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Abstract: This review segment (Part 11) provides an essential collection of research disclosures about the
synthesis of Febuxostat and its closely associated scaffolds from 2013-2024. During the process, 87 research
communications (as patents and journal articles) were collected from various global online research
repositories, and the essential components were systematically tabulated in the article for better readability.
This review article would provide a useful platform for the researchers to understand the past ventures on the
synthesis of Febuxostat and the knowledge of same can transform to develop some inventive or innovative
ventures on the synthesis of Febuxostat and its related scaffolds in the near future.

Introduction

Febuxostat (Fb) is a popular drug to treat gout in adults and it is a xanthine oxidase (XO) inhibitor or antigout
agent. It can reduce the formation of uric acid and hence assists in preventing gout flares. The gout flares are
formed due to the presence of high uric acid levels in the body [1-6]. There are numerous drugs used to treat
and prevent gout disease such as allopurinol, probenecid, benzbromarone, pegloticase, ibuprofen, naproxen,
diclofenac, colchicine, prednisone, prednisolone, etc. [7, 8]. Additionally, some new and more effective drugs
have emerged in recent years to treat and prevent gout [9]. In this review article, insights on the synthesis of
Fb and its closely related moieties were comprehensively covered (Figure 1).

IUPAC Name: 2-[3-cyano-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylic acid
Molecular Formula: C,4H;cN,0O,S

Molecular Mass: 316.38 g/mol

Trade Name: Uloric or Adenuric

Figure 1: IUPAC nomenclature Febuxostat
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synthesis and isolation of Fb. The disclosures are mainly in the form of patents (applications/granted) and
journal articles (original/review). The available prior arts are too high in number and hence the work was

divided into two segments (Part | and Part I1). The disclosed prior arts from 2013-2024 were sequentially
tabulated within Table 1 and it comprises brief information about the key aspects like details of author/s, year

of disclosure, study coverage, reaction schemes, etc. More importantly, in detail reaction schemes were also

furnished in this segment for an elaborate understanding of every research disclosure.

Table 1: Complete list of prior arts regarding the synthesis of Fb and its related scaffolds

Entry Inventor/s or Disclosed data in brief Synthetic Ref.
innovator/s route hint
1 Sokhi et al. Form R of Fb was synthesized and characterized. NA [10]
2 Shen et al. A stable crystal form of Fb was reported NA [11]
3 Ge Fb was prepared from 115 in a five-step process. Scheme 1 [12]
4 Jetti et al. Forms of Fb such as M1 and K were prepared and characterized. NA [13]
5 Mizhiritskii et al. Fb was prepared from 69 in a one/two-step process. Scheme 2a & 2b [14]
6 Shen et al. Refining of Fb & then to formulation. NA [15]
7 Zhang et al. 1 was synthesized from 38. Scheme 3 [16]
8 Kompella et al. Form FC-1 of Fb was prepared and characterized. NA [17]
9 Zhou & Liu Fb was prepared from 118 in a six-step process. Scheme 4 [18]
10 Vellanki, et al. Fb was prepared from 36 or 37 in a two-step process. Scheme 5 [19]
11 Zhou Fb was prepared from 36 in a three-step process. Scheme 6 [20]
12 Lvetal. Fb was synthesized from 36 in a three-step process. Scheme 7 [21]
13 Kompalla et al. Fb was prepared from 121 in a five-step process. Scheme 8 [22]
14 Zhang Fb was prepared from 38 in a seven-step process. Scheme 9 [23]
15 Dwivedi et al. Fb and its salts were synthesized from 14. Scheme 10 [24]
16 Luo etal. Co-crystal of Fb with y-picolinic acid was reported. NA [25]
17 Luo et al. Co-crystal of Fb with methanol was disclosed. NA [26]
18 Salaet-Ferre & Form Il of Fb was prepared and characterized. NA [27]
Marquillas-Olondriz
Forms of Fb such as forms Il, IV, VI, V, VII, VIII & IX were NA
B Marcom & Rubnov synthesized and characterized. L28]
20 Wang et al. 1 was prepared from 38. Scheme 11 [29]
21 Wang et al. Fb and some of its related compounds were reported. Scheme 12 [30]
22 Komiyama 14 was prepared from 72 & 114. Scheme 13 [31]
23 Zhang, et al. Fb was synthesized from 38 in a five-step process. Scheme 14 [32]
24 Sun et al. Form A of Fb was prepared and characterized. NA [33]
25 Zhang Forms of Fb like I, 11 & 111 were synthesized and characterized. NA [34]
26 Li Synthesis of 1 & 17 was reported. Scheme 15 [35]
27 Lietal. Fb was prepared from 1 in a five-step process. Scheme 16 [36]
28 Pranab et al. Fb was prepared from 1 in a five-step process. Scheme 17 [37]
29 Vallu et al. Nine impurities of Fb were reported. NA [38]
30 Zhang et al. Form S of Fb was prepared and characterized. NA [39]
. Fb was prepared from 1 in a five-step process. Additionally, forms of Scheme 18
. Parthasaradhi et al. Fb like IF-)h,pHa & Hq4 were reported. PP Y L40]
32 Huang & Huang Fb was synthesized from 38 in a multi-step process. Scheme 19 [41]
33 Xie et al. Form A of Fb was reported. NA [42]
34 Chen & Su Synthesis of 1 & 57. Scheme 20 [43]
35 Lou et al. Synthesis of 14 from 38 in a two-step process. Scheme 21 [44]
36 Praveen et al. Fb was synthesized from 12 in a two-step process. Scheme 22 [45]
37 Tamura et al. Fb was prepared from 129 or 130 in a four-step process. Scheme 23 [46]
38 Li & Li 37 was prepared from 38 in a three-step process. Scheme 24 [47]
39 Cui & Feng Fb was synthesized from 38 in a six-step process. Scheme 25 [48]
40 Wang, et al. Fb was prepared from 36 in a single-step process. Scheme 26 [49]
41 Wang et al. 41 was synthesized from 38 in a three-step process. Scheme 27 [50]
42 Koftis et al. Fb was synthesized from 36 in a three-step process. Scheme 28 [51]
43 Kang et al. Co-crystals of Fb (Fb-isonicotinamide & Fb-arginine) were reported. NA [52]
44 Reddy et al. Phosphonate derivatives of Fb were reported. Scheme 29 [53]
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45 Wei Impurity-free 36 was prepared from 7 in a single-step process. Scheme 30 [54]
46 Zhao et al. 36 was prepared from 7 in a single-step process. Scheme 31 [55]
47 Liuetal. Fb was synthesized from 135 in a seven-step process. Scheme 32 [56]
48 Shietal. Form A and a new form of Fb was reported. NA [57]
. Reports the conversion of aromatic nitriles to thioamides using NaHS
9 Zhai & Fan or pKHS or (NHa)2S. ’ NA [58]
50 Anetal. Co-crystal study of Fb (Fb-pyroglutamic acid) NA [59]
51 Kang et al. Studies of two novel co-crystals of Fb. NA [60]
52 Gong et al. 34 was prepared 36 in a single-step process. Scheme 33 [61]
53 Komiyama et al. Fb was synthesized from 114 in a three-step process. Scheme 34 [62]
54 Shietal. Fb was prepared from 34 in a single-step process. Scheme 35 [63]
55 Zeng et al. Form W of Fb was prepared and characterized. NA [64]
56 Zhou et al. Fb was synthesized from 38 in a six-step process. Scheme 36 [65]
57 Zhang et al. 139 was prepared from 36 in a three-step process. Scheme 37 [66]
58 Huang et al. Fb was synthesized from 138 in a four-step process. Scheme 38 [67]
59 Huang et al. 34 was prepared from 80 in a four-step process. Scheme 39 [68]
60 Zhang et al. Fb was prepared from 36 in a three-step process. Scheme 40 [69]
61 Wang et al Fb_was synthesized from 36 in a three-step process with additional Scheme 41 [70]
‘ refining methods.
62 Yan et al. 14 was prepared from 7 in a single-step process. Scheme 42 [71]
63 Zhang et al. Fb was prepared from 36 in a single-step process. Scheme 43 [72]
64 Zhou et al. 14 was synthesized from 34 in a single-step process. Scheme 44 [73]
65 Gao et al. Imidazolium salt hydrate of Fb was reported. NA [74]
66 Zhang et al. 7 was prepared from 87 in a single-step process. Scheme 45 [75]
67 Bao et al. Form A of Fb having high purity was reported. NA [76]
68 Xu et al. Large crystals of Form A of Fb were disclosed. NA [77]
69 Lyu & Guo Fb was prepared from 87 or 38 in a multi-step process. Scheme 46a. 46b | [78]
70 Tang et al. Fb was synthesized from 7 in a four-step process. Scheme 47 [79]
71 Tang et al. Fb was synthesized from 7 in a four-step process. NA [80]
72 Lu Fb was prepared from 7 in a four-step process. Scheme 48 [81]
73 Liu & Su Fb was synthesized from 36 in a single-step process. Scheme 49 [82]
74 Sunetal. 14 was prepared from 34 in a single-step process. Scheme 50 [83]
75 Xu et al. Impurities of Fb were reported. Scheme 51 [84]
76 Xu et al. Impurities like 134, 146 & 147 were synthesized and characterized. NA [85]
77 Liu et al. Impurities of Fb were disclosed. Scheme 52 [86]
78 Song & Li 10 was synthesized from 152. Scheme 53 [87]
79 Lai et al. Fb was prepared from 36 in a single-step micro reactor-driven process. Scheme 54 [88]
80 Peng et al. Form A of Fb was reported. NA [89]
81 Sun & Yang Impurities of Fb were reported. Scheme 55 [90]
82 Chai et al. 154 was prepared from Fb. Scheme 56 [91]
83 Jietal. Fb was prepared from 117 in a five-step process. Scheme 57 [92]
84 Leng et al. Fb was synthesized from 7 in a four-step process. Scheme 58 [93]
85 Ungur et al. Crystal study of Fb (Fb-p-toluene sulfonic acid). NA [94]
86 Manda et al. Fb was prepared from 12 in a two-step process. Scheme 59 [95]
87 Ungur et al. Crystal structure study of form A of Fb. NA [96]

