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CLAIMS 

What is claimed is: 

 

1. A method of preparing a compound of Formula (H3-A): 

 

(H3-A), 

or a salt thereof, the method comprising reducing a compound of Formula (H3-N3): 

O

O
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H
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(H3-N3), 

or a salt thereof, wherein: 

 R1, R2, R3, and R5 are each independently hydrogen, halogen, or optionally substituted 

alkyl; 

 each instance of R4 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R4 groups are taken together to form: ; 

each instance of R6 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R6 groups are taken together to form: ; 
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RP6 is hydrogen, optionally substituted alkyl, optionally substituted acyl, or an oxygen 

protecting group; 

RX is hydrogen or –ORXa, wherein RXa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; and 

RY is hydrogen or –ORYa, wherein RYa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; 

 optionally wherein RXa and RYa are joined together with their intervening atoms to form 

optionally substituted heterocyclyl. 

 

2. The method of claim 1 further comprising a step of reacting a compound of Formula 

(H3-L): 

O
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(H3-L), 

or a salt thereof, in the presence of an azide, to yield a compound of Formula (H3-N3): 
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(H3-N3), 

or a salt thereof, wherein: 
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 RL is optionally substituted sulfonyl, optionally substituted sulfinyl, optionally substituted 

phosphoryl, or optionally substituted acyl. 

 

3. The method of claim 2 further comprising a step of reacting a compound of Formula 

(H3-OH): 

 

(H3-OH), 

or a salt thereof, in the presence of a reagent of the formula XL-RL, to yield a compound of 

Formula (H3-L): 

O
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(H3-L), 

or a salt thereof, wherein: 

XL is halogen or a leaving group. 
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4. A method of preparing a compound of Formula (H3-2-I): 

 

(H3-2-I), 

or a salt thereof, the method comprising cyclizing a compound of Formula (H3-2-II): 

 

(H3-2-II), 

or a salt thereof, wherein: 

 R1, R2, R3, and R5 are each independently hydrogen, halogen, or optionally substituted 

alkyl; 

 each instance of R4 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R4 groups are taken together to form: ; 

each instance of R6 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R6 groups are taken together to form: ; 
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RP4, RP5, and RP6 are each independently hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; optionally wherein two RP6 are joined 

with the intervening atoms to form optionally substituted heterocyclyl; 

RX is hydrogen or –ORXa, wherein RXa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; and 

RY is hydrogen or –ORYa, wherein RYa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; 

 optionally wherein RXa and RYa are joined together with their intervening atoms to form 

optionally substituted heterocyclyl. 

 

5. A method of preparing a compound of Formula (H3-2-II): 

 

(H3-2-II), 

or a salt thereof, the method comprising coupling a compound of Formula (L-2-6): 

 

(L-2-6), 
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or a salt thereof, with a compound of Formula (R-2-I): 

 

(R-2-I), 

or a salt thereof, to yield a compound of Formula (H3-2-II), or a salt thereof, wherein: 

 RS is optionally substituted alkyl, optionally substituted carbocyclyl, optionally 

substituted aryl, optionally substituted heterocyclyl, or optionally substituted heteroaryl; 

 X1 is halogen or a leaving group; 

R1, R2, R3, and R5 are each independently hydrogen, halogen, or optionally substituted 

alkyl; 

 each instance of R4 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R4 groups are taken together to form: ; 

each instance of R6 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R6 groups are taken together to form: ; 

RP4, RP5, and RP6 are each independently hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; optionally wherein two RP6 are joined 

with the intervening atoms to form optionally substituted heterocyclyl; 

RX is hydrogen or –ORXa, wherein RXa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; and 

RY is hydrogen or –ORYa, wherein RYa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; 

 optionally wherein RXa and RYa are joined together with their intervening atoms to form 

optionally substituted heterocyclyl. 
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6. The method of claim 5 further comprising a step of deprotecting one or more oxygen 

atoms of the compound of Formula (H3-2-II), or a salt thereof. 

 

7. The method of claim 5 further comprising preparing a compound of Formula (R-2-I): 

 

(R-2-I), 

or a salt thereof, by reacting a compound of Formula (R-4-11B): 
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(R-4-11B), 

or a salt thereof, with a nucleophile, thereby substituting the group –ORP7 with the group –X1; 

wherein:  

 RP7 is optionally substituted sulfonyl, optionally substituted sulfinyl, optionally 

substituted phosphoryl, optionally substituted acyl, or an oxygen protecting group. 

