) 8 136.7, 134.3, 133.6, 131.4, 131.0, 128.9, 1223,8] 122.6, 61.9, 56.0, 55.7, 52.7, 47.3, 43.07,436.1,
35.7, 34.3, 33.4, 30.3, 28.2, 27.9, 24.8, 24.27,223.1, 22.9, 22.5, 19.8, 18.9, 13.9, 12.4 ppmM3RESI-
TOF) m/z Calcd for G;Hs,BrN, [M-Br]* 605.3465, found 605.3466.

4.1.8.34 1-((1aR,3aR,5aR,10S,10aR)-3a,5a-dimetlifRB6-methylheptan-2-yl)hexadecahydrocyclopeftaa
cyclopropa[2,3]cyclopenta[1,2-finaphthalen-10-yh{Baphthalen-2-ylmethyl)-1H-imidazol-3-ium bromide
(b13). Yield 75%. White powder, m.p. 204 — 28B. IR vy (cm): 3416, 2948, 1618, 1466, 1383, 1128, 780,
760, 625H NMR (400 MHz, DMSOds) § 9.55 (s, 1H), 7.97 — 7.93 (m, 4H), 7.90 — 7.88 2i), 7.58 — 7.54
(m, 3H), 5.73 (s, 2H), 4.02 (s, 1H), 2.38 Jds 14.8 Hz, 1H), 1.89 — 1.77 (m, 3H), 1.64 — 1.46 BH), 1.38 —
1.22 (m, 7H), 1.20 — 1.05 (m, 9H), 0.99 — 0.90 4#), 0.87 — 0.83 (m, 9H), 0.62 (s, 3H), 0.51 (s) pEM.**C
NMR (100 MHz, DMSOs€l) 6 136.2, 133.3, 133.1, 129.2, 128.2, 128.1, 12727.2, 127.1, 125.9, 122.7,
122.5, 61.8, 56.0, 55.7, 52.4, 47.3, 43.0, 42.61,385.6, 34.3, 33.3, 30.3, 28.2, 27.9, 24.7, 2237, 23.1,
22.9, 22.5, 19.7, 18.9, 14.1, 12.3 ppm. HRMS (ESFYm/z Calcd for GiHs:N, [M-Br]* 577.4516, found
577.4517.

4.1.8.35 1-((3R,10R,13R)-10,13-dimethyl-17-((R)e8hyiheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,13.16,
tetradecahydro-1H-cyclopental[a]phenanthren-3-ylj23exo-2-phenylethyl)-1H-imidazol-3-ium bromide4).
Yield 85%. White powder, m.p. 211 — 218. IR vmax (cM*): 3425, 2936, 1693, 1629, 1561, 1449, 1233,
1166, 820, 759, 689, 658H NMR (400 MHz, DMSOds) 5 9.38 (s, 1H), 8.12 — 8.05 (m, 3H), 7.78 (s, 2HBA7
(d,J=7.6 Hz, 2H), 6.10 (s, 2H), 5.47 (s, 1H), 4.351(d), 2.76 (tJ = 12.8 Hz, 1H), 2.09 — 1.95 (m, 5H), 1.82
—1.79 (m, 1H), 1.58 — 1.43 (m, 6H), 1.34 — 1.32 &), 1.23 — 0.98 (m, 15H), 0.92 — 0.83 (m,9HE (s,
3H) ppm.**C NMR (100 MHz, DMSOds) & 191.8, 139.5, 136.8, 135.0, 134.1, 129.6, 12885, 123.1,
120.9, 59.9, 56.6, 56.1, 55.9, 49.9, 42.3, 38.8;,336.6, 36.1, 36.7, 35.7, 31.8, 28.9, 28.3, 22493, 23.7,
23.1, 22.9, 21.1, 19.5, 19.0, 12.1 ppm. HRMS (ESFYmvz Calcd for GgHssN,O [M-Br]* 555.4309, found
555.4311.

4.1.8.36  1-((3R,10R,13R)-10,13-dimethyl-17-((R)e8hyiheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,13.16,
tetradecahydro-1H-cyclopenta[a]phenanthren-3-ylj23¢(4-methoxyphenyl)-2-oxoethyl)-1H-imidazol-3-ium
bromide b15). Yield 76%. Pale yellow powder, m.p. 224 — 225 IR vpax (cmi?): 3415, 2936, 1688, 1602,

1466, 1242, 1167, 1025, 990, 834, 6BONMR (400 MHz, DMSOd,) § 9.35 (s, 1H), 8.10 (d = 2.0 Hz, 1H),
40



838 8.03 (d,J = 9.2 Hz, 2H), 7.76 (s, 1H), 7.16 — 7.14 (m, 26102 (s, 2H), 5.47 (d] = 4.8 Hz, 1H), 4.38 — 4.30
839 (m, 1H), 3.88 (s, 3H), 2.79 — 2.72 (m, 1H), 2.09.94 (m, 5H), 1.82 — 1.75 (m, 1H), 1.59 — 1.43 @id), 1.37
840 —1.31(m, 3H), 1.26 — 0.97 (m, 15H), 0.91J¢; 6.4 Hz, 3H), 0.84 (dd] = 6.8, 2.0 Hz, 6H), 0.67 (s, 3H) ppm.
841 'C NMR (100 MHz, DMSQd,) 5 190.1, 164.6, 139.5, 136.8, 131.1, 126.9, 1248,11 120.8, 114.8, 59.8,
842 56.6, 56.3, 55.5, 49.9, 42.3, 38.8, 37.6, 36.62,3%6.7, 31.8, 28.9, 28.3, 27.9, 24.3, 23.7, 2&19, 21.0, 19.5,
843 19.0, 12.1 ppm. HRMS (ESI-TORYz Calcd for GgHs/N,O, [M-Br] " 585.4415, found 585.4415.

844 4.1.8.37 3-(2-(3-bromophenyl)-2-oxoethyl)-1-((SRUBR)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
845 2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahyldtecyclopenta[a]phenanthren-3-yl)-1H-imidazol-3-ium
846  bromide p16). Yield 79%. Pale yellow powder, m.p. 170 — T2 IR vpmay (cmi*): 3408, 2947, 1704, 1565,
847 1467, 1420, 1224, 1164, 995, 827, 6FBNMR (400 MHz, DMSOds) § 9.35 (s, 1H), 8.21 (1] = 2.0 Hz, 1H),
848  8.12 (t,J = 2.0 Hz, 1H), 8.05 (d] = 8.0 Hz, 1H), 7.97 (dd] = 8.0, 2.0 Hz, 1H), 7.76 (d,= 2.0 Hz, 1H), 7.61
849 (t,J=8.0 Hz, 1H), 6.10 (s, 2H), 5.46 @= 4.8 Hz, 1H), 4.41 — 4.32 (m, 1H), 2.80 — 2.73 (i), 2.09 — 1.94
850 (m, 5H), 1.84 — 1.75 (m, 1H), 1.59 — 1.31 (m, 10HP6 — 1.16 (m, 4H), 1.13 — 1.08 (m, 6H), 1.06.94Qm,
851 4H), 0.91 (dJ = 6.4 Hz, 3H), 0.84 (dd] = 6.4, 2.0 Hz, 6H), 0.67 (s, 3H) ppMC NMR (100 MHz, DMSOd,)
852 § 137.5, 136.7, 131.8, 131.2, 127.6, 124.5, 12322,8], 120.9, 59.9, 56.6, 56.1, 55.9, 49.9, 42.33,387.6,
853 36.6,36.2, 35.7, 31.8, 28.9, 28.2, 27.9, 24.37,2&3.1, 22.9, 21.1, 19.5, 19.0, 12.2 ppm. HRMS{E3F) m/z
854  Calcd for GgHs4BrN,O [M-Br]* 633.3414, found 633.3414.