Statistical data of prior arts: The prior arts were collected from the online research repositories by the use of
various search terms and sorted according to the year of disclosure. The sorting outcome had hinted that, 2013
had recorded 23 research work disclosures as patents or journal publications. Meanwhile, 2014, 2019, and
2020 had witnessed the disclosure of 10 scientific communications about the synthesis of Fb and its related
scaffolds (Table 2).

Nomenclature: In this review segment around 154 compounds were featured in the reaction schemes in various
stages. The compounds (as reagents/intermediates) from 1 to 154 were listed in Table 3 along with the IUPAC
name. Meanwhile, in the tabulated reaction schemes only compound number was mentioned to reduce the
area occupancy on paper by the reaction schemes.
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Table 2: Year-wise statistics of disclosed prior arts
Year of disclosure | Number of disclosures
2013 23
2014 10
2015 6
2016 5
2017 7
2018 6
2019 10
2020 10
2021 4
2022 1
2023 3
2024 2
2013-2024 87

Table 3: IUPAC name of compounds appearing in the reaction schemes as raw materials/intermediates

C. No. IUPAC nomenclature
4-Hydroxybenzenecarbothioamide

Chloroacetaldehyde

1-Chloropropan-2-one

Ethyl 2-bromo-3-oxobutanoate

4-(1,3-Thiazol-2-yl)phenol

4-(4-Methyl-1,3-thiazol-2-yl)phenol

Ethyl 2-(4-hydroxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate
4-Nitrobenzonitrile

1-Bromo-2-methylpropane

10 4-(2-Methylpropoxy)benzene-1,3-dicarbonitrile

11 Ethanethioamide

12 3-Cyano-4-(2-methylpropoxy)benzenecarbothioamide

13 Ethyl 2-chloro-3-oxobutanoate

14 Ethyl 2-[3-cyano-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate
15 4-Hydroxy-3-nitrobenzaldehyde

16 4-Hydroxy-3-nitrobenzonitrile

17 4-Hydroxy-3-nitrobenzenecarbothioamide

18 Ethyl 2-(4-hydroxy-3-nitrophenyl)-4-methyl-1,3-thiazole-5-carboxylate

19 Ethyl 4-methyl-2-[4-(2-methylpropoxy)-3-nitrophenyl]-1,3-thiazole-5-carboxylate
20 4-Methyl-2-[4-(2-methylpropoxy)-3-nitrophenyl]-1,3-thiazole-5-carboxylic acid
21 4-Chloro-3-nitrobenzaldehyde

22 4-Chloro-3-nitrobenzonitrile

23 4-Chloro-3-nitrobenzenecarbothioamide

24 Ethyl 2-(4-chloro-3-nitrophenyl)-4-methyl-1,3-thiazole-5-carboxylate

25 2-Methylpropan-1-ol

26 Ethyl 4-methyl-2-[4-(2-methylpropoxy)-3-nitrophenyl]-1,3-thiazole-5-carboxylate
27 Ethyl 2-(3-chloro-4-hydroxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate

28 Ethyl 2-(3-bromo-4-hydroxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate

29 Ethyl 2-[3-chloro-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate
30 Ethyl 2-[3-bromo-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate
31 2-[3-Chloro-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylic acid
32 2-[3-Bromo-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylic acid
33 Ethyl 4-methyl-2-[4-(2-methylpropoxy)phenyl]-1,3-thiazole-5-carboxylate

34 Ethyl 2-[3-formyl-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate
35 2-[3-Formyl-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylic acid
36 Ethyl 2-(3-formyl-4-hydroxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate

37 Ethyl 2-(3-cyano-4-hydroxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate

38 4-Hydroxybenzonitrile

39 4-(2-Methylpropoxy)benzonitrile

40 3-Bromo-4-(2-methylpropoxy)benzonitrile

41 3-Bromo-4-(2-methylpropoxy)benzenecarbothioamide

42 2-Chlorophenol

43 1-Chloro-2-(3-methylbutyl)benzene

44 Ethyl {[3-chloro-4-(2-methylpropoxy)phenyl]carbonothioyl}carbamate

45 3-Chloro-4-(2-methylpropoxy)benzenecarbothioamide

46 Ethyl 2-[3-iodo-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate

V(N[O |O B [(WIN|F-

©
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5-Bromo-2-hydroxybenzaldehyde

48

5-Bromo-2-(2-methylpropoxy)benzaldehyde

49

3-Formyl-4-(2-methylpropoxy)benzonitrile

50

3-Formyl-4-(2-methylpropoxy)benzenecarbothioamide

51

4-Methylbenzonitrile

52

4-Methylbenzenecarbothioamide

53

Benzonitrile

54

Benzenecarbothioamide

55

4-Bromobenzonitrile

56

4-Bromobenzenecarbothioamide

57

4-(2-Methylpropoxy)benzenecarbothioamide

58

4-Hydroxy-3-iodobenzonitrile

59

3-lodo-4-(2-methylpropoxy)benzonitrile

60

tert-Butyl 4-methyl-1,3-thiazole-5-carboxylate

61

5-lodo-2-(2-methylpropoxy)benzonitrile

62

3-Bromo-4-hydroxybenzonitrile

63

4-Nitrobenzenecarbothioamide

64

Ethyl 4-methyl-2-(4-nitrophenyl)-1,3-thiazole-5-carboxylate

65

1-Chloro-2-methylpropane

66

Thiourea

67

Ethyl 2-amino-4-methyl-1,3-thiazole-5-carboxylate

68

Ethyl 2-bromo-4-methyl-1,3-thiazole-5-carboxylate

69

5-Bromo-2-(2-methylpropoxy)benzonitrile

70

3-Cyano-4-isobutoxy phenyl boronic acid

71

tert-Butyl 2-[3-cyano-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate

72

2-Methylpropan-1-ol

73

4-Methylphenol

74

Propanethioamide

75

Ethyl bromoacetate

76

2,4-Dibromophenol

77

Ethyl 2-{3-[(E)-(hydroxyimino)methyl]-4-(2-methylpropoxy)phenyl}-4-methyl-1,3-thiazole-5-carboxylate