 

8. The method of claim 5 further comprising preparing a compound of Formula (L-2-6): 
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(L-2-6), 

or a salt thereof, by reacting a compound of Formula (L-5-7B): 

 

(L-5-7B), 

or a salt thereof, with a thiolating agent; wherein: 

R8 is hydrogen, optionally substituted alkyl, optionally substituted carbocyclyl, optionally 

substituted aryl, optionally substituted heterocyclyl, optionally substituted heteroaryl, optionally 

substituted acyl, or an oxygen protecting group. 

 

9. A method of preparing Compound (1): 

 

(1), 

or a salt thereof, the method comprising reducing Compound (B): 
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(B), 

or a salt thereof. 

 

10. The method of claim 1 or 9, wherein the step of reducing is carried out in the presence of 

a phosphine reagent; optionally 

wherein the phosphine reagent is triphenylphosphine (Ph3P); optionally 

wherein the phosphine reagent is polymer-bound triphenylphosphine; and optionally 

wherein at least one equivalent of the phosphine reagent is present. 

 

11. The method of any one of claims 1, 9, and 10, wherein the step of reducing is carried out 

in the presence of THF and water. 

 

12. The method of any one of claims 1 and 9-11, wherein the compound of Formula (H3-A), 

Compound (1), or salt thereof is purified and isolated by precipitation. 

 

13. The method of any one of claims 9-12 further comprising a step of reacting a compound 

of Formula (A): 
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(A), 

or a salt thereof, in the presence of an azide, to yield Compound (B): 
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(B), 

or a salt thereof, wherein: 

 RL is optionally substituted sulfonyl, optionally substituted sulfinyl, optionally substituted 

phosphoryl, or optionally substituted acyl. 

 

14. The method of claim 2 or 13, wherein the azide is sodium azide, potassium azide, or a 

tetraalkylammonium azide salt; optionally 

wherein the azide is a tetraalkylammonium azide; and optionally 

wherein the azide is tetrabutylammonium azide ([n-Bu4N]N3). 

 

15. The method of any one of claims 2, 13, or 14, wherein the reaction is carried out in 

toluene. 

 

16. The method of any one of claims 13-15 further comprising a step of reacting Compound 

(2): 
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(2), 

or a salt thereof, in the presence of a reagent of the formula XL-RL, to yield a compound of 

Formula (A): 

 

(A), 

or a salt thereof, wherein: 

 XL is halogen or a leaving group. 

 

17. The method of claim 3 or 16, wherein the reagent of the formula XL-RL is a sulfonyl 

halide; RL is optionally substituted sulfonyl; and XL is halogen; optionally 

wherein reagent of the formula XL-RL is a sulfonyl chloride; and RL is optionally substituted 

sulfonyl; and optionally 

wherein reagent of the formula XL-RL is tosyl chloride (TsCl). 

 

18. The method of any one of claims 3, 16, or 17, wherein the reaction is carried out in the 

presence of a base; optionally 

wherein the base is a trialkylamine base, a pyridine base, or an imidazole base; optionally 

wherein the base is a trialkylamine base; and optionally 
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wherein the base is triethylamine (TEA). 

 

19. The method of any one of claims 3 and 16-18, wherein the reaction is carried out in the 

presence of a Lewis acid; optionally 

wherein the reaction is carried out in the presence of dibutyltin oxide. 

 

20. The method of any one of claims 3 and 16-19, wherein the reaction is carried out in the 

presence of TsCl, TEA, and dibutyltin oxide. 

 

21. The method of any one of claims 3 and 16-20, wherein the reaction is carried out in 

dichloromethane (DCM). 

 

22. A method of preparing Compound (2): 

 

(2), 

or a salt thereof, the method comprising cyclizing Compound (C): 
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(C), 

or a salt thereof. 

 

23. The method of claim 4 or 22, wherein the step of cyclizing is carried out in the presence 

of an acid; optionally 

wherein the acid is a pyridinium salt; and optionally 

wherein the acid is pyridinium p-toluenesulfonate (PPTS). 

 

24. The method of any one of claims 4, 22, and 23, wherein the step of cyclizing is carried 

out in dichloromethane (DCM). 

 

25. The method of any one of claims 22-24, optionally wherein one or more free hydroxyl 

groups is substituted with an oxygen protecting group; and optionally 

wherein the one or more oxygen protecting groups are silyl protecting groups. 