855 4.1.8.38  1-((3R,10R,13R)-10,13-dimethyl-17-((R)e8hyiheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,13,16,
856 tetradecahydro-1H-cyclopenta[a]phenanthren-3-ylj23¢naphthalen-2-yl)-2-oxoethyl)-1H-imidazol-3-ium
857 bromide b17). Yield 93%. White powder, m.p. 287 — 280. IR vpax (cM?): 3415, 2951, 1697, 1628, 1561,
858 1468, 1367, 1261, 1166, 1124, 861, 749NMR (400 MHz, Chloroformd) § 10.20 (s, 1H), 8.73 (s, 1H), 7.94
859 (dd,J=20.0, 8.0 Hz, 2H), 7.76 — 7.72 (m, 3H), 7.54)(t 7.6 Hz, 1H), 7.46 (t] = 7.6 Hz, 1H), 7.39 (s, 1H),
860 6.52 (s, 2H), 5.39 (s, 1H), 4.04 — 3.98 (m, 1H»82t,J = 13.2 Hz, 1H), 2.44 — 2.39 (m, 1H), 2.03 — 1.82 (
861 6H), 1.61 — 1.50 (m, 3H), 1.48 — 1.22 (m, 9H), 1-19.03 (m, 8H), 0.99 (s, 3H), 0.92 (®s 6.4 Hz, 3H), 0.87
862 (d,J=6.8 Hz, 6H), 0.67 (s, 3H) ppriC NMR (100 MHz, Chlorofornd) & 190.9, 137.7, 136.6, 132.3, 131.3,

863 130.1, 129.2, 128.8, 127.6, 127.0, 124.4, 123.9,21%60.6, 56.6, 56.1, 55.7, 49.8, 42.3, 39.6, 3802, 37.3,
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36.5, 36.2, 35.8, 31.8, 31.6, 29.1, 28.2, 28.02,223.8, 22.8, 22.6, 20.9, 19.3, 18.7, 11.9 ppmM3RESI-
TOF) m/z Calcd for G,Hs;N,O [M-Br]* 605.4465, found 605.4465.

4.1.8.39 3-(2-bromobenzyl)-1-((3R,10R,13R)-10, h3ethyl-17-((R)-6-methylheptan-2-yl)-2,3,4,7,8,91101.2,
13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]pheheen-3-yl)-1H-imidazol-3-ium bromidebX8). Yield
90%. White powder, m.p. 250 — 2%2. IR vyax (cmi'): 3432, 2937, 1621, 1469, 1164, 1022, 751, BANMR
(400 MHz, Chloroformd) 6 10.80 (s, 1H), 7.95 (d, = 7.6 Hz, 1H), 7.63 — 7.59 (m, 2H), 7.42 — 7.37 2H),
7.31—7.25 (m, 1H), 5.81 (s, 2H), 5.46 — 5.45h), 4.30 — 4.22 (m, 1H), 2.78 (tdl= 12.8, 2.8 Hz, 1H), 2.58
—2.53 (m, 1H), 2.17 — 1.82 (m, 7H), 1.59 — 142 6H), 1.40 — 1.12 (m, 6H), 1.18 — 1.11 (m, 3HRA&L(s,
3H), 1.04 — 0.95 (m, 4H), 0.92 (@= 6.4 Hz, 3H), 0.87 (dd] = 6.4, 2.0 Hz, 6H), 0.67 (s, 3H) ppMC NMR
(100 MHz, Chloroformd) 6 136.4, 133.3, 132.7, 131.4, 128.8, 124.4, 12128,41 60.9, 56.6, 56.1, 52.7, 49.8,
42.3, 39.6, 39.5, 39.4, 37.4, 36.5, 36.2, 35.88,331.7, 29.4, 28.2, 27.9, 24.2, 23.8, 22.8, 2200, 19.4, 18.7,
11.9 ppm. HRMS (ESI-TOR)Vz Calcd for G/Hs4BrN, [M-Br]* 605.3465, found 605.3466.

41840  1-((3R,10R,13R)-10,13-dimethyl-17-((R)e8hyiheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,13,16,
tetradecahydro-1H-cyclopenta[a]phenanthren-3-ylj23exo-2-phenylethyl)-1H-benzo[d]imidazol-3-ium
bromide b19). Yield 97%. Pale yellow powder, m.p. 181 — 183 IR vy (crri?): 3404, 2936, 1698, 1560,
1449, 1349, 1223, 985, 754, 688.NMR (400 MHz, DMSOds) 5 10.25 (s, 1H), 8.16 — 8.07 (m, 4H), 7.79(t,
= 7.6 Hz, 1H), 7.67 — 7.64 (m, 4H), 6.48 (s, 2HE3(s, 1H), 4.74 — 4.69 (m, 1H), 2.91Jt= 12.8 Hz, 1H),
2.63 (d,J = 11.6 Hz, 1H), 2.18 — 2.13 (m, 2H), 2.03 — 1.88 8H), 1.82 (d,] = 9.6 Hz, 1H), 1.59 — 1.45 (m,
7H), 1.39 — 1.34 (m, 4H), 1.27 — 1.22 (m, 2H), 1(426H), 1.07 — 1.02 (m, 4H), 0.93 (5 6.0 Hz, 3H), 0.86
(d, J = 6.8 Hz, 6H), 0.69 (s, 3H) pprfC NMR (100 MHz, DMSQOds) 5 191.6, 142.6, 139.5, 135.1, 129.5,
128.9, 127.3, 127.0, 123.3, 114.5, 114.3, 57.97,566.1, 53.8, 49.9, 42.4, 38.1, 37.6, 36.8, 38528, 31.8,
28.4, 28.3, 27.9, 24.4, 23.8, 23.1, 22.9, 21.15,180.0, 12.1 ppm. HRMS (ESI-TOR)z Calcd for G,Hs/N,O
[M-Br]* 605.4465, found 605.4464.

