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ABSTRACT 

 

Sterol biosynthesis is crucial to all groups of life forms. Targeted inhibition of this pathway 

by substrate-based analogs is currently used to probe sterol function and may have 

therapeutic importance. In this dissertation, a series of new steroidal triperpenes with a 

modified lanosterol or cycloartenol frame have been designed to inhibit steroidogenesis. 

These compounds, along with a number of known sterol biosynthesis inhibitors with the 

cholestane skeleton, have been prepared and characterized in detail using GC, MS, HPLC and 

NMR. Notably, a series of substrate analogs constructed with a methyl, nitrogen, sulfur, 

bromine or fluorine atom or altered to possess a methylene cyclopropane, or elongated to 

contain a terminal double or triple bonds were prepared to act as mechanism-based 

inactivators of the sterol 24-methyl transferase enzyme. In addition, compounds with the 

cholestane and lanostane structures were prepared with modifications at C-7 and C-32 to be 

reversible and irreversible inhibitors of the Δ8- Δ7-isomerase and 14α-demethylase enzymes, 

respectively.  
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CHAPTER I  

INTRODUCTION 

1.1 Structure and stereochemistry of sterols 

Sterol is  “any chiral tetracyclic isopentenoid which may be formed by cyclization of 

squalene oxide through the transition state possessing stereochemistry similar to the trans-

syn-trans-anti-trans-anti configuration, i.e. the protosteroid cation, and retains a polar group 

at C-3 (hydroxyl or keto), an all-trans-anti stereochemistry in the ring system and a side 

chain 20R-configuration” [1]. The structures of sterols are shown in Figure 1.1. The rings of 

the 1, 2-cyclopentanophenanthrene system of tetracyclic triterpenoids and sterols are 

designated A, B, C and D. For numbering carbon atoms in the sterol frame, IUPAC suggested 

a nomenclature system in 1967, and significantly revised the recommendations in 1989 [2, 3]. 

However, there is confusion in the sterol community in using this numbering system. Indeed, 

many of the naturally occurring sterols are known by trivial names. These trivial names are 

not always related to their structures. As a consequence of using these nomenclature 

differences by natural product chemists and sterol biochemists, the NMR and mass spectral 

assignments can vary, therefore care is required in critically reading and cross-referencing the 

literature on these molecules. In this dissertation, the carbon numbering system [4] shown in 

Figure 1.1 is adopted for the structure assignments. 

Lanosterol adopts a relatively flat conformation [5] in which the C-18 and C-19 

methyl substituents are above the plane of the rings, whereas for cycloartenol can be flat or 

bent (Figure 1.2). Using NMR and X-ray, the Nes laboratory demonstrated that cycloartenol 

adopts the same pseudoplanar shape (Figure 1.2, b) that of lanosterol conformation [1]. 

Atoms or groups, whether axial or equatorial, which lie above the plane of the rings are 
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defined as β-, those which lie below the plane of the rings are considered to be α-. The 

introduction of an alkyl group (methyl, ethyl, etc) into the side chain at C-22, C-23, or at C-

24, renders these carbons chiral and R/S system is adopted to describe the configuration. 

Double bonds in the side chain are assigned their configuration by the E/Z convention. 
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Figure 1.1 Structures of lanostane and cycloartane 

HO

HH

HO

HH

a b

HO

c

H

 

Figure 1.2 Different shapes postulated for lanosterol (a) and cycloartenol (b) or (c)     

Sterols have four domains (Figure 1.3): a polar head is the hydroxyl group attached to 

C-3 with β direction (equatorial); a nucleus part is the planar tetracyclic ring system (A, B, C, 

and D); C-20 has right-handed R configuration, and a side chain has 8 to 10 carbons and the 

side chain (through C-20) is connected to the D- ring at C-17. The four domains possess 
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Figure 1.3 Domains of sterols 

strategically positioned chiral carbons that contribute to the polarity and the shape of the 

molecule, producing an alternating all trans-anti stereochemistry of the ring system. The 

equatorial 3-hydroxyl group acts as the polar head group, and the side chain functions as a 

non-polar tail. The nucleus undergoes subtle changes as the sterol is modified from a 4, 4-

dimethyl to a 4-desmethyl sterol. This change at C-4 can alter the C-3 orientation by 

changing the tilt of the 3-hydroxyl group. Throughout the metabolism of sterols, double 

bonds are introduced, removed, and/or shifted to achieve the final product that can be inserted 

into a membrane. These structural modifications maintain the molecule’s planarity length 

allow the sterol to insert and function in the phospholipid bilayer. 

1.2 Biosynthesis of lanosterol and cycloartenol 

Cholesterol was found in 1815 by M. E. Chevreul [7], and then studies on steroids 

were one of the hot fields in chemistry and biology. To date many biological behaviors of 

sterols are still not very clear after many chemists and biologists have worked on them [8]. 

However it has been well known that in mammals cholesterol is the end product of lanosterol 

metabolism. 
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Lanosterol is biosynthesized from squalene [9] which is biosynthesized from Acetyl 

CoA [10].  Formation of isopentenyl diphosphate (IPP) is followed by polymerization of this 

C5- unit [11]. Acetyl CoA is the starting material to synthesize isopentenyl diphosphate. 

Acetyl CoA

squalene
epoxidase

O
(S)-2, 3-oxidosqualene

squalene

HO

H

HO

H
H

H

HO

H

HO

H

HO Lanosterol

H
H

la
no

st
er

ol
sy

nt
ha

se

1

2

3

 

Figure 1.4 Biosynthesis of lanosterol from squalene 

At first, acetoacetyl –CoA is synthesized, the process is catalyzed by acetoacetyl-CoA 

thiolase; then hydroxymethylglutaryl-CoA catalyzed by HMG-CoA synthase; mevalonate is 

synthesized and the process is catalyzed by HMG-CoA reductase (NADPH); mevalonate 

pyrophosphate is synthesized involved in two enzymes catalysis- mevalonate kinase and 

phosphomevelonate kinase with ATP’s participation, and finally isopentenyl diphosphate(IPP) 

is synthesized by mevalonate pyrophosphate decarboxylase.   
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IPP is isomerized to dimethylallyl diphosphate catalyzed by IPP isomerase, geranyl 

diphosphate (GPP) is synthesized when the reaction of dimethylallyl diphosphate with IPP 

catalyzed by GPP synthase, farnesyl diphosphate (FPP) is synthesized by the reaction of 

geranyl diphosphate with IPP catalyzed by FPP synthase (this procees is like polymerization 

process, from monomer to polymer), squalene (1) is synthesized through an intermediate of 

presqualene diphosphate catalyzed by squalene  synthase with participation of NADPH.  

(S)-2, 3-epoxy-squalene (2) is synthesized by epoxidation catalyzed by squalene 

epoxidase [12]. Lanosterol (3) is formed from the epoxy-squalene catalyzed by lanosterol 

synthase [13] which is involved in several steps as shown in Figure 1.4: The C-ring is formed 

with 5-member at first, and then C-ring expands to a 6-member ring, finally methyl groups 

and hydrogens migrate with the help of enzyme resulting in the formation of lanosterol with 

C-C double bond at C-8 and 9 (C-C double bond at C-24 and 25 is kept during the process).  

In higher plants the metabolite of squalene (1) is different from that in fungi and 

animals. Cycloartenol (4) is generated from squalene oxide in higher plants.  The only 

difference for biosynthesis of cycloartenol is in that the formation of cyclopropane ring at C-9, 

10 and 19 is catalyzed by cycloartenol cyclase [14]. 

1.3 Metabolism of lanosterol and cycloartenol: 

Lanosterol (3) is metabolized in mammals to its end product cholesterol (8) (Figure 

1.5). The first stage involves 14α-methyl removal by the 14α-demethylase enzyme [15] 

through three O2-NAPDH dependent steps. Zymosterol (5) is formed after the two methyl 

groups at C-4 are removed by the 4α-demethylase. No methylation occurs at C-24; only ∆8 

isomerization [15] occurs to give ∆7-zymosterol. After 5-dehydrogenate the 5, 7, 24-triene-
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cholesta-3β-ol is formed. The ∆7 reductase catalyzes the reduction of the C-C double bond at 

C-7 to form a Δ5-sterol. Finally, the cholesterol side chain is formed by reduction of the Δ24-

bond catalyzed by the Δ24-reductase. 

HO

HO

HO

SMT2

HO HO HO

sitosterol stigmasterol campesterol

HO

HO

HO

HO

ergosterol

cholesterol
HO

SMT

3
4

5

6

7

8

9

10

11 12
13

animalsfungi

plants

 

Figure 1.5 Metabolism of lanosterol and cycloartenol  

Ergosterol (7), the end product of lanosterol in fungi (Figure 1.5 and 1.6), is one of the 

key components to maintain the structure and function of membranes. The main biosynthetic 

pathway to ergosterol in Candida albican is shown in Figure 1.6 [16]. At first, 14α-methyl is 

removed in the form of formic acid in oxygen-NADPH dependent steps. The steps are 

controlled by sterol 14α-demethylase enzyme which is one of the CYP450 enzymes. Next, 

the 4-dimethyl groups are removed one by one and zymosterol (5) is formed.  24 (28)-

methylene zymosterol (fecosterol) (6) is formed catalyzed by sterol methyl transferase 

enzyme [17] which is another key enzyme for biosynthesis of ergosterol and it is unique in 

fungi, and it does not exist in mammals. C-C double bond migrates from ∆8 to ∆7 which is 
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controlled by ∆8 isomerase enzyme. The step is reversible. 24 (28) double bond is reduced 

and dehydrogenate of C-5 and 6 followed by dehydrogenate of the double bond at C-22 and 

C-23 resulting in the formation of ergosterol (7). 

HO HO HO

HO HO HO

HO HO HO

14-demethylase 4-demethylase

SMT

delta8-
isomerase

4-demethylase

delta24-
reductase

delta5-
dehydroge-
nase

delta22-
dehydroge-
nase

3
14 15

5 6 16

17 18 7  

Figure 1.6 Biosynthesis of ergosterol 

Cycloartenol (4) is biosynthesized in plants (Figure 1.5). There are three typical end 

products [18]: sitosterol (11), stigmasterol (12) and campesterol (13).  SMT is one of the key 

enzymes that catalyze the 24-alkyl groups in their phytosterols. SMT in higher plants has two 

isoforms; SMT-1 and SMT-2 [19]. The SMT-1 catalyzes 24-methylation and the SMT-2 

catalyzes 28-methylation to give the ergostane (C1) and stigmastane (C2) structures.  

1.4 Sterol methyl transferase (SMT) and steric-electric plug mechanism 

Sterol methylations catalyzed by the (S)-adenosyl-L-methionine (SAM, Figure 1.7): 

∆24-sterol methyl transferase (SMT) has provided the focus for study of electrophilic 

alkylations, a reaction type of functional importance in C-C bond formation of natural 
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products. SMTs occur generally in nature, but do not occur in animal systems, suggesting that 

the difference in sterol synthetic pathways can be exploited therapeutically and in insect-plant 

interactions [20]. 

O N

OHOH

N

N

N
S

NH2

NH3

OOC

19  

Figure 1.7 Structure of SAM 

S-Adenosyl methionine (SAM) (19) was first discovered in Italy by G. L. Cantoni in 

1952 [21]. SAM is a naturally occurring molecule that is formed in the body from methionine, 

an essential amino acid. For example, almost half of the daily intake of methionine is 

metabolized into SAM in the liver. SAM is a coenzyme involved in methyl group transfers to 

olefin moieties. SAM participates in the anabolic reactions throughout the body, so it is found 

in all living cells; but most SAM is produced and consumed in the liver [21].  

The methyl group (CH3) attached to the methionine sulfur atom in SAM is chemically 

reactive. The methyl group is electrophilic due to the induction effect of the cation of sulfur; 

the mechanism is like the electrophilic addition to the C-C double bond. This allows olefin 

moieties to act as a carbonium acceptor. There are more than 40 methylation reactions which 

are involved in a methyl group transfer from SAM to various substrates such as nucleic acids, 

proteins and lipids [22, 23]. In this research, we are concerned with the C-24 methylation 

reaction catalyzed by SMT enzyme of diverse origins. 
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H
CH3

H

S
RR1

SAM
H2C

H

B-ENZ

 

Figure 1.8 Early carbonium ion mechanism 

The introduction of a methyl group from SAM to olefin moieties is catalyzed by the 

SMT and the early mechanism is shown in Figure 1.8 [24]. The methyl on SAM 

electronically attacks the double bond at-C-24 to form a C-C single bond between C-24 and 

C-28, and a carbonium at C-25 at the same time. Hydrogen shifts from C-24 to C-25 and 

carbonium is formed at C-24. The hydrogen on C-28 is activated by the carbonium and is 

depleted by a base group on the SMT enzyme to form 24 (28)-methylene and the methylation 

process is completed. The mechanism is called carbonium ion mechanism. 

Further study with isotope-labeled substrate showed the detailed mechanism as shown 

in Figure 1.9. Methyl group attacks the double bond from Re face at first to form 25-

carbonium. The hydrogen only migrates to C-25 at the back side, so the configuration of C-

25 is R [20, 25], actually the configuration at C-25 is S. 

Another mechanism was also suggested and now we know it is called X-group 

mechanism as shown in Figure 1.10[25e]. It suggested that the methyl group on SAM 

electronically attacks the olefin moieties at C-24 from Si face and the carbonium combines 

with an X-group of the enzyme with a covalent bond. Due to the steric hindrance of methyl 

group at C-24 the X-group most likely attacks the carbonium from the front side (Cram rule 

or Felkin-Ahn rule) [26]. Finally elimination (likes Grob fragmentation) [27] occurs to give 
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the final product with R configuration at C-25 which is same as in the carbonium ion 

mechanism. 

E

Z

"CH3"

SMT H

CH2

H

H

H

25R

 

Figure 1.9 Carbonium ion mechanism 

E

Z

"CH3"
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CH3H

X-ENZ

H2C
H

H

X-ENZ
H2C

H  

Figure 1.10 X-group mechanism 

Based on the isotope experiments, the above mechanisms can not explain the 

configuration of the metabolite of zymosterol at C-25. Nes suggested another mechanism 

which is called steric-electric plug mechanism as shown in Figure 1.11 [16d, 25].  At first a 

substrate (zymosterol) is bound to the SMT enzyme and oriented as shown in Figure 1.11 

after the four domains of zymosterol are recognized by the enzyme. Methyl group from SAM 

is transferred to the double bond from Si face of the double bond and then the transition state 

is formed. At the transition state the hydrogen from C-24 is activated and shared by C-24 and 

C-25. With the help of base of the enzyme hydrogen at C-28 is eliminated and the hydrogen  
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Figure 1.11 Steric-electric plug model mechanism 

at C-24migrates to C-25 at the same time. So this step is non-stop process or called a concert 

process. Finally the product (fecosterol with 25S) is formed. So the mechanism is a non-stop 

steric-electric plug model which can explain the stereo selectivity happening in the SMT 

enzyme. 

In higher plants, sterol methyl transfer process is different from that in fungi. There 

are two SMT enzymes found in higher plants-SMT1 and SMT2. SMT1 catalyzes 24-
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methylation and SMT2 catalyzes 28-methylation. They all adopt the same mechanism as 

shown in Figure 1.12. There are three metabolites: E/Z 24 (28)-ethylene-cycloartenol and 24 

(28)-ethyl-∆25-cycloartenol [19b]. 

HO
CN

Cycloartenol Nucleus

Side chain

CN

CN

CNCNCN

H

 

Figure 1.12 Mechanism of SMT1 and SMT2 in higher plants 

HO HO HO
OH O

HO

HCOOH
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O2
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O2

3 20 21

22  

Figure 1.13 Mechanism of 14α-demethylase 
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1.5 14-Demethylase and mechanism: 

A key step in the biosynthesis of ergosterol in fungi and cholesterol in mammals is to 

remove the C-14 methyl group of lanosterol (3) by the enzyme sterol14α-demethylase [15, 

28]. The 14α-methyl is removed in three O2-NADPH dependent steps (Figure 1.13). The 

methyl group at C-14 is oxidized to a hydroxymethyl group followed by an aldehyde and a 

carboxyl group which is eliminated as formic acid to form 14, 15 C-C double bond. After the 

double bond is reduced the 14-desmethyl lanosterol is biosynthesized. 

The sterol 14α-demethylase enzyme (CYP51A1) is one of cytochrome P-450 

monooxygenases (CYP450) [28a]. CYP450 is a very large and diverse superfamily of 

hemoproteins. Cytochromes P450 use a plethora of both exogenous and endogenous 

compounds as substrates in enzymatic reactions. Usually they form a part of multi-

component electron transfer chains, called P450-containing systems. The most common 

reaction catalyzed by cytochrome P450 is a monooxygenases reaction, e.g. insertion of one 

atom of oxygen into an organic substrate (R-H) while the other oxygen atom is reduced to 

water: R-H + O2 + 2H+ + 2e– → ROH + H2O. The active site of cytochrome P450 contains a 

heme iron center. The iron is tethered to the P450 protein via a thiolate ligand derived from a 

cysteine residue. For sterol 14α-demethylase enzyme, its inhibitors are econazole, 

fluconazole, ketoconazole, they all have the structure of azole rings which can bind to the 

ferric ion in the P450 enzyme and exclude oxygen. That is why the azole inhibitors can 

inhibit the activity of P450. But their selectivity is not satisfactory and they all have very 

strong bad smell. So their oral administration is another problem in the clinical practice. 

1.6 ∆8 isomerase and mechanism [15, 29] 
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Figure 1.14 Mechanism of ∆8 isomerase 

There are two kinds of sterol isomerases with molecular masses of 25-27kDa. The 

most interesting point is that the sterol isomerase in fungi and the sterol isomerase in aminals 

are completely different. But their mechanisms are almost same (Figure 1.14). 

Electrophilic attack of a proton associated with an active-site amino acid on a sterol 

substrate results in the formation of a cationic high-energy intermediate at C-8. During the 

reaction a proton derived ultimately from water (Hw) is added axial to the C-C double bond 

at C-9, and carbon-bound equatorial 7β hydrogen is eliminated to water. The overall catalysis 

involves a trans hydrogen addition-elimination reaction. 

 

1.7 Inhibitors of SMT, 14α-demethylase and ∆8 isomerase 

1.7.1 Inhibitors of SMT 

SMTs occur generally in nature, but do not occur in animal systems, suggesting that 

the difference in sterol synthetic pathways can be exploited therapeutically and in insect-plant 

interactions. There are three kinds of inhibitors: product analogs, substrate analogs and 

transition state analogs [16d, 25b, 25d, 30]. Product analogs mimic the product’s structure 

decided by SMT enzyme, such as 24-methylene-cycloartenol which is the methylation 

product of cycloartenol in the plants. Transition state analogs [16b, 16c, 25d, 30a, 30b, 30c] 
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also are called high energy intermediate analogs because transition state has the highest 

energy during the reaction process. For SMT, according to steric-electric plug model, the 

hydrogen at C-24 is shared by C-24 and C-25 at the transition state, so aziridines such as 24 

(25)-epiminolanosterol [25e, 25d, 30b], are the high energy intermediate analogs. Substrate 

analogs mimic the sterols for 24-methylation reaction catalyzed by SMT. When the substrate 

analogs are reactive, they can bind to the enzyme and deactivate it. There are competitive and 

non-competitive substrate analogs: competitive inhibitors bind to the active site of the 

enzyme, but they compete with the substrate, for example, lanosterol; non-competitive 

inhibitors bind to the enzyme at other site than the active site. Particularly when the substrate 

analogs bind to the enzyme and stabilize the intermediate, there is one covalent bond formed 

between the inhibitor and the enzyme, the enzyme is deactivated forever. This type of 

inhibitors is called suicide substrate inhibitors [25d, 28b].  Suicide substrate inhibitors can 

help us investigate on the precise mechanism of enzymes, so design and preparation of the 

suicide substrates is a challenge in the dissertation. Substrate analogs can provide the chance; 

that is why design and preparation of substrate-based inhibitors are the goal of the 

dissertation. 

HO

OH

N
H

HO

HN

OH

HO

N
H

OH

aza-1 aza-2 aza-3

24a 24b 24c
 

Figure 1.15 Azasterols as the inhibitors for SMT 
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Piperidine was introduced into the side chain as shown in Figure 1.15 [30a]. The three 

inhibitors (after protonized) are high energy intermediate analogs. Aza-3(24c) is more active 

than aza-2 (24b) and aza-1(24a) because the methylation happens at C-24, but carbonium ion 

is formed at C-25. 

In the dissertation, to probe the mechanism of SMT and to search the effective 

inhibitors of SMT, heteroatoms such as nitrogen, sulfur, fluorine and bromine, extra C-C 

double bonds, C-C-triple bonds, methyl, methylene, and cyclopropylmethylene introduced to 

the sterols’ side chains, we hope they can change the inhibitors’ topology, such as polarity 

with nitrogen, sulfur; the electron density of the C-C-double bond at C-24 with bromine, 

fluorine [31], double bond, triple bond, methyl, methylene, and cyclopropylmethylene; the 

steric hindrance with methyl and bromide; introduction of atoms with lone pairs of electrons 

(sulfur and nitrogen). The substrate analogs are anticipated to match the SMT enzyme and 

show high affinity to the enzyme. 

1.7.2 Inhibitors of 14α-demethylase 

There are two kinds of inhibitors of 14α-demethylase (CYP51), one is azole 

derivatives [32] and another one is sterol substrate analogs [28c, 33]. Azole derivatives, such 

as fluconazole (25) and itraconazole (26) (Figure 1.16), are the non-steroids inhibitors of 14α-

demethylase and are used to treat Chagas disease caused by Trypanosome cruzi infection 

[28a]. The azole ring is the most important part of the inhibitors because the ring can bind 

with iron ion in CYP 51 and then deactivate the enzyme. There are several drawbacks for the 

inhibitors such as: they have bad smell, they can inhibit other CYP enzymes when used for 

chronic Chagas disease, and bring about resistance of the inhibitors. Most importantly small 
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clinical studies with fluconazole or itraconazole in humans with chronic Chagas disease have 

not demonstrated significant curative activity for chronic Chagas disease.  

An alternative approach might be the substrate analogs (Figure 1.17): 7-oxo (27), 15-

keto, 15-oxime, 15-hydroxy (28), 26-oxo derivatives of lanosterol were prepared and tested 

[28a, 33], they already showed some effective. They may bind to the active site of the 

enzyme selectively when some specific topology of the sterol substrate is introduced. In the 

dissertation, some new modifications on C-32, such as monofluorine, difluorine, triple bond, 

and cyclopropylmethylene which can bind to the active site of CYP51 enzyme, are designed 

and prepared.  

O

O

N

N
N

Cl

Cl

O N N N N
N

O
F

F

N

N

N

N

N
N

itroconazole fluconazole

OH

25 26

 

Figure 1.16 Non-steroid inhibitors of 14α-demethylase 

HO O HO
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Figure 1.17 Steroid inhibitors of 14α-demethylase 

1.7.3 Inhibitors of ∆8-isomerase [15, 29] 
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Only non-steroidal inhibitors are found to date. Tamoxifen is the inhibitor of animal 

∆8-isomerase which does not show strong inhibition for fungal ∆8-isomerase. Triparanol may 

inhibit fungal ∆8-isomerase [34].  

When hydrogen (s) at C-7 is replaced by other groups such as oxygen, nitrogen, or 

other atoms, these groups can interact with the active site of the   ∆8-isomerase enzyme and 

deactivate it [35]. In the dissertation some substrate-based inhibitors (modifications on C-7 or 

C-8) are designed and synthesized. 
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CHAPTER II  

EXPERIMENTAL AND METHODS 

 

2.1 Instruments and equipment: 

In our lab all compounds are characterized by nuclear magnetic resonance (NMR, 

Varian Mercury Plus 300 MHz; Varian UnityINOVA 500MHz), gas chromatography (GC or 

GLC, hp 5890, series II), gas-chromatography-mass spectrometry (GC-MS, hp 6890-hp5893). 

The reactions were monitored by thin layer chromatography (TLC) and GC. The mixtures 

were separated by preparative TLC, gravity chromatography (silica gel), silver nitrate gravity 

chromatography (silica gel and silver nitrate), and high pressure liquid chromatography 

(HPLC) with semi-preparative columns (TSK gel, TOSOHAAS, ODS 120A, JAPAN; 

PHENOMENEX, SELECTOSIL). 

2.2 Methods:    

NMR: All 1H chemical shifts were reported in δ (ppm) relative to tetramethylsilane 

(TMS, δ=0.000, internal standard which is 0.05% v in d3 chloroform and d4 methanol). 13C 

NMR chemical shifts were reported in δ relative to d3 chloroform (triplet, δ=77.23). The spin 

multiplicities were abbreviated by the letters: s-singlet, d-doublet, t-triplet, q-quartet and m 

(multiplet, more than quartet). 

GC: GC (also called GLC, gas liquid chromatography) was used to determine the 

relative retention time, concentration and purity of sterols. There are two columns – packed 

column and capillary column. The packed column is used on GC in our lab and the capillary 

column was used in GC-MS. The packed column is filled with silica gel (3.0% SE-30, 80/100 

CWHP, from Alltech TM) whose life time is 3 months. The carrier gas is helium. Air and 

hydrogen are used to produce the flame. Temperature of the injector inlet is 250oC, the oven 
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temperature is 245oC and the detector temperature is 300oC. The optimal retention time of 

cholesterol is between 5 minutes and 6 minutes and the area of 1µg of cholesterol is around 

7×107 which is not fixed. So cholesterol standard was injected everyday and its area number 

was used for the concentration calculations and its retention time was used for the 

calculations of the relative retention time of other sterols. The relative retention time (RRTc, 

c stands for cholesterol) is defined by the ratio of the retention time of one sterol divided by 

the retention time of the cholesterol. 

Cholesterol is used as the external standard (1.00mg/ml). Cholesterol was 

recrystallized in methanol and acetone. Anhydrous P2O5 in a test tube was put in the ball of 

the vacuum heating desiccator and cholesterol in a scintillation vial was put in the big tube of 

the desiccator which was heated by methanol vapor. The cholesterol was dried under vacuum 

overnight (but the vacuum pump was shut down after it was heated for 30 minutes). Cooled 

to room temperature and it was taken out. 100mg of cholesterol was weighed by an analytical 

balance (5 significant digits) and put in a beaker followed by addition of 200 proof ethanol 

(80ml). Stirred with a glass rod and transferred in a 100ml volumetric flask. The beaker and 

the rod were washed with 8ml×2 of the ethanol and transferred into the flask. More ethanol 

was added dropwise in the flask with a pipette until the muniscus reaches the mark (a round 

cycle) at 20oC. The concentration of the solution was 1mg/ml and the solution was kept in 

100 small vials with 1ml for each vial. The vials were kept at 4oC and the solution was used 

as the external standard in our lab. 1µl of the standard was injected in the GC and the FID 

signal was integrated by an integrator which was recorded. FID area of one compound is 

divided by FID area of cholesterol is the concentration of the compound (mg/ml). The 

solvents for running GC and GC-MS are acetone, methanol, ethanol, diethyl ether in our lab. 
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MS: Electron impact (EI) is the widely acceptable method for steroids analysis. The 

m/z values were reported with one significant digit and relative intensities in % and the peaks 

with 100% relative intensity were shown. 

TLC (thin layer chromatography): TLC was carried out on plates of silica gel 

(Sorbent technologies, aluminum backed, 200μm) and visualized by spraying 5% sulfuric 

acid to the plate and dried by an air drier (more than 100oC). Solvent systems were 

hexanes/diethyl ether and hexanes/ethyl acetate. 