 

26. A method of preparing a compound of Formula (E-1): 

 

(E-1), 

or a salt thereof, the method comprising coupling a compound of the Formula (E-L): 
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(E-L), 

or a salt thereof, with a compound of the Formula (E-R): 

 

(E-R), 

or a salt thereof, to yield a compound of the Formula (E-1), or a salt thereof, wherein: 

 RS is optionally substituted alkyl, optionally substituted carbocyclyl, optionally 

substituted aryl, optionally substituted heterocyclyl, or optionally substituted heteroaryl; 

 X1 is halogen or a leaving group; and 

RP4, RP5, and RP6 are each independently hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; optionally wherein two RP6 are joined 

with the intervening atoms to form optionally substituted heterocyclyl. 

 

27. The method of claim 5 or 26, wherein the step of coupling is carried out in the presence 

of nickel and zirconium. 

 

28. The method of claim 27, wherein the nickel is a nickel complex; optionally  

wherein the nickel is a nickel(II) or nickel(0) complex; optionally  

wherein the nickel complex is of the formula: NiX2(ligand), wherein X is halogen, and “ligand” 

is a bidentate ligand; optionally 

wherein the nickel complex is used after complexation of a nickel source and the “ligand” in 

solution; optionally 

wherein the nickel source is NiCl2, the “ligand” is 4,4'-di-tert-butyl-2,2'-dipyridyl (tbbpy), and 

the nickel complex is of the formula NiCl2(tbbpy); optionally  

wherein the nickel source is NiBr2, the “ligand” is 4,4'-di-tert-butyl-2,2'-dipyridyl (tbbpy), and 

the nickel complex is of the formula NiBr2(tbbpy); optionally  
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wherein the nickel is present in a catalytic amount; optionally 

wherein the nickel is present in from 1-50 mol%; and optionally  

wherein the nickel is present in from 1-10 mol%.  

 

29. The method of claim 27 or 28, wherein the zirconium is a zirconium complex; optionally  

wherein the zirconium complex is of the formula: (ligand)nZrX2, wherein n 0, 1, 2, 3, or 4, and X 

is halogen; optionally  

wherein the zirconium complex is Cp2ZrCl2; optionally  

wherein the zirconium is present in stoichiometric or excess amount; and optionally 

wherein the zirconium is present in 1 to 4 equivalents. 

 

30. The method of any one of claims 5 and 26-29, wherein the step of coupling is carried out 

in the presence of zinc or manganese; optionally 

wherein the reaction is carried out in the presence of manganese metal; and optionally 

wherein the manganese is present in an excess amount. 

 

31. The method of any one of claims 5 and 26-30, wherein the step of coupling is carried out 

in the presence of triethylsilyl chloride (TESCl). 

 

32. The method of any one of claims 5 and 26-31, wherein the step of coupling is carried out 

in the presence of a base or proton scavenger.  

 

33. The method of any one of claims 5 and 26-32, wherein the step of coupling is carried out 

in the presence of NiBr2(tbbpy), Cp2ZrCl2, and manganese metal. 

 

34. The method of claim 33, wherein the step of coupling is carried out by mixing a 

compound of Formula (L-2-6), or a salt thereof, with a compound of Formula (R-2-I), or a salt 

thereof, Cp2ZrCl2, and manganese metal in a solution; followed by addition of NiBr2(tbbpy). 
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35. The method of claim 33, wherein the step of coupling is carried out by mixing a 

compound of Formula (E-L), or a salt thereof, with a compound of Formula (E-R), or a salt 

thereof, Cp2ZrCl2, and manganese metal in a solution; followed by addition of NiBr2(tbbpy). 

 

36. The method of any one of claims 5 and 26-35, wherein the step of coupling is carried out 

in one or more solvents; and optionally  

wherein the step of coupling is carried out in 1,3-dimethyl-2-imidazolidinone (DMI).  

 

37. The method of any one of claims 5 and 26-36, wherein the step of coupling is carried out 

at or around room temperature; or 

wherein the step of coupling is carried out at above room temperature; optionally 

wherein the step of coupling is carried out at approximately 30 C. 

 

38. The method of any one of claims 26-37 further comprising a step of deprotecting a 

compound of Formula (E-1), or a salt thereof, to yield Compound (C): 

 

(C), 

or a salt thereof. 