41841  1-((3R,10R,13R)-10,13-dimethyl-17-((R)e8hyiheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,13.16,
tetradecahydro-1H-cyclopenta[a]phenanthren-3-ylj23¢4-methoxyphenyl)-2-oxoethyl)-1H-benzo[d]imidazo
3-ium bromide I§20). Yield 86%. White powder, m.p. 210 — 292. IR vimax (cmi?): 3462, 2935, 1686, 1608,

1559, 1246, 1176, 987, 830, 76M. NMR (400 MHz, DMSOds) & 10.19 (s, 1H), 8.18 — 8.05 (m, 4H), 7.70 —
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7.63 (m, 2H), 7.18 (d] = 9.2 Hz, 2H), 6.39 (s, 2H), 5.54 — 5.52 (m, 1#4Y,6 — 4.69 (m, 1H), 3.91 (s, 3H), 2.95
—2.88 (m, 1H), 2.65 — 2.61 (m, 1H), 2.15 — 1.994#), 1.83 — 1.81 (m, 1H), 1.62 — 1.19 (m, 13H)L71- 1.10
(m, 6H), 1.07 — 1.00 (m, 5H), 0.92 @ = 6.0 Hz, 3H), 0.85 (dd] = 6.4, 2.0 Hz, 6H), 0.69 (s, 3H) ppfiC
NMR (100 MHz, DMSO+dg) 6 189.8, 164.7, 142.6, 131.4, 130.7, 127.3, 12728,3, 114.8, 114.5, 114.3, 57.9,
56.7, 56.3, 56.1, 53.3, 49.9, 42.4, 38.1, 37.63,386.2, 35.7, 31.8, 28.5, 28.3, 27.9, 24.36 , 23371, 22.9,
21.1, 19.5, 19.0, 12.2 ppm. HRMS (ESI-TO® Calcd for GsHsoN,O, [M-Br]* 635.4571, found 635.4571.
4.1.8.42 3-(2-bromobenzyl)-1-((3R,10R,13R)-10,13ethyl-17-((R)-6-methylheptan-2-yl)-2,3,4,7,8,9.101.2,
13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phreheen-3-yl)-1H-benzo[d]imidazol-3-ium bromide2().
Yield 78%. White powder, m.p. 224 — 2%B. IR vma (cmi’): 3435, 2931, 1615, 1553, 1469, 1441, 1382, 1026,
763, 753H NMR (400 MHz, Chlorofornd) & 11.60 (s, 1H), 7.81 (dd,= 7.6, 1.6 Hz, 1H), 7.71 (d,= 8.4
Hz, 1H), 7.66 — 7.52 (m, 4H), 7.36 {t= 7.6 Hz, 1H), 7.23 (td] = 7.6, 1.6 Hz, 1H), 6.14 (s, 2H), 5.50 {d=
5.2 Hz, 1H), 4.50 — 4.41 (m, 1H), 3.18 (8 12.8, 2.8 Hz, 1H), 2.68 — 2.56 (M, 2H), 2.31262(m, 1H), 2.17
—2.11 (m, 1H), 2.08 — 1.99 (m, 2H), 1.90 — 1.80 2id), 1.62 — 1.46 (m, 6H), 1.43 — 1.28 (m, SHR2I(s,
3H), 1.19 — 0.99 (m, 8H), 0.93 (@= 6.4 Hz, 3H), 0.87 (dd] = 6.8, 1.6 Hz, 6H), 0.71 (s, 3H) ppMC NMR
(100 MHz, Chloroformd) 6 142.3, 133.3, 132.2, 131.7, 130.9, 130.8, 1287,21 126.9, 124.1, 114.1, 113.2,
59.5, 56.7, 56.2, 50.9, 50.1, 42.3, 39.7, 39.9,387.9, 36.9, 36.2, 35.8, 31.9, 31.7, 28.5, 2832), 24.3, 23.8,
22.8, 22.6, 21.0, 19.6, 18.7, 11.9 ppm. HRMS (ESFJTnv/z Calcd for GiHs¢BrN, [M-Br]* 655.3621, found
655.3623.

4.1.843  1-((3R,10R,13R)-10,13-dimethyl-17-((R)e8hyiheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,13.16,
tetradecahydro-1H-cyclopenta[a]phenanthren-3-ylg-8limethyl-3-(2-oxo-2-phenylethyl)-1H-
benzo[d]imidazole-3-ium bromidéZ2). Yield 82%. Pale yellow powder, m.p. 193 — 15 IR vmay (CM):
3408, 2952, 1454, 1382, 1148, 1126, 1099, 1052, 83."H NMR (400 MHz, DMSOd,) & 10.03 (s, 1H),
8.14 (d,J = 7.6 Hz, 2H), 7.98 (s, 1H), 7.89 (s, 1H), 7.8Q)(t 7.6 Hz, 1H), 7.67 (t) = 7.6 Hz, 2H), 6.38 (s,
2H), 5.54 (dJ = 4.8 Hz, 1H), 4.69 — 4.61 (m, 1H), 2.88Jt= 12.8 Hz, 1H), 2.62 (dd} = 13.2, 4.0 Hz, 1H),
2.43 (s, 3H), 2.36 (s, 3H), 2.14 @z 9.2 Hz, 2H), 2.01 (d] = 13.2 Hz, 3H), 1.86 — 1.77 (m, 1H), 1.61 — 1.33
(m, 11H), 1.27 — 1.18 (m, 2H), 1.14 — 1.11 (m, 4HD4 — 0.99 (m, 6H), 0.92 (d,= 6.0 Hz, 3H), 0.85 (dd] =

6.4, 1.6 Hz, 6H), 0.68 (s, 3H) ppMiC NMR (100 MHz, DMSOde) § 191.6, 141.3, 139.5, 136.9, 136.7, 135.1,
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134.2, 130.9, 129.5, 128.9, 123.3, 113.9, 113.8,%6.7, 56.1, 53.6, 50.0, 42.4, 38.2, 37.6, 38632, 35.7,
31.8, 28.5, 28.3, 27.9, 24.3, 23.7, 23.1, 22.91,220.4, 20.4, 19.5, 19.0, 12.2 ppm. HRMS (ESI-T@R)
Calcd for G4HgN,O [M-Br]* 633.4778, found 633.4778.

4.1.8.44 3-(2-bromobenzyl)-1-((3R,10R,13R)-10,13ethyl-17-((R)-6-methylheptan-2-yl)-2,3,4,7,8,9.101.2,
13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phreheen-3-yl)-5,6-dimethyl-1H-benzo[d]imidazol-3-ium
bromide b23). Yield 74%. White powder, m.p. 300 — 302. IR vyay (cmi’): 3431, 2942, 1553, 1468, 1438,
1384, 1219, 1135, 1023, 760, 748.NMR (400 MHz, DMSOd) § 10.10 (s, 1H), 7.98 (s, 1H), 7.74 (dd=
7.6, 1.2 Hz, 1H), 7.63 (s, 1H), 7.43 — 7.33 (m, 2HP6 (d,J = 7.6 Hz, 1H), 5.79 (s, 2H), 5.51 @z= 5.2 Hz,
1H), 4.66 — 4.58 (m, 1H), 2.95 — 2.89 (m, 1H), 2(88,J = 12.8, 4.0 Hz, 1H), 2.41 (s, 3H), 2.35 (s, 3HP2—
2.11 (m, 2H), 2.03 — 1.99 (m, 3H), 1.85 — 1.76 {iv), 1.61 — 1.18 (m, 13H), 1.15 — 1.10 (m, 6H),71-00.99

(m, 4H), 0.92 (dJ = 6.4 Hz, 3H), 0.85 (dd] = 6.8, 2.0 Hz, 6H), 0.68 (s, 3H) ppMC NMR (100 MHz,
DMSO-g) 6 141.2, 139.6, 137.2, 137.0, 133.7, 133.4, 1313R,3, 129.9, 129.7, 128.9, 123.2, 123.0, 114.1,
113.6, 57.8, 56.7, 56.0, 50.9, 49.9, 42.4, 38.26,336.8, 36.2, 35.7, 31.8, 28.5, 28.3, 27.9, 2237, 23.1,
22.9, 21.1, 20.5, 20.4, 19.6, 19.1, 12.2 ppm. HRESI-TOF) m/z Calcd for GaHgoBrN, [M-Br]* 683.3934,
found 683.3934.