78

2-{3-[(E)-(Hydroxyimino)methyl]-4-(2-methylpropoxy)phenyl}-4-methyl-1,3-thiazole-5-carboxylic acid

79

4-Hydroxy-3-methylbenzaldehyde

80

4-Hydroxy-3-methylbenzonitrile

81

3-Methyl-4-(2-methylpropoxy)benzonitrile

82

3-Formyl-4-(2-methylpropoxy)benzonitrile

83

3-Formyl-4-(2-methylpropoxy)benzenecarbothioamide

84

2-Fluoro-5-iodobenzonitrile

85

2-(2-methylpropoxy) 5-(tetramethyl dioxaborane) benzonitrile

86

Ethyl 2-bromo-4-methyl-1,3-thiazole-5-carboxylate

87

4-Hydroxybenzaldehyde

88

4-(2-Methylpropoxy)benzaldehyde

89

3-Bromo-4-(2-methylpropoxy)benzaldehyde

90

(E)-1-[3-Bromo-4-(2-methylpropoxy)phenyl]-N-hydroxymethanimine

91

Benzonitrile

92

Benzenecarbothioamide

93

4-Methoxybenzonitrile

94

4-Methoxybenzenecarbothioamide

95

4-Chlorobenzonitrile

96

4-Chlorobenzenecarbothioamide

97

4-Bromo-2-methylbenzonitrile

98

4-Bromo-2-methylbenzenecarbothioamide

99

4-Bromo-2-hydroxy-6-methylbenzonitrile

100

4-Bromo-2-hydroxy-6-methylbenzenecarbothioamide

101

2,4-Dibromo-1-(2-methylpropoxy)benzene

102

4-(2-Methylpropoxy)benzamide

103

3-Bromo-4-(2-methylpropoxy)benzamide

104

3-Cyano-4-(2-methylpropoxy)benzamide

105

2-Chloro-N,N-dimethylacetamide

106

2-(4-Hydroxyphenyl)-N,N,4-trimethyl-1,3-thiazole-5-carboxamide

107

2-(3-Formyl-4-hydroxyphenyl)-N,N,4-trimethyl-1,3-thiazole-5-carboxamide

108

2-[3-Formyl-4-(2-methylpropoxy)phenyl]-N,N,4-trimethyl-1,3-thiazole-5-carboxamide

109

2-(3-Cyano-4-hydroxyphenyl)-N,N,4-trimethyl-1,3-thiazole-5-carboxamide

110

2-[3-Cyano-4-(2-methylpropoxy)phenyl]-N,N,4-trimethyl-1,3-thiazole-5-carboxamide

111

2-[3-Formyl-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylic acid

112

4-Methyl-1,3-thiazole-5-carboxylic acid

113

2-Methylpropan-2-ol
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114 5-Bromo-2-fluorobenzonitrile

115 3-Formyl-4-hydroxybenzonitrile

116 3-Formyl-4-hydroxybenzenecarbothioamide

117 2-Bromo-4-methyl-1,3-thiazole-5-carboxylic acid

118 2-Hydroxybenzaldehyde

119 4-Hydroxybenzene-1,3-dicarbaldehyde

120 4-Hydroxybenzene-1,3-dicarbonitrile

121 3-Bromo-4-hydroxybenzaldehyde

122 3-Bromo-4-hydroxybenzenecarbothioamide

123 Sodium 2-[3-cyano-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate
124 Potassium 2-[3-cyano-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate
125 Ethyl 4-methyl-1,3-thiazole-5-carboxylate

126 Methoxyacetyl chloride

127 3-(Chloromethyl)-4-(2-methylpropoxy)benzonitrile

128 3-Hydroxymethyl)-4-(2-methylpropoxy)benzonitrile

129 4-Bromophenol

130 4-lodophenol

131 1-lodo-2-methylpropane

132 1-Bromo-4-(2-methylpropoxy)benzene

133 1-lodo-4-(2-methylpropoxy)benzene

134 Ethyl 2-(3,5-diformyl-4-hydroxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate

135 Ethyl 4-hydroxybenzoate

136 Ethyl 3-formyl-4-hydroxybenzoate

137 Ethyl 3-formyl-4-(2-methylpropoxy)benzoate

138 Ethyl 3-cyano-4-(2-methylpropoxy)benzoate

139 2-Bromobenzonitrile

140 2-(2-Methylpropoxy)benzonitrile

141 Ethyl (4-methyl-5-boronoic acid)-1,3-thiazole-5-carboxylate

142 4-[(Z)-(Hydroxyimino)methyl]phenol

143 2-Methylpropyl methanesulfonate

144 2-Methylpropyl benzenesulfonate

145 2-Methylpropy! 4-methylbenzenesulfonate

146 Ethyl 2-(3,5-dicyano-4-hydroxyphenyl)-4-methyl-1,3-thiazole-5-carboxylate

147 2-(3,5-Dicyano-4-hydroxyphenyl)-4-methyl-1,3-thiazole-5-carboxylic acid

148 Ethyl 2-[3,5-diformyl-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate
149 Ethyl 2-[3,5-dicyano-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylate
150 2-[3,5-Dicyano-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylic acid
151 Dimethyl 4-(2-methylpropoxy)benzene-1,3-dicarboxylate

152 4-(2-Methylpropoxy)benzene-1,3-dicarboxamide

153 2-[3-Carbamoyl-4-(2-methylpropoxy)phenyl]-4-methyl-1,3-thiazole-5-carboxylic acid
154 Ethyl 2-(1A5-diazyn-1-ylidene)-3-oxobutanoate

REACTION SCHEMES

NaSH, MqCl,, DMF

OH H  Heating H,0,HCI ~ OH H
EA exim 013, EtOH, K, refux, 6 hrs . THE’ [(CH 9),CHOY,
% 4 H i
ﬁel LT Vield 62% @ 65 C, n-Buli, 4 hrs 0
2N HCI, to next step
HyNO.HC), HCOOH, HCOONa | Yield: 85.1% HO. .0
I HN™ ™S yefux, 6 rs, KOH, HCl
N ) ) ) .
15 116 7 DME, MeOH, K,CO,, 80 C, Pd(PPh,),, TBAB s
, 12 hrs, EA, HCI, MeOH recryst or DMSO/H ,0 recryst Nz(
DMF, K,CO3, KI, 9, heat, 4 hrs | Yield: 86.7-98.2%
Br
, 17
EIOH, NaOH, 40°C, 4h, KO Fb
Yield: 56.7% Fb 14 Scheme 2a: Synthesis of Fb from 69 as per the
MeOH recryst

. disclosure by Mizhiritskii et al. [14]
Scheme 1: Synthesis of Fb from 115 as per the

disclosure by Ge [12]
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THF, [(CH 3),CHO] 5
-65°C, n-Buli, 4 hrs