Preparative TLC: preparative TLC was used to separate steroids according to their 

methyl groups on 4-position. Polarity decreases in the order of desmethyl, monomethyl and 

dimethyl at 4-position of sterols, so Rf (retention factor) values of the sterols increases in the 

same order. The solvent system is benzene/diethyl ether =85/15. The sample in chloroform, 

acetone, or other solvents showing excellent solubility of sterols is loaded on the TLC plate in 

a straight line while standards (cholesterol (desmethyl), 31-nor-lanosterol (mono-methyl) and 

lanosterol (dimethyl)) are spotted beside the line. It is developed twice in the fresh solvent 

system. After developed the standards are visualized by spraying 5% sulfuric acid and heated 

at 120oC for 5-10 minutes. There are three bands (from base line to front line) responsive to 

desmthyl, mono-methyl and dimethyl. Scraped with a razor and extracted with 

dichloromethane (8ml×3), centrifuged and the clear solutions are collected and combined. 

The solvent is removed by nitrogen to give pure or impure sterol (s).  

Gravity chromatography: silica gel was purchased from Sorbent technologies and its 

size is between 75-200µm. The solvents are hexanes, dichloromethane, diethyl ether, ethyl 

acetate, and methanol. Specifically a short column with small amount of silica gel was used 

to get rid of some insoluble materials. 
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HPLC: HPLC was used when mixture could not be separated by a gravity column. It 

was performed at room temperature unless specific conditions were shown. There are two 

kinds of columns: analytical columns and semi-preparative columns. Analytical columns 

were used to separate small amount of sterols and semi-preparative columns were used to 

separate 100µg of sterols or more.   

Yields: yields were based on gravity columns, HPLC, GC, or GC-MS. 

2.3 Reagents and treatments 

All reagents were ordered from Sigma-Aldrich Co., and used directly without further 

treatment. Tetrahydrofuran and diethyl ether were dried with metal sodium slices and 

benzophenone was used to indicate whether they were dry (deep blue) or not when refluxed. 
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CHAPTER III  

STARTIING MATERIALS AND THEIR PREPARATIONS 

 

Lanosterol (8, 24-dien-lanostan-3β-ol), 24, 25-dihydrolanosterol, 31-nor-lanosterol, 

obtusifiol, zymsterol in fungi and animals [16] and cycloartenol, 24 (28)-methylene-

cycloartenol [18] in plants are intermediates biosynthesized from squalene (Figure3.1). 

Cholesterol is the final metabolite compound in animals. ∆7-lanosterol and ∆7-

dihydrolanosterol are the substrates for comparison when inhibitors with the similar nucleus 

structure are tested.  They all are our starting materials when they are used for design of 

substrate-based inhibitors of sterol biosynthesis. Some of them are commercial available and 

some of them are lab collections. Their purchases, purifications and preparations are 

discussed here. 

HO HO HO

HO

Lanosterol Zymosterol Cycloartenol

Cholesterol

3 5 4

8

 

Figure 3.1 Structures of naturally happening starting materials 

3.1 Lanosterol:  

In our lab, lanosterol (3) is purchased from Sigma Corporation. The original 

lanosterol includes lanosterol (60%) and 24, 25-dihydrolanosterol (40%) based on gas 
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chromatography and a trace of ∆7, 9, 24-tien-lanostan-3β-ol. The mixture can be separated by 

following methods: 

1, Silver nitrate column: at first, silver nitrate (10% weight, 100g) is dissolved in 

double distilled water (200ml) and mixed with silica gel powder (1000g, purchased from 

Sorbent Technologies with the size of 75-200µm). More water is needed to make the silica 

gel powder wet (slurry). Stirred very well and the flask was wrapped by aluminum foil to 

prevent silver nitrate from the light. Water is removed in vacuo below 80oC, otherwise silver 

nitrate is decomposed and becomes dark. The mixture of silica gel with silver nitrate is put in 

a tank covered with aluminum foil with lots of holes on it and put in the oven at 120oC for 24 

hours. It is loaded into a column wrapped by aluminum foil after it is cooled to room 

temperature and mixed with cyclohexane. The routine solvents are cyclohexane and toluene. 

After 3-acetyl-lanosterol (1g, from reaction of commercial lanosterol with acetic 

anhydride/pyridine discussed later) was loaded in the column, cyclohexane/toluene (400ml) = 

100/0, 100/0.5, 100/1, 100/2, 100/5, 100/10 and 0/100 are used to elute the lanosterol mixture 

with speed of 1drop/second. The eluted solution is collected in 100ml per fraction. The 

process is monitored by TLC, GC, and GC-MS. TLC is used to check if the sterols are in the 

solution. GC is used to check the retention time of dihydrolanosterol (a shorter retention time) 

and lanosterol; but the two peaks are overlapped. So usually GC-MS is used to check if the 

collected samples are pure. Usually 3-acetyl-24, 25-dihydrolanosterol and 3-acetyl-lanosterol 

are eluted out at 100/2 and 100/5 respectively. The solutions with the same sterol are 

combined and the solvents are removed in vacuo. It often happens that when 3-acetyl-

dihydrolanosterol is eluted out it is pure followed by the mixture of the two sterols and pure 

3-acetyl-lanosterol. The two sterols with free alcohol (3-OH group) are obtained by reaction 

with LAH in anhydrous diethyl ether (discussed later). 
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2, HPLC: a small amount of commercial lanosterol usually is separated by HPLC. In 

our lab, semi-preparative TSK gel column and Phenomenex column are often used. Solvents 

are the mixture of isopropanol and acetonitrile (1/4 volume) and methanol, of which 

isopropanol/acetonitrole is much more efficient for TSK gel and methanol is efficient for 

Phenomenex column. When TSK gel column is used, the three components can be separated 

with no overlapped peaks at the retention time of 35 minutes, 48 minutes and 68 minutes. 

3, Reaction: in our lab, particularly for the synthesis of inhibitors of SMT and 14α-

demethylase the starting material is the commercial lanosterol. The first step is to protect 3β-

OH with acetate group, and then 24, 25-double bond is ozonolyzed by ozone, so lanosterol is 

transformed into aldehyde. 3-acetyl-24, 25-dihydrolanosterol is intact which is less polar than 

3-acetyl-24-ald-lanosterol, so it becomes very easy to separate them with a gravity 

chromatography column. 50g of the mixture can be separated each time in a big column 

(1000g of silica gel) when hexanes/ diethyl ether (1000ml at 10/0, 10/1, and 10/2) are used to 

elute the column. 

            For lanosterol:  

RRTc: 1.65 

MS: 426.3 (M+), 411.3 (M+-methyl, 100%), 383.2 (M+-methyl-H2O), 378.2, 341.2, 

311.2, 273.2, 241.1. 

NMR: 1H: 5.101 (m, 24-H, 1H), 3.238 (m, 3-H, 1H), 1.684 (s, 26-H, 3H), 1.604 (s, 

27-H, 3H), 1.001 (s, 19-H, 3H), 0.982 (s, 30-H, 3H), 0.912 (d, 21-H, 3H), 0.875 (s, 31-H, 3H), 

0.811 (s, 32-H, 3H), 0.689 (s, 18-H, 3H). 

For 24, 25-dihydrolanosterol: 

RRTc: 1.60 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

26

MS: 428.3 (M+), 413.3 (M+-Methyl, 100%), 395.3 (M+-Methyl-H2O), 380.2, 327.1, 

299.2, 273.2. 

NMR: 1H:  3.480 (m, 3-H, 1H), 1.001 (s, 19-H, 3H), 0.982 (s, 30-H, 3H), 0.890 (d, 

21-H, 3H), 0.876 (s, 31-H, 3H), 0.872 (d, 26-H, 3H), 0.860 (d, 27-H, 3H), 0.811 (s, 32-H, 

3H), 0.688 (s, 18-H, 3H). 

 

HO HO

HCl gas
CH2Cl2

HO HOHO

+

+ +

3 30

31 323  

Scheme 3.1 Preparation of ∆7-lanosterol by using HCl gas 

 

3.2 ∆7-Lanosterol: ∆7-lanosterol (30) was prepared from isomerization of lanosterol [34]. 

There are two procedures to prepare it: 

Procedure 1 (Scheme 3.1) [36]: to anhydrous dichloromethane (20ml) lanosterol 

(10mg) was added followed by bubbling hydrogen chloride gas through the solution at room 

temperature for 30 minutes and washed with water saturated with sodium dicarbonate 

(100ml×3) until pH was 7 and water (100ml). Dried with magnesium sulfate, the solvent was 

removed in vacuo. There are four isomers which are not easy to be separated by HPLC:  ∆7. 

24-lanosterol (30), ∆7, 26-lanosterol (31), lanosterol and -∆26-lanosterol (32) (Figure 3.2 and 

Scheme 3.1). This process is kinetic control so isomerization can happen at 26 position of 
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lanosterol when HCl gas is used in the reaction. For isomerization of 24, 25-

dihydrolanosterol (Scheme 3.2) (33) using hydrogen chloride gas also was tested and there 

was only one isomer: ∆7-dihydrolanosterol (34) because there is not the double bond at 24and 

25, so only C-8 double bond migrates to C-7. The ratio of them is 70/30. Even the 

temperature is dropped to -20oC the ratio does not change. The isomer can be separated by 

HPLC (isopropanol/acetonitrile = ¼, TSK gel, 2ml/min at room temperature).  

 

Figure 3.2 GS-MS of isomerization products of lanosterol 

HO HO

HCl gas
CH2Cl2

33 34  

Scheme 3.2 Preparation of ∆7-24, 25-dihydrolanosterol by using HCl gas 
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Hydrogen chloride was produced by the reaction of sodium chloride with concentrated 

sulfuric acid. Sodium chloride (100g) was put in a flask connected with a separation funnel 

and a plastic pipe dipped into the dichloromethane solution of lanosterol. Concentrated 

sulfuric acid (98%, 10ml) was put into the funnel and a stopper on. Turned on the switch on 

the funnel and let sulfuric acid drip slowly. HCl gas was produced and bubbled through the 

solution for 30 minutes. Stopped dripping sulfuric acid, kept the solution at room temperature 

for 1 hour and the solution was washed with water (see above). After the isomerization was 

done, it was not easy to treat the remains because there was still some sulfuric acid in the 

flask. And the hydrogen chloride gas emitted to the air and absorbed moisture to form 

hydrochloric acid which may rot the metal in the hood. It is not a good process in the lab and 

it is replaced by the following process. 

 

HO HO

HClO4
CH2Cl2
R.T.

3 30  

Scheme 3.3 Preparation of ∆7-lanosterol by using HClO4 

Procedure 2 (Scheme 3.3): to anhydrous dichloromethane (20ml) was lanosterol (3) 

(10mg) added followed by HClO4 (3drops) and stirred for 30 minutes. Poured into water 

(20ml) and organic layer was collected and washed with water (10ml×3). The solvent dried 

with magnesium sulfate was removed in vacuo and purified with HPLC (TSK gel, 

isopropanol/acetonitrile = ¼, 2ml/min at room temperature) to give ∆7-lanosterol. The ratio of 

lanosterol to ∆7-lanosterol is 60/40. This process is under thermodynamic control, and C-24, 

25-double is most stable because there are three alkyl groups connected to the double bond 
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and at C-25, 26 there are only two alkyl groups and the double bond at C-25, 26 is a terminal 

alkene, as a result,  isomerization of 24, 25-double bond does not occur under this condition.  

For ∆7-lanosterol: 

αc: 1.25 

RRTc: 1.76 

MS: 426.4 (M+), 411.4 (M+-methyl), 393.4 (M+-methyl-H2O), 341.3, 313.3, 295.1, 

273.3, 255.3, 229.3, 207.1, 69.2 (100%). 

NMR: 1H: 5.208 (m, 7-H, 1H), 5.101 (m, 24-H, 1H), 3.248 (m, 3-H, 1H), 1.684 (s, 26-

H, 3H), 1.604 (s, 27-H, 3H),  0.993 (s, 19-H, 3H), 0.970 (d, 30-H, 3H), 0.903 (d, 21-H, 3H), 

0.894 (s, 32-H, 3H), 0.872 (s, 31-H, 3H), 0.641 (s, 18-H, 3H). 

For ∆7-24, 25-dihydrolanosterol: 

αc: 1.90 

RRTc: 1.71 

MS: 428.3 (M+), 413.3 (M+-methyl,), 395.3 (M+-methyl-H2O), 355.3, 325.3, 297.3, 

273.3, 255.3, 229.2, 207.1, 57.1 (100%). 

NMR: 1H: 5.206 (m, 7-H, 1H), 3.248 (m, 3-H, 1H), 0.992 (s, 19-H, 3H), 0.972 (s, 30-

H, 3H), 0.894 (s, 32-H, 3H), 0.890 (d, 21-H, 3H), 0.871 (s, 31-H, 3H), 0.871 (d, 26-H, 3H), 

0.860 (d, 27-H, 3H), 0.640 (s, 18-H, 3H). 

 

3.3 31-Nor-lanosterol and Obtusifiol: 31-nor-lanosterol and obtusifiol are intermediates of the 

biosynthesis of ergosterol in fungi, such as Candida albicans. When specific inhibitors 

(itraconazole and /or 25-aza-lanosterol) are added into the growing cells of Candida albicans, 

biosynthesis pathways are intercepted and sterols are accumulated at some steps. After the 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

30

sterols are collected and separated, 31-nor-lanosterol and obtusifiol can be prepared 

separately.  

Growth of the cells [16d]: to 1 liter YPD medium in a 2.8 liter flask were C. albicans 

of 1×108 cells inoculated followed by addition of inhibitors in DMSO, for preparation of 31-

nor-lanosterol itraconazole (1.4mg) and 25-aza-lanosterol (4.2mg) were added to the medium; 

for preparation of obtusifiol only itraconazole (1.4mg) was added to the medium. The cells 

grew at 30oC for 72 hours and were collected by centrifuge. The collected cells were 

saponified with 10% methanolic potassium hydroxide (100ml) at refluxing temperature for 

30 minutes. Poured into water (100ml) and extracted with hexanes (200ml×3). The solvents 

were removed in vacuo to give NSF (none sopanifiable fraction, usually 1g). NSF was 

dissolved in 5ml of acetone and centrifuged and decanted to collect the acetone solution. 

Another patch of acetone (5ml) was put in the tube and shaken for a while; and then 

centrifuged and decanted to a beaker and the acetone solution was collected. The solvent of 

the combined solution was removed by nitrogen to give total sterols (~2mg based on GLC). 

Purification: preparative TLC and HPLC were used to separate the resulted total 

sterols. Preparative TLC was used to purify obtusifiol and HPLC was used to purify 31-nor-

lanosterol. 

The preparative TLC plates were used to separate obtusifiol from other compounds. 

The total sterols were dissolved in a very small amount of chloroform (0.5ml) and spotted on 

a TLC plate to form a straight line (1cm from the bottom edge of the plate) while standards 

(lanosterol, 31-nor-lanosterol, and cholesterol together) were spotted (two dots) beside the 

line at the same level (not more than 5mg of total sterols for each plate). 100ml of mixture of 

benzene and diethyl ether (85/15) was added to the tank and covered with a lid to let the 
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vapor saturate the tank. The plate (the side to which the straight line is close downwards) was 

put into the tank and developed twice in the tank. The standards were visualized by spraying 

sulfuric acid solution (5%) and heated at 120oC for 5-10 minutes while the sample part (from 

the base line to the front line) was covered by aluminum foil. There are three bands: 

desmethyl band is the lowest band, mono-methyl band is the middle one and dimethyl band is 

the top one (from the base line). The silica gel of each band was scraped, put into a test tube, 

and extracted with diethyl ether (10ml×3).  Centrifuged and the solution was collected and 

combined. The solvent was removed in vacuo to give obtusifiol (~0.5mg, mono-methyl band 

or 31-nor-lanosterol band).  

HPLC was employed to separate the mixture in which 31-nor-lanosterol was here. At 

first Econosil semi-preparative column was used at 4ml/min with 100% methanol (HPLC 

grade). Fractions were collected every one minute by using an automatic fraction collector. 

31-nor-lanosterol was eluted out with lanosterol among fraction 21-23. The solvent of the 

combined solution was removed in vacuo and TSK gel semi-preparative column was used to 

finish the purification (100% methanol, 2.5ml/min at room temperature and 31-nor-lanosterol 

was eluted out at 32 minutes). 

For 31-nor-lanosterol:  

RRTc: 1.42 

MS: 412.3 (M+), 397.3 (M+-Methyl, 100%), 379.3 (M+-methyl-H2O), 355.0, 327.2, 

297.2, 271.2, 245.1, 201.1. 
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NMR: 5.102 (m, 24-H, 1H), 3.102 (m, 3-H, 1H), 1.685 (s, 26-H, 3H), 1.600 (s, 27-H, 

3H), 0.996 (d, 4-methyl, 3H), 0.970 (s, 19-H, 3H), 0.917 (d, 21-H, 3H), 0.880 (s, 32-H, 3H), 

0.707 (s, 18-H, 3H). 

For obtusifiol:  

MS: 426.4 (M+), 411.3 (M+-methyl, 100%), 393.3 (M+-methyl-H2O), 365.3, 327.2, 309.2, 

285.2, 267.1, 245.1, 227.1, 201.1. 

3.4 Cycloartenol:  

Cycloartenol can be prepared by extraction of γ-Oryzanol which is purchased from 

Spectrum Quality, Inc. About 5g of cycloartenol and 24-methylene-cycloartenol can be 

obtained from 500g of γ-Oryzanol. 

500g of γ-Oryzanol was put into a 2000ml one-neck flask followed by 500-700ml 

methanol and 50-70g of potassium hydroxide. Refluxed for 1hour and cooled to room 

temperature. Filtered in a big funnel overnight, the cake in the funnel was washed with 

methanol (1000ml) twice while stirred and filtered again. The solutions were combined and 

concentrated to 500ml in vacuo. 500ml of water was added to the solution and extracted with 

mixture of hexanes and diethyl ether (50/50, 300ml×3). Washed with water (300ml×3) and 

dried with magnesium sulfate. The solvents were removed in vacuo. Dissolved in acetone, 

centrifuged, decanted to a beaker, the acetone solution was collected and the acetone was 

removed in vacuo. About 8g of crude products were obtained. 

The crude products in small amount of dichloromethane were loaded in a silica gel 

column (400g). Eluted with hexanes/ ethyl acetate (100/0, 100/5, 100/7, 100/12 and 100/30, 

1000ml each). Cycloartenol and 24 (28)-methylene-cycloartenol were eluted out at 100/12. 
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About 5g of Cycloartenol and 24 (28)-methylene-cycloartenol was obtained. Sitosterol and 

campensterol (~3g) were eluted at 100/30. 

3-OH groups of cycloartenol and 24 (28)-methylene-cycloartenol were protected by 

reaction with acetic anhydride in pyridine and separated by a silver nitrate column as 

discussed in the section of preparation of lanosterol. 3-acetyl-24 (28)-methylene-cycloartenol 

was eluted first at 100 /10 of cyclohexane/ toluene followed by 3-acetyl-cycloartenol. Acetate 

group of 3-acetyl-cycloartenol and 3-acetyl-24 (28)-methylene-cycloartenol can be 

deprotected by lithium alumina hydride in anhydrous diethyl ether and pure cycloartenol and 

24 (28)-methylene-cycloartenol can be obtained. 

For cycloartenol: 

RRTc: 1.84 

MS: 426.4 (M+), 411.4 (M+-methyl), 408.4 (M+-H2O), 393.4 (M+-H2O-Me), 365.4, 

339.4, 313.3, 286.3, 69.2 (100%). 

NMR: 1H: 5.102 (m, 24-H, 1H), 3.285 (m, 3-H, 1H), 1.686 (s, 26-H, 3H), 1.606 (s, 

27-H, 3H), 0.967 (s, 18-H, 3H), 0.963 (s, 30-H, 3H), 0.890 (s, 32-H, 3H), 0.883 (d, 21-H, 3H), 

0.810 (s, 31-H, 3H), 0.555 (d, 19-H, 1H), 0.334 (d, 19-H, 1H) [5a]. 

For 24 (28)-methylene-cycloartenol: 

RRTc: 2.05 

MS: 440.4 (M+), 425.4 (M+-Me), 422.4 (M+-H2O), 407.4 (M+-Me-H2O), 379.4, 353.4, 

323.3, 300.3, 69.2 (100%). 

NMR: 1H: 4.690 (m, 28-H, 2H), 3.285 (m, 3-H, 1H), 1.035 (d, 26-H, 3H), 1.022 (d, 

27-H, 3H), 0.968 (s, 18, 30-H, 6H), 0.896 (d, 21-H, 1H), 0.899 (s, 32-H, 3H), 0.810 (s, 31-H, 

3H), 0.555 (d, 19-H, 1H), 0.334 (d, 19-H, 1H). 
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3.5 Cyclobranol (Scheme 3.4): cyclobranol is prepared by isomerization of 24 (28)-

methylene-cycloartenol using iodine (I2) [37]. 

1, 3-acetoxy-24, 28-methyl-cycloartenol (36a): to benzene (10ml) was 3-acetoxy-

24,28-methylene-cycloartenol (35a) (20mg) added followed by addition of iodine (10mg, 1 

equivalent) under nitrogen protection. Kept refluxing for 6 hours and cooled to room 

temperature and sodium thiosulfate solution (1g in 10ml water) was added until the red color 

disappeared and diluted with ethyl acetate (20ml). The organic layer was collected, washed 

with water (20ml×2), dried with magnesium sulfate and the solvent was removed in vacuo in 

the hood. The resulted mixture was used directly in the next step.  

When iodine (more than 1 equivalent) was used in the reaction and/or reaction time 

was so long (for example, 12 hours), 3-acetyl-24 (28)-methylene-cycloartenol was changed to 

unknown compounds which were not identified and characterized. Based on the experience, 

the key for the reaction was control of the amount of iodine and the reaction time. 

MS: 482.4 (M+), 467.4 (M+-methyl), 439.4 (M+--HC(CH3)3), 422.4 (M+-AcOH), 

407.4 (M+-methyl-AcOH), 379.4, 353.3, 326.3, 297.3, 255.2, 216.2, 83.0 (100%). 

AcO AcO

HO

I2
benzene
reflux

NaOH
MeOH

35a 36a

36  

Scheme 3.4 Preparation of 24 (28)-methyl-cycloartenol (cyclobronol) 
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2, 24 (28)-methyl-cycloartenol (36): to methanol (20ml) was the above mixture added 

followed by addition of excessive sodium hydroxide pellets (2 pellets) and refluxed for 1hour. 

Poured into water (20ml) and extracted with dichloromethane (10ml×2). Washed with water 

(10ml×3) and dried with magnesium sulfate. The solvent was removed in vacuo and 

dissolved in methanol (20ml). Filtered and HPLC (TSK gel, isopropanol/acetonitrile = ¼, 

2ml/minute at room temperature) was used to give pure 24 (28)-methyl-cycloartenol. 

RRTc: 3.07 

αc: 1.21 

MS: 440.4 (M+), 425.4 (M+-methyl), 422.4 (M+-methyl-H2O), 407.4 (M+-methyl-

methyl-H2O), 379.4, 353.4, 323.3, 300.3, 273.3, 245.3, 216.2, 83.2 (%). 

NMR: 3.328 (m, 3-H, 1H), 1.639 (s, 26-H, 3H), 1.630 (s, 28-H, 3H), 1.623 (s, 27-H, 

3H), 0.967 (s, 18, 30-H, 6H), 0.909 (d, 21-H, 3H), 0.892 (s, 32-H, 3H), 0.810 (s, 31-H, 3H), 

0.555 9d, 19-H, 1H), 0.331 (19-H, 1H). 

 

3.6 Zymosterol: Zymosterol (∆8, 24-cholestan-3β-ol) collected by Nes is recrystallized with 

methanol and acetone before any applications. The crude material is yellowish and it 

becomes colorless after recrystallized.  

            Recrystallization of zymosterol:  100mg of crude zymosterol was dissolved in acetone 

(50ml) and filtered to get rid of the insoluble materials. Acetone was removed in vacuo and 

dissolved in methanol (50ml)/acetone (10ml) at 50oC in a flask and cooled to room 

temperature. The flask mouth was covered by the aluminum foil with some small holes on it. 

The aluminum foil was used to keep the dust outside. Kept the solution at room temperature 

and let the solvents evaporate slowly overnight. Filtered with a Hirch funnel and washed with 
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methanol (3ml) and the white solid was collected and dried at room temperature in vacuo. 

The mother liquid was also kept for other applications. 

RRTc: 1.15 

MS: 384.4 (M+, 100%), 369.4 (M+-methyl), 366.5 (M+-H2O), 351.4, 327.4, 299.4, 

271.3, 246.3, 229.3, 213.3. 

NMR: 1H: 5.101 (m, 24-H, 1H), 3.625 (m, 3-H, 1H), 1.691 (s, 26-H, 3H), 1.609 (s, 

27-H, 3H), 0.957 (s, 19-H, 3H), 0.946 (d, 21-H, 3H), 0.616 (s, 18-H, 3H). 

 

3.7 Cholesterol: Cholesterol was purchased from Sigma-Aldrich Corporation and was 

recrystallized with acetone and methanol before it was used for reactions and other usages. 

The pure cholesterol (1mg/ml in ethanol) is the external standard which is used to 

quantitatively determine the concentration of other sterols. The FID area of one sterol divided 

by the FID area of the cholesterol standard is the concentration of the sterol. 

αc: 1 

RRTc: 1 

MS: 386.4 (M+), 381.4 (M+-methyl), 368 (M+-H2O), 353.4 (M+-Methyl-H2O), 326.4, 

301.3, 275.3, 255.2, 231.2, 213.2, 57.1 (100%). 

NMR: 1H: 5.352 (m, 6-H, 1H), 3.527 (m, 3-H, 1H), 1.008 (s, 19-H, 3H), 0.915 (d, 21-

H, 3H), 0.871 (d, 26-H, 3H), 0.857 (d, 26-H, 3H), 0.678 (s, 18-H, 3H). 
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CHAPTER IV  

CHAPTER IV DESIGN AND SYNTHESIS OF INHIBITORS 

OF STEROL METHYLTRANSFERASE (SMT) 

4.1 Preparation of 26, 27-dehydrozymosterol (Scheme 4.1) [20, 25b]  

AcO

O

AcO

O3
CH2Cl2
-78oC

1, cyclopropyltriphenyl-
phosphium bromide
nBuLi/THF/50oC

2, NaOH
MeOH5a 37a  

HO 38  

Scheme 4.1 Preparation of 26, 27-dehydrozymosterol 

1, 3-acetoxy-zymosterol (5a): to pyridine (5ml) zymosterol (5) (40mg) was added 

followed by addition of acetic anhydride (0.2ml). Heated to 70oC and kept it at the 

temperature for 40 minutes and poured into water (100ml) with ice. Filtered, the solid was 

collected and dried in vacuo overnight to give 3-acetoxy-zymosterol (40mg, ~100% yield). 

MS: 426.4 (M+, 100%), 411.4 (M+-methyl), 383.4 (M+-methyl- ethyl), (M+-methyl-

ethyl-H2O), 351.4 (M+-methyl-AcOH), 313.3, 288.3, 255.3, 228.3, 213.2. 