4.1.845  1-((3S,10R,13R)-10,13-dimethyl-17-((R)eBhyiheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,13.16,
tetradecahydro-1H-cyclopenta[a]phenanthren-3-ylj23exo-2-phenylethyl)-1H-imidazol-3-ium bromide4).
Yield 89%. White powder, m.p. 268 — 270. IR vyay (cmi’): 3433, 2941, 1700, 1450, 1229, 1141, 757, 687,
652.'H NMR (400 MHz, DMSO#dg) § 9.18 (s, 1H), 8.07 (d] = 7.6 Hz, 2H), 7.93 (s, 1H), 7.78 (@= 4.8 Hz,
2H), 7.64 (tJ = 8.0 Hz, 2H), 6.14 (s, 2H), 5.58 @= 4.4 Hz, 1H), 4.72 (s, 1H), 2.98 @z 16.0 Hz, 1H), 2.64
(d,J = 16.0 Hz, 1H), 2.24 — 2.09 (m, 1H), 1.99 — 1.80 2H), 1.79 — 1.73 (m, 1H), 1.67 @z= 13.6 Hz, 1H),
1.60 — 1.30 (m, 10H), 1.23 — 1.05 (m, 10H), 0.97.93 (m, 4H), 0.89 (d] = 6.0 Hz, 3H), 0.83 (d] = 6.8 Hz,
6H), 0.65 (s, 3H) ppmC NMR (100 MHz, DMSQds) § 191.7, 137.3, 137.1, 135.0, 134.1, 129.6, 128.6,
124.9, 124.2, 121.9, 56.5, 56.3, 56.0, 49.6, 4273), 36.1, 35.7, 34.5, 32.5, 31.7, 31.6, 28.29,274.3, 23.8,
22.8, 20.7, 19.3, 19.0, 12.1 ppm. HRMS (ESI-TORY Calcd for GgHssNoO [M-Br]* 555.4309, found

555.4309.
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41846  1-((3S,10R,13R)-10,13-dimethyl-17-((R)eBhyiheptan-2-y1)-2,3,4,7,8,9,10,11,12,13,14,13.16,
tetradecahydro-1H-cyclopenta[a]phenanthren-3-ylj23(4-methoxyphenyl)-2-oxoethyl)-1H-imidazol-3-ium
bromide b25). Yield 95%. Pale yellow powder, m.p. 209 — 2CL IR vy (crri?): 3416, 2938, 1685, 1602,
1466, 1244, 1174, 1025, 988, 838.NMR (400 MHz, DMSOds) & 9.10 (s, 1H), 8.04 — 8.02 (m, 2H), 7.89 (s,
1H), 7.74 (s, 1H), 7.15 (d,= 8.0 Hz, 2H), 6.02 (s, 2H), 5.55 (s, 1H), 4.701¢d), 3.88 (s, 3H), 2.97 (d,= 15.6
Hz, 1H), 2.63 (dJ = 16.0 Hz, 1H), 2.19 — 2.07 (m, 2H), 1.97 — 1.80 BH), 1.77 — 1.66 (m, 3H), 1.56 — 1.31
(m, 10H), 1.09 — 0.96 (m, 12H), 0.88 (s, 3H), O(836H), 0.64 (s, 3H) ppmM’C NMR (100 MHz, DMSOdg) 5
189.9, 164.5, 137.3, 137.1, 131.0, 126.9, 124.4.212121.8, 114.8, 56.5, 56.2, 56.1, 55.6, 49.63,427.0,
36.1, 35.7, 34.5, 32.5, 31.7, 28.3, 27.9, 26.33,223.7, 23.1, 22.8, 20.7, 19.4, 19.0, 12.1 ppmM3RESI-
TOF) m/z Calcd for GgHs/N,O, [M-Br] * 585.4415, found 585.4415.

41847  1-((3S,10R,13R)-10,13-dimethyl-17-((R)ebhyiheptan-2-y1)-2,3,4,7,8,9,10,11,12,13,14,13.16,
tetradecahydro-1H-cyclopenta[a]phenanthren-3-ylj23(naphthalen-2-yl)-2-oxoethyl)-1H-imidazol-3-ium
bromide b26). Yield 84%. Pale yellow powder, m.p. 231 — 283 IR vy (cri?): 3431, 2935, 1695, 1626,
1159, 821, 750'H NMR (400 MHz, DMSOdg) 5 9.19 (s, 1H), 8.85 (s, 1H), 8.21 (H= 8.0 Hz, 1H), 8.13 (d]

= 8.4 Hz, 1H), 8.06 (dd] = 12.8, 8.4 Hz, 2H), 7.93 (s, 1H), 7.82 (s, 1HY, 77— 7.68 (m, 2H), 6.26 (d,= 2.8
Hz, 2H), 5.58 (dJ = 4.4 Hz, 1H), 4.75 (s, 1H), 3.00 (= 15.6 Hz, 1H), 2.66 (dl = 16.0 Hz, 1H), 2.25 — 2.11
(m, 2H), 1.99 — 1.92 (m, 2H), 1.80 — 1.68 (M, 2HK1 — 1.15 (m, 11H), 1.13 — 1.06 (m, 8H), 1.0293Qm,
4H), 0.90 (d,J = 6.4 Hz, 3H), 0.84 (dd] = 6.8, 2.0 Hz, 6H), 0.66 (s, 3H) ppHC NMR (100 MHz, DMSOd)

5 191.6, 137.4, 137.1, 136.0, 132.5, 131.4, 13130,11, 129.8, 129.3, 128.4, 127.9, 124.9, 124.3,61222.0,
56.5, 56.3, 56.1, 49.7, 42.3, 37.0, 36.1, 35.75,3R.5, 31.8, 31.7, 28.3, 27.9, 26.3, 24.3, 28351, 22.9, 20.7,
19.4, 19.0, 12.1 ppm. HRMS (ESI-TO#)z Calcd for G,Hs;N,O [M-Br]* 605.4464, found 605.4465.