69 70
2N HCI, to next step

DME, MeOH, K,CO3, 8000, Pd(PPh3),, TBAB | 60 ﬁ 117
TBDMSIC
12 hrs, EA, HCIl, MeOH recryst or DMSO/H ,0 recryst or 38 =

sl Yield: 70-84%

Scheme 3: Synthesis of 1 from 38 as per the
disclosure by Zhang et al. [16]

20% (\H,),S, sohent, 080 C

Fb
Scheme 2b: Synthesis of Fb from 69 as per the disclosure
by Mizhiritskii et al. [14]

(@) (@) H N
HCHO, HCI, HCI(g) N ACN, H3NO.HCI, reflux Il
H 15-20 0C, 1-3 hrs, EA extrn, DCM recryst
HO (CH5)gN,, CH3;COOH _O Yield: 85.6%
reflux, 1 hr, HCI NS
Yield: 73.3 & 66.9% al on N
119
120
K5COg3, ACN, KI, 2 EtOH recryst
reflux, 9 hrs, EA extrn | vield: 87.8%
ACN, 13, reflux, H,0, EA DMF, NaHS, MgCl ,
14 12
Yield: 76% H,O, EA extrn, DCM recryst

Yield: 81.2%
MeOH, H,0, NaOH

Yield: 93% | HCI, aqg. alcohol recryst
Fb
Scheme 4: Synthesis of Fb from 118 as per the disclosure by Zhou & Liu [18]
H;NO.HCI, DMSO, acetylchloride

80°C, 3hrs, K,C05, 9, 80°C, 51rs NP, K,CO4, 9, 90°C, 3 hrs
36 _ 14 _ 37
Yield: 84-99% Yield: 88%

solvent*, NaOH, H ,0, 60°C, 1 hr, HCI | solvent= ag.MeOH or ag.EtOH or ag. IPA or aq.ACN
EtOH recryst or ag.acetone or (ag.MeOH+THF) or (aq.EtOH+THF)
Yield: 95-96% or (ag.IPA+THF) or (ag.ACN+THF) or (ag.acetone+THF)

Fb
Scheme 5: Synthesis of Fb from 36 or 37 as per the disclosure by Vellanki et al. [19]

DMF, K,CO4, 9, 95°C, 6hrs  HCOOH, H 3NO.HCI, HCOONa

H,0, EA extn 135°C, 15 hrs, MeOH

36 : 34 : 14
Yield: 57% Yield: 83%

EtOH, THF, NaOH, 80 °C
1 hr, HCl, aq.EtOH recryst |Yield: 84%

Fb
Scheme 6: Synthesis of Fb from 36 as per the disclosure by Zhou [20]
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K,CO4, DMF, Ki, 9, 80°C, 20 hrs pyrrolidone, H sNO.HCI, Na ,SO,, 1400C, 24 hrs
36 34 [14]

THF, EOH, NaOH, 35 °C, 3 hrs, H,0, HCl
Yield: 9796

Fb crude

acetone recryst, Yield: 63%

Fb pure
Scheme 7: Synthesis of Fb from 36 as per the disclosure by Lv et al. [21]

OH OH OH

Br Br 0 Br
H;NO, HCOOH, HCOONa IPA.HCI, 11, 55 C, 2 hrs, H,O

110°C, 5 hrs, H,0 Yield: 75%
0”7 H Yield: 70% N P
121 - e

13, IPA, 85°C, 5 hrs | Yield: 90%

o
a) DVF, CuCN, Cul, 140 °C, 16 hrs, H ,0,EA  DMF, K5CO3, 2,85°C
b) acetone, conc.HCl H,0, EA
14 HCI - 30
Yield: 61.5% Yield: 73.2%

Scheme 8: Synthesis of Fb from 121 as per the disclosure by Kompalla et al. [22]
polyphosphoric acid
DMF.HCI, 11, 100°C, 5 hrs, EA  EtOH, 13, reflux, 5 hrs  (CH,)gN,, 100°C, 2 hrs
Yield: 65.5% ! Yield: 90% ! Yield: 51.2%

36

DMF, K,CO3, 9, 70°C, 10 hrs

Yield: 68.5%
Fb pure Fb — 14 34
EtOH EtOH, H ,0, NaOH, reflux, 90 min HCOOH, HCOONa, H - ;NO.HCI
ield: 929 ield: 919 o
Yield: 92% Yield: 91% 100°C, 10 hrs, H,0, EA
Yield: 91%

Scheme 9: Synthesis of Fb from 38 as per the disclosure by Zhang [23]

N
IPA, NaOH, H ,0, 75°C, 30 min \ (\3
14 : S ONa
Yield: 79% > S \NI‘\

EA, H,O, HCI, 500C, 30 min | Yield: 84%

Fb

N\ o
IPA, KOH, H,O, heating N
14 >ﬁ S OK
o N
N
124

Scheme 10: Synthesis of Fb and its salts from 14 as per the disclosure by Dwivedi et al. [24]
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HCl, 11, 50°C, 4 hrs EtOH, 13, reflux, 5 hrs

EtOH, 45_75 OC’ 6_12 hrS % " Viels 76.695.8% ! Yield: 96% S TR
3 + 66 > 1 oo

Y|e|d: 89.17'92.4% a) DMSO, H 3NO.HCI, acetyl chloride Yield: 67.2-85.5%

b) K,CO3, 9, 90°C, 6 hrs

Scheme 11: Synthesis of 1 from 38 as per the 14 Vel 845% 36
disclosure by Wang et al. [29] S
THF, EtOH | Ba(OH) ,, DCM extrn
2
multi-step pathway : o .
16 HO N Scheme 14: Synthesis of Fb from 38 as per the
/ \ _N disclosure by Zhang et al. [32]
O/ S 4 11, acetone.HCI, H,O
60°C, 3 hrs
16 - 17
A Yield: 89.4%
11
R 11, DMF.HCI, H,0, 65°C, 3 hrs
38
Scheme 12: Synthesis of Fb and some of its related Yield: 71.8%6 1
compounds as per the disclosure by Wang et al. [30] Scheme 15: Synthesis of 1 & 17 as per the
disclosure by Li [35]
A, LA 0, B (CH,)gNy, H,S0,, phosphoric acid
H,0, EA
i — D .
Yield: 95% ield: 89-92% ield: 79.6-81.8% DV, K,00,, KI
PdCl,, ligand [PCy(tBu) ,}, acid [CHs),CHCOOH] WS /0 90r 65, 70°C, 5
" Yield: 89.5-90.5%
additive [CuBr-S(CH 3),, base (K,CO5 or Na,CO4 or KHCO,) | N / 0 L YHETANTH  vid seee3 !
solvent (toluene, xylene, DMSO), reflux, 8-21 hrs 125_\ THE. EtOH. 70°C. NaOK CH,COOH, diacetly oxide
Yield: 89-100% HCl H4NO.HCI, HCOONa, 100 °C, 5 hrs
14 Scheme 16: Synthesis of Fb from 1 as per the
Scheme 13: Synthesis of 14 from 72 & 114 as per the disclosure by Li et al. [36]
disclosure by Komiyama [31]
EtOH, 13, 65°C, 2.5 hrs (CH,)gN,4, MSA, 75°C, 10 hrs
7 36
Yield: 90.7% Yield: 72.3% HCOOH
H3NO.HCI, HCOONa
THF, EtOH, Ba(OH) ,, 8H,0 100°C, 8 hrs, H,0
60°C, 2 hrs, H,0, EA, HC DMF, K,CO4 Yield: 85.9%
DCM/MeOH recryst 9, 75°C, 8 hrs
X 14 37
Yield: 88% Yield: 92.9%

Scheme 17: Synthesis of Fb from 1 as per the disclosure by Pranab et al. [37]

TFA, (CH ,)gN,, 80°C, 24 hrs DMF, K,CO3, Ki
IPA, 13, 50-80°C . H,O, toluene extrn a6 9, 85°C, 3 hrs