2, 3-acetoxy-24-ald-zymosterol (37a): to anhydrous dichloromethane (50ml) 3-

acetoxy-zymosterol (40mg) and pyridine (1 drop) was added and cooled to -78oC by acetone 

with dry ice. Ozone [38] produced by Sandpoint O3zone Generator TM was bubbled through 

the solution. The oxidation process was monitored by GC (the retention times of 3-acetoxy-

zymosterol and 3-acetoxy-24-ald-zymosterol are different) and dimethyl sulfide (2ml) was 

added to the solution when half starting material was oxidized (the height of the two peaks 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

38

was same). The solution was kept at room temperature for 5 hours or overnight and the 

solvents were removed in vacuo. The resulted mixture was separated by chromatography 

with silica gel (hexanes/diethyl ether=10/5). Pure 3-acetyl-24-ald-zymosterol was obtained 

(15mg, 83% yield based on conversion).  

MS: 400.2 (M+), 385.2 (M+-methyl), 372.2 (M+-CO), 340.1 (M+-AcOH), 325.1 (M+-

AcOH-methyl), 301.1, 281.0, 255.1, 234.1, 213.1, 193.0, 91.0 (100%). 

During the ozonolysis process the ∆8 double bond may be oxidized by ozone. There 

are not any 14α-methyl and 4-methyls, so ∆8 double bond is not very steric hindrance 

compared with lanosterol which has 4-methyls and 14α-trimthyl. The ozonolysis rate of ∆8 

double bond can not be ignored compared with the ozonolysis rate of ∆24 double bond of 

zymosterol. When lanosterol or cycolartenol were ozonolysed, the ozonolysis rate of ∆8 

double bond was very small. When zymosterol was ozonolysed for a long time, not any 

zymosterol nucleus structure might be detected by GC and GC-MS, which means zymosterol 

was fragmentized.  

2, 26,27-dehydrozymosterol(38) [36]: to anhydrous THF (tetrahydrofuran) (20ml) 

cyclopropyltriphenyl-phosphonium bromide (184mg) was added and warmed up to 50oC and 

nBuLi (0.3ml) was added dropwise under nitrogen protection. The solution became clear 

yellowish in 30 minutes, but few solids were still suspended. The yellow color persisted and 

kept stirring for 2 hours. 3-acetoxy-24-ald-zymosterol (15mg) in anhydrous THF (10ml) was 

added with a syringe to the above solution and heated up to reflux. Kept refluxing for 2 hours 

and aqueous NaOH (1ml, 0.1M) was added to hydrolyze acetate group. The solvent was 

removed with nitrogen and purified with a gravity chromatogaphy (silica gel, hexanes / 

diethyl ether = 10/6) to give pure 3-hydroxyl-26, 27-dehydro-zymosterol (7mg, 48.8% yield). 

RRTc: 1.45 
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MS (Figure 4.1): 382.3 (M+), 367.3 (M+-methyl), 349.3 (M+-methyl-H2O), 326.9, 

299.2, 281.2, 271.2, 229.2, 207.1, 91.1 (100%). 

NMR: 1H: 5.162 (m, 24-H, 1H), 3.617 (m, 3-H, 1H), 0.960 (s, 19-H, 3H), 0.947 (d, 

21-H, 3H), 0.609 (s, 18-H, 3H). 

13C: 120.604, 118.818, 71.226, 54.829, 51.911, 42.136, 51.911, 42.136, 40.766, 

38.365, 36.947, 35.948, 35.715, 35.561, 35.134, 31.683, 29.688, 28.728, 28.642, 27.891, 

27.196, 25.490, 23.772, 22.809, 18.563, 17.836, 11.222. 

When addition of nBuLi solution was carried out at room temperature, the reaction 

rate between nBuLi and cyclopropyltriphenylphosphonium bromide was not fast. Even when 

the ratio of nBuLi to the Wittig reagent is less than one, nBuLi cannot be consumed 

completely. As a result, nBuLi still remaines in the THF solution and it is nucleophilic 

(Figure 4.2). It can react with an aldehyde group which is a good electrophilic group to form 

alcohol which is eliminated in the form of water in the strong base solution.  So there is 

always the competition between nucleophilic addition of nBu carbanion to the aldehyde and 

Wittig olefin coupling reaction when nBuLi is not consumed completely by the Wittig 

reagent. But nucleophilic addition is slower than the Wittig reaction [39], so the olefin 

coupling product is the major product (Figure 4.3). It was very hard to separate the byproduct 

from the olefin, so HPLC was employed to finish the separation. There is still some overlap 

between the two peaks, so it is a time consuming process. When nBuLi is added to the THF 

solution of the Wittig reagent at 50oC, the reaction rate of nBuLi with the Wittig reagent is 

much faster and 1 equivalent nBuLi can react with the Wittig reagent, so there is no nBuLi in 

the solution and the solution becomes clear. As the result, only Wittig olefin coupling 

reaction occurs in the solution and no by-product is produced. Only a gravity chromatography 

column is used to separate 25, 26-dehydrozymosterol from the mixture. 
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Figure 4.1 GC-MS of 26, 27-dehydrozymosterol when ylid prepared at 50oC. 

 

O

AcO

nBuLi
THF

AcO

OLi

Base

HO

37a 39a

40  

Figure 4.2 Nucleophilic addition of nBu carbanion to aldehyde. 
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Figure 4.3 GC-MS of 26, 27-dehydrozymosterol (before HPLC). 

 

4.2 Preparation of 26, 27-dehydrosterols (Scheme 4.2) 

4.21 Preparation of 26, 27-dehydrolanosterol 

1, 3-acetoxy-lanosterol (3a): to pyridine (200ml) was commercial lanosterol (3) (20g) 

added. Acetic anhydride (20ml) was added at room temperature after lanosterol was 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

42

completely dissolved in pyridine. Heated up to 70oC and kept it at that temperature for 40 

minutes. Cooled to room temperature and poured into water (1000ml with ice). Filtered and 

the solid was collected and dried at room temperature in three days. 100% yield. 

MS: 468.3 (M+), 453.3 (M+-methyl), 425 (M+-methyl-H2O), 393.3 (M+-methyl-

AcOH), 355.2, 301.1, 271.2, 241.1, 215.1, 69.1 (100%). 

 

AcO

O

AcO

O3
CH2Cl2
-78oC

1, cyclopropyltriphenyl-
phosphium bromide
nBuLi/THF/50oC

2, NaOH
MeOH3a 41a

 

HO
42      

HO
43  

Scheme 4.2 Preparation of 26, 27-dehydrosterols 

2, 3-acetoxy-24-ald-lanosterol (41a): to anhydrous dichloromethane (100ml) was 3-

acetoxy-lanosterol (3g) added and cooled to -78oC by dry ice in acetone (saturated by dry ice). 

Ozone was bubbled through the solution. There were two components in the gas: ozone and 

oxygen. Oxygen did not participate in the reaction and it gave off to the air after it was 

bubbled through potassium iodide solution. Dimethyl sulfide (5ml) was added to quench the 

ozone when the potassium iodide solution became brownish, which means there is not any 

reactive double bonds on the compounds and excessive ozone emitted from the sterol 

solution and was pushed into KI solution. Potassium iodide was oxidized to iodine which is 

brown. Kept it at room temperature overnight and the solvents were removed under vacuum. 
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There are three compounds in the mixture: 3-acetoxy-lanosterol, 3-acetoxy-dihydrolanosterol 

and 3-acetoxy-24-ald-lanosterol. Flash chromatography (hexanes /diethyl ether = 10/2) was 

used to separate 3-acetoxy-24-ald-lanosterol from others. The ∆8 bond was not broken by 

ozone. 

MS: 442.3 (M+), 427.3 (M+-methyl), 424.3 (M+-H2O), 409.3 (M+-methyl-H2O), 367.3 

(M+-methyl-AcOH, 100%), 349.3, 339.3, 316.2, 297.3, 255.2, 227.2. 

3, 26, 27-dehydrolanosterol (42): the process is same as the process for preparation of 

26, 27-dehydrozymosterol.  

MS: 424.3 (M+), 409.3 (M+-methyl, 100%), 406.3 (M+-H2O), 391.3 (M+-methyl-H2O), 

363.2, 341.3, 309.3, 281.1, 259.1, 241.2, 215.2, 187.2. 

NMR: 1H: 5.102 (m 24-H, 1H), 3.237 (q, 3-H, 1H), 1.001 (s, 19-H, 3H), 0.983 (30-H, 

3H), 0.877 (s, 32-H, 3H), 0.855 (d, 21-H, 3H), 0.812 (s, 31-H, 3H), 0.689 (s, 18-H, 3H). 

4.2.2 Preparation of 26, 27-dehydrocycloartnol (43) [40]: the process is the same as the 

process shown in 4.2.1. 

RRTc: 2.37 

MS: 424.3 (M+), 409.4 (M+-methyl), 406 (M+-H2O), 391.4 (M+-methyl-H2O), 363.3, 

337.3, 315.3, 284.3, 253.0, 227.2, 207.1 (100%). 

NMR: 1H: 5.100 (m, 24-H, 1H), 3.280 (m, 3-H, 1H), 0.965 (s, 18, 30-H, 6H), 0.890 (s, 

32-H, 3H), 0.883 (d, 21-H, 3H), 0.809 (s, 31-H, 3H), 0.552 (d, 19-H, 1H), 0.330 (d, 19-H, 

1H). 

 

4.3 Preparation of 24,26-dien-sterols (Scheme 4.3) 

4.3.1 Preparation of 24,26-dien-lanosterol [25b, 41] 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

44

1, 3-acetoxy-26-ald-lanosterol (44a): to ethanol (200ml) was 3-acetyl-lanosterol (1.1g) 

added followed by addition of selenium oxide (1g) and refluxed for 2 hours under nitrogen 

protection. The solvent was removed in vacuo and a gravity chromatography column was 

used to purify the products. There were 3-acetoxy-dihydrolanosterol and 3-acetoxy-26-ald-

lanosterol. Hexanes/diethyl ether =10/0, 10/1 and 10/2 at which ratio the 3-acetoxy-26-ald-

lanosterol was eluted out. 

MS: 482.4 (M+), 467.2 (M+-methyl), 439.3 (M+-methyl-H2O), 407.3 (M+-methyl-

AcOH, 100%), 389.4, 364.3, 337.1, 311.3, 281.2, 255.1, 227.2, 207.0. 

 

AcO AcO

HO

O
SeO2
Ethanol
Reflux

1, MePPh3Br
nBuLi
THF

2, NaOH
Methanol

3a 44a

45  

HO 46                    
HO 47

 

Scheme 4.3 Preparation of 24,26-diene-sterols 

2, 3-OH-24, 26-diene-lanosterol (45): to anhydrous THF (20ml) 

methyltriphenylphosphonium bromide (171mg) was added followed by dropwise addition of 

nBuLi (0.3ml). The yellow clear solution persisted for 2 hours and 3-acetoxy-26-ald-

lanosterol (20mg) in anhydrous THF (10ml) was added by a syringe. Kept refluxing for 2 
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hours and methanolic NaOH (1ml, 1M) was added to hydrolyze acetate. The solvents were 

removed under vacuum and a gravity silica gel column (hexanes/diethyl ether = 10/5) was 

used to purify the mixture to give 3-OH-24, 26-dien-lanosterol (8, 24, 26-trien-lanostan-3β-ol) 

(12mg, 66% yield). 

RRTc: 2.46 

MS: 438.3 (M+, 100%), 423.3 (M+-methyl), 405.3 (M+-methyl-H2O), 341.1, 313.1, 

281.1, 246.2, 227.1, 207.0, 187.1, 81.1 (100%). 

NMR: 1H: 6.370 (q, 26-H, 1H), 5.482 (t, 24-H, 1H), 5.066 (d, 26’-H, 1H), 4.912 (d, 

26’-H, 1H), 3.251 (m, 3-H, 1H), 1.708 (s, 27-H, 3H), 1.000 (s, 19-H, 3H), 0.982 (s, 30-H, 

3H), 0.928 (d, 21-H, 3H), 0.877 (s, 32-H, 3H), 0.811 (s, 31-H, 3H), 0.689 (s, 18-H, 3H). 

4.3.2 Preparation of 24, 26-diene-zymosterol (46): the process is the same as that for 

preparation of 24,26-diene-lanosterol shown in 4.3.1. 

RRTc: 1.68 

MS: 394.4 (M+), 379.4 (M+-methyl, 100%), 361.3 (M+-methyl-H2O), 355.2, 241.1, 

326.1, 297.3, 282.1, 269.1, 255.2, 207.1. 

NMR: 1H: 6.370 (q, 26-H, 1H), 5.482 (t, 24-H, 1H), 5.069 (d, J= 17.4Hz, 26’-H, 1H), 

4.914 (d, J= 10.5 Hz, 26’-H, 1H), 3.628 (m, 3-H, 1H), 1.740 (s, 27-H, 3H), 0.989 (s, 19-H, 

3H), 0.976 (d, J= 7 Hz, 21-H), 0.817 (s, 18-H, 3H). 

4.3.3 Preparation of 24, 26-diene-cycloartenol (47): the process is the same as that for 

preparation of 24,26-diene-lanosterol shown in 4.3.1.` 

RRTc: 2.89 

MS: 438.4 (M+), 423.4 (M+-methyl), 420.4 (M+-H2O), 405.4 (M+-methyl-H2O), 377.3, 

341.3, 313.3, 295.1, 273.1, 255.3, 227.2, 201.2, 81.2 (100%). 
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NMR: 1H: 6.370 (q, 26-H, 1H), 5.482 (t, 24-H, 1H), 5.067 (d, 26’-H, 1H), 4.913 (d, 

26’-H, 1H), 3.285 (m, 3-H, 1H), 1.741 (s, 27-H, 3H), 0.968 (s, 30-H, 3H), 0.964 (s, 18-H, 

3H), 0.896 (d, 21-H, 3H), 0.893 (s, 32-H, 3H), 0.810 (s, 31-H, 3H), 0.553 (d, 19-H, 1H), 

0.337 (d, 19-H, 1H). 

4.4 Preparation of 24-en-26-yne-sterols (Scheme 4.4) [25b, 41] 

4.4.1 Preparation of 24-en-26-yne-cycloartenol  

1, 3-acetoxy-24, 26-diene-gem-dibromo-cycloartenol (48a): to dichloromethane 

(20ml) triphenylphosphine (239.2mg) and zinc (59.6mg) were added respectively at room 

temperature followed by addition of carbon tetrabromide (302.4mg) in dichloromethane 

(10ml) dropwise under nitrogen protection [42]. Stirred for 2 hours and 3-acetoxy-26-ald-

cycloartenol (30mg) was added. Stirred at room temperature overnight, 100ml of pentane was 

added and solid precipitated and attached to the inside wall, so scratched by a spoon and 

AcO

O
CBr4/PPh3
Zn
CH2Cl2

AcO

1,nBuLi
THF
-78oC

2, LAH
Diethyl ether

Br

Br

HO

44a
48a

49 HO 50
 

Scheme 4.4 Preparation of 24-en-26-yne-sterols 

ultrasonic was used to crush the solid and filtered to collect the filtrate. The pound powder 

was put back to the flask and 100ml of pentane was added and the same process was 
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performed triple times and the organic solutions were combined and dried under vacuum to 

give dibromide which was used directly in the next step. 

2, 8, 24-dien-26-yne-cycloartane-3β-ol (49): to anhydrous THF (20ml) the dibromide 

(25mg) was added and cooled to -78oC with dry ice in acetone. nBuLi (1.6M, hexanes) 

(0.1ml) was added dropwise and kept it at -78oC for 1hour and brought to room temperature. 

Poured into water (50ml) and extracted with diethyl ether (20ml×3), dried with magnesium 

sulfate and the solvent was removed in vacuo. Anhydrous diethyl ether (30ml) was added to 

the flask followed by addition of LAH (5mg) and stirred under nitrogen protection for 2 

hours and water (0.2ml) and sodium chloride (2g) were added respectively. Filtered when the 

solution became clear and filtrate was collected. The solvent was removed in vacuo and 

purified with HPLC to give 3-OH-26-yne-cycloartenol (10.2mg, 59.5% yield).  

MS: 434.1 (M+), 419.1 (M+-methyl), 375.2, 341.0, 313.2, 281.0, 253.0, 229.0, 207.0, 

173.1, 79.0 (100%). 

NMR: 5.943 (t, 24-H, 1H), 3.283 (m, 3-H, 1H), 2.753 (s, alkyne-H, 1H), 1.795 (s, 27-

H, 3H), 0.967 (s, 30-H, 3H), 0.963 (s, 18-H, 3H), 0.892 (s, 32-H, 3H), 0.885 (d, 21-H, 3H), 

0.810 (s, 31-H, 3H), 0.555 (d, 19-H, 1H), 0.334 (d, 19-H, 1H). 

4.4.2 Preparation of 24-en-26-yne-zymosterol (50): the process is same as in 4.4.1. 

MS: 392.3 (M+, 100%), 377.3 (M+-methyl), 359.3 (M+-methyl-H2O), 323.3, 297.2, 

269.4, 255.2, 237.2, 207.1. 

NMR: 1H: E: 5.943 (t, 24-H, 1H), 5.356 (t, 15-H, 1H), 3.632 (m, 3-H, 1H), 2.755 (s, 

alkyne-H, 1H), 1.797 (d, 27-H, 1H), 0.992 (s, 19-H, 3H), 0.963 (d, 21-Hh, 3H), 0.819 (s, 18-

H, 3H). 

Z: 5.746 (m, 24-H, 1H), 5.367 (m, 15-H, 1H), 3.640 (m, 3-H, 1H), 3.095 (s, alkyne-H, 

1H), 1.857 (s, 26-H, 3H), 1.000 (s, 19-H, 3H), 0.986 (d, 21-H, 3H), 0.827 (s, 18-H, 3H).  
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4.5 Preparation of 24-amino-sterols (Scheme 4.5) [25b] 

4.5.1 Preparation of 24-amino-zymosterol 

1, 3-acetoxy-zymosterol (5a): to the pyridine (5ml) solution of zymosterol (5) (100 

mg) 0.3ml of acetic anhydride was added and kept at 70ºC for 40 minutes. Poured into iced 

water and extracted with diethyl ether (10ml×3), dried with magnesium sulfate. The solvent 

was removed to give 3-acetyl-zymosterol (105mg, 94.6% yield).  
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Scheme 4.5 Preparation of 24-amino-sterols 

MS: 426.4 (M+, 100%), 411.4 (M+-methyl), 383.4 (M+-methyl- ethyl), (M+-methyl-

ethyl-H2O), 351.4 (M+-methyl-AcOH), 313.3, 288.3, 255.3, 228.3, 213.2. 

2, 3-acetoxy-24-keto-zymosterol (51a): to the anhydrous THF (10ml) was 3-acetoxy-

zymosterol (105mg) added and cooled to 0ºC followed by dropwise addition of Borane-THF 
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solution (0.2ml) [43]. Stirred at 0ºC for 1 hour and poured into water (30ml) followed by 

extraction with dichloromethane (10ml×2). The solution was dried with magnesium sulfate 

and the solvent was removed. Dried dichloromethane (15ml) was added followed by addition 

of PCC (100mg). Refluxed for 2 hours, cooled to room temperature and 15ml of diethyl ether 

was added. Stirred for another 10 minutes and filtered with a short silica gel column to get rid 

of chromium mixture. Flash chromatography (30% diethyl ether and hexanes) was employed 

to give 3-acetoxy-24-keto-zymosterol (82mg, 75.6% yield). 

MS: 442.3 (M+), 427.3 (M+-methyl), 382.3 (M+-AcOH), 367.2 (M+-methyl-AcOH), 

341.0, 315.1, 281.0, 255.1, 229.1, 207.0 (100%). 

3, 3-acetoxy-24-oxime-zymosterol (52a): to the pure ethanol (5ml) were 3-acetoxy-

24-keto- zymosterol (10mg), hydroxylamine hydrochloride (5mg) and pyridine (1ml) added 

[33a]. Refluxed for 1 hour and cooled to room temperature. Poured into water and extracted 

with diethyl ether (20ml×2), dried with magnesium sulfate, and the solvent was removed. A 

short silica gel column was employed to purify the resulted product to give 3-acetoxy-24-

oxime-zymosterol (8mg, ~80% yield) which was used directly in the next step. 

4, 24-amino-zymosterol (53): to the anhydrous diethyl ether (10ml) was 3-acetoxy-

24-oxime-zymosterol (8mg) added followed by addition of LAH (2mg, excessive amount) 

[44], stirred at room temperature under nitrogen protection for 6 hours and quenched with 

water (0.1ml). Filtered and purified with a short silica gel column (1% triethyl amine in 

diethyl ether to give 24-amino-zymosterol (4.1mg, 56.8% yield).  

RRTc: 1.9.  

MS: 401.3 (M+), 386.3 (M+-methyl), 370.3 (M+-methyl-NH2), 358.2 (M+--CH (CH3)2, 

100%), 340.2, 323.1, 311.1, 299.3, 285.1, 271.1, 258.1, 231.1, 213.1, 201.1. 
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1H NMR: 3.617 (m, 3-H, 1H), 2.436 (m, 24-H, 1H), 1.260 (s, 19-H, 3H), 1.100 (d, 21-

H, 3H), 1.033 (m, 26, 27-H, 6H), 0.950 (s, 18-H, 3H). 

4.5.2 Preparation of 24-amino-lanosterol (54): the procedure of preparation of 24-amino-

lanosterol was the same as the procedure of preparation of 24-amino-zymosterol (4.5.1). 

RRTc: 2.71 

MS: 443.4 (M+), 428.4 (M+-methyl), 400.3 (100%), 382.3, 364.2, 341.2, 309.2, 281.1, 

259.1, 241.2, 215.1, 183.7. 

NMR: 1H: 3.237 (m, 3-H, 1H), 2.475 (m, 24-H, 0.5H), 2.354 (m, 24-H, 0.5H), 1.097 

(d, 26, 27-H, 6H), 1.002 (s, 19-H, 3H), 0.983 (s, 30-H, 3H), 0.975 (d, 21-H, 3H), 0.878 (s, 32-

H, 3H), 0.812 (s, 31-H, 3H), 0.699 (s, 18-H, 3H). 

4.6 Preparation of 25-aza-sterols (Scheme 4.6) [16b, 16c, 25b, 41] 

4.6.1 Preparation of 25-aza-lanosterol 

1, 3-acetoxy-25-aza-lanosterol (55a): to mixture of THF and methanol (50/50, 100ml) 

3-acetoxy-24-ald-lanosterol (42a) (1g) was added followed by addition of dimethylamine 

hydrogen chloride (200mg) and sodium cyanoborohydride (1.6M, 5ml, excessive amount) 

AcO
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AcO

N

HO

N

LAH
Diethyl ether

Dimethyl amine
NaBH3CN

Ethanol

HO

N

42a 55a

55 56  

Scheme 4.6 Preparation of 25-aza-sterols 
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by a syringe at room temperature. Stirred for 2 hours and poured into water (500ml). 

Extracted with diethyl ether (200ml×3) and combined solution was dried with magnesium 

sulfate. The solvent was removed in vacuo and loaded onto a short column with silica gel. 

Washed with hexanes/diethyl ether=10/3 with 1% triethyl amine and pure 3-acetoxy-25-aza-

lanosterol (1g, ~100% yield) was obtained. 

MS: 471.4 (M+), 456.4 (M+-methyl), 440.4 (M+-NH2CH3), 426.1 (M+-NH(CH3)2), 

411.3 (M+-AcOH), 383.3, 351.3, 323.3, 301.2, 281.2, 260.2, 241.2, 222.1, 199.1, 58.1 

(100%). 

2, 25-aza-lanosterol (55): to anhydrous diethyl ether (300ml) 3-acetoxy-25-aza-

lanosterol (1g) was added followed by addition of LAH (lithium aluminum hydride, 100mg) 

with high precaution at room temperature. Stirred under nitrogen protection for 1 hours and 

then water (10ml) was added dropwise. Sodium chloride (5g) was added and stirred until the 

organic layer became clear. Filtered and the filtrate was collected. The solvent was removed 

and the solid was dried in vacuo to give 25-aza-lanosterol (900mg, 100% yield). 

RRTc: 1.70 

MS: 429.4 (M+), 414.4 (M+-methyl), 398.3 (M+-H2NCH3), 369.3, 341.2, 313.2, 281.1, 

241.2, 207.0, 58.1 (100%). 

            NMR: 1H: 3.216 (m, 3-H, 1H), 2.215 (s, 26, 27-H, 6H), 1.000 (s, 19-H, 3H), 0.980 (s, 

30-H, 3H), 0.911 (d, 21-h, 3H), 0.867 (d, J= 0.6Hz, 32-H, 3H), 0.810 (s, 31-H, 3H), 0.688 (s, 

18-H, 3H).  

4.6.2 Preparation of 25-aza-cycloartenol (56): the process is same as in 4.6.1 

            RRTc: 1.88 

            MS: 429.3 (M+), 414.3 (M+-methyl), 401.3, 373.3, 342.2, 314.9, 280.9, 253.0, 229.1, 

207.0, 58.1 (100%).  
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            NMR: 1H: 3.271 (m, 3-H, 1H), 2.214 (s, 26, 27-H, 6H), 0.965 (s, 18, 30-H, 3H), 0.885 

(s, 31-H, 3H), 0.883 (d, J=7 Hz, 21-H, 3H), 0.808 (s, 32-H, 3H), 0.551 (d, 19-H, 1H), 0.331 

(d, 19-H, 1H). 

                  13C: 78.746, 60.469, 52.179, 48.759, 47.950, 47.073, 45.470, 45.217, 40.450, 35.996, 

35.522, 33.930, 32.840, 31.936, 30.348, 30.281, 29.863, 28.109, 26.423, 26.032, 35.977, 

25.412, 24.452, 21.088, 19.938, 19.271, 18.284, 17.995, 13.979. 

 

4.7 Preparation of 24 (28)-methylene-lanosterol (Scheme 4.7) [41] 

             1, 3-acetoxy-24, 28-methylene-lanosterol (58a): to anhydrous THF (20ml) 

methyltriphenylphosphonium bromide (342mg) was added under nitrogen protection. nBuLi  
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THF
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58  

Scheme 4.7 Preparation of 24 (28)-methylene-lanosterol 

in hexanes (1.6M, 600µl) was added dropwise by a syringe at room temperature. The solution 

became yellow and clear when stirred. After the color of the solution persisted for 2 hours, 3-

acetoxy-24 (28)-keto-lanosterol (57a) (200mg) in anhydrous THF (10ml) was added slowly 

and then kept refluxing for 2 hours. The solvent was removed in vacuo and the mixture was 

separated by a gravity chromatography (hexanes/diethyl ether =10/1, 10/3) and 3-acetoxy-24 

(28)-methylene-lanosterol was eluted out at hexanes/diethyl ether =10/1 and 3-OH-24 (28)-
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methylene-lanosterol was eluted out at ratio of 10/4. ¼ product was hydrolyzed during the 

reaction, but it was not hydrolyzed completely even refluxed overnight. 

MS: 482.4 (M+), 467.4 (M+-methyl), 439.1 (M+-methyl-H2O), 407.4 (M+-methyl-

AcOH), 383.3, 355.4, 323.3, 301.1, 281.3, 241.2, 215.2, 69.2 (100%). 

2, 24(28)-methylene-lanosterol (58): to anhydrous diethyl ether (30ml) 3-acetoxy-24 

(28)-methylene-lanosterol (160mg) was added and LAH (10mg) was added to the solution. 

Stirred under nitrogen protection at room temperature for 1 hour and aqueous sodium 

chloride (1ml) was added with high precaution to destroy the remained LAH. The clear 

solution was filtered and the filtrate was dried with magnesium sulfate. The solvent was 

removed in vacuo to give 24 (28)-methylene-lanosterol (140mg, 95.8% yield). 

RRTc: 1.85 

MS: 440.4, (M+), 425.4 (M+-methyl), 407.4 (M+-methyl-H2O), 397.4, 379.4, 341.3, 

323.3, 301.3, 283.3, 259.1, 241.2, 229.2, 215.2, 69.2 (100%). 