4.1.8.48 3-(2-bromobenzyl)-1-((3S,10R,13R)-10, h3ethiyl-17-((R)-6-methylheptan-2-yl)-2,3,4,7,8,9,10,
11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenfjananthren-3-yl)-1H-imidazol-3-ium bromideb2y).
Yield 78%. White powder, m.p. 214 — 23®. IR vyax (ci®): 3414, 2935, 1637, 1466, 1136, 1029, 745, 45.
NMR (400 MHz, Chloroformd) § 9.90 (s, 1H), 7.95 (dd,= 7.6, 1.6 Hz, 1H), 7.61 (d,= 8.0 Hz, 2H), 7.54 (s,
1H), 7.42 (tJ = 7.6 Hz, 1H), 7.32 — 7.28 (m, 1H), 5.83 Jck 14.4 Hz, 1H), 5.71 (d} = 14.4 Hz, 1H), 5.61 (d,

J = 4.8 Hz, 1H), 4.89 (d] = 4.4 Hz, 1H), 2.95 (dd] = 15.6, 4.4 Hz, 1H), 2.70 — 2.65 (m, 1H), 2.24.202(m,
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3H), 2.04 — 1.98 (m, 2H), 1.90 — 1.81 (m, 1H), 1-78.69 (m, 1H), 1.61 — 1.23 (m, 12H), 1.67 — 17 5H),
1.05 (s, 3H), 1.00 — 0.95 (m, 2H), 0.91 ¢ 6.4 Hz, 3H), 0.87 (dd} = 6.4, 1.6 Hz, 6H), 0.67 (s, 3H) ppfHiC
NMR (100 MHz, Chloroformd) & 136.7, 133.4, 133.0, 131.4, 128.8, 125.7, 12121.6] 56.70, 56.5, 56.2,
53.1, 50.1, 42.3, 39.6, 39.5, 37.0, 36.2, 35.88,3R.1, 31.9, 31.5, 28.2, 28.0, 27.6, 24.2, 2R, 22.5, 20.6,
19.2,18.7, 11.8 ppm. HRMS (ESI-TOMjz Calcd for G;Hs,BrN, [M-Br]* 605.3465, found 605.3465.
41849  1-((3S,10R,13R)-10,13-dimethyl-17-((R)ebhyiheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,13.16,
tetradecahydro-1H-cyclopenta[a]phenanthren-3-yljrgphthalen-2-ylmethyl)-1H-imidazol-3-ium bromide
(b28). Yield 72%. White powder, m.p. 284 — 28B. IR vnax (Ci*): 3432, 2947, 1556, 1467, 1130, 821, 755,
625."H NMR (400 MHz, Chlorofornd) § 10.01 (s, 1H), 8.03 (s, 1H), 7.90 — 7.83 (m, 3H36 — 7.52 (m, 4H),
7.27 (s, 1H), 5.90 — 5.75 (m, 2H), 5.51 — 5.50 {i), 4.84 (s, 1H), 2.89 (d,= 16.4 Hz, 1H), 2.60 (dl = 16.0
Hz, 1H), 2.19 — 2.05 (m, 3H), 1.97 — 1.92 (m, 1HB2 — 1.77 (m, 3H), 1.66 (d,= 14.4 Hz, 1H), 1.57 — 1.49
(m, 2H), 1.43 — 1.30 (m, 6H), 1.24 @= 12.0 Hz, 2H), 1.20 — 1.12 (m, 3H), 1.07 — 1.6 4H), 0.99 (s, 4H),
0.91 — 0.86 (m, 9H), 0.61 (s, 3H) pphiC NMR (100 MHz, Chlorofornd) 5 136.9, 136.7, 133.4, 133.2, 130.5,
129.6, 129.1, 128.2, 127.8, 127.2, 126.9, 125.9,82121.7, 121.4, 56.6, 56.3, 56.1, 53.6, 50.11,429.5,
36.9, 36.2, 35.7, 34.9, 32.1, 31.5, 31.2, 28.10,287.6, 24.0, 23.8, 22.8, 22.6, 20.5, 19.2, 18178 ppm.
HRMS (ESI-TOF)mW/z Calcd for GiHs:N, [M-Br]* 577.4516, found 577.4516.

4.1.850 1-((3S,10R,13S,17S)-3-hydroxy-10,13-diyhetB,4,7,8,9,10,11,12,13,14,15,16,17-tetradecedyd
1H-cyclopenta[a]phenanthren-17-yl)-3-(2-oxo-2-phletlyyl)-1H-imidazol-3-ium bromide c{). Yield 75%.
Pale yellow powder, m.p. 232 — 232. IR vma (cm): 3386, 2937, 1701, 1597, 1449, 1353, 1232, 11057,
1001, 754, 686, 644H NMR (400 MHz, DMSOds) 5 9.34 (s, 1H), 8.06 (dl = 7.6 Hz, 2H), 7.96 (s, 1H), 7.78
(t, J = 8.4 Hz, 2H), 7.66 (1] = 7.6 Hz, 2H), 6.07 (s, 2H), 5.29 @@= 4.8 Hz, 1H), 4.46 (§ = 9.6 Hz, 1H), 3.31
—3.24 (m, 1H), 2.33 — 2.22 (M, 2H), 2.20 — 2.06 Zi), 2.02 — 1.97 (m, 1H), 1.80 — 1.75 (m, 2H§8L(d,J =
12.4 Hz, 1H), 1.61 — 1.55 (m, 3H), 1.50 (dcs 10.6, 4.4 Hz, 1H), 1.46 — 1.44 (m, 1H), 1.42.231(m, 5H),
1.04 — 0.99 (m, 1H), 0.96 (s, 3H), 0.58 (s, 3H) ppi@ NMR (100 MHz, DMSQd,) §191.8, 141.8, 137.6,
135.0, 134.1, 129.6, 129.5, 128.6, 124.1, 122.0,51270.4, 69.3, 56.0, 52.4, 50.0, 44.0, 42.6, 33646, 35.8,
32.0, 31.8, 31.3, 25.5, 23.5, 20.6, 19.6, 12.1 ppRMS (ESI-TOF)m/z Calcd for GoH3zoN,O, [M-Br]*

459.3006, found 459.3007.
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41851 1-((3S,10R,13S,17S)-3-hydroxy-10,13-dyh&tB,4,7,8,9,10,11,12,13,14,15,16,17-tetradecetryd
1H-cyclopenta[a]phenanthren-17-yl)-3-(2-(4-methoxgpyl)-2-oxoethyl)-1H-imidazol-3-ium  bromide c8).
Yield 89%. Pale yellow powder, m.p. 203 — 205 IR vmax (cm*): 3423, 2931, 1691, 1602, 1241, 1170, 6BY.
NMR (400 MHz, DMSOeg) 5 9.33 (s, 1H), 8.04 (dl = 8.0 Hz, 2H), 7.94 (s, 1H), 7.77 (= 2.0 Hz, 1H), 7.16
(d,J = 8.4 Hz, 2H), 5.99 (s, 2H), 5.29 @= 4.8 Hz, 1H), 4.44 () = 9.6 Hz, 1H), 3.89 (s, 3H), 3.30 — 3.24 (m,
1H), 2.33 — 2.23 (m, 2H), 2.20 — 2.09 (m, 2H), 2<02.98 (m, 1H), 1.77 (d} = 12.6 Hz, 2H), 1.68 (dl = 12.4
Hz, 1H), 1.61 — 1.54 (m, 3H), 1.50 (db= 10.8, 4.2 Hz, 1H), 1.46 — 1.43 (m, 1H), 1.40.231(m, 5H), 1.03 —
0.99 (m, 1H), 0.96 (s, 3H), 0.58 (s, 3H) ppiC NMR (100 MHz, DMSQd) & 190.0, 164.6, 141.8, 137.6,
131.1, 131.0, 126.9, 124.1, 122.2, 120.5, 114.9,8.770.4, 69.3, 56.3, 56.2, 55.6, 52.4, 50.0, ,44206, 37.4,
36.6, 35.8, 32.0, 31.8, 31.3, 25.5, 23.4, 20.65,122.1 ppm. HRMS (ESI-TORjVz Calcd for GiH4N,Os [M-
Br]* 489.3112, found 489.3112.