HCOOH, HCOONa, H 3NO
100°C, 2 hrs, H,O

EtOH, NaOH soln, 65 °C, 1 hr, HCI
14

Form H,, Hy & H, ——" :
recrys

Scheme 18: Synthesis of Fb from 1 as per the disclosure by Parthasaradhi et al. [40]
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DMF, K,COg4, KI, 9

e
80°C, 6 hrs, H,O, MTBE extrn AICl3, MeNO,, 0°C, 5 hrs
38 34 —
Yield: 98.5% o o) =N
> -

Cl o— 12
126

H,O0, toluene, Fe 5(SO4)3
PEG 1000, DAIL[BF ,], 1lOoC, 45 min

J

DMF, MgCl , >
NaHs, 80°C, 4 hrs EA, NaOCI, TBAB OH
- 49 128
Yield: 90% 0°c, Yield: 92%
DMF, 6, 60°C, 4 hrs lYield: 97% NF
34
HCOOH, H 3NO.HCI, HCOONa
100°C, 4 hrs, H,0, EA
14 Fb (Yield: 93%)

MeOH, THF, NaOH, 70 °C, 3 hrs, H,O, DCM
Scheme 19: Synthesis of Fb from 38 as per the disclosure by Huang & Huang [41]

NaHS, DMF, (NH ,),SO, NaOH, H ,0, (NH ,),SO,, NaHS
40°c, 16 hrs, HCI 50°C, 24 hrs, HCI
38 1 38
Yield: 95.2% Yield: 97.2%

NaHS, DMF, H ,O, (NH 4),SO,
40°C, 24 hrs, HCI
Yield: 95.5%

NaOH, H ,0, (NH ,),Cl, NaHS
50°C, 24 hrs, HCI
Yield: 98.44%

(NH 4),Cl, NaHS, 40 °C, 22 hrs
HCI, H,O
Yield: 50%
Scheme 20: Synthesis of 1 & 57 as per the disclosure by Chen & Su [43]

a) 11, polyphosphoric acid, H ,O
phosphoric acid, 40-80 °c

2-8 hrs .
38 [1] 7 Yield: 86%

b) EtOH, 6, 30-80 °C, H,O

a) polyphosphoric acid, H ,SO,4 (b) DMF, K,COg, 9, 60-115 C
(CH,)gN,, 60-120°C, 3-10 hrs, H,O
3-10 hrs, n-butyl acetate, H ,O

[36]

14 Yield: 68.2%
Scheme 21: Synthesis of 14 from 38 as per the disclosure by Lou et al. [44]

solvent, 13, reflux
12 14
solvent=IPA or Toluene or H 20 or MeOH base, acetone, reflux
H,0, HCI, EA extm
base=NaOH or lithium hydroxide

Fb

EA, 80°C
30 min, n-heptane

Fb (Form i)
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Scheme 22: Synthesis of Fb from 12 as per the disclosure by Praveen et al. [45]

Br OH Br (@]
O K,CO 3, acetone, reflux O \ <Yield' 94%
OR 132

129
OR +

I
131 \—<Yie|d: 93%
133

130

a) ZnBr ,, ClI,CHOMe, DCE, 50 0C, 16 hrs
b) ag NH 3, I, RT, 6 hrs

Ni(OAC) ,, bipy. tBuOLi
MgSO,, dioxane, 100 °C, 40 hr S Il B
71 OR
Yield: 53% (from -Br) 60 61 Yield: 60%
Yield: 60% (from -I)

CF3COOH, DCM, RT

Yield: 93% Fb
Scheme 23: Synthesis of Fb from 129 or 130 as per the disclosure by Tamura et al. [46]

MgCl,, MeOH, 50°C, 0.5 hr
NaHS, 5 hrs, 13, 85°C, 3 hrs
Yield: 71.2-73.1%

TFA or CH 5COOH, 45°C, 0.5 hr
(CH,)gNy, reflux, 48 hrs, H,0
38— 11, DMF.HCI, 50°C, 48 hrs Yield: 90.7-94.3%
Na,CO3, 13, 85°C, 3 hrs
Yield: 70.8%

36

@) HCOOH, H 3NO.HCI, CH 30Na, reflux, 24 hrs |Yield: 53.6%
OR
b) EtOH, Na(CH 3COO0) ;BH, reflux, 24 hrs | Yield: 43.8%

37
Scheme 24: Synthesis of 37 from 38 as per the disclosure by Li & Li [47]
MgCl,, DMF, NaHS CH3COOH, CeCl 4
RT, 24hrs, H,0, EA  EtOH, reflux, 2hrs  (CH,)gNy, 105-118°C, 4-8 hrs
: 1 7 36
Yield: 90% Yield: 84% Yield: 42.5-65%

DMF, K,COg, KI, 9, 800C, 16 hrs, H,0, EA | Yield: 50%

34

HCOOH, HCOONa, H zNO.HCI | Yield: 70%
105°C, 6 hrs

14
THF, NaOH, H ,0, 60°C, HCI | Yield: 70%

Fb
Scheme 25: Synthesis of Fb from 38 as per the disclosure by Cui & Feng [48]

) HCOOH, H;NO.HCI, CH ,COONa, 105 C, 10 hrs
b) EA, K,CO5, K, 65°C, 9, 70°C, 5 frs, H,0
¢) EtOH, NaOH, 60 0C, 2 hrs, HCI, H,0, EtOH recryst

36 _ Fb
Yield: 82.3-88%

Scheme 26: Synthesis of Fb from 36 as per the disclosure by Wang et al. [49]
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DMF, DCM, | ,, Bry, 10°C, 10 hrs K,CO4, 9, KI, acetone, PEG 400, reflux, 8 hrs

38
Yield: 88.2% 62 Yield: 89.3% a0

DMF, MgCl ,, NaHS, RT, 10 hrs, MeOH recryst

Yield: 62.5% 41
Scheme 27: Synthesis of 41 from 38 as per the disclosure by Wang et al. [50]

DMF, CH3;COOCu, O,, NHg, 80°c, H,0, EA

- 14
Yield: 75.4%
DMF, K,CO4, 9, 80°C, 4 hrs, H,O
34
THF, NH 3, I, RT, H,O, EA
36 — 14
THF, NH 3, 15, RT, H,O, EA DMF, K,COg, 9, 750(3, 15 hrs, H,O
37 14
Yield: 42.6%
o
THF, NaOH, 65 C, 8 hrs, H,O i EA recryst
2 Fb (Yield: 82.6%) —~St £y Form 1
HCI soln, ag.acetone recryst Yield: 85%
14 —

ag. MeOH, K,COg3, 3 hrs, reflux
H,O, EA, HCl soln
Scheme 28: Synthesis of Fb from 36 as per the disclosure by Koftis et al. [51]

Fb (Yield: 69%)

acid, 50°C, (CH,)gN,, 90-95°C, H,0, HCI, EA

0 2
R H
/ 7 : ——_ %+ 0 2
S P\ 1 Note: for TFA: 80% yield, 0.04% impurity S | o/\

0 | iR for CH ;COOH: 78% yield, 0.06% impurity HO S

a) SOC' 2 THF \ O polyphosphoric acid: 81.3% yield, 0.008% impurity N

Fb N H 134
0

N

b) phosphites ST
Scheme 30: Synthesis of impurity-free 36 from 7 as per the
disclosure by Wei [54]
Scheme 29: Synthesis of phosphonate derivatives of Fb as THE. 10°C. nBuLi/h OME. CH -COOM. 40°C. H.O
per the disclosure by Reddy et al. [53] 7 0 & EURIhexane, PV M s ; L2735