NMR: 1H: 4.715 (m, 28-H, 1H), 4.663 (m, 28-H, 1H), 3.237 (q, 3-H, 1H), 1.034 (d, 

26-H, 3), 1.021 (d, 27-H, 3H), 1.002 (s, 19-H, 3H), 0.983 (s, 30-H, 3H), 0.925 (d, 21-H, 3H), 

0.883 (s, 31-H, 3H), 0.812 (s, 32-H, 3H), 0.695 (s, 18-H, 3H). 

13C: 156.917, 134.402, 134.390, 105.912, 78.983, 50.398, 50.370, 49.810, 44.494, 38.885, 

37.014, 36.477, 35.580, 34.980, 33.799, 31.272, 30.987, 30.833, 28.199, 27.954, 27.848, 

26.493, 24.258, 21.987, 21.853, 20.996, 19.136, 18.705, 18.247, 15.747, 15.412.  

 

4.8 Preparation of 24-methyl-lanosterol 

24 (28)-methyl-lanosterol (59): to dichloromethane (20ml) 24 (28)-methylene-

lanosterol (58) (20mg) was added followed addition of HClO4 (3 drops) at room temperature. 

Stirred for 30 minutes and washed with water (30ml×3) and dried with magnesium sulfate. 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

54

The solvent was removed in vacuo and HPLC (TSK, acetonitrile/isopropanol = 4/1, flow rate: 

2ml/min, at room temperature) was employed to separate the mixture. There are three major 

isomers: 24- methyl-lanosterol, 24-methyl-∆7-lanosterol and 24-methyl-∆7,23-lanosterol, of 

which 24-methyl-∆7-lanosterol was not characterized. 

 

HO

HO
HClO4
CH2Cl2
R.T.

HO

+

58

59

60
 

Scheme 4.8 Preparation of 24-methyl-lanosterol 

For 24-methyl-lanosterol: 

αc: 1.71 

RRTc: 2.16 

MS: 440.4 (M+), 425.4 (M+-methyl), 407.4 (M+-methyl-H2O), 379.3, 341.4, 323.3, 

300.3, 283.1, 259.1, 241.2, 215.2, 187.2, 83.2 (100%). 

NMR: 3.263 (m, 3-H, 1H), 1.638 (s, 26-H, 3H), 1.629 (s, 27-H, 3H), 1.622 (s, 28-H, 

3H), 1.002 (s, 19-H, 3H), 0.983 (s, 30-H, 3H), 0.937 (d, 21-H, 3H), 0.876 (s, 31-H, 3H), 

0.812 (s, 32-H, 3H), 0.692 (s, 18-H, 3H). 

For ∆7, 23-24-methyl-lanosterol (60): 

αc: 1.59 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

55

MS: 440.4 (M+), 425.4 (M+-methyl), 407.4 (M+-methyl-H2O), 397.4, 379.3, 355.3, 

327.4, 309.3, 283.1, 259.1, 241.2, 215.2, 187.1, 55.1 (100%). 

NMR: 5.216 (m, 7-H, 1H), 5.145 (m, 23-H, 1H), 3.254 (m, 3-H, 1H), 1.557 (s, 28-H, 

3H), 0.999 (s, 19-H, 3H), 0.986 (s, 30-H, 3H), 0.956 (d, 21-H, 3H), 0.900 (s, 32-H, 3H), 

0.878 (s, 31-H, 3H), 0.875 (m, 26,27-H, 6H), 0.653 (s, 18-H, 3H). 

 

4.9 Preparation of 24,25-cyclopropyl-zymosterol (Scheme 4.9) [25b, 45] 

1,3-acetoxy-24,25-(28, 28-dichloro)cyclopropyl-zymosterol (61a): to chloroform (5ml) 

3-acetoxy-zymosterol (5a) (10mg) was added followed by addition of potassium hydroxide 

(300mg in 1ml of water) and trimethylbutylammonium chloride (50mg) at 0oC under nitrogen 

protection. Stirred overnight, diluted with ethyl acetate (20ml), washed with water (20ml×3) 

and dried with magnesium sulfate. The solvent was removed under vacuum and 

chromatography (hexanes / diethyl ether = 10/3) was employed to give the dichloride product 

which was used directly in the next step. 
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Scheme 4.9 Preparation of 24,25-cyclopropyl-zymosterol 

2, 24, 25-cyclopropyl-zymosterol (62): to the warmed ethylene diamine (20ml) was 

the dichloride (10mg) added. Slices of lithium were added until blue color persisted while 
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stirred violently. Stirred for 5 minutes and temperature of the solution increased followed by 

disappearance of the blue color. Poured into water (100ml) and extracted with diethyl ether 

(30ml×3). Combined solution was washed with water (50ml×3) and dried with magnesium 

sulfate. The solvent was removed in vacuo. Flash chromatography (hexanes/diethyl ether = 

10/5) was employed to give 3-OH-24, 25-cyclopropyl-zymosterol. 

RRTc: 1.32 

MS: 398.4 (M+), 383.4 (M+-methyl), 381.4, 365.4 327.3, 299.3, 271.3 (100%), 255.3, 

229.2, 213.2. 

NMR: 1H: 3.617 (m, 3-H, 3H), 1.025 (d, 26-H, 3H), 1.011 (s, 19-H, 3H), 0.950 (s, 27-

H, 3H), 0.922 (d, 21-H, 3H), 0.610 (s, 18-H, 3H), 0.403 (m, 28-H, 1H, 0.339 (m, 28-H, 1H), -

0.154 (m, 24-H, 1H). 
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trimethylbutylammonium
chloride
r.t.

Li
(CH2NH2)2

Cl
Cl

5a 63a

63  

Scheme 4.10 Preparation of 8,9,24,25-dicyclopropyl-zymosterol 

 

4.10 Preparation of 8,9,24,25-dicyclopropyl-zymosterol (Scheme 4.10) 

1,3-acetoxy-8,9, 24, 25-di((28, 28-dichloro) cyclopropyl)-zymosterol (63a): to 

chloroform (5ml) 3-acetyl-zymosterol (5a) (10mg) was added followed by addition of 

potassium hydroxide (200mg in 1ml water) and trimethylbutylammonium chloride (50mg) at 
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room temperature under nitrogen protection. Stirred overnight, diluted with ethyl acetate 

(20ml), washed with water (20ml×3) and dried with magnesium sulfate. The solvent was 

removed under vacuum and chromatography was employed to give the tetrachloride [45]. 

2, 8,9, 24, 25-di-cyclopropyl-zymosterol (64): to the warmed ethylene diamine (20ml) 

the above compound (10mg) was added. Slices of lithium were added until blue solution 

persisted while stirred violently. Stirred for 5 minutes and the temperature of the solution 

increased followed by disappearance of the blue color. Poured into water (100ml) and 

extracted with diethyl ether (30ml×3). Combined solution was washed with water (50ml×3) 

and dried with magnesium sulfate. The solvent was removed under vacuum. Flash 

chromatography (hexanes/diethyl ether = 10/5) was employed to give 8,9, 24, 25-di-

cyclopropyl-zymosterol. 

RRTc: 1.40 

            MS: 410.4 (M+), 395.3 (M+-methyl), 377.4 (M+-methyl-H2O), 355.1, 339.3, 321.3, 

285.3, 267.1, 242.2, 227.2, 213.2, 197.2, 81.2 (100%). 

NMR: 1H: 4.944 (q, 15-H, 1H), 3.353 (m, 3-H, 1H), 1.035 (d, J=1.5Hz, 26-H, 3H), 

1.017 (s, 19-H, 3H), 1.010 (s, 27-H, 3H), 0.900 (d, J=6Hz, 21-H, 3H), 0.840 (d, J= 3, 1H), 

0.816 (s, 18-H, 3H), 0.410 (m, 28-H, 1H), 0.350 (m, 28-H, 1H), 0.220 (d, J=3, 1H), -0.142 (m, 

24-H, 1H).  

 

4.11 Preparation of 25-thiolanosterol (Scheme 4.11) [24, 25d] 

1, 3-acetoxy-24-ald-lanosterol (42a): to the dichloromethane solution (100ml) 3-

acetoxy-lanosterol (3a) (1g commercial products including lanosterol (60%) and 

dihydrolanostrerol (40%)) was added and cooled to -78oC by dry ice with acetone. Ozone 
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produced by the O3ZONE TM generator was passed through the dichloromethane solution. 

When surplus ozone met potassium iodide water solution, KI was oxidized and the water  
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Scheme 4.11 Preparation of 25-thiolanosterol 

solution became brown. The ozone was stopped at the moment when the color of the water 

solution of KI became brown. Excessive dimethyl sulfide (3ml) was added to reduce the 

oxolane into aldehyde.  Flash chromatography (hexanes /diethyl ether 10/1) was employed to 

purify the aldehyde and 480mg of 24-ald-3-acetyl-lanosterol was obtained (84.7% based on 

3-acetyl-lanosterol).  

MS: 442.3 (M+), 427.3 (M+-methyl), 424.3 (M+-H2O), 409.3 (M+-methyl-H2O), 399.3, 

382.3 (M+-AcOH), 367.3, (M+-methyl-AcOH, 100%), 349.3, 339.3, 316.3, 297.3, 274.1, 

255.2, 227.2, 207.1, 187.2. 

2, 3-acetoxy-24-ol-lanosterol (63a): to the ethanol (50ml) was 3-aceetoxy-24-ald-

lanosterol (42a) (100mg) added followed by sodium borohydride (10mg) and stirred at room 
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temperature for 2 hours. Water saturated with ammonium chloride (10ml) and water (40ml) 

was added successively to decompose remaining sodium borohydride. Extracted with 

dichloromethane (20ml×3) and the organic solutions were combined and dried with 

magnesium sulfate and the solvent was removed in vacuo to give 3-acetoxy-24-ol-lanosterol 

(100mg, 100% yield). 

MS: 444.3 (M+), 429.4 (M+-methyl), 369.4 (M+-methyl-AcOH, 100%), 351.3, 327.3, 

303.3, 283.1, 247.2, 207.1. 

3, 25-thio-lanosterol (64): to pyridine (10ml) were 3-acetoxy-24-ol-lanosterol (100mg) 

and tosyl chloride (50mg) added respectively at room temperature and kept stirring overnight. 

Poured into water (30ml) and extracted with diethyl ether (20ml×3). The organic parts were 

combined, washed with water (100ml×3), dried with magnesium sulfate and the solvent was 

removed in vacuo. Flash chromatography (hexanes/diethyl ether =10/3) gave 3-acetoxy-25-

tosylate-lanosterol which was used for the substitution reaction directly.  

To the ethanol (20ml) were 3-acetoxy-25-tosylate-lanosterol and sodium 

methanethiolate (20mg) added respectively and refluxed for 3 hours. Cooled to room 

temperature followed by addition of water (40ml) and extracted with diethyl ether (30ml×3).  

The diethyl ether solutions were combined and dried with nitrogen in the hood because there 

was very bad smell. Chromatography (hexanes/diethyl ether = 10/5) gave 25-thiol-lanosterol 

(44.3mg, 45.3% yield). 

RRTc: 2.38 

MS: 432.4 (M+), 417.4 (M+-methyl, 100%), 399.4 (M+-methyl-H2O), 384.3, 351.4, 

329.2, 303.2, 277.2, 255.2, 227.2, 189.2. 
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NMR: 1H: 3.230 (q, 3-H, 1H), 2.469 (m, 24-H, 2H), 2.102 (s, 26-H, 3H), 1.002 (s, 19-

H, 3H), 0.982 (s, 30-H, 3H), 0.908 (d, 21-H, 3H), 0.874 (32-H, 3H), 0.811 (s, 31-H, 3H), 

0.690 (s, 18-H, 3H). 

13C: 134.359, 96.110, 78.983, 50.390, 50.343, 49.806, 44.478, 38.882, 37.014, 36.200, 

35.576, 35.434, 34.826, 30.972, 30.818, 28.195, 27.954, 27.844, 26.489, 25.992, 24.246, 

20.984, 19.136, 18.690, 18.243, 15.743, 15.570, 15.408. 

4, 25-dimethylsulfonium-lanosterol iodide (65): to the methyl iodide (3ml) was 25-

thiol-lanosterol (64) (20mg) added and stirred overnight and the precipitate was collected by 

filter. Dried at room temperature and 25-dimethylsulfonium-lanosterol iodide was obtained 

(16.5mg, 62.5% yield). 

RRTc: 2.38 

MS: 432.4 (M+-MeI), 417.4 (M+-MeI-methyl, 100%), 399.4 (M+-MeI-methyl-H2O), 

384.3, 351.4, 329.2, 303.2, 277.2, 255.2, 227.2, 189.2. 

NMR: 1H: 3. 240 (m, 24-H, 2H), 3.150 (m, 3-H. 1H), 2.912 (s, 26-H, 3H), 2.908 (s, 

27-H, 3H), 1.013 (s, 19-H, 3H), 0.987 (d, 21-H, 3H), 0.981 (s, 30-H, 3H), 0.918 (s, 32-H, 3H), 

0.802 (s, 31-H, 3H), 0.762 (s, 18-H, 3H). 

13C: 136.104, 135.583, 51.958, 51.725, 51.073, 49.458, 45.801, 44.782, 39.972, 

38.227, 37.476, 36.963, 36.031, 32.303, 31.904, 29.238, 28.606, 28.484, 27.666, 25.218, 

25.091, 24.625, 22.102, 22.058, 19.622, 19.424, 18.962, 16.344, 16.146. 

 

4.12 Preparation of 24-thiolanosterol (Scheme 4.12) 

1, 3-acetoxy-24-OTBDMS-∆23-lanosterol (66a): to anhydrous dichloromethane (20ml) 

3-acetoxy-24-ald-lanosterol (42a) (100mg) was added followed by addition of TBDMS 

triflate(0.5ml) [46] and triethyl amine (1ml) at room temperature under nitrogen protection. 
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Stirred for 24 hours and the solvent was removed in vacuo. Gravity chromatography (hexanes 

/ether =10/3) was employed to purify the product (101mg, 80.5% yield). 
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Scheme 4.12 Preparation of 24-thiolanosterol 

MS: 541.3 (M+-methyl), 499.4, 481.3, 465.3, 441.2, 425.3, 409.4, 383.1, 367.3, 349.2, 

315.2, 287.2, 271.2, 255.1, 229.1, 213.1, 171.1 (100%). 

2, 3-acetoxy-23-ald-lanosterol (67a): to anhydrous dichloromethane (50ml) was 3-

acetoxy-24-OTBDMS -∆23 -lanosterol (60mg) added and cooled to -78oC by acetone with dry 

ice. Ozone was bubbled through the solution and dimethyl sulfide (2ml) was added to the 

solution to reduce the oxolane when KI solution became slight yellow which means the 

solution cannot absorb ozone and there is no more unhindered double bond of the compound. 

Kept it at room temperature overnight and the solvents were removed in vacuo. Flash 
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chromatography (hexanes /diethyl ether = 10/1) was employed to purify the aldhyde (40mg, 

90% yield). 

MS: 428.4 (M+), 413.4 (M+-methyl), 410.4 (M+-H2O), 384.4, 368.3 (M+-AcOH), 

353.4 (M+-methyl-AcOH, 100%), 335.4, 329.1, 309.3, 283.3, 257.3, 237.2, 215.3 

3, 3-acetoxy-23-hydroxyl-lanosterol (68a): to ethanol (20ml) 3-acetoxy-23-ald-

lanosterol (67a) (40mg) was added followed by addition of sodium borohydride (10mg) at 

room temperature. Stirred for 2 hours and poured into ammonium chloride saturated water 

(50ml) and extracted with dichloromethane (10ml×3). The combined solvent was removed in 

vauo and pure 3-acetoxy-23-hydroxyl-lanosterol (40mg, 100% yield) was obtained by a flash 

chromatography (hexanes/diethyl ether =10/5). 

MS: 430.3 (M+), 415.3 (M+-methyl), 397.3 (M+-methyl-H2O), 370.3 (M+-AcOH), 

355.3 (M+-AcOH-methyl, 100%), 337.2, 315.2, 297.2, 281.1, 255.1, 233.1, 215.1. 

4, 3-acetoxy-23-tosyl-lanosterol (69):  to pyridine (2ml) was 3-acetoxy-23-hydroxyl-

lanosterol (68a) (40mg) added followed by addition of tosyl chloride (20mg) and stirred at 

room temperature overnight. Poured into water (20ml) and extracted with diethyl ether 

(20ml×3), washed with water (20ml×3), the solvent was removed in vacuo. Flash 

chromatography (hexanes/diethyl ether = 10/3) was employed to give 3-acetoxy-23-tosyl-

lanosterol (54mg, 100% yield). 

5, 24-thiolanosterol (70): to ethanol (20ml) were 3-acetoxy-23-tosyl-lanosterol (69) 

(54mg) and sodium propane-2-thiolate (10mg) added respectively. Kept refluxing for 2 hours 

and cooled to room temperature. Water (100ml) was added and extracted with diethyl ether 

(50ml×3) and the solvent was removed in vacuo. The process was performed in the hood 

which vents very well because sodium thiolate has very bad smell. HPLC was employed to 

purify the resulted 24-thiol-lanosterol. 
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Preparation of sodium propane-2-thiolate: to ethanol (20ml) 2-propanethiol (1ml) and 

sodium hydroxide (0.43g) were added at room temperature and stirred for 2 hours and the 

solvent was removed with nitrogen at room temperature. Sodium propane-2-thiolate was used 

for substitution reaction directly. 

RRTc: 2.61 

MS: 446.4 (M+), 431.4 (M+-methyl), 428.4 (M+-H2O), 413.4 (M+-H2O-methyl, 100%), 

403.4, 385.4, 359.4, 334.4, 306.3, 263.3, 237.2, 207.1. 

NMR: 1H: 3.237 (q, 3-H, 1H), 2.919 (m, 25-H, 1H), 2.607 (m , 23-H, 1H), 2.449 (m, 

23-H, 1H), 1.272 (d, 26-H, 3H), 1.259 (d, 27-H, 3H), 1.001 (s, 19-H, 3H), 0.981 (s, 30-H, 

3H), 0.928 (d, 21-H, 3H), 0.876 (s, 32-H, 3H), 0.811 (s, 31-H, 3H), 0.695 (s, 18-H, 3H). 

13C: 134.670, 134.571, 79.223, 53.659, 50.630, 50.610, 50.057, 44.781, 39.126, 

37.258, 36.565, 36.535, 35.820, 34.999, 31.208, 31.058, 28.463, 28.194, 28.151, 28.080, 

26.725, 24.482, 23.673, 21.220, 19.384, 18.732, 18.479, 15.987, 15.652. 

6, 24 (24’)-methyl-sulfonium-lanosterol iodide: to methyl iodide (1ml) was 23-thiol-

lanosterol (10mg) added and shaken for a while and kept at room temperature overnight. The 

precipitate was collected by filter and dried at room temperature overnight to give 24 (28)-

methyl-sulfonium-lanosterol iodide (6mg, 45.5%). 

RRTc: 2.61 

MS: 446.4 (M+-MeI), 431.4 (M+-MeI-methyl), 428.4 (M+-MeI-H2O), 413.4 (M+-MeI-

H2O-methyl, 100%), 403.4, 385.4, 359.4, 334.4, 306.3, 263.3, 237.2, 207.1. 

NMR: 1H: 3.734 (m, 25-H, 1H), 3.283 (m, 3-H, 1H), 3.154 (m, 23-H, 2H), 2.846 (s, 

S-Me, 3H), 1.515 (m, 26, 27-H, 6H), 1.040 (m, 21-H, 3H), 1.016 (s, 19-H, 3H), 0.983 (s, 30-

H, 3H), 0.934 (s, 32-H, 3H), 0.804 (s, 31-H, 3H), 0.777 (s, 18-H, 3H). 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

64

13C: 136.152, 135.468, 79.614, 51.934, 51.425, 51.097, 49.849, 49.624, 45.916, 

39.964, 38.219, 37.820, 36.939, 32.224, 31.888, 31.497, 30.585, 30.427, 30.273, 29.116, 

28.598, 28.460, 27.643, 24.598, 22.031, 19.622, 18.962, 18.070, 16.293, 16.142. 

 

4.13 Preparation 23-thiolanosterol (Scheme 4.13) 

1, 3-acetoxy-23-OTBDMS -∆22 –lanosterol (71a): to anhydrous dichloromethane 

(20ml) was 3-acetoxy-23-ald-lanosterol (67a) (100mg) added followed by TBDMS triflate 

(0.5ml, excessive amount) and triethyl amine (1ml) at room temperature under nitrogen 

protection. Stirred for 24 hours and the solvent was removed in vacuo. Gravity 

chromatography (hexanes /ether =10/4) was employed to purify the product. 
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Scheme 4.13 Preparation 23-thiolanosterol 
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2, 3-acetoxy-22-ald-lanosterol (72a): to dichloromethane (50mg) was 3-acetoxy-23-

OTBDMS-∆22-lanosterol (71a) (60mg) added and cooled to -78oC by acetone with dry ice. 

Ozone was bubbled through the solution and dimethyl sulfide (2ml) was added to the solution 

to reduce the oxolane when KI solution became slight yellow which means the solution 

cannot absorb ozone and there is no more unhindered double bond of the compound. Kept it 

at room temperature overnight and the solvents were removed in vacuo. Flash 

chromatography (hexanes /diethyl ether = 10/1) was employed to purify the aldehyde (30mg, 

78.5% yield). There are two isomers: pro-R and pro-S as shown in Figure 4.4.  

 

AcO

O

AcO

OH

H

pro-R pro-S78a 78b

 

Figure 4.4 Ismoers of 22-aldhyde of lanosterol 

MS: 414.3 (M+), 399.3 (M+-methyl), 371.3 (M+-CO), 356.3 (M+-CO-methyl), 339.3 

(M+-methyl-AcOH, 100%), 321.3 (M+-methyl-AcOH-H2O), 311.2, 281.2, 243.2, 215.2, 

187.1. 

The two isomers have almost same mass spectrum (Figure 4.4), the only difference is 

their abundance. 

3, 3-acetoxy-22-hydroxyl-lanosterol (73a): to ethanol (20ml) was 3-acetoxy-22-ald-

lanosterol (72a) (40mg) added followed by addition of sodium borohydride (6mg) at room 

temperature. Stirred for 2 hours and poured into ammonium chloride saturated water (50ml) 

and extracted with dichloromethane (10ml×3). The combined solvent was removed in vacuo 
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and pure 3-acetoxy-22-hydroxyl-lanosterol (40mg) was obtained by a flash chromatography 

(hexanes/diethyl ether =10/5). There is only one peak on the GC-MS, which means there is 

only on compound after the two isomers are reduced. 

4, 3-acetoxy-22-tosyl-lanosterol :  to pyridine (2ml) was 3-acetyl-22-hydroxyl-

lanosterol (73a) (40mg) added followed by addition of tosyl chloride (20mg) and stirred at 

room temperature overnight (the flask was sealed by a stopper and parafilm). Poured into 

water (20ml) and extracted with diethyl ether (20ml×3) and the solvent was removed in 

vacuo. Flash chromatography (hexanes/diethyl ether = 10/3) was employed to give 3-

acetoxy-22-tosyl-lanosterol (54mg, 100% yield). 

5, 23-thiolanosterol (74): to ethanol (20ml) were 3-acetoxy-23-tosyl-lanosterol (54mg) 

and sodium 2-methylpropane-1-thiolate (10mg) added respectively. Kept refluxing for 2 

hours and cooled to room temperature. Water (100ml) was added and extracted with diethyl 

ether (50ml×3); the solvent was washed with water (20ml×3), dried with magnesium sulfate 

and removed in vacuo. Flash chromatography (hexanes / diethyl ether = 10/5) was used to 

give the pure product (21.3mg, 51.5% yield). 

RRTc: 2.48 

MS: 446.4 (M+), 431.3 (M+-methyl, 100%), 413.3 (M+-methyl-H2O), 403.2, 371.2, 

337.2, 315.2, 291.1, 267.1, 241.1, 215.1, 189.1. 

NMR: 1H: 3.234 (m, 3-H, 1H), 2.648 (q, 22-H, 1H), 2.378 (d, 24-H, 1H), 2.364 (d, 

24-H, 1H), 2.227 (q, 22-H, 1H), 1.053 (d, 21-H, 3H), 0.998 (d, 26,27-H, 6H), 0.980 (s, 19-H, 

30-H, 6H), 0.882 (s, 32-H, 3H), 0.811 (s, 31-H, 3H), 0.702 (s, 18-H, 3H). 

13C: 134.220, 78.959, 50.378, 49.964, 49.782, 44.739, 42.409, 40.639, 38.882, 37.571, 

37.022, 35.565, 30.845, 30.794, 28.756, 28.176, 27.954, 27.840, 26.493, 24.254, 22.182, 

22.011, 20.960, 19.140, 18.804, 18.231, 15.807, 15.408. 
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Preparation of sodium 2-methylpropane-1-thiolate: to ethanol (20ml) 2-

methylpropane-1-thiol (1.2ml) and sodium hydroxide (0.43g) were added at room 

temperature and stirred for 2 hours and the solvent was removed with nitrogen at room 

temperature. Sodium propane-2-thiolate was used for substitution reaction directly. 

6, 23 (23’)-methyl-sulfonium-lanosterol iodide (75): to methyl iodide (1ml) 23-thiol-

lanosterol (74) (10mg) was added and shaken for a while and kept at room temperature 

overnight. The precipitate was collected by filter and dried at room temperature overnight to 

give 23 (23’)-methyl-sulfonium-lanosterol iodide (8mg, 61%). 

RRTc: 2.48 

MS: 446.4 (M+-MeI), 431.3 (M+--MeI-methyl, 100%), 413.3 (M+-MeI-methyl-H2O), 

403.2, 371.2, 337.2, 315.2, 291.1, 267.1, 241.1, 215.1, 189.1. 

NMR: 1H: 3.302 (m 3-H, 1H), 2.940 (s, S-Me, 3H), 1.194 (d, 21-H, 3H), 1.157 (d, 26-

H, 3H), 1.138 (d, 27-H, 3H), 1.021 (s, 19-H, 3H), 0.985 (s, 30-H, 3H), 0.941 (s, 32-H, 3H), 

0.817 (s, 31-H, 3H), 0.805 (s, 18-H, 3H). 

 
4.14 Preparation of 24-bromo-sterols (Scheme 4.14) [41] 
 
4.14.1 Preparation of 24-bromolanosterol 
 

1, 100mg of lanosterol (3) was dissolved in pyridine (10ml) and 2ml of acetic 

anhydride was added. Kept it at 70oC for 40 minutes and precipitated with 100ml of water 

and ice. The solid (110mg, 100% yield) was dried at room temperature for the next step. 

2, 110mg of 3-acetoxy-lanosterol (3a) was dissolved in 50ml of diethyl ether at room 

temperature followed by dropwise addition of acetic acid solution of bromine (1.1 eq., 12μl) 

in 2 minutes. Stirred for 30 minutes and blown dry with nitrogen to give dibromide (79a) 

(124mg, yield 95%). 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

68

HO AcO

AcO

Br

Br

HO

Br

Ac2O/pyr

70oC

Br2/AcOH

Diethyl ether

KOH/MeOH

reflux

3 3a

79a 80

 

HO

Br

81
 

Scheme 4.14 Preparation of 24-bromo-sterols 
 

3, 140mg of dibromide (79a) was dissolved in 100ml of methanol followed by reflux 

for 30 minutes. Precipitated with 200ml of water, the precipitate was collected and dried at 

room temperature overnight, purified with HPLC to give 24-bromolanosterol (80) (TSK gel, 

recycled methanol as the solvent, flow rate 2.5ml/min). 