4.1.8.52 3-(2-(3-bromophenyl)-2-oxoethyl)-1-((3R1UBS,17S)-3-hydroxy-10,13-dimethyl-2,3,4,7,8,211.02,
13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phreheen-17-yl)-1H-imidazol-3-ium bromidec9). Yield
89%. Pale yellow powder, m.p. 296 — 288 IR vy (cm?): 3424, 2926, 1701, 1631, 1226, 1172, 1059, 789,
672.'H NMR (400 MHz, DMSOde) 5 9.38 (s, 1H), 8.21 (s, 1H), 8.05 (= 7.9 Hz, 1H), 8.00 — 7.96 (m, 2H),
7.78 (s, 1H), 7.61 (] = 8.0 Hz, 1H), 6.09 (s, 2H), 5.29 @@= 4.8 Hz, 1H), 4.47 (] = 9.6 Hz, 1H), 3.31 — 3.23
(m, 1H), 2.33 = 2.22 (m, 2H), 2.19 — 2.07 (m, 2BN3 — 1.96 (M, 1H), 1.79 — 1.75 (m, 2H), 1.68)¢; 11.6
Hz, 1H), 1.61 — 1.54 (m, 3H), 1.50 (diiz 10.6, 4.8 Hz, 1H), 1.44 (dd,= 7.8, 4.8 Hz, 1H), 1.41 — 1.23 (m,
5H), 1.03 — 0.99 (m, 1H), 0.95 (s, 3H), 0.58 (s) 3m. °*C NMR (100 MHz, DMSOds) & 191.0, 141.8,
137.5, 136.1, 131.9, 131.2, 127.6, 124.1, 122.8,31220.5, 70.4, 69.4, 56.0, 52.4, 50.0, 44.06,42/ .4, 36.6,
35.8, 32.0, 31.8, 31.3, 25.5, 23.5, 20.6, 19.61 ppm. HRMS (ESI-TOFWz Calcd for GoH3gBrN,O, [M-Br] ™
537.2111, found 537.2111.

41853 1-((3S,10R,13S,17S)-3-hydroxy-10,13-dyh&tB8,4,7,8,9,10,11,12,13,14,15,16,17-tetradecetryd
1H-cyclopenta[a]phenanthren-17-yl)-3-(2-(naphthai2tyl)-2-oxoethyl)-1H-imidazol-3-ium  bromide c10).
Yield 97%. Pale yellow powder, m.p. 242 — 284 IR vy (cm?): 3417, 2933, 1696, 1628, 1470, 1362, 1173,
1123, 745, 631*H NMR (400 MHz, DMSOdg) 5 9.46 (s, 1H), 8.86 (s, 1H), 8.21 (W= 8.0 Hz, 1H), 8.13 (d]

= 8.4 Hz, 1H), 8.08 — 8.05 (m, 2H), 8.00 ¢k 2.0 Hz, 1H), 7.86 (d] = 1.8 Hz, 1H), 7.79 — 7.68 (m, 2H), 6.24
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(s, 2H), 5.29 (dJ = 4.8 Hz, 1H), 4.48 () = 9.2 Hz, 1H), 3.33 — 3.24 (m, 1H), 2.36 — 2.24 i), 2.20 — 2.07
(m, 2H), 2.01 — 1.97 (m, 1H), 1.77 @= 12.6 Hz, 2H), 1.69 (d] = 11.8 Hz, 1H), 1.62 — 1.54 (m, 3H), 1.50
(dd,J = 10.6, 4.6 Hz, 1H), 1.46 (d,= 5.2 Hz, 1H), 1.43 — 1.21 (m, 5H), 1.03 — 0.99 (i), 0.96 (s, 3H), 0.60
(s, 3H) ppm°*C NMR (100 MHz, DMSOde) 5 191.7, 141.8, 137.6, 136.0, 132.5, 131.4, 13130,2] 129.8,
129.3, 128.4, 127.9, 124.2, 123.6, 122.3, 120.54,@9.4, 56.0, 52.4, 50.0, 44.0, 42.7, 37.4, 3858, 32.0,
31.9, 31.3, 25.5, 23.5, 20.8, 19.6, 12.1 ppm. HRESI-TOF) m/z Calcd for G,H41N,O, [M-Br]* 509.3163,
found 509.3164.

4.1.854  3-(2-bromobenzyl)-1-((3S,10R,13S,17S)dBaby-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14.85,
17-tetradecahydro-1H-cyclopentala]phenanthren-1)f4H-imidazol-3-ium bromidec(l). Yield 78%. Pale
yellow powder, m.p. 309 — 3PC. IR vinax (cmi): 3417, 2931, 1617, 1161, 1121, 774, 62BNMR (400 MHz,
DMSO-ds) 8 9.62 (s, 1H), 7.83 (s, 1H), 7.72 (dbs 7.6, 2.0 Hz, 2H), 7.47 (d,= 7.6 Hz, 1H), 7.40 — 7.38 (m,
2H), 5.58 (s, 2H), 5.27 (d,= 4.8 Hz, 1H), 4.40 () = 9.8 Hz, 1H), 3.30 — 3.23 (m, 1H), 2.39 — 2.3Q (i),
2.23 = 2.05 (m, 3H), 2.01 — 1.95 (m, 1H), 1.76651(m, 3H), 1.57 — 1.52 (m, 3H), 1.49 — 1.45 (m),1H41
(d,J = 6.2 Hz, 1H), 1.39 — 1.19 (m, 5H), 1.02 — 0.97 ), 0.93 (s, 3H), 0.53 (d,= 6.0 Hz, 3H) ppm:*C
NMR (100 MHz, DMSOs€) 6 141.8, 138.0, 136.9, 134.0, 133.6, 131.6, 13128, 123.6, 123.56, 123.50,
123.2, 122.8, 120.5, 70.4, 69.5, 52.9, 52.4, 5B, 43.8, 42.6, 37.4, 36.6, 35.9, 32.0, 31.83,335.7, 23.4,
20.6, 19.6, 12.2 ppm. HRMS (ESI-TORjz Calcd for GgHzgBrN,O [M-Br]* 509.2162, found 509.2162.
4.1.855 1-((3S,10R,13S,17S)-3-hydroxy-10,13-diyh&tB,4,7,8,9,10,11,12,13,14,15,16,17-tetradecedwd
1H-cyclopenta[a]phenanthren-17-yl)-3-(naphthalemdBiethyl)-1H-imidazol-3-ium bromide}2). Yield 87%.
Pale yellow powder, m.p. 281 — 283. IR vya (cmY): 3416, 2923, 1630, 1553, 1451, 1155, 1053, 828, 7
753."H NMR (400 MHz, DMSOd) & 9.75 (s, 1H), 8.01 — 7.91 (m, 6H), 7.57 — 7.553r), 5.64 (s, 2H), 5.27
(d,J = 4.8 Hz, 1H), 4.36 (] = 9.6 Hz, 1H), 3.30 — 3.22 (m, 1H), 2.38 — 2.28 {id), 2.24 — 2.05 (m, 3H), 1.99
- 1.92 (m, 1H), 1.75 - 1.66 (m, 3H), 1.56 — 1.49 8id), 1.46 (ddJ) = 10.6, 4.6 Hz, 1H), 1.40 (d,= 6.2 Hz,
1H), 1.37 — 1.17 (m, 5H), 1.01 — 0.96 (m, 1H), 0(823H), 0.51 (s, 3H) ppmC NMR (100 MHz, DMSOdy)