Yield: 95-96.6%
Scheme 31: Synthesis of 36 from 7 as per Zhao et al. [55]

g

OH  polyphosphoricacid, (CH ,)gN, OH O o~ O
5 hrs, 82°C, 5 hrs, H,O, EA extrn H DMF, K,COg3, Kl, 9, 72°C, 6 hrs H
Yield: 68.2% Yield: 79%
o” o o= o o” o

135 K 136 |\ 137 |\

HCOOH, HCOONa, H 3NO.HCI
102°C, 5 hrs, H,O | Yield: 79.78%

T

(@] N
IJI

Lawesson reagent EtOH, NaOH soln, 60 OC, 3 hrs
104
12 THF, reflux, 6 hrs HCI, DCM, DMF, SOCI , RT, 4 hrs
Yield: 82.19%
Yield: 88.12% |13, EtOH, reflux, 3 hrs o< o

138 I\

EtOH, THF, H ,O, NaOH, 55 OC, 2 hrs
14 Fb (Yield: 88.06%)
HCI, EtOH recryst

Scheme 32: Synthesis of Fb from 135 as per the disclosure by Liu, et al. [56]
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PdCl,, (tBu),PCy, isobutyric acid

Toere, DHF.K ,C05, 8, 105 C, 41 EA GNP

RT, 2 hrs, citric acid, water CuBr, KHCO 3, toluene, reflux, 15 hrs

3 . R Yield: 91% |
Yield: 98.22-98.7% THE, EZ(;?QN:(;: Yield: 98%

Scheme 33: Synthesis of 34 from 36 as per the
disclosure by Gong, et al. [61]

Fb
Scheme 34: Synthesis of Fb from 114 as per the disclosure
by Komiyama, et al. [62]

CH3)3SiNg, EA, PTSA, 400C, 12 hrs
3/3 3

Fb
Yield: 82%
Note
PTSNg, EA, PTSA, 40°C, 12 hrs acid*= benzene sulfonic acid or MSA
Yield: 81% Fb CF 3COOH or CH ;COOH

34 —> H,SO, or CF3SO4H

NaN 3, EA, PTSA, 4OOC, 12 hrs
Yield: 89%

Fb solvent*= EA or ACN or DCE or THF,

NaN 5, solvent*, acid*, RT-40 °C, 12 hrs "
Yield: 75-89%
Scheme 35: Synthesis of Fb from 34 as per the disclosure by Shi et al. [63]

pyridine, (NH 4),S, TEA

base*, solvent, 60-80 °G, 10-15 hrs 50°C, 6 hrs
38 _ 39 57 Yield: 80%
Yield: 85-90%

11, DMF.HCI, 50 °C, 4 hrs _
57 Yield: 85%

base*= K,CO 3+KI or morpholine+KI

or [(CH 3),Si],NK NaHS, DMF, MgCl
solvent*= DMF or EA AL 2 57 Yield: 80%
(EtO) ,PS,H, DMSO
40°C, 10 hrs .
57 Yield: 78%
j/ DCM, TiCl 4, 0°C, 1 hr
MeNH ,, MSA, 750C, 10 hrs o) H DCEE, NH,CI, RT, 2 hrs
57 57
Yield: 80% X0 Yield: 60%
pyrophosphoryl chloride acetone cyanohydrin, DCE
DMF, 1000(:’ 2 hrs NaOCl, reflux, 2 hrs
Vield: 54.8% S7 "NH; Yield: 45%
83
H3NO.HCI aniline carbonyl azanol tosylate
HCOOH EA, RT, 2 hrs
Na, reflux, 5 hrs Yield: 70%
Yield: 90%
12

EtOH, 13, reflux, 2 hrs \LYieId: 85%

DCM, TFA, RT, 2 hrs
14 Fb Yield: 90%

aq MeOH, NaOH, 60 0C, 2 hrs
14 Fb Yield: 88%

Scheme 36: Synthesis of Fb from 38 as per the disclosure by Zhou et al. [65]

3 step process | N 0
6 —— = HO

Scheme 37: Synthesis of 139 from 36 as per the disclosure by Zhang et al. [66]
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N Na,CO3 or K,CO3 or K,CO5+Cs,CO5 |

72, DMA, 60-100 °C, 6-10 hrs \/[\
Br (@)

Yield: 92-96%

139 140

ACN, 30% H,0,, 45% HBr
40-80°C, 4-8 hrs, EA extn | Yield: 92-96%

69
Na,CO or k,CO or K2(3)03+c32co3 \Y;IN\>—B(OH)2
(Ph)3P.Pd, 1, 4-Dioxan, H ,0, 60-110 °C, 10-14 hrs | ___O S
Yield: 74-79% & 141
4

MeOH, THF, NaOH, RT, 4-7 hrs | Yield: 92-96%
H,O, DCM extrn

Fb
Scheme 38: Synthesis of Fb from 138 as per the disclosure by Huang et al. [67]

GOHTBAB RO HO, 1B TEPO i leORKO 1
80— > 5y

Scheme 39: Synthesis of 34 from 80 as per the disclosure by Huang, et al. [68].

DMF, KI, K,COg4, 9, 850C, 6 hrs HCOOH, H ;NO.HCI, HCOONa
EtOH, HCOOH recryst 110°C, 2 hrs
36 : 34 - 14
Yield: 88.1-94.8% Yield: 89.5%

EtOH, H,0, NaOH, 75 0C, 5 hrs, HCl soln | Yield: 88%

Fb
Scheme 40: Synthesis of Fb from 36 as per the disclosure by Zhang et al. [69]

9, K,CO5, DMF, 80°C, 8 hrs, H,O, EA/PE recryst

36 : : 34
Yield: 95.1% (crude) & 90% (purified)

HCOOH, H 3NO.HCI, HCOONa, 100 OC, 7 hrs, H,O | Yield: 95.2%

14
EtOH, NaOH, 45 °C, HCI, H,O | Yield: 91%

purified (I) Fb SECIA], FEfEE, 4 I crude Fb

Yield: 92%

acetone, reflux, 1 hr | Yield: 76.1%

purified (II) Fb
Scheme 41: Synthesis of Fb from 36 as per the disclosure by Wang et al. 2019 [70]

K,C05, sohent, 2, 80:95 °C, 3:5 s

POCI,, 40-60°C, 2 frs, NH,OH, I, 20°C, 2 rs, H,0, EA
7 14
Yield: 62-83%

solvent*=DMF or DMFA or DMMA
Scheme 42: Synthesis of 14 from 7 as per the disclosure by Yan et al. [71]
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DMF or DMAC, 9, TEA, 70-80 0C, 5-16 hrs
H3NO.HCI, 70-80 0C, 3-4 hrs, chloroaceticchloride

75-80°C, 7-8 hrs, H,O, NaOH, 40-50 °C, 7-8 hrs
Fb crude

36

MeOH | Yield: 88.5-90.7%

Fb pure
Scheme 43: Synthesis of Fb from 36 as per the disclosure by Zhang et al. [72]

solvent, FeCl , or FeCl 5 or FeSO, sodiumperoxydisulfate H4NO.HCI, HCOOH, HCOONa, 105 °C. 2 hrs, HCI

I, or Kl'or Nal, NH ,OH or ammonium acetate, RT-50 °c, H,0 e s @
14 11, 60 C, 2 hrs, EtOH, 13, 80 C, 3 hrs

34
Yield: 91%

Yield: Max 99.6%
Scheme 44: Synthesis of 14 from 34 as per the Scheme 45: Synthesis of 7 from 87 as per the
disclosure by Zhang et al. [75]

disclosure by Zhou et al. [73]

ag MeOH, H 3NO.HCl OH
NaOH or Na ,CO3, H,0, 20-30 °c, 3 hrs Toluene, P ,Sg, 85°C, 4 hrs
87 1
Yield: 90.5-94.4% Yield: 91.3%
HO. ~
N
142