 

39. The method of claim 6 or 38, wherein RP6, RP5, and RP4 are silyl protecting groups; and 

the step of deprotecting is carried out in the presence of a fluoride source; optionally 

wherein the fluoride source is tetrabutylammonium fluoride (TBAF). 
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40. The method of any one of claims 6, 38, and 39, wherein the step of deprotecting is carried 

out in the presence of imidazole hydrochloride. 

 

41. The method of any one of claims 6 and 38-40, wherein the step of deprotecting is carried 

out in THF. 

 

42. The method of any one of claims 26-37, further comprising preparing a compound of 

Formula (E-R): 

 

(E-R), 

or a salt thereof, by reacting a compound of Formula (E-R-1): 
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(E-R-1), 

or a salt thereof, in the presence of a nucleophile, thereby substituting the group –ORP7 with the 

group –X1; wherein 

RP7 is optionally substituted sulfonyl, optionally substituted sulfinyl, optionally 

substituted phosphoryl, optionally substituted acyl, or an oxygen protecting group. 
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43. The method of claim 7 or 42, wherein X1 is –I; and the reaction is carried out in the 

presence of an iodide salt; optionally 

wherein the iodide salt is sodium iodide (NaI). 

 

44. The method of any one of claims 7, 42, and 43, wherein the reaction is carried out in 

DMI. 

 

45. The method of any one of claims 26-37, further comprising preparing a compound of 

Formula (E-L): 

 

(E-L), 

or a salt thereof, by thiolating a compound of Formula (E-L-1): 

 

(E-L-1), 

or a salt thereof, in the presence of a thiolating agent; wherein: 

R8 is hydrogen, optionally substituted alkyl, optionally substituted carbocyclyl, optionally 

substituted aryl, optionally substituted heterocyclyl, optionally substituted heteroaryl, optionally 

substituted acyl, or an oxygen protecting group. 

 

46. The method of claim 8 or 45, wherein the thiolating agent is of the formula (RSS)2; 

optionally 

wherein the thiolating agent is of the formula (pyridine-S)2; and optionally  

wherein the thiolating agent is: . 
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47. The method of any one of claims 8, 45, and 46, wherein the step of thiolating is carried 

out in the presence of a phosphine reagent; optionally 

wherein the phosphine reagent is triphenylphosphine (Ph3P). 

 

48. The method of any one of claims 8 and 45-47, wherein the step of thiolating is carried out 

in the presence of the thiolating agent: and PPh3. 

 

49. The method of any one of claims 8 and 45-48, wherein the step of thiolating is carried out 

in the presence of acetonitrile (MeCN). 

 

50. The method of any one of claims 13-21, wherein the compound of Formula (A) is the 

following: 

, 

or a salt thereof. 
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51. The method of any one of claims 26-41, wherein the compound of Formula (E-1) is the 

following: 

, 

or a salt thereof. 

 

52. The method of any one of claims 26-37, 42-44, and 51, wherein the compound of the 

Formula (E-R) is the following: 

, 

or a salt thereof. 
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53. The method of any one of claims 42-44 and 52, wherein the compound of Formula (E-R-

1) is the following: 

, 

or a salt thereof. 

 

54. The method of any one of claims 26-37, 45-49, 51, and 52, wherein the compound of 

Formula (E-L) is the following: 

, 

or a salt thereof. 

 

55. The method of any one of claims 45-49 and 54, wherein the compound of Formula (E-L-

1) is the following: 

, 

or a salt thereof. 
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56. A compound of the formula: 
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(B), 

or a salt thereof. 

 

57. A compound of Formula (A): 

 

(A), 

or a salt thereof, wherein: 

R1 is optionally substituted sulfonyl, optionally substituted sulfinyl, optionally substituted 

phosphoryl, or optionally substituted acyl. 
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58. A compound of the formula: 

 

(2), 

or a salt thereof. 

 

59. A compound of Formula (E-1): 

 

(E-1), 

or a salt thereof, wherein: 