6 141.8, 136.3, 133.2, 132.8, 129.3, 128.4, 1288, 127.2, 126.0, 123.2, 122.8, 120.5, 70.4, 6825/,
52.4, 50.0, 43.9, 42.6, 37.4, 36.6, 35.8, 32.28,331.3, 25.6, 23.4, 20.5, 19.6, 12.1 ppm. HRMS{E3F) nm/z

Calcd for GzH,:BrN,O [M-Br]* 481.3213, found 482.3213.
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41856 1-((3S,10R,13S,17S)-3-acetoxy-10,13-dym21B,4,7,8,9,10,11,12,13,14,15,16,17-tetradecetryd
1H-cyclopenta[a]phenanthren-17-yl)-3-(2-oxo-2-phietlyyl)-1H-imidazol-3-ium bromidecl3). Yield 92%.
White powder, m.p. 263 — 26E. IR vmnay (cMi'): 3439, 2940, 1732, 1699, 1351, 1239, 1175, 1038, 685'H
NMR (400 MHz, DMSOds) & 9.39 (d,J = 16.8 Hz, 1H), 8.08 — 8.01 (m, 2H), 7.95Jc 16.0 Hz, 1H), 7.81 —
7.71 (m, 2H), 7.66 — 7.58 (m, 2H), 6.08 Jds 16.8 Hz, 2H), 5.38 — 5.33 (M, 1H), 4.50 — 4.41 PH), 2.29 —
2.20 (m, 4H), 1.96 (d] = 16.0 Hz, 3H), 1.87 — 1.73 (m, 4H), 1.61 — 1.28 {OH), 1.12 — 1.04 (m, 1H), 0.97 (d,
J=16.0 Hz, 3H), 0.57 (d = 16.0 Hz, 3H) ppm-*C NMR (100 MHz, DMSOds) & 191.8, 170.2, 140.1, 137.6,
135.0, 134.1, 129.6, 128.6, 124.1, 122.2, 73.63,686.0, 52.3, 49.8, 44.0, 38.1, 36.9, 36.6, 35179, 31.3,
27.8, 25.5, 23.4, 21.5, 20.5, 19.4, 12.1 ppm. HRESI-TOF) m/z Calcd for G,HaN,05 [M-Br]* 501.3112,
found 501.3111.

41857 1-((3S,10R,13S,17S)-3-acetoxy-10,13-dy21B,4,7,8,9,10,11,12,13,14,15,16,17-tetradecetryd
1H-cyclopenta[a]phenanthren-17-yl)-3-(2-(4-methoxgpyl)-2-oxoethyl)-1H-imidazol-3-ium bromidecl4).
Yield 94%. White powder, m.p. 280 — 282. IR vyay (cmi?): 3423, 2942, 1735, 1685, 1601, 1245, 1173, 1028,
840, 628H NMR (400 MHz, DMSOds) 5 9.45 (d,J = 14.6 Hz, 1H), 8.08 — 7.96 (m, 3H), 7.81Jd& 14.0 Hz,
1H), 7.19 — 7.12 (m, 2H), 6.06 (@= 14.0 Hz, 2H), 5.39 — 5.34 (m, 1H), 4.51 — 4.88 2H), 3.88 (d,) = 15.2
Hz, 3H), 3.36 (dJ = 14.4 Hz, 2H), 2.34 — 2.21 (m, 4H), 1.98 J&; 14.8 Hz, 3H), 1.84 — 1.75 (m, 2H), 1.62 —
1.25 (m, 10H), 1.14 — 1.07 (m, 1H), 0.99 Jd& 13.2 Hz, 3H), 0.58 (d] = 14.0 Hz, 3H) ppm:*C NMR (100
MHz, DMSO4dg) 6 190.0, 170.2, 140.1, 137.6, 131.1, 126.9, 12£22,21 114.9, 73.6, 69.3, 56.3, 55.6, 52.3,
49.8, 44.0, 38.1, 36.9, 36.6, 35.8, 31.9, 31.8,25.5, 23.4, 21.5, 20.5, 19.5, 12.1 ppm. HRMS{E3F) m/z
Calcd for GsH43N,O4 [M-Br] * 531.3217, found 531.3217.

41858 1-((3S,10R,13S,17S)-3-acetoxy-10,13-dym21B,4,7,8,9,10,11,12,13,14,15,16,17-tetradecetryd
1H-cyclopenta[a]phenanthren-17-yl)-3-(2-(3-bromopkB-2-oxoethyl)-1H-imidazol-3-ium  bromide c16).
Yield 96%. White powder, m.p. 188 — 180. IR vy, (crri?): 3432, 2951, 1719, 1561, 1253, 1179, 1029, 813,
739.'H NMR (400 MHz, DMSOdg) 6 9.37 (s, 1H), 8.21 (s, 1H), 8.06 (= 8.0 Hz, 1H), 7.99 — 7.97 (m, 2H),
7.78 (s, 1H), 7.62 (t] = 8.0 Hz, 1H), 6.09 (s, 2H), 5.38 — 5.37 (M, 1#[0 — 4.45 (m, 2H), 2.37 — 2.24 (m,
4H), 1.98 (s, 3H), 1.87 — 1.75 (m, 3H), 1.64 — 1(@% 10H), 1.15 — 1.03 (m, 2H), 0.99 (s, 3H), 0(583H)