RRTc: 3.76 

MS: 506.3 (M++2), 504.3 (M+), 493.3 (M++2-methyl+2, 100%), 491.3 (M+-methyl+2, 

98%), 473.3 (M++2-methyl-H2O+2), 471.3 (M+-methyl-H2O+2), 425.3, 403.1, 377.1, 351.1, 

323.1, 297.1, 269.1,241, 215.1, 187.1.  

NMR: 1H: 3.237 (m, 3-H, 1H), 1.852 (s, 26-H, 3H), 1.753 (s, 27-H, 3H), 1.002 (s, 19-

H, 3H), 0.983 (s, 30-H, 3H), 0.935 (d, 21-H, 3H), 0.880 (s, 32-H, 3H), 0.812 (s, 31-H, 3H), 
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0.689 (s, 18-H, 3H). 

4.14.2 Preparation of 24-bromocycloartenol (81): the process is same as in 4.14.1. 

RRTc: 4.25 

MS: 506.3 (M++2), 504.3 (M+), 491.3 (M++2-methyl), 489.3 (M++2-H2O), 46.4 (M+-

H2O), 473.3 (M++2-H2O-methyl), 471.3 (M+-H2O-methyl), 445.1, 443.1, 425.4, 391.3, 366.1, 

364.1, 339.3, 315.3, 285.3, 255.2, 227.2, 203.2, 95.2 (100%). 

NMR: 1H: 3.288 (m, 23-H, 1H), 2.503 (m, 23-H, 1H), 2.443 (m, 23-H, 1H), 1.853 (s, 

26-H, 3H), 1.755 (s, 27-H, 3H), 0.967 (s, 18, 30-H, 6H), 0.906 (d, 21-H, 3H), 0.894 (s, 32-H), 

0.810 (s, 31-H, 3H), 0.555 (d, 19-H, 1H), 0.332 (d, 19-H, 1H). 

13C: 129.406, 122.633, 78.825, 52.049, 48.807, 47.970, 47.085, 45.292, 40.474, 

35.545, 35.478, 34.799, 34.760, 32.856, 31.952, 30.368, 29.886, 28.086, 26.439, 26.064, 

25.996, 25.424, 25.337, 21.103, 20.195, 19.966, 19.287, 18.327, 18.027, 13.991 

 

4.15 Preparation of 26,27-dibromolanosterol (Scheme 4.15) 

1, 3-acetoxy-26,27-dibromolanosterol (82a): to dichloromethane (20ml) were 

triphenylphosphine (239.2mg) and zinc (59.6mg) added respectively at room temperature 

followed by addition of carbon tetrabromide (302.4mg) in dichloromethane (10ml) dropwise 

under nitrogen protection [42]. Stirred under nitrogen protection for 2 hours and 3-acetoxy-

24-ald-lanosterol (42a) (20mg) was added. Kept it at room temperature overnight and dried in 

vacuo. Pentane (50ml×3) was used for extraction of the product. The pentane solvent was  

removed in vacuo to give 3-acetoxyl-26, 27-dibromolanosterol which was used directly in the 

next step. 

2, 26, 27-dibromolanosterol (82): to methanol (20ml) was 3-acetoxy-26, 27- 

dibromolanosterol (82a) (20mg) added followed by sodium hydroxide (5mg). Stirred at room 
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Scheme 4.15 Preparation of 26,27-dibromolanosterol 

temperature for 6 hours and poured into water (50ml) and extracted with dichloromethane 

(10ml×3) and the dichloromethane solution was dried with magnesium sulfate and the 

solvent was removed in vacuo to give 26, 27-dibromolanosterol (17mg, 67.8% yield). 

RRTc: 4.68 

MS: 543.1 (1 part, M++2+2), 541.1 (2 part, M++2), 539.1 (1 part, M+), 525.1 

(M++2+2-H2O), 523.1 (M++2-H2O), 521.1 (M+-H2O), 466.6, 427.1, 401.1, 376.6, 323.1, 

273.3, 241.2, 198.8 (100%). 

NMR: 1H: 5.210 (m, 24-H, 1H), 3.231 (m, 3-H, 1H), 1.002 (s, 19-H, 3H), 0.983 (s, 

30-H, 3H), 0.955 (d, 21-H, 3H), 0.880 (s, 32-H, 3H), 0.812 (s, 31-H, 3H), 0.695 (s, 18-H, 3H). 

 

4.16 Preparation of 24-fluoro-sterols (Scheme 4.16) [28c, 30d, 47, 48] 

4.16.1 Preparation of 24-fluorocycloartenol 

1, 3-acetoxy-24-keto-cycloarenol (83a): 3-Acetoxy-24 (28) methylene-cycloartenol 

(36a) (50mg) was ozonolyzed at -78oC in dichloromethane. Purified with the flash 

chromatography (diethyl ether/hexanes =15/85) to give pure 83a (40mg, yield 80%). 
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MS: 484.4 (M+), 469.4 (M+-methyl), 451.2 (M+-methyl-H2O), 424.3 (M+-AcOH), 

409.4 (M+-AcOH-methyl), 381.3, 355.2, 323.2, 302.2, 281.1, 260.2, 227.1, 203.1, 175.1, 71.0 

(100%). 

NMR: 1H: 4.565 (q, 3-H, 1H), 2.617 (m, 26-H, 1H), 2.427 (m, 23-H, 2H), 1.105 (s, 

30-H, 3H), 1.082 (s, 18-H, 3H), 0.954 (32-H, 3H), 0.892 (d, 26,27-H, 6H), 0.860 (d, 21-H, 

3H), 0.847 (s, 31-H, 3H), 0.575 (d, 19-H, 1H), 0.339 (d, 19-H, 1H). 

AcO AcO

O
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F
F

HO

F
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neat DAST
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KOH/DMSO
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Scheme 4.16 Preparation of 24-fluoro-sterols 

2, 3-acetoxy-24-gem-difluorocycloartenol (84a): 3-actoxy-24-keto-cycloarenol (83a) 

(40mg) and excessive DAST (1ml) were added into a flask full of nitrogen. Kept stirring at 

80oC for 6 hours. Decomposed by careful addition of methanol. Purified by gravity 

chromatography to give pure 3-acetoxy-24-gem-difluorocycloartenol (21mg, yield 50%). 
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MS of 3-acetoxy-24-gem-difluorocycloartenol: 506.4 (M+), 491.4 (M+-methyl), 471.4 

(M+-methyl-HF), 446.4 (M+-AcOH), 431.4, 403.3, 377.3, 357.3, 324.3, 297.3, 269.1, 242.2, 

203.2, 175.2, 95.0 (100%). 

3, 3-acetoxy-24-gem-difluorocycloartenol (84) (10mg) was put into ethanol (10ml) 

followed by addition of potassium hydroxide (3 pellets, 300mg). Refluxed for 6 hours, 12 

hours, 24 hours and 4 days, only 3-OH-24-gem-difluorocycloartenol was obtained. When 

ethanol was replaced by butanol, no elimination occurred even kept refluxing for 2 days. 

When butanol was replaced by glycol, no elimination under same reaction conditions was 

observed. To increase glycol’s solubility of 3-acetoxy-24-gem-difluorocycloartenol, DMSO 

was added. No elimination reaction occurred when DMSO/glycol =50/50 was used as the 

solvents.  

MS of 3-OH-24-gem-difluorocycloartenol: 464.4 (M+), 449.4 (M+-methyl), 446.4 

(M+-H2O), 431.4 (M+-methyl-H2O), 403.4, 377.3, 324.3, 297.3, 282.2, 256.2, 242.1, 227.1, 

203.1, 95.1 (100%). 

NMR of 3-OH-24-gem-difluorocycloartenol: 1H: 3.291 (m, 3-H, 1H), 1.016 (d, 26-H, 

3H), 1.001 (d, 27-H, 3H), 0.968 (s, 18, 30-H, 6H), 0.896 (s, 32-H, 3H), 0.884 (d, 21-H, 3H), 

0.810 (s, 31-H, 3H), 0.554 (d, 19-H, 1H), 0.335 (d, 19-H, 1H). 

13C: 126.965, 109.877, 78.817, 52.053, 48.795, 47.985, 47.069, 45.272, 40.466, 

35.771, 35.502, 34.057, 32.856, 31.948, 30.763, 29.898, 28.030, 27.892, 26.411, 26.044, 

25.996, 25.420, 21.099, 19.934, 19.303, 18.086, 18.059, 15.946, 15.906, 15.776, 15.736, 

13.991. 

3a, 24-fluorocycloartenol (85): 3-acetoxy-24-gem-difluorocycloartenol (84a)(15mg) 

was put in a flask with 10ml of DMSO inside. 3 pellets of potassium hydroxide (300mg) 

were put into the flask. Heated up to 120oC (110-120oC) and stirred for 4 hours. Elimination 
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happened and there were two products. But the reaction rate was slow. The reaction was 

monitored by GC every 4 hours. There were 3 peaks (GC-MS) after 20 hours and 24-gemi-

difluorocycloartenol was the major one. When 50% of 24-gemi-fluorocycloartenol was 

converted into the mono-fluoride, cooled to room temperature. Poured into water (50ml), 

extracted with diethyl ether (30ml×3), washed with water (30ml×2), dried with magnesium 

sulfate and the solvent was removed in vacuo. HPLC (TSK gel, methanol, 2.5ml/min at room 

temperature) and collected by an automatic collector every 2 minutes. A mixture of 24-

fluorocycloartenol and ∆23-24-fluorocycloartenol which is the minor one was obtained. ∆23-

24-fluorocycloartenol was characterized only by GC-MS. 

When the reaction was carried out at the boiling point of DMSO, there were more 

then 10 products, some of them have the molecular weight of 444.4. 

RRTc: 2.23 

MS: 444.4 (M+), 429.4 (M+-methyl), 424.4 (M+-HF), 391.4, 363.3, 342.3, 315.3, 

297.3, 273.1, 255.3, 227.2, 205.2, 187.2, 109.2 (100%). 

NMR: 3.282 (q, 3-H, 1H), 1.431 (s, 26, 27-H, 6H), 0.963 (s, 18, 30-H, 6H), 0.891 (s, 

32-H, 3H), 0.855 (d, 21-H, 3H), 0.807 (s, 31-H, 3H), 0.552 (d, 19-H, 1H), 0.330 (d, 19-H, 

1H). 

MS of ∆23-24-F-cycloartenol: 444.4 (M+), 429.4 (M+-methyl), 426.4 (M+-H2O), 411.4 

(M+-methyl-H2O), 383.3, 357.3, 339.3, 304.3, 281.1, 262.1, 227.2, 203.2, 175.2, 95.2 (100%). 

 

4.16.2 Preparation of 24-fluorolanosterol (86) 

The procedure is almost same as that to prepare 24-fluorocycloartenol in 4.16.1. 

When elimination was carried by potassium hydroxide in DMSO at 120oC, the reaction rate 

was slow and when the reaction stayed for a longer time, further elimination happened to give 
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two compounds with molecular weight of 424. So the higher temperature was tested. When 

the reaction temperature was increased to 130-140oC, the reaction could be completed in 6 

hours with a little further elimination. There were only two peaks on GC-MS spectrum and 

they were separated by HPLC (TEK gel, isopropanol/ acetonitrile = ¼ at 2ml/min and at 

room temperature). 

αc: 0.90 

RRTc: 1.94 

MS: 444.4 (M+), 429.4 (M+-methyl), 411.4 (M+-methyl-H2O), 391.4 (M+-H2O-HF), 

341.3, 323.1, 280.9, 241.1, 207.1, 87.0 (100%). 

NMR: 1H: 3.236 (m, 3-H, 1H), 1.558 (s, 26,27-H, 6H), 1.002 (s, 19-H, 3H), 0.982 (s, 

30-H, 3H), 0.925 (d, 21-H, 3H), 0.876 (s, 32-H, 3H), 0.812 (s, 31-H, 3H), 0.692 (s, 18-H, 3H). 

19F: -112.744 (t, J=40Hz). 

Δ23-24-fluorolanosterol (87): 

αc: 0.97 

RRTc: 1.91 

MS: 444.4 (M+), 424.4 (M+-HF), 429.4 (M+-methyl), 411.4 (M+-methyl-H2O), 409.4 

(M+-methyl-HF), 391.4, (M+-methyl-H2O-HF), 341.1, 301.3, 283.1, 259.3, 241.2, 206.9, 

173.1, 73.0 (100%). 

NMR: 1H: 4.457 (ddd, J=22.2, J=4.2, 23-H, 1H), 3.237 (m, 3-H, 1H), 1.077 (d, 26, 

27-H, 6H), 1.002 (s, 19-H, 3H), 0.981 (s, 30-H, 3H), 0.886 (d, 21-H, 3H), 0.878 (s, 32-H, 3H), 

0.811 (s, 31-H, 3H), 0.692 (s, 18-H, 3H). 

 

4.17 Preparation of 26-gem-difluorolanosterol (Scheme 4.17) [48] 
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1, 3-acetoxy-26-gem-difluorolanosterol (88a): to a 100ml-flask was 3-acetoxy-26-ald-

lanosterol (42a) (40mg) added followed by DAST (1ml) under nitrogen protection. Heated to 

70-80oC and stirred at the temperature for 5 hours under nitrogen protection. 1 drop of water 

was added to the solution and white smoke was observed. Stirred for 2-3 minutes and 5ml of 

water was added to the mixture with precaution. Extracted with dichloromethane (10ml×3), 

the organic solution was combined and washed with water (10ml×3), dried with magnesium 

sulfate, filtered and the solvent was removed in vacuo to give black solid (3-acetoxy-26-gem-

difluorolanosterol). No 1, 4-addition was observed and yield was very high (41.6mg, 100% 

based on GC). 

AcO

O

AcO

F
DAST
70oC

HO

F

F

F

NaOH
Methanol

42a 88a

88

Scheme 4.17 Preparation of 26-gem-difluorolanosterol 

MS: 504.4 (M+), 489.4 (M+-methyl), 469.4 (M+-methyl-HF), 429.4 (M+-methyl-

AcOH, 100%), 407.3, 386.4, 359.3, 333.3, 307.1, 281.1, 241.2, 215.2. 

2, 26-gem-difluorolanosterol (88): to methanol (50ml) was 3-acetoxy-26-gem-

difluorolanosterol (88a) (40mg) added followed by sodium hydroxide (10mg). Stirred at 50oC 

for 30 minutes and poured into water (100ml). Extracted with dichloromethane (20ml×3), 

washed with water (10ml×3) and dried with magnesium sulfate, the solvent was removed in 

vacuo. HPLC (TSK gel, isopropanol/acetonitrile=1/4, 2ml/min @ room temperature) was 
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used to get rid of the black color and colorless 26-gem-difluorolanosterol (37mg, 100% yield) 

was obtained. 

αc: 0.53 

RRTc: 1.79 

MS: 462.4 (M+), 447.4 (M+-methyl), 442.4 (M+-HF), 429.3 (M+-methyl-H2O, 100%), 

409.3 (M+-methyl-H2O-HF), 373.3, 333.2, 307.2, 281.2, 260.1, 241.2, 215.2. 

NMR: 1H: 5.904 (t, J=33Hz, 26-H, 1H), 5.697 (m, 24-H, 1H), 3.234 (m, 3-H, 1H), 

1.569 (s, 27-H, 3H), 1.002 (s, 19-H, 3H), 0.983 (s, 30-H, 3H), 0.927 (d, 21-H, 3H), 0.877 (d, 

32-H, 3H), 0.812 (s, 31-H, 3H), 0.692 (s, 18-H, 3H). 

19F: -114.337 (d, J=58.5Hz).  

 

4.18 Preparation of 24 (28)-(28-fluoro) methylene-sterols (Scheme 4.18) 

4.18.1 Preparation of 24 (28)-(28-fluoro) methylene-lanosterol [47, 48] 

1, 3-acetoxy-24-keto-lanosterol (57a): to anhydrous THF (20ml) was 3-acetoxy-

lanosterol (3a) (50mg) added followed by addition of borane THF (2ml) [40] at 0oC under 

nitrogen protection. Stirred for 1 hour and poured into water (50ml). Extracted with diethyl 

ether (20ml×3), washed with water (10ml×3) and dried with magnesium sulfate, the solvent 

was removed in vacuo. Dichloromethane (10ml) was added to the flask with the above 

product followed by addition of PCC (50mg). Refluxed for 2 hours and diethyl ether (20ml) 

was added and stirred for 10 minutes to destroy PCC. A short column with silica gel was used 

to purify 3-acetyl-24-keto-lanosterol (40mg, 77% yield).  

MS: 484.4 (M+), 469.4 (M+-methyl), 451.4 (M+-methyl-H2O), 441.4, 424.4 (M+-

AcOH), 409.4 (M+-methyl-AcOH, 100%), 381.4, 355.4, 323.3, 287.3, 255.3, 227.3, 207.2, 

187.3. 
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2, 3-acetoxy-24 (28)-methylene-lanosterol (58a): to anhydrous THF (20ml) was 

methyltriphenylphosphine bromide (342mg) added under nitrogen protection. nBuLi in 

hexanes (1.6M, 600µl) was added dropwise by a syringe at room temperature. The solution  
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Scheme 4.18 Preparation of 24 (28)-(28-fluoro) methylene-sterols 

became yellowish and clear when stirred and the color persisted for 2 hours. 3-acetoxy-24 

(28)-keto-lanosterol (57a) (200mg) in THF (10ml) was added slowly and kept refluxing for 2 

hours. The solvent was removed under vacuum and the mixture was separated by a gravity 

chromatography (hexanes/diethyl ether =10/1, 10/3) and 3-acetyl-24, 28-methylene-

lanosterol was eluted out at hexanes/diethyl ether =10/1 and 3-OH-24, 28-methylene-
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lanosterol was eluted out at ratio of 10/3. ¼ product was hydrolyzed during the reaction, but 

it was not hydrolyzed completely even refluxed overnight. 

MS: 482.4 (M+), 467.4 (M+-methyl), 439.1 (M+-methyl-H2O), 407.4 (M+-methyl-

AcOH), 383.3, 355.4, 323.3, 301.1, 281.3, 241.2, 215.2, 69.2 (100%). 

3, 3-acetoxy-28-ald-lanosterol (89a): to anhydrous THF (20ml) 3-acetoxy-24 (28) 

methylene-lanosterol (58a) (50mg) was added followed by addition of borane THF (2ml) at 

0oC under nitrogen protection. Stirred for 1 hour and poured into water (50ml). Extracted 

with diethyl ether (20ml×3), combined solution was dried with magnesium sulfate and the 

solvent was removed in vacuo.  

Anhydrous dichloromethane (10ml) was added to the flask with the above product 

followed by addition of PCC (50mg). Refluxed for 2 hours and diethyl ether (50ml) was 

added and stirred for 10 minutes to destroy PCC. A short column with silica gel was used to 

purify 3-acetoxy-28-ald-lnosterol (40mg, 76% yield). 

MS: 498.4 (M+), 483.4 (M+-methyl), 465.4 (M+-methyl-H2O), 423.4 (M+-methyl-

AcOH, 100%), 405.4, 395.4, 357.4, 301.3, 281.1, 254.2, 241.2, 215.3, 187.1. 

4, 3-acetoxy-28-gem-difluoro-24 (28)-methyl-dihydrolanosterol (90a): to a 100ml 

flask 3-acetoxy-28-ald-lanosterol (89a) (20mg) was added followed by addition of DAST 

(1ml) at 75oC. Stirred for 2 hours and 1 drop of water was added, stirred for 2-3 minutes and 

quenched by careful addition of water (5ml). Extracted with dichloromethane (10×3), washed 

with water (10ml×2), dried with magnesium sulfate, the solvent was removed in vacuo. Flash 

chromatography (hexanes/diethyl ether = 10/1) to give 3-acetoxy-28-gem-difluoro-24 (28)-

methyl-dihydrolanosterol (20mg, 100% yield). 

MS: 520.4 (M+), 505.4 (M+-methyl), 460.4 (M+-AcOH), 445.4 (M+-AcOH-methyl), 

420.4 (M+-AcOH-2HF), 387.3, 349.1, 323.3, 283.3, 255.2, 215.2, 187.2. 
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5, 24 (28)-(28-fluoro-) methylene-lanosterol (91): to DMSO (20ml) was 3-acetoxy-

28-gem-difluoro-24 (28)-methyl-dihydrolanosterol (20mg) added followed by addition of 

potassium hydroxide (3 pellets) at 130oC and below 140oC [42a]. Stirred under nitrogen 

protection for 4 hours and poured into water (100ml) with ice. Extracted with diethyl ether 

(20ml×3), washed with water (1ml), dried with magnesium sulfate, concentrated and loaded 

onto a short column and 24 (28)-(28-fluoro-) methylene-lanosterol was purified (18mg, 100% 

yield). 

RRTc: 2.06 

MS: 458.4, (M+), 443.4 (M+-methyl, 100%), 425.4 (M+-methyl-H2O), 423.4 (M+-

methyl-HF), 395.1, 370.3, 341.3, 303.1, 273.1, 241.2, 187.2. 

NMR: 1H: 6.385 (d, J=51.9Hz, E-28-H, 0.6H), 6.273 (d, J=52.2Hz, Z-28-H, 0.4H), 

3.238 (m, 3-H, 1H), 1.57 (dd, 26,27-H, 2.4H), 1.014 (d, J=5.1Hz, 26,27-H, 3.6H), 1.002 (s, 

19-H, 3H), 0.983 (s, 30-H, 3H), 0.878 (s, 32-H, 3H), 0.812 (s, 31-H, 3H), 0.694 (s, 18-H, 3H). 

19F: -141-800 (d, J=91.5Hz, E-28-F), -137.285 (d, J=92.7, Z-28-F). 

4.18.2 Preparation of 24 (28)-(28-fluoro-) methylene-cycloartenol (92): the process is same 

as in 4.18.1. 

αc: 1.19 

RRTc: 2.94 

MS: 458.4 (M+), 443.4 (M+-methyl), 440.4 (M+-H2O), 425.4, 397.4, 371.3, 339.3, 

318.1, 297.4, 276.1, 253.1, 227.2, 207.1, 81.2 (100%). 

NMR: 1H: 6.386 (d, J=51.9Hz, E-28-H, 0.6H), 6.273 (d, J= 52.2, Z-28-H, 0.4H), 

3.288 (m, 3-H, 1H), 1.056 (dd, 26,27-H, 2.4H), 1.016 (d, 26,27-H, 3.6H), 0.968 (s, 18,30-H, 

6H), 0.922 (d, 21-H, 0.6H),  0.893 (s, 32-H, 3H), 0.888 (d, 21-H, 0.4), 0.810 (s, 31-H, 3H), 

0.554 (19-H, 1H), 0.335 (d, 19-H, 1H). 
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19F: -137.968 (J =91.5Hz, 0.4F), -141.800 (d, J = 91.5Hz, 0.6F) 

 

4.19 Preparation of 3-fluorocholesterol [30d, 30e] 

3-F-cholesterol (93):  to the anhydrous pentane (30ml) was DAST (100µl) added 

followed by addition of cholesterol (8) (5mg) in dichloromethane (1ml). Stirred at room 

temperature for 30 minutes and water (100µl) was added to quench remaining DAST. The 

organic layer was collected and the solvent was removed by nitrogen. HPLC (TSK gel, 

2ml/min, isopropanol/acetonitrile = ¼, room temperature) was employed to purify it and 3-

fluoro-cholesterol was obtained. Yield is 70% (3.5mg).  

            RRTc: 0.64  

MS: 388.4 (M+), 373.4 (M+-methyl), 368.4 (M+-HF), 353.4, 301.3, 275.3 (100%), 

255.2, 247.4, 233.2, 207.1, 180.2. 

NMR: 1H: 5.390 (d, 6-H, 1H), 4.435 (m, 3-H, 0.5H), 4.334 (m, 3-H, 0.5H), 1.025 (s, 

19-H, 3H), 0.914 (d, 21-H, 3H), 0.871 (d, 26-H, 3H), 0.857 (d, 27-H, 3H), 0.679 (s, 18-H, 

3H). 

19F: -168. 248 (d, J=52.2). 

HO F

DAST
pentane

8 93
 

Scheme 4.19 Preparation of 3-fluorocholesterol 

 

4.20 Preparation of 3-fluoro-∆2-dihydrolanosterol (Scheme 4.20) [47] 

1, 3-gem-difluoro-dihydrolanosterol (96): 3-keto-dihydrolanosterol (94) (60mg) was 

added to one 100ml flask at 70-80oC and followed by 1ml of DAST.  The reaction was kept 
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at that temperature under nitrogen protection for 6 hours. A drop of water was added and 

shaken for a while and more water (5ml) was put inside to decompose DAST. Explosion 

sound was heard when water was added. Extracted with dichloromethane (20ml×3), the 

organic layers were combined and washed with water (100ml×3), dried with magnesium 

sulfate, filtered and the solvent was removed in vacuo. The conversion was 100%, but there 

were two products: 3-fluoro-∆2-dihydrolanosterol (minor) and 3-gem-difluoro-lanosterol 

(major). 

  MS of 3-gem-difluoro-lanosterol: 448.4 (M+), 433.4 (M+-methyl, 100%), 413.4 (M+-

methyl-HF), 393.4 (M+-methyl-2HF), 375.3, 349.3, 319.3, 293.3, 279.0, 267.1, 253.1, 247.3, 

225.2, 199.1. 
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Scheme 4.20 Preparation of 3-fluoro-∆2-dihydrolanosterol 

2, 3-fluoro-∆2-dihydrolanosterol (95): to DMSO (10ml) was 3-gem-

difluorodihydrolanosterol (96) (20mg) added followed by addition of KOH (3 pellets) and 

heated up to 130oC. Kept stirring at that temperature for 5 hours and cooled to room 

temperature and water (50ml) was added. Extracted with diethyl ether (20ml×3), dried with 
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magnesium sulfate. The solvent was removed in vacuo. The resultant mixture was separated 

by HPLC (TSK gel column, isopropanol/acetonitrile =1/4, 2ml/min at room temperature) to 

give 3-fluoro-∆2-dihydrolanosterol (10mg, 51% yield). 

αc: 1.87 

RRTc: 1.07 

MS: 428.4 (M+), 413.4 (M+-methyl, 100%), 393.4 (M+-methyl-HF), 375.4, 355.3, 

328.4, 299.3, 273.3, 247.2, 215.2, 191.2. 

NMR: 1H: 5.047 (q, 2-H, 0.5H), 5.010 (q, 20-H, 0.5H), 1.117 (s, 19-H, 3H), 1.027 (30, 

32-H, 6H), 0.896 (d, 21-H, 3H), 0.891 (31-H, 3H), 0.875 (d, 26-H, 3H), 0.862 (d, 27-H, 3H), 

0.713 (s, 18-H). 

13C: 135.345, 132.360, 98.780, 98.638, 50.509, 49.988, 49.261, 49.218, 44.423, 

39.507, 36.481, 36.446, 35.451, 35.384, 31.008, 30.980, 30.929, 28.153, 27.995, 26.340, 

24.251, 24.101, 22.825, 22.537, 20.783, 18.888, 18.868, 18.710, 18.548, 15.886. 

19F: -121.670 (m), -121.734 (m). 

AcO O

O

F

F
F

F

F

1, BH3.THF
THF
r.t.