RP4, RP5, and RP6 are each independently hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; optionally wherein two RP6 are joined 

with the intervening atoms to form optionally substituted heterocyclyl; and 

wherein each instance of an oxygen protecting group is independently selected from t-

butyldiphenylsilyl (TBDPS), t-butyldimethylsilyl (TBDMS, TBS), triisoproylsilyl (TIPS), 

triphenylsilyl (TPS), triethylsilyl (TES), trimethylsilyl (TMS), triisopropylsiloxymethyl (TOM), 

acetyl (Ac), benzoyl (Bz), allyl carbonate, 2,2,2-trichloroethyl carbonate (Troc), 2-

trimethylsilylethyl carbonate, methoxymethyl (MOM), 1-ethoxyethyl (EE), 2-methyoxy-2-
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propyl (MOP), 2,2,2-trichloroethoxyethyl, 2-methoxyethoxymethyl (MEM), 2-

trimethylsilylethoxymethyl (SEM), methylthiomethyl (MTM), tetrahydropyranyl (THP), 

tetrahydrofuranyl (THF), p-methoxyphenyl (PMP), triphenylmethyl (Tr), methoxytrityl (MMT), 

dimethoxytrityl (DMT), p-methoxybenzyl (PMB, MPM), t-butyl, benzyl (Bn), allyl, and pivaloyl 

(Piv). 

 

60. The compound of claim 59, wherein the compound is of the formula: 

 

(C), 

or a salt thereof. 

 

61. A compound of Formula (H3-N3): 
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(H3-N3), 

or a salt thereof, wherein: 

 R1, R2, R3, and R5 are each independently hydrogen, halogen, or optionally substituted 

alkyl; 
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 each instance of R4 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R4 groups are taken together to form: ; 

each instance of R6 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R6 groups are taken together to form: ; 

RP6 is hydrogen, optionally substituted alkyl, optionally substituted acyl, or an oxygen 

protecting group; 

RX is hydrogen or –ORXa, wherein RXa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; and 

RY is hydrogen or –ORYa, wherein RYa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; 

 optionally wherein RXa and RYa are joined together with their intervening atoms to form 

optionally substituted heterocyclyl; and 

 wherein each instance of an oxygen protecting group is independently selected from t-

butyldiphenylsilyl (TBDPS), t-butyldimethylsilyl (TBDMS, TBS), triisoproylsilyl (TIPS), 

triphenylsilyl (TPS), triethylsilyl (TES), trimethylsilyl (TMS), triisopropylsiloxymethyl (TOM), 

acetyl (Ac), benzoyl (Bz), allyl carbonate, 2,2,2-trichloroethyl carbonate (Troc), 2-

trimethylsilylethyl carbonate, methoxymethyl (MOM), 1-ethoxyethyl (EE), 2-methyoxy-2-

propyl (MOP), 2,2,2-trichloroethoxyethyl, 2-methoxyethoxymethyl (MEM), 2-

trimethylsilylethoxymethyl (SEM), methylthiomethyl (MTM), tetrahydropyranyl (THP), 

tetrahydrofuranyl (THF), p-methoxyphenyl (PMP), triphenylmethyl (Tr), methoxytrityl (MMT), 

dimethoxytrityl (DMT), p-methoxybenzyl (PMB, MPM), t-butyl, benzyl (Bn), allyl, and pivaloyl 

(Piv). 
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62. A compound of Formula (H3-L): 
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(H3-L), 

or a salt thereof, wherein: 

 RL is optionally substituted sulfonyl, optionally substituted sulfinyl, optionally substituted 

phosphoryl, or optionally substituted acyl; 

 R1, R2, R3, and R5 are each independently hydrogen, halogen, or optionally substituted 

alkyl; 

 each instance of R4 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R4 groups are taken together to form: ; 

each instance of R6 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R6 groups are taken together to form: ; 

RP4, RP5, and RP6 are each independently hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; 

RX is hydrogen or –ORXa, wherein RXa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; and 

RY is hydrogen or –ORYa, wherein RYa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; 

 optionally wherein RXa and RYa are joined together with their intervening atoms to form 

optionally substituted heterocyclyl; and 

 wherein each instance of an oxygen protecting group is independently selected from t-

butyldiphenylsilyl (TBDPS), t-butyldimethylsilyl (TBDMS, TBS), triisoproylsilyl (TIPS), 
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triphenylsilyl (TPS), triethylsilyl (TES), trimethylsilyl (TMS), triisopropylsiloxymethyl (TOM), 

acetyl (Ac), benzoyl (Bz), allyl carbonate, 2,2,2-trichloroethyl carbonate (Troc), 2-

trimethylsilylethyl carbonate, methoxymethyl (MOM), 1-ethoxyethyl (EE), 2-methyoxy-2-

propyl (MOP), 2,2,2-trichloroethoxyethyl, 2-methoxyethoxymethyl (MEM), 2-

trimethylsilylethoxymethyl (SEM), methylthiomethyl (MTM), tetrahydropyranyl (THP), 

tetrahydrofuranyl (THF), p-methoxyphenyl (PMP), triphenylmethyl (Tr), methoxytrityl (MMT), 

dimethoxytrityl (DMT), p-methoxybenzyl (PMB, MPM), t-butyl, benzyl (Bn), allyl, and pivaloyl 

(Piv). 