ppm.**C NMR (100 MHz, DMSQdy) § 191.0, 170.2, 140.1, 137.5, 136.2, 131.9, 13127,6 124.1, 122.8,
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122.3, 122.2, 73.6, 69.3, 56.0, 52.3, 49.8, 44801,337.0, 36.6, 35.7, 31.9, 31.3, 27.8, 25.5,,23145, 20.5,
19.5, 12.1 ppm. HRMS (ESI-TORYz Calcd for G,H,0BrN,O; [M-Br]* 579.2217, found 579.2217.
4.1.8.59 1-((3S,10R,13S,17S)-3-acetoxy-10,13-dytn218,4,7,8,9,10,11,12,13,14,15,16,17-tetradecedryd
1H-cyclopenta[a]phenanthren-17-yl)-3-(2-(nhaphthai2tyl)-2-oxoethyl)-1H-imidazol-3-ium  bromide c16).
Yield 94%. White powder, m.p. 267 — 280. IR vyay (cmi?): 3424, 2942, 1731, 1698, 1364, 1248, 1173, 1030,
818, 752 H NMR (400 MHz, DMSOde) 5 9.48 (d,J = 10.8 Hz, 1H), 8.86 (dl = 11.2 Hz, 1H), 8.22 — 8.17 (m,
1H), 8.15 — 7.98 (m, 4H), 7.85 (@= 11.2 Hz, 1H), 7.77 — 7.65 (m, 2H), 6.25Jc 11.2 Hz, 2H), 5.36 (q] =
7.2 Hz, 1H), 4.52 — 4.41 (m, 2H), 2.34 — 2.21 (iM),£2.03 — 1.93 (M, 4H), 1.86 — 1.74 (m, 3H), 1-60.19 (m,
10H), 1.12 — 1.05 (m, 1H), 0.98 (d,= 10.4 Hz, 3H), 0.59 (d] = 11.2 Hz, 3H) ppm**C NMR (100 MHz,
DMSO-dg) 6 191.7, 170.2, 140.1, 137.6, 136.0, 132.5, 13134 .11, 130.2, 129.8, 129.3, 128.4, 127.9, 124.2,
123.6, 122.3, 122.2, 73.6, 69.3, 56.0, 52.3, 4¥9), 38.1, 36.9, 36.6, 35.8, 31.9, 31.3, 27.85,283.4, 21.5,
20.5, 19.5, 12.1 ppm. HRMS (ESI-TORjz Calcd for GgH43sN,O5 [M-Br]* 551.3268, found 551.3269.
4.1.8.60 1-((3S,10R,13S,17S)-3-acetoxy-10,13-dytr218,4,7,8,9,10,11,12,13,14,15,16,17-tetradecedryd
1H-cyclopenta[a]phenanthren-17-yl)-3-(2-bromobepy-imidazol-3-ium bromidecl7). Yield 92%. White
powder, m.p. 175 — 17°C. IR vmay (cmi®): 3431, 2951, 1724, 1438, 1245, 1029, 749, BAAMR (400 MHz,
DMSO-dg) § 9.61 — 9.54 (m, 1H), 7.97 — 7.94 (m, 1H), 7.79.697(m, 2H), 7.49 — 7.34 (m, 3H), 5.56 — 5.52
(m, 2H), 5.36 (t) = 4.8 Hz, 1H), 4.48 — 4.35 (m, 2H), 2.36 — 2.20 4id), 1.97 (d,J = 8.4 Hz, 3H), 1.86 — 1.75
(m, 3H), 1.62 — 1.18 (m, 10H), 1.12 — 1.02 (m, 28496 (d,J = 8.0 Hz, 3H), 0.54 (d] = 10.4 Hz, 3H) ppn*C
NMR (100 MHz, DMSOss) & 170.2, 140.0, 136.9, 134.0, 133.6, 131.5, 13123.Q, 123.5, 123.2, 122.9,
122.2,73.6, 69.4, 52.9, 52.4, 49.8, 43.9, 38.19,3#b.6, 35.7, 31.9, 31.3, 27.8, 25.5, 23.4, 2205, 19.4, 12.1
ppm. HRMS (ESI-TOFWz Calcd for G;H4BrN,O, [M-Br]* 551.2268, found 551.2268.

4.1.8.61 1-((3S,10R,13S,17S)-3-acetoxy-10,13-dy21R,4,7,8,9,10,11,12,13,14,15,16,17-tetradecatryd
1H-cyclopenta[a]phenanthren-17-yl)-3-(naphthalemdBiethyl)-1H-imidazol-3-ium bromideX8). Yield 72%.
White powder, m.p. 174 — 176. IR vynay (cMi'): 3416, 2943, 1728, 1365, 1247, 1163, 1030, 759,61 NMR
(400 MHz, DMSOd) § 9.79 (s, 1H), 8.02 — 7.91 (m, 6H), 7.59 — 7.55 &), 5.65 (s, 2H), 5.35 (d,= 4.8
Hz, 1H), 4.49 — 4.35 (m, 2H), 2.39 — 2.14 (m, 4HP8 (s, 3H), 1.83 — 1.70 (m, 3H), 1.60 — 1.168(0H),

1.11 — 1.01 (m, 2H), 0.95 (s, 3H), 0.52 (s, 3H) ppi@ NMR (100 MHz, DMSQd) § 170.2, 140.0, 136.4,
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1106 133.2, 132.9, 129.3, 128.4, 128.2, 128.0, 127.8,112123.2, 122.8, 122.2, 73.6, 69.5, 52.7, 52933,443.9,
1107 38.1, 36.9, 36.6, 35.8, 31.9, 31.3, 27.8, 25.64,231.5, 20.5, 19.4, 12.1 ppm. HRMS (ESI-T@#x Calcd for
1108  CssHisN,0O, [M-Br]* 523.3320, found 523.3319.

1109 4.2 Cytotoxicity assay

1110 Cytotoxicity of compounds was determined by MTS et All the compounds tested were absolutely
1111 dissolved to 10 mM in DMSO in stock. 5X16ells were plated in 96-well plates 12 h befoeatment and
1112 continuously exposed to 0.032, 0.16, 0.8, 4 angu20test compounds for 48 h. Then MTS (Promega) was
1113 added to each well. The samples were incubated & 3or 1~4 h and the optical density (OD) was sueed
1114 at 490 nm using a microplate reader (Bio-Rad Laboies). The IG, values are calculated from appropriate
1115 dose-response curves.

1116 4.3 Cell cycle analysis.

1117 To analyze the DNA content by flow cytometry, cellere collected and washed twice with PBS. Celleewe
1118 fixed with 70% ethanol overnight. Fixed cells wemashed with PBS, and then stained with apgdml
1119 propidium iodide (PI) solution containing 5@/ml RNase A for 30 min at room temperature. Flaoeace
1120 intensity was analyzed by FACSCalibur flow cytomé®&D Biosciences, San Jose, CA, USA). The pergasta
1121 of the cells distributed in different phases of tle# cycle were determined using FlowJo V 7.6 fiveare.

1122 4.4 Cell apoptosis analysis.

1123 Cell apoptosis was analyzed using the Annexin VE#PI Apoptosis kit (BD Biosciences, Franklin Lakes,
1124 NJ) according to the manufacturer's protocols. Celere seeded in 6-well plates at a density of B0
1125 cells/well. After 48 h of compound treatment at thdicated concentrations, cells were collected Hramh
1126 washed twice with cold PBS, and then resuspended binding buffer containing Annexin V-FITC and
1127 propidium iodine (PI). After incubation for 15 m@t room temperature in the dark, the fluoresceensity was
1128 measured using a FACSCalibur flow cytometer (BDsBiences, Franklin Lakes, NJ).
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Highlights

» A series of sixty-one novel steroidal imidazolium salt derivatives were prepared.
» Compound a30 was found to be the most potent compound with antitumor activity.
» Compound a24 showed inhibitory activity selectively against SMMC-7721 cells.
» The structure-activity relationship results of imidazolium salts were summarized.

» Compound a30 induced the GO/G1 phase cell cycle arrest and apoptosisin SMMC-7721.