2, CH2Cl2
PCC

DAST
70oC

KOH
DMSO
130oC

F

36a 97

98 99
 

Scheme 4.21 Preparation of 3,28-difluoro-∆2-24 (28)-methylene-cycloartenol 
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4.21Preparation of 3, 28-difluoro-∆2-24 (28)-methylene-cycloartenol (Scheme 4.21) [43, 47, 

48] 

1, 3-keto-28-ald-lanosterol (97): to anhydrous THF (10ml) 3-acetoxy-24 (28)-

methylene-cycloartenol (36a) (10mg) was added followed by addition of borane /THF (1.6M, 

0.5ml) at room temperature. Stirred for overnight under nitrogen protection. Poured into 

water (50ml) and completely extracted with diethyl ether (30ml×3). Dried with magnesium 

sulfate and the solvent was removed in vacuo. Anhydrous dichloromethane (10ml) was added 

followed by addition of PCC (10mg). Refluxed for 2 hours and diethyl ether (10ml) was 

added to decompose remained PCC. A short column with silica gel was used to purify the 

mixture to give 3-keto-28-ald-24 (28)-methyl-cycloartenol (6mg, 65.7% yield). 

2, 3, 3, 28, 28-tetrafluoro-24 (28)-methyl-cycloartenol (98): 3-keto-28-ald-24 (28)-

methyl-cycloartenol (97) (6mg) was added to a flask followed by addition of DAST (0.3ml). 

Stirred at 70-80oC under nitrogen protection for 2 hours and water (2ml) was added 

cautiously. Completely extracted with dichloromethane (10ml×3), washed with water (10ml), 

dried with magnesium sulfate, the solvent was removed to give a black mixture which was 

used directly in the next step. 

MS: 478.4 (M+), 463.4 (M+-methyl), 443.4 (M+-methyl-HF), 423.3 (M+-methyl-2HF), 

377.3, 357.1, 335.3, 315.3, 291.3, 265.1, 239.2, 81.0 (100%). 

3, ∆2-3, 28-difluoro-24 (28)-methylene-cycloartenol (99): to DMSO (20ml) was 

3,3,28,28-tetrafluoro-24 (28)-methyl-cycloartenol (98) added followed by addition of KOH 

(3 pellets). Heated up to 130-135oC and kept stirring for 4 hours. Cooled to room temperature, 

water (100ml) was added, extracted completely with diethyl ether (20ml×3). Dried with 

magnesium sulfate and the solvent was removed in vacuo. HPLC (TSK, 
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acetonitrile/isopropanol = 4/1) was employed to separate the mixture. ∆2-3, 28-difluoro-24 

(28)-methylene-cycloartenol (3mg, 30% yield in two steps) was obtained. 

MS: 458.4 (M+), 443.4 (M+-methyl), 423.3 (M+-methyl-HF), 357.4, 315.3, 276.1, 

257.3, 237.2, 207.1, 81.0 (100%). 

 

4.22 Preparation of 3-amino-sterols (Scheme 4.22) 

4.22.1 Preparation of 3-amino-lanosterol [33a]  

1, 3-keto-lanosterol (94): to dichloromethane (5ml) was lanosterol (3) (20mg) added 

followed by addition of PCC (10mg) and sodium acetate (2mg). Stirred at room temperature 

for 10 minutes and diethyl ether (10ml) was added to destroy the remained PCC and stirred 

for another 10 minutes. A short column with silica gel was used to purify the resulted product 

and pure 3-keto-lanosterol (20mg) was obtained.  

MS of 3-keto-lano: 424.4 (M+), 409.4 (M+-methyl, 100%), 391.4 (M+-methyl-H2O), 

367.4, 339.4, 314.3, 297.3, 274.3, 257.3, 231.3, 205.3, 187.3. 

HO O

HON H2N

PCC
CH2Cl2

Na2CO3

NHOH.HCl
Ethanol

Pyridine

LAH
Diethyl ether

3a

100 101

94

 

             H2N

N

102
 

Scheme 4.22 Preparation of 3-amino-sterols 
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2, 3-oxime-lanosterol (100): to the 200 proof ethanol (10ml) was 3-keto-lanosterol (94) 

(20mg) added followed by addition of pyridine (1ml) and hydroxylamine hydrogen chloride 

(5mg). Kept refluxing for 1 hour and poured into water [32]. Extracted with diethyl ether 

(10ml×2) and dried with nitrogen to give 3-oxime-lanosterol (20mg) which was used in the 

next step directly. 

MS of 3-oxime-lano: 423.4 (M+-O), 408.3 (M+-O-methyl), 380.4(M+-O-methyl-H2O), 

369.4 (100%), 340.4, 286.3, 268.1, 242.2, 225.2, 200.2. 

3, 3-amino-lanosterol (101): to diethyl ether (20ml) was 3-oxime-lanosterol (100) 

(20mg) added followed by addition of LAH (5mg) [43]. Stirred for 1 hour under nitrogen 

protection, water (0.2ml) with sodium chloride (3g) was added to quench the reaction and 

filtered after the solution was clear. Blown dry with nitrogen. A short column with silica gel 

was employed to purify 3-amino-lanosterol. 

RRTc: 1.63 

MS: 425.4 (M+), 410.4 (M+-methyl), 392.4 (M+-mehtyl-H2O), 369.4 339.3, 299.3, 

271.1, 241.2, 215.2, 191.2, 56.1 (100%). 

1H NMR: 5.099 (m, 24-H, 1H), 2.608 (m, 3-H, 1H), 1.683 (s, 26-H, 3H), 1.603 (s, 27-

H, 3H), 1.060 (s, 19-H, 3H), 0.982 (s, 30-H, 3H), 0.910 (d, 21-H, 3H), 0.871 (s, 31, 32-H, 

6H), 0.683 (s, 18-H, 3H).  

4.22.2 Preparation of 3-amino-25-aza-lanosterol (102): the process to prepare 3-amino-25-

aza-lanosterol is same as to prepare 3-amino-lanosterol (5.4.1). 

RRTc: 1.65 

MS: 428.4 (M+), 413.4 (M+-methyl), 396.4 (M+-methyl-NH3), 372.4, 351.3, 327.3, 

297.2, 276.3, 257.2, 227.2, 199.1, 58.1 (100%). 
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NMR: 1H: 3.620 (m, 3-H, 1H), 2.864 (m, 24-h, 2H), 2.708 (s, 26,27-H, 6H), 1.139 (s, 

19-H, 3H), 1.112 (30-H, 3H), 1.065 (s, 32-H, 3H), 0.980 (d, 21-H, 3H), 0.919 (s, 31-H, 3H), 

0.775 (s, 18-H, 3H).  

 

4.23 Preparation of 3-deoxy-lanosterol  

1, 3-hydrazine-lanosterol (103): to ethanol (10ml) was 3-keto-lanosterol (94) (10mg) 

added followed by addition of hydrazine (0.2ml) and pyridine (1ml). Refluxed for 3 hours  

O H2NN

Hydrazine
ethanol
pyridine

KOH
glycol

94 103

104

Scheme 4.23 Preparation of 3-deoxy-lanosterol 

and poured into iced water (40ml). Extracted with dichloromethane (10ml×3) and combined 

solution was washed with water (20ml×3). Dried with magnesium sulfate and the solvent was 

removed in vacuo. A flash chromatography (hexanes/ diethyl ether = 10/4) was used to purify 

the compound (10mg, 100% yield). 

MS: 438.4 (M+), 423.4 (M+-methyl), 408.4 (M+-methyl-H2O), 406.4, 368.4, 351.3, 

326.4, 299.3, 281.3, 257.3, 225.2, 203.2, 185.2, 139.2 (100%).  

2, 3-H-lanosterol (104) [49]: to glycol (10ml) was 3-hydrazine-lanosterol (103) (10mg) 

added followed by addition of potassium hydroxide pellets (100mg, 1pellet). Refluxed 

overnight and cooled to room temperature and poured into water (50ml). Extracted with 
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diethyl ether (10ml×3) and combined solution was washed with water (20ml×3) and dried 

with magnesium sulfate. The solvent was removed to give a mixture. Chromatography was 

used to separate the mixture to give 3-H-lanosterol (3-deoxy-lanosterol) (8.3mg, 88% yield)..  

RRTc: 1.15 

MS: 410.4 (M+), 395.4 (M+-methyl), 339.1, 311.3, 285.3, 268.9, 243.2, 217.3, 69.2 

(100%). 

NMR: 1H: 5.104 (m, 24-H, 1H), 1.683 (s, 26-H, 3H), 1.604 (s, 27-H, 3H), 0.977 (s, 

19-H, 3H ), 0.914 (d, 21-H, 3H), 0.877 (s, 30, 32-H, 6H), 0.840 (s, 31-H, 3H), 0.692 (s, 18-H, 

3H) 

 

HO MeO

MeI
NaH
THF

3a 105
 

Scheme 4.24 Preparation of 3-methoxy-lanosterol 

4.24 Preparation of 3-methoxy-lanosterol 

3-methoxyl-lanosterol (105): to anhydrous THF (10ml) was lanosterol (3a) (5mg) 

added followed by addition of methyl iodide (200ul) and sodium hydride (5mg) at room 

temperature under nitrogen protection. Stirred for 24 hours and water (20ml) was added 

dropwise with precaution. Extracted with dichloromethane (10ml×3), dried with magnesium 

sulfate, the solvent was removed in vacuo to give 3-methoxyl-lanosterol (5mg, 100% yield). 

RRTc: 1.38 

MS: 440.4 (M+), 425.4 (M+-methyl), 393.4 (M+-methyl-MeOH), 355.1, 337.3, 311.3, 

273.1, 241.2, 215.2, 187.2, 69.2 (100%). 
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NMR: 5.100 (m, 3-H, 1H), 3.501 (m, 3-H, 1H), 3.365 (s, MeO-, 3H), 1.686 (s, 26-H, 

3H), 1.604 (s, 27-H, 3H), 0.920 (s, 19-H, 3H), 0.902 (s, 30-H, 3H), 0.885 (d, 21-H, 3H), 

0.856 (s, 32-H, 3H), 0.794 (s, 31-H, 3H), 0.689 (s, 18-H, 3H). 
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CHAPTER V  

PREPARATION OF ISOTOPES LABELED STEROLS 

5.1 Preparation of 3α-T-sterols (Scheme 5.1) 

There are 9 T-labeled inhibitors prepared in our lab. The process is always the same. 

Lanosterol was used as a model to demonstrate the process. 

1, 3-keto-lanosterol (94): to dichloromethane (5ml) was lanosterol (3) (10mg) added 

followed by PCC (4mg) and sodium acetate (1mg). Stirred for 10 minutes and diethyl ether 

(10ml) was added to decompose remained PCC. A short column with small silica gel was 

used to purify the resulted product to give 3-keto-lanosterol (10mg).  

HO

HO

O

PCC
CH2Cl2

NaBT4
ethanol
0oC

T

HO
T

HO
T

HO
T

HO
T

HO
T

HO
T

HO

N

T
HO

T

3 94

106

107 108 109

110 111 112

113 114
 

Scheme 5.1 Preparation of 3α-T-sterols 
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2, 3α-T-3β-OH-lanosterol (106): to ethanol (5ml) was 3-keto-lanosterol (94) (10mg) 

added followed by addition of NaBT4 (5mCi) at 0οC. Stirred overnight at 0οC and poured into 

aqueous ammonium chloride (10ml) and extracted with dichloromethane (10ml×2). The 

solution in a small vial was washed with water, and the solvent was removed with nitrogen. 

Dissolved in methanol, filtered and purified by HPLC (Phenemenex, Methanol as solvent at 

20οC) to give pure 3α-T-3β-OH-lanosterol. 

AcO AcO

O

NaBD4
ethanol

AcO

OH
D

1, POCl3
pyr

2, LAH
diethyl ether

HO

D

O3
CH2Cl2
-78oC

36a

115a 116

83a

HO

D

117  

Scheme 5.2 Preparation of 24-D-sterols 

 

5.2 Preparation of 24-D-sterols (Scheme 5.2) [25b] 

5.2.1 Preparation of 24-D-cycloartenol  

1, 3-acetoxy-24(28)-keto-cycoartenol (83a): to anhydrous dichloromethane (50ml) 

24(28)-methylene-cycloartenol (36a) (20mg) was added and cooled to -78oC by dry ice in 

acetone. Ozone was bubbled through the solution and dimethyl sulfide (2ml) was added to 
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reduce the trioxolane when potassium iodide solution became brown. The solution was kept 

at room temperature overnight and the solvents were removed in vacuo. A flash 

chromatography (hexanes/diethyl ether =10/1) gave 3-acetoxy-24(28)-keto-cycoartenol 

(18mg, 90% yield). 

 MS: 484.4 (M+), 469.4 (M+-methyl), 451.2 (M+-methyl-H2O), 424.3 (M+-AcOH), 

409.4 (M+-AcOH-methyl), 381.3, 355.2, 323.2, 302.2, 281.1, 260.2, 227.1, 203.1, 175.1, 71.0 

(100%). 

2, 3-acetoxy-24-ol-cycloartenol (115a): to 200 proof ethanol (20ml) was 3-acetoxy-

24(28)-keto-cycoartenol (83a) (8mg) added and cooled to 0oC with ice bath followed by 

addition of sodium borodeutium (3mg). Stirred for 2 hours and water (20ml) saturated with 

ammonium chloride was added. Extracted with dichloromethane (10ml×3) and the combined 

dichloromethane solution was washed with water (10ml×3). Dried with magnesium sulfate 

and the solvent was removed in vacuo to gave 3-acetoxy-24-ol-cycloartenol (8mg, 100% 

yield). 

3, 3-acetoxy-24-D-cycloartenol (116a): to pyridine (3ml) was 3-acetoxy-24-ol-

cycloartenol (115a) (8mg) added followed by phosphoryl trichloride (0.5ml). Stirred at room 

temperature for 2 hours and poured into iced water (20ml). Extracted with dichloromethane 

(10ml×3) and the combined organic solution was washed with water (10ml×3) and dried with 

magnesium sulfate. The solvent was removed in vacuo to give 3-acetoxy-24-D-cycloartenol 

(7.8mg, 98% yield). 

MS: 469.4 (M+), 454.4 (M+-methyl), 409.4 (M+-AcOH), 394.3 (M+-methyl-AcOH), 

366.3, 340.2, 311.2, 287.2, 255.1, 232.2, 203.1, 70.1 (100%). 

4, 24-D-cycloartenol (116): to anhydrous diethyl ether (10ml) was 3-acetoxy-24-D-

cycloartenol (116a) (7.8mg) added followed LAH (3mg) under nitrogen protection. Stirred 
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for 1 hour and 0.2ml of water was added. Filtered and the solvent was removed by nitrogen. 

HPLC was used to purify the mixture. 

αc: 2.33 

RRTc: 1.88 

MS: 427.3 (M+), 412.3 (M+-methyl), 409.3 (M+-H2O), 394.3 (M+-methyl-H2O), 366.3, 

340.2, 315.1, 287.2, 260.1, 232.2, 207.0, 70.1 (100%). 

NMR: the signal of hydrogen on C-24 is not detected. 

5.2.2 Preparation of 24-D-zymosterol (117): the process is same as in 6.2.1. 

RRTc: 1.16 

MS: 385.4 (M+, 100%), 370.4 (M+-methyl), 352.3 (M+-methyl-H2O), 328.3, 300.3, 

271.3, 246.3, 228.4, 213.2. 

NMR: 3.617 (m, 3-H, 1H), 1.682 (s, 26-H, 3H), 1.600 (s, 27-H, 3H), 0.950 (s, 19-H, 

3H), 0.40 (d, 21-H, 3H), 0.609 (s, 18-H, 3H). 
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Scheme 5.3 Preparation of 27-13C-sterols 



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

93

5.3 Preparation of 27-13C-sterols (Scheme 5.3) [25b] 

5.3.1 Preparation of 27-13C-zymosterol 

1, 3-acetoxy-27-13C-26-ester-zymosterol (118a): to anhydrous THF (20ml) was 

PPh3C13CH3COOMe (286mg) added followed by dropwise addition of nBuLi (0.375ml) in 

15 minutes under nitrogen protection. The light brown color persisted for 2 hours and 3-

acetoxy-24-ald-zymosterol (38a) (20mg) in anhydrous THF (10ml) was added with a syringe. 

Stirred overnight and the solvent was removed in vacuo. Loaded in a column and eluted with 

hexanes/diethyl ether = 10/10, 3-acetyl-27-13C-26-ester-zymosterol was obtained (18mg, 

84% yield).  

PPh3C13CH3COOMe was prepared from PPh3CHCH3COOMe which reacted with 

13CH3I. To ethyl acetate (10ml) was PPh3CHCH3COOMe  (2.0g) added under nitrogen 

protection and heated to reflux. 13CH3I (1.0g) was added immediately. The mixture was 

stirred and refluxed for 2 hours. Filtered and the solid was recrystallized in chloroform and 

hexanes and PPh3C13CH3COOMe was obtained (1.5g, 53% yield). 

MS: 471.4 (M+), 456.4 (M+-methyl), 440.4 (M+--OMe), 425.4 (M+--OMe-methyl), 

411.4 (M+-AcOH), 396.3, 384.3, 364.3, 341.1, 313.3, 281.1, 255.2, 235.1, 213.2. 

2, 3, 26-diol-27-13C-zymosterol (119): to anhydrous diethyl ether (20ml) was 

aluminum chloride (35mg) added at 0oC immediately followed by LAH (10mg) under 

nitrogen protection. Stirred for 30 minutes and 3-acetoxy-27-13C-26-ester-zymosterol (118a) 

(15mg) in anhydrous diethyl ether (10ml) was added with a syringe. Stirred at 0oC for 2 hours 

and methanol (1ml) was added to destroy aluminum chloride and LAH. Washed with water 

(10ml×2) and dried with magnesium sulfate, the solvent was removed in vacuo. Loaded in a 

column and eluted with hexanes/ethyl acetate (10/10), 3, 26-diol-27-13C-zymosterol was 

obtained (9.5mg, 67% yield). 
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MS: 401.4 (M+), 383.4 (M+-H2O, 100%), 368.4 (M+-H2O-methyl), 350.3, 327.1, 

300.3, 271.1, 246.3, 213.2. 

3, 3, 26-diacetoxy-27-13C-zymosterol (120a): to pyridine (5ml) was 3, 26-diol-27-13C-

zymosterol (119) added followed by acetic anhydride (1ml). Heated to 70oC and kept it at the 

temperature for 40 minutes. Poured into water (20ml) with ice and extracted with 

dichloromethane (10ml×3), washed with water (10ml), dried with magnesium sulfate, the 

solvent was removed in vacuo. The product was used directly in the next step. 

MS: 485.3 (M+), 469.3 (M+-methyl), 453.3, 425.3 (M+-AcOH), 410.3 (M+-methyl-

AcOH), 392.3, 355.0, 328.1, 281.0, 252.9, 227.1, 207.0 (100%). 

4, 27-13C-zymosterol (121): to ethylene diamine (30ml) was 3, 26-diacetoxy-27-13C-

zymosterol added followed by the slices of lithium until the blue color persisted. The solution 

was warmed up by the reaction of lithium with ethylene-diamine [50]. Stirred the solution 

until the blue color disappeared. Poured into water (100ml), extracted with diethyl ether 

(30ml×3), the combined solution was washed with water (50ml), dried with magnesium 

sulfate. The solvent was removed in vacuo. The mixture was dissolved in methanol, filtered 

and HPLC was used to purify the mixture. There were two compounds: 27-13C-zymosterol 

and 24, 25-dihydro-27-13C-zymosterol.  

RRTc: 1.15 

αc: 1.40 

MS: 385.4 (M+), 370.4 (M+-methyl), 352.3 (M+-methyl-H2O), 328.3, 300.3, 271.1 

(100%), 255.3, 231.2, 213.2, 189.2. 

NMR: 1H:5.158 (d, 16-H, 1H), 5.092 (m, 24-H, 1H), 3.606 (m, 3-H, 1H), 1.726 (s, 26-

H, 3H), 1.684 (d, J= 2.5Hz, 27-H), 0.942 (d, 21-H, 3H), 0.796 (s, 19-H, 3H), 0.535 (s, 18-H, 

3H). 
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13C: 17.636 (abundance: 1575.0; chloroform’s abundance: 520.9, 528.9 and 534.1). 

 

5.3.2 Preparation of 27-13C-lanosterol (122): the procedure is same as that to prepare 27-13C-

zymosterol (6.4.1). 

RRTc: 1.65 

αc: 2.15 

MS: 427.3 (M+), 412.3 (M+-methyl), 394.3 (M+-methyl-H2O), 366.2, 341.1, 311.2, 

281.1, 259.1, 241.2, 215.1, 187.1, 70.1 (100%). 

NMR: 1H: 5.100 (m, 24-H, 1H), 3.235 (m, 3-H, 1H), 1.732 (s, 26-H, 3H), 1.685 (d, J= 

3.5Hz, 27-H, 3H), 1.001 (s, 19-H, 3H), 0.982 (s, 30-H, 3H), 0.913 (d, 21-H, 3H), 0.875 (s, 

32-H, 3H), 0.811 (s, 31-H, 3H), 0.689 (s, 18-H, 3H). 

13C: 134.385, 125.231, 78.990, 50.394, 50.379, 49.802, 44.475, 38.887, 37.015, 

36.351, 36.300, 36.256, 35.581, 30.980, 30.842, 28.196, 27.955, 27.849, 26.494, 25.720, 

24.926, 24.243, 20.997, 19.133, 18.627, 18.248, 17.628 (abundance:157.5, chloroform’s: 

144.2, 153.7, and 152.5), 17.454, 15.740, 15.409, 13.632. 

 

5.3.3 Preparation of 27-13C-cycloaretnol (123): the procedure is same as that to prepare 27-

13C-zymosterol (6.4.1). 

RRTc: 1.85 

MS: 427.4 (M+), 412.4 (M+-methyl), 419.4 (M+-H2O), 394.3 (M+-methyl-H O), 366.3, 

340.2, 313.2, 287.2, 272.2, 260.2, 232.2, 201.1, 70.0 (100%). 
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CHAPTER VI 

DESIGN AND PREPARATION OF INHIBITORS OF 14α-DEMETHYLASE 

 

6.1 Preparation of 32-amino-dihydrolanosterol (Scheme 6.1) [28c, 36, 51] 

1, 3-acetoxy-24, 25-dihydrolanosterol (32a): to pyridine (300ml) was 24, 25-

dihydrolanosterol (32) (60g) added followed by acetic anhydride (40ml) and heated up to 

70oC and kept at the temperature for 40 minutes. Poured into water (600ml) with ice and the 

precipitate was collected by filter. Dried at room temperature in 2 days to give 3-acetoxy -24, 

25-dihydrolanosterol (66g, 100% yield). 

MS: 470.4 (M+), 455.4 (M+-methyl), 427.3 (M+-methyl-H2O), 395.3 (M+-methyl-

AcOH), 367.3, 341.2, 322.1, 301.2, 273.2, 241.1, 215.1, 187.1. 

2, 3-acetoxy-∆7, 9-24, 25-dihydrolanosterol (124a): to chloroform (200ml) was 3-

acetoxy-24,25-dihydrolanosterol (32a) (66g) added and cooled to 0oC. mCPBA (24.1g, 1 

equivalent) was added and stirred overnight. The solution was diluted by addition of 

chloroform (200ml) and washed with sodium hydroxide solution (2M, 300ml×3), water 

(300ml×3) and aqueous hydrogen bromide (48%, 200ml) was added. Shaken for 15 minutes 

and the organic layer was collected and washed with water (300ml×3). Dried with 

magnesium sulfate and the solvent was removed in vacuo. Recystallized in methanol to give 

3-acetoxy-∆7, 9-24, 25-dihydrolanosterol (46g, 70% yield). 

MS: 468.4 (M+, 100%), 453.4 (M+-methyl), 425.4 (M+-methyl-H2O), 408.4 (M+-

AcOH), 393.3, 355.2, 335.2, 313.2, 286.2, 253.2, 240.2, 225.1. 

3, 3-acetoxy-7-keto-24,25-dihydrolanosterol (125a): to chloroform (200ml) was 3-

acetoxy-∆7, 9-24, 25-dihydrolanosterol (124a) (46g) added and cooled to -5oC by ice with 
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some sodium chloride. mCPBA (18g, 1.1 equivalent) in chloroform (100ml) was added 

dropwise in 15 minutes. 

RO

R=H
R=Ac

AcO

Ac2O
Pyridine
70oC

1, CHCl3
mCPBA
0oC

2, 48% HBr

1, CHCl3
mCPBA
0oC

2, MeSO3H
AcOH
reflux32

32a

124a

 

AcO O AcO O

1, NH3/Li

2, Ac2O
Pyridine
70oC

H2/PtO2
EtOAc
AcOH

125a 126a
 

AcO OH AcO O

PbO4
Bezene
reflux

Ac2O
AcCl
Pyridine
reflux

127a 128a
 

AcO HOOAc OH

LAH
Ether

1.5 eq Ac2O
pyridine
r.t.
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THPO THPOOH O

AgCO3
Bezene
ref lux

1, NH2OH.HCl
Ethanol
Pyridine
reflux
2, Ac2O
Pyridine
relux133a 134a  

AcO HON NH2

LAH/AlCl3
ether

Ethanol
pH=4.5

135a 136  

     
HO NH2

137  

Scheme 6.1 Preparation of 32-amino-lanosterol 

Stirred overnight and washed with sodium hydroxide solution (2M, 300ml×3), water 

(300ml×3). After the solvent was removed in vacuo, glacial acetic acid (150ml), 

methanesulphonic acid (3ml) were added. Heated to reflux and kept it refluxing for 5 minutes.  

Cooled to room temperature and poured into water (500ml). Washed with water (300ml×3), 

potassium dicarbonate water solution until the pH value of the inorganic layer was more than 

7 (no more bubbles occurred), water (100ml×2), dried with magnesium sulfate and the 

solvent was removed in vacuo. The pure 3-acetoxy-7-keto-24, 25-dihydrolanosterol  was 

obtained (32.2g, 69% yield) by recrytallization in chloroform and methanol. The by-product 

was 3-acetoxy-11-keto-24, 25-dihydrolanosterol. 

For 3-acetoxy-7-keto-24, 25-dihydrolanosterol: 

MS: 484.3 (M+), 469.3 (M+-methyl, 100%), 441.3 (M+-methyl-CO), 409.3 (M+-

methyl-AcOH), 371.2, 351.1, 329.2, 302.2, 278.1, 243.1, 207.0. 
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NMR:  1H: 4.515 (q, 3-H, 1H), 1.187 (19-H, 3H), 0.955 (s, 30-h, 3H), 0.912 (s, 32-H, 

3H), 0.901 (s, d, 21-H, 3H), 0.885 (s, 31-H, 3H), 0.872 (s, 26-H, 3H), 0.858 (d, 27-h, 3H), 

0.652 (s, 18-H, 3H). 

13C: 198.719, 170.806, 164.661, 139.090, 79.603, 76.747, 49.841, 49.032, 47.764, 

44.861, 39.597, 39.459, 37.737, 36.429, 36.382, 36.370, 34.483, 31.987, 30.083, 28.748, 

27.978, 27.350, 25.008, 24.057, 23.827, 23.685, 22.809, 22.520, 21.217, 18.780, 18.421, 

16.344, 15.763. 

For 3-acetoxy-11-keto-24, 25-dihydrolanosterol: 

MS: 484.4 (M+), 469.4 (M+-methyl), 424.4 (M+-AcOH), 409.4, 395.3, 371.2, 332.2, 

303.2, 277.2 (100%), 243.2, 223.1, 203.1. 