DMF, NH ,Cl, H,S, 90°C, 16 hrs  EtOH, 13 or 142, 80°C, 3-4 hrs
38 — - 1 7 (HCl or HBr)
Yield: 68.4% 4 Yield: 79.2-82.8%

a) HaNO.HCI, 120 °C, 7 hrs

a) HaNO.HCI, 120 °C, 7 hrs
87

7 (HCl)

87
b) NaHS.H ,0, 80°C, 8 hrs

b) NaHS.H ,0, 80°C, 8 hrs
¢) EtOH, 13, 80°C, reflux, 4 hrs

¢) EtOH, 13, 80°C, reflux, 4 hrs
Yield: 91.3%
Na,CO3, H,0 | NH,OH, H,0

Yield: 88% |Yield: 92.6%

7
Scheme 46a: Synthesis of 7 from 87 or 38 as per the disclosure by Lyu et al. [78]

polyphosphoric acid, phosphoric acid, 80 OC, 2 hrs

(CH,)gN,, 95°C, 5 hrs, H,0
36 Yield: 75.2%

7 (HCI)

DMF, K,COg4, 9 or 143 or 144 or 145, 90-100 OC, 5-6 hrs

143 145 34 Yield: 67.1-85.5%

toluene, TBAB, NaOH, H ,0, 45°C, 1 hr, toluene extrn
34

72 + 145 -
36, DMF, K,CO3, 110°C, 6 hrs, H,0

Yield: 92.7% o
HCOOH, 60 C, NaOH

H4NO.HCI, 115 °C, 5 hrs | Yield: 90.1%

14

Yield: 85.9% Fb 5 5
aq MeOH, 55 C, NaOH, 60 C, 8 hrs, HCI

MeOH recryst
Scheme 46b: Synthesis of Fb from 7 as per the disclosure by Lyu & Guo [78]
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polyphosphoric acid, MSA (high), 70-100 °C, (CH,)gN,, 70-100°C, 4-8 hrs
.

36
Yield: 48.8-56.1%

polyphosphoric acid, MSA (low), 80-100 °C, (CH,)gN,, 70-100°C, 56 hrs

7 - 36
Yield: 80.8-85.2%

polyphosphoric acid, MSA (low), 70-100 OC, (CH ,)gN4, cyclohexane, boric acid, 70-100 0C, 4-8 hrs

36
Yield: 86.3-91.2%

C,H5COOH, H 3NO.HCI
DMF, K,COy3, 9, 90-100°C, 5-7 hrs, H,0 HCOONa. 135 °C. 15 hrs
34 ’ ’

Yield: 54.89-57.7% Yield: 82.9%

36

EtOH, THF, NaOH, 80 OC, 1 hr, HCI

EtOH
Fb =— Fb crude

Scheme 47: Synthesis of Fb from 7 as per the disclosure by Tang et al. [79]

DMF or DMSO, K ,CO4 o Na,CO,  HCOOH, H sNO.HCI, HCOONa

9,60°C, 3 frs, Hy0 60°C, 3 frs, H,0
3 3 14

polyphosphorc aci, phosphoric acid  EOH or MeOH, 5% NaOH soln
(CH,)gN,, 90°C, 6 frs, H,0 HCI, EtOH recryst

7 Fb form A
Scheme 48: Synthesis of Fb from 7 as per the disclosure by Lu [81]

a) DMF or DMSO, K ,CO3, 9, 85°C, 6-10 hrs HCOOH, H,NO.HCI, HCOONa

b) H3NO.HCI, acetic anhydride 90°C, 7 hrs 100 or 110 OC 7-8 hrs. EA or MeOH
¢) H,0, NaOH, 45 °C, 8 hrs, HCl soln U . ’ ’ 14
i Yield: 85.6-86.6% " Vield: 64-95%

Scheme 49: Synthesis of Fb from 36 as per the Scheme 50: Synthesis of 14 from 34 as per the
disclosure by Liu & Su [82] disclosure by Sun et al. [83]

1
P 2 Q ,R
Lo R -0
i
0= «
N
YO
72\(0 Scheme 52: Impurities of Fb as per
OH the disclosure by Liu et al. [86].

Scheme 51: Impurities of Fb as per the disclosure by Xu et al. [84]
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HoN NH,

(0]
152
O O
/Opwo\ 10
a) MeOH or EtOH or THF or DMF, 4-dimethylaminopyridine

NH 3, reflux
b) DBU or piperidine or diisopropylethylamine or methylpyridine
solvent, (CF 3C0O),0 or DCC or POCI 3, 20-50°C, H,0
Yield: 85.4-98.5%
Scheme 53: Synthesis of 10 from 152 as per the disclosure by Song & Li [87]

micro reactor
a) 9, KOH, MeOH, H,0

Fb (Yield: 91.4-93.5%)
b) I,, NH,OH, MeOH, H ,O

C) 45OC, 20 min, HCl soln
Scheme 54: Synthesis of Fb from 36 in a micro-reactor as per the disclosure by Lai et al. [88]

0
HO H HO

—S

N 7%\\40
o]

134 \\

Scheme 55: Impurities of Fb as per the disclosure by Sun & Yang [90]

HoN
0
. N
DMSO0, 40°C, K,CO4, H,0, |\ 0
Fb HO S
\ 153
0

Scheme 56: Synthesis of 153 from Fb as per the disclosure by Chai et al. [91]

NMP, Pd(OAC) 5, IPA, H,0

EtOH, PEG-400, Br », 12°C, H,0
K,CO3, K,Fe(CN) g

—
Yield: 85.5% 140-145°C, 8-10 hrs
117 —| .
CH4COOH, HBr, 35 °C, NaCIO 5, EtOH 7% EACSI
: Yield: 81.5-86.5%
Yield: 42.9%
EtOM, HCl, 11, CHyCOOH, 75°C, 2 hrs | Yield:96.5%
13, reflux, 3 hrs, NH ,OH
(0]
DMSO, K,CO3, 9, 85°C, 15 hrs DMSO, H3NO.HCI, CH ,COCI
H3NO.HCI, CH 5COC! 75°C, 4 hrs,
36 - 14 - 36
75 C, 4 hrs, H,0 K,CO3, 9,85 C, 6 hrs, H,0
Yield: 82.5% Yield: 87.5%

MeOH, NaOH, H ,0, 60°C, 1 hr | EtOH, NaOH, H ,0, 55°C
Yield: 97.5% 98.82%
Fb
Scheme 57: Synthesis of Fb from 117 as per the disclosure by Ji et al. [92]
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THF, 0-10 °C, [Zn(CN) , or NaCN or CuCN]
[AICI5 or ZnCl , or FeCl 5], HCI purge

5 hrs, H,0, 100°C, 0.5-1 hrs DMF, K,CO3, 9, 95°C, 10 hrs, H,0

7 : 36 : 34
Yield: 56-98.8% Yield: 95.1%

HCOOH, HCOONa, 130 0C, 24 hrs, H,O | Yield: 86.32%

14

EtOH, NaOH, H ,0, 800C, 2 hrs, HCI | Yield: 95.11%

Fb
Scheme 58: Synthesis of Fb from 7 as per the disclosure by Leng et al. [93].

O THF, EtOH, H,0, NaOH
(o)
~ _ CuBr, toluene, reflux, 2 hrs 60 C, 5 hrs
124 /\O e) : 14 Fb
154 N, Yield: 85% Yield: 96%

Scheme 59: Synthesis of Fb from 12 as per the disclosure by Manda et al. [95].

Table 4 provides the summary of research disclosures in accordance to their region-specific origin. Under the
context, there are seven countries which had contributed towards the synthesis, process development,
crystallographic  study etc of Fb and its related scaffolds through  various
organizations/institutions/laboratories/individuals etc. Interestingly, China tops the chart with regard to
research disclosures on Fb.