 

63. A compound of Formula (H3-2-I): 

 

(H3-2-I), 

or a salt thereof, wherein: 

 R1, R2, R3, and R5 are each independently hydrogen, halogen, or optionally substituted 

alkyl; 

 each instance of R4 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R4 groups are taken together to form: ; 

each instance of R6 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R6 groups are taken together to form: ; 

each instance of RP6 is independently hydrogen, optionally substituted alkyl, optionally 

substituted acyl, or an oxygen protecting group; optionally wherein two RP6 are joined with the 

intervening atoms to form optionally substituted heterocyclyl; 
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RX is hydrogen or –ORXa, wherein RXa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; and 

RY is hydrogen or –ORYa, wherein RYa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; 

 optionally wherein RXa and RYa are joined together with their intervening atoms to form 

optionally substituted heterocyclyl; and 

 wherein each instance of an oxygen protecting group is independently selected from t-

butyldiphenylsilyl (TBDPS), t-butyldimethylsilyl (TBDMS, TBS), triisoproylsilyl (TIPS), 

triphenylsilyl (TPS), triethylsilyl (TES), trimethylsilyl (TMS), triisopropylsiloxymethyl (TOM), 

acetyl (Ac), benzoyl (Bz), allyl carbonate, 2,2,2-trichloroethyl carbonate (Troc), 2-

trimethylsilylethyl carbonate, methoxymethyl (MOM), 1-ethoxyethyl (EE), 2-methyoxy-2-

propyl (MOP), 2,2,2-trichloroethoxyethyl, 2-methoxyethoxymethyl (MEM), 2-

trimethylsilylethoxymethyl (SEM), methylthiomethyl (MTM), tetrahydropyranyl (THP), 

tetrahydrofuranyl (THF), p-methoxyphenyl (PMP), triphenylmethyl (Tr), methoxytrityl (MMT), 

dimethoxytrityl (DMT), p-methoxybenzyl (PMB, MPM), t-butyl, benzyl (Bn), allyl, and pivaloyl 

(Piv). 

 

64. A compound of Formula (H3-2-II): 

 

(H3-2-II), 

or a salt thereof, wherein: 

 R1, R2, R3, and R5 are each independently hydrogen, halogen, or optionally substituted 

alkyl; 
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 each instance of R4 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R4 groups are taken together to form: ; 

each instance of R6 is independently hydrogen, halogen, or optionally substituted alkyl, 

or two R6 groups are taken together to form: ; 

RP4, RP5, and RP6 are each independently hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; optionally wherein two RP6 are joined 

with the intervening atoms to form optionally substituted heterocyclyl; 

RX is hydrogen or –ORXa, wherein RXa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; and 

RY is hydrogen or –ORYa, wherein RYa is hydrogen, optionally substituted alkyl, 

optionally substituted acyl, or an oxygen protecting group; 

 optionally wherein RXa and RYa are joined together with their intervening atoms to form 

optionally substituted heterocyclyl; and 

 wherein each instance of an oxygen protecting group is independently selected from t-

butyldiphenylsilyl (TBDPS), t-butyldimethylsilyl (TBDMS, TBS), triisoproylsilyl (TIPS), 

triphenylsilyl (TPS), triethylsilyl (TES), trimethylsilyl (TMS), triisopropylsiloxymethyl (TOM), 

acetyl (Ac), benzoyl (Bz), allyl carbonate, 2,2,2-trichloroethyl carbonate (Troc), 2-

trimethylsilylethyl carbonate, methoxymethyl (MOM), 1-ethoxyethyl (EE), 2-methyoxy-2-

propyl (MOP), 2,2,2-trichloroethoxyethyl, 2-methoxyethoxymethyl (MEM), 2-

trimethylsilylethoxymethyl (SEM), methylthiomethyl (MTM), tetrahydropyranyl (THP), 

tetrahydrofuranyl (THF), p-methoxyphenyl (PMP), triphenylmethyl (Tr), methoxytrityl (MMT), 

dimethoxytrityl (DMT), p-methoxybenzyl (PMB, MPM), t-butyl, benzyl (Bn), allyl, and pivaloyl 

(Piv). 
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