NMR: 1H: 4.524 (m, 3-H, 1H), 3.017 (dt, 1-H, 1H), 2. 661 (dd, 12-H, 1H, 2.479 (d, 

12-H, 1H), 2.054 (s, Me-CO-, 3H), 1.152 (s, 19-H, 3H), 1.116 (d, 30-H, 3H), 0.899 (s, 32-H, 

3H), 0.875 (d, 26-H, 3H), 0.868 (d, 21-H, 3H), 0.859 (d, 27-h, 3H), 0.820 (d, 18-H, 3H). 

13C: 206.977, 199.257, 171.008, 164.203, 139.366, 80.574, 51.926, 51.879, 51.618, 

50.208, 47.274, 39.411, 37.946, 37.476, 36.189, 36.151, 34.052, 30.960, 30.928, 29.830, 

28.270, 27.974, 27.003, 25.782, 24.238, 24.013, 22.801, 22.508, 21.320, 18.982, 18.429, 

17.244, 16.770, 16.640. 

4, 3-acetoxy-7-keto-7, 8, 24, 26-tetrahydrolanosterol (126a): lithium slices (2g) were 

put in a flask and the flask was dipped in acetone with dry ice (-78oC) and ammonia gas from 

a cylinder was piped into the flask and liquidized by the cold environment. When 100ml of 

liquid ammonia was obtained, the switch of the cylinder was closed. Stirred at -78oC for 30 

minutes and 3-acetoxy-7-keto-24, 25-dihydrolanosterol (125a) (32.2g) in 100ml of anhydrous 
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THF was added slowly. Stirred for 20 minutes and methanol (50ml) was added carefully and 

slowly to destroy non-reacted lithium and quench the non-reacted free radicals. Kept it at 

room temperature overnight and poured into water (300ml). Extracted with chloroform 

(100ml×3) and washed with water (100×3), dried with magnesium sulfate and the solvent 

was removed in vacuo. Pyridine (100ml) and acetic anhydride (20ml) were added to the flask 

and heated to 70oC and kept at the temperature for 40 minutes. Poured into water (300ml) 

with ice and filtered to collect the precipitate. Dried at room temperature and loaded onto a 

flash chromatography column. 3-acetoxy-7-keto-8, 9, 24, 26-tetrahydrolanosterol was eluted 

out at hexanes/diethyl ether = 10/3 (20g, 62% yield). 

MS: 486.4 (M+), 471.4 (M+-methyl), 426.4 (M+-AcOH), 401.0, 373.2, 332.1, 288.1, 

264.1 (100%), 229.1, 206.9, 187.0 

NMR of 3-ol-7-oxo-tetrahydrolanosterol: 1H: 3.251 (m, 3-H, 1H), 2.382 (d, J=11.5Hz, 

8-H, 1H), 2.292 (m, 6-H, 2H), 1.084 (s, 19-H, 3H), 0.949 (s, 30-H, 3H), 0.906 (s, 32-H, 3H), 

0.870 (d, 26-H, 3H), 0.864 (d, 21-H, 3H), 0.857 (d, 27-H, 3H), 0.833 (s, 31-H, 3H), 0.755 (s, 

18-H, 3H). 

13C: 211.781, 78.572, 53.143, 53.096, 49.703, 48.673, 46.366, 45.829, 39.799, 39.463, 

39.033, 36.951, 36.620, 36.545, 36.023, 33.788, 31.671, 28.267, 27.983, 27.584, 27.418, 

24.045, 22.817, 24.525, 20.487, 18.714, 16.980, 14.919, 14.725, 13.102. 

5, 3-acetoxy-7-ol-8,9,24,25-tetrahydrolanosterol (127a): to dried ethyl acetate (100ml) 

was 3-acetoxy-7-keto-7,8,24,26-tetrahydrolanosterol (126a) (20g) added followed by glacial 

acetic acid (100ml). Cooled to room temperature and 5 drops of HClO4 was added. Adams 

catalyst (PtO4) (1g) was added immediately. The catalyst became blue dark under hydrogen 

atmosphere and the keto was hydrogenated to 7α-ol group which is approaches the hydrogen 
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on 32-methyl group. At the same time the keto could be hydrogenolysized to give a mixture 

of ∆6-dihydrolanosterol and ∆7-dihydrolanosterol. When 7α-ol was formed it was not 

eliminated at this reaction condition and further reduction by hydrogen was also not possible. 

So there was competition between hydrogenate and hydrogenolysis. Fortunately hydrogenate 

is much faster than hydrogenolysis, so 3-acetoxy-7-ol-8, 9, 24, 25-tetrahydrolanosterol was 

the major product. The mixture with Adams catalyst was filtered and the catalyst was washed 

with ethyl acetate (100ml) and the filtrate was poured into water (300ml). Extracted with 

diethyl ether (100ml×3), washed with water (100×3), water solution of sodium dicarbonate 

until the pH value of the solution was 7, and water (100ml). Dried with magnesium sulfate 

and the solvents were removed in vacuo. Loaded on a chromatography column and 3-

acetoxy-7-ol-8, 9, 24, 25-tetrahydrolanosterol was eluted out at hexanes/diethyl ether = 10/5 

(13.2g, 65% yield). 

MS: 488.4 (M+), 473.4 (M+-methyl), 455.4 (M+-methyl-H2O), 395.4 (M+-methyl-

H2O-AcOH), 357.2, 333.2, 302.2, 277.2, 264.1, 248.2, 222.2, 201.1, 95.1 (100%). 

NMR: 1H: 4.31 (q, 3-H, 1H), 4.067 (m, 7α-H, 1H), 2.053 (s, Me-CO-, 3H), 1.085 (s, 

19-H, 3H), 0.957 (s, 30-H, 3H), 0.883 (d, 26-H, 3H), 0.869 (d, 21-H, 3H),  0.868 (s, 32-H, 

3H), 0.849 (s, 31-H, 3H), 0.742 (s, 18-H, 3H). 

13C: 171.146, 81.172, 69.581, 50.680, 48.252, 46.830, 46.170, 42.802, 41.937, 39.745, 

37.897, 37.534, 37.368, 36.850, 36.550, 34.027, 31.930, 31.630, 28.344, 28.237, 28.127, 

24.343, 24.197, 23.072, 21.563, 19.739, 19.652, 18.850, 17.203, 16.848, 14.569, 13.254. 

6, 3-acetoxy-7α, 32-epoxy-8,9,24,25-tetrahydrolanosterol (128a) [36]: to anhydrous 

benzene (100ml) was 3-acetoxy-7α-ol-8, 9, 24, 25-tetrahydrolanosterol (127a) (13.2g) added 

and 30ml of benzene was distilled off followed by addition of lead tetraacetate (40g). Kept 
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refluxing overnight and cooled to room temperature. 100ml of ethyl acetate was added 

followed by addition of aqueous potassium iodide (20g in water, 20%) and stirred for 10 

minutes and yellow mixture was produced. Sodium thiosulfate solution was added and stirred 

until the mixture became clear (colorless). Put it into a separation funnel and the organic layer 

was collected. Washed with water (100ml×3) and dried with magnesium sulfate, the solvents 

were removed in vacuo. Flash chromatography (hexanes/diethyl ether = 10/3) was used to 

give 3-acetoxy-7α, 32-epoxy-8, 9, 24, 25-tetrahydrolanosterol (13.2g, 100%). 

MS: 486.4 (M+), 455.4 (M+-CH3O-), 426.3 (M+-AcOH), 395.3, 381.4, 373.2, 341.2 

(100%), 313.2, 281.1, 261.2, 241.1, 207.0. 

NMR: 1H: 4.486 (q, 3-H, 1H), 4.168 (d, 32-H, 1H), 3.976 (dd, 7-H, 1H), 3.337 (d, 32-

H, 1H), 2.043 (s, Me-CO-, 3H), 0.876 (d, J= 10,  21-H, 3H), 0.873 (s, 19, 30-H, 6H), 0.855 

(m, 26, 27-H, 6H), 0.829 (s, 31-H, 3H), 0.812 (s, 18-H, 3H). 

13C: 170.896, 80.969, 73.951, 65.851, 58.617, 52.397, 49.186, 46.635, 43.985, 42.196, 

39.392, 37.619, 36.316, 36.189, 35.767, 34.933, 34.775, 31.118, 27.951, 27.774, 27.248, 

24.780, 24.113, 23.963, 22.821, 22.513, 21.313, 19.729, 18.714, 18.544, 15.788, 15.2790, 

13.750. 

7, 3, 32-diacetoxy-∆7-dihydrolanosterol (129a) [28c]: to acetic anhydride (30ml) was 

3-acetoxy-7α, 32-epoxy-8,9,24,25-tetrahydrolanosterol (128a) (13.2g) added followed by 

acetic chloride and pyridine. Heated to reflux and kept refluxing for 2 hours under nitrogen 

protection. Cooled to room temperature and poured into water (200ml) with ice. Extracted 

with diethyl ether (100ml×3), washed with water (100ml×3), aqueous sodium dicarbonate 

until no bubbles were observed, dried with magnesium sulfate and the solvent was removed 

in vacuo. There were two isomers: 3, 32-diacetoxy-∆7-dihydrolanosterol (major) and 3, 32-
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diacetoxy-∆6-dihydrolanosterol (minor) based on GC-MS. Flash chromatography 

(hexanes/diethyl ether = 10/10) was used and the mixture was obtained and it was used in the 

next step directly. 

  8, 3, 32-diol-∆7-dihydrolanosterol (130): To anhydrous diethyl ether (100ml) was the 

above mixture added followed by LAH (20mg) slowly under nitrogen protection. Stirred for 

3 hours and water (10ml) was added carefully. 10g of sodium chloride was added also to help 

form precipitate. Filtered and the filtrate was collected. The cake in the funnel was washed 

with diethyl ether (20ml×2). The solvent in the combined solution was removed in vacuo. 

Loaded in a gravity chromatography column and eluted with hexanes / diethyl ether = 10/0, 

10/1, 10/2, 10/3, 10/4, 10/5, 10/7, 10/10, 3/10, 5/10.  3, 32-diol-∆7-dihydrolanosterol was 

eluted at first at 10/10 followed by 3, 32-diol-∆6-dihydrolanosterol. 2.3g of 3, 32-diol-∆7-

dihydrolanosterol was obtained (18.9% yield in the two steps). 

MS: 414.3 (M+-CH2O, 100%), 399.3 (M+-CH2O -methyl), 381.3 (M+-CH2O-methyl-

H2O), 367.2, 353.2, 341.2, 329.2, 313.2, 301.2, 283.3, 260.1, 247.2, 229.0, 215.1, 203.1 

NMR: 1H: 5.377 (m, 7-H, 1H), 3.630 (d, 32-H, 1H), 3.232 (m, 32-H, 3-H, 2H), 0.986 

(s, 19-h, 3H), 0.906 (s, 30-H, 3H), 0.902 (s, 31-H, 3H), 0.880 (d, 21-H, 3H), 0.871 (d, J= 3Hz, 

26-H), 0.857 (d, J=3Hz, 27-H), 0.719 (s, 18-H, 3H). 

9, 32-acetoxy-3-ol-∆7-dihydrolanosterol (131) [28c]: to pyridine (2ml) in a small one-

neck round bottom battle was 3, 32-diol-∆7-dihydrolanosterol (130) (200mg) added followed 

acetic anhydride (61µl, 1.5 equivalents) at room temperature. The neck was sealed by stopper 

and parafilm and stirred overnight. Poured into water (10ml) with ice and extracted with 

dichloromethane (10ml×3), washed with water (10ml×3) and dried with magnesium sulfate. 
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The solvent was removed under vacuum. The mixture was loaded in a column and 3-ol-32-

acetoxy-∆7-dihydrolanosterol (120mg, 54.8% yield) was obtained. 

MS: 486.4 (M+), 471.3 (M+-methyl), 426.3 (M+-AcOH), 444.3, 413.3 (100%), 395.3, 

355.3, 313.2, 293.2, 273.2, 241.1, 215.1. 

10, 3-OTHP-32-acetoxy-∆7-dihydrolanosterol (132a) [28c]: to anhydrous 

dichloromethane (5ml) was 3-ol-32-acetoxy-∆7-dihydrolanosterol (131) (100mg) added 

followed by DHP (1ml) and pyridinium p-toluenesulfonate (10mg) at room temperature. 

Stirred overnight and loaded in a column and eluted by hexanes/diethyl ether (10/6) and 3-

OTHP-32-acetoxy-∆7-dihydrolanosterol was obtained (117mg, ~100% yield). 

11, 3-OTHP-32-ol-∆7-dihydrolanosterol (133a) [28c]: to anhydrous diethyl ether 

(20ml) was 3-OTHP-32-acetoxy-∆7-dihydrolanosterol (132a) (117mg) added followed by 

LAH (20mg) at room temperature under nitrogen protection. Stirred for 2 hours and water 

(6ml) was added slowly followed by sodium chloride (10g). Stirred for 10 minutes and the 

solution became clear. Filtered and the cake was washed with diethyl ether (20ml×3) and 

filtered again. The solvent was removed in vacuo and the product was loaded in a flash 

chromatography column (hexanes/diethyl ether = 10/10) and 3-OTHP-32-ol-∆7-

dihydrolanosterol was obtained (108mg, ~100% yield). 

MS: 498.5 (M+), 483.5, 442.3, 414.4, 397.1, 381.3, 353.3, 313.3, 283.2, 260.2, 229.1, 

207.0, 85.1 (100%). 

12, 3-OTHP-32-ald-∆7-dihydrolanosterol (134a) [28c]: to anhydrous benzene (20ml) 

was 3-OTHP-32-ol-∆7-dihydrolanosterol (133a) (50mg) added and silver carbonate on celite 

(5g) under nitrogen protection. Heated and 10ml of benzene was distilled out and kept 
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refluxing for 20 hours and cooled to room temperature and diluted with ethyl acetate (20ml). 

Filtered and the cake was washed with ethyl acetate (20ml×2) and filtered again. The solvent 

was removed in vacuo and loaded in a flash chromatography column and eluted with hexanes 

/ diethyl ether =10/10. 50mg of 3-OTHP-32-ald-∆7-dihydrolanosterol was obtained (100% 

yield). 

MS: the mass spectrum looks like that of 3-OTHP-32-ol-∆7-dihydrolanosterol. 

NMR: 1H: 9.623 (d, 32-h, 1H), 5.418 (m, 7-H, 1H), 0.914 (s, 19-H, 3H), 0.902 (s, 30-

H, 3H), 0.896 (s, 31-H, 3H), 0.866 (d, J=7Hz, 21-H, 3H), 0.862 (d, 26-H, 3H), 0.849 (d, 27-H, 

3H), 0.723 (s, 18-H, 3H).  

4.750 (m), 4.565 (m), 3.482 (m), 3.243 (q) and 3.050 (q) belong to THP. 

13, 3-ol-32-oxime-∆7-dihydrolanosterol  [33a]: to the mixture of 200 proof ethanol 

(20ml) and pyridine (3ml) was 3-OTHP-32-ald-∆7-dihydrolanosterol (134a) (30mg) was 

added followed by hydroxylamine hydrochloride (20mg). Heated to reflux and kept refluxing 

for 5 hours. Cooled to room temperature and poured into water (50ml). Extracted with 

dichloromethane (30ml×3), washed with water (20ml×3), dried with magnesium sulfate and 

the solvent was removed in vacuo. Flash chromatography column was used to give pure 3-ol-

32-oxime-∆7-dihydrolanosterol (25mg, 97% yield). 

MS: 439.4 (M+-O), 421.4 (M+-O-H2O), 406.3 (M+-O-methyl-H2O, 100%), 396.1, 

382.3, 356.2, 326.2, 299.2, 281.1, 257.2, 240.1, 222.2, 199.1 

NMR: 1H: 7.762 (s, =NOH, 1H), 5.394 (m, 7-H, 3H), 3. 243 (q, 3-H, 1H), 0.976 (s, 

19-H, 3H), 0.888 (s, 30-H, 3H), 0.884 (s, 31-H, 3H), 0.867 (d, 26-H, 3H), 0.854 (d, 27-H, 

3H), 0.709 (s, 18-H, 3H). 
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14, 3-acetoxy-32-nitrile-∆7-dihydrolanosterol (135a) [51c]: to acetic anhydride (20ml) 

was 3-ol-32-oxime-∆7-dihydrolanosterol (25mg) followed by pyridine (1ml) and heated to 

reflux. Kept refluxing for 6 hours under nitrogen protection and cooled to room temperature. 

Poured into water (100ml) with ice and stirred for 30 minutes. Extracted with diethyl ether 

(20ml×3), washed with water (100ml×3), sodium dicarbonate solution until the pH value was 

7, water (100ml), dried with magnesium sulfate and the solvent was removed in vacuo. Flash 

chromatography (hexanes/diethyl ether = 10/6) gave 3-acetoxy-32-nitrile-∆7-

dihydrolanosterol (27mg, 100% yield). 

MS: 481.4 (M+), 466.4 (M+-methyl), 439.4 (M+-CH3CO-), 421.4 (M+-AcOH), 406.3 

(M+-methyl-AcOH), 379.3, 355.3, 336.2, 299.2, 272.2, 239.1, 214.1, 187.1, 122.1 (100%). 

NMR: 1H: 5.553 (m, 7-H, 1H), 4.516 (q, 3-H, 1H), 2.055 (s, Me-CO-, 3H), 0.979 (s, 

19-H, 3H), 0.938 (d, 21-H, 3H), 0.893 (s, 30-H, 6H), 0.880 (d, 26-H, 3H), 0.877 (s, 31-H, 

3H), 0.857 (d, 27-H, 3H), 0.627 (s, 18-H, 3H). 

NMR of 3-OH-32-nitrile-dihydrolanosterol: 1H: 5.557 (m, 7-H, 1H), 3.275 (m, 3-H, 

1H), 1.005 (s, 19-H, 3H), 0. 937 (d, 21-H, 3H), 0.901 (s, 30-H, 3H), 0.875 (d, 26-H, 3H), 

0.871 (s, 31-H, 3H), 0.862 (d, 27-H, 3H), 0.627 (s, 18-H, 3H). 

13C: 134.532, 124.588, 96.110, 78.919, 56.291, 52.472, 49.316, 48.436, 46.382, 

39.376, 38.531, 37.670, 36.106, 36.015, 35.538, 34.835, 29.697, 28.994, 227.304, 8.161, 

27.975, 26.968, 23.951, 23.023, 22.505, 19.859, 18.663, 15.555, 14.650, 12.822. 

15, ∆7-32-amino-dihydrolanosterol(136) [28a, 51c]: to anhydrous diethyl ether (10ml) 

AlCl3 (35mg) was added immediately followed by LAH (10mg) under nitrogen protection. 

Stirred at room temperature for 10 minutes and 3-acetoxy-32-nitrile-∆7-dihydrolanosterol 
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(27mg) in anhydrous diethyl ether (5ml) was added by a syringe. Stirred for 6 hours and 1ml 

of water was added to destroy AlCl3 and LAH. Filtered and the solvent was removed in 

vacuo. A small short column (diethyl ether with 1% triethyl amine) was used to purify ∆7-32-

amino-dihydrolanosterol (16mg, 64% yield). 

MS: 443.4 (M+), 427.4 (M+-NH2), 414.3 (M+--CH2NH2, 100%), 395.3, 381.3, 367.3, 

353.2, 340.2, 327.2, 313.1, 299.1, 283.1, 260.1, 247.1, 229.1, 215.1, 201.1 

NMR: 1H: 5.214 (m, 7-H, 1H), 3.199 (q, 3-H, 1H), 2. 779 (dd, 32-H, 1H), 2.330 (d, 

32-H, 1H), 0.974 (s, 19-H, 3H), 0.898 (s, 30, 31-H, 3H), 0.881 (d, 21-H, 3H), 0.871 (d, 26-H, 

3H), 0.857 (d, 27-H, 3H), 0.719 (s, 18-H, 3H). 

16, 32-amino-∆8-dihydrolanosterol (137) [28a, 51c]: pH of methanol (20ml) was 

adjusted by hydrochloric acid and when pH was 4.5 ∆7-32-amino-dihydrolanosterol (136) 

(5mg) was added to the solution. Stirred for 4 hours at room temperature and poured into 

water (50ml). Extracted with dichloromethane (20ml×3), washed with water (10ml×3), dried 

with magnesium sulfate and the solvent was removed in vacuo to give  32-amino-∆8-

dihydrolanosterol (5mg, 100% yield). 

RRTc: 1.71 

NMR: 1H: 3.243 (m, 3-H, 1H), 2.676 (d, 32-H, 1H), 2.550 (m, 32-H, 1H), 0.988 (s, 

19-H, 3H), 0.943 (s, 21-H, 3H), 0.874 (d, 26-H, 3H), 0.860 (d, 27-H, 3H), 0.849 (s, 30-H, 

3H), 0.812 (s, 31-H, 3H), 0.757 (s, 18-H, 3H).  

When 3-acetoxy-7-on-8-en-dihydrolanosterol was reduced by lithium in ammonia at -

78oC, only 1, 4-addition occurred. When the remained lithium was not consumed completely 

by methanol, the ketone group could be reduced by lithium with ammonia and 7β-OH-
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dihydrolanosterol (138a) was obtained (Figure 6.1 and 6.2). The 7β-OH is above the sterol 

plane and 14α-methyl group is below the plane. So the oxygen free radical produced by 

reaction with lead (IV) acetate cannot reach 14α-methyl group because 7β-OH is far away 

from the 14α-methyl group compared to the distance between 7α-OH and 14α-methyl group. 

The free radical cannot attack the hydrogen on the 14-methyl group. As a result, the Barton 

reaction can not happen.  

AcO AcO

AcO

O OH

OAcO OH

AcO O

Li/NH3

H2
PtO4

Pb(OAc)4
benzene
ref lux

Pb(OAc)4
benzene
reflux

126a
127a

138a

139a

138

 

Figure 6.1 Reduction of 7-oxo-sterols with hydrogen and lithium/NH3 

 

Figure 6.2 Structure of 7β-ol-sterol 
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When the 7-keto group was reduce by hydrogen catalyzed by Adams catalyst (PtO4), 

only 7α-OH product was obtained. At first, oxygen of the acetate on C-3 shows some weak 

interaction with the surface of Adams catalyst. Secondly, 14α-methyl plays very important 

role in the reaction which prevents the 7-ketone from approaching the Adams catalyst surface 

from Re face (rear). So the activated hydrogen only can reach 7-ketone from Si face (front, 

tilt). As the result, 7α-OH was formed. But the free radical produced by Lithium/ammonia 

prefers to reach the 7-ketone from Re-face, not from Si face because Si face is hindered by the 

two methyl groups on C-18 and C-19 which are axial as shown in Figure 6.3. 

 

Figure 6.3 Structure of 3-acetoxy-7-keto-dihydrolanosterol 

 

6.2 Synthesis of 3-acetoxy-32-ald-Δ7-dihydrolanosterol (Scheme 6.2)  

 1, 3-acetoxy-32-ol-∆7-dihydrolanosterol (139a): to diethyl ether (100ml) was 3, 32-

diacetoxy-∆7-dihydrolanosterol (129a)  (100mg of mixture, another is 3, 32-diacetyl-∆6-

dihydrolanosterol) added followed by acetic acid (45µl) and LAH (30mg) at room 

temperature. Stirred overnight and another batch of LAH (30mg) was added. Stirred for 12 
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hours and another 30mg of LAH was added. Stirred until 3-acetoxy-32-ol-∆7-

dihydrolanosterol on TLC disappeared. 1ml of water was added and the solution was stirred 

for 5 minutes. Filtered, dried with magnesium sulfate, the solvent was removed in vacuo. 

Loaded in a column and eluted with hexanes/diethyl ether =10/0, 10/1, 10/2, 10/3, 10/4, 10/5, 

10/7, 10/10, 7/10, 5/10 and 0/10 (200ml each ratio). 3-acetoxy-32-ol-∆7-dihydrolanosterol 

(32mg, 60% yield based on the single compound) was eluted out first at 10/10 followed by 3-

acetoxy-32-ol-∆6-dihydrolanosterol (21mg, 60% yield). 3, 32-diol--∆7-dihydrolanosterol and 

3, 32-diol-∆6-dihydrolanosterol were separated later. 

 

AcO OAc

LAH
AcOH
Ether

AcO OH

AcO O

PCC
CH2Cl2

139a

140a

129a

  

Scheme 6.2 Synthesis of 3-acetoxy-32-ald -Δ7 -dihydrolanosterol 

MS: 456.4 (M+-CO, 100%), 441.4 (M+-CO-methyl), 427.3, 399.3, 381.4 (M+-CO-

methyl-AcOH), 343.3, 313.3, 283.3, 261.3, 241.2, 213.2, 187.2. 

NMR of 3-acetyl-32-ol-∆7-dihydrolanosterol: 1H: 5.360 (m, 7-H, 1H), 4.490 (m, 3-H, 

1H), 3.626 (m, 32-H, 1H), 3.232 (m, 32-H, 1H), 0.973 (s, 19-H, 3H), 0.929 (s, 30-H, 3), 

0.894 (d, 21-H, 3H), 0.875 (d, 26-H, 3H), 0.872 (s, 31-H, 3H), 0.853 (d, 27-H, 3H), 0.717 

(s,18-H, 3H). 
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NMR of 3-acetyl-32-ol-∆6-dihydrolanosterol: 1H: 5.584 (m, 6-H, 1H), 5.645 (m, 7-H, 

1H), 4.510 (q, 3-H, 1H), 4.170 (m, 32-H, 1H), 3.434 (m, 32-H, 1H), 8.960 (s, 19-H, 3H). 

2, 3-acetoxy-32-ald-∆7-dihydrolanosterol (140a): to anhydrous dichloromethane 

(10ml) was 3-acetoxy-32-ol-∆7-dihydrolanosterol (139a) (20mg) added followed by PCC 

(10mg) and sodium acetate (2mg) at room temperature. Stirred for 1 hour and sometimes 

more PCC was needed to complete the oxidation. Diethyl ether (10ml) was added and the 

solution was stirred for 10minutes. A short column was used to purify the product and the 

solvents were removed with nitrogen. 3-acetoxy-32-ald-∆7-dihydrolanosterol (20mg, 100% 

yield) was obtained.  

MS: almost same as ms of 3-acetoxy-32-ol-∆7-dihydrolanosterol because the 

compound decomposed at high temperature. 

NMR: 1H: 9.628 (s, 32-H, 1H), 5.416 (m, 7-H,1H), 4.491 (m, 3-H, 1H), 2.050 (s, Me-

CO-, 3H), 0.963 (s, 19-H, 3H), 0.919 (s, 30-H, 3H), 0.894 (d, 21-H, 3H), 0.867 (d, 26-H, 3H), 

0.859 (s, 31-H, 3H), 0.845 (d, 27-H, 3H), 0.725 (s, 18-H, 3H). 

 

HO

AcO O AcO
Cl

ClMe-PPh3Br
nBuLi
THF

1,nBuLi
THF
-78oC
2, LAH
diethyl ether

140a 141a

142  

Scheme 6.3 Preparation of 32-yne-∆7-dihydrolanosterol 
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6.3 Preparation of 32-yne-∆7-dihydrolanosterol (Scheme 6.3) [28c] 

1, 3-acetoxy-32-(chloride) methylene--∆7-dihydrolanosterol (141a): to anhydrous 

THF (20ml) chloromethyltriphenylphosphonium chloride (376mg) was added under nitrogen 

protection. nBuLi in hexanes (1.6M, 600µl) was added dropwise by a syringe at room 

temperature. The solution became yellow and clear when stirred and the color persisted for 2 

hours. 3-acetoxy-32-ald-∆7-dihydrolanosterol (140a) (50mg) in THF (10ml) was added 

slowly and kept refluxing for 2 hours. The solvent was removed under vacuum and the 

mixture was separated by a gravity chromatography (hexanes/diethyl ether =10/1, 10/3) and 

3-acetoxy-32-chloromethylene-∆7-lanosterol was eluted out at hexanes/diethyl ether =10/2 

(45mg, 84%). 