Table 4: Country-wise list of institutions/organizations/laboratories/individuals etc. behind the synthesis of Fb and its
related compounds

Ref. Research work was executed by or belongs to Country
[10] | Ranbaxy Laboratories Ltd. India
[11] | Hangzhou Zhuyangxin Pharmaceutical Co., Ltd. China
[12] | Individual China
[13] | Mylan Laboratories Ltd. India
[14] | Mapi Pharma Ltd. Israel
[15] | Hangzhou Zhuyangxin Pharmaceutical Co., Ltd. China
[16] | Nanjing Huawe Medicine Technology Development Co., Ltd. China
[17] | Natco Pharma Ltd. India
[18] | Individual China
[19] | Mylan Laboratories Ltd. India
[20] | Anhui Youcare Kaiyue Pharmaceutical Co., Ltd. China
[21] | China Resources Saike Pharmaceutical Co., Ltd. China
[22] | Natco Pharma Ltd. India
[23] | Guizhou Xinbang Pharmaceutical Co., Ltd. China
[24] | Cadila Healthcare Ltd. & Zydus Lifesciences Ltd. India
[25] | Jilin Sanshanen Technology Development Co., Ltd. China
[26] | Jilin Institute of Chemical Technology China
[27] | Interquim S. A. Spain
[28] | Mapi Pharma Ltd. Israel
[29] | Suzhou Chenghe Pharmaceutical and Chemical Co., Ltd. China
[30] | Shenyang Pharmaceutical University China
[31] | Teijin Pharma Ltd. Japan
[32] | South China University Of Technology China
[33] Apeloa Pharmaceutlcal Co,, Ltd & Shanghal Puluochuangzhi Pharmaceutical Technology Co., Ltd. & Zhejiang China
[34] | Beijing Lllesheng Pharmaceutlcal Technology Co., Ltd. & Fujian Zerui Pharmaceutical Co., Ltd. China
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[35] | Chongqing Co., Ltd. of Hui Zhi Drug Research Institute. & Chongqging Shenghuaxi Pharmaceutical Co., Ltd. China
[36] | Chongging Kerui Pharmaceutical Group Co., Ltd. China
[37] | Ranbaxy Laboratories Ltd. & Sun Pharmaceutical Industries Ltd. India
[38] | Macleods Pharmaceuticals Ltd. & Pacific University India
[39] | South China University of Technology & Guangdong Roth Pharmaceutical Co., Ltd. China
[40] | Hetero Research Foundation India
[41] | Anhui Qingyun Pharmaceutical and Chemical Co., Ltd. & Zhejiang Ao Xiang Medicine Co., Ltd. China
[42] | Hangzhou Huadong Medicine Group Biological Engineering Research Institute Co., Ltd. & Hangzhou Zhongmei China
[43] | Guangdong HEC Pharmaceutical China
[44] | Weifang Hishine Pharmaceutical Co., Ltd. & Zhejianghuayi Pharmaceutical Co., Ltd. China
[45] | Dr. Reddys Laboratories Ltd. India
[46] | Graduate School of Science, Chiba University Japan
[47] | Suzhou Jonathan New Materials Technology Co., Ltd. China
[48] | Knowshine (Shanghai) Pharmachemicals Inc. China
[49] | Zhejiang Huahai Pharmaceutical Co., Ltd. China
[50] | School of Pharmacy & Jiangxi Science & Technology Normal University China
[51] | Pharmathen S. A. Germany
[52] | Zhejiang University China
[53] | Sri Venkateswara University India
[54] | Individual China
[55] | Shandong Baoyuan Pharmaceutical Co., Ltd. China
[56] | Qingdao Huanghai Pharmaceutical Co., Ltd. China
[57] | Yangtze River Pharmaceutical Group Co., Ltd. & Jiangsu Coast Pharmaceutical Corporation Ltd. China
[58] | Suzhou Hong Sen Pharmaceutical Ltd By Share Ltd. China
[59] | CHA University, J2H biotech & Kyungpook National University Korea
[60] | Zhejiang University China
[61] | Wudi Reaction Pharma & Chemical Co., Ltd. China
[62] | Teijin Pharma Ltd. Japan
[63] | Tianjin Lisheng Pharmaceutical Co., Ltd. China
[64] | Kamp Pharmaceuticals Co., Ltd. China
[65] | Jiangxi with and Medicine Co Limited-Liability Co. China
[66] | Beijing Voban Pharmaceutical Co., Ltd. China
[67] | Qingyun Anhui Pharmaceutical Ltd, by Share Ltd. China
[68] | Qingyun Anhui Pharmaceutical Ltd, by Share Ltd. China
[69] | Hunan Fangsheng Pharmaceutical Co., Ltd. China
[70] | Kunming Yuanrui Pharmaceutical Co., Ltd. China
[71] | Harvest (Hunan) Pharmaceutical Technology Co., Ltd. China
[72] | Fuan Pharmaceutical Group Pharmaceutical Co., Ltd., Chongging Bosheng China
[73] | Merro Pharmaceutical Co., Ltd., Dalian University of Technology China
[74] | College of Chemical Engineering and Resource Recycling, Wuzhou University China
[75] | Hubei Polytechnic University China
[76] | Shandong Lenno Pharmaceutical Co., Ltd. China
[77] | Wuhan Guanggu Asia-Pacific Medical Research Institute Co., Ltd. China
[78] | Jinan Lide Medical Technology Co., Ltd. & Inner Mongolia Jingdong Pharmaceutical Co., Ltd. China
[9] Hangzhou Zhuyangxin Pharmaceutical Co., Ltd. China
[80] | Hangzhou Zhuyangxin Pharmaceutical Co., Ltd. China
[81] | Emeishan Hongsheng Pharmaceutical Co., Ltd. China
[82] | Chongging Changjie Pharmaceutical Co., Ltd. & Chongging Shenghuaxi Pharmaceutical Co., Ltd. China
[83] | Beijing Xinkaiyuan Pharmaceuticals Co., Ltd. China
[84] | Wuhan Guanggu Asia-Pacific Medical Research Institute Co., Ltd. China
[85] | Wuhan Guanggu Asia-Pacific Medical Research Institute Co., Ltd. China
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[86] | Wuhan Berek Pharmaceutical Technology Co., Ltd. China
[87] | Lunan Pharmaceutical Group Co. China
[88] | Fujian Haixi Pharmaceuticals Co., Ltd. China
[89] | Zhejiang Tianyu Pharmaceutical Co., Ltd. China
[90] | Langfang Normal University China
[91] | Hanrui Pharmaceutical Jingmen Co., Ltd. China
[92] | Jining Shengtai Pharmaceutical Co., Ltd. China
[93] | Hubei Waterstone Bio Pharmaceutical Technology Co., Ltd. China
[94] | Multination collaborative research initiative. NA

[95] | CSIR-Indian Institute of Chemical Technology & Academy of Scientific and Innovative Research India
[96] | Multination collaborative research initiative. NA

Conclusion: This review segment (Part 1) comprises the union of past research disclosures from 2013-2024
towards the synthesis of Fb and its closely associated compounds. In line with this, 87 scientific
communications in the form of patents/journal articles were examined and the important aspects were
sequentially tabulated with 59 supportive reaction schemes. The reaction schemes depicted were self-narrative
in nature since all the reaction schemes were furnished with complete details of raw materials, reagents,
solvents and catalysts. This initiative has been embedded with crisp insight on the past disclosures with an
emphasis on the author/s details, work objectives, route of synthesis, yield, and country-wise work origin.
Hence, this segment can push researchers to find new pathways or innovate with the existing routes to
synthesize Fb in the near future with high yield and purity.
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