  There are two isomers (E/Z) with the same amount. The two isomers have almost 

same mass spectrum, the only small difference is their abundance and retention time in GC-

MS.  

MS: 516.4 (M+, isotope 518.4 (1/3 of abundance of M+)), 501.4 (M+-methyl), 481.4 

(M+-Cl), 456.4 (M+-AcOH), 441.4 (M+-methyl-AcOH), 421.4, 403.3, 376.3, 361.2, 341.2 

(100%), 327.2, 299.2, 281.1, 267.1, 253.1, 229.1, 207.1. 

NMR: 1H: 6.313 (d, J=13.5 Hz, 32’-H, 0.43H), 5.875 (d, J=13.5Hz, 32’-H, 0.57H), 

6.006 (d, J=8.1Hz, 32-H, 0.43H), 5.910 (d, J=8.1Hz, 32-H, 0.57H), 5.496 (m, 7-H, 0.57H), 

5.363 (m, 7-H, 0.43H), 4.520 (m, 3-H, 1H), 2.055 and 2.050 (s, Me-CO-, 3H), 0.972 (s, 19-H, 

3H), 0.666 (s, 18-H, 3H). 

2, ∆7-32-yne-dihydrolanosterol (142): to anhydrous THF (20ml) was the 3-acetoxy-

32-chloromethylene-∆7-lanosterol (141a) (25mg) added and cooled to -78oC with dry ice in 

acetone. nBuLi (1.6M, hexanes) (0.5ml) was added dropwise and kept it -78oC for 1hour and 
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brought to room temperature. Poured into water (50ml) and extracted with diethyl ether 

(20ml×3) and the solvent was removed under vacuum.  

Anhydrous diethyl ether (30ml) was added to the flask followed by addition of LAH 

(3mg) and stirred under nitrogen protection for 2 hours and water (0.2ml) and sodium 

chloride (2g) were added respectively. Filtered when the solution became clear and filtrate 

was collected. The solvent was removed in vacuo and purified with HPLC to give 3-OH-32-

yne- ∆7-lanosterol (17.5mg, 82.4%). 

 MS: 438.4 (M+), 423 (M+-methyl), 405.4 (M+-methyl-H2O), 391.3, 377.3, 365.3, 

353.3, 339.2, 325.2, 299.2, 271.1, 253.1, 229.1, 213.1, 207.1, 57.1 (100%). 

NMR: 1H: 5.424 (m, 7-H, 1H), 3.267 (m, 3-H, 1H), 2.170 (s, alkyne-H, 1H), 0.998 (s, 19-H, 

3H), 0.900 (s, 30-H, 3H), 0.878 (d, 26-H, 3H), 0.875 (s, 31-H, 3H), 0.857 (d, 27-H, 3H), 

0.599 (s, 18-H, 3H). 

AcO O AcO

A
nBuLi
THF

LAH
diethyl
ether

A=cyclopropyltriphenylphosphium bromide

HO

140a 143a

143

 

Scheme 6.4 Preparation of 32-cyclopropyl-methylene-∆7-dihydrolanosterol 

 

6.4 Preparation of 32-cyclopropyl-methylene-∆-7dihydrolanosterol (Scheme 6.4) 
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1, 3-acetoxy-24, 25-dihydro-32-cyclopropylmethylene-lanosterol (143a): to 

anhydrous THF (20ml) was cyclopropyltriphenylphosphium bromide (368mg) added 

followed by dropwise addition of nBuLi (1.6M in hexanes, 0.6ml) at 50oC under nitrogen 

protection. Yellow color persist for 2 hours and 3-acetoxy-24, 25-dihydro-32-ald-lanosterol 

(140a) (30mg) in anhydrous THF (10ml) was added. Heated up to refluxing and kept 

refluxing for 2 hours. Cooled to room temperature and THF was removed in vacuo. Loaded 

in a gravity chromatography column and 3-acetoxy-24, 25-dihydro-32-

cyclopropylmethylene-lanosterol was eluted at 10/3 of hexanes/diethyl ether (32mg, ~100% 

yield). 

MS: 508.3 (M+), 493.3 (M+-methyl), 453.4, 395.3, 368.4, 341.2, 300.1, 267.1, 241.1, 

207.0, 55.1 (100%). 

2, 32-cyclopropyl-methylene-24, 25-dihydrolanosterol (143): to anhydrous diethyl 

ether (20ml) was 3-acetoxy-24, 25-dihydro-32-cyclopropylmethylene-lanosterol (143a) 

(30mg) added followed by LAH (4mg) under nitrogen protection. Stirred for 2 hours and 

water (0.5ml) was added. Filtered and the solvent was removed in vacuo to gave 32-

cyclopropyl-methylene-24, 25-dihydrolanosterol (27mg, 100 % yield). 

RRTc: 3.02 

MS: 466.4 (M+), 451.4 (M+-methyl), 433.3 (M+-methyl-H2O), 395.3, 381.2, 367.2, 

353.2, 335.1, 313.3, 299.1, 258.1, 241.1, 213.1, 199.1, 107.1 (100%). 

NMR: 1H: 6.177 (m, 32-H, 1-H), 5.287 (m, 7-H, 1H), 3.223 (m, 3-H, 1H), 0.973 (s, 

19-H, 3H), 0.892 (s, 30, 31-H, 6H), 0.869 (d, 26-H, 3H), 0.848 (d, 27-H, 3H), 0.688 (s, 18-H, 

3H).  

 

6.5 Preparation of 32-gem-difluoro-∆7-dihydrolanosterol (Scheme 6.5) [28c]  



TEXAS TECH UNIVERSITY, JIALIN LIU, DECEMBER 2008 
 

 
 

115

32-gem-difluoro-∆7-dihydrolanosterol (144) and 32-gem-difluoro-∆8-

dihydrolanosterol (145): to a flask was 3-acetyl-∆7-32-ald-dihydrolanosterol (140a) (20mg) 

added followed by addition of DAST (1ml) at 70-80oC under nitrogen protection. Stirred for 

4 hours and cooled to room temperature. 1 drop of water was added and stirred for 2-3 

minutes. Water (5ml) was added carefully and extracted with diethyl ether (20ml×3), washed 

with water (10ml), dried with magnesium sulfate, the solvent was removed in vacuo.  

 

AcO O

HO F

1,DAST
70oC

2, NaOH
Methanol

F

HO FF

140a

144

145  

Scheme 6.5 Preparation of 32-gem-difluoro-∆7-dihydrolanosterol 

The mixture was put into a flask followed by addition of methanol (20ml) and 1 pellet 

(100mg) of potassium hydroxide and stirred at 60oC for 1 hour, poured into water (30ml), 

extracted with diethyl ether (20ml×3), washed with water (20ml×3), dried with magnesium 

sulfate, the solvent was removed in vacuo.  

The mixture was separated by HPLC (TSK gel column, acetonitrile/isopropanol=4/1, 

flow rate: 2ml/min, room temperature) to give 32-gem-difluoro-∆7-dihydrolanosterol and 32-

gem-difluoro-∆8-dihydrolanosterol. 

For 32-gem-difluoro-∆7-dihydrolanosterol (144): 

RRTc: 2.21 
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αc: 1.93 

MS: 464.1 (M+), 449.1 (M+-methyl), 431.1 (M+-methyl-H2O), 413.4 (M+--CHF2, 

100%), 395.4, 381.3, 356.1, 324.3, 299.3, 273.3, 241.2, 206.9, 173.1. 

NMR: 1H: 5.950 (t, J=33.9Hz, 32-H), 5.371 (m, 7-H, 1H), 3.249 (m, 3-H, 3H), 0.990 

(s, 19-H, 3H), 0.909 (d, 21-H, 3H), 0.890 (s, 30, 31-H, 6H), 0.870 (d, 26-H, 3H), 0.857 (d, 

27-H, 3H), 0.721 (s, 18-H, 3H). 

19F: -117.663 (J=60), -118.491 (J=60), -122.590 (J=60), 123.568 (J=60). 

For 32-gem-difluoro-∆8-dihydrolanosterol (145): 

RRTc: 2.20 

αc: 1.84 

MS: 464.4 (M+), 449.1 (M+-methyl), 431.4 (M+-methyl-H2O), 413.4 (M+--CHF2, 

100%), 395.4, 355.3, 324.4, 299.1, 281.1, 259.3, 241.2, 207.1, 187.2. 

NMR: 1H: 5.696 (d,d, J=34.2, 34.5, 32-H, 1H), 3.250 (m, 3-H, 1H), 1.012 (s, 19-H, 

3H), 1.001 (s, 30-H, 3H), 0.888 (d, 21-H, 3H), 0.870 (d, 26-H, 3H), 0.856 (d, 27-H, 3H), 

0.8115 (s, 31-H, 3H), 0.716 (s, 18-H, 3H). 

AcO
OH

AcO
F

NaOH
Methanol

HO
F

DAST
70-80oC

139a 146a

146

 Scheme 6.6 Preparation of 32-mono-difluoro-∆7-dihydrolanosterol 
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6.6 Preparation of 32-mono-difluoro-∆7-dihydrolanosterol (Scheme 6.6) [30d, 30e] 

1, 3-acetoxy-32-mono-fluoro-∆7-dihydrolanosterol (146a): to pentane (50ml) was 

DAST (0.1ml) added at room temperature.  3-acetoxy-∆7-32-ol-dihydrolanosterol (139a) 

(20mg) in dichloromethane (2ml) was added under nitrogen protection. Stirred for 10 minutes 

and water (1ml) was added to destroy the remained DAST. The organic layer was collected 

and washed with water (5ml×3) and dried with magnesium sulfate. The solvent was removed 

in vacuo. Based on GC-MS, there are 5 peaks with almost equal peak height even though the 

peak of the desired 3-acetoxy-32-mono-fluoride is a little bit higher than others.  

2, 32-mono-fluoro-∆7-dihydrolanosterol (146): to methanol (20ml) was the above 

mixture added followed by sodium hydroxide (10mg) at room temperature. Stirred for 5 

hours and poured into water (50ml) and extracted with dichloromethane (10ml×3). Washed 

with water (10ml×3) and dried with magnesium sulfate. The solvent was removed in vacuo. 

Fortunately the mixture was separated by HLPC (TSK gel, isopropanol/acetonitrile =1/4, 

2ml/min@ room temperature) to give 32-mono-difluoro-∆7-dihydrolanosterol (2.7mg, 15% 

yield in two steps). 

αc: 0.88 

RRTc: 1.64 

MS: 446.4 (M+), 431.4 (M+-methyl), 413.3 (M+-methyl-H2O), 393.3 (M+-methyl-

H2O-HF), 374.9, 355.4, 333.1, 315.3, 289.3, 259.1, 233.1, 207.1, 57.0 (100%). 

NMR: 1H: 7.124 (m, 7-H, 0.5H), 6.812 (m, 7-H, 0.5H), 4.409 (t, 32-H, 0.5H), 4.312 (t, 

32-H, 0.5H), 4.245 (q, 32-H, 0.5H), 4.147 (q, 32-H, 0.5H), 3.266 (m, 3-H, 1H), 1.009 (s, 19-

H, 3H), 0.918 (d, 21-h, 3H), 0.874 (d, 26-H, 3H), 0.860 (d, 27-H, 3H), 0.847 (s, 30-H, 3H), 

0.832 (s, 31-H, 3H), 0.773 (s, 18-H, 3H). 

19F: -218.349 (m). 
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CHAPTER VII 

DESIGN AND PREPARATION OF INHIBITORS OF Δ8 ISOMERASE 

 

7.1 Preparation of 7-methylene-dihydrolanosterol (Scheme 7.1) 

1, 3-acetoxy-7-oxo-dihydrolanosterol (125a): to glacial acetic acid (200ml) was 3-

acetoxy-dihydrolanosterol (32a) (100mg) added followed by addition of hydrogen peroxide 

(30%, 1ml) and concentrated sulfuric acid (3 drops) at room temperature. Stirred for 24 hours 

and poured into 1000ml water. Extracted with diethyl ether (100ml×3), washed with water 

(100ml×3), potassium bicarbonate water solution (100ml×3) and water (100ml). Dried with 

magnesium sulfate and the solvent was removed in vacuo. Chromatography (hexanes/diethyl 

ether =10/0, 10/5, 10/1, 10/2, 10/3) gave 3-acetoxy-7-oxo-dihydrolanosterol (60mg, 60%) 

and 3-acetyl-11-keto-dihydrolanosterol (30mg, 30%).  

NMR:  1H: 4.515 (q, 3-H, 1H), 1.187 (19-H, 3H), 0.955 (s, 30-H, 3H), 0.912 (s, 32-H, 

3H), 0.901 (s, d, 21-H, 3H), 0.885 (s, 31-H, 3H), 0.872 (s, 26-H, 3H), 0.858 (d, 27-H, 3H), 

0.652 (s, 18-H, 3H). 

13C: 198.719, 170.806, 164.661, 139.090, 79.603, 76.747, 49.841, 49.032, 47.764, 

44.861, 39.597, 39.459, 37.737, 36.429, 36.382, 36.370, 34.483, 31.987, 30.083, 28.748, 

27.978, 27.350, 25.008, 24.057, 23.827, 23.685, 22.809, 22.520, 21.217, 18.780, 18.421, 

16.344, 15.763. 

The NMR is the same as the NMR shown in preparation of 32-amino-

dihydrolanosterol.Thismeans there are two ways to prepare 3-acetoxy-7-keto-

dihydrolanosterol. The procedure seems better than that discussed before; actually it is not 

good to prepare big amount of 3-acetoxy-7-keto-dihydrolanosterol because the solubility of 
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3-acetoxy-dihydrolanosterol in glacial acetic acid is low so big volume of glacial acetic acid 

is needed. Another problem is that treatment after reaction is difficult because the acid in the 

solution is hard to be washed away. But this procedure may be used to prepare 3-acetyl-7-

keto-dihydrolanosterol in a small scale. 

AcO

H2O2
AcOH
H2SO4

AcO

1, MePPh3Br
BuLi
THF

2, LAH
ether

O

HO

32a

147

125a

 

Scheme 7.1 Preparation of 7-methylene-dihydrolanosterol 

2, 7-methylene-dihydrolanosterol (147) [39, 41]: to anhydrous THF (20ml) 

methyltriphenylphosphonium bromide (181mg) was added under nitrogen protection. nBuLi 

in hexanes (1.6M, 300µl) was added dropwise by a syringe at room temperature. The solution 

became yellow and clear when stirred and the color persisted for 2 hours. 3-acetoxy-7-keto-

dihydrolanosterol (125a) (20mg) in THF (10ml) was added slowly and kept refluxing for 2 

hours. The solvent was removed in vacuo and the mixture was separated by a gravity 

chromatography (hexanes/diethyl ether =10/1, 10/3) and 3-acetoxy-7-methylene-

dihydrolanosterol was eluted out at hexanes/diethyl ether =10/1 and 3-OH-7-methylene-

lanosterol was eluted out at ratio of 10/3.  

To anhydrous diethyl ether (30ml) was 3-acetyl-7-methylene-dihydrolanosterol added 

and LAH (5mg) was added at room temperature. Stirred under nitrogen protection for 2 hours 

and water (1ml) was added. Stirred until the organic layer was clear, filtered and the solvent 
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was removed by nitrogen to give 7-methylene-dihydrolanosterol (11mg, 60% yield in the two 

steps). 

RRTc: 2.24 

MS: 442.3 (M+), 427.3 (M+-methyl, 100%), 405.0, 377.1, 354.2, 341.0, 326.0, 315.1, 

271.0, 253.0, 207.0, 175.1. 

NMR: 1H: 6.645 (d, J=10, 7’-alkene-H, 1H), 6.061 (d, J=10, 7’-alkene-H, 1H), 3.289 

(m, 3-H, 1H), 1.018 (s, 19-H, 3H), 0.963 (s, 30-H, 3H), 0.894 (s, 31-H, 3H), 0.879 (d, 21-H, 

3H), 0.874 (d, 26,27-H, 6H), 0.846 (s, 18-H, 3H). 

 

HO AcO

AcO O AcO NOH

HO NH2

AcOAc
Pyridine
70oC

CrO3
Pyridine

CH2Cl2
Reflux

NH2OH.HCl
EtOH

Pyridine
Reflux

LAH
Diethyl ether

8 8a

148a 149a

150  

Scheme 7.2 Preparation 7β-amino-cholesterol 

7.2 Preparation 7β-amino-cholesterol (Scheme 7.2) [52] 

1, 3-acetoxy-cholesterol (8a): to the pyridine (20ml) solution of cholesterol (8) (1 g). 

Acetic anhydride (3 ml) added and kept at 70ºC for 40 minutes. Poured into iced water and 
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filtered. The precipitate was collected and dried to give 3-acetoxy-cholesterol (1.1g, 100% 

yield). 

MS: 368.3 (M+-AcOH, 100%), 353.3 (M+-AcOH-methyl), 326.2, 311.0, 283.2, 260.2, 

255.2, 247.2, 228.2, 213.2, 185.1 

2, 3-acetoxy-7-oxo-cholesterol (148a): to the dichloromethane (50ml) was chromium 

trioxide (2g) added followed by addition of pyridine (3.2ml, 2 equivalents). Stirred for 30 

minutes and 2g of 3-acetoxy-cholesterol (8a) was added. Refluxed for 5 hours and diethyl 

ether (55ml) was added and stirred for another 10 minutes. Filtered with a short silica gel 

column and the solvent was removed in vacuo. A flash chromatography (hexanes /diethyl 

ether =10/5) was used to purify 3-acetoxy-7-oxo-cholesterol (1.2g, 60% yield).  

MS: 382.4 M+-AcOH), 367.4 (M+-AcOH-methyl), 340.3, 321.3, 297.3, 269.2, 247.3, 

227.2, 199.2, 174.2 (100%). 

NMR: 1H: 5.703 (d, 6-H, 1H), 4.716 (m, 3-H, 1H), 2.053 (s, Me-CO-, 3H), 0.928 (s, 

19-H, 3), 1.209 (s, 19-h, 3H), 0.920 (d, J=7.5Hz, 21-H, 3H), 0.870 (d, 26-H, 3H), 0.857 (d, 

27-H, 3H), 0.682 (s, 18-H, 3H). 

13C: 201.968, 170.287, 163.827, 126.716, 72.206, 54.754, 49.940, 49.794, 45.411, 

43.104, 39.463, 38.650, 38.306, 37.733, 36.162, 35.988, 35.715, 28.536, 27.991, 27.347, 

26.300, 23.86, 22.805, 22.549, 21.269, 21.163, 18.856, 17.253, 11.965. 

3, 3-acetoxy-7-oxime-cholesterol (149a): to the 200 proof ethanol (20ml) were 3-

acetoxy-7-oxo-cholesterol (148a) (50mg), hydroxylamine hydrochloride (20mg) and pyridine 

(5ml) added respectively. Refluxed for 1 hour and cooled to room temperature. Poured into 

water and extracted with diethyl ether (50ml×2) and the solution was washed with water 

(30ml×2) and the solvent was removed in vacuo. A short silica gel column was employed to 

purify the resulted product to give 3-acetoxy-7-oxime-cholesterol (50mg, ~100% yield). 
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MS: 381.4 (M+-AcOH), 366.3 (M+-AcOH-methyl), 339.3, 296.3, 268.1, 242.2, 226.2, 

200.2, 186.1 (100%), 160.1. 

4, 7β-amino-cholesterol (150): to the anhydrous diethyl ether (10ml) was 3-acetoxy-7-

oxime-cholesterol (159) (20mg) added followed by addition of LAH (5mg, excessive 

amount), stirred at room temperature for 6 hours and quenched with water. Filtered, the 

organic layer was collected. The solvent was blown dry by nitrogen. Purified with a short 

silica gel column to give 7β-amino-cholesterol (13mg, 74% yield).  

RRTc: 1.56 

MS: 401.4 (M+, 100%), 386.4 (M+-methyl), 366.4 (M+-methyl-H2O), 342.3, 316.3, 

289.3, 271.1, 247.2, 228.2, 207.1. 

1H NMR: 0.695 (s, 18-H, 3H), 0.866 (d, 26, 27-H, 6H), 0.910 (d, 21-H, 3H), 1.019 (s, 

19-H, 3H), 3.00 (d, 3-H, 1H), 3.55 (m, 7-H, 1H), 5.20 (s, 6-H, 1H). 

 

7.3 Preparation of 7β-amino-lanosterol (Scheme 7.3) 

1, 3-acetoxy-7-oxime-dihydrolanosterol (151a) [32]: to the pure ethanol (20ml) were 

3-acetoxy-7-keto- dihydrolanosterol (125a) (50mg), hydroxylamine hydrochloride (20mg) 

and pyridine (5ml) added respectively. Refluxed for 1 hour and cooled to room temperature. 

Poured into water and extracted with diethyl ether (50ml×2), washed with water (30ml), dried 

with magnesium sulfate. A short silica gel column was employed to purify the resulted 

mixture to give 3-acetoxy-7-oxime-dihydrolanosterol (51mg, ~100% yield).  

MS: 483.4 (M+-O), 468.4 (M+-O-methyl, 100%), 440.4, 410.4, 351.3, 328.3, 300.2, 

281.1, 253.1, 226.2, 207.1 
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NMR: 1H: 8.545 (wide s, =NOH, 1H), 4.510 (dd, 3-H, 1H), 3.186 (dd, 5-H, 1H), 

2.062 (s, Me-CO-, 3H), 1.033 (s, 19-H, 3H), 0.985 (s, 30-H, 3H), 0.948 (s, 32-H, 3H), 0.915 

(d, 21-H, 3H), 0.874 (d, 26-H, 3H), 0.861 (d, 27-H, 3H), 0.716 (s, 18-H, 3H).  

AcO O

NH2OH.HCl
EtOH

Pyridine
Relux AcO NOH

(CH2NH2)2
Li

HO

125a 151a

152
NH2

 

Scheme 7.3 Preparation of 7β-amino-lanosterol 

2, 7β-amino-dihydrolanosterol (152): to ethylene diamine (20ml) was 3-acetoxy-7-

oxime-dihydrolanosterol (151a) (50mg) added and lithium pieces were added while stirring 

until blue color sustained [50]. Stirred for 5 minutes and quenched with ethanol and then 

water (30ml) followed by extraction with diethyl ether (50ml×3). Washed with water 

(30ml×2), dried with magnesium sulfate and the solvent was removed. HPLC was employed 

to give 7β-amino-dihydrolanosterol (20mg based on GC, 45% yield).  

RRTc: 2.35 

MS: 443.4 (M+), 428.4 (M+-methyl), 411.3, 393.3, 370.2, 339.2, 303.2, 288.2 (100%), 

253.1, 234.2, 208.0, 190.1. 

1H NMR: 0.603 (s, 18-H, 3H), 0.820 (s, 31-H, 3H), 0.856 (d, 26, 27-H, 6H), 0.875 (s, 

32-H, 3H), 0.876 (d, 21-H, 3H), 0.966 (s, 30-H, 3H), 1.028 (s, 19-H, 3H), 3.20 (m, 3-H, 1H), 

3.41(d,7-H, 1H). 
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CONCLUSION 

A total of 50 compounds were prepared as product analogs, transition state analogs or 

mechanism-based inactivators to impair three enzymes of sterol biosynthesis, the sterol 24-

methyl transferase, 14α-demethylase and ∆8-∆7 isomerase . Based on the reaction 

mechanisms catalyzed by these enzymes, a series of structural modifications were introduced 

into the sterol nucleus and side chain, including the addition or replacement of carbon atoms 

at C-7, C-24 or C-32 with nitrogen, sulfur, bromine, or fluorine, or the alteration of the 

terminal side chain structure by the addition of a methyl group, double bond, triple bond, or 

fusing the C-26 and C-27 into a cyclopropyl methylene structure.  The structures of the 

synthetic products were confirmed by GC-MS and NMR.  New simple routes for the 

preparation of several known analogs have been developed and shown to generate the 

relevant substrate analog with increased yields compared to the previously described routes. 

Preliminary results in the Nes Laboratory [15b, 19, 25, 40] using fungal cultures and cell-free 

recombinant SMT show compounds designed to disrupt ergosterol biosynthesis, can inhibit 

growth by blockage of the target enzyme (SMT) that the inhibitor was intended to bind 

reversibly or irreversibly.   
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APPENDIX A 

ABBREVIATIONS 

 
 
αc 

Ac 

AcOH 

AdoMet (SAM)  

ATP 

CoA  

°C 

CYP450 

DAST 

DHP 

DMSO 

GLC 

Et 

FID  

HMG 

HPLC 

LAH 

mCPBA 

Me 

MS 

NAPDH 

NMR 

PCC 

Pyr 

RRTc 

 

 

Retention time relative to cholesterol in 

Acetyl (CH3CO) 

Acetic acid 

5-Adenosyl-L- Methionine 

Adenosine triphosphate  

Coenzyme A 

Degree Celsius 

Cytochrome P450 

Diethylaminosulfur trifluoride 

3,4-Dihydro-2H-pyran 

Dimethyl sulfoxid 

Gas liquid chromatography 

Ethyl 

Flame ionization detector 

Hydroxymethylglutaryl 

High performance liquid chromatography 

Lithium aluminium hydride (LiAlH4)tert- 

m-Chloroperoxybenzoic acid  

Methyl  

Mass spectroscopy 

Nicotinamide adenine dinucleotide 

phosphate oxidase 

Nuclear magnetic resonance 

Pyridinium chlorochromate 

Pyridine 

Retention time relative to cholesterol in 

GC 
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SMT 

r.t.  

TBDMS 

THF 

THP 

TLC 

TMS  

Sterol methyl transferase 

Room temperature  

t-Butyldimethylsilyl 

Tetrahydrofuran 

Tetrahydropyran 

Thin layer chromatography 

Tetramethylsilane 
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APPENDIX B 

INDEX OF CHEMICALS 
 

2-Methylpropane-1-thiol 

Acetic anhydride 

Acetic chloride 

Acetone 

Acetonitrile 

AlCl3 

Ammonia 

Benzene 

Borane.THF 

Bromine 

C13 MeI 

Carbon tetrabromide 

Dimethyl sulfide 

Chloroform 

Chloromethyltriphenylph-
osphonium chloride 

Chromium oxide 

Cyclohexane 

Cyclopropyltriphenyl-
phosphonium bromide 

DAST 

DHP 

Diethyl ether 

Dimethyl amine. 
Hydrochloride 

DMSO 

Ethanol 

Ethyl acetate 

Ethylene diamine 

Glycol 

H2SO4 

HCl 

HClO4 

Hexanes 

Hydrazine 

Hydrogen 

Hydroxylamine. -
hydrochloride 

Iodine 

Isopropanol 

KI 

KOH 

LAH 

Lead tetraacetate 

Lithium 

MeI 

Methanol 

Methyl sulfuric acid  

Methylene chloride 

Methyltriphenylphosphon
-ium bromide 

NaCl 

NaOH 

n-Butyl lithium 

Oxygen 

P2O5 

PCC 

PPh3 

PtO2 

Pyridine 

Pyridine 

Pyridinium chloride 

Selenium oxide 

Sodium 

Sodium  

Sodium acetate 

Sodium borohydride 

Sodium borohydride d4 

Sodium borohydride T4 

Sodium 
cyanoborohydride 
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Sodium propane-2-
thiolate  

TBDMS triflate 

THF 

Toluene 

Tosyl chloride 

Triethyl amine 

Trimethylbutylammonium 
chloride 

Zinc 

 
 

 

 

